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The chronic inflammation of tumor continues to recruit TAMs (tumor—associated
macrophages) to the TME (tumor microenvironment) and promote polarization.
Pro-inflammatory signals polarize macrophages to the M1 phenotype to enhance
inflammation against pathogens. Tumor inflammatory development changes the
pro-inflammatory response to an anti-inflammatory response, resulting in the
alteration of macrophages from M1 to M2 to promote tumor progression.
Additionally, hypoxia activates HIF (hypoxia-inducible factors) in the TME, which
reprograms macrophages to the M2 phenotype to support tumor development.
Here, we discuss the factors that drive phenotypic changes in TAMs in the
inflammatory TME, which will help in the development of cancer
immunotherapy of macrophages.
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1 Introduction

Macrophages are innate immune cells that play a key role in inflammation. At the
initiation of inflammation, the number of neutrophils in the circulation increases, followed
by monocytes that differentiate to macrophages to promote inflammation against invading
pathogens (1). Further inflammation or chronic inflammation can result in tissue damage,
and macrophages can also assist in preventing excess inflammation from occurring to protect
the body (1). Macrophages in the inflammatory microenvironment eliminate invading
pathogens, damaged tissue and apoptotic host cells, which further lead to the resolution of
inflammation and tissue reparation (2). It was found that infected tissue without
macrophages had an increased apoptotic neutrophil population and prolonged
inflammation and tissue damage (3).

Because inflammation has the potential to cause harm, the inflammatory process is
typically tightly regulated by macrophages. Pro-inflammatory or activity signals, such as
interferon-y (IFN-y), colony-stimulating factor-1 (CSF-1), and lipopolysaccharide (LPS),
polarize macrophages to the M1 phenotype to promote inflammatory development. Because
non-resolving inflammation damages tissue, inflammation should be shut down by anti-
inflammatory signals, such as IL-10 and transforming growth factor beta (TGF-P), that
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activate macrophages to resolve the inflammatory process (4). An
abnormal regulation between pro-inflammatory and anti-
inflammatory signals drives many diseases (4).

In the inflammatory TME, the proportion of macrophages can be as
high as 30%-50%, and their function has been considered as the ‘soil’ for
tumor growth. At the earliest stage of the tumor, macrophages polarize to
M1 to generate an antitumor response. However, once tumors progress
past the initial state, the macrophages polarize to M2 to promote tumor
progression and malignancy (4-6). Tumors are also considered ‘wounds
that do not heal’ that lead to chronic inflammatory and imbalanced
polarization of macrophages (7-9). The present review provides an
overview of macrophage polarization in inflammatory TME and
proposes a therapeutic strategy for treating cancer.

2 Distribution of macrophages in the
TME

Macrophages polarize to different phenotypes in response to
signals and cytokines in their environment. Many factors affect
TAM polarization and distribution, such as inflammatory signals
and cytokines in the TME. The distribution of polarized TAMs in the
tumor microenvironment is shown in Figure 1 (9). As an important
component of leukocytes, TAMs are mainly derived from circulating
monocytes, tissue residue macrophages and myeloid-derived cells
(MDSCs). Under specific conditional stimulation and an unequal
distribution of nutrients created by the TME, macrophages can be
polarized to the M1 type (classically activated phenotype, with
markers such as CD80/86) and M2 type (alternatively activated
phenotype, with markers such as CD206, CD163, CD204, and
stabilin-1), which play an important role in carcinogenesis and
metastasis (10). The unequal distribution of oxygen and nutrients
in TME affects macrophage polarization. Macrophages are near
perfused vessel areas, where nutrients such as glucose, glutamine,
and oxygen are high, which induces macrophage polarization to the
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FIGURE 1
Distribution of macrophages in the tumor microenvironment.
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M1 type. Macrophages residing away from vessels in an environment
of chronic hypoxia and a high concentration of lactate are induced to
polarize to the M2 type (Figure 1) (1, 9). Both M1 and M2
macrophages are found in TME, whereupon cells in hypoxic areas
show more dominant M2 activation. For example, TAMs can express
both the M1 marker CD80 and the M2 marker CD206. However, in
hypoxic areas, the M1 marker CD80 is expressed at lower levels, and
the M2 marker CD206 is expressed at higher levels than in high
oxygen areas (11).

Initiation of inflammation in the TME and pro-inflammatory
cytokines, such as interleukin (IL)-1-B, IL-6, and IL-8, are produced
by tumor cells, immune cells and nonmalignant cells that promote
M1 polarization (12). IL-4, macrophage colony-stimulating factor
(M-CSF), or granulocyte-macrophage colony-stimulating factor
(GM-CSF), as well as IL-10, TGF-f and HIF-la produced by the
hypoxic TME, can skew macrophages to the M2 phenotype. For
example, HIF-1a in hypoxic melanoma cells induced translocation
and secretion of IL-10, which induced macrophage activation to the
alternative M2 phenotype (13).

3 Factors affecting the polarization of
tumor macrophages in TME

3.1 Inflammation

In TME, cells face hypoxia, nutrient deprivation and metabolic
stress that cause sustained apoptosis and death. In the chronic
inflammatory TME, apoptotic cells produce ‘find-me’ signals to
recruit lymphocyte cells that produce inflammatory signals to keep
out damaged tissue and prevent their own clearance (9), and the
recruitment of neutrophils followed by monocytes that initiate
inflammatory signals activates macrophages to the M1 phenotype (8).

But the chronic inflammation leads to the production of anti-
inflammatory signals and the transition of macrophages from the M1
to anti-inflammatory M2 phenotype to prevent excess inflammation
from occurring (14). M2 macrophages further secrete anti-
inflammatory signals, such as IL-10 and TGF-B, to promote
angiogenesis, remodeling, and immune suppression, which increase
cancer cell proliferation, metastasis and resistance to therapy (15).

Chronic cancer-associated inflammation also contributes to the
TME producing cytokines and chemokines, such as IL-4, IL-6, IL-10,
IFN-y, CCL2, CCL5, CD40L, and TNF (8, 16-18). The cytokine and
chemokine balance of pro- and anti-inflammatory mediators is a key
factor in the progression of macrophage polarization and tumor
development. An abundance of pro-inflammatory cytokines and
chemokines in the TME recruit and polarize macrophages to the
M1 phenotype and promote inflammation. With the development of
inflammation, non-resolving cancer inflammation also produces an
anti-inflammatory signal to inhibit inflammation that alters
macrophages from the M1 to M2 type (9). As mentioned before,
The chronic inflammation of tumors continue to cause pro-and anti-
inflammatory response occurring, result in sustained polarization
macrophages from the M1 to M2 type in the TME (Figure 2) (9).

In the clinic, macrophage polarization is strongly related to tumor
stage; in the early phases of tumor inflammation, the TME recruits
and polarizes more macrophages to the M1 phenotype, and in the
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FIGURE 2
The inflammatory tumor microenvironment affects macrophage polarization (created in BioRender.com) (9).

tumor advanced state, more M2 macrophages are found, suggesting a
dynamic switch from the M1 to the M2 phenotype (19). Moreover,
several studies in murine and human tumors also observed a “mixed”
macrophage phenotype in the TME, and the phenotype of
macrophages also differs from tumor to tumor or within different
areas of the same tumor (20, 21), and macrophages in an advanced
state of tumors show a more dominant M2 marker expression pattern
(11). Cytokines and chemokines secreted by pro- and anti-
inflammatory signals can alter the physiological development of
macrophages. It is known that at the earliest stage of the tumor,
pro-inflammatory M1 macrophages are activated, and with tumor
development, macrophages will convert to the immunosuppressive
M2 phenotype in cancer nests to promote tumor growth (4-9, 15,
22, 23).

3.2 Hypoxia

The TME creates an unequal distribution of oxygen and nutrients
that affect TAM polarization. In well oxygenated areas of the TME,
macrophages show some qualities of classical (M1) activation. In
contrast, in hypoxic areas, the TME produces HIF, TGE-f, or IL-6,
which provokes alternative (M2) activation of macrophages to
promote tumor progression.

Hypoxic stress in the TME not only alters the metabolism of
macrophages but also alters their phenotype (9). Hypoxia activates
HIF transcription factors to enhance HIF-dependent gene expression
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and promote the accumulation of the HIF-1/2 protein to adapt to
oxygen shortage and metabolic stress. The pathways regulated by HIF
can increase glycolysis and suppress O2 consumption. In hypoxic
areas, nutrients also become scarce, and HIF enhances the Otto
Warburg effect and alters metabolites to express more lactate and
kynurenine to promote tumor cell proliferation. Due to the high
concentrations of lactate, chemokines, and HIF-1/2 secreted from the
hypoxic TME, macrophages are drawn to hypoxic areas and polarize
to the M2 phenotype. HIF activation in the hypoxic TME also induces
the expression of a number of genes, such as VEGF or matrix
metalloprotease 9 (MMP9), that affect macrophage polarization and
drive tumor progression (24). In the hypoxic TME of melanoma,
tumor cells accumulate HIF-1 and also release high mobility group
box 1(HMGB-1), which induces macrophages to produce IL-10
driving them to an M2-like phenotype that promotes proliferation
and metastasis (13).

Hypoxic and nutrient stresses not only alter the phenotype of
macrophages but also reprogram them. Hypoxic and nutrient stresses
also provoke cell apoptosis, necroptosis, and autophagic death. To
survive in oxygen- and nutrient-deprived TME, cells promote
autophagy signaling pathways, but this promotion is always
excessive and causes cell apoptosis and death. Apoptotic and dead
cells are recognized by phagocytes that recruit and polarize
macrophages to the TME. As mentioned before, the inflammation
of tumors cause sustained cell apoptosis and death occurring in the
TME, resulting in recruitment of macrophages and direct polarization
of macrophages to the M1 phenotype; then, the hypoxic TME
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promotes the transition of macrophages from the M1 phenotype to
the M2 phenotype or directly polarizes macrophages to the M2
phenotype to support tumor development (Figure 2) (9).

3.3 Tumor cells

In the TME, tumor cells recruit and reeducate macrophages to
adopt a special phenotype by secreting vascular endothelial growth
factor (VEGF), platelet-derived growth factor (PDGF), TGF-f, CCL2,
or M-CSF (17, 25, 26). Hypoxic tumor cells also produce high
amounts of lactate and HIF to polarize macrophages to the M2
phenotype to block effective antitumor immune responses by
inhibiting tumor surveillance by T and NK cells (9, 27, 28). High
lactate levels produced by tumor cells also evoke HIF-1a and HIF-2a
accumulation in macrophages, which changes the pro-inflammatory
environment to an anti-inflammatory environment by reducing NF-
kB activity, in turn reducing T and NK-cell activation (9, 29). Tumor
cells also promote membrane cholesterol efflux induces IL-4-
mediated signaling in macrophages and alters their phenotype to
promote tumor invasion and metastasis (30, 31). It was found that co-
culturing macrophages with tumor cells increased HIF-1 and VEGF
expression, which induced the dysregulation of arginase and Fizzl,
and this was correlated with a gene signature found in alternatively
activated macrophages that promote tumor development (9, 32).

The influence of tumor cells and macrophages is interactive. For
example, when TAMs are cocultured with hepatoma cells,
macrophage-derived IL-6 and IL-8 activate JAK kinase, which
phosphorylates STAT3 activating STAT3 signaling in tumor cells
and promotes the epithelial mesenchymal transition(EMT), thus
enhancing tumor invasion and metastasis (33, 34). M2 TAMs can
also induce high expression of both PD-L1 and CTLA4 in cancer cells,
which promotes immune escape through limiting activationof
cytotoxic T cells in the TME. TAMs induce high levels of PDL1
expression that correlate with poorer clinical outcomes in
hepatocellular carcinoma (HCC) (8, 35-39).

3.4 Immune cells

Regulatory immune cells, such as Treg cells, MDSCs and B cells,
can also regulate macrophage polarization. Treg cells inhibit CD8+ T-
cells secreted IFN-y, that maintain macrophages in the M2-like
phenotype, which also reduces fatty acid oxidation and induces
lipid accumulation in macrophages by increasing the expression of
sterol regulatory element binding protein 1 (SREBP1) (40).
Inflammatory interleukin-17-positive (IL-171) T cells can recruit
and promote maturation of chemokine receptor 3-positive
(CXCR3) B cells, which induce M2b macrophage polarization in
human HCC (41). Tumor-infiltrating lymphocytic B cells program
macrophages to the M2 phenotype via Bruton tyrosine kinase (BTK)
activation in a PI3K-Y manner and inhibit B-cell infiltration.
Inhibition of BTK in the pancreatic TME reduced tumor growth
and enhanced antitumor activation (42).

MDSCs are heterogeneous immune cells that consist of myeloid
progenitor cells and immature myeloid cells (IMCs). They can
differentiate into TAMs and can affect macrophage polarization
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within TME. MDSCs can suppress the immune response by
abnormally regulating STAT3 to promote anti-inflammatory (M2-
like) macrophage polarization (31, 43). MDSCs are usually recruited
to the TME and produce IL-10, which inhibits macrophage
expression of IL-12 and alters the macrophage phenotype to M2.
MDSCs also express high levels of arginase-1, which promote
macrophage polarization and contribute to immune suppression (8,
43, 44).

3.5 Chemokines and cytokines

Macrophage polarization in the TME is dynamic and dependent
on the balance of chemokines and cytokines. Numerous chemokines
(such as CCL2, CCL5, CCL15, and CCL20) and cytokines (such as
TGF-f, CSF-1 and TNF) have been demonstrated to participate in
the mechanism of monocyte-derived macrophage recruitment,
migration and polarization (45-49). The representative molecules
are discussed below.

3.51CCL2

CCL2 is a small chemokine which is mainly produced by tumor
cells and surrounding stromal cells. CCL2 recruit CCR2+
inflammatory monocytes from the bone marrow to the peripheral
blood that lead to cancer metastases and poor clinical outcomes (50).
CCL2 elevation in the TME is essential for the recruitment and
education of monocyte-derived macrophage polarization.
Macrophages express CCR2 were recruited by CCL2 that result in
up regulating their expression levels of angiogenic factors, such as IL—
6, VEGF, and MMP9, which contributed to tumor vascularization.
Inhibition of the CCL2/CCR2 signaling pathway can block monocyte
recruitment and suppress the polarization of macrophages toward the
M2 phenotype (51-53).

3.5.2 CSF-1

Colony-stimulating factor 1 (CSF-1) involve in macrophage
recruitment, differentiation, mature, and survival. CSF-1 receptor
(CSE-1R) is a tyrosine kinase receptor which mainly expressed on
monocytic lineages which will differentiate into TAMs. CSF-1 and IL-
34 bind to CSF-1R active cascade of signaling in monocytes will
increase recruitment of M2-like phenotype and promote
immunosuppression (54). Tumor-derived CSF-1 promotes tumor
growth and enhances M2 polarization and infiltration. Targeting
CSF-1/CSF-1R signaling in combination with CXCR2 antagonists
can prevent M2 polarization and shows a strong antitumor effect (55).
It was found that CSF-1/CSF-1R signaling inhibition can reduce TAM
infiltration and enhance the CD8+/CD4+ T-cell ratio to kill tumor
cells. In a transgenic mouse model, targeting TAMs by CSF-1R
blockade enhanced the anticancer efficacy of platinum-based
chemotherapies (56, 57). It was also found that combination
treatments of CSF-1/CSF-1R inhibitors with PD1-PDL1 inhibitors
are promising candidates for effective elimination of TAMs (54).

3.5.3IL-6

IL-6 is an important cytokine, which is closely related to the
malignant behavior, such as promotion of inflammation,
proliferation, angiogenesis, invasion, metastasis of tumor in TME. It
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was found that IL-6 was a risk factor that highly expressed in chronic
inflammatory tumor tissue that lead to poor prognosis (58). In
inflammatory TME, IL-6 secreted by TAMs resulting in a vicious
cycle that further promote macrophages polarization to TAMS and
increase IL-6 expression which can lead to a smoldering
inflammatory state, and enhance tumor cell metastasis (46, 59).
Chen S,et al. showed that IL-6 was responsible for TAMs induced
renal cell carcinoma cells migration, invasion, EMT by activating I L-
6/STAT3 signaling (60). IL-6 acts on IL-6R/gp130 receptors and
active STAT3 signaling which can promote epithelial-mesenchymal
transition (EMT), angiogenesis and immunosuppression in cancers
(61). Han IH, et al. found that IL-6 induces M2 polarization and
promotes proliferation of prostate cancer cells (62). And Zhang W,
et al. showed that IL-6 promotes PD-L1 expression in monocytes and
macrophages through JAK2/STAT1 and JAK2/STAT3/c-MYC
signaling and induces immunosuppression in an orthotopic tumor
transplantation model (63). Activated STAT3 by IL-6 also promotes
the secretion of IL-10 and maintain the immunosuppressive function
of Tregs (64).

3.5.41L-10

IL-10 is a immunosuppressive cytokines secreted by immune cells,
such as monocytes, macrophages and B cells. IL-10 induces the TAM M2
polarization that further secrete high IL-10, IL-6, TGF-f, which can
promoting fibrosis and enhance tumor growth (65, 66). Patients with
high level expression of IL-10 in both the serum and peritoneal effusions
are correlated with advanced stage disease (67). By contact with its
receptor, IL-10 can also activate the IL-10/STAT3 signaling pathway
which skew macrophages to TAM M2 and promote high expression of
various antiapoptosis, pro-tumorigenic and immunosuppression related
genes (68). IL-10 also through TLR4/IL-10 signaling pathway alter
macrophages to TAM M2 to promote epithelial-mesenchymal transition
in pancreatic cancer cells (69). IL-10 expressed by TAMs suppresses IL-12
production by DCs, thus limit cytotoxic CD8+ T cell responses and resist
chemotherapy. It could improve chemotherapy by blocking IL-10 receptor
to enhance primary tumor response in breast cancer with paclitaxel and
carboplatin treatment (70). It was also found that macrophages exposed to
tumor culture supernatants secreting more IL-10 that may trigger a rise of
the intratumoral forkhead/winged helix scurfy (FoxP3)" Tregs population,
which are associated with HCC aggressive (71).

3.5.5TNF

TNF mainly positively regulates M1 polarization by activating tumor
necrosis factor receptor (TNFR) and the NF-kB signaling pathway to
suppress M2 polarization. Other cytokines, such as myeloid
differentiation primary response 88 (MyD88), can also inhibit M2 gene
expression in TAMs, leading to an M1 phenotype (8, 72).

3.5.6 TGF-B

TGEF-B is a growth regulatory protein that shows both antitumoral
and pro-tumoral activities. In the precancerous state, TGF-f inhibits
cell proliferation, whereas in the established tumor stage, TGF-$
enhances macrophage secretion of IL-10, which promotes
macrophage polarization and induces immune evasion and
metastasis. TGF-f secreted by TAMs promotes macrophage
alteration to the pro—tumor M2 type (73).
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4 Cancer immunotherapy of
macrophages

Macrophages are trapped in the TME and promote the development
and progression of tumors. Inflammation and cell death result in
recruitment and maturation of macrophages into M1 TAMs. Hypoxia
that enhances HIF genetic expression promotesre polarization of M2-type
macrophages (9). The mode of tumors is considered ‘wounds never heal’,
and the non-resolving tumor inflammatory response continues to recruit
macrophages and mature them into the M1 phenotype, and with tumor
development, hypoxia and anti-inflammatory cytokines transform
macrophages to the M2 phenotype to promote tumor growth (9).
Depending on the mode, improving tumor therapy should therefore
consider blocking inflammation and blocking macrophage recruitment
and eliminating preexisting TAMs (74). Because of diversity and
heterogeneity of tumors, here, we use solid tumor therapeutic strategies
as paradigm to explain as following (Table 1).

4.1 blocking CCL2-CCR2 and CXCR4-
CXCL12 signaling

Blocking the CCL2-CCR2 axis and CXCR4-CXCLI12 signaling
pathway can prevent TAM recruitment and infiltration into the TME
(74), which has shown potential therapeutic value for solid tumors in
preclinical and clinical studies (Table 1). For example, an anti-CCL2
antibody, carlumab (CNTO888), can inhibitor macrophage
infiltration to the tumor in mice, which has been applied in clinical
trials to treat solid tumors and metastatic castrate-resistant prostate
cancer (75). Clinical studies indicated that single-agent carlumab only
temporarily repressed serum CCL2, resulting in no significant
antitumor effects (76). However, combination of carlumab with
several conventional chemotherapy regimens such as paclitaxel and
carboplatin, significantly enhance the antitumor response (77)

Also, inhibition CXCR4-CXCL12 signaling can more specifically
promote TAM exclusion. CXCL12 is a cancer-associated fibroblast
derived factor which recruit CXCR4-expressing monocytes toTME
and skew to M2-like macrophages to promote tumor growth (78). It
was found that targeting the CXCR4-CXCL12 signaling could effective
treat for solid tumors in the clinic trails. For example, a CXCR4
antagonist Plerixafor (AMD3100), which can inhibit the secretion of
VEGF-A from TAMs and lead to reduce tumor angiogenesis, has been
used in clinical trials for treating solid tumors and children cancer (73).
Other CXCR4 antagonist, such as LY2510924 (CXCR4 antagonist
peptide) also use in clinical trials for treating solid tumors (74, 79).

4.2 blocking CSF-1/CSF-1R signaling

As mention before, the CSF-1/CSF-1R signaling pathway also
plays a key role in TAM recruitment and polarization. Therefore,
blocking the signal in TAMs has been developed in clinical trials for
solid tumor therapy (80). For example, a monoclonal antibody
Emactuzumab (RG7155) could effectively inhibit CSF-1R activation.
Emactuzumab treatment significantly reduces CSF-1R+/CD163+
macrophages in diftuse-type giant cell tumor and increases the ratio
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of CD8+/CD4+. Emactuzumab in combination with chemotherapy
and immunotherapy are underway in clinical trials of solid tumor
treatment (74). CSF-1R specific inhibitors, such as PLX3397,
PXL7486, AMG820, BLZ945, et al., also have been used in clinical
trials for treatment of solid tumor. It was found that both CSF-1R
antibodies and inhibitors could improve therapy in preclinical and
clinical trial. For example, the CSF-1R inhibitor BLZ945, alone or in
combination with anti-PD1 antibody immunotherapy could block
macrophage recruitment and alter macrophage polarization to

10.3389/fonc.2023.1103149

antitumor type that currently was being assessed in clinical trials
for advanced-stage solid tumors treatment (74).

4.3 blocking CD47-SIRPa. signaling

Although eliminating and inhibiting recruitment TAM strategies
can delay tumor progression, these therapeutic approaches may have
systemic toxicities as they target all macrophages without specific, and

TABLE 1 Clinical trials of solid tumors associate of macrophage-targeting compounds.

Action

Compounds

Clinical
phase

Clinical
trials

Tumor type and combination agent

Elimination and blocking Carlumab (CNTO888,CCL2 inhibitor) 1 Solid tumors + doxorubicin liposome injection; NCT01204996
recruitment of M1 and M2 TAMs +gemcitabine;+ Paclitaxel and carboplatin;+ docetaxel
plerixafora (AMD-3100, CXCR4 11 Solid tumors NCT01225419
antagonist)
LY2510924 (CXCR4 antagonist peptide) I Solid tumors NCT02737072
Emactuzumab (RG7155, CSF-1R 1 Advanced Solid Tumors + RO5509554 NCT01494688
antibody)
Emactuzumab (RG7155, CSF-1R I Advanced solid tumors + Atezolizumab NCT02323191
antibody)
PLX3397(Plexxikon, CSF-1R inhibitor), Ib/11 Advanced solid tumors + paclitaxel NCT01596751
ARRY-382(CSF-1R inhibitor) 11 Advanced solid tumors + pembrolizumab NCT02880371
Pexidartinib (CSF-1R inhibitor) 1 Advanced solid tumors NCT02734433
BLZ945(CSF-1R inhibitor) 1 Advanced solid tumors NCT02829723
JNJ-40346527(CSF-1R inhibitor) 1 Prostate cancer NCT03177460
IMC-CS4(CSF-1R inhibitor) 1 Advanced solid tumors NCT01346358
FPA008 (Cabiralizumab, CSF-1R 1 Advanced solid tumors + nivolumab NCT02526017
antibody)
PXL7486(CSF-1R inhibitor) 1 Advanced solid tumors NCT01804530
AMG820 (Amgen, CSF-1R inhibitor) 1 Solid tumors NCT01444404
SNFX-6352 I Advanced solid tumors + Durvalumab NCT03238027
(CSF-1R antagonists)
Trabectedin 1 Solid tumor, Adult + Durvalumab NCT03496519
Reprogramming TAM M2 to M1 to Hu5F9-G4(CD47-SIRPa. inhibitor) I Advanced solid malignancies NCT02216409
antitumor
Hu5F9-G4(CD47-SIRPa. inhibitor) 1 Advanced solid malignancies and colorectal carcinoma + | NCT02953782
cetuximab
TTI-621 (SIRPa-IgG1 Fc) 1 Solid tumors + Rituximab or Nivolumab NCT02663518
Selicrelumab(CD40 agonist) 1 Solid tumors + Atezolizumab NCT02304393
Selicrelumab(CD40 agonist) 1 Advanced solid tumors + Vanucizumab or Bevacizumab NCT02665416
SEA-CD40(CD40 agonist) 1 Solid tumors + pembrolizumab NCT02376699
IMO-2125(TLR9 agonist) I Refractory solid tumors, metastatic melanoma NCT03052205
SD101(TLR9 agonist) /11 Solid tumors + SBRT + pembrolizumab NCT03007732
Anakinra (IL-1R antagonist) 1 Advanced solid tumors + everolimus NCT01624766
GSK1795091(TLR4 agonist) 1 Advanced solid tumors + GSK3174998 anti- OX40) or NCT03447314
(GSK3359609 anti- ICOS) or pembrolizumab
(Continued)
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TABLE 1 Continued

Compounds Clinical Tumor type and combination agent Clinical
phase trials

Telratolimod (MEDI91973, TLR7/8 1 Solid tumors + Durvalumab and/or Palliative Radiation NCT02556463

agonist)

IPI-549(PI3KY inhibitor) 1b Advanced solid tumors + nivolumab NCT02637531

Vanucizumab(Vasculature-modulating I Advanced/metastatic solid tumors NCT02665416

agent Ang2/VEGF)

EF-022(Efranat, vitamin-D-binding 1 Solid tumors NCT02052492

protein, macrophage-activating factor)

Data were obtained from http://clinicaltrials.gov.

CCL2, C-C motif chemokine ligand 2; CCL5, C-C motif chemokine ligand 5; CCR2, C-C motif chemokine receptor 2; CXCR2, C-X-C chemokine receptor type 2;CSF-1,colony-stimulating factor-1;
CSF-1R, Colony stimulating factor 1 receptor; CARMs, chimeric antigen receptor macrophages; EMT, epithelial mesenchymal transition; Fizz1, found in inflammatory zone 1; GM-CSF, granulocyte-
macrophage colony-stimulating factor; HIF, hypoxia-inducible factors; HCC, hepatocellular carcinoma; HMGB-1, high mobility group box 1; IEN-y, interferon-y; IL-6, interleukin-6; IMCs, immature
myeloid cells; LPS, lipopolysaccharide; M-CSF, macrophage colony-stimulating factor; MDSCs, myeloid-derived suppressor cells; MMP9, matrix metalloprotease 9; MyD88, myeloid differentiation
primary response 88; PD-L1: programmed cell death ligand 1; PD-1, programmed cell death protein 1; PDGF, platelet-derived growth factor; RP-182, a synthetic 10-mer amphipathic analog of host
defense peptides; ROS, reactive oxygen species; SREBP1,sterol regulatory element binding protein 1; SIRPa, signal regulatory protein alpha;TAMs, tumor—associated macrophages; TME,tumor

microenvironment; TNF, tumor necrosis factor; TNFR, tumor necrosis factor receptor; TGF-f: transforming growth factor beta; VEGF, vascular endothelial growth factor.

eliminating TAMs can be rapid compensation by tumor-associated
neutrophils (TANs). It was found that withdrawal of CCL2/CCR2
inhibitors might accelerate metastasis in breast cancer by dramatically
releasing of monocytes which were trapped in the bone marrow (81).
So, it is appealing new strategies such as re-educating macrophages to
anti-tumor phenotypes to overcome these limitations.

One method of re-educating macrophages is using inhibitors to
block receptor signals on macrophages that modulate phagocytosis.
Tumor cells overexpress the “don’t eat me” signaling molecule CD47,
which suppresses macrophage phagocytic capacity by interacting with
signal regulatory protein alpha (SIRPa). Using anti-CD47 antibodies
to disrupt the CD47-SIRPo. axis can restore the ability of
macrophages to engulf tumors (74). Many conventional anti-CD47
antibodies have been demonstrated to be successful in preclinical and
clinical trials. For example, it was found Hu5F9-G4, an anti-CD47
antibody, could inhibit the interaction of CD47 with SIRPo and
promoted macrophage-mediated phagocytosis to kill cancer cells.
Hu5F9-G4 has been used in clinical trials to treat solid tumors and
various hematological malignancies (82).

Also, the polypeptides or recombinant proteins including
engineered high-affinity SIRPo. protein which derived from SIRPo.
can act as decoy bind to CD47 to disrupt the CD47-SIRPo. signaling.
Studies showed that recombinant protein TTI-621 which composed
of the N-terminal domain of SIRPo fused to human IgGl could
suppress tumor growth by increasing macrophage-mediated
phagocytosis of solid tumor cells (83). TTI-621 is now in clinical
investigation to treat solid tumors.

4.4 CD40 agonists

CD40 is a superfamily member of TNF receptor and expresse on
many antigen-presenting cells (APCs) as well as some tumor cells. It
was found that agonistic anti-CD40 antibodies could stimulate TAMs
to promote the secretion of the proinflammatory cytokines such as
NO and TNF-o to activate effector T cells to reestablish tumor
immune surveillance. It was found that many agonistic anti-CD40
antibodies such as Selicrelumab (CD40 agonist) in combination with
immunotherapy significantly promoted macrophages phagocytic
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activity to antitumor. Selicrelumab combination with
immunotherapy such as atezolizumab has been use in clinical trials
to treat solid tumors (74).

4.5 Toll-like receptor agonist

Toll-like receptors (TLRs) play critical roles in activating the
innate immune reaction of macrophages toward antitumor M1
phenotype. Activation of multiple TLR signals promotes phagocytic
activity of macrophages and enhances antitumor responses. For
example, it was found that TLR4 and TLR5 agonists could polarize
more CD206+ M2 TAMs to CD86+ M1 phenotype and suppressed
tumor growth without obvious toxicity. Other TLR agonists have also
been found to alter f M2 TAMs to pro-inflammatory M1 phenotype
and promote tumor regression in mouse models (84). TLR9 agonist
IMO-2125, which can induce tumor regression by promoting
macrophage polarization to antitumor type, has been evaluated in
clinical trials to treat refractory solid tumors and metastatic
melanoma (74). However, TLR stimulation by agonist always lead
to PD-L1 expressed level elevation in macrophages, resulting in
limiting antitumor responds. To overcome this setback, IMO-2125
combined with immunotherapy such as iplimumab to treat cancer
more effective. Recently, MO-2125 combined with iplimumab was
approved by FDA to treatment of melanoma. Others TLR9 agonist,
such as SD101 was also investigation along with PD-1 blockade in
clinical trials to enhance therapeutic efficacy (74, 85).

4.6 PI3Ky inhibitor and other treatments
promoting macrophage reprogramming

Phosphatidylinositide 3-kinases (PI3K), which can specifically
phosphorylate the 3" position in the inositol moiety of phospholipids,
play crucial roles in inflammatory, immunosuppression associated with
cancer or autoimmune diseases. PI3Ky is the class IB PI3K member
which playing significant roles in immunosuppressive transcriptional
programming by contacting with G protein (86). PI3Ky promotes
transcription of genes and enhance immunosuppressive factors Argl,
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TGF-B, and IL-10 expression that links to the M2 immunosuppressive
macrophage phenotype (87).

PI3Ky inhibitors can alter macrophages toward proinflammatory
phenotype and block recruitment of macrophages and neutrophils
from peripheral blood (88, 89). IPI-549, the PI3Ky-selective inhibitor,
has been reported to promote macrophage polarization to M1 states
and enhancing immunotherapy by increasing CD8+ T-cell activation
and cytotoxicity (90). IPI-549 combination with nivolumab has been
investigated in phase I clinical trials for several advanced solid tumors.

Other classical treatments such as blocking the function of TAM-
expressed PD-LIto promote macrophage reprogramming to enhance
antitumor effects. TAMs expressing the checkpoint molecule PD-L1
negatively regulate the phagocytic ability of TAMs and suppress
cytotoxic T-cell immunity against tumor cells. Blocking the PD-1/PD-L1
pathway can enhance the phagocytosis of macrophages and prolong the
survival of mice in cancer models (91). It also improved therapy in clinical
treatment by blocking the function of TAM-expressed PD-L1 (92).

Recently, a new technique of re-educating macrophages to generate
chimeric antigen receptor macrophages (CARMs) has emerged for cell-
based cancer immunotherapy. It was found that CARMs encoding the
CD3( intracellular domain can target the tumor antigen mesothelin or
HER2 and kill antigen-positive solid tumor cells (93, 94). A huge
breakthrough was shown in CARM immunotherapy on July 27, 2020,
and the FDA approved the investigational new drug application for anti-
human HER2-CARM (CT-0508) to treat recurrent or metastatic HER2-
overexpressing solid tumors (79).

5 Conclusions and perspectives

Inflammation is a double-edged sword in tumor treatment. It
should distinguish ‘antitumor inflammation (acute inflammation)’
and ‘pro-tumor inflammation (chronic inflammation)’ for precision
tumor therapy. ‘Antitumor inflammation’ can active the immune
system that recognize and cause tumor cell death by immune
surveillance process. But chronic inflammation promotes
immunosuppression and tumor progression (95). TAMs polarize and
orchestrate tumor-related inflammation in TME. M1 phenotype
secrete pro-inflammatory cytokines (TNF-o., IL-1f3, IL-12, e.g.), and
co-stimulatory molecules to present antigen efficiently and promote
Th1 response to destroy tumor cells. However, M2 TAM secrete anti-
inflammatory and immunosuppressive molecules (IL-4, IL-10, TGF-f,
e.g.), to promote chronic inflammation that lead to sustained recruit
and polarize TAMs to the TME and promote tumor
malignant transformation.

Targeting TAM therapeutic protocols, such as eliminating and
inhibiting recruitment, switching the M2 phenotype to the Ml
phenotype, enhancing phagocytosis and increasing antigen
presentation to kill tumor cells, and new CARM technology have
also greatly improved cancer treatment. However, these cancer
treatment technologies are still a long way off. The biggest difficulty
is how to precisely promote the ‘antitumor inflammation’ inducing by
macrophage to kill tumor cells and eliminate pro-tumor chronic
inflammation in tumor therapy. For example, eliminating and
inhibiting recruitment TAM strategies to treat inflammatory tumor
may have systemic toxicities as they target all macrophages including
M1land tissue-resident macrophages without specific that will leads to
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increased bacterial infections, metastasis and accelerated death. And
switching the M2 to the M1 phenotype may only result in temporary
and limited antitumor efficacy. Because of tumor heterogeneity, it is
difficult to definite TAMs subpopulations in different human tumors.
Also, TAMs are not stably inherited and they can change in TME. By
contact with tumor cells, M1may sustained polarize to M2 to promote
malignancy progression. In addition, although anti-tumor
inflammation producing by TAM M1 can cause tumor cell death, it
can also create a mutagenic microenvironment which may lead to
TAM polarization to M2 resulting in promoting tumor progress.

So, it need to explore new strategies that not only renovate the
inflammatory tumor “soil” that consist by the TAMs to construct a
anti-tumor microenvironment, but also kill the tumor “seeds” in the
“soil”. Thus, continuous studies are needed to elucidate the
mechanisms that drive phenotypic changes in TAMs in
the inflammatory TME, which will help in the development of
cancer immunotherapy of macrophages.

Author contributions

BL, ZZ gathered the related literature, prepared the figures and
drafted the manuscript. HL and ML participated in the design of the
review and drafted the manuscript. All authors read and approved the
final manuscript.

Funding

This work was supported by Hainan Province Science and
Technology Special Fund (Nos. ZDYF2021SHFZ222), the National
Natural Science Foundation of China (Nos. 82060514, 81960519,
81660463, 81560450 and 31560243), The Natural Science Foundation
of Hainan Province (Nos. 820RC634, 822RC700, 821RC1065,
2019CXTD406, 2019CR204 and 20168263), The Research Project
of Take offthe Proclamation and Leadership in Hainan Medical
College Natural Science Foundation (No. JBGS202106). Hainan
Provincial Association for Science and Technology Program of
Youth Science Talent and Academic Innovation (No.
QCXM 201922).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1103149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zou et al.

References

1. Oishi Y, Manabe I. Macrophages in inflammation, repair and regeneration. Int
Immunol (2018) 30(11):511-28. doi: 10.1093/intimm/dxy054

2. Prame Kumar K, Nicholls AJ. Wong CHY. partners in crime: neutrophils and
monocytes/macrophages in inflammation and disease. Cell Tissue Res (2018) 371(3):551-
65. doi: 10.1007/s00441-017-2753-2

3. Goren I, Allmann N, Yogev N, Schirmann C, Linke A, Holdener M, et al. A
transgenic mouse model of inducible macrophage depletion: effects of diphtheria toxin-
driven lysozyme m-specific cell lineage ablation on wound inflammatory, angiogenic, and
contractive processes. Am ] Pathol (2009) 175(1):132-47. doi: 10.2353/ajpath.
2009.081002

4. Fujiwara N, Kobayashi K. Macrophages in inflammation. Curr Drug Targets
Inflamm Allergy (2005) 4(3):281-6. doi: 10.2174/1568010054022024

5. Dan H, Liu S, Liu ], Liu D, Yin F, Wei Z, et al. RACKI promotes cancer progression
by increasing the M2/M1 macrophage ratio via the NF-kB pathway in oral squamous cell
carcinoma. Mol Oncol (2020) 14(4):795-807. doi: 10.1002/1878-0261.12644

6. Eum HH, Kwon M, Ryu D, Jo A, Chung W, Kim N, et al. Tumor-promoting
macrophages prevail in malignant ascites of advanced gastric cancer. Exp Mol Med (2020)
52(12):1976-88. doi: 10.1038/s12276-020-00538-y

7. Cassetta L, Pollard JW. Targeting macrophages: therapeutic approaches in cancer.
Nat Rev Drug Discov (2018) 17(12):887-904. doi: 10.1038/nrd.2018.169

8. Boutilier AJ, Elsawa SF. Macrophage polarization states in the tumor
microenvironment. Int J Mol Sci (2021) 22(13):6995. doi: 10.3390/ijms22136995

9. Dehne N, Mora J, Namgaladze D, Weigert A, Briine B. Cancer cell and macrophage
cross-talk in the tumor microenvironment. Curr Opin Pharmacol (2017) 35:12-9.
doi: 10.1016/j.coph.2017.04.007

10. Stoger JL, Gijbels MJ, van der Velden S, Manca M, van der Loos CM, Biessen EA,
et al. Distribution of macrophage polarization markers in human atherosclerosis.
Atherosclerosis (2012) 225(2):461-8. doi: 10.1016/j.atherosclerosis.2012.09.013

11. Larionova I, Tuguzbaeva G, Ponomaryova A, Stakheyeva M, Cherdyntseva N,
Pavlov V, et al. Tumor-associated macrophages in human breast, colorectal, lung, ovarian
and prostate cancers. Front Oncol (2020) 10:566511. doi: 10.3389/fonc.2020.566511

12. Dehne N, Fuhrmann D, Briine B. Hypoxia-inducible factor (HIF) in hormone
signaling during health and disease. Cardiovasc Hematol Agents Med Chem (2013) 11
(2):125-35. doi: 10.2174/1871525711311020008

13. Huber R, Meier B, Otsuka A, Fenini G, Satoh T, Gehrke S, et al. Tumour hypoxia
promotes melanoma growth and metastasis via high mobility group box-1 and M2-like
macrophages. Sci Rep (2016) 6:29914. doi: 10.1038/srep29914

14. Murray PJ, Wynn TA. Protective and pathogenic functions of macrophage subsets.
Nat Rev Immunol (2011) 11(11):723-37. doi: 10.1038/nri3073

15. Yeung OW, Lo CM, Ling CC, Qi X, Geng W, Li CX, et al. Alternatively activated
(M2) macrophages promote tumour growth and invasiveness in hepatocellular
carcinoma. J Hepatol (2015) 62(3):607-16. doi: 10.1016/j.jhep.2014.10.029

16. Allavena P, Sica A, Solinas G, Porta C, Mantovani A. The inflammatory micro-
environment in tumor progression: the role of tumor-associated macrophages. Crit Rev
Oncol Hematol (2008) 66(1):1-9. doi: 10.1016/j.critrevonc.2007.07.004

17. Capece D, Fischietti M, Verzella D, Gaggiano A, Cicciarelli G, Tessitore A, et al.
The inflammatory microenvironment in hepatocellular carcinoma: a pivotal role for
tumor-associated macrophages. BioMed Res Int (2013) 2013:187204. doi: 10.1155/2013/
187204

18. Elsawa SF, Novak AJ, Ziesmer SC, Almada LL, Hodge LS, Grote DM, et al.
Comprehensive analysis of tumor microenvironment cytokines in waldenstrom
macroglobulinemia identifies CCL5 as a novel modulator of IL-6 activity. Blood (2011)
118(20):5540-9. doi: 10.1182/blood-2011-04-351742

19. Sica A, Bronte V. Altered macrophage differentiation and immune dysfunction in
tumor development. J Clin Invest (2007) 117(5):1155-66. doi: 10.1172/JCI31422

20. Hagemann T, Wilson J, Burke F, Kulbe H, Li NF, Pliilddemann A, et al. Ovarian
cancer cells polarize macrophages toward a tumor-associated phenotype. J Immunol
(2006) 176(8):5023-32. doi: 10.4049/jimmunol.176.8.5023

21. Tsai CS, Chen FH, Wang CC, Huang HL, Jung SM, Wu C]J, et al. Macrophages
from irradiated tumors express higher levels of iNOS, arginase-I and COX-2, and
promote tumor growth. Int J Radiat Oncol Biol Phys (2007) 68(2):499-507.
doi: 10.1016/j.ijrobp.2007.01.041

22. Martinez VG, Rubio C, Martinez-Fernandez M, Segovia C, Lopez-Calderon F,
Garin MI, et al. BMP4 induces M2 macrophage polarization and favors tumor
progression in bladder cancer. Clin Cancer Res (2017) 23(23):7388-99. doi: 10.1158/
1078-0432.CCR-17-1004

23. Kuang DM, Wu Y, Chen N, Cheng J, Zhuang SM, Zheng L. Tumor-derived hyaluronan
induces formation of immunosuppressive macrophages through transient early activation of
monocytes. Blood (2007) 110(2):587-95. doi: 10.1182/blood-2007-01-068031

24. Henze AT, Mazzone M. The impact of hypoxia on tumor-associated macrophages.
J Clin Invest (2016) 126(10):3672-9. doi: 10.1172/JCI84427

25. Zhu XD, Zhang JB, Zhuang PY, Zhu HG, Zhang W, Xiong YQ, et al. High
expression of macrophage colony-stimulating factor in peritumoral liver tissue is

Frontiers in Oncology

10.3389/fonc.2023.1103149

associated with poor survival after curative resection of hepatocellular carcinoma. J
Clin Oncol (2008) 26(16):2707-16. doi: 10.1200/JC0O.2007.15.6521

26. Benetti A, Berenzi A, Gambarotti M, Garrafa E, Gelati M, Dessy E, et al.
Transforming growth factor-betal and CD105 promote the migration of hepatocellular
carcinoma-derived endothelium. Cancer Res (2008) 68(20):8626-34. doi: 10.1158/0008-
5472.CAN-08-1218

27. Brand A, Singer K, Koehl GE, Kolitzus M, Schoenhammer G, Thiel A, et al. LDHA-
associated lactic acid production blunts tumor immunosurveillance by T and NK cells.
Cell Metab (2016) 24(5):657-71. doi: 10.1016/j.cmet.2016.08.011

28. Lim SO, Li CW, Xia W, Lee HH, Chang SS, Shen J, et al. EGFR signaling enhances
aerobic glycolysis in triple-negative breast cancer cells to promote tumor growth and
immune escape. Cancer Res (2016) 76(5):1284-96. doi: 10.1158/0008-5472.CAN-15-2478

29. Kellum JA, Song M, Li J. Lactic and hydrochloric acids induce different patterns of
inflammatory response in LPS-stimulated RAW 264.7 cells. Am ] Physiol Regul Integr
Comp Physiol (2004) 286(4):R686-92. doi: 10.1152/ajpregu.00564.2003

30. Goossens P, Rodriguez-Vita J, Etzerodt A, Masse M, Rastoin O, Gouirand V, et al.
Membrane cholesterol efflux drives tumor-associated macrophage reprogramming and tumor
progression. Cell Metab (2019) 29(6):1376-1389.e4. doi: 10.1016/j.cmet.2019.02.016

31. Pan Y, Yu Y, Wang X, Zhang T. Tumor-associated macrophages in tumor
immunity. Front Immunol (2020) 11:583084. doi: 10.3389/fimmu.2020.583084

32. Colegio OR, ChuNQ, Szabo AL, Chu T, Rhebergen AM, Jairam V, et al. Functional
polarization of tumour-associated macrophages by tumour-derived lactic acid. Nature
(2014) 513(7519):559-63. doi: 10.1038/nature13490

33. FuXT, Dai Z, Song K, Zhang ZJ, Zhou ZJ, Zhou SL, et al. Macrophage-secreted IL-
8 induces epithelial-mesenchymal transition in hepatocellular carcinoma cells by
activating the JAK2/STAT3/Snail pathway. Int J Oncol (2015) 46(2):587-96.
doi: 10.3892/ij0.2014.2761

34. Wu]J, Zhang J, Shen B, Yin K, Xu J, Gao W, et al. Long noncoding RNA IncTCF7,
induced by IL-6/STAT3 transactivation, promotes hepatocellular carcinoma
aggressiveness through epithelial-mesenchymal transition. J Exp Clin Cancer Res (2015)
34:116. doi: 10.1186/s13046-015-0229-3

35. Bloch O, Crane CA, Kaur R, Safaee M, Rutkowski MJ, Parsa AT. Gliomas promote
immunosuppression through induction of B7-HI expression in tumor-associated
macrophages. Clin Cancer Res (2013) 19(12):3165-75. doi: 10.1158/1078-0432.CCR-12-
3314

36. Chen X, Pan X, Zhang W, Guo H, Cheng S, He Q, et al. Epigenetic strategies
synergize with PD-L1/PD-1 targeted cancer immunotherapies to enhance antitumor
responses. Acta Pharm Sin B (2020) 10(5):723-33. doi: 10.1016/j.apsb.2019.09.006

37. Rameshbabu S, Labadie BW, Argulian A, Patnaik A. Targeting innate immunity in
cancer therapy. Vaccines (Basel) (2021) 9(2):138. doi: 10.3390/vaccines9020138

38. Cervantes-Villagrana RD, Albores-Garcia D, Cervantes-Villagrana AR, Garcia-
Acevez SJ. Tumor-induced neurogenesis and immune evasion as targets of innovative
anti-cancer therapies. Signal Transduct Target Ther (2020) 5(1):99. doi: 10.1038/s41392-
020-0205-z

39. Jeong H, Kim S, Hong BJ, Lee CJ, Kim YE, Bok S, et al. Tumor-associated
macrophages enhance tumor hypoxia and aerobic glycolysis. Cancer Res (2019) 79
(4):795-806. doi: 10.1158/0008-5472.CAN-18-2545

40. Liu C, Chikina M, Deshpande R, Menk AV, Wang T, Tabib T, et al. Treg cells
promote the SREBP1-dependent metabolic fitness of tumor-promoting macrophages via
repression of CD8+ T cell-derived interferon-y. Immunity (2019) 51(2):381-397.e6.
doi: 10.1016/j.immuni.2019.06.017

41. Liu RX, Wei Y, Zeng QH, Chan KW, Xiao X, Zhao XY, et al. Chemokine (C-X-C
motif) receptor 3-positive b cells link interleukin-17 inflammation to protumorigenic
macrophage polarization in human hepatocellular carcinoma. Hepatology (2015) 62
(6):1779-90. doi: 10.1002/hep.28020

42. Gunderson AJ, Kaneda MM, Tsujikawa T, Nguyen AV, Affara NI, Ruffell B, et al.
Bruton tyrosine kinase-dependent immune cell cross-talk drives pancreas cancer. Cancer
Discov (2016) 6(3):270-85. doi: 10.1158/2159-8290.CD-15-0827

43. Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regulators of the
immune system. Nat Rev Immunol (2009) 9(3):162-74. doi: 10.1038/nri2506

44. Parker KH, Sinha P, Horn LA, Clements VK, Yang H, Li J, et al. HMGB1 enhances
immune suppression by facilitating the differentiation and suppressive activity of
myeloid-derived suppressor cells. Cancer Res (2014) 74(20):5723-33. doi: 10.1158/
0008-5472.CAN-13-2347

45. Huang Y, Ge W, Zhou ], Gao B, Qian X, Wang W. The role of tumor associated
macrophages in hepatocellular carcinoma. J Cancer (2021) 12(5):1284-94. doi: 10.7150/jca.51346

46. Noy R, Pollard JW. Tumor-associated macrophages: from mechanisms to therapy.
Immunity (2014) 41(1):49-61. doi: 10.1016/j.immuni.2014.06.010

47. Weitzenfeld P, Ben-Baruch A. The chemokine system, and its CCR5 and CXCR4
receptors, as potential targets for personalized therapy in cancer. Cancer Lett (2014) 352
(1):36-53. doi: 10.1016/j.canlet.2013.10.006

48. Chen'Y, Song Y, Du W, Gong L, Chang H, Zou Z. Tumor-associated macrophages:
an accomplice in solid tumor progression. J BioMed Sci (2019) 26(1):78. doi: 10.1186/
§12929-019-0568-z

frontiersin.org


https://doi.org/10.1093/intimm/dxy054
https://doi.org/10.1007/s00441-017-2753-2
https://doi.org/10.2353/ajpath.2009.081002
https://doi.org/10.2353/ajpath.2009.081002
https://doi.org/10.2174/1568010054022024
https://doi.org/10.1002/1878-0261.12644
https://doi.org/10.1038/s12276-020-00538-y
https://doi.org/10.1038/nrd.2018.169
https://doi.org/10.3390/ijms22136995
https://doi.org/10.1016/j.coph.2017.04.007
https://doi.org/10.1016/j.atherosclerosis.2012.09.013
https://doi.org/10.3389/fonc.2020.566511
https://doi.org/10.2174/1871525711311020008
https://doi.org/10.1038/srep29914
https://doi.org/10.1038/nri3073
https://doi.org/10.1016/j.jhep.2014.10.029
https://doi.org/10.1016/j.critrevonc.2007.07.004
https://doi.org/10.1155/2013/187204
https://doi.org/10.1155/2013/187204
https://doi.org/10.1182/blood-2011-04-351742
https://doi.org/10.1172/JCI31422
https://doi.org/10.4049/jimmunol.176.8.5023
https://doi.org/10.1016/j.ijrobp.2007.01.041
https://doi.org/10.1158/1078-0432.CCR-17-1004
https://doi.org/10.1158/1078-0432.CCR-17-1004
https://doi.org/10.1182/blood-2007-01-068031
https://doi.org/10.1172/JCI84427
https://doi.org/10.1200/JCO.2007.15.6521
https://doi.org/10.1158/0008-5472.CAN-08-1218
https://doi.org/10.1158/0008-5472.CAN-08-1218
https://doi.org/10.1016/j.cmet.2016.08.011
https://doi.org/10.1158/0008-5472.CAN-15-2478
https://doi.org/10.1152/ajpregu.00564.2003
https://doi.org/10.1016/j.cmet.2019.02.016
https://doi.org/10.3389/fimmu.2020.583084
https://doi.org/10.1038/nature13490
https://doi.org/10.3892/ijo.2014.2761
https://doi.org/10.1186/s13046-015-0229-3
https://doi.org/10.1158/1078-0432.CCR-12-3314
https://doi.org/10.1158/1078-0432.CCR-12-3314
https://doi.org/10.1016/j.apsb.2019.09.006
https://doi.org/10.3390/vaccines9020138
https://doi.org/10.1038/s41392-020-0205-z
https://doi.org/10.1038/s41392-020-0205-z
https://doi.org/10.1158/0008-5472.CAN-18-2545
https://doi.org/10.1016/j.immuni.2019.06.017
https://doi.org/10.1002/hep.28020
https://doi.org/10.1158/2159-8290.CD-15-0827
https://doi.org/10.1038/nri2506
https://doi.org/10.1158/0008-5472.CAN-13-2347
https://doi.org/10.1158/0008-5472.CAN-13-2347
https://doi.org/10.7150/jca.51346
https://doi.org/10.1016/j.immuni.2014.06.010
https://doi.org/10.1016/j.canlet.2013.10.006
https://doi.org/10.1186/s12929-019-0568-z
https://doi.org/10.1186/s12929-019-0568-z
https://doi.org/10.3389/fonc.2023.1103149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zou et al.

49. Wang YC, Wang X, YuJ, Ma F, Li Z, Zhou Y, et al. Targeting monoamine oxidase
a-regulated tumor-associated macrophage polarization for cancer immunotherapy. Nat
Commun (2021) 12(1):3530. doi: 10.1038/s41467-021-23164-2

50. Grossman JG, Nywening TM, Belt BA, Panni RZ, Krasnick BA, DeNardo DG, et al.
Recruitment of CCR2+ tumor associated macrophage to sites of liver metastasis confers a
poor prognosis in human colorectal cancer. Oncoimmunology (2018) 7(9):e1470729.
doi: 10.1080/2162402X.2018.1470729

51. Hao Q, Vadgama JV, Wang P. CCL2/CCR?2 signaling in cancer pathogenesis. Cell
Commun Signal (2020) 18(1):82. doi: 10.1186/s12964-020-00589-8

52. Kadomoto S, Izumi K, Mizokami A. Roles of CCL2-CCR2 axis in the tumor
microenvironment. Int J Mol Sci (2021) 22(16):8530. doi: 10.3390/ijms22168530

53. Atri C, Guerfali FZ, Laouini D. Role of human macrophage polarization in
inflammation during infectious diseases. Int ] Mol Sci (2018) 19(6):1801. doi: 10.3390/
ijms19061801

54. Cannarile MA, Weisser M, Jacob W, Jegg AM, Ries CH, Riittinger D. Colony-
stimulating factor 1 receptor (CSF1R) inhibitors in cancer therapy. ] Immunother Cancer
(2017) 5(1):53. doi: 10.1186/540425-017-0257-y

55. Yin Z, Huang J, Ma T, Li D, Wu Z, Hou B, et al. Erratum: Macrophages activating
chemokine (C-X-C motif) ligand 8/miR-17 cluster modulate hepatocellular carcinoma
cell growth and metastasis. Am ] Transl Res (2021) 13(6):7418-9.

56. Xun Q, Wang Z, Hu X, Ding K, Lu X. Small-molecule CSFIR inhibitors as
anticancer agents. Curr Med Chem (2020) 27(23):3944-66. doi: 10.2174/
1573394715666190618121649

57. Salvagno C, Ciampricotti M, Tuit S, Hau CS, van Weverwijk A, Coffelt SB, et al.
Therapeutic targeting of macrophages enhances chemotherapy efficacy by unleashing type I
interferon response. Nat Cell Biol (2019) 21(4):511-21. doi: 10.1038/s41556-019-0298-1

58. Li L, Yu R, Cai T, Chen Z, Lan M, Zou T, et al. Effects of immune cells and
cytokines on inflammation and immunosuppression in the tumor microenvironment. Int
Immunopharmacol (2020) 88:106939. doi: 10.1016/j.intimp.2020.106939

59. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and disease.
Cold Spring Harb Perspect Biol (2014) 6(10):a016295. doi: 10.1101/cshperspect.a016295

60. Chen S, Qian S, Zhang L, Pan X, QuF, Yu Y, et al. Tumor-associated macrophages
promote migration and invasion via modulating IL-6/STAT3 signaling in renal cell
carcinoma. Int Immunopharmacol (2022) 111:109139. doi: 10.1016/j.intimp.2022.109139

61. Johnson DE, O'Keefe RA, Grandis JR. Targeting the IL-6/JAK/STAT3 signalling
axis in cancer. Nat Rev Clin Oncol (2018) 15(4):234-48. doi: 10.1038/nrclinonc.2018.8

62. Han IH, Song HO, Ryu JS. IL-6 produced by prostate epithelial cells stimulated
with trichomonas vaginalis promotes proliferation of prostate cancer cells by inducing M2
polarization of THP-1-derived macrophages. PloS Negl Trop Dis (2020) 14(3):e0008126.
doi: 10.1371/journal.pntd.0008126

63. Zhang W, Liu Y, Yan Z, Yang H, Sun W, Yao Y, et al. IL-6 promotes PD-L1
expression in monocytes and macrophages by decreasing protein tyrosine phosphatase
receptor type O expression in human hepatocellular carcinoma. J Immunother Cancer
(2020) 8(1):e000285. doi: 10.1136/jitc-2019-000285

64. Hossain DM, Panda AK, Manna A, Mohanty S, Bhattacharjee P, Bhattacharyya S,
et al. Retracted: FoxP3 acts as a cotranscription factor with STAT3 in tumor-induced
regulatory T cells. Immunity (2013) 39(6):1057-69. doi: 10.1016/j.immuni.2013.11.005

65. Huang X, Li Y, Fu M, Xin HB. Polarizing macrophages in vitro. Methods Mol Biol
(2018) 1784:119-26. doi: 10.1007/978-1-4939-7837-3_12

66. Wang LX, Zhang SX, Wu HJ, Rong XL, Guo J. M2b macrophage polarization and its
roles in diseases. ] Leukoc Biol (2019) 106(2):345-58. doi: 10.1002/JLB.3RU1018-378RR

67. Mustea A, Braicu EI, Koensgen D, Yuan S, Sun PM, Stamatian F, et al. Monitoring
of IL-10 in the serum of patients with advanced ovarian cancer: results from a prospective
pilot-study. Cytokine (2009) 45(1):8-11. doi: 10.1016/j.cyt0.2008.10.019

68. Gemelli C, Zanocco Marani T, Bicciato S, Mazza EM, Boraschi D, Salsi V, et al.
MafB is a downstream target of the IL-10/STAT3 signaling pathway, involved in the
regulation of macrophage de-activation. Biochim Biophys Acta (2014) 1843(5):955-64.
doi: 10.1016/j.bbamcr.2014.01.021

69. Liu CY, Xu JY, Shi XY, Huang W, Ruan TY, Xie P, et al. M2-polarized tumor-
associated macrophages promoted epithelial-mesenchymal transition in pancreatic
cancer cells, partially through TLR4/IL-10 signaling pathway. Lab Invest (2013) 93
(7):844-54. doi: 10.1038/labinvest.2013.69

70. Ruffell B, Chang-Strachan D, Chan V, Rosenbusch A, Ho CM, Pryer N, et al.
Macrophage IL-10 blocks CD8+ T cell-dependent responses to chemotherapy by
suppressing IL-12 expression in intratumoral dendritic cells. Cancer Cell (2014) 26
(5):623-37. doi: 10.1016/j.ccell.2014.09.006

71. Zhou J, Ding T, Pan W, Zhu LY, Li L, Zheng L. Increased intratumoral regulatory
T cells are related to intratumoral macrophages and poor prognosis in hepatocellular
carcinoma patients. Int ] Cancer (2009) 125(7):1640-8. doi: 10.1002/ijc.24556

72. Kratochvill F, Neale G, Haverkamp JM, Van de Velde LA, Smith AM, Kawauchi D,
et al. TNF counterbalances the emergence of M2 tumor macrophages. Cell Rep (2015) 12
(11):1902-14. doi: 10.1016/j.celrep.2015.08.033

Frontiers in Oncology

10

10.3389/fonc.2023.1103149

73. Xu F, Wei Y, Tang Z, Liu B, Dong J. Tumor-associated macrophages in lung
cancer: Friend or foe? (Review). Mol Med Rep (2020) 22(5):4107-15. doi: 10.3892/
mmr.2020.11518

74. ChenY, Jin H, Song Y, Huang T, Cao J, Tang Q, et al. Targeting tumor-associated
macrophages: A potential treatment for solid tumors. J Cell Physiol (2021) 236(5):3445-
65. doi: 10.1002/jcp.30139

75. Pienta KJ, Machiels JP, Schrijvers D, Alekseev B, Shkolnik M, Crabb SJ, et al. Phase
2 study of carlumab (CNTO 888), a human monoclonal antibody against CC-chemokine
ligand 2 (CCL2), in metastatic castration-resistant prostate cancer. Invest New Drugs
(2013) 31(3):760-8. doi: 10.1007/s10637-012-9869-8

76. Mantovani A, Marchesi F, Malesci A, Laghi L, Allavena P. Tumour-associated
macrophages as treatment targets in oncology. Nat Rev Clin Oncol (2017) 14(7):399-416.
doi: 10.1038/nrclinonc.2016.217

77. Moisan F, Francisco EB, Brozovic A, Duran GE, Wang YC, Chaturvedi S, et al.
Enhancement of paclitaxel and carboplatin therapies by CCL2 blockade in ovarian
cancers. Mol Oncol (2014) 8(7):1231-9. doi: 10.1016/j.molonc.2014.03.016

78. Hughes R, Qian BZ, Rowan C, Muthana M, Keklikoglou I, Olson OC, et al.
Perivascular M2 macrophages stimulate tumor relapse after chemotherapy. Cancer Res
(2015) 75(17):3479-91. doi: 10.1158/0008-5472.CAN-14-3587

79. Cheng N, Bai X, Shu Y, Ahmad O, Shen P. Targeting tumor-associated
macrophages as an antitumor strategy. Biochem Pharmacol (2021) 183:114354.
doi: 10.1016/j.bcp.2020.114354

80. Hume DA, MacDonald KP. Therapeutic applications of macrophage colony-
stimulating factor-1 (CSF-1) and antagonists of CSF-1 receptor (CSF-1R) signaling.
Blood (2012) 119(8):1810-20. doi: 10.1182/blood-2011-09-379214

81. Bonapace L, Coissieux MM, Wyckoff ], Mertz KD, Varga Z, Junt T, et al. Cessation
of CCL2 inhibition accelerates breast cancer metastasis by promoting angiogenesis.
Nature (2014) 515(7525):130-3. doi: 10.1038/nature13862

82. Advani R, Flinn I, Popplewell L, Forero A, Bartlett NL, Ghosh N, et al. CD47
blockade by Hu5F9-G4 and rituximab in non-hodgkin's lymphoma. N Engl ] Med (2018)
379(18):1711-21. doi: 10.1056/NEJMo0al807315

83. Petrova PS, Viller NN, Wong M, Pang X, Lin GH, Dodge K, et al. TTI-621
(SIRPatFc): A CD47-blocking innate immune checkpoint inhibitor with broad antitumor
activity and minimal erythrocyte binding. Clin Cancer Res (2017) 23(4):1068-79.
doi: 10.1158/1078-0432.CCR-16-1700

84. Zheng JH, Nguyen VH, Jiang SN, Park SH, Tan W, Hong SH, et al. Two-step
enhanced cancer immunotherapy with engineered salmonella typhimurium secreting
heterologous flagellin. Sci Transl Med (2017) 9(376):eaak9537. doi: 10.1126/
scitranslmed.aak9537

85. Zawit M, Swami U, Awada H, Arnouk J, Milhem M, Zakharia Y. Current status of
intralesional agents in treatment of malignant melanoma. Ann Transl Med (2021) 9
(12):1038. doi: 10.21037/atm-21-491

86. Niirnberg B, Beer-Hammer S. Function, regulation and biological roles of PI3Ky
variants. Biomolecules (2019) 9(9):427. doi: 10.3390/biom9090427

87. Kaneda MM, Cappello P, Nguyen AV, Ralainirina N, Hardamon CR, Foubert P,
et al. Macrophage PI3Ky drives pancreatic ductal adenocarcinoma progression. Cancer
Discov (2016) 6(8):870-85. doi: 10.1158/2159-8290.CD-15-1346

88. Schmid MC, Avraamides CJ, Dippold HC, Franco I, Foubert P, Ellies LG, et al.
Receptor tyrosine kinases and TLR/IL1Rs unexpectedly activate myeloid cell PI3ky, a
single convergent point promoting tumor inflammation and progression. Cancer Cell
(2011) 19(6):715-27. doi: 10.1016/j.ccr.2011.04.016

89. Hirsch E, Katanaev VL, Garlanda C, Azzolino O, Pirola L, Silengo L, et al. Central
role for G protein-coupled phosphoinositide 3-kinase gamma in inflammation. Science
(2000) 287(5455):1049-53. doi: 10.1126/science.287.5455.1049

90. Kaneda MM, Messer KS, Ralainirina N, Li H, Leem CJ, Gorjestani S, et al. PI3Ky is
a molecular switch that controls immune suppression. Nature (2016) 539(7629):437-42.
doi: 10.1038/nature19834

91. Zou W, Wolchok JD, Chen L. PD-L1 (B7-H1) and PD-1 pathway blockade for
cancer therapy: Mechanisms, response biomarkers, and combinations. Sci Transl Med
(2016) 8(328):328rv4. doi: 10.1126/scitranslmed.aad7118

92. Yaghoubi N, Soltani A, Ghazvini K, Hassanian SM, Hashemy SI. PD-1/ PD-L1
blockade as a novel treatment for colorectal cancer. BioMed Pharmacother (2019)
110:312-8. doi: 10.1016/j.biopha.2018.11.105

93. Zhang W, Liu L, Su H, Liu Q, Shen J, Dai H, et al. Chimeric antigen receptor
macrophage therapy for breast tumours mediated by targeting the tumour extracellular
matrix. Br ] Cancer (2019) 121(10):837-45. doi: 10.1038/s41416-019-0578-3

94. Klichinsky M, Ruella M, Shestova O, Lu XM, Best A, Zeeman M, et al. Human
chimeric antigen receptor macrophages for cancer immunotherapy. Nat Biotechnol
(2020) 38(8):947-53. doi: 10.1038/5s41587-020-0462-y

95. Zhao H, Wu L, Yan G, Chen Y, Zhou M, Wu Y, et al. Inflammation and tumor
progression: signaling pathways and targeted intervention. Signal Transduct Target Ther
(2021) 6(1):263. doi: 10.1038/s41392-021-00658-5

frontiersin.org


https://doi.org/10.1038/s41467-021-23164-2
https://doi.org/10.1080/2162402X.2018.1470729
https://doi.org/10.1186/s12964-020-00589-8
https://doi.org/10.3390/ijms22168530
https://doi.org/10.3390/ijms19061801
https://doi.org/10.3390/ijms19061801
https://doi.org/10.1186/s40425-017-0257-y
https://doi.org/10.2174/1573394715666190618121649
https://doi.org/10.2174/1573394715666190618121649
https://doi.org/10.1038/s41556-019-0298-1
https://doi.org/10.1016/j.intimp.2020.106939
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1016/j.intimp.2022.109139
https://doi.org/10.1038/nrclinonc.2018.8
https://doi.org/10.1371/journal.pntd.0008126
https://doi.org/10.1136/jitc-2019-000285
https://doi.org/10.1016/j.immuni.2013.11.005
https://doi.org/10.1007/978-1-4939-7837-3_12
https://doi.org/10.1002/JLB.3RU1018-378RR
https://doi.org/10.1016/j.cyto.2008.10.019
https://doi.org/10.1016/j.bbamcr.2014.01.021
https://doi.org/10.1038/labinvest.2013.69
https://doi.org/10.1016/j.ccell.2014.09.006
https://doi.org/10.1002/ijc.24556
https://doi.org/10.1016/j.celrep.2015.08.033
https://doi.org/10.3892/mmr.2020.11518
https://doi.org/10.3892/mmr.2020.11518
https://doi.org/10.1002/jcp.30139
https://doi.org/10.1007/s10637-012-9869-8
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1016/j.molonc.2014.03.016
https://doi.org/10.1158/0008-5472.CAN-14-3587
https://doi.org/10.1016/j.bcp.2020.114354
https://doi.org/10.1182/blood-2011-09-379214
https://doi.org/10.1038/nature13862
https://doi.org/10.1056/NEJMoa1807315
https://doi.org/10.1158/1078-0432.CCR-16-1700
https://doi.org/10.1126/scitranslmed.aak9537
https://doi.org/10.1126/scitranslmed.aak9537
https://doi.org/10.21037/atm-21-491
https://doi.org/10.3390/biom9090427
https://doi.org/10.1158/2159-8290.CD-15-1346
https://doi.org/10.1016/j.ccr.2011.04.016
https://doi.org/10.1126/science.287.5455.1049
https://doi.org/10.1038/nature19834
https://doi.org/10.1126/scitranslmed.aad7118
https://doi.org/10.1016/j.biopha.2018.11.105
https://doi.org/10.1038/s41416-019-0578-3
https://doi.org/10.1038/s41587-020-0462-y
https://doi.org/10.1038/s41392-021-00658-5
https://doi.org/10.3389/fonc.2023.1103149
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Tumor&minus;associated macrophage polarization in the inflammatory tumor microenvironment
	1 Introduction
	2 Distribution of macrophages in the TME
	3 Factors affecting the polarization of tumor macrophages in TME
	3.1 Inflammation
	3.2 Hypoxia
	3.3 Tumor cells
	3.4 Immune cells
	3.5 Chemokines and cytokines
	3.5.1 CCL2
	3.5.2 CSF-1
	3.5.3 IL-6
	3.5.4 IL-10
	3.5.5 TNF
	3.5.6 TGF-β


	4 Cancer immunotherapy of macrophages
	4.1 blocking CCL2-CCR2 and CXCR4-CXCL12 signaling
	4.2 blocking CSF-1/CSF-1R signaling
	4.3 blocking CD47-SIRPα signaling
	4.4 CD40 agonists
	4.5 Toll-like receptor agonist
	4.6 PI3K&gamma; inhibitor and other treatments promoting macrophage reprogramming

	5 Conclusions and perspectives
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


