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Chronic inflammation is a well-recognized tumor-enabling capability, which allows
nascent tumors to escape immunosurveillance. A number of soluble and cellular inflam-
matory mediators take part in the various phases of cancer initiation and progression,
giving rise to a fatal conspiracy, which is difficult to efficiently overcome. Tumor-associ-
ated macrophages (TAMs) are pivotal players of the tumor microenvironment and,
because of their characteristic plasticity, can acquire a number of distinct phenotypes
and contribute in different ways to the various phases of cancerogenesis. Tumor-associ-
ated neutrophils (TANs) are also emerging as important components of the tumor micro-
environment, given their unexpected heterogeneity and plasticity. TAMs and TANs are
both integrated in cancer-related inflammation and an ever better understanding of their
functions can be useful to tailor the use of anticancer therapeutic approaches and patient
follow-up.

F
ollowing the revision of the paradigm pro-
posed by Hanahan andWeinberg (2000), it is

now well recognized that chronic inflammation

represents an enabling characteristic of cancer.
Indeed, even if the presence of an immune in-

filtrate in and around the tumors was already

knownfora longtime(Dvorak1986), itwas large-
ly attributed to an effort of the immune system to

combat tumors. In contrast, experimental evi-

dence proved that cancer-related inflammation
(CRI) had the unexpected effect of promoting

tumorigenesis and progression, favoring nascent

neoplasias to acquire all the hallmark capabilities

of cancer, including the evasion from immuno-
surveillance.This revisionhasdrasticallychanged

the theoretical and therapeutic approach to can-

cer, expanding the focus from the tumor cell to
the tumormicroenvironment (TME).

Tumor-associated macrophages (TAMs) are

a key component of the TME and are important
mediators of the link between inflammation

and cancer. These cells are present in different

amounts and phenotypes in almost all tumor
types and usually represent the main conduc-

tors of CRI. Indeed, they are characterized by

plasticity, allowing them to acquire distinct phe-
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notypes in response to different signals from the

microenvironment.
In addition to macrophages, there is now

evidence that neutrophils also can play several

roles in the various phases of cancer develop-
ment (Galdiero et al. 2013a). Indeed, contrary

to what it has always been thought, they repre-

sent an unexpectedly heterogeneous popula-
tion, with a spectrum of roles in CRI (Granot

and Jablonska 2015).

In this review, we will recapitulate the main
biological aspects of TAMs and tumor-associat-

ed neutrophils (TANs) and their roles in cancer

initiation and progression. We will evaluate
their role(s) as prognostic and predictive bio-

markers in human cancers and we will explore

the functions of these tumor-infiltrating im-
mune cells as means or targets of old and new

anticancer therapeutic approaches.

INFLAMMATION AND CANCER: A FATAL
CONSPIRACY

Inflammation is an ancestral physiological re-

sponse, working as a defense mechanism to

combat pathogens, contain damage, and pro-
mote tissue repair. In acute inflammation, this

reaction is self-limiting and sufficient to reestab-

lish homeostasis. The resolution of inflamma-
tion is an active process, which includes cellular

determinants and molecules that are locally ac-

tive mediators, namely resolvins and protectins
(Serhan 2010). When the inflammatory re-

sponse is turned off, tissue remodeling is opti-

mized to restore the local physiological condi-
tions. In some circumstances, thismechanism is

deranged and gives rise to chronic inflamma-

tion. This is the case of a nascent tumor, which
prevents the resolution process, given the pro-

duction of inflammatorymolecules and recruit-

ment of inflammatory cells, which persistently
subverts the local tissue homeostasis (Dvorak

1986).

Chronic inflammation is now a well-recog-
nized tumor-enabling capability, which can

promote cancer development (Balkwill and

Mantovani 2001; Hanahan and Weinberg
2011). About 20% of cancers are induced by

chronic inflammation. Soluble and cellular in-

flammatory mediators are responsible for tu-

mor initiation and progression (e.g., stomach,
colon, skin, liver, breast, lung, and head/neck)
(Al Murri et al. 2006; Bornstein et al. 2009; Ba-

rash et al. 2010; Grivennikov et al. 2010; Wata-
nabe et al. 2012; Liang et al. 2013; Alam et al.

2016; Lund et al. 2016).

Tumor-related inflammatory responses
vary depending on the context but, in general,

tend to promote tumor progression (Manto-

vani et al. 2008; Galdiero et al. 2013b; Varricchi
et al. 2017). Tumors can induce inflammatory

reactions through several mechanisms. First, tu-

mor and stromal cells release chemotactic fac-
tors that recruit macrophages and neutrophils

(Bonavita et al. 2015). Moreover, the tumor can

physically damage the normal tissue and release
damage-associated molecular patterns, which

activate granulocytes. These recruited cells re-

lease inflammatory molecules, amplifying the
response. In addition, acidification of the

TME has been associated with certain key fea-

tures of cancer aggressiveness, including inva-
sion, evasion from the immune system, in-

creased angiogenesis, and resistance to therapy

(Granja et al. 2017). Indeed, uncontrolled
growth requires adaptations in energy metabo-

lism to fuel cell proliferation. Thus, cancer

growth leads to the production of high amounts
of lactic acid, which is responsible for the acid-

ification of the microenvironment. In contrast

to normal mammalian cells, cancer cells present
increased glycolysis independently of the oxy-

gen levels (“aerobic glycolysis” or “Warburg ef-

fect”). As a consequence, high amounts of pro-
tons are generated and, to copewith this, cancer

cells export protons to the microenvironment,

allowing them to survive in the hostile environ-
ment that they have created (Granja et al. 2017).

In addition, growing tumors increase oxygen

consumption as a result of their increased me-
tabolism (Stylianopoulos et al. 2012). The re-

sulting hypoxia induces the production of cyto-

kines and angiogenic growth factors, which give
rise to neo-angiogenesis and lymphangiogene-

sis and recruit macrophages. These inflamma-

tory processes persist as long as the tumor
grows, thus giving rise to a fatal conspiracy in-

creasingly difficult to overcome.
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ROLES OF TAMs IN TUMOR GROWTH
AND PROGRESSION

Macrophages are the most represented leuko-

cytes in the TME (Mantovani et al. 2002). Clas-

sically viewed as terminally differentiated cells,
they were thought to derive from circulating

monocytes and to differentiate at sites of in-

flammation under the influence of growth fac-
tors, such as macrophage colony-stimulating

factor (M-CSF) or granulocyte macrophage

colony-stimulating factor (GM-CSF) (Allavena
et al. 2008). However, several investigations have

described, at least in mice, a self-renewing pop-

ulation ofmacrophages, derived fromembryon-
ic precursors that spread to tissues before birth

and can locally proliferate and different-

iate independently on bone marrow–derived
monocytes (Davies et al. 2011; Jenkins et al.

2011; Robbins et al. 2013; Ginhoux et al. 2016).

A few studies in atherosclerosis and cancer indi-
cate that macrophage proliferation also exists in

humans; however, their contribution to cancer

development is still unclear (Bottazzi et al. 1990;
Lutgens et al. 1999; Campbell et al. 2011).

During the last decades, increasing evidence

has highlighted the multifunctional properties
of macrophages, which are now considered

highly plastic cells, which canmodify their phe-

notype in response to microenvironmental sig-
nals, with classical M1 and alternative M2 po-

larization states as the reference paradigm
(Galdiero et al. 2013b; Bonavita et al. 2015).

Chemotactic molecules involved in mono-

cyte recruitment at the tumor site include CCL2
and CCL5, vascular endothelial growth factors

(VEGFs), andM-CSF. Besides their chemotactic

functions, these factors contribute to macro-
phage polarization toward specific phenotypes

(Kitamura et al. 2015). In a transgenic mouse

model in which CCL2 was overexpressed specif-
ically in mammary epithelial cells, there was

increasedmacrophage infiltration, increased ex-

pression of extracellular matrix (ECM) remod-
eling genes, such as matrix metalloproteases

(MMPs) and lipoxygenase (LOX), and increased

stromal density. In addition, CCL2 transgenic
mice displayed an increased susceptibility to

7,12-dimethylbenz(a)anthracene (DMBA)-in-

duced carcinogenesis, thus suggesting that

CCL2 overexpression increases mammary stro-
mal density and breast cancer risk (Sun et al.

2017). Also, M-CSF is a classical monocyte che-

moattractant, which also favors macrophage
survival and skewing toward a tumor-promot-

ing “M2-like” phenotype (Pyonteck et al. 2013).

Tumor-infiltrating T and B cells as well as
stromal cells can release factors activating classic

M1 macrophages, able to recognize and elimi-

nate nascent tumor cells in line with the “elim-
ination phase” of the immunoediting (Dunn

et al. 2002). However, if this process is not suc-

cessful, tumors can evolve and, along with
tumor progression, macrophage can divert

through anM2/M2-like phenotype, which sus-

tains many aspects of tumor growth and pro-
gression in line with the “escape phase” of the

immunoediting (Dunn et al. 2002). This phe-

nomenon can be driven directly by tumor cells
or indirectly by “already corrupted” immune

cells releasing M2-skewing molecules, such as

interleukin (IL)-4, IL-13, immunocomplexes,
transforming growth factor (TGF)-b, or M-

CSF. Recently, in a murine model of breast can-

cer, overexpression of IL-23p19 was associated
with increased tumor growth, pulmonary me-

tastasis, and reduced survival. IL-23p19 overex-

pressing tumors displayed increased expression
of MMP-9, CD31, and ki67, thus suggesting a

higher ECM remodeling and proliferative activ-

ity. Moreover, tumors displayed decreased per-
centages of CD4þ and CD8þ T cells, as well as

increased infiltration of M2-like macrophages

expressing VEGF and TGF-b and neutrophils
expressing IL-10 and VEGF. These findings sug-

gested that IL-23 promoted infiltration of M2-

like macrophages and neutrophils endowed
with immunosuppressive capacity (Nie et al.

2017). M2 macrophages are classically charac-

terized by a high production of chemokines,
including CCL17, CCL22, or CCL24, involved

in the recruitment of T helper (Th)2 cells, reg-

ulatory T cells (Tregs), eosinophils, and baso-
phils, as well as a high production of IL-10. M2

macrophages produce low levels of IL-12 and

are mainly involved in immunoregulatory net-
works, regulating tissue remodeling, and angio-

genesis (Mantovani et al. 2013).

TAMs and TANs in Tumor Growth and Progression

Cite this article as Cold Spring Harb Perspect Biol 2018;10:a028662 3

 on August 26, 2022 - Published by Cold Spring Harbor Laboratory Press http://cshperspectives.cshlp.org/Downloaded from 

http://cshperspectives.cshlp.org/


TAMs can acquire awide range of activation

states, depending on the tumor-related cellular
and molecular network. Thus, the pathways of

TAM activation vary among the various tumor

types and, in some circumstances, within the
same tumor (Ruffell et al. 2012). For example,

in distinct tumor areas the variable access to

oxygen is responsible for various levels of acti-
vation ofmetabolic pathways involved in tuning

macrophage phenotypes (Movahedi et al. 2010;

Henze and Mazzone 2016).
Despite the fine modulation of macrophage

activation states in distinct tumors, M2-like

polarization usually represents a common de-
terminant. Indeed, TAMs display a number of

M2-resembling functions, which ultimately are

beneficial to cancer progression. Indeed, TAMs
promote tumor cell growth through the pro-

duction of growth factors such as epidermal

growth factor (EGF), which induces breast can-
cer cell proliferation (Qian and Pollard 2010). In

addition, TAMs produce high levels of reactive

oxygen and nitrogen species, which contribute
to DNA damage and genetic instability of can-

cer cells (Bonavita et al. 2015). Moreover, TAMs

promote tumor-invasive behavior and meta-
static progression. Indeed, they release proteo-

lytic enzymes, such as MMPs, involved in ECM

digestion and remodeling thus favoring tumor
cell invasion (Allavena andMantovani 2012). In

addition to tissue remodeling, TAMs also pro-

mote angiogenesis and lymphangiogenesis,
producing angiogenic/lymphangiogenic fac-

tors such as VEGF-A, VEGF-C, TGF-b, as well

as proangiogenic chemokines such as CCL2 and
CXCL8 (Hotchkiss et al. 2003; Murdoch et al.

2008; Granata et al. 2010; Schmidt and Carme-

liet 2010). Tumor-associated hypoxia induces
a proangiogenic program in TAMs, through

the up-regulation of hypoxia-inducible factor

(HIF)-1a, as well as through the production
of adenosine, which in turn promotes the re-

lease of proangiogenic and lymphangiogenic

factors by human macrophages (Granata et al.
2010). Finally, TAMs promote tumor pro-

gression by suppressing antitumor immunity.

Indeed, TAMs produce immunosuppressive
molecules (e.g., TGF-b, IL-10, indoleamine

2,3-dioxygenase [IDO], and arginase-1), which

suppress adaptive T-cell immune responses and

favor Treg recruitment and functions (Ruffell
et al. 2012; Noy and Pollard 2014). In a mouse

model of colitis-associated cancer (CAC), mac-

rophages produced IL-17, which increased
survival and immunosuppressive activity of

granulocytic myeloid-derived suppressor cells

(G-MDSCs) thus fostering tumor progression
(Zhang et al. 2016). TAMs also express pro-

grammed cell death protein 1 (PD-1) ligands

PD-L1 and PD-L2, which bind on T cells and
activate the inhibitory PD-1 immune check-

point in T cells (Kryczek et al. 2006; Wang

et al. 2011). Moreover, TAMs could also express
B7-H4 and VISTA, which likely exert similar

functions (Deng et al. 2016; Wang et al. 2016b).

ROLES OF NEUTROPHILS IN TUMOR
GROWTH AND PROGRESSION

Experimental models and epidemiological

studies have shed new light on neutrophil roles

in modulating tumor behavior. Indeed, TANs
are pivotal players in CRI and can exert antitu-

moral or protumoral functions. Moreover, they

are endowed with unsuspected plasticity (Frid-
lender et al. 2009; Mantovani 2009; Granot and

Jablonska 2015). In murine models of cancer,

neutrophils were driven by TGF-b to acquire a
protumoral phenotype (Fridlender et al. 2009).

Indeed, TGF-b inhibition led to the tumor in-

filtration of neutrophils with increased cytotox-
icity against tumor cells, high expression of

tumor necrosis factor a (TNF-a), CCL3, and

intercellular adhesion molecule 1 (ICAM-1),
and low levels of arginase-1. TGF-b inhibition

also promoted a T-cell antitumor response,

which involved neutrophils as effector cells
(Fridlender et al. 2009). In this seminal paper,

neutrophils were proposed to polarize in two

distinct activation states: an antitumor N1 or a
protumor N2 phenotype in response to signals

derived from TME. In an in vivo model of mel-

anoma and fibrosarcoma, mice lacking interfer-
on (IFN)-b showed an infiltration of proangio-

genic neutrophils, characterized by a high

expression of CXCR4, VEGF-A, and MMP-9
(Jablonska et al. 2010). These results suggested

a pivotal role for type I IFNs in polarizing neu-

M.R. Galdiero et al.
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trophils toward an N1 antitumor phenotype

(Granot and Jablonska 2015).
Within the TME, CXC chemokines pro-

duced by tumor and stromal cells and associated

with cancer growth and progression also retain
neutrophil-recruiting functions (Keeley et al.

2010;Lazennec andRichmond2010;Mantovani

et al. 2011). For instance,murinemodels showed
a central role for CXCR2 in promoting lung

and pancreatic cancers (Keane et al. 2004; Ijichi

et al. 2011). Indeed, inflammation-induced and
spontaneous carcinogenesis were suppressed

following CXCR2 abrogation or neutrophil de-

pletion inmice (Jamiesonet al. 2012).Moreover,
CXCL17 promoted cancer growth together with

the increased infiltration of a myeloid subset of

CD11bþGr1þF4/802 cells in amurinemodel of
graft tumor (Matsui et al. 2012). In aconditional

genetic murine model of lung cancer driven by

K-ras activation and p53 inactivation, TAM and
TAN precursors accumulated in the spleen and

relocated from the spleen to the tumor, sug-

gesting a role for the spleen as reservoir for tu-
mor-promoting myeloid cells (Cortez-Reta-

mozo et al. 2012). In humans, head and neck

squamous cell carcinoma (HNSCC) cell lines
produced CXCL8 and macrophage-inhibiting

factor (MIF), which recruited neutrophils

through the engagement of CXCR2 (Dumitru
et al. 2011; Trellakis et al. 2011b).Hepatocellular

carcinoma cells recruited neutrophils through

the production of CXCL8 (Kuang et al. 2011).
Neutrophils play important roles in tumor

initiation. Indeed, neutrophil-derived oxygen

and nitrogen derivatives are responsible for
DNA point mutations and promoted genetic

instability (Gungor et al. 2010). Moreover, the

MPO-derived hypochlorous acid HOCl activat-
edMMPs and inactivated the tissue inhibitor of

proteases (TIMP-1), thus promoting ECM re-

modeling as well as invasive and metastatic be-
havior of cancer cells (De Larco et al. 2004).

Granule proteins were also involved in tu-

mor progression. For instance, neutrophil elas-
tase (NE) taken up by lung cancer cells degraded

the phosphatidylinositol-4,5-bisphosphate 3-

kinase (PI3K) inhibitor, insulin receptor sub-
strate 1 (IRS-1). This event unleashed PI3K

activation and platelet-derived growth factor

receptor (PDGFR) signaling, thus favoring tu-

mor cell proliferation (Houghton et al. 2010).
NE was also involved in neutrophil-related

epithelial-to-mesenchymal transition (EMT)

(Grosse-Steffen et al. 2012). On the contrary,
NE taken up by breast cancer cells cleaved cyclin

E, whichwas then presented in a truncated form

in HLA-I context and efficiently activated a cy-
totoxic T lymphocytes–mediated antitumor re-

sponse (Mittendorf et al. 2012). More recently,

NEuptake increased the responsiveness of breast
cancer cells to adaptive immunity by up-regula-

tion of HLAclass I (Chawla et al. 2016). Neutro-

phils released the cytokine oncostatin M, which
up-regulated VEGF production in breast cancer

cells, promoting tumorcell detachment and inva-

siveness (Queen et al. 2005). In bronchoalveolar
carcinoma patients, hepatocyte growth factor

(HGF) in broncholavage fluid correlated with

neutrophil infiltration and was associated with
poor prognosis (Wislez et al. 2003; Imai et al.

2005). InHNSCCpatients, neutrophil infiltration

correlated with the expression of Cortactin and
with poorclinical outcome (Dumitru et al. 2013).

On the contrary, neutrophils also release

TRAIL, which retains important antitumoral
activities (Cassatella 2006; Hewish et al. 2010).

Indeed, in bladder cancer,Mycobacterium bovis

bacillus Calmette–Guerin (BCG) induced the
release of TRAIL from neutrophils, which ac-

counted for the anticancer effects of BCG

(Kemp et al. 2005). Moreover, in chronic
myeloid leukemia (CML) patients, IFN-a stim-

ulation induced the release of TRAIL from neu-

trophils, which favored apoptosis of leukemic
cells (Tecchio et al. 2004; Tanaka et al. 2007).

In surgically resected lung cancer patients,

TANsproduced the proinflammatorymolecules
CCL2, CCL3, CXCL8, and IL-6, stimulated

T-cell proliferation, and IFN-g release, mainly

in a contact-dependentmanner (Eruslanovet al.
2014). Neutrophils up-regulated the expression

of costimulatory molecules (e.g., CD86 and

OX40L), amplifying a positive feedback loop,
which suggested an antitumor role for TANs in

early stages human lung cancers (Eruslanovet al.

2014).
Neutrophils can also play a dual role in

modulating metastatic behavior of cancer cells

TAMs and TANs in Tumor Growth and Progression
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and angiogenesis. Melanoma-derived CXCL8

up-regulated b2-integrin expression on neutro-
phils, which interacted with ICAM-1 expressed

by melanoma cells, allowing neutrophils to car-

ry tumor cells to metastatic sites (Huh et al.
2010). Neutrophil extracellular traps (NETs)

also captured circulating tumor cells and fa-

vored their engraftment to distant organ sites
(Cools-Lartigue et al. 2013). In contrast, in a

murine model of transplanted breast cancer,

under the influence of granulocyte colony stim-
ulating factor (G-CSF) and tumor-derived

CCL2, neutrophils inhibited breast metastasis

in the premetastatic lung in an H2O2-depen-
dent manner (Granot et al. 2011).

Neutrophils are a major source of VEGF-A,

which is also responsible for the angiogenic ac-
tivity exerted by CXCL1 in vivo (Scapini et al.

2004). Neutrophils express high levels of MMP-

9, which releases the active form of VEGF-A
from the ECM (Nozawa et al. 2006; Kuang

et al. 2011; Dumitru et al. 2012). Interestingly,

neutrophils release MMP-9 in a TIMP-free
manner, which further enhanced the proangio-

genic and proinvasive activity of MMP-9 (Ardi

et al. 2007).Unexpectedly, intratumoral delivery
of MMP-9 decreased tumor growth and angio-

genesis in a murine model of breast cancer, sug-

gesting that MMP-9 also retains antiangiogenic
functions (Leifler et al. 2013). In a tumor xeno-

graft murine model, under the influence of G-

CSF, neutrophils released the proangiogenic
molecule Bv8, and its neutralization signifi-

cantly impaired angiogenesis and tumor growth

(Shojaei et al. 2007). Interestingly, tumors resis-
tant to anti-VEGF therapy showed high infiltra-

tion of neutrophils and drug resistance was

associated with G-CSF-induced Bv8 neutrophil
expression (Shojaei et al. 2008, 2009). In con-

trast, neutrophils also express a number of anti-

angiogenic molecules. For example, NE cleaved
VEGF and fibroblast growth factor 2 (FGF-2),

giving rise to the angiostatin-like fragments

from plasminogen, which suppressed VEGF-
and FGF-2-induced angiogenesis (Scapini et

al. 2004; Ai et al. 2007).

Neutrophil plasticity andheterogeneity have
been highlighted by several recent observations

in mice and in cancer patients. Indeed, circulat-

ing neutrophils are usually purified on a discon-

tinuous density gradient (Ficoll). Following this
separation, neutrophils are found in the high-

density (HD) granulocytic fraction, whereas

peripheral blood mononuclear cells (PBMCs)
segregate in the low-density (LD) mononuclear

fraction (Boyum 1968). However, an increasing

number of studies shows that in chronic inflam-
matory conditions such as HIV, autoimmunity,

and cancer, neutrophils could also be found in

the LD fraction (Schmielau and Finn 2001;
Rodriguez et al. 2009; Denny et al. 2010; Cloke

et al. 2012). Moreover, the percentage of low-

density neutrophils (LDNs) increases with
cancer progression, and these cells retain T-

cell-suppressive properties and include both

mature and immature granulocytes (Mishalian
et al. 2017). Immature granulocytes found in LD

fraction have always been considered as G-

MDSCs. MDSCs are a heterogeneous subset of
myeloid cells, expanding in peripheral blood

and spleen of tumor-bearing mice and cancer

patients, and characterized by the capacity to
suppress T-cell activation and proliferation (Ga-

brilovich and Nagaraj 2009; Peranzoni et al.

2010). Because G-MDSCs and neutrophils are
both of myeloid origin, have similar morpho-

logical aspects and surface markers, as well as

tumor-promoting properties, there is no clear
consensus on the differences between these pop-

ulations of cells. A transcriptomic analysis of

peripheral neutrophils, TANs, and G-MDSCs
in tumor-bearing mice found that TANs and

G-MDSCs are distinct populations and that

naı̈ve neutrophils and G-MDSCs are more
closely related to each other than to TANs (Frid-

lender et al. 2012). An interesting study per-

formed on tumor-bearing mice as well as on
breast and lung cancer patients showed that cir-

culating neutrophils in cancer consist of two

distinct subsets: mature segmented high-densi-
ty neutrophils (HDNs) and LDNs. Within

LDNs, two further subsets could be distin-

guished: a mature segmented one and a banded
immature one, namely, G-MDSC. Both in tu-

mor-bearingmice and cancer patients, the LDN

fraction increased alongwith tumor progression
(Sagiv et al. 2015). Although HDNs displayed

antitumor functions, LDNs showed reduced

M.R. Galdiero et al.

6 Cite this article as Cold Spring Harb Perspect Biol 2018;10:a028662

 on August 26, 2022 - Published by Cold Spring Harbor Laboratory Press http://cshperspectives.cshlp.org/Downloaded from 

http://cshperspectives.cshlp.org/


chemotaxis, phagocytosis, oxidative burst, no

significant cytotoxic activity against tumor cells,
and significantly impaired T-cell activity and

proliferation. These cancer-promoting activities

were shared by both mature and immature (G-
MDSCs) LDNs.Moreover, in this study, beyond

this heterogeneity, the authors proposed an im-

portant plasticity, showing that HDNs can pro-
gress through the LDN transition under the in-

fluence of TGF-b and acquire T-cell-suppressive

properties, thus suggesting that part of the LDN
fraction is a subset of highly activated mature

neutrophils but with reduced inflammatory

properties. They also proposed that LDNs can
switch to HDNs, but to a lesser extent than the

opposite transition (Sagiv et al. 2015). These

observations suggest that neutrophils are not
terminally differentiated as previously thought.

Indeed, they highlight the potential heteroge-

neity and plasticity of circulating neutrophils
in cancer development and call for a rigorous

reassessment of neutrophil characterization in

cancer patients.
A schematic view of the roles of TAMs and

TANs in CRI is summarized in Figure 1.

TAMs AND TANs AS PROGNOSTIC/
PREDICTIVE BIOMARKERS IN CANCER
PATIENTS

High TAM infiltration was associated with poor

clinical outcome in a variety of human cancers
(Bingle et al. 2002; Qian and Pollard 2010;

Zhang et al. 2012). In breast cancer patients, a

high macrophage infiltration was associated
with high tumor grade and poor outcome

(Campbell et al. 2011). Similarly, in bladder

cancer patients, high TAM density correlated
with advanced disease stage and poor survival

(Hanada et al. 2000). In contrast, a positive cor-

relation was found between TAM infiltration
and patient survival in high-grade osteosarco-

ma patients (Buddingh et al. 2011) and TAMs

positively correlated with tumor cell apoptosis
and CD8þ infiltration in gastric cancer (Ohno

et al. 2003). Some apparently controversial re-

sults can be explained considering that macro-
phages within a tumor are not homogeneous,

and the TAM phenotype can vary within the

same tumor. Moreover, there is a huge variabil-

ity related on the techniques used to identify
TAMs in tissues (CD68þ, CD203þ, CD206þ,

stabilin1þ cells, etc.), which may contribute to

the variability of the results among different
studies.

Interestingly, in follicular lymphoma pa-

tients, CD68þCD163þ TAM infiltration was as-
sociated with an adverse outcome in patients

treated with first-line systemic treatment, in-

cluding rituximab, cyclophosphamide, vincris-
tine, and prednisone, but with favorable out-

come in patients treated with rituximab,

cyclophosphamide, doxorubicin, vincristine,
and prednisone. These results suggest that

CD163þ macrophage density predicts the out-

come in follicular lymphoma, but their prog-
nostic impact is highly dependent on treatment

received. This interesting study highlights the

potential role of TAMs as a predictive marker
of chemotherapy response (Kridel et al. 2015).

Indeed, the vast majority of cancer patients are

treated with old and new generation cytoreduc-
tive drugs or radiotherapy. This aspect is often

neglected in epidemiological studies. Thus, the

prognostic significance of TAM infiltration loses
its value if it is not related to the administered

therapy.

With regard to solid tumors, data on the
predictive role of TAMs are missing. Indeed,

most studies do not mention the therapeutic

regimen administered to the patients, nor take
account of this parameter in the statistical eval-

uation. The only study investigating the role of

TAMs as predictors of chemotherapy response
has been performed on pancreas cancer pa-

tients. This study revealed that TAM density

correlated with aworse prognosis and increased
distant metastasis only in patients who did not

receive chemotherapy; indeed, gemcitabine ad-

ministration restrained TAM protumour prog-
nostic significance (Di Caro et al. 2016). Thus,

TAMs retain important predictive significance

in the response to chemotherapy in cancer pa-
tients and can be an additional tool to stratify

patients for chemotherapy after surgery.

The relationship between TAN infiltration
and prognosis in human cancer has been previ-

ously discussed (Donskov 2013). Neutrophil in-
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filtration within human cancers has been corre-

lated with poor clinical outcome in patients

with metastatic and localized clear cell carcino-
mas, bronchioloalveolar carcinoma, liver can-

cer, colorectal carcinoma (CRC), and HNSCC

(Wislez et al. 2003; Jensen et al. 2009; Kuang
et al. 2011; Trellakis et al. 2011a; Rao et al.

2012). In addition, high neutrophil infiltration

has been associated with high tumor grade in
human gliomas and with aggressive pancreatic

tumors (Fossati et al. 1999; Reid et al. 2011). In

contrast, TANs have been associated with better
prognosis in gastric cancer (Caruso et al. 2002)

and CRC (Droeser et al. 2013; Galdiero et al.

2016). As discussed for TAMs, these apparently

controversial results may depend on the type/
subtype of tumors and on the techniques used
to identify neutrophils within the tumors (e.g.,

hematoxylin–eosin stain versus immunohisto-

chemistry) (Donskov 2013).
As for TAMs, studies evaluating the predic-

tive value of TANs in human settings are miss-

ing. The only published comparison of the as-
sociation of TANs with outcome in patients

who received chemotherapy after tumor resec-

tion versus those who did not receive chemo-
therapy was performed on patients with CRC.

In stage III patients, TAN infiltration was asso-
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their polarization toward a protumor phenotype. In turn, TAMs and TANs induce genetic instability (through
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ciated with better response to 5-fluorouracil

(5FU)-based chemotherapy but with poor
prognosis in patients treated with surgery alone

(Galdiero et al. 2016). These results suggest a

dual clinical significance of TANs, depending
on the administration of chemotherapy, and

make necessary a rigorous evaluation of the

role of TAN density as a predictive factor for
response to therapy in human cancer (Galdiero

et al. 2016).

Several studies have evaluated the prognos-
tic and predictive value of neutrophil-to-lym-

phocyte ratio (NLR) in peripheral blood of

cancer patients. NLR is commonly used as a
measure of systemic inflammation, and it has

been shown to predict patient clinical outcome

in a number of human cancers, such as rectal
(Shen et al. 2017), esophageal (Nakamura et al.

2017), prostate (Gokce et al. 2016), pancreatic

(Kadokura et al. 2016), andbreast cancer (Ethier
et al. 2017). Overall, a high NLR score was asso-

ciated with worse survival and retained a more

consistent prognostic value among patients
with an advanced disease stage, who are also

more likely to receive chemotherapy treatments

or who are not operable (Guthrie et al. 2013).
The advantage of this score is that it can be easi-

ly evaluated, but its prognostic power remains

controversial. Indeed, NLR is not a specific bi-
omarker because it might be confounded by

other comorbidities (Di Caro et al. 2014).

Moreover, it is important to remember that,
because of the well-known heterogeneity of

neutrophil subsets, circulating neutrophils

may not faithfully mirror the tumor-related
ones. Thus, further studies aimed at investigat-

ing circulating neutrophil-related markers that

more likely reflect the TME are needed to iden-
tify more specific diagnostic biomarkers of tu-

mor detection.

ROLES OF TAMs AND TANs IN ANTICANCER
THERAPEUTIC RESPONSES

Given the protumor functions of TAMs, a num-

ber of therapeutic strategies have been evaluated
based on their targeting. These approaches are

designed to limit TAM recruitment, inhibit

their protumor functions, and reeducate them

toward an antitumor phenotype.
CCL2 inhibition reduced tumor growth and

metastasis in experimental models of prostate,

breast, lung, liver cancer, or melanoma. In com-
bination with chemotherapy, anti-CCL2 anti-

bodies improved the therapeutic efficacy of the

drugs (Loberg et al. 2007; Lu and Kang 2009;
Fridlender et al. 2011; Moisan et al. 2014). Anti-

CCL2 antibodies have entered phase I and II

clinical trials in patients with solid tumors,
but showed controversial results (Pienta et al.

2013; Sandhu et al. 2013; Brana et al. 2015).

M-CSF (CSF-1) is the main growth and differ-
entiation factor for monocytes and macro-

phages and is expressed by several tumors. A

number of small molecules and antibodies di-
rected against CSF-1 receptor (CSF-1R) have

been evaluated in preclinical settings and clini-

cal trials (Manthey et al. 2009; Ries et al. 2014).
The humanized antibody emactuzumab showed

efficacy in patients with various malignancies

and was promising in patients with diffuse-
type tenosynovial giant-cell tumor (Ries et al.

2014). Pexidartinib, a small CSF-1R inhibitor

did not show efficacy in glioblastoma patients
(Butowski et al. 2016). However, when anti-

CSF-1R drugs were combined with traditional

anticancer therapy, the results were enhanced.
For example, in a transgenic model of gemcita-

bine-resistant pancreatic tumor, the anti-CSF-

1R inhibitor GW2580 enhanced the efficacy of
gemcitabine through the elimination of TAMs,

which were responsible for drug resistance

(Weizman et al. 2014). In a transgenic model
of breast cancer, inhibition of CSF-1/CSF-1R
axis enhanced the therapeutic effect of paclitax-

el, inhibitedmetastatic spreading, and increased
intratumoral T-cell infiltration (DeNardo et al.

2011). Thus, targeting TAMs appears to be a

promising complementary strategy to enhanc-
ing the therapeutic power of conventional anti-

cancer therapies.

Trabectedin is an EuropeanMedicines Eval-
uation Agency (EMEA)-approved natural

product with antitumor activity (Germano et

al. 2010). Indeed, trabectedin activated the
TRAIL-dependent apoptotic pathway selective-

ly inmonocytes, because of their low expression
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of TRAIL decoy receptors (Liguori et al. 2016).

Inmurinemodels and human sarcomapatients,
trabectedin treatment resulted in a reduction of

TAM infiltration and angiogenesis (Germano

et al. 2010), thus suggesting a promising role
in TAM-targeted antitumor therapies.

TAM reeducation toward an antitumor phe-

notype represents a desirable goal. In this line,
IFN-g administration has been proposed in

ovarian cancer patients (Colombo et al. 1992).

This treatment led to the systemic antitumor
cytotoxic activation and clinical response, but

the real efficacy of IFN-g immunotherapy is still

poorly understood. In a murine model of pan-
creatic cancer, the fully human CD40 agonist

antibody CP-870,893, in combination with

gemcitabine chemotherapy, induced a switch
in TAM phenotype from a tumor-promoting

to an antitumor profile, with enhanced anti-

gen-presenting activities that impaired tumor
growth. In a phase II clinical trial in patients

with advanced pancreatic cancer, 19% of pa-

tients had partial responses and 52% had a pe-
riod of disease stabilization (Beatty et al. 2011).

Myeloid cells can also influence the effec-

tiveness of chemotherapeutic drugs. Indeed, it
is nowwell known that chemotherapeutic drugs

exert their effects not only by acting on the

tumor cell itself, but also on tumor-related
immune cells. Actually, some chemotherapeu-

tic drugs, such as doxorubicin, determine an

“immunogenic cell death.” Tumor cell death in-
duces the expression of “danger signals” (i.e.,

calreticulin, adenosine triphosphate [ATP],

high-mobility group box 1 [HMGB-1]), which
recruit and activate myeloid dendritic-cell-like

cells. These cells are particularly efficient in cap-

turing and presenting tumor cell antigens and
give rise to an effective antitumor immune re-

sponse (Galluzzi et al. 2012; Ma et al. 2013).

TAMs can also limit the effectiveness of che-
motherapeutic drugs, such as paclitaxel and

doxorubicin. For example, in murine models

of breast and lung cancer, following chemother-
apy M2-like macrophages accumulated in peri-

vascular areas of tumors and favored tumor

neo-angiogenesis in a CXCL12/CXCR4-de-
pendant manner (Hughes et al. 2015). Anti-

VEGF therapies are also associated with the

accumulation of myeloid cells in perivascular

areas as a consequence of the local hypoxia in-
duced by the antiangiogenic therapy. In some

circumstances, these cells activate an alternative

program and produce proangiogenic molecules
such as Bv8, which overcome the antiangiogenic

effect of the drug (Murdoch et al. 2008; Shojaei

et al. 2009). Thus, targeting TAMs can be an
effective therapeutic strategy that is comple-

mentary to current chemotherapeutic and anti-

angiogenic therapies and can efficiently im-
prove their effectiveness.

Immunotherapy using checkpoint inhibi-

tors is an established part of the therapeutic
strategies for an increasing number of cancers

(Sharma and Allison 2015). Macrophages can

express PD-L1 and PD-L2, which can be up-
regulated under the influence of proinflamma-

tory stimuli and hypoxia (Noman et al. 2014).

The predictive power of these molecules on
TAMs needs to be carefully evaluated. To what

extent the expression of PD-L1 onmacrophages

can contribute to the therapeutic efficacy of
immune checkpoint inhibitors is not yet under-

stood.

The evaluation of TANs as therapeutic tar-
gets is still limited because a role of these cells in

cancer development is a recent concept. Con-

sidering the tumor-promoting functions of
TANs, targeting these cells could be desirable.

However, their depletion could lead to deleteri-

ous “side effects.” Indeed, neutrophils play a
pivotal role in host defense against infections

and their depletion could give rise to immuno-

suppression. TAN neutralization could be ob-
tained by inhibiting their recruitment or their

effector molecules. In a murine model of fibro-

sarcoma and prostate cancer, TAN recruitment
inhibition through CXCL8/IL-8 blockage sig-

nificantly reduced angiogenesis and tumor

growth (Bekes et al. 2011). In addition, in mu-
rine inflammation-driven and spontaneous car-

cinogenesis, CXCR2 deletion and/or inhibition
blocked tumor development (Jamieson et al.
2012). Repertaxin, a small molecule inhibitor

of CXCR1 and CXCR2, selectively targeted

human breast cancer stem cells and inhibited
tumor growth in xenograft murine models (Gi-

nestier et al. 2010). More recently, the combina-
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tion of repertaxin and 5-FU was shown to in-

crease gastric cancer cell apoptosis and inhibited
cellular proliferation, migration, and invasion

(Wang et al. 2016a). Clinical trials are currently

investigating the role of repertaxin in breast
cancer patients, alone or in combination with

chemotherapeutic drugs (paclitaxel) (www

.clinicaltrials.gov).
The inhibitorofNE sivelastat efficiently sup-

pressed breast cancer cell proliferation and en-

hanced the antitumor effect of trastuzumab,
through restoring the expression of Her2/Neu
(Nawaet al. 2012).Geneticdeficiencyandchem-

ical inhibition of NE significantly reduced the
incidence of ultraviolet-B-induced tumors in

mice (Starcher et al. 1996). The NE inhibitor

ONO-5046 inhibited both primary and meta-
static growth of non-small-cell lung cancer

(NSCLC) in severe combined immunodeficien-

cy (SCID)mice(Inadaet al. 1998).NEinhibitors
are currently undergoing clinical trials for treat-

ment of cystic fibrosis and respiratory diseases

(www.clinicaltrials.gov), and these results could
also be useful for cancer research.

CONCLUDING REMARKS

There is compelling evidence that cellular and

humoral components of the TME have a large
impact on cancer initiation and progression and

on the resilience of most tumors in the face of

therapy. Macrophages and neutrophils are both
integrated within CRI and can take part in the

various phases of tumor initiation and progres-

sion. Cancer cells as well as TAMs and neutro-
phils can release a plethora of protumorigenic

and proangiogenic cytokines/chemokines. Tar-

geting these mediators as well as blocking pro-
tumor functions could be useful for inhibiting

tumor growth. On the other hand, fostering

anticancer immune responses by blocking im-
munosuppressive molecules (e.g., TGF-b, IL-

10, CTLA-4, PD-1, PD-L1), expressed either by

cancer cells or by tumor-infiltrating immune
cells, appears a promising therapeutic strategy

in different tumors.

In conclusion, a deeper insight into the mo-
lecular mechanisms regulating the link between

tumor-infiltrating immune cells and cancer

cells could lead to the finding of new prognos-

tic/predictive biomarkers, as well as a wider
view of cancer immunotherapy, in an even

more personalized therapeutic approach.
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