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Macrophages, which have functions of engulfing and digesting foreign substances,

can clear away harmful matter, including cellular debris and tumor cells. Based

on the condition of the internal environment, circulating monocytes give rise to

mature macrophages, and when they are recruited into the tumor microenvironment

and in suitable conditions, they are converted into tumor-associated macrophages

(TAMs). Generally, macrophages grow into two main groups called classically activated

macrophages (M1) and alternatively activatedmacrophages (M2). M2 and a small fraction

of M1 cells, also known as TAMs, not only lack the function of phagocytizing tumor

cells but also help these tumor cells escape from being killed and help them spread

to other tissues and organs. In this review, we introduce several mechanisms by which

macrophages play a role in the immune regulation of tumor cells, including both killing

factors and promoting effects. Furthermore, the targeted therapy for treating tumors

based on macrophages is also referred to in our review. We confirm that further studies of

macrophage-focused therapeutic strategies and their use in clinical practice are needed

to verify their superior efficacy and potential in cancer treatment.

Keywords: macrophages, tumors, tumor-associated macrophages, immunity, immunity therapy

BACKGROUND

This review is based on the interaction of macrophages and tumor cells, and summarizes the
origin, function, and classification of macrophages. Emphasis is placed on the dual role of
macrophages in tumor cells and targeted therapy of related binding sites. The existing reviews
about macrophages and the interaction with tumor cells are not a few, but the most are focused
on one of the recognition mechanisms, specifically illustrating its molecular mechanism in detail.
Nevertheless, based on the research findings in recent years, this review summarizes a variety of
related mechanisms, sorts out and reintegration them to make them systematic. In the meanwhile,
we also provide new ideas about tumor targeted therapy. Regarding tumor-targeted therapy, this
review classifies them in treatment methods and sites to make the relevant treatment ideas clearer.
There are still some methods that need further research, and this review explains and looks forward
to the progress of the new step.
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INTRODUCTION

Macrophages, which are a type of white blood cells of the
mononuclear phagocyte immune system, play vitally important
roles in anti-infective immunity, the maintenance of tissue
homeostasis, and the protection of our body through the
functions of engulfing and digesting foreign substances (1, 2).
Macrophages also clear away harmful matter, including cellular
debris and tumor cells in vivo. Macrophages mediate non-specific
defense (innate immunity) and help initiate specific defense
mechanisms (adaptive immunity). In addition to stimulating
the immune system, macrophages exert an immune modulatory
impact by secreting various cytokines and activating the
complement system, which may lead to inflammation.

Based on the conditions of the internal environment, such
as the presence of chemokines, cytokines, and other factors
secreted by tumor cells, mesenchymal cells, and immune cells,
and the presence of local anoxia, inflammation, and high levels
of lactic acid, the monocytic series in the blood are recruited
to the tumor microenvironment and become tumor-associated
macrophages (TAMs) (3, 4). Macrophages roughly develop into
two main groups with different functions in immune defense
and immune surveillance called classically activatedmacrophages
(M1) and alternatively activated macrophages (M2), both of
which can transform into each other with the changes in the
internal environment.

Here, we introduce several kinds of mechanisms by which
macrophages interact with tumor cells and kill them. Also, we
compare thesemechanisms with those by which TAMs play a role
in promoting the development of tumor cells, in immune evasion
and in immunosuppression. Therefore, based on macrophages
differentiating into TAMs on cellular and molecular levels, our
review shows several therapeutic targets for treating tumors
caused by immunosuppression. In addition, we summarize some
tumor therapy strategies at present aimed at macrophages,
especially the theoretical basis and the feasibility of blocking the
CD47-SIRPα pathway to treat tumors. In this way, engineered

Abbreviations: TAMs, tumor-associatedmacrophages; M1,M1macrophages; M2,

M2 macrophages; LPS, lipopolysaccharides; CCL2, chemokine (C-C motif) ligand
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engulfment and cell motility 1; IBC, inflammatory breast cancer; GRO, growth-

related oncogene; TGF-β, growth factor-β; PGE2, prostaglandin E2; MMP-

7, matrix metalloproteinase-7; TLR4, Toll-like receptor 4; CIP2A, cancerous

inhibitor of PP2A; PI3K, phosphatidylinositide 3-kinases; PD-1, programmed

cell death protein; PD-L1, programmed cell death-ligand 1; NK, natural killer;
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derived extracellular vesicles; MCP-1, monocyte chemotactic protein-1; CSF-1,

colony stimulating factor-1; CREB, cAMP response element binding protein;

GCN2, general control nonderepressible 2; MDSCs, myeloid-derived suppressor
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which can block human PD-L1; QPCTL, glutaminyl-peptide cyclotransferase-like

protein; ADCP, antibody-dependent cell phagocytosis; AZA, azacytidine; DFMO,

difluoromethylornithine; iSNAPS, integrated sensing and activating protein.

macrophages would play a significant role in suppressing tumors
with potential clinical utility.

A SIMPLE CHARACTERIZATION OF
MACROPHAGES

The origin of macrophages is still inconclusive, although it
is currently universally believed that the major portion of
macrophages is derived from monocytes in the peripheral blood
circulation, as the mechanism has been clarified in some studies
(5, 6). During the early stages of embryonic development,
monocytes are recruited from marrow circulating blood and
then travel to various tissues and organs via circulation, thus
developing and differentiating into tissue-specific macrophages.
Nevertheless, there are still some tissue-resident macrophages
that are not derived from blood monocytes, such as alveolar
macrophages in the lungs, microglia in the brain, and Kupffer
cells in the liver, and the mechanisms of their origin, self-renewal,
proliferation, and substitution have not been clarified as well
(7). Recent studies confirmed the coexistence of tissue-resident
macrophages proliferating in situ and those derived from blood
monocytes in several tissues, including the lungs, spleen, and
brain, and confirmed the phenotype and functions of these tissue-
resident macrophages (8).

In macrophage subpopulations, M1 macrophages, which
produce proinflammatory cytokines with strong killing effects on
pathogens invading the body, play an important role in human
immune function and may contribute to tissue destruction.
Cytokines, such as INF-γ, GM-CSF secreted by other immune
cells and lipopolysaccharides (LPS) of the outer membrane of
bacteria, can induce M1 macrophage activation (9, 10). M2
macrophages participate in parasite infection, tissue remodeling,
allergic diseases, and angiogenesis, playing an important role in
above processes. Previous studies have shown that CSF-1, IL-4,
IL-13, IL-10, parasite infections, and other kinds of stimulation
can lead macrophages to polarize to M2 macrophages (11, 12)
(Figure 1). M1 and M2 are only two extreme descriptions of
the polarization state of macrophages without covering a wide
range of macrophage subpopulations (13). As an example, there
are still CD169+ macrophages and TCR+ macrophages, and as
is confirmed by present knowledge, in tumor-related studies, a
large number of TAMs have been found in tumor-tissues (14).
There is not much information about CD169+macrophages and
TCR+ macrophages, but present research has shown that they
play certain roles in some respects. Some macrophages in the
spleen, liver, bone marrow, lymph nodes, etc., express high levels
of CD169 antigen on the surface. Relevant studies have failed
to elucidate the relevant functions of CD169+ macrophages,
but it is believed that CD169+ macrophages play a certain
role in maintaining the homeostasis of the body, in immune
regulation, and in immune tolerance (15–17). Concerning TCR+
macrophages, researchers discovered that TCR-αβ complex
existed on 5–8% of neutrophils in the circulation (18), and
Beham’s group found that TCRβ gene rearrangement occurred
in the early stage of bone marrow macrophages differentiation.
TCR+ macrophages express chemokine (C-C motif) ligand 2
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FIGURE 1 | The two main subpopulations of macrophages and TAMs. Macrophages can be classified to several subpopulations, and the two main subpopulations

are classically activated macrophages (M1) and alternatively activated macrophages (M2). M1 macrophages, active by IFNγ, GM-CSF, other cytokines and LPS, play

an important role in human immune function and contribute to tissue destruction by producing proinflammatory cytokines with strong killing effects on pathogens. M2

macrophages, that can be active by CSF-1, IL-4, IL-13, IL-10, and other stimulation, participate in parasite infection, tissue remodeling, allergic diseases, and

angiogenesis, and play an important role in above processes. TAMs, recruited in tumor microenvironment, are not a typical kind of macrophages and different from M1

or M2. They express special TAM receptors on membrane, and are interacted with tumor cells and play the dual role in tumor microenvironment.

(CCL2) and have strong phagocytic ability, which is not the same
as the functions of traditional macrophages (19).

TUMOR-ASSOCIATED MACROPHAGES, A
SPECIAL KIND OF MACROPHAGES

The solid tumor consists of neoplastic cells and blood-born
cells, including granulocytes, macrophages (up to 50%), and
mast cells, as well as periphery cells—fibroblasts and epithelia
(20, 21). Macrophages are recruited to the tumor site by
the microenvironment, which produces cytokines. It has been
proposed that the recruitment and differentiation progress are
related to local anoxia, inflammation, and high levels of lactic
acid. The CC chemokines, such as CCL2, CCL11, CCL16,
and CCL21, which are major determinants of macrophage
infiltration and angiogenesis, have been demonstrated to
function in the cancer of breast, lung, esophagus, ovary and
cervix, and CCL2 primarily contributes to the recruitment of
macrophages (4, 22). Moreover, TAMs can produce CCL2,
which means that they can recruit macrophages in turn.
To some extent, TAMs can enlarge the recruitment of
macrophages (23). Some studies and human diagnoses have
demonstrated that the density of CCL2 is related to the

quantity of TAMs, the tumor invasion and the clinical prognosis
(Figure 1).

Involved in different microenvironments, macrophages
acquire different specific phenotypes (3). The phenotypes of
TAMs are plastic and regulated by the local microenvironment.
Indeed, TAMs have been confirmed in recent studies to be
present in large amounts in tumor tissues and to be significantly
associated with tumor development progress. Strictly speaking,
the division of macrophage types is complex. TAMs are not
regarded as a classical subgroup of macrophages because these
cells cannot be observed in the steady state but rather related to
specific pathologic conditions, such as inflammation and tumors.
There are some special receptor tyrosine kinases consisting of
TAM receptor family, including Tyro3, Axl, and MerTK, and
these receptors not only are of importance in interacting with
tumor cells, but also play roles in macrophage polarization,
efferocytosis and autoimmune disease (24). Active TAMs have
several properties similar to M2. As a consequence, sometimes
M2 macrophages are defined as TAMs in a narrow sense (14, 25).
However, previous studies have shown that TAMs not only have

the characteristics of M2 but also share M1 and M2 signature

polarization. Therefore, the view that TAMs are equal to M2

is inaccurate (14). TAMs have profound effects on increases in
angiogenesis, tumor invasion and the depression of immunity,
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as a result, TAMs can be taken into consideration in tumor
immunotherapy (26, 27).

THE DUAL ROLE OF TAMs IN TUMOR
MICROENVIRONMENT

Regarding the process of immune cells specifically recognizing
and eliminating tumor cells, the mechanism is very complicated
since various immune system components are involved,
and macrophages are one of the most important members
in these processes. TAMs are a key component of the
leukocyte infiltrate that is seen broadly in various tumors.
Examination of the roles of TAMs in tumor progression,
in conjunction with investigations of other cells, has paved
the way to eliciting new methods for tumor therapies. It’s
well-recognized that TAMs infiltrated in malignant metastatic
cancers can promote tumor growth and metastasis, but that’s
not all, few kinds of macrophages subtypes can also have the
antineoplastic activity.

TAMs in Promoting Tumor Progression
Cytokines
Several studies have supported that TAMs can secrete
chemokines and cytokines that promote the development
of tumors, and studies on IL-6, IL-8, and IL-10
(typical examples) have made substantial progress in
this respect.

IL-6
IL-6, secreted by tumor-associated endothelial cells and TAMs,
is considered to increase the possibility of carcinogenesis and
the developmental progress of malignant tumors by regulating
the corresponding genes of the cell cycle, promoting tumor
angiogenesis, aggravating local inflammation, and helping stem
cell self-renewal. Because the major signaling pathway mediated
by IL-6 is regulated by signal transducer and activator of
transcription 3 (STAT3) phosphorylation and at the same
time the epithelial-mesenchymal transition (EMT) is the main
characteristic of tumor stem cells, the transcription factor Snail
may have an important regulatory function (28). Therefore,
researchers detected the expression of STAT3 phosphorylation
and Snail in tumor cells interacted with TAMs and tumor-
associated endothelial cells expressing or overexpressing B-
cell lymphoma-2 (Bcl-2), which could promote the secretion
of IL-6. And at the same time, they added a STAT3
suppressor to the group that overexpressed Bcl-2 and contained
more IL-6. To obtain the results, the researchers tested
the landmarks of the EMT. The results shows that IL-6
promotes STAT3 phosphorylation and the expression of Snail.
When the phosphorylation of STAT3 was suppressed, the
expression of Snail decreased simultaneously. The experimental
results suggest that IL-6 may mediate the EMT by the janus
kinase (JAK)/STAT3/Snail pathway (29). Another research also
show s that IL-6 combined with IL-6R can activate STAT3
phosphorylation and lead to anti-apoptosis in tumors (30)
(Figure 2).

IL-8
IL-8 is highly secreted by TAMs and serum IL-8 levels
can correctly monitor and predict clinical benefit from
immune checkpoint blockade. And experiments also showed
that angiogenesis, tumor invasion, and the depression of
immunity were more remarkable at higher levels of IL-
8 (31, 32). Engulfment and cell motility 1 (ELMO1) is
an evolutionarily conservative protein expressed in tumor
cells that mainly mediates cell phagocytosis, migration, and
morphological changes. Studies have shown that IL-8 can
escalate tumor metastasis by upregulating the expression of
ELMO1 in tumor cells (33). To a wide extent, the activation
of the JAK2/STAT3/Snail pathway is considered to be another
mechanism for the capability of IL-8 to promote carcinogenesis.
With the increase in exogenous IL-8, the expression of
p-JAK2, p-STAT3, and Snail shows extreme improvement.
Hence, it is reasonable to speculate that IL-8 can promote
EMT via the JAK2/STAT3/Snail pathway (34) (Figure 2). In
inflammatory breast cancer (IBC), IL-8 and the growth-related
oncogene (GRO) chemokines that activate STAT3 are strongly
expressed, withmonocytes recruitment and high-level expression
of macrophage polarizing factors, promoting macrophages
recruitment and transformation into M2, causing the highly
infiltration. The highly infiltration macrophages also secrete high
levels of IL-8 and GRO chemokines, resulting in a feed-forward
chemokine loop that further drives the EMT of IBC (35).

IL-10
In the tumor microenvironment, TAMs secrete cytokines such as
IL-10, transforming growth factor-β (TGF-β) and inflammatory
mediators, including prostaglandin E2 (PGE2) and matrix
metalloproteinase-7 (MMP-7), to inhibit the normal process of
antigen-presenting, which makes T cells lose their competence
in recognizing and even killing tumor cells. It is convinced
that IL-10 family cytokines play an essential role during
infection and inflammation to maintain tissue homeostasis,
through upregulation of innate immunity, restriction of
excessive inflammatory responses, and promotion of tissue
repairing mechanisms (36). During chronic inflammation,
toll-like receptor 4 (TLR4) can stimulate M2 to secrete
the cytokine IL-10 (37). Moreover, the activation of TLR4
signaling by lipopolysaccharide profoundly increased the
EMT in pancreatic cancer cells (Figure 2) and IL-10 increases
cancerous the expression of inhibitor of PP2A (CIP2A) via the
phosphatidylinositide 3-kinases (PI3K) signaling pathway and
promotes tumor aggressiveness in lung adenocarcinoma (38, 39).
Additionally, the researchers have found a positive correlation
between IL-10 levels in serum and tumor progression, which
shows that IL-10 has an important influence on promoting the
development of tumors (40).

Immunosuppressive Receptors and Ligands

PD-1/PD-L1 signaling
Programmed cell death protein (PD-1) is a significant molecule
in immunosuppression and belongs to the CD28 superfamily. It
is of great importance to consider PD-1 as a target for immune
regulation to fight tumors, for anti-infection, for autoimmune

Frontiers in Oncology | www.frontiersin.org 4 February 2020 | Volume 10 | Article 188

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zhou et al. TAMs: Recent Insights and Therapies

FIGURE 2 | The role of tumor-associated macrophages (TAMs) in promoting tumor progression and related mechanisms. TAMs can secrete chemokines and

cytokines that promote tumor development, such as IL-6, IL-8, and IL-10. Furthermore, various molecular mechanisms play a large role in immunosuppression. The

PD-1/L1 signaling pathway promotes the possibility of tumor immune escape because it can inhibit the normal function of macrophages. The SIRPα/CD47 pathway is

referred to as the “do-not-eat-me” signal, while tumor cells with CD47 expression can be recognized as self-normal cells. LILRB1/MHC class I component

β2-microglobulin is also a significant mechanism of tumor escape. In breast cancer and ovarian cancer, CD 24 on tumor cells can promote immune escape through

the interaction of Siglec-10. In addition, recent researchers have found that TAMs can promote the development of tumors through exosomes.

diseases and for organ transplantation survival. Its ligand,
programmed cell death-ligand 1 (PD-L1), is the first type of
transmembrane protein of 40 kDa. When the body is in a healthy
condition, PD-L1 is expressed in antigen-presenting cells, which
are combined with PD-1 carried by T cells, and the combination
with PD-1 indicates that T cells will not launch an attack (41).
However, just as tumor cells know the cipher sent to PD-1, PD-
L1 can sometimes be expressed on the surface of tumor cells
through poorly characterized oncogenic signaling pathways (42).
T effector cells make a judgement that tumor cells are part of the
“self ”; thus, they are unable to kill the shrewd invaders. And in the
meanwhile, PD-1 is also expressed on TAMs (43). The PD-1/L1
signaling pathway promotes the possibility of tumor immune
escape because it can limit the functions of T effector cells,
natural killer (NK) cells, dendritic cells, TAMs, and so on, such
as suppressing activation, proliferation and cytokine expression
effects on T cells and inhibiting the phagocytosis of TAMs (44)
(Figure 2).

CD47-SIRPα signaling
The cluster of differentiation 47 (CD47) molecule is a membrane
protein widely distributed on membrane surfaces of various cells,
including tumor cells. Its corresponding ligand, signal regulatory
protein alpha (SIRPα), is a membrane protein mainly expressed
on macrophages and bone marrow cells, informing a typical
immunoreceptor tyrosine-based inhibitory motif (ITIM). The

interaction between the NH2 terminal domain of the ITIM
motif and the single domain of CD47 can phosphorylate the
ITIM motif, recruit the cytosolic tyrosine phosphatase SHP-1 or
SHP-2 and activate it. As a consequence, this interaction can
dephosphorylate multiple substrates and regulate downstream
signaling pathways, ultimately inhibiting the phagocytosis of
macrophages to normal cells. Therefore, CD47 is often referred
to as the “do-not-eat-me” signal (45) (Figures 2, 3A).

The combination of these twomolecules can produce a variety
of physiological functions, and there is a balance between the two
molecules. When the expression level of CD47 on the cell surface
increases, the balance is upset, because CD47 sends out a “do-
not-eat-me” signal to inhibit the phagocytosis of the tumor cells,
promoting the occurrence, and development of tumors.

MHC class I component β2-microglobulin/LILRB1 signaling
Researchers have found that there are still some tumor cells
escaping from the phagocytosis of macrophages after inhibiting
the CD47 molecule. Recently, Weissman and colleagues have
found that there is another recognition mechanism between
tumor cells and macrophages that protects tumor cells from
the phagocytosis of macrophages (46). The signaling molecule is
the major histocompatibility complex (MHC) class I component
β2-microglobulin on the surface of tumor cells (Figures 2,
3A). When the molecule is blocked or negative expression,
macrophages can be awakened in vivo to enhance phagocytosis
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FIGURE 3 | The two important treatment strategies targeting SIRPα/CD47 and LILRB1/MHC I. (A) CD47 is identified as a marker of self, or as a signal of

“do-not-eat-me,” when the CD47 molecule of tumor cells is combined with its receptor, SIRPα, which is expressed on TAMs, and when MHC I on tumors is

recognized by LILRB1 on TAMs; the signals will inhibit the phagocytosis of macrophages, promoting the occurrence, and development of tumors. (B) When using

drugs such as monoclonal antibodies (anti-CD47 mAb, anti-SIRPα mAb, or anti-LILRB1 mAb), the recognition pathways are blocked, and the phagocytosis of

macrophages is enhanced. Furthermore, the better treatment effect occurs when both pathways are blocked. (C) As it was discovered earlier that knocking out

LILRB1 genes can cause macrophages to kill tumor cells, it could be predicted that more genetic modification of macrophages, such as making the SIRPα gene silent

to suppress its expression, can achieve a similar effect.

and eliminate tumor cells, extending the survival time of
tumor-bearing mice by 70%. In addition, when researchers
knockout the receptor leukocyte immunoglobulin like receptor
subfamily B member 1 (LILRB1) on the surface of macrophages
recognized by MHC class I molecules, macrophages change from
promoting tumor growth to inhibiting tumor growth. Current
studies have shown that the inhibition of the LILRB1 protein
with the simultaneous administration of anti-CD47 monoclonal
antibodies can significantly increase the phagocytosis and kill
capacity of macrophages on tumor cells (Figure 3B), and the
inhibition of LILRB1 does not damage normal tissue cells in
vivo. Nevertheless, this mechanism needs further researches and
clinical experiments (46).

CD24-siglec-10 signaling
Regarding the “do-not-eat-me” signal mentioned above, in the
study of the magnitude and durability of the response to these
agents such as monoclonal antibodies, the researchers found
that there were still unclear escape signals. In breast cancer
and ovarian cancer, Irving L, and his colleagues found that
CD 24 was a dominant innate immune checkpoint and a
promising target for tumor immunotherapy. They demonstrated
that tumors expressing CD24 could promote immune escape
through the interaction of inhibitory receptor sialic-acid-binding

Ig-like lectin 10 (Siglec-10), which was expressed on TAMs.
Further studies have shown that in addition to breast cancer and
ovarian cancer, other tumors can also overexpress CD24, while
TAMs express high levels of Siglec-10 (Figure 2). Blocking the
interaction of CD 24 and Siglec-10 with monoclonal antibodies,
or ablating the genes of CD 24 or Siglec-10, can both enhance
the phagocytic function of TAMs to all human tumors expressing
CD 24. This finding deserves further study and it proposes a new
approach to tumor immunotherapy (47).

Exosomes From TAMs
Exosomes are small cell vesicles originating from cells that
carry genetic information (proteins, nucleic acids, etc.) and
mediate the information transmission and exchange of material
between cells, which can affect the functions of target cells. In
malignancies, exosomes serve as important carriers for materials
and information exchange in the tumor microenvironment and
participate in the survival and outgrowth of cancer cells and
the different stages of tumor metastasis, which can be used as
targets for tumor immunotherapy (48, 49). Previous studies have
focused on the secretion of soluble signaling molecules such as
cytokines and chemokines (50), while the discovery of exosomes
provides a new idea for the correlation study of tumor immunity.
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Recently, researchers have discovered that TAMs
characterized by an M2-polarized phenotype can promote
the metastasis of gastric cancer cells through exosomes (51)
(Figure 2). TAMs can deliver exosomes to tumor cells, which
are rich in miRNA, lncRNA, and specific proteins that can
contribute to tumor metastasis. Mass spectrometric analysis
reveals that M2-derived exosomes are rich in apolipoprotein E
(ApoE), which can activate the PI3K-AKT pathway in tumor
cells and induce the EMT and cytoskeleton rearrangement of
gastric cancer cells, thus enhancing their metastatic potential
as a consequence (51). Coincidentally, another research group
studying the resistance of pancreatic ductal adenocarcinoma
(PDAC) to gemcitabine have found that the mechanism by which
TAMs help gemcitabine resistance may be related to exosomes.
Using a genetic mouse model of PDAC and electron microscopy
analysis, they found that TAMs secrete vesicles, with selective
internalization by tumor cells, which indicated that TAMs
and tumor cells communicate with each other. Furthermore,
these authors also proved that the sensitivity of PDAC cells to
gemcitabine could be significantly reduced by these macrophage-
derived exosomes (MDE), which was mediated by the transfer of
miR-365 in MDE (52). These discoveries open a new door for
the study of the interaction between macrophages and tumor
cells, and in quite a few ways, prompt researchers in this field
to think about and study relevant mechanisms in greater depth.
Perhaps further studies will discover the effects of exosomes
on other tumors and their mechanisms for promoting tumor
development, which are of great importance in clinical treatment.

Enhancing the Antineoplastic Activity
Macrophage-Mediated Programmed Cell Removal

(PrCR)
Macrophage-mediated programmed cell removal plays an
important role in tumor elimination and surveillance. The
activation of TLR pathways in macrophages induces the
activation of Bruton’s tyrosine kinase (Btk) signaling pathway
(53), which makes the cell surface calreticulin (CRT) in
endoplasmic reticulum phosphorylated and dissociated. The
dissociated CRT is expressed on the surface of macrophages and
then forms the CRT/CD91/C1q compounds to target cancer cells
for phagocytosis (54). The induction of PrCR by “eat-me” signals
on tumor cells is antagonized by “do-not-eat-me” signals, which
bind macrophages SIRPα to inhibit phagocytosis. Blocking CD47
on tumor cells will block “do-not-eat-me” signals. Therefore,
the activation of TLR signaling pathways in macrophages can
synergize with blocking CD47 of tumor cells to enhance PrCR.

Enhancing the Toxicity
Activated macrophages defend against tumors by directing
tumor cytotoxicity and by secreting cytokines. Researchers
enhance macrophage cytotoxicity through specificity to
stimulate activation, such as by adding M-CSF and muramyl
dipeptide (MDP) when macrophages are cultured in vitro
to enhance macrophage cytotoxicity; by using the adoptive
transfer treatment to achieve anti-tumor effects; or by using
intravenous liposomes that load immune modulators to enhance
the toxicity of macrophages. The molecules of microbial agents

and pathogens can stimulate the antitumor cytotoxicity of
macrophages, such as using bacilli calmette-guerin (BCG) in the
treatment of bladder cancer, through stimulating macrophages
to increase the cytotoxicity of macrophages to certain bladder
cancer cell lines (55). In addition, there is evidence that
the increased levels of IL-6, IL-12, and TNF in the urine of
bladder cancer patients treated with BCG may be related to the
enhancement of the function of macrophages. Sialyl-Tn (sTn) is
a kind of glycan that controls synthesis by sialic acid transferase
ST6GALNAC1 and is abnormally expressed in bladder cancer
cells. The researchers established a bladder cancer cell lines that
expressed sTn (MCRsTn) in the process of study where sTn
participated in the BCG treatment of bladder cancer. These
researchers found that the secretion of BCG could promote
MCRsTn to secrete IL-6 and IL-8. These cytokines further
stimulate macrophages to produce large amounts of IL-6, IL-1
and TNF-α to enhance the toxicity of macrophages to tumor
cells (56).

Preventing the Diffusion and Metastasis of Cancers
In recent years, researchers have discovered sub-membranous
lymphoid sinus macrophages (SCS macrophages), which can
form a protective membrane around lymph nodes to prevent
the growth and metastasis of tumors (57). Present studies have
demonstrated that a potential way in which information transfer
can occur between tumor cells and immune cells. Tumor-derived
extracellular vesicles (tEVs), especially highly concentrated near
lymph nodes, can leave the tumor tissue and migrate to the
whole body. They are vital participators in this way (58). As
has been found in some studies, tEVs can interact with SCS
macrophages, which form a layer of cells in the fibrous capsule
surrounding the lymph nodes, thus limiting the spread of tEVs,
preventing the entry of tEVs into lymph nodes, and blocking the
pathway that causes B cells to produce tumor-promoting growth
substances, thereby inhibiting the migration and transformation
of melanoma. The specific molecular mechanism remains to be
elucidated (59). In this case, the protection of SCS macrophages
against tumor growth can be considered in the treatment of
tumors; with further development of this research, additional
mechanisms and whether this mechanism exists in other tumors
will be discovered, and this recommendation needs more clinical
experiments and confirmation.

MACROPHAGES TARGETING IN TUMOR
THERAPY

In recent years, tumor immunotherapy has been widely
concerned and made remarkable progress. By adjusting the
immune defense function of the body, tumor immunotherapy
can transform immune cells or use various types of immune-
active substances to achieve balance between immune system
and tumors. CAR-T and PD-1/PD-L1 blockade therapy has
achieved significant clinical efficacy. Macrophages, as the
important members of tumor microenvironment, become
potential hot spots for immunotherapy drug development
because of their characters. Next, we will summarize various
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TABLE 1 | Macrophages targeting therapies.

Category Substance Target site Mechanisms of action

Inhibitor Zoledronic acid CCL2 Suppress the expression of CCL2

Gefitinib CCL5 Decrease the secretion of CCL5

PLX3397 CSF1R Inhibit the expression of CSF1R

GW2580 CSF1 Inhibit the expression of CSF1

Wortmannin PI3K Decrease serum cytokine levels by inhibiting PI3K

Monoclonal antibody or blocker HAC PD-L1 Block human PD-L1

BMS-936558 PD-1 Block the interaction between PD-1 and PD-L1

Hu5F9-G4 CD47 Bock CD47 that induces tumor-cell phagocytosis

KWAR23 SIRPα Combined with tumor-opsonizing antibodies to augment

neutrophils and TAMs antitumor activity

GHI/75 LILRB1 Bock the MHC I/LILRB1 signaling way

Trabectedin Macrophages Block the immunosuppressive effect

Immunomodulator linemode Macrophages Block the activity of macrophages in tumor angiogenesis

Biological response modifier DNMTi 5-Azacytidine (AZA) Macrophages Regulate of macrophages polarization

α-Difluoromethylornithine (DFMO) Macrophages Regulate of macrophages polarization

Dual-inhibitor-loaded nanoparticles (DNTs) M2 macrophages Make M2 macrophages repolarize to active M1

macrophages and inhibit CSF1R and SHP-2

In this table, we summarize the relevant macrophages targeting therapies mentioned in chapter 5 about anti-tumor cells. It divides the drugs into inhibitor, monoclonal antibody, or

blocker and biological response modifier, and in each category, it contains substance, target site, and mechanisms of action of these drugs.

tumor immunotherapy strategies targeting macrophages and
their application prospects.

Macrophages Targeting Therapy (Table 1)
It has been known that the use of non-discriminatory medicine
for the whole body in the treatment of tumors has many
disadvantages, such as damaging the immune system and
upsetting the equilibrium of the microenvironment or even the
entire balance. Therefore, in seeking a treatment that damages
the tumor only, one concern, the need for targeted therapy and
modification of molecules in the expression pathways, has been
present for a long time.

CCL2 and CCL5
Stimulated by proinflammatory factors, such as IL-8 and TNF-α,
a large secretion of CCL2 (also known as monocyte chemotactic
protein-1, MCP-1) occurs by activated macrophages, monocytes
and dendritic cells. In other words, the interaction between
resident macrophages and newly recruited macrophages is
bidirectional because resident TAMs conversely can recruit
macrophages to deteriorate tumor metastasis. As a peritumoral
function of TAMs, CCL2 is considered a promising target site
to prevent the tissue from collecting TAMs (60). Recently,
researchers have found that zoledronic acid, a diphosphate
compound, can suppress the expression of CCL2/MCP-1,
decreasing the number of recruitedmacrophages and performing
an antitumoral function (61). A high concentration of CCL5 can
also bring about the recruitment of TAMs by connecting with
CCR2 on the surface of monocytes in some cases. Gefitinib, a
tyrosine kinase inhibitor that can decrease the secretion of CCL5,
inhibits the cross-talk between TAMs and prostate cancer cells,
leading to the proliferation of the tumor cells and the inhibition
of docetaxel activity (62).

Colony Stimulating Factor-1 (CSF-1)
Many studies on targeted therapy are based on a purposeful
strategy of CSF1/CSF1R, that is, to focus on the recruitment of
TAMs and the secretion of cytokines, tumor cells secrete CSF1 for
the purpose of collecting TAMs by connecting CSF1 with CSF1R
on macrophages. CSF1 is related to macrophage recruitment,
differentiation and repolarization; thus, it is an effective way
to target CSF1/CSF1R. As was shown in a previous study, the
tyrosine kinase inhibitor PLX3397 was used for the treatment of
melanoma in mouse models driven by BRAFV00E. It shows the
ability to inhibit CSF1R, and through its inhibition of the CSF1R,
it is currently used as the treatment of patients with glioblastoma,
breast cancer, and other cancers in clinical. These researchers
found that the number of TAMswas remarkably reduced and that
the proportion of M2 also decreased (63). Similarly, in MMTV-
Neu transgenic mice, inhibiting the CSF1/CSF1R pathway by a
CSF1 inhibitor named GW2580 led to a noticeable decrease of
TAMs infiltration in tumor tissue (64). Another study showed
that with the assistance of inhibitor PLX3397 or a monoclonal
antibody of CSF1, CSF1-deficient mice showed specific changes,
such as the decrease number of TAMs (65). It is now generally
believed that the loss of the CSF1/CSF1R signal possesses the
ability to give absolute control for consuming M2 macrophages,
contrary to the uninfluential M1 macrophages (66).

Related Kinase Signaling Blocking
According to the description above, IL-10 promotes the growth
and transfer of tumors by increasing CIP2A expression via the
PI3K signaling pathway. Studies show that IL-10 secreted in E6-
positive lung cancer cells is regulated by the phosphorylation
of cAMP response element binding protein (CREB) via the
pathway, and the feedback of IL-10-CIP2A-phosphorylated-
CREB is likely to affect the progression of tumors. One of the
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targeted therapies uses specific inhibitors, such as wortmannin or
LY294002 (PI3K inhibitors), to block the signaling transduction
pathway. Wortmannin, a commonly used cell biology reagent,
has been previously used to suppress DNA repair, receptor-
mediated endocytosis and cell proliferation (67). Wortmannin
has been confirmed to be effective in decreasing serum cytokine
levels by inhibiting PI3K/Akt, which may suppress tumor
invasiveness. In recent research, Halaby et al. have discovered
serine-threonine kinase general control nonderepressible 2
(GCN2) is important to maturation and polarization of
macrophages and myeloid-derived suppressor cells (MDSCs)
by promoting translation of the transcription factor CREB-
2/activating transcription factor 4 (ATF4). Therefore, they
blocked the GCN2 signaling by targeting Atf4 with small
interfering RNA knockdown, and found that tumor growth was
reduced as a consequence. This finding demonstrates blocking
GCN2 signaling can promote anti-tumor immunity (68).

PD-1/PD-L1 Signaling Blocking
One study treated immunocompromised mice with either a PD-
L1 blocker (HAC, an engineered small protein which can block
human PD-L1) or a PD-1 blocker (anti-mouse PD-1 antibody).
The results show that both murine and human TAMs express
high levels of PD-1, and the level of PD-1 increases gradually
with the development of tumors. After PD-1/PD-L1 suppression
by inhibitors, the phagocytosis function of TAMs improves,
killing tumor cells. In addition, it is likely that PD-1/PD-L1
therapies interact with anti-CD47 in the context of macrophage-
mediated immunotherapy, and the combination therapy trends
toward increasing the survival rate more than monotherapy (43).
According to the PD-1/PD-L1 recognition mechanism, many
PD-1 monoclonal antibodies, such as BMS-936558, have been
approved by the FDA for use in clinic and have achieved great
efficacy in the treatment of certain advanced malignant tumors,
although PD-1 inhibitors have a curative effect only on a small
proportion of cancer patients (69).

Monoclonal Antibodies and Inhibitors
Immune escape is one of the most important mechanisms
of tumor establishment and diffusion. Currently, the most
widely used tumor immunotherapy is monoclonal antibodies.
Monoclonal antibodies can block multiple pathways involved
in TAMs and tumors recognition, disrupting tumors escape
pathways and thus acting as antitumor agents. After discovering
the CD47-SIRPα recognition mechanism of tumor cells and
macrophages, researchers used an anti-CD47 monoclonal
antibody to carry out in vivo experiments on tumor-bearing
mice, and found the antibody can block the CD47-SIRPα

pathway to interdict the signal of anti-phagocytosis (Figure 3B).
This antibody shows targeting to tumor cells, which increases
the macrophage phagocytosis of tumor cells and at the
same time, does not affect normal cells (70). The CD47
molecule is also expressed on the surface of normal cells,
and the anti-CD47 mAb triggers a strong self-reaction (71–
73). Current researches have found that anti-CD47 monoclonal
antibodies mainly induce transient anemia and mild neutrophil
reduction as well as no other obvious adverse effects or

the occurrence of autoimmune diseases (74, 75). However,
Hu5F9-G4, an anti-CD47 monoclonal antibody, selectively
eliminates malignant cells that express CD47 and not normal
cells (76). As is mentioned in a recent study, glutaminyl-
peptide cyclotransferase-like protein (QPCTL) is identified
as a new target to interfere with the CD47 pathway and
promotes the efficacy of antibody therapy of cancer (77).
Recently, Arely and colleagues switched to an anti-SIRPα

monoclonal antibody in the study and blocked this mechanism
to enhance the tumor phagocytosis of macrophages; the
effect was better than that in previous experiments (78),
and another research team found the anti-human SIRPα

antibody, KWAR23, could significantly promote the anti-
tumor activity of neutrophils and TAMs when it was in
combination with the tumor-opsonizing antibody rituximab (79)
(Figure 3B).

Though the mechanism of the anti-CD47 antibody is not
yet clear, the possible pathways are as follows: preventing
the combination of CD47 on tumor cells and SIRPα on
macrophages to activate phagocytosis, promoting the cytotoxic
effect of antibody dependence and complement dependence
based on Fc, directly inducing apoptosis to tumor cells,
or stimulating the phagocytosis of dendritic cells to tumor
cells. Additionally, it is likely the combined result of several
mechanisms mentioned above (45). Because the overexpression
of CD47 in myeloid leukemia cells prevents macrophages
from clearing tumor cells, the survival rate of tumor cells
increases. Taken together, these findings provide a rational
basis for targeting the interaction of CD47-SIRPα in cancer,
particularly to enhance the efficiency of antibody therapy in
cancer. Similarly, drugs of another recognition mechanism,
LILRB1/MHC class I, such as the LILRB1 monoclonal antibody
GHI/75 are still in the clinical trial stage, and no obvious damage
to the human body has been found for the time being (46)
(Figure 3B). These drugs have clear targets and few adverse
reactions, providing a theoretical basis and good prospects for
clinical application. In addition, in some studies, macrophage-
mediated antibody-dependent cell phagocytosis (ADCP) has
been elucidated, which needs more experiments to study its
mechanism (80).

Regulation of Macrophages Polarization
In recent years, using molecular targeted drugs to treat
hepatocellular carcinoma has led to new breakthroughs
with deep researches in the molecular biology of liver
cancer. The treatment strategies for macrophages in the
microenvironment of hepatocellular carcinoma include
promoting M2 macrophages to transform into M1 macrophages
(81) and blocking the immunosuppressive effect. Trabectedin
is a targeted drug for macrophages and is used to treat soft
tissue sarcomas. This drug is a marine bioactive extract
that is toxic to macrophages. Other potential drugs, such
as the immunomodulator linemode, can block the activity
of macrophages in tumor angiogenesis. The CCL2 antibody
can reduce the aggregation of macrophages as a potential
treatment. C-Fms is a CSF receptor that regulates the function
of macrophages. Clinical research is conducted using many

Frontiers in Oncology | www.frontiersin.org 9 February 2020 | Volume 10 | Article 188

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zhou et al. TAMs: Recent Insights and Therapies

drugs and these drug combinations may affect the interaction
of C-Fms with other immune cells, change macrophage
phenotypes and change the microenvironment that maintains
M2 macrophages.

Combination therapy can also be put in to use in the
treatment of cancer. A recent study held by Travers found that
DNMTi 5-Azacytidine (AZA) and α-difluoromethylornithine
(DFMO) in combination could significantly improve survival,
reduce tumor burden, and then they combined therapy in
a mouse model of ovarian cancer with normal immune
function. The survival rate significantly decreased, more than
that the two drugs were used alone. Significant reduction
in M2-polarized macrophages and increased number of
tumor-killing M1 macrophages in combination therapy
suggest that combination therapy can alter macrophage
polarization in the tumor microenvironment, recruit M1
macrophages and prolong survival period (82). This type of
tumor suppression treatment will have great prospects for
clinical application.

In addition, a new study by Ashish Kulkarni and his
colleagues have reported that self-assembled dual-inhibitor-
loaded nanoparticles (DNTs) target M2 macrophages and
make M2 macrophages repolarize to active M1 macrophages.
In the meanwhile, this drug simultaneously inhibits CSF1R
and SHP-2 signaling pathways. This research provides
an idea for anti-tumor therapy of macrophages and
DNTs has good perspective potential for individual drug
treatments (83).

Engineering Macrophages
Macrophage Gene Modification
In the discovery of a new mechanism for the recognition
between macrophages and tumor cells, the MHC class I
component β2-microglobulin/LILRB1 protein, researchers used
the gene modification of macrophages to knock out the gene
for the LILRB1 protein and downregulated its expression on
the membrane surface, allowing the macrophages to transform
from the state of promoting the growth of tumor cells to
eliminating the tumor cells (Figure 3C). While inhibiting the
receptor with the simultaneous administration of anti-CD47
monoclonal antibodies, the phagocytosis and killing capacity
of macrophages on tumor cells is significantly increased (46)
(Figure 3B). In recent research, researchers have found that
CD 24 expressed on tumor cells is a dominant innate immune
checkpoint, and can promote the escape of tumors with the
interaction of Siglec-10 on TAMs. Ablating the genes of CD 24
or Siglec-10 has been demonstrated an effective way to enhance
the phagocytic function of TAMs (47). At present, due to the
convenience of clinical application and cost issues, macrophage
gene modification is not as frequently used, as it is only at
the research stage; however, in future, with the development of
the technology, gene therapy, especially the progress of genetic
engineering, will have better prospect because of its stability
and longevity. When the technology is mature and applied on
a large scale, tumor treatment and precision medicine will take a
new step.

iSNAPS Smart Protein Molecules
A group of researchers designed a smart protein called the
integrated sensing and activating proteins (iSNAPS) protein,
which could reprogram white blood cells and ignore the self-
defense signaling mechanisms on which tumor cells rely for
survival and spreading in vivo. The emergence of this protein
will present new approaches and ideas for the editing of immune
cells. The iSNAPS protein is inserted into macrophages in
the study, and it reconnects macrophages, covering the escape
signals recognized by the tumor cells and interpreting them as
phagocytic signals. In addition, its rapid response and strong
lethality can significantly enhance the ability of macrophages to
divide, phagocytose, and kill tumor cells rapidly (84).

The design principle of this intelligent protein molecule can
also be used to redesign other immune cells for cancer treatment.
At present, the team plans to test iSNAPS in mice and may study
its application in other areas (84). This protein may influence not
only tumor treatment but also other diseases and self-regulation,
and further research is needed.

CONCLUSIONS

This review introduces the origin, classification and immune
function of macrophages and further explores the mechanisms of
the participation of macrophages in tumor microenvironment.
We focus on the killing effect and mechanisms of macrophages
on tumors, while tumor promoting factors such as IL-6, IL-
8, IL-10, TLR4 are briefly introduced as well (29, 37, 40, 85).
Based on existing research, we discuss the molecular mechanisms
of the interaction between macrophages and tumor cells, not
only the chemokines and cytokines but also some recognition
mechanisms including. For instance, the promoting pathways
of PD-1/PD-L1, SIRPα/CD47, and LILRB1/MHC I (41, 46, 86)
and the killing factors such as PrCR (54) are presented. In
addition, based on existing researches, we summarize a new
pathway by which TAMs can promote the development of
tumors through exosomes. The pathway has been found and
may exist in certain kinds of tumors, which opens a new door
for the study of tumor immunity (51, 52). Moreover, several
types of treatments, such as inhibiting M2 macrophages to
promote the growth of tumor cells, motivating the transition of
M2 macrophages to M1 macrophages, enhancing macrophage
phagocytosis of tumors and reinforcing the role of macrophages
in preventing tumor growth and metastasis, suggest that
macrophages can participate in tumor cells immune regulation
through various molecular mechanisms and should be given
more attention.

At present, with the development of precision medicine, the
therapeutic direction of tumors has gradually turned to targeted
therapy because non-discriminatory medicine for the whole
body during the treatment of tumors has many disadvantages.
With tumor immunity becoming a popular research direction,
increasing researches has been conducted to overcome the
unresolved issues in traditional tumor treatment, but this area
of research has been very limited in terms of adaptive immunity
until recent years. As suggested by some studies, macrophages
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influence tumor cells through various mechanisms and have
become a new research hotspot in immunotherapy research
(45, 46, 64), and researchers have found that certain cytokines
(56) secreted by macrophages or modified macrophages can
be used to kill tumor cells. In recent years, a variety of
recognition mechanisms have been discovered, and related
targeted therapies, such as the application of antibodies or
inhibitors (43, 71), genetic modification (46), and adoptive
transfer of immune cells, are under in-depth research. In
summary, macrophages are promising in terms of tumor-
targeted therapy, as several kinds of therapy has been applied,
but the technology is still immature at present, and current
researches are limited because cancer still cannot be completely
cured. Thus, quite a few unknown molecular mechanisms
may play a vitally important role in the regulation of tumor
growth and development, and some potential targets need more
research and attention. Thus, it is necessary to investigate the
communication of macrophages and tumor cells a bit deeper in
further studies.
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