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1. ABSTRACT

The tumor progression is not only regulated by
metastasis promoting and suppressing genes in cancer cells
but it is also strongly influenced by the interaction between
cancer cells and the stromal cells. An abundance of
inflammatory mediators and leukocytes has been known to
promote cancer metastasis, and tumor associated
macrophages (TAM) are the key players in the link
between inflammation and cancer. TAM are derived from
peripheral blood monocytes that are recruited into the
tumor by inflammatory chemokines. Upon activation by
cancer cells, TAM gain the ability of pro-tumoral functions
including expression of various growth factors, promotion
of angiogenesis and suppression of adaptive immunity, and
many of these factors also play critical roles in cancer
metastasis. In this review, we will summarize the recent
information about the function of TAM in the inflammatory
micro-environment of solid tumors and discuss the
potential targets for future therapeutic approaches.
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2. INTRODUCTION

Tumor progression is a complex multi-step
process including transformation, tumor cell growth,
invasion and metastasis. The latter two steps are the most
critical steps in determining the aggressive phenotype of
human cancers, and they are the major obstacles for the
successful treatment of cancer patients (1). However, the
progression of tumor is not considered as an independent
process of tumor cell per se, and it is rather strongly
influenced by the nature of the surrounding non-malignant
cells, as previously shown using oncogene-driven tumor in
transgenic mice (2). Thus, it is becoming clear that
different types of growth factors and cytokines released
from the cells of tumor microenvironment and signal
pathways induced by cell to cell interactions play an
important role in the tumorigenesis and metastasis. The
tumor microenvironment includes many resident cell types,
such as fibroblasts, endothelial and immune-competent
cells and they all interact and promote cancer cell growth.
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A specialized group of macrophages called tumor
associated macrophages, TAM, has recently gained
considerable attention due to evidence that shows their pivotal
roles in the growth and invasion of the tumor cells by
providing a unique tumor microenvironment. The presence of
TAM has long been considered as evidence of a host response
against the growing tumor (3, 4). Macrophages have the
ability to kill tumor cells in vitro when they are appropriately
stimulated by TH1 cytokines such as lipopolysaccharides(LPS)
and interferon(IFN-y). However, bacterial stimuli and TH1
cytokines that induce M1 type polarization are usually not
present in tumor. Instead, differentiating macrophages at the
tumor site are likely to encounter factors that frequently
polarize them to M2 type macrophages, which are activated by
various interleukins such as IL-4, IL-10, and/or IL-13 (22, 28).
M2 macrophages that infiltrated into the tumor sites are
significantly correlated with the promotion of tumor growth
and metastatic development in an animal model (5). Thus, it is
generally accepted that TAM have an M2 phenotype (6),
which has the essential role in stimulating tumor progression
and invasion. The strategic location of TAM also suggests that
these cells are important regulators of anti-tumor immunity.
Therefore, characterization of TAM phenotype is crucial for
the understanding of tumor-derived signals and
identification of the molecular mechanisms that might be
amenable to therapeutic intervention. This review will
focus on the function of TAM and other myeloid-derived
tumor-infiltrating cells as pivotal players in the tumor
microenvironment, in the hope that a better understanding
of their roles in tumor progression will lead to development
of efficient anticancer therapies.

3. MONOCYTE RECRUITMENT AND
POLARIZATION

M1/M2

3.1. Monocyte recruitment

Blood monocytes are not fully differentiated cells
and are susceptible to various environmental stimuli. CCL2
is the main regulator of monocyte recruitment from the
circulation and for differentiation to macrophage at the
tumor sites. Interestingly, CCL2 secreted from monocytes
was reported to increase brain endothelial permeability by
rearrangement of intracellular actin and alteration of tight
junction assembly (7), which may promote monocytes
recruitment into the brain. The role of CCL2 in macrophage
accumulation at the tumor sites is supported by the
evidence that levels of tumor-derived CCL2 correlates with
the level of TAM in several types of adenocarcinoma,
including ovarian, breast and pancreas (8, 9). Recent study
demonstrated that expression of small interfering RNA to
CCL2 in fibroblasts significantly suppressed liver
metastasis without affecting primary tumor growth, cell
proliferation or TAM recruitment (10). Moreover, TAM
themselves also produce CCL2 and recruit the monocytes
into the tumor sites, suggesting that anti-CCL2 antibodies
combined with other drugs may serve as an effective anti-
tumor strategy (11). In addition to CCL2, CCL5, CCL7,
CXCL1, CXCL8, and CXCLI12 are also known to be
involved in monocytes recruitment (12).

The attraction of circulating monocytes to the
tumor site is not only controlled by chemokines, but also by
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other growth factors such as vascular endothelial growth
factor (VEGF), platelet derived growth factor (PDGF),
transforming growth factor (TGFP), and macrophage
colony stimulating factor (M-CSF). M-CSF is the main
regulator of polarization of monocytes/macrophages and
promotion of macrophage survival and differentiation
(primarily M-CSF) (13). At the tumor site, depletion of M-
CSF  significantly suppresses the infiltration of
macrophages, which is correlated with a significant delay
in tumor progression (14). On the other hand,
overexpression of M-CSF by tumor cells was shown to
dramatically increase macrophage differentiation, which
was correlated with promotion of tumor growth. M-CSF
overexpression is also commonly observed among tumors
of the reproductive system, such as ovary and uterine (15,
16, 17). Thus, in response to multiple chemokines and
growth factors including CCL2, M-CSF, PDGF, TGEF,
VEGF that are secreted from tumor cells, monocytes are
recruited into tumor sites followed by polarization into
“classic” M1 and “alternative” M2 macrophage, which is
also called TAM (Figure 1).

3.2. Differential functions of M1 and M2 macrophages

Macrophages undergo activation in response to
diverse signals including microbial products and cytokines.
Classically activated M1 macrophages are induced by
immune stimuli such as interferon-y (IFN-y), in concert
with bacterial lipopolysaccharide (LPS) or cytokines
(tumor necrosis factor a (TNFa) and GM-CSF). The M1
activation is mediated by multiple signal transduction
pathways such as signal transducer and activator of
transcription (STAT), nuclear factor kappa-light-chain
enhancer of activated B cells (NFkB), and mitogen-
activated protein kinases (MAPK)(18). Generally, Ml
macrophages are characterized by its high capacity of
presenting antigens, high IL-12 and IL-23 production and
consequent activation of polarized type I T cell responses
(19). Moreover, they have cytotoxic ability toward tumor
cells as well as toward cells that have ingested intracellular
micro-organisms, by releasing high levels of toxic
intermediates such as nitric oxide(NO), reactive oxygen
intermediates (ROI), TNF and MHC class II molecules (20,
21).

In contrast, IL-4 and IL-13 promote alternatively
activated M2 macrophages. M2 is a generic name covering
different forms of macrophage activation other than M1,
including cells exposed to IL-4, IL-13, immune complexes,
IL-10, and glucocorticoid hormones (22) (23). IL-4, IL-13
and glucocorticoid hormones attenuate the IL-1 system by
promoting expression of the decoy receptor IL-1RIIL
Moreover, IL-4 and IL-13 is known to induce the IL-1
receptor antagonist (IL-1ra) and inhibit IL-1 (26). While
M1 macrophages express high level of pro-inflammatory
cytokines (IL-1, TNF, IL-6 and IL-23), M2 macrophages
are characterized by their low level of production and by
poor antigen presenting capacity (26). This is reflected in
their general properties: IL-12 low, IL-10 high. This
phenotype decreases the inflammatory responses and
adaptive Th2 immunity, actively scavenge debris, and
induce angiogenesis, tissue remodeling, and lack of
tumoricidal capabilities (26). M2 macrophages are
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Figure 1. M1, M2 polarization and function of macrophage

generally considered to be more heterogeneous than M1
cells and, to reflect these differences, they are further
subdivided into M2a, M2b, and M2c cells. M2a (induced
by exposure to IL-4 or IL-13) and M2b (induced by
stimulation with immune complexes, and agonists of Toll-
like receptors (TLRs) or the IL-1 receptor antagonist (IL-
Ira)) macrophages exert immunoregulatory functions and
drive Th2 responses (27), whereas M2c cells (generated by
stimulation with IL-10) play a predominant role in the
suppression of immune responses and tissue remodeling
(28).  Furthermore, in line with their tissue repairing
function, M2 cells have high levels of scavenger, mannose
and galactose-type receptors (28). Interestingly, M2
macrophages express high level of arginase and the
consequent generation of ornithine and polyamines, while
M1 macrophages express inducible nitric oxide synthase
(INOS; NOS2) that produce nitric oxide. This metabolic
switch occurs preferentially during the activation of the
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M2a and M2c polarization programs (26). Moreover, other
factors including IL-6, TGF, and prostaglandin E2 (PGE2)
are also able to influence macrophage polarization toward
M2 profile (29). Thus, M2 macrophages are oriented to the
promotion of tissue remodeling and angiogenesis,
regulation of immune responses, as well as promotion of
tumor growth, while M1 macrophages are considered to be
potent effector cells that kill micro-organisms and tumor
cells and produce pro-inflammatory cytokines. = TAM
display  similar  characteristics to  M2-polarized
macrophages, which will be discussed later in more detail.
However, the M1/M2 paradigm is not an entirely adequate
to describe TAM characters. Recent evidence shows that
their phenotype is plastic and varies between tumor types,
stages of tumor development, and their location within the
tumor microenvironment (i.e. their responses to local
signals) (30). Therefore, further clarifications of M1/M2
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polarization in different stages and location of tumors are
required.

3.3. TAM resemble M2 macrophage

In most but not all (31) tumors investigated, TAM
have an M2-like phenotype. How macrophages are
activated and contribute to the pro-tumor function in tumor
microenvironment is an intriguing question. It was
previously shown that tumor cell products such as
extracellular matrix components, IL-10, and CSF-1
stimulated macrophages and set them in M2 macrophages
that have the capacity to promote cancer (32). In a
mammary carcinoma model, CD4+ T cells were shown to
induce metastasis by causing M2 activation via IL-4
stimulation (33). In ovarian cancer, it has been reported that
TAM produced low levels of NO (34) and only a minority
of macrophages localized at the periphery scored positive
for iNOS (35). Moreover, in contrast to M1 polarized
macrophages, TAM have been identified to be poor
producers of reactive oxygen intermediates (ROIs), which
is consistent with the hypothesis that these cells represent a
skewed M2 population (35).

Activation of NF-xB promotes the transcription
of several pro-inflammatory genes. In mouse models, TAM
displayed defective NF-kB activation in response to the M1
polarizing signal with LPS (36). This explains why TAM
produce the low levels of inflammatory cytokines such as
IL-12, IL-1b, TNFa, and IL-6. Other evidence also
suggests that pS0 homodimers, negative regulators of NF-
kB, are abundant in TAM and are responsible for its
defective activation (37). Furthermore, TAM from p50 -/-
tumor-bearing mice produced cytokines characteristic to
M1 macrophages, and their splenocytes produced high
levels of Thl cytokines (e.g. IFN-g), which were correlated
with a delay in tumor growth (37). Therefore, restoration of
NF-kB activity or inhibition of pSO/NF«B activity in TAM
has a possibility to restore M1 phenotype, which may
provide therapeutic benefit by driving anti-tumor activities.

4. HOW DOES TAM STIMULATE TUMOR
PROGRESSION?

41. TAM promote
lymphangiogenesis
Angiogenesis is an M2-associated function that
represents a pivotal event in tumor growth and progression.
In human cancer, accumulation of TAM has been
associated with angiogenesis and with the production of
many factors including growth factors, angiogenic factors,
angiogenesis-modulating enzymes and chemokines. In lung
cancer, TAM was shown to promote tumor progression by
contributing to stroma formation and to angiogenesis
through the secretion of PDGF, in conjunction with TGFf
production by cancer cells (22). TAM also secrete another
angiogenic factor, thymidine phosphorylase, which in vitro
promotes endothelial cell migration, and they also release
various angiogenesis modulating enzymes including
MMP-2, MMP-7, MMP-9, MMP-12, and
cyclooxygenase-2 (6, 38, 39). In K14-HPV16 transgenic
mice treated with estrogen, MMP-9 secreted from TAM
was demonstrated to contribute to angiogenic

both  angiogenesis and
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development (40). It was also known that MMP-2
expression was increased in several tumors, which was
correlated with nodal status and tumor stages (41).

TAM have their tendency to accumulate into
necrotic regions of tumors which is characterized by low
oxygen tension (42). This localization is regulated by
tumor hypoxia, which promotes the expression of HIF-1
dependent genes such as VEGF, CXCLI12, and its
receptor CXCR4 that control TAM migration in vascular
regions (43). Therefore, TAM accumulate preferentially
in the lower vascularized regions of tumors with low
oxygen tension (44), and hypoxia in these cells
promotes a specific pro-angiogenic program. Low
oxygen conditions promote expression of HIF-1 and
HIF-2 followed by overexpression of pro-angiogenic
molecules. The important function of HIF-1 was
underlined by the observation that in hypoxic regions,
the abrogation of this transcription factor promoted an
impaired motility and cytotoxicity of macrophage (45).
Hypoxia tightly controls the expression of various
chemokines, and HIF-1 especially regulates the
expression of CXCL12 and CXCR4 (46). In addition, TAM
secrete other chemokines involved in the process of
angiogenesis such as CCL2, CCL5, CXCL8, CXCL1, and
CXCL13. CXCL5 and CXCL8 were known to be
associated with promotion of neovascularization (12).

TAM also promote lymphangiogenesis, a process
mediated by a number of factors including VEGF-C and
VEGF-D via VEGFR3 (48, 49). For instance, in human
cervical cancer, VEGF-C production by TAM was
proposed to play a role in peritumoral lymphangiogenesis
and subsequent dissemination of cancer cells with
formation of lymphatic metastasis (48). Moreover,
lymphatic endothelial growth factors released from TAM
were shown to be related to  peritumoral
lymphangiogenesis (48, 49). Recently, it was shown that as
a regulator of tumor-associated lymphangiogenesis,
metastasis-associated protein 1 (MTA1l) promoted
lymphangiogenesis in colorectal cancer by mediating the
VEGF-C expression (98). Thus, macrophage recruited in
situ represent an indirect pathway of amplification of
angiogenesis and lymphangiogenesis in concert with
various molecules directly produced by tumor cells.
However, TAM also have the capability to inhibit
angiogenesis through the production of the anti-angiogenic
protein, plasminogen activator inhibitor type-2 (PAI-2). It
was shown, in a mouse model, that TAM stimulated with
GM-CSF secreted PAI-2 and this observation correlated
with the fact that prostate cancer cells engineered to
express high level of GM-CSF completely suppressed
tumor progression (50). Furthermore, thrombospondinl
(TSP1) produced by macrophages inhibited migration and
proliferation of endothelial cells in vitro and
neovascularization in vivo (51). Therefore, TAM have not
only a positive effect, but also negative effect on
angiogenesis.

4.2.TAM suppress anti-tumor immune responses

As described above, in general, macrophages are
capable of presenting tumor-associated antigens, lysing
tumor cells, and stimulating the antitumor functions of T
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cells and NK cells. However, TAM in the tumor
microenvironment lack these activities, leaving the host
without the ability of an effective antitumor immune
response. In addition, several lines of experimental
evidence have emerged for TAM being potent
immunosuppressors. Under the influence of the tumor-
derived factors, TAM lose the ability to present tumor-
associated antigens and hence to stimulate the anti-tumor
functions of T «cells and natural killer (NK) cells.
Modulation of host immune response to tumors by TAM is
accomplished through their increased expression of
cytokines, chemokines, and enzymes that influence the
function of antigen-presenting cells as well as specific
immune effectors such as B and T cells (52).

TAM produce and release several
immunosuppressive cytokines, of which IL-10 has been
most studied. In addition, TAM produce low level of
immunostimulatory cytokines including TNFa, IL-1 and
IL-12, mainly due to detective NF—B activation, at least in
TAM of advanced cancer (22). The defective production of
the major immunostimulatory cytokine IL-12 may also is
due to the activity of IL-10, produced either by TAM or by
the tumor cells. It was previously shown that IL-10, alone
or in concert with IL-6, was responsible for the up-
regulation of macrophage B7-H4 expression, a molecule
involved in the suppression of tumor-associated antigen-
specific T cell immunity (54). Moreover, some of these
immunosuppressive activities may be regulated by over-
activation of transcription factors, Stat3 (56). It should be
noted that inhibition of Stat3 resulted in promoting
cytotoxicity and antigen-presenting function in activated
macrophages and is associated with retardation of tumor
growth (56).

Part of the immunosuppressive activity of TAM is
exerted indirectly by their secretion of chemokines that
preferentially attract T cell subsets devoid of cytotoxic
functions. Among chemokines, immunosuppressive activity
is tightly regulated by the function of CCL18, which is
enhanced by Th2 cytokines: IL-4, IL-13 and IL-10, and
recruitment of naive T cells by interacting with an
unidentified receptor (57). It is noteworthy that, in the
ascitic fluid of human ovarian carcinoma, CCL18 has been
identified as the most abundant chemokine (58), and it was
also shown that CCL18 was only released from TAM,
whereas no release of this cytokine from ovarian carcinoma
cells was observed (55, 57). Moreover, it has been reported
that two other chemokines, CCL17 and CCL22, are
abundantly secreted by TAM (12, 22), and these
chemokines interact with the CCR4 receptor that was
expressed mostly by Th2 cells and by Treg (61). Therefore,
some of the chemokines secreted from TAM actively
contribute to suppress anti-tumor immune responses.

4.3. TAM promote invasion and metastasis of tumor
The intense cross-talk between macrophages and
neoplastic cells guarantees the continuous process of matrix
deposition and remodeling, which facilitates tumor growth
and invasion of the surrounding tissues. TAM contribute to
tumor progression by promoting invasion of malignant
cells and also by making their movement easier through the
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release of cytokines, growth factors and proteinases. For
example, co-culture of neoplastic cells with macrophages
promoted invasiveness of malignant cells through TNFa-
dependent MMP induction in macrophages (62, 63). Other
evidence comes from the influence of lung macrophages on
endothelial cells, which leads to MMP-9 secretion via a
VEGFR-1-dependent mechanism (64). In co-culture
experiments of macrophages with MCF-7 breast cancer
cells, overexpression of MMP in MCF-7 also have been
demonstrated (65, 66). Moreover, in in vitro model of M2-
polarized macrophage derived from peripheral blood
monocytes cocultured with BCC cells, TAM promoted the
transmigration of BCC cells through the induction of
MMP9 released from BCC cells and this MMP9 was
induced through the up-regulation of COX-2 and NF-kB of
BCC cells (67). In a mouse melanoma model, IL-1 released
from TAM enhanced metastatic development (68). IL-1 is
well known to promote the inflammatory genes such as
NF-kB and COX-2. Thus, TAM may contribute to invasion
or metastasis of cancer cells by releasing the key factors
such as IL-1, which activates their expression of MMP9.

Cytokines and growth factors released from TAM
are known to promote metastasis and invasion through up-
regulation of various genes in cancer cells. However, this
interaction is reciprocal and TAM are also activated by the
secretory factors from cancers. Cancer cells express the
EGF receptor and release CSF-1, which attracts
macrophages and enhances the expression of EGF by
macrophages. EGF promotes the expression of CSF-1 by
cancer cells, thereby generating a positive feedback loop
(69). In breast cancer cells, it was shown that either of
these signals was required for cell invasion through
activation of tumor-cell motility (70), while inhibition of
either pathway blocks cell movement of both cell types.
Furthermore, the number of tumor cells entering the
bloodstream is dramatically suppressed with reduction of
number of macrophages along the vessels or inhibition of
EGF signaling (69, 70). Thus, many studies show that
cross-talk between TAM and cancer cells through
cytokines and growth factors promote the invasion and
metastasis of cancer. Note that macrophages isolated from
human breast tumors express abundant EGF (72); however,
this has yet to be shown in perivascular TAM. Therefore, it
remains to be formally established whether this
subpopulation of TAM is essential for metastasis.

5. THE ROLE OF TAM IN CANCER STEM CELLS

Tumor relapse and metastasis remain major obstacles for
improving overall cancer survival, which may be due at
least in part to the existence of cancer stem cells (CSC).
CSC are characterized by tumorigenic properties, the
ability of self-renewal, forming differentiated progeny, and
developing resistance to therapy (73). These cells
generally express CD44™M€"/CD24"" on the cell surface, and
it was shown that CD44"¢"/CD24"" surface phenotype
could be promoted by epithelial-mesenchymal transition
(EMT) in normal human and mouse mammary tissues (74).
EMT is a process that allows epithelial cells to separate
from their neighbors and migrate to distal regions during
embryonic development, and play a fundamental role
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Table 1. TAM as a therapeutic target

Therapeutic Strategy Target Agent
Recruitment of TAM CCLs Met-CCLS5
CCL2 Trabectedin
Paclitaxel
Angiogenesis, Immune Suppression MMP MMP Inhibitors
Linomide
Zoledronic Acid
IL-1, TNF N-3 Fatty Acids
Induction of M1 Poralization NF-kB Omega-3 Fatty Acids
CpG plus Anti IL-10 Receptor Antibody

during invasion and metastasis of carcinoma cells. It was
demonstrated that activated macrophage altered the
morphology and gave a mesenchymal phenotype to HepG2
cells(75). Notably, co-culture of macrophage and lung
adenocarcinoma cell line induced the expression of E-
cadherin in cancer cells (76). Loss of E-cadherin is also a
major phenomenon of EMT, which might release cancer
cells from the primary locus into distant sites.

The Wnt protein is one of secreted signaling
molecule which regulates a wide variety of normal and
pathological ~ processes, including  embryogenesis,
differentiation and carcinogenesis (77). When Wnt is
activated, B-catenin is stabilized, enabling it to move to the
nucleus, where it binds T cell factor (TCF) followed by
induction of the expression of various target genes
including leucine-rich repeat-containing G-protein-coupled
receptor (Lgr) 5, which are involved in stem cell
proliferation (78). There are several reports that TAM
released Wnt-ligand that activates Wnt signaling pathway
for proliferation and invasion. In an in vitro experiment, co-
culture of MCF-7 cells and macrophages was shown to up-
regulate Wnt 5a in TAM which was also accompanied by
activation of AP-1/c-Jun in MCF-7, which then stimulated
the Wnt signaling pathway in carcinoma cells to promote
invasion (79). In gene set analysis, these macrophages were
also specifically enriched for molecules involved in Wnt
signaling (80). Therefore, Wnt-ligands secreted from TAM
might promote invasion of cancer cells through activation
of stem cells proliferation by the Wnt/B-catenin pathway.
In addition, it has become apparent that signaling pathways
such as Notch and Hedgehog, which are central to the
normal and neoplastic development of the central nervous
system, are playing important roles in cancer stem cell
regulation (81). Thus, TAM might activate phenotype of
cancer stem cells through the induction of EMT,
suppression of E-cadherin and the expression of protein
that related to stem cell proliferation, which might confer
migratory and invasive properties. However, the role of
TAM in cancer stem cells is yet largely unknown, so that
further investigations of detailed functional mechanism are
still needed.

6. CLINICAL IMPLICATION

The degree of the cancer progression is greatly
affected by its microenvironment, and understanding the
mechanism likely leads to an identification of novel targets
for anti-cancer therapy. Cancer cell often develops
resistance to various types of therapies due to their inherent
genomic instability. An alternative approach is to focus on
targeting various non-neoplastic cells that are associated
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with the tumor microenvironment, such as macrophages,
fibroblasts and endothelial cells. In order to target TAM,
there are still several obstacles that need to be overcome.
Endothelial cells, stromal cells, and inflammatory cells are
not malignant, therefore, successful therapy needs to
precisely target the cancer components and avoid attacking
the surrounding normal cells.

The cytokine profiles of microenvironment and
localization of TAM may influence the function of TAM
and therefore the prognostic value of TAM. TAM
infiltration has been shown to correlate with poor prognosis
in carcinomas of the breast, cervix, bladder, prostate, lung,
and brain tumors (24, 45, 47, 51, 71). For example, the
relation between TAM density and the density of
microvessels and the influence of TAM density on
prognosis were investigated in a clinical study with 113
pulmonary adenocarcinoma patients (83). In this study, a
significant reduction in patient survival rate was showed in
tumors with a high TAM density. In prostate carcinoma,
the volume density of TAM to a shorter survival time was
also noted (84). These observations make TAM a potential
diagnostic marker as well as a target for anti-cancer therapy
(Table 1).

In monocytes recruitment, CCL5 and CCL2 are
the most important signals, and treatment of murine breast
cancers with Met-CCL5 (receptor antagonist) was shown to
suppress the number of infiltrating macrophages, which
was associated with a significantly reduced tumor size (97).
Trabectedin (Yondelis), an anti-tumoral drug, has
immunomodulatory properties on mononuclear phagocytes.
This drug reduced the production of CCL2 and has a
selective cytotoxic effect on monocytes and macrophages
including TAM (85). Anti-CCL2 antibody also has the
potential to suppress the TAM recruitment, and in
combination with docetaxel induces a significant tumor
regression in prostate cancer models (86, 87). Thus, these
chemokines and chemokine receptors are potential targets
for therapeutic strategies in controlling inflammatory
tumors growth.

After monocytes differentiate to TAM in tumor
sites, TAM secrete various factors including growth
factors, cytokines and proteinases, which promote tumor
angiogenesis, immuno-suppression and metastasis of
cancer. Therefore, there are many reports of potentially
amenable therapeutic interventions of these factors. In an
orthotropic breast tumor model, anti-VEGF-A antibody
therapies reduced the development of new blood and
lymphatic vessel, followed by decreased incidence of
lymphatic and pulmonary metastasis (88). N-3 fatty acids
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have been shown to inhibit expression of IL-1f, and TNFa
secreted by monocytes and macrophages (89). Linomide,
an anti-angiogenic agent, caused significant reduction of
the tumour volume and inhibition of the stimulatory effects
of TAM on tumor angiogenesis (90). Various types of
MMPs that are secreted by TAM are known to promote the
angiogenesis and invasion of cancer cells, and therefore,
they are also potential therapeutic targets. In a genetic
mouse model, MMP inhibitors, such as biphosphonate
zoledronic acid, was shown to suppress MMP-9 secretion
by TAM, which suppressed the overall tumor growth (91).
Thus, specific inhibitors against secretory factor from TAM
may serve as the potential targets for anti-cancer drugs that
may suppress tumor progression and metastasis. However,
inhibition of only one of TAM’s function may not likely to
be sufficient to block tumor growth because TAM have
various functions to associate with tumor growth, invasion
and metastasis. Therefore, it may be necessary to suppress
the whole function or reduce the M2 specific activities of
TAM.

It was recently suggested that dynamic changes of
the macrophage in tumor might occur during the transition
from early neoplastic events to advanced tumor stages (92).
These events would drive the M1 toward M2 switch of
TAM phenotypes, which is paralleled by the gradual
inhibition of NF-xkB during different stages of tumor
progression. In this theory, while full activation of NF-xB
in leukocytes would favor M1 inflammation and
tumorigenesis, tumor growth and progression may drive
inhibition of NF-«xB in infiltrating leukocytes (93). It was
shown that defective NF-kB activation in TAM correlates
with  impaired  expression of  NFkB-dependent
inflammatory functions including expression of cytotoxic
mediators and NO and cytokines such as TNFa, IL-1, IL-12
(94). Therefore, restoration of NF-kB activity is one of
potential strategy to restore M1 phenotype and abrogate the
whole function of M2 phenotype. For instance, omega-3
fatty acids in fish oil were shown to decrease endotoxin-
induced activation of NF-kB in monocytes and subsequent
inflammatory gene expression driven by the NF-kB
transcription factor (95). In a mouse tumor model, the
combination of CpG (TLRY ligand) plus an anti-IL-10
receptor antibody switched infiltrating macrophages from
M2 to M1 and triggered the innate immune response
debunking, suggesting that this treatment might restore NF-
kB activation and inflammatory functions by TAM (96). In
addition to NF-kB activation, enhancement of the Notch
signaling pathway has a possibility to restore Ml
phenotype. The DNA-binding protein RBP-J/CBF1
mediates the major transactivation signals of Notch
receptors. In a mouse tumor model, forced activation of
Notch signaling enhanced their anti-tumor capacity through
increase in M1 macrophages, which produced IL12 even in
the presence of the M2 inducer, IL4 (53). Moreover,
STATS3 signaling in macrophage is well known to regulate
immune responses, which is essential for macrophage
differentiation toward the M2 phenotype (22). SHIPI
signaling is also known to activate M2 phenotype, and
SHIP1deficeint mouse displayed a skewed development
away from M1 macrophage that have high iNOS levels and
produce NO towards M2 macrophages (59). Thus, there are
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several signaling pathways that lead the macrophages to
differentiate themselves into M2 macrophages. How can
we inhibit these signaling pathways in TAM? In order to
identify M2-signaling inhibitor, 130 purified compounds
from natural products were screened (82). Corosolic acid,
contained in several plants such as banana leaves and
apples inhibited the expression of CD163, one of the M2
marker, and suppressed the M2 polarization of
macrophages and tumor proliferation by inhibition of both
STAT3 and NF-kB activation (60). Corosolic acid was also
shown to inhibit the proliferation of glioblastoma cells.
Thus, inhibition of macrophage polarization toward the M2
phenotype and restoration of the M1 phenotype could
possibly suppress the tumor progression. However,
relatively less is known about the exact actions of these
drugs that regulate the signaling pathways to abrogate M2
function in TAM. Therefore, additional study about the
mechanism of polarization and screening more candidate
agents that change M2 to M1 polarization of TAM are
needed in the future.

7. CONCLUSIONS AND FUTURE DIRECTION

TAM are the key orchestrators of tumor
vascularization, lymphangiogenesis, metastasis, and
immunosuppression through various secreting molecules
including growth factors, cytokines, and proteinases. The
roles of TAM in tumor progression are now clearly
recognized and their underlying mechanisms are gradually
revealed. TAM facilitate tumor progression and metastatic
invasion by promoting angiogenesis, suppressing immune
system and even by stimulating the proliferation of cancer
stem cells. Therefore, intervening in these pro-tumorigenic
functions of TAM is considered to be an effective strategy
for cancer therapy. Extensive research is currently
underway to develop novel approaches to target
recruitment, survival and polarization of TAM. However,
tumor microenvironment is complex and consists of
various other stromal cells such as endothelial cells,
pericytes and fibroblasts, all of which interact with TAM and
tumor cells through complex cross-talk signaling. Therefore,
to further clarify the role of TAM in tumor progression, it is
critical to understand the entire hierarchy of the tumor
environment using a valid animal model. Furthermore, these
microenvironments are expected to be varying in different
organs, and clarifying key players in each organ is another
important step to elucidate the organ-specific metastasis. Of
particular interest is the role of TAM in cancer stem cells
because this type of cells play crucial roles in tumor
progression and they are also considered to be responsible for
chemo- and radio-therapy resistance.  Elucidating the
molecular mechanism of interplay between TAM and cancer
stem cell may lead to development of new therapeutic strategy
for drug-resistant cancer. Another important aspect of cancer
progression is a recurrent disease which is the most daunting
news to cancer patients. The current cancer stem theory
predicts that recurrent tumor arises from cancer stem cells that
have been dormant for a long time. How the dormant stem
cells are reactivated and grow again after many years is largely
unknown; however, tumor microenvironment such as TAM is
likely to play crucial roles. Although the research in clarifying
the mechanism of dormancy and recurrence has been just



The Role of tumor-associated macrophage in tumor progression

begun, underlining molecular pathways and its relations to
TAM are gradually revealing. Targeting TAM for cancer
therapy in actual clinical setting is still at its infant stage;
however, there are several drugs that partially block the
function of TAM and some of them are even already in
clinical trials. Further understanding of detailed functional
mechanisms and the pathological roles of TAM in tumor
microenvironment are expected to facilitate development of
novel approaches for cancer therapy.
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