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Abstract

Tumor-associated macrophages (TAMs) occupy an important position in the tumor microenvironment
(TME), they are a highly plastic heterogeneous population with complex effects on tumorigenesis and
development. TAMs secrete a variety of cytokines, chemokines, and proteases, which promote the
remodeling of extracellular matrix, tumor cell growth and metastasis, tumor vessel and
lymphangiogenesis, and immunosuppression. TAMs with different phenotypes have different effects on
tumor proliferation and metastasis. TAMs act a pivotal part in occurrence and development of tumors,
and are very attractive target to inhibit tumor growth and metastasis in tumor immunotherapy. This
article reviews the interrelationship between TAMs and tumor microenvironment and its related

applications in tumor therapy.
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Introduction

While containing a large number of malignant
epithelial cells, the tumor is also surrounded by
surrounding immune cells, neovascularization and its
endothelial cells, cancer associated fibroblasts (CAFs),
and TAMs surrounded by the extracellular matrix, it
forms a unique microenvironment [1].Now, the
molecular and biological abnormalities of tumor cells
alone cannot fully explain the complex changes in
tumorigenesis and development [2,3]. Therefore, the
effect of tumor microenvironment on tumor
progression has become the focus of more and more
research [4, 5].

Macrophages are the most inflammatory cells
infiltrated into tumors, also known as
tumor-associated macrophages. Their content can
reach more than 50% of the mass of solid tumors, and
they major involved in the inflammatory response of
tumors. Studies have shown that treatment methods
that target tumor cells alone are not sufficient to treat
tumors. Tumor therapy should target tumor cells and
their microenvironment as a common target [6].

TAMs are significant part of the tumor
microenvironment and a very attractive targets for
tumor immunotherapy [7-9].

This paper reviews the recent involvement of
TAMs in tumorigenesis and its related applications in
tumor therapy, in order to find new strategies for
treating tumors.

Origins and characteristics of TAMs

Solid tumors are composed of malignant cells
and some non-malignant hematopoietic and
mesenchymal cells [10, 11]. Macrophages, which are
non-malignant cells, are one of the major lymphocytes
infiltrating solid tumors. Sometimes the ratio is
greater than 50% in tumor tissues. They have the
function of phagocytosis and digestion of exogenous
armamentarium, including cell fragments and tumor
cells to remove detrimental substances [12, 13].
Mature macrophages transform into TAMs under
appropriate conditions after entering the tumor
microenvironment.
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The exact origin of TAMs has been controversial.
Current research indicates that in mouse models,
TAMs are mainly derived from bone marrow
monocytes[14], which are absorbed by inflammatory
signals released by cancer cells in primary and
metastatic tumors, where they differentiate into
TAMs and promote tumor progression[15, 16].
However, in tumors such as gliomas and pancreatic
cancer, TAMs may also be derived from embryonic
macrophages, especially from macrophages deposited
in the yolk sac [17]. TAM only from embryonic
macrophages promotes the growth of formed tumors
[18]. In both cases, TAMs differentiate into different
tumor-related phenotypes in different tumor
microenvironments.

TAMs can be divided into two categories,
namely pro-inflammatory M1 type and anti-
inflammatory M2 type (Figure 1), in which M2 type
macrophages can be further subdivided into M2a,
M2b, M2c and M2d subgroups [17, 19]. M1
macrophages are also known as classically activated
macrophages, which are induced by Interferon-
gamma (IFN-y) [20], other pro-inflammatory
cytokines and immune stimulating cytokines such as
IL-12 and IL-23[21]. At the same time, it can induce
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activity [22]. It also removes pathogens, kill tumor
cells and play an anti-tumor effect. M2 macrophages
are called surrogate activated macrophage. They are
induced by IL-4 or IL-4 and IL-13, secrete IL-10, IL-1
receptor antagonists (IL-1RA) and a variety of
chemokines, and highly express arginase, mannose
receptor, scavenger receptor, etc. M2 macrophages
display a low ability to present antigens, mainly
induce Th2 type immune responses, and are mainly
involved in cell growth, angiogenesis,
immunosuppression, tissue repair, and interstitial
formation [23, 24], thereby promoting tumor growth.
TAMs are predominantly M2 in most tumors
and can be described as M2d subtypes [25]. In the
course of tumor development, M1 polarized
macrophages infiltrated by tumor usually exhibit an
IL-12 high IL-10 low phenotype, which promote the
immune reaction and cause tumor cell division.
During the development of advanced tumors, TAMs
usually transform to the M2 phenotype, promote
tumor infiltration and metastasis, and create an
advantageous microenvironment to promote tumor
survival, tumor growth and angiogenesis [26, 27].
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Figure 1. pro-inflammatory M1 type and anti-inflammatory M2 type macrophages. Pro-inflammatory MI type macrophages are activated by LPS, IFN-y, or TNF-a.
Anti-inflammatory M2 type macrophages are activated by IL4, IL13, or TGF-f. All of the phenotypes synthetize and release a series of different cytokines, chemokines, and
receptors, which play different role in tumorigenesis. M1 type macrophages secrete IL-12, iNOS, and TNF-a induce Th1 type immune response, and CD40 and CD1 I c receptors
are highly expressed on the surface. M2 type macrophages secrete Arg-1 and IL-10 to induce Th2 type immune responses and highly express CD206 and CD169 receptors on

the surface.
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The role and mechanism of TAMs in
tumorigenesis and development

TAMs and the immunosuppressive tumor
microenvironment

TAMs are one of the important components of
tumor microenvironment [28]. Because TME can
inhibit immune function, TAMs are generally
polarized into M2 macrophage [19]. M2 type TAMs
are abundant in the tumor stroma, can produce a
large number of immunosuppressive chemokines and
factors. It can suppress tumor immunity by reducing
antigen presentation and blocking T cell function [29].
TAMs can restrain the normal course of antigen
presentation, such as by secreting cytokines and
inflammatory mediators like IL-10, transforming
growth factor beta (TGF-p), prostaglandin E, (PGE-)
and matrix metalloproteinase 7 (MMP-7), thereby
making T cells lose the ability to distinguish or even
kill tumor cells, which create an immunosuppressive
microenvironment [9]. Among them, TGF-f and IL-10
are important factors that form the microenvironment
of immunosuppressive tumors [30].

TGEF-p is a kind of cytokine with immunosup-
pressive function, and it can inhibit the activity of
immune cells such as natural killer (NK) cells,
dendritic cells (DCs), and T cells [31]. TGF-B can
inhibit the NK cell membrane-mediated cytotoxicity-
promoting receptors NKp30 and NKG2D, thereby
weakening the immune killing of NK cells to tumors
[32]. The antitumor effect of CD8* T cells is also
inhibited by TGF-p. The mechanism is to inhibit the
expression of some cell lysing genes, such as
granzyme A, granzyme B, IFN-y and FAS ligand.
Further promotes the expansion of the Tregs cell
population [33]. Moreover, TGF-B reduces DCs
transfer and enhance apoptosis, thereby reducing
antigen presentation and down-regulating adaptive
immune responses, and promoting the differentiation
of CD4*T cells to Th2 type [34]. TGF-p can also induce
tumor cells to overexpress IL-10 to activate Th2 while
inhibiting Th1l immune activity, thereby breaking the
balance of Thl / Th2, and ultimately suppressing
immune killing of tumor cells [35]. Studies show that
blocking TGF-p-mediated signaling pathways in the
TME could strengthen the killing effect of the immune
system on tumors [36, 37].

IL-10 is a versatile cytokine that allows
malignant cells to evade immune regulation and
promote tumor growth [38]. The ability of TAMs to
secrete IL-10 is related to another tumor-derived
molecule PGE,, which regulates TAMs polarization
through the EP> and EP, receptors [39]. IL-10 is able to
restrain the production of pro-inflammatory cytokines
by inhibiting the activity of NF-«B, including TNF-q,

IL-6 and IL-12[40]. IL-10 could also suppress IFN-y,
which is the principal consideration that stimulates
T-cell differentiation and accelerate immune escape.
Recent studies have shown that IL-10 has
immunostimulatory activity that enhances antitumor
immunity [41]. When melanoma cells are treated with
IL-10 for 48-72 hours can completely inhibit
homologous CTL-mediated HLA-A2.1 limited tumor
cell up to 100% specific lysis [42]. Furthermore,
researchers also found that serum IL-10 levels were
positively correlated with tumor progression,
suggesting that IL-10 is inseparable from the
development of tumors [43].

TAMs and pro-angiogenic effects

TAMs are strictly related to angiogenesis, which
is rigid in tumorigenesis and development. As we all
know, angiogenesis is essential for the growth and
diffusion of malignant tumors. Tumor angiogenesis is
the course of generating neovascularization from now
available vascular system. The appearance of
neovascularization not only provides oxygen and
nutrients for tumor growth, but also provides a
convenient condition for tumor metastasis [44]. There
is growing evidence that TAMs make a big difference
to adjust angiogenesis. Throughout the process,
vascular epithelial growth factor (VEGF), fibroblast
growth factor (FGF1), platelet-derived growth factor
(PDGF), hepatocyte growth factor (HGF), and
placental growth factor (TGF) expressed by TAMs
and tumor cells PIGF), matrix metalloproteinases
(MMP-9, MMP-2), IL-8, IL-1 and other cytokines play
an important synergistic role, of which VEGF is the
most important[45]. Studies have shown that
triggering M2 polarization of macrophages in lung
cancer can enhance the expression of VEGF and
thereby advance tumor angiogenesis [46].

Furthermore, TAMs assemble in tumor hypoxic
zone be marked by hypoxia tension. TAMs can
convey more angiogenic genes based on its
adaptation to the hypoxic environment. Hypoxia-
inducible factor (HIF)-1 and-2 act a pivotal part in
regulating angiogenesis [47]. In the hypoxic tumor
microenvironment, TAMs enhance the expression of
HIF-1and HIF-2[48, 49], and the overexpression of this
factor can promote the production of the above
cytokines such as VEGF [50, 51].

In a study of PyMT mice, the figure for
macrophages in area surrounding tumor was
decreased by 43% in PyMT mice treated with
doxycycline. Decreasing the number of macrophages
through this level can delay tumor progression,
reduce  tumor  production, reduce  cancer
angiogenesis, and down-regulate the expression of
many pro-angiogenic genes [52]. Through the study of

http://lwww.jcancer.org



Journal of Cancer 2021, Vol. 12

57

TAMs in angiogenesis in colon cancer, it was found
that TAMs play a vital part in tumors in development
of colon cancer in an oxidative stress-dependent
manner, thereby enhancing the angiogenic capacity of
the tumor microenvironment [53]. In the malignant
glioblastoma model, M2 type immunosuppressive
macrophages promote neovascularization [54]. The
study found that some TAMs express TIE2 on the
surface. These TIE2 * macrophages usually bind to
endothelial cells expressing ANG2 (TIE2 ligand, an
endothelial cell-specific angiogenic factor), and they
are associated with tumor angiogenesis and tumor
ischemia. After the recovery is highly relevant [55].

TAMs and tumor proliferation, invasion and
metastasis

Tumor metastasis is one of the important signs to
determine the stages of tumor. Ectopic tumor
formation is caused by tumor cell metastasis through
blood vessels and lymphatic vessels [56]. These all
pose huge challenges for tumor treatment, making it
difficult to cure and easy to relapse. TAMs can
promote the proliferation, invasion and metastasis of
tumors [57]. It can activate NF-kB and activator of
transcription  activator STAT3 by expressing
inflammatory factors such as TNF-a, IL-6, and IL-11 to
enhance tumor cell survival and proliferation [58, 59].

Polarization of TAMs can affect the proliferation,
migration, invasion and angiogenesis in primary
tumors and metastases. In the study of breast cancer,
endometrial cancer and renal cell carcinoma, it was
found that the infiltration amount of type M2 TAMs
in tumor tissue was positively correlated with tumor
cell proliferation. M2 tumor related macrophages
advance tumor invasion and metastasis by
influencing tumor microenvironment. Studies have
confirmed that M2 macrophages secreted EGF, which
accelerate epithelial ovarian cancer metastasis by
activating EGFR-ERK signaling and inhibiting the
deliverance of IncRNA LIMT [60]. Epidermal Growth
Factor (EGF) secreted by TAMs can make tumor cells
form elongated protrusions and enhance their
invasion ability. At the same time, Clony stimulating
factor-1 (CSF-1) produced by tumor cells can promote
macrophages to secrete more EGF, which in turn can
promote the production of tumor CSF-1. Significantly
increase the invasive power of tumor cells, thereby
promoting tumor metastasis [61]. In non-small cell
lung cancer, TAMs secrete more TGF-$ than other
macrophage phenotypes and increases SOX9
expression, which strengthens tumor EMT, thereby
increases tumor proliferation, migration and invasion

[62].

TAMs also produce enzymes (such as metallo-
proteinases and plasmin) to regulate interstitial
metabolism. The activity of these enzymes is related
to tumor aggressiveness. For example, MMP-2 is
connected with lymph node metastasis and tumor
staging in some tumors [63]. M2 macrophage-induced
deliverance of vascular endothelial growth factor
promotes metastatic behavior of Lewis lung cancer
cells [64].

TAMs and Lymphangiogenesis

Lymphangiogenesis is the first step in the
general transfer of tumor cells, indicating that the
tumor has a poor prognosis. Maintaining the body's
homeostasis, normal metabolism and immune
response are inseparable from the normal function of
the lymphatic system. Experimental and clinical
studies have shown that TAMs can markedly advance
lymphangiogenesis through cellular autonomic
models and paracrine. Paracrine effects include
activating lots of pre-existing lymphangiogenic
factors.

Studies have found that macrophages are
involved in the production of lymphatic vessels in an
inflammatory environment. In the study of TAMs on
the occurrence and development of ovarian cancer, it
was found that TAMs have an impact on the
proliferation, migration and capillary-like vessel
make up of lymphatic endothelial cells (LEC). TAMs
can release VEGF-C, which not only helps tumor
angiogenesis, but  also  promotes  tumor
lymphangiogenesis [65]. Compared with normal
ovary, invasive TAMs in malignant ovarian tumor can
promote lymphangiogenesis by acting on LEC [66].
Overexpression of MMP-2 and MMP-9 in breast
cancer can promote lymphangiogenesis and is closely
related to lymph node metastasis [67]. Maruyama et
al. Found that CD11b * macrophages can accumulate
in mouse corneal stroma and express VEGF-C to
promote mouse corneal lymphangiogenesis [68].

Application of TAMs in tumor
immunotherapy

In view of the importance of TAMs in the
regulation of tumor immunity, treatment strategies
for macrophages have attracted widespread interest
(Figure 2). The treatment of TAMs, including TAMs
elimination, changing TAMs phenotype, and
improving the antigen presentation function of TAMs
not only has a separate anti-tumor effect, but also has
a good synergy with immunotherapy methods such
as immune checkpoints by animal models and clinical
trials.
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Figure 2. Macrophage targeted cancer treatment strategy. TAM polarization, survival, phagocytosis and angiogenic properties during tumor progression. Targeting key
receptors or signaling proteins can inhibit these macrophage properties and inhibit tumor progression.

Targeting TAMs recruitment depletion and
recruitment

One strategy for TAMs consumption is to key off
the circulating inflammatory monocyte supply. The
circulating monocytes are mobilized from the bone
marrow and recruited into the site of inflammation,
which highly rely on CCL2-CCR2 signaling. The
suppression of CCR2 preserve monocytes in the bone
marrow, leading to depletion of circulating cell pools
and a reduction in the number of TAMs at the
primary and metastatic sites [69-74]. The chemokine
CCL2 and its receptor CCR2 act a pivotal part in
tumor invasion and metastasis by recruiting TAMs.
CCL2 infiltrates tumor tissue by recruiting TAMs,
secretes VEGF, TGF - 3, TNF - a and other cytokines,
promotes tumor cell growth and angiogenesis, and
also secretes matrix metalloproteinase MMP2, MMP9,
participates in the destruction and reconstruction of
extracellular matrix, and promotes tumor cell
invasion and metastasis. A study of bladder cancer
found that lymph node metastasis-related transcripts
expressed by tumor cells 1 can recruit heterologous
ribonucleoprotein to the CCL2 promoter to activate
CCL2 expression. Upregulation of CCL2 recruit

macrophages to the tumor and passes VEGF- C
promote lymphatic metastasis [75]. The increase of
CCL2 expression during the carcinogenesis of
esophageal squamous cell carcinoma (ESCC) is
related to the accumulation of TAMs, both of which
indicate a poor prognosis of esophageal cancer.
Animal experiments show that CCL2 is blocked-the
CCR2 axis is greatly reduced by hindering TAMs
recruitment to increase the incidence of tumors,
thereby enhancing the anti-tumor efficacy of CD8 (+)
T cells in the TME [76]. Research progress of adenoid
cystic carcinoma of salivary glands (SACC), it was
found that the CCL2 derived from SACC cells can
activate the expression of its receptor CCR2 in TAMs.
The in vitro results further indicate that SACC
cell-derived CCL2 is involved in TAMSs recruitment,
M2 polarization and GDNF expression via the CCL2 /
CCR?2 axis. Treatment of immunodeficient mice with
CCR?2 antagonists greatly inhibited TAMs infiltration
and SACC cell tumorigenicity [77].

CSF-1 is a cytokine that supports the
differentiation, proliferation and function of
monocytes and macrophages [78]. In the preclinical
model, a large number of CSF1-CSF1R axes the study
[79-81]. Inhibiting CSF-1R in a mouse model of
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glioblastoma can lead to obvious decrease in tumor
volume and a significant increase in mouse survival.
Although this CSF-1R inhibitory effect does not clear
TAMs, it can cause them to be transformed into
anti-tumor states regulated by granulocyte-
macrophage colony stimulating factor (GM-CSF) [82].
At the same time, small molecule inhibitors of CSF1-R
have also been shown to consume some TAMs,
inhibiting macrophage-mediated immunosuppress-
sion during tumor recovery, thereby significantly
enhancing tumor sensitivity to chemotherapy [83, 84].
Inhibition of CSFIR signaling in a mouse model of
pancreatic ductal adenocarcinoma can enhance
antigen presentation function of macrophages and
anti-tumor T cell responses, but these tumor-reactive
T cells have PD-1, the expression of PD-1 and other
immune checkpoint molecules is increased, which
weakens the anti-tumor effect of CSFIR inhibitors.
Joint application of immune checkpoint antibodies
can enhance its anti-tumor effect. Combination of
CSF1R and CXCR2 inhibitor can effectively reduce the
number of TAMs and inhibits polymorphonuclear
myeloid suppressor cells (PMN-MDSC) in TME,
which could delay tumor growth. Nevertheless, the
above two drugs used alone in mouse tumor models
have no effect on tumor growth [85].

Remodeling M1 type macrophages to M2 type

Macrophages are functionally plastic, so
changing the environmental stimulus under
pathological conditions and repolarizing M2 type
TAMs into a tumor suppressing phenotype is a
potential clinical strategy for cancer treatment.
Eliminating or reducing the inducement of M2-type
TAMs expression or using certain methods to reverse
the phenotype of TAMs have become an important
measure to restore the killing ability of macrophages.
Reversing the TAMs phenotype can also destroy the
tumor  immunosuppressive  microenvironment,
inhibit the formation of tumor blood vessels and
lymphatic vessels, and ultimately achieve the purpose
of inhibiting tumor proliferation, invasion and
metastasis [86]. Specifically, in breast tumor models,
selective class Ila HDAC inhibitors induce M1
macrophage phenotype, sustain T cell responses and
enhance the response to chemotherapy and immune
checkpoint blockade [87]. Macrophage remodeling
may be vital for in the efficacy of tumor cure. It has
been shown that activation of PI3Ky signaling in
macrophages can promote immunosuppression of
TAMs in lung cancer, pancreatic cancer and
melanoma models [88-91]. In animal experiments, the
pharmacological repression of PI3Ky leads to
macrophage remodeling and enhanced T cell
response, either as a unitary drug [92] or in

combination with T cell checkpoint suppression [90,
92, 94].

TLR is an important pathogen recognition
receptor expressed by TAMs. After TLR3 stimulation,
M1 type marker MHCII and costimulatory molecules
such as CD86, CD80 and CD40 are up-regulated. In
contrast, the expression of the M2-type markers
CD206, T-cell immunoglobulin, and mucin domain 3
is reduced. The use of TLR3L in mouse tumors can
change M2 type macrophages to M1 type and
degenerate tumor growth [95]. Ubil[96] et al. found
that Prosl secreted by tumors inhibited the
polarization of M1 type macrophages. Pros1 knockout
tumor-bearing mice showed an increase in innate and
adaptive immune responses and significantly
prolonged survival. The study shows that the Pros1 /
TAM interaction may be a new strategy for
tumor-mediated immunosuppression. Inhibiting
Prosl and TLR7, 8 is beneficial to promote the
polarization of TAM toward M1 and is beneficial to
anti-tumor responses.

In a study, it was demonstrated that Lachnum
polysaccharide (LEP) can reverse TAM from the
tumor-promoting M2 phenotype to the anti-tumor M1
phenotype, thereby enhancing anti-tumor immunity
[97]. The results showed that glycocalyx simulated
nanoparticles could be internalized by TAM through
lectin receptor, which resulted in up regulation of
immunostimulatory IL-12 and immunosuppressive
IL-10. Arginine the down-regulation of enzyme 1 and
CCL2 can reverse the function of tumor TAMs to
anti-tumor phenotype [98].

When IL-12 was administered to mice with
hepatocellular carcinoma, By down regulating STAT3
and its downstream transcription factor c-myc, we can
change the functional phenotype of M2 TAMs, so as
to reduce the production of tumor cytokines and
inhibit the growth of tumors [99]. Interleukin (IL) -37
has an anti-tumor effect in hepatocellular carcinoma
(HCC) [100]. IL-37 promotes the differentiation of
TAMs from M2 to M1 subtypes by inhibiting IL-6 /
STATS3 signaling. Overexpression of 1L-37 in TAMs
derived from HCC patients inhibits tumor growth in
vivo. IL-37 inhibits the M2 polarization of TAMs by
regulating the IL-6 / STAT3 pathway, and together
inhibits the growth of HCC [101].

Promote phagocytosis and antigen
presentation of TAMs

CD47 / SIRP-a signaling pathway is an
important way for tumor immune escape. Almost all
human cells express CD47 on the surface, and
macrophages can express the CD47 receptor
signal-regulating protein a (SIRP-a), and by
combining with CD47, they can help macrophages
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distinguish normal cells from abnormal cells. And
tumor cells can express CD47 highly, so as to achieve
immune escape [102]. The specific antibody of CD47
can prevent the binding of CD47 and SIRP-a, thereby
enhancing the immune killing of macrophages against
tumors [103]. TTI-621 (SIRPaFc) can be combined
with CD47 to enhance the phagocytosis of
macrophages. In the xenograft model of primary
patients with acute myeloid leukemia (AML) the load
is significantly reduced [104]. Antigen presenting
cells, like macrophages and DC express receptors of
the TNF receptor superfamily on their surface CD40.
Interaction with ligand CD40L (mainly expressed by
T cells, basophils and mast cells) can increase the
utterance of MHC and the secretion of
proinflammatory cytokines, thus encouraging the
activation of T cells [105]. Glioblastoma multiforme
(GBM) is a deadly and highly invasive malignant
brain tumor. At present, it has been found that TAMs
and microglia are the main cells that promote tumors
in the tumor microenvironment. Blocking
SIRPa-CD47 signal can induce the phagocytosis of
tumor cells by TAMs and microglia, which is effective
for various brain tumors including GBM [106].

Leukocyte = immunoglobulin-like  receptor
subfamily B (LILRB), The LILRB family is a class of
repressive receptors presented by myeloid cells, and
its ligand is MHC class 1 molecule. MHC class I
component P2-microglobulin expressed by tumor
cells can straight protect it from being engulfed. This
protection is mediated by LILRB1, which is
up-regulated on the surface of macrophages,
especially TAMs. Blocking MHC class I or LILRB1 can
enhance the phagocytosis of macrophages after
blocking CD47 molecules [107]. LILRB2 antagonists
inhibit this receptor-mediated activation of tyrosine
phosphatase 1/2 and enhance the proinflammatory
response. In the company of M-CSF and IL-4, LILRB2
antagonism also inhibits AKT and STAT6 activation.
Transcriptome analysis showed that LILRB2
antagonism changed cytoskeletal remodeling, lipid /
cholesterol metabolism. Blocking LILRB2 can
effectively inhibit the infiltration of myeloid-derived
suppressor cells (MDSC) and Treg, and significantly
promote the antitumor effect of T cell immune
checkpoint inhibitors in vivo [108].

Nowadays, anti-PD-1 / PD-L1 therapy has
become an important research direction for human
cancer immunotherapy. Among them, TAMs can
promote the apoptosis of T cells and participate in
immunosuppression by expressing PD-L1 on the cell
external. Some evidence indicates that TAMs,
especially M2-type TAMs, express PD-L1 on their
surface [109], promote CD4 + and CD8 + T cell
apoptosis through the PD-1 / PD-L1 pathway, and

make a big difference in suppressing tumor immune
responses [110]. PD-L1 is a crucial regulator of the
polarization of M2 TAMs. Inhibition of PD-L1 leads to
a decrease in M2 markers IL-10 and Arg-1, and an
increase in M1 markers IL-12 and TNF-a [111]. The
study also found that the expression of PD-L1 was
increased in circulating monocytes and TAMs
induced by tumor cell-derived factors. Blocking PD-1
can reduce the expression of CD47 in TME to restore T
cell activity [112], or partially activate DC by TME
co-stimulatory molecules to promote an effective
anti-tumor T cell response.

Targeted TAMs therapy

TAMSs are an important component of the tumor
local immunosuppressive microenvironment. TAMs
targeted drug delivery has also attracted widespread
attention, which can be roughly divided into three
categories: decreasing or depleting TAMs, promoting
phagocytosis of TAMs, transforming TAMs into
tumor inhibiting macrophages.

Among them, polarization of TAMs is a hot
research topic. The targeted nanocarrier that can
deliver in wvitro-transcribed mRNA encoding
M1-polarizing transcription factors to reprogram
TAMs without causing systemic toxicity. In ovarian
cancer, melanoma and glioblastoma models, it has
been proved that can reverse the immunosuppressive
effect. The tumor support status of TAMs reprograms
them into a phenotype that induces anti-tumor
immunity and promotes tumor regression [113].
Studies have designed, synthesized and evaluated a
series of ureido tetrahydrocarbazole derivatives in
vitro and in vivo. Among them, it was found that
compound 23a can repolarize TAM from M2 to M1 in
a dose-dependent manner both in vitro and in vivo.
More importantly, in vivo experiments also show that
compound 23a can significantly inhibit tumor growth
in LLC mouse models [114]. In addition, studies have
found that CHA-encapsulated mannosylated
liposomes can enhance the immunotherapeutic
efficacy of CHA by inducing the transformation from
M2 type to M1 type [115].

For reducing or depleting TAMs, the study to
achieve the selective elimination of specific M2 TAMs
provides the possibility to eliminate TAMs that
support cancer while retaining TAMs with anti-tumor
potential. EnAd targeting TAMs depletion armed
with T cell adaptors provides a powerful treatment
that combines direct cancer cell toxicity with the
reversal of immunosuppression [116].

It is also very important to promote the
phagocytosis of TAMs. Studies have shown that
simultaneous inhibition of CSF1-R and SHP2
signaling pathways on the activation and
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phagocytosis of macrophages may be an effective
strategy for macrophage-based immunotherapy.
Self-assembled dual inhibitor-loaded nanoparticles
(DNTs) target M2 TAMs and simultaneously inhibit
the CSFIR and SHP2 pathways. Compared with
single drug treatment, it has better phagocytic ability
[117].

Conclusions and perspectives

This review summarizes the research progress of
TAMs in cancer treatment related fields in recent
years. The source is described, and the role and
mechanism in tumorigenesis and development and
application in tumor immunotherapy are discussed.

At present, TAM-related tumor immunotherapy
has achieved promising results. Research shows that
TAMs as the target of anti-tumor treatment strategy
mainly focuses on the inhibition of macrophage
recruitment and viability, which can significantly
improve the efficacy of traditional therapy and
immunotherapy. Nevertheless, clinical interest and
some implied early test results have not yet brought
out the best treatment. Moreover, due to the complex
and changeable tumor microenvironment, and the
clinical evaluation of immunotherapy mainly focused
on single target drugs, its efficacy is limited. Clinical
trials have begun to combine the use of different
immunotherapy methods, as well as clinical trials that
combine immunotherapy with surgery, chemo-
therapy, radiotherapy, targeted therapy, and
photothermal therapy to more accurately treat
patients from the perspective of the immune system.

The latest research has shown that macrophages
differ markedly from tumor to tumor. Other studies
have also analyzed the presence of multiple TAMs
subgroups at the molecular level, and the study of
macrophages in their primary tumors and their
metastasis should be deepened. In recent years,
breakthroughs have been made in immunotherapy
site therapy. In 2018, it won the Nobel Prize in
Physiology or Medicine, and related antibody drugs
have been approved for listing. The molecular
detection of macrophages has an impact on the
progress of tumors, and the research prospects of
mechanisms that hinder the response of anti-tumor
therapy are also very promising. The reprogramming
of TAMs should become the top priority of research.
The therapeutic response of M2 type macrophages
can be used to direct anti-tumor immune cells to
tumors. To attain to this purpose, TAMs can be
reshaped into M1 type, which is essential for causing
important transduction in TME. The method can also
be used in conjunction with other immunotherapy
strategies to provide cumulative cancer suppression.

Abbreviations

TAMs: Tumor-associated macrophages

TME: Tumor microenvironment

CAFs: Cancer associated fibroblasts

IFN-y: Interferon-gamma

TGEF-p: Transforming growth factor beta

PGE,: Prostaglandin E;

MMP: Matrix metalloproteinase

NK: Natural killer

DCs: Dendritic cells

IL-1RA: IL-1 receptor antagonists

EMT: Epithelial-mesenchymal transition

VEGEF: Vascular epithelial growth factor

FGF1: Fibroblast growth factor

PDGEF: Platelet-derived growth factor

HGEF: Hepatocyte growth factor

HIF: Hypoxia-inducible factor

EGF: Epidermal growth factor

CSF-1: Colony stimulating factor-1

LEC: Lymphatic endothelial cells

CCR2: Chemokine (C-C motif) receptor 2

CCL2: Chemokine (C-C motif) ligand 2

ESCC: Esophageal squamous cell carcinoma

SACC: Salivary adenoid cystic carcinoma

LEP: Lachnum polysaccharide

HCC: Hepatocellular carcinoma

AML: Acute myeloid leukemia

GBM: Glioblastoma multiforme

LILRB: Leukocyte immunoglobulin-like receptor
subfamily B

Acknowledgements

This work was supported by the National
Natural Science Foundation of China (NO.81903808).

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Balkwill FR, Capasso M, Hagemann T. The tumor microenvironment at a
glance. J Cell Sci. 2013; 125: 5591-6.

2. Roma-Rodrigues C, Mendes R, Baptista PV. et al. Targeting tumor
microenvironment for cancer therapy. Int ] Mol Sci. 2019; 20: 840-70.

3. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000; 100:
57-70.

4. Wang M, Zhao ], Zhang L. et al. Role of tumor microenvironment in
tumorigenesis. ] Cancer. 2017; 8: 761-73.

5.  Ocana MC, Martinez-Poveda B, Quesada AR. et al. Metabolism within
the tumor microenvironment and its implication on cancer progression:
An ongoing therapeutic target. Med Res Rev. 2019; 39: 70-113.

6. Najafi M, Goradel NH, Farhood B. et al. Tumor microenvironment:
Interactions and therapy. J. Cell. Physiol. 2019; 234: 5700-21.

7. Kumar S, Ramesh A, Kulkarni A. Targeting macrophages: a novel
avenue for cancer drug discovery. Expert Opin Drug Discov. 2020; 15:
561-74.

8. Cassetta L, Pollard JW. Targeting macrophages: therapeutic approaches
in cancer. Nat. Rev. Drug Discovery. 2018; 17: 887-904.

9. Zhou ], Tang Z, Gao S. et al. Tumor-Associated Macrophages: recent
insights and therapies. Frontiers in oncology. 2020; 10: 188-200.

http://lwww.jcancer.org



Journal of Cancer 2021, Vol. 12

62

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Eiro N, Gonzalez L, Martinez-Ordonez A. et al. Cancer-associated
fibroblasts affect breast cancer cell gene expression, invasion and
angiogenesis. Cell Oncol. 2018; 41: 369-78.

Nilendu P, Sarode SC, Jahagirdar D. et al. Mutual concessions and
compromises between stromal cells and cancer cells: driving tumor
development and drug resistance. Cellular oncology. 2018; 41: 353-67.
Haniffa M, Bigley V, Collin M. Human mononuclear phagocyte system
reunited. Semin Cell Dev Biol. 2015; 41: 59-69.

Locati M, Curtale G, Mantovani A. Diversity, mechanisms, and
significance of macrophage plasticity. In: Abbas AK, Aster JC, Feany MB,
editors. Annual Review of Pathology: Mechanisms of Disease, Vol 15,
2020. Palo Alto: Annual Reviews; 2020. 123-47.

Yang L, Zhang Y. Tumor-associated macrophages: from basic research to
clinical application. ] Hematol oncol. 2017; 10: 58-67.

Biswas SK, Allavena P, Mantovani A. Tumor-associated macrophages:
functional diversity, clinical significance, and open questions. Semin
Immunopathol. 2013; 35: 585-600.

Gordon S, Taylor PR. Monocyte and macrophage heterogeneity. Nat.
Rev. Immunol. 2005; 5: 953-64.

Geissmann F, Manz MG, Jung S. et al. Development of monocytes,
macrophages, and dendritic cells. Science. 2010; 327: 656-61.

Zhu Y, Herndon JM, Sojka DK. et al. Tissue-resident macrophages in
pancreatic ductal adenocarcinoma originate from embryonic
hematopoiesis and promote tumor progression. Immunity. 2017; 47: 597.
Qian B-Z, Pollard JW. Macrophage diversity enhances tumor
progression and metastasis. Cell. 2010; 141: 39-51.

Najafi M, Goradel NH, Farhood B. et al. Macrophage polarity in cancer:
A review. ] Cell Biochem. 2019; 120: 2756-65.

Lewis CE, Pollard JW. Distinct role of macrophages in different tumor
microenvironments. Cancer Res. 2006; 66: 605-12.

Arnold CE, Whyte CS, Gordon P. et al. Critical role for suppressor of
cytokine signalling 3 in promoting M1 macrophage activation and
function in vitro and in vivo. Immunology. 2014; 141: 96-110.

Brown JM, Recht L, Strober S. The promise of targeting macrophages in
cancer therapy. Clin Cancer Res. 2017; 23: 3241-50.

Murray PJ. Macrophage Polarization. In: Julius D, editor. Annual Review
of Physiology, Vol 79. Palo Alto: Annual Reviews; 2017; 541-66.

Biswas SK, Mantovani A. Macrophage plasticity and interaction with
lymphocyte subsets: cancer as a paradigm. Nat. Immunol. 2010; 11:
889-96.

Pathria P, Louis TL, Varner JA. Targeting tumor-associated macrophages
in cancer. Trends Immunol. 2019; 40: 310-27.

Pollard JW. Tumour-educated macrophages promote
progression and metastasis. Nat. Rev. Cancer. 2004; 4: 71-8.
Morrison C. Immuno-oncologists eye up macrophage targets. Nature
Reviews Drug Discovery. 2016; 15: 373-4.

Chanmee T, Ontong P, Konno K. et al. Tumor-associated macrophages as
major players in the tumor microenvironment. Cancers. 2014; 6: 1670-90.
Costa NL, Valadares MC, Souza PPC. et al. Tumor-associated
macrophages and the profile of inflammatory cytokines in oral
squamous cell carcinoma. Oral Oncol. 2013; 49: 216-23.

Son K-J, Choi KR, Lee SJ. et al. Immunogenic cell death induced by
ginsenoside Rg3: significance in dendritic cell-based anti-tumor
immunotherapy. Immune Netw. 2016; 16: 75-84.

Ohira K, Nakahara A, Konnai S. et al. Bovine leukemia virus reduces
anti-viral cytokine activities and NK cytotoxicity by inducing TGF-beta
secretion from regulatory T cells. Immun Inflamm Dis. 2016; 4: 52-63.

Li Z, Zhang L-J, Zhang H-R. et al. Tumor-derived transforming growth
factor-beta is critical for tumor progression and evasion from immune
surveillance. Asian Pac J Cancer Prev. 2014; 15: 5181-6.

Ito M, Minamiya Y, Kawai H. et al. Tumor-derived TGFbeta-1 induces
dendritic cell apoptosis in the sentinel lymph node. ] Immunol. 2006; 176:
5637-43.

Maeda H, Shiraishi A. TGF-beta contributes to the shift toward Th2-type
responses  through direct and IL-10-mediated pathways in
tumor-bearing mice. ] Immunol. 1996; 156: 73-8.

McGeachy M]J, Bak-Jensen KS, Chen Y. et al. TGF-beta and IL-6 drive the
production of IL-17 and IL-10 by T cells and restrain T(H)-17
cell-mediated pathology. Nat Immunol. 2007; 8: 1390-7.

Flavell RA, Sanjabi S, Wrzesinski SH. et al. The polarization of immune
cells in the tumour environment by TGFf. Nat Rev Immunol. 2010; 10:
554-67.

Pang L, Han S, Jiao Y. et al. Bu Fei Decoction attenuates the tumor
associated macrophage stimulated proliferation, migration, invasion and
immunosuppression of non-small cell lung cancer, partially via IL-10
and PD-L1 regulation. Int ] Oncol. 2017; 51: 25-38.

Galvan GC, Johnson CB, Price RS. et al. Effects of obesity on the
regulation of macrophage population in the prostate tumor
microenvironment. Nutr Cancer. 2017; 69: 996-1002.

tumour

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

58.

59.

60.

61.

62.

63.

64.

Wabnitz GH, Kirchgessner H, Jahraus B. et al. Protein phosphatase 1
alpha and cofilin regulate nuclear translocation of NF-kappa B and
promote expression of the anti-inflammatory cytokine interleukin-10 by
T Cells. Mol Cell Biol. 2018; 38: e00041-18.

Hao NB, Lu MH, Fan YH. et al. Macrophages in tumor
microenvironments and the progression of tumors. Clin Dev Immunol.
2012; 2012: 948098.

Matsuda M, Salazar F, Petersson M. et al. Interleukin 10 pretreatment
protects target cells from tumor- and allo-specific cytotoxic T cells and
downregulates HLA class I expression. ] Exp Med. 1994; 180: 2371-6.
Sato T, Terai M, Tamura Y. et al. Interleukin 10 in the tumor
microenvironment: a target for anticancer immunotherapy. Immunol
Res.51: 170-82.

Hughes R, Qian B-Z, Rowan C. et al. Perivascular M2 macrophages
stimulate tumor relapse after chemotherapy. Cancer Res. 2015; 75:
3479-91.

Zhang W, Wang L, Zhou D. et al. Expression of tumor-associated
macrophages and vascular endothelial growth factor correlates with
poor prognosis of peripheral T-cell lymphoma, not otherwise specified.
Leuk Lymphoma. 2011; 52: 46-52.

Xia Y, Wei Y, Li ZY. et al. Catecholamines contribute to the
neovascularization of lung cancer via tumor-associated macrophages.
Brain Behav Immun. 2019; 81: 111-21.

Hahne M, Schumann P, Mursell M. et al. Unraveling the role of
hypoxia-inducible factor (HIF)-lalpha and HIF-2alpha in the adaption
process of human microvascular endothelial cells (HMEC-1) to hypoxia:
Redundant HIF-dependent regulation of macrophage migration
inhibitory factor. Microvasc Res. 2018; 116: 34-44.

Riboldi E, Porta C, Morlacchi S. et al. Hypoxia-mediated regulation of
macrophage functions in pathophysiology. Int Inmunol. 2012; 25: 67-75.
Noman MZ, Desantis G, Janji B. et al. PD-L1 is a novel direct target of
HIF-1a, and its blockade under hypoxia enhanced MDSC-mediated T
cell activation. The Journal of experimental medicine. 2014; 211: 781-90.
Harmey JH, Dimitriadis E, Kay E. et al. Regulation of macrophage
production of vascular endothelial growth factor (VEGF) by hypoxia and
transforming growth factor -1. Ann Surg Oncol. 1998; 5: 271-8.

Klimp AH, Hollema H, Kempinga C. et al. Expression of
cyclooxygenase-2 and inducible nitric oxide synthase in human ovarian
tumors and tumor-associated macrophages. Cancer Res.2001; 61: 7305-9.
Rumney RMH, Coffelt SB, Neale TA. et al. PyMT-Maclow: A novel,
inducible, murine model for determining the role of CD68 positive cells
in breast tumor development. Plos One. 2017; 12: e0188591.

Luput L, Licarete E, Sesarman A. et al. Tumor-associated macrophages
favor C26 murine colon carcinoma cell proliferation in an oxidative
stress-dependent manner. Oncol Rep. 2017; 37: 2472-80.

Cui X, Morales RTT, Qian WY. et al. Hacking macrophage-associated
immunosuppression  for regulating glioblastoma angiogenesis.
Biomaterials. 2018; 161: 164-78.

Mahlbacher G, Curtis LT, Lowengrub J. et al. Mathematical modeling of
tumor-associated =~ macrophage interactions with the cancer
microenvironment. ] Immunother Cancer. 2018; 6: 10.

Beltraminelli T, De Palma M. Biology and therapeutic targeting of
tumour-associated macrophages. J Pathol. 2020; 250: 573-92.

. Lin Y, Xu J, Lan H. Tumor-associated macrophages in tumor metastasis:

biological roles and clinical therapeutic applications. ] Hematol Oncol.
2019; 12: 76.

Ostuni R, Kratochvill F, Murray PJ. et al. Macrophages and cancer: from
mechanisms to therapeutic implications. Trends Immunol. 2015; 36:
229-39.

Putoczki Tracy L, Thiem S, Loving A. et al. Interleukin-11 is the
dominant IL-6 family cytokine during gastrointestinal tumorigenesis
and can be targeted therapeutically. Cancer Cell. 2013; 24: 257-71.

Zeng XY, Xie H, Yuan J. et al. M2like tumor-associated
macrophages-secreted EGF promotes epithelial ovarian cancer
metastasis via activating EGFR-ERK signaling and suppressing IncRNA
LIMT expression. Cancer Biol Ther. 2019; 20: 956-66.

Knutsdottir H, Condeelis JS, Palsson E. 3-D individual cell based
computational modeling of tumor cell-macrophage paracrine signaling
mediated by EGF and CSF-1 gradients. Integr Biol. 2016; 8: 104-19.
Zhang S, Che D, Yang F. et al. Tumor-associated macrophages promote
tumor metastasis via the TGF-beta/SOX9 axis in non-small cell lung
cancer. Oncotarget. 2017; 8: 99801-15.

Kamoshida G, Ogawa T, Oyanagi J. et al. Modulation of matrix
metalloproteinase-9 secretion from tumor-associated macrophage-like
cells by proteolytically processed laminin-332 (laminin-5). Clin Exp
Metastasis. 2014; 31: 285-91.

Zhang B, Zhang Y, Yao G. et al. M2-polarized macrophages promote
metastatic behavior of Lewis lung carcinoma cells by inducing vascular
endothelial growth factor-C expression. Clinics. 2012; 67: 901-6.

http://lwww.jcancer.org



Journal of Cancer 2021, Vol. 12

63

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Ding H, Cai J, Mao M. et al. Tumor-associated macrophages induce
lymphangiogenesis in cervical cancer via interaction with tumor cells.
Apmis. 2014; 122: 1059-69.

Zhang WQ, Tian ], Hao Q. HMGB1 combining with tumor-associated
macrophages enhanced lymphangiogenesis in human epithelial ovarian
cancer. Tumor Biol. 2014; 35: 2175-86.

Zheng S-q, Huang R-q, Zhang Y-j. Role of matrix metalloproteinase
(MMP)-2 and -9 and vascular endothelial growth factor C in lymph node
metastasis of breast cancer. Chin J Pathol. 2010; 39: 240-4.

Maruyama K, Ii M, Cursiefen C. et al. Inflammation-induced
lymphangiogenesis in the cornea arises from CD11b-positive
macrophages. ] Clin Invest. 2005; 115: 2363-72.

Sanford DE, Belt BA, Panni RZ. et al. Inflammatory monocyte
mobilization decreases patient survival in pancreatic cancer: a role for
targeting the CCL2/CCR2 axis. Clin Cancer Res. 2013; 19: 3404-15.

Zhao L, Lim SY, Gordon-Weeks AN. et al. Recruitment of a myeloid cell
subset (CD11b/Grl mid) via CCL2/CCR2 promotes the development of
colorectal cancer liver metastasis. Hepatology. 2013; 57: 829-39.
Nywening TM, Wang-Gillam A, Sanford DE. et al. Targeting
tumour-associated macrophages with CCR2 inhibition in combination
with FOLFIRINOX in patients with borderline resectable and locally
advanced pancreatic cancer: a single-centre, open-label, dose-finding,
non-randomised, phase 1b trial. Lancet Oncol. 2016; 17: 651-62.

Qian BZ, Li J, Zhang H. et al. CCL2 recruits inflammatory monocytes to
facilitate breast-tumour metastasis. Nature. 2011; 475: 222-5.

Lim SY, Yuzhalin AE, Gordon-Weeks AN. et al. Targeting the
CCL2-CCR2 signaling axis in cancer metastasis. Oncotarget. 2016; 7:
28697-710.

Zhang ], Patel L, Pienta KJ. CC chemokine ligand 2 (CCL2) promotes
prostate cancer tumorigenesis and metastasis. Cytokine Growth Factor
Rev. 2010; 21: 41-8.

Chen CH, He W, Huang J. et al. LNMATI] promotes lymphatic
metastasis of bladder cancer via CCL2 dependent macrophage
recruitment. Nat Commun. 2018; 9: 3826-43.

Yang H, Zhang QN, Xu M. et al. CCL2-CCR2 axis recruits tumor
associated macrophages to induce immune evasion through PD-1
signaling in esophageal carcinogenesis. Mol Cancer. 2020; 19: 41-54.
Yang ZH, Li H, Wang WQ. et al. CCL2/CCR2 axis promotes the
progression of salivary adenoid cystic carcinoma via recruiting and
reprogramming the tumor-associated macrophages. Front Oncol. 2019;
9:231-43.

Cassetta L, Fragkogianni S, Sims AH. et al. Human tumor-associated
macrophage and monocyte transcriptional landscapes reveal
cancer-specific reprogramming, biomarkers, and therapeutic targets.
Cancer cell. 2019; 35.

Strachan DC, Ruffell B, Oei Y. et al. CSF1R inhibition delays cervical and
mammary tumor growth in murine models by attenuating the turnover
of tumor-associated macrophages and enhancing infiltration by CD8(+)
T cells. Oncolmmunology. 2013; 2: €26968.

Sweeney T, Spurgeon SE, Tyner JW. et al. Colony stimulating factor 1
receptor (CSFIR) as a potential novel therapeutic target in CLL. Blood.
2015; 126: 4439-41.

Xun Q, Wang Z, Hu X. et al. Small-molecule CSFIR inhibitors as
anticanceragents. Curr Med Chem. 2019.

Li M, Li MM, Yang YL. et al. Remodeling tumor immune
microenvironment via targeted blockade of PI3K-gamma and
CSF-1/CSF-1R  pathways in tumor associated macrophages for
pancreatic cancer therapy. ] Control Release. 2020; 321: 23-35.

Quail DF, Joyce JA. Microenvironmental regulation of tumor
progression and metastasis. Nat Med. 2013; 19: 1423-37.

DeNardo DG, Brennan DJ, Rexhepaj E. et al. Leukocyte complexity
predicts breast cancer survival and functionally regulates response to
chemotherapy. Cancer Discov. 2011; 1: 54-67.

Mitchem JB, Brennan DJ, Knolhoff BL. et al. Targeting tumor-infiltrating
macrophages decreases tumor-initiating cells, relieves
immunosuppression, and improves chemotherapeutic responses. Cancer
Res. 2013; 73: 1128-41.

Zhu Y, Knolhoff BL, Meyer MA. et al. CSF1/CSFIR blockade reprograms
tumor-infiltrating macrophages and improves response to T-cell
checkpoint immunotherapy in pancreatic cancer models. Cancer Res.
2014; 74: 5057-69.

Heusinkveld M, van der Burg SH. Identification and manipulation of
tumor associated macrophages in human cancers. ] Transl Med. 2011; 9:
216.

Guerriero JL, Sotayo A, Ponichtera HE. et al. Class Ila HDAC inhibition
reduces breast tumours and metastases through anti-tumour
macrophages. Nature. 2017; 543: 428-32.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

11

jy

112.

Schmid M, Franco I, Kang S. et al. PI3-Kinase y Promotes
Rapla-Mediated Activation of Myeloid Cell Integrin a4p1, Leading to
Tumor Inflammation and Growth. PloS one. 2013; 8: €60226.

Sai J, Owens P, Novitskiy SV. et al. PI3K inhibition reduces mammary
tumor growth and facilitates antitumor immunity and
anti-PD1responses. Clin Cancer Res. 2017; 23: 3371-84.

Foubert P, Kaneda MM, Varner JA. PI3Kgamma activates integrin
alpha4 and promotes immune suppressive myeloid cell polarization
during tumor progression. Cancer Immunol Res. 2017; 5: 957-68.

De Henau O, Rausch M, Winkler D. et al. Overcoming resistance to
checkpoint blockade therapy by targeting PI3Kgamma in myeloid cells.
Nature. 2016; 539: 443-7.

Kaneda MM, Cappello P, Nguyen AV. et al. Macrophage PI3Kgamma
drives pancreatic ductal adenocarcinoma progression. Cancer Discov.
2016; 6: 870-85.

Kaneda MM, Messer KS, Ralainirina N. et al. PI3BKgamma is a molecular
switch that controls immune suppression. Nature. 2016; 539: 437-42.
Vidyarthi A, Khan N, Agnihotri T. et al. TLR-3 stimulation skews M2
macrophages to M1 through IFN-alpha beta signaling and restricts
tumor progression. Front Immunol. 2018; 9: 1650.

Ubil E, Caskey L, Holtzhausen A. et al. Tumor-secreted Pros1 inhibits
macrophage M1 polarization to reduce antitumor immune response. J
Clin Invest. 2018; 128: 2356-69.

Zong S, Li JL, Ye ZY. et al. Lachnum polysaccharide suppresses S180
sarcoma by boosting anti-tumor immune responses and skewing
tumor-associated macrophages toward M1 phenotype. Int ] Biol
Macromol. 2020; 144: 1022-33.

Zhang Y, Wu L, Li Z. et al. Glycocalyx-Mimicking nanoparticles improve
anti-PD-L1  cancer = immunotherapy  through  reversion  of
tumor-associated macrophages. Biomacromolecules. 2018; 19: 2098-108.
Wang Q, Cheng F, Ma TT. et al. Interleukin-12 inhibits the hepatocellular
carcinoma growth by inducing macrophage polarization to the M1-like
phenotype through downregulation of Stat-3. Mol Cell Biochem. 2016;
415: 157-68.

Jiang M, Wang Y, Zhang H. et al. IL-37 inhibits invasion and metastasis
in non-small cell lung cancer by suppressing the IL-6/STAT3 signaling
pathway. Thoracic cancer. 2018; 9: 621-9.

Zhang Z, Zhang ], He P. et al. Interleukin-37 suppresses hepatocellular
carcinoma growth through inhibiting M2 polarization of
tumor-associated macrophages. Mol Immunol. 2020; 122: 13-20.

Zhou ], Ma R, Luo R. et al. Primary exploration of CDR3 spectratyping
and molecular features of TCR beta chain in the peripheral blood and
tissue of patients with colorectal carcinoma. Cancer Epidemiol. 2010; 34:
733-40.
Shao H, Lin Y, Wang T. et al. Identification of peptide-specific TCR genes
by in vitro peptide stimulation and CDR3 length polymorphism analysis.
Cancer Lett. 2015; 363: 83-91.

Petrova PS, Viller NN, Wong M. et al. TTI-621 (SIRPalphaFc): a
CD47-blocking innate immune checkpoint inhibitor with broad
antitumor activity and minimal erythrocyte binding. Clin Cancer Res.
2017; 23: 1068-79.

Zhang ]JQ, Zeng S, Vitiello GA. et al. Macrophages and CD8(+) T cells
mediate the antitumor efficacy of combined CD40 ligation and imatinib
therapy in gastrointestinal stromal tumors. Cancer Immunol Res. 2018; 6:
434-47.

Hutter G, Theruvath J, Graef CM. et al. Microglia are effector cells of
CD47-SIRPalpha antiphagocytic axis disruption against glioblastoma.
Proc Natl Acad Sci U S A. 2019; 116: 997-1006.

Barkal AA, Weiskopf K, Kao KS. et al. Engagement of MHC class I by the
inhibitory receptor LILRB1 suppresses macrophages and is a target of
cancer immunotherapy. Nat Immunol. 2018; 19: 76-84.

Chen HM, van der Touw W, Wang YS. et al. Blocking immunoinhibitory
receptor LILRB2 reprograms tumor-associated myeloid cells and
promotes antitumor immunity. J Clin Invest. 2018; 128: 5647-62.

Harada K, Dong X, Estrella JS. et al. Tumor-associated macrophage
infiltration is highly associated with PD-L1 expression in gastric
adenocarcinoma. Gastric cancer. 2018; 21: 31-40.

Staron MM, Gray SM, Marshall HD. et al. The transcription factor FoxO1
sustains expression of the inhibitory receptor PD-1 and survival of
antiviral CD8(+) T cells during chronic infection. Immunity. 2014; 41:
802-14.

. Zhang Y, Du W, Chen Z. et al. Upregulation of PD-L1 by SPP1 mediates

macrophage polarization and facilitates immune escape in lung
adenocarcinoma. Exp Cell Res. 2017; 359: 449-57.

Soto-Pantoja DR, Terabe M, Ghosh A. et al. CD47 in the tumor
microenvironment limits cooperation between antitumor T-cell
immunity and radiotherapy. Cancer Res. 2014; 74: 6771-83.

http://lwww.jcancer.org



Journal of Cancer 2021, Vol. 12

64

113.

114.

115.

116.

117.

Zhang F, Parayath NN, Ene CI. et al. Genetic programming of
macrophages to perform anti-tumor functions using targeted mRNA
nanocarriers. Nat Commun. 2019; 10: 3974.

Pei H, Qin J, Wang F. et al. Discovery of potent ureido
tetrahydrocarbazole derivatives for cancer treatments through targeting
tumor-associated macrophages. Eur ] Med Chem. 2019; 183: 111741.

Ye J, Yang Y, Jin J. et al. Targeted delivery of chlorogenic acid by
mannosylated liposomes to effectively promote the polarization of
TAMs for the treatment of glioblastoma. Bioact Mater. 2020; 5: 694-708.
Scott EM, Jacobus EJ, Lyons B. et al. Bi- and tri-valent T cell engagers
deplete tumour-associated macrophages in cancer patient samples. ]
Immunother Cancer. 2019; 7: 320.

Ramesh A, Kumar S, Nandi D. et al. CSF1R- and SHP2-inhibitor-loaded
nanoparticles enhance cytotoxic activity and phagocytosis in
tumor-associated macrophages. Adv Mater Weinheim. 2019; 31:
€1904364.

http://lwww.jcancer.org



