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Abstract: Cancer-related inflammation has recently emerged as an important component of cancer
pathogenesis that is able to promote tumor initiation and progression, and the acquisition of the
known hallmark capabilities, including evasion from immunosurveillance. Several soluble and
cellular mediators participate in tumor microenvironment formation, leading to cancer initiation
and progression. In this view, Tumor-Associated Macrophages (TAMs) are pivotal players and,
due to their characteristic plasticity, can acquire a variety of distinct phenotypes and contribute
in different ways to the different phases of carcinogenesis. Different stimuli have been shown to
modulate macrophage polarization. Secreted phospholipase A2 enzymes (sPLA2s) exert multiple
biological effects on cancer-related inflammation due to their enzymatic activity and ability to activate
inflammatory cells by non-enzymatic mechanisms. Among the different sPLA2 isoforms, several
studies have suggested that group IIA and group X are mainly involved in a wide variety of cancer
types. A deeper insight into the molecular mechanisms regulating the link between tumor-infiltrating
immune cells and cancer could lead to identifying new prognostic/predictive biomarkers and a
broader view of cancer immunotherapy.

Keywords: cancer-related inflammation; tumor-associated macrophages; macrophage polariza-
tion; phospholipases

1. Introduction

In their seminal paper dated 2011, Hanahan and Weimberg revised their paradigm,
shedding new light on the role of chronic inflammation as an enabling characteristic of
cancer. Indeed, for a long time, the presence of an immune infiltrate within the tumor was
attributed to the effort of the immune system to fight against tumors [1–3]. By contrast, in
the last two decades, cancer-related inflammation (CRI) emerged as an important compo-
nent of cancer, with the unexpected function of promoting tumor initiation and progression,
supporting the acquisition of the known hallmark capabilities, including evasion from
immunosurveillance. This evidence has dramatically changed the theoretical approach
to cancer, transforming it from a “tumor cell centered” point of view to a point of view
focused on the tumor microenvironment (TME) [2,3].

Among all components of the TME, Tumor-Associated Macrophages (TAMs) play a
central role and are key orchestrators of CRI. Macrophage infiltration is evident in almost
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all tumor types, and these cells can represent the main mediators between inflammatory
responses and cancer development and progression. Indeed, they are characterized by a
peculiar plasticity, which consists in the ability to acquire distinct phenotypes and respond
with specific functional outputs in response to signals derived from the microenvironment.
In response to several stimuli, macrophages undergo reprogramming, which induces the
development of a spectrum of distinct functional phenotypes [4,5]. Mimicking the Th1/Th2
paradigm, macrophages experience two different polarization states. Classically activated
M1 macrophages are induced by interferon γ (IFNγ) alone or in concert with microbial
stimuli (e.g., lipopolysaccharide (LPS)). In contrast, interleukin (IL)-4 and IL-13 inhibit
this classical activation and induce the alternative M2 form of macrophage activation [6].
Classical M1 cells play a role as inducer and effector cells inTh1 responses and in mediating
resistance against intracellular parasites and tumors. Indeed, they present an IL-12high,
IL-23high, IL-10low phenotype, and produce effectors molecules such as reactive oxygen and
nitrogen intermediates and pro-inflammatory cytokines (e.g., IL-1β, tumor necrosis factor
(TNF), IL-6) [5]. On the contrary, M2 macrophages display an IL-12low, IL-23low, IL-10high

phenotype and poor antigen-presenting capacity, suppress Th1 adaptive immunity, scav-
enge debris, take part in the dampening of inflammation, and promote wound healing,
angiogenesis, tissue remodeling and tumor progression [4].

Phospholipase A2 (PLA2s) are mainly known as enzymes that hydrolyze the sn-2 acyl
bond of glycerophospholipids (GPLs) to release lysophospholipids (LPLs) and free fatty
acids (e.g., arachidonic acid), which are the main precursors of several biological active
molecules, such as leukotrienes and prostaglandins [7–9]. Four major subfamilies of PLA2s
are currently recognized: (1) high-molecular-weight cytosolic PLA2s (cPLA2s), (2) calcium-
independent PLA2s (iPLA2s), (3) low-molecular-weight secreted PLA2s (sPLA2s), and
(4) lipoprotein-associated PLA2 (Lp-PLA2). While cPLA2s, iPLA2s, and Lp-PLA2 mainly act
as enzymes, sPLA2s can also act as extracellular mediators by exerting several additional
functions, far beyond their enzymatic activity [10,11]. Currently, ten different isoforms
of human sPLA2s have been identified. Some of them have been retrieved in TME, are
widely reported to be involved in oncologic diseases and have a recognized role in human
cancer [12,13].

In this review, we will recapitulate the main biological aspects of TAMs and their
roles in cancer initiation and progression. We will explore the main functions of human
sPLA2s in human cancers and the effects of human sPLA2s on macrophages in the context
of cancer. Finally, we will discuss the roles of these multivalent mediators, and these
tumor-infiltrating immune cells as means or targets of old and new anti-cancer therapeutic
approaches.

2. Inflammation and Cancer: A Deadly Alliance

Inflammation is an ancestral physiological response aimed at containing damage and
promoting tissue repair. In some conditions, this mechanism is circumvented, leading
to chronic inflammation. In the case of a nascent neoplasia, the growing tumor can first
elicit a physiological immune response, which, once bypassed, can give rise to a chronic
inflammatory reaction, which prevents the resolution of the process and amplifies the
cellular and molecular networks, sustaining the tumor growth and progression [1].

Chronic inflammation is now a well-recognized tumor-enabling capability, which can
promote cancer development [2,14,15]. Tumors can generate an inflammatory response
through several mechanisms. First, tumor cells can release chemotactic molecules that
recruit innate immune cells, such as macrophages, mast cells and neutrophils [16]. In
addition, the tumor can damage the normal tissue and induce the release of damage-
associated molecular patterns (DAMPs), which further activate innate immune cells. These
recruited cells release additional inflammatory molecules (e.g., sPLA2s), amplifying the
response. Moreover, rising tumors increase the oxygen consumption due to their increasing
metabolic request but, at the same time, can compromise blood and lymphatic vessels [17].
The resulting local hypoxia promote a metabolic switch, together with the production and
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the release of cytokines and angiogenic growth factors, which promote neo-angiogenesis
and lymphangiogenesis and further recruit macrophages. These inflammatory networks
persist as long as the tumor progress, thus, giving rise to a vicious cycle that is increasingly
difficult to break.

3. Roles of TAMs in Tumor Growth and Progression

Within the TME, macrophages are the most represented leukocytes. In several human
cancers such as breast, bladder and gastric cancer, high TAM infiltration was correlated
with poor clinical outcome [18–20]. For instance, a high macrophage infiltration was
associated with high tumor grade, lack of hormone receptor expression, and poor outcome
in breast cancer patients [21]. Similarly, high TAM density correlated with advanced
disease stage, vascular invasion, and poor survival in bladder cancer patients [22]. Quite
recently, CD163+ TAM infiltration inversely correlated with overall survival in non-small
cell lung cancer (NSCLC) patients undergoing immune checkpoint blockers treatment [23].
In hepatocellular carcinoma (HCC), peri-tumoral TAMs correlated with patient overall
survival and disease-free survival [24]. In contrast, a positive correlation was observed
between TAM infiltration and patient survival in high-grade osteosarcoma patients [25]
and in gastric cancer TAMs positively correlated with tumor cell apoptosis and CD8+

infiltration [26]. Some apparently controversial results can be explained, considering
that macrophage population within a tumor is not a homogeneous population, but TAM
phenotype can vary within the same tumor. Moreover, there is huge variability on the
technique used to identify TAMs in tissues (CD68+, CD203+, CD206+, stabilin1+ cells, etc.),
which may account for the variability of the results among studies.

From a classical point of view, macrophages were considered terminally differentiated
cells, deriving from circulating monocytes recruited at the tumor site, which undergo
differentiation into macrophages under the influence of tumor-derived growth factors,
such as macrophage colony-stimulating factor (M-CSF) or granulocyte-macrophage colony-
stimulating factor (GM-CSF) [27]. However, this classic point of view has been revolu-
tionized by the observation of a self-renewing population of macrophages, derived from
embryonic precursors, that colonizes tissues before birth and is capable of locally pro-
liferating and differentiating, independent from circulating monocytes [28–34]. To date,
the relevance of macrophage proliferation in humans is still a matter of debate, and its
contribution to cancer development is still unclear [21,35,36].

Tumor cells themselves as well as stromal cells can produce chemotactic molecules
involved in monocyte recruitment at the tumor site, such as CC chemokine ligand 2 (CCL2)
and CCL5, as well as growth factors such as vascular endothelial growth factor (VEGF) and
M-CSF. Besides their chemotactic functions, these factors can also retain activating prop-
erties and contribute to macrophage polarization towards specific phenotypes within the
TME [37]. In a murine model of transgenic mammary epithelial cell-specific CCL2 express-
ing mice, the overexpression of CCL2 in mammary tissue resulted in increased macrophage
infiltration, increased expression of extracellular matrix (ECM)-remodeling genes (such as
matrix metalloproteinases and lysyl oxidase) and increased stromal density and collagen
deposition [38]. More recently, in a murine model of bladder cancer, radiotherapy induced
the release of CCL2 by irradiated cancer cells, which in turn, promoted the recruitment
of bone marrow-derived CCR2-positive myeloid cells and the polarization of M1-type
TAMs toward the M2 type, suggesting a radio-resistance mechanism sustained by a CCL2-
M2 macrophage network [39]. Moreover, the classical monocyte chemo-attractant and
growth factor M-CSF favors macrophage survival and skewing towards a tumor-promoting
“M2-like” phenotype [40,41].

Once in the TME, macrophage polarization can be driven by tumor cells, as well
as by “tumor-educated” immune cells releasing M2-skewing factors such as IL-4, IL-13,
immunocomplexes, transforming growth factor-β (TGF-β) or M-CSF. Interestingly, in TME,
hypoxia leads to the extracellular accumulation of adenosine, which contributes to the
generation of an immunosuppressive microenvironment, which in turn sustains cancer
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progression. One of the main immunosuppressive effects mediated by adenosine is the
M2-skewing of TAMs through the engagement of A2A receptors [42].

TAMs display a number of M2-like features in several tumor types, such as renal [43],
breast [44], pancreatic [45], lung [46], and cervical cancer [47], and as described by in vivo
and in vitro models [48–50]. TAMs are able to sustain tumor cell growth through the
production of growth factors such as epidermal growth factor (EGF), which induce breast
cancer cell proliferation [20]. TAMs generate high levels of reactive oxygen and nitrogen
species, which contribute to DNA damage and the genetic instability of cancer cells [51]. In-
deed, they release proteolytic enzymes, such as matrix metalloproteases, which are involved
in ECM digestion and remodeling, thus, favoring tumor cell invasion and metastasis [52].
Moreover, TAMs are high producers of angiogenic/lymphangiogenic factors, such as VEGF-
A, VEGF-C, TGF-β, as well as pro-angiogenic chemokines such as CCL2 and CXCL8 [53–56].
Interestingly, tumor-associated hypoxia, as well as through the high levels of adenosine
that accumulate in the hypoxic microenvironment, can modulate TAMs phenotype and
metabolic features, shifting the balance towards a pro-angiogenic and lymphangiogenic
TME [56]. In an elegant in vivo model, under hypoxic conditions, TAMs upregulated
FcγRIIb through the activation of HIF-1 and AP-1. These FcγRIIbhigh TAMs displayed a
reduced capability to eliminate anti-CD20 opsonized chronic lymphocytic leukemia cells
in vitro, suggesting a role for hypoxia-driven TAM phenotype in immunotherapy resis-
tance [57]. Finally, TAMs promote tumor progression by suppressing anti-tumor immunity.
Indeed, TAMs produce immunosuppressive molecules such as TGF-β, IL-10, indoleamine
2,3-dioxygenase (IDO) and arginase-1, which suppress adaptive T-cell immune response
and favor Treg recruitment and functions [58,59]. In a mouse model of Colitis-Associated
Cancer (CAC), macrophages produced IL-17, which in turn, increased the survival and
immunosuppressive activity of granulocytic myeloid-derived suppressor cells (MDSCs),
thus, fostering tumor progression [60].

However, although TAMs resemble M2 macrophages in the vast majority of cancers,
the TME represents the main example of the fine modulation of macrophage polarization
states. Indeed, within the TME, TAMs acquire a wide range of activation states based on
the cellular and molecular milieu, which characterizes different tumors and different tumor
components (i.e., tumor cells, stromal cells and immune cells). Hence, the pathways of
TAM activation vary among the various tumor types and, in some cases, within the same
tumor [59,61]. For example, this is the case of the variable access to oxygen in the distinct
tumor areas, which is responsible for various levels of activation of metabolic pathways
(e.g., the adenosine pathway) involved in tuning macrophage phenotypes [44,62].

4. Roles of sPLAs in Cancer

The sPLA2s family includes ten different isoforms identified in human cells and tissues,
which are referred to as group IB (hGIB), group IIA (hGIIA), group IID (hGIID), group IIE
(hGIIE), group IIF (hGIIF), group III (hGIII), group V (hGV), group X (hGX), group XIIA
(hGXIIA), and group XIIB (hGXIIB) [7]. sPLA2s are considered proinflammatory mediators
since large amounts of these proteins have been observed in biological fluids during local
or systemic inflammation [10]. In addition, sPLA2s are overexpressed in some acute or
chronic inflammatory diseases of the lung (e.g., pneumonia, bronchial asthma, chronic
obstructive pulmonary disease, and interstitial lung disease) [63], as well as in several types
of cancer [13,64–69]. Although it has been reported that the expression of several sPLA2
isoforms (i.e., hGIB, hGIIA, hGIIE, hGIIF, hGV, hGX, hGXIIA) is increased in neoplastic
tissues, two major sPLAs isoforms—namely, hGIIA and hGX—are particularly involved in
a broad variety of cancer types [12,13,68,70,71].

hGIIA plays a dual role in cancer as it can both suppress and promote tumor pro-
gression, depending on the cancer type [13]. Indeed, it was positively associated with
breast cancer recurrence, metastasis and death [72,73]. hGIIA exerts also a protumorigenic
effect in lung cancer, acting through the nuclear factor of κB (NF-κB) activation [74] and
in esophageal cancer. Indeed, the pharmacological or genetic inhibition of hGIIA in vitro



Biomedicines 2022, 10, 2763 5 of 12

decreased the proliferation of esophageal adenocarcinoma cells, while its overexpression
resulted in enhanced cancer cell growth [75]. Conversely, GIIA plays an antitumorigenic
role in gastric cancer, since its overexpression inhibited gastric cancer invasion and metas-
tasis through the Wnt/β-catenin signaling pathway [76], and it has been associated with
improved patient survival [70,77].

It was initially shown that hGX contributes to colon tumorigenesis by generating
prostaglandin E22 (PGE2) and other lipidic mediators [78,79]. In addition, mouse (m)GX
is highly expressed in the mice colon, and it is the most potent enzyme to stimulate
cell proliferation and the mitogen-activated protein kinase (MAPK) activation of various
colon cancer cell lines [79]. This effect is mostly due to its intrinsic catalytic activity,
which induces the production of free arachidonic acid and LPLs (which are mitogenic by
themselves), large amounts of PGE2 and other eicosanoids from colon cancer cell lines.
However, these lipid mediators do not play a role in mGX-induced cell proliferation
because inhibitors of cyclooxygenases and lipoxygenases do not prevent sPLA2 mitogenic
effects [79]. Quite recently, serum exosomal GX mRNA and protein have been associated
with a more aggressive phenotype (i.e., higher stages, lymphatic node metastasis and
distant metastasis) and poor overall and disease-free survival of NSCLC patients [80]. This
sPLA2 has also been shown to play a role as a possible prognostic factor in other types of
cancer. Indeed, recent findings by Kudo et al. demonstrate that the pro-tumorigenic action
of lymphoma-derived extracellular vesicles (EVs), including exosomes, is augmented via
sPLA2-driven lipid metabolism [81]. In particular, the hydrolysis of EV phospholipids by
GX increased the production of fatty acids, LPLs, and their metabolites in the macrophages
of Epstein-Barr virus lymphoma. The pharmacological inhibition of endogenous GX
suppressed lymphoma growth in Epstein-Barr virus-infected humanized mice, whereas
treatment with sPLA2-modified EVs reversed this phenotype [81]. Finally, hGX has been
shown to facilitate the cell-cycle progression of soft tissue leiomyosarcoma. Indeed, a
higher hGX expression significantly correlated with a worse relapse-free survival in soft
tissue leiomyosarcoma patients [82].

A better understanding of the underlying mechanism behind the correlation between
sPLA2s and cancer growth and progression will help to develop novel anticancer agents tar-
geting sPLA2s [83,84]. The inhibition of sPLA2s can be considered as a novel advantageous
strategy for preventing and treating inflammation-associated diseases and cancer [83–85].

5. Modulation of Macrophages Activated by Human PLA2s

sPLA2s exert multiple biological effects on CRI due to their enzymatic activity and abil-
ity to activate inflammatory cells by non-enzymatic mechanisms [10,86]. Macrophages are
a major target of sPLA2s since they can be activated by both mechanisms [10,86]. Through
their enzymatic activity, sPLA2s contribute to the biosynthesis of proinflammatory lipid
mediators (PGs, leukotrienes, lipoxins, and platelet-activating factors) [7]. On the other
hand, by non-enzymatic mechanisms involving the engagement of specific (M-type) or
promiscuous receptors (mannose receptor and integrins), sPLA2s activate several functions
including exocytosis, and the production of cytokines (TNF-α, IL-6, IL-10, and IL-12),
chemokines (CCL-1, CCL2, CCL3, CCL4, and CXCL8) and angiogenic/lymphangiogenic
factors (VEGF-A, VEGF-C), as well as the generation of nitrogen species and cell adhe-
sion [56,87–91]. The receptor engagement leads to the activation of several intracellular
pathways including the PI3K/Akt system, the MAPK p38, extracellular signal-regulated
kinase 1/2 (ERK1/2), and NF-κB, which are involved in the production of cytokines,
chemokines and angiogenic/lymphangiogenic factors [11,56,87,88]. Both human sPLA2s
(i.e., hGIB, hGIIA, hGV, hGX) and snake venom sPLA2s (i.e., group IA and group III)
isoforms are able to activate macrophages. Nevertheless, it is conceivable that in the TME,
TAMs can be exposed to human sPLA2s produced by tumor cells, stromal cells or other
tumor-infiltrating immune cells such as mast cells [12,13,92].

To verify the last hypothesis, we performed some experiments to compare the ability
of various human sPLA2s isoforms to activate and/or polarize human macrophages. We
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evaluated the effect of the equimolar concentrations (100 nM) of seven different human
recombinant sPLA2s (hGIB, hGIIA, hGIIE, hGIIF, hGV, hGX, hGXIIA) on the production
of TNF-α and VEGF-A from primary human lung macrophages (HLMs) (Granata et al.,
unpublished observation). Figure 1 shows that, with the exception of hGXIIA, all the sPLA2s
induced a significant production of both TNF-α (A) and VEGF-A (B) from HLMs [91]. These
results confirmed that most human sPLA2s were able to activate human macrophages to
produce both M1-like, and M2-like soluble mediators.

Among the isoforms tested, hGX appears to be the most potent sPLA2 isoform able to
activate HLMs. These results confirmed our previous observations suggesting that sPLA2s
are pleiotropic mediators that induce a wide activation of macrophages but appear to be
unable to induce the polarization towards a M1- or M2-like functional output (Granata
et al., unpublished observation). The observation that hGXIIA was unable to induce TNF-α
and VEGF-A from macrophages is not surprising because the functions of this isoform
seem not to rely on enzymatic activity or on its binding properties [7,93,94].

Recently, we have shown that HLMs stimulated with a snake venom group, IA
sPLA2 (svGIA), released a wide number of cytokines (TNF-α, IL-1β, IL-6, IL-10, IL-12,),
chemokines (CXCL8, CCL1) and angiogenic factors (VEGF-A, ANGPT-1, ANG-PT-2) [91].
In line with previous reports, the M2-polarizing cytokine IL-4 inhibited the release of both
TNF-α and VEGF-A induced by svGIA. Similarly, in line with its M1-polarizing effect [91],
IFN-γ significantly enhanced TNF-α, whereas it abolished VEGF-A release from svGIA-
activated macrophages. Finally, according to its M2-polarizing properties, the adenosine
analog 5’-(N-Ethylcarboxamido) adenosine (NECA) significantly inhibited TNF-α, and
greatly increased svGIA-induced VEGF-A release. However, in additional experiments, we
observed that the M1- (IFN-γ) and M2-polarizing (IL-4) cytokines were unable to modify
the release of TNF-α and VEGF-A from unstimulated (i.e., in the absence of sPLA2) HLMs
(Granata et al., unpublished observation). These results indicate that macrophages can
be preferentially modulated by M1/M2 polarizing stimuli when they are activated by a
driving stimulus as sPLA2, adding a further piece to the complex puzzle of macrophage
polarization states.

Since svGIA is of snake venom origin, it is unlikely that it can be retrieved at sites
of tumor-growth inflammation together with M1/M2 polarizing stimuli. Therefore, we
evaluated the effect of IFN-γ, IL-4 or adenosine on the release of TNF-α, and VEGF-A
from HLMs activated by hGX. Figure 1C shows that IFN-γ increased hGX-induced the
release of TNF-α but abolished the release of VEGF-A, according to its M1 polarizing
properties. By contrast, the M2-polarizing molecule IL-4 strongly inhibited the release of
both TNF-α and VEGF-A from hGX-activated macrophages, suggesting a wide inhibitory
effect of this cytokine on macrophages stimulated with sPLA2. Finally, the adenosine analog
NECA inhibited the hGX-induced release of TNF-α, but strongly increased VEGF-A release,
according to its M2 polarizing properties. These observations confirm that human sPLA2s
can play a role in the fine modulation of macrophage polarization and in the complex
networks of the CRI.

We can determine that human sPLA2s released in the TME by tumor cells, stromal
cells or other inflammatory cells infiltrating the tumor (e.g., mast cells and neutrophils)
could act as a driving stimulus activating TAMs to produce cytokines, chemokines and
angiogenic factors, without a clear polarization toward an M1- or M2-like functional output
(Figure 2). When in the TME, such polarizing stimuli as INF-γ, adenosine or IL-4 produced
together with sPLA2s, can polarize the functional output of sPLA2-activated TAMs toward
an M1-like (e.g., stimulation of TNF-α plus inhibition of VEGF-A), M2-like (e.g., inhibition
of TNF-α plus stimulation of VEGF-A), or anti-inflammatory (e.g., inhibition of TNF-α and
VEGF-A) phenotype to modulate tumor growth and progression.
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Figure 1. Different human-secreted phospholipase A2 enzymes (sPLA2) isoforms activate human
lung macrophages (HLMs). HLMs were incubated (37 ◦C, 18 h) in RPMI 1640 containing human
recombinant group IB (hGIB), group IIA (hGIIA), group IIE (hGIIE), group IIF (hGIIF), group V
(hGV), group X (hGX), and group XIIA (hGXIIA) sPLA2s (kindly donated by G. Lambeau or M.H.
Gelb). At the end of incubation, the supernatants were harvested, centrifuged (1000× g, 4 ◦C, 5 min)
and stored at −80 ◦C for subsequent analyses. Tumor necrosis factor-α (TNF-α) (A) and vascular
endothelial-derived growth factor-A (VEGF-A) (B) concentrations were determined by ELISA and
values were normalized for the total protein (measured by Bradford assay) content in each well. The
data are reported as the mean ± SEM of four different preparations of HLMs from four different
donors. One-way ANOVA and Dunnett’s post test. * p < 0.05, ** p < 0.01, **** p < 0.001. vs. control.
(C) Pro-inflammatory and angiogenic profiles in hGX-induced HLMs are differentially modulated by
interferon-γ (INF-γ), interleukin (IL)-4, and 5′-(N-Ethylcarboxamido) adenosine (NECA). HLMs were
incubated (37 ◦C, 18 h) in RPMI 1640 containing hGX (100 nM—black bars) alone or in combination
with INF-γ (1000 U/mL—light gray bars), IL-4 (10 ng/mL—dark grey bars), or NECA (10 µM—white
bars). At the end of incubation, the supernatants were harvested, centrifuged (1000× g, 4 ◦C, 5 min)
and stored at −80 ◦C for subsequent analyses. TNF-α and VEGF-A concentrations were determined
by ELISA and values were normalized for the total protein (measured by Bradford assay) content in
each well. The data are reported as fold increase over control (unstimulated cells, dotted line), as the
mean ± SEM of four different preparations of HLMs from four different donors. One-way ANOVA
and Dunnett’s post test. * p < 0.05, ** p < 0.01, *** p < 0.005. vs. control.
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Figure 2. Hypothetical scheme depicting the complex dynamics of secreted phospholipase A2 en-
zymes (sPLA2s) and macrophage-polarizing stimuli within the tumor microenvironment (TME).
Human sPLA2s released in the TME by tumor cells, stromal cells or other inflammatory cells infiltrat-
ing the tumor could act as a driving stimulus activating TAMs to produce cytokines, chemokines and
angiogenic factors, without a clear polarization toward an M1- or M2-like functional output. In the
presence of additional polarizing stimuli, such as interferon γ (IFNγ), interleukin (IL)-4 or adenosine,
the phenotype of sPLA2-activated TAMs can be further fine-tuned, thereby modulating the functional
output.

6. Concluding Remarks

Increasing evidence shows that tumors grow and progress within their microenviron-
ment, with which they constantly interact. Macrophages are integrated within CRI and can
participate in the various phases of malignant initiation and progression. Cancer cells, and
TAMs themselves, can release several pro-tumorigenic and pro-angiogenic cytokines and
chemokines. These molecules could be a suitable target for inhibiting tumor growth by
blocking pro-tumor functions. Indeed, enhancing anticancer immune responses by blocking
the immunosuppressive molecules (i.e., IL-10, TGF-β, cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4), programmed death 1 (PD-1), and PD-L1) expressed by cancer cells and
tumor-infiltrating immune cells seems to be a promising therapeutic strategy in different
types of cancers. Taken together, our results add a piece to the puzzle of the multiple
roles for sPLA2s in the world of cancer-related macrophage polarization and pave the way
for new sPLA2-targeting therapeutic tools [85]. In conclusion, a deeper insight into the
molecular mechanisms regulating the link between sPLAs, macrophages, and cancer could
lead to the identification of new prognostic/predictive biomarkers and a more personalized
therapeutic approach.
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