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Biológicas, Instituto Politécnico Nacional, Mexico City, Mexico, 4 Departamento de Patologı́a, Instituto Nacional de
Enfermedades Respiratorias “Ismael Cosio Villegas”, Mexico City, Mexico, 5 Laboratorio de Human Leukocyte Antigen (HLA),
Instituto Nacional de Enfermedades Respiratorias “Ismael Cosio Villegas”, Mexico City, Mexico

Pathogens or genotoxic agents continuously affect the human body. Acute inflammatory
reaction induced by a non-sterile or sterile environment is triggered for the efficient
elimination of insults that caused the damage. According to the insult, pathogen-
associated molecular patterns, damage-associated molecular patterns, and
homeostasis-altering molecular processes are released to facilitate the arrival of tissue
resident and circulating cells to the injured zone to promote harmful agent elimination and
tissue regeneration. However, when inflammation is maintained, a chronic phenomenon is
induced, in which phagocytic cells release toxic molecules damaging the harmful agent
and the surrounding healthy tissues, thereby inducing DNA lesions. In this regard, chronic
inflammation has been recognized as a risk factor of cancer development by increasing
the genomic instability of transformed cells and by creating an environment containing
proliferation signals. Based on the cancer immunoediting concept, a rigorous and
regulated inflammation process triggers participation of innate and adaptive immune
responses for efficient elimination of transformed cells. When immune response does not
eliminate all transformed cells, an equilibrium phase is induced. Therefore, excessive
inflammation amplifies local damage caused by the continuous arrival of inflammatory/
immune cells. To regulate the overstimulation of inflammatory/immune cells, a network of
mechanisms that inhibit or block the cell overactivity must be activated. Transformed cells
may take advantage of this process to proliferate and gradually grow until they become
preponderant over the immune cells, preserving, increasing, or creating a
microenvironment to evade the host immune response. In this microenvironment,
tumor cells resist the attack of the effector immune cells or instruct them to sustain
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tumor growth and development until its clinical consequences. With tumor development,
evolving, complex, and overlapping microenvironments are arising. Therefore, a deeper
knowledge of cytokine, immune, and tumor cell interactions and their role in the intricated
process will impact the combination of current or forthcoming therapies.
Keywords: inflammation, chronic inflammation, cancer development, cancer-related inflammation, innate immune
response, adaptive immune response, cancer immunoediting theory, immune checkpoint molecules
INTRODUCTION

In the human body, cells in the organs or tissues are continually
exposed to pathogenic infections or distinct genotoxic insults
that damage the host cells. The host’s immune system triggers an
inflammatory reaction in response to recognition of diverse
molecules released by the pathogens and damaged tissues. This
dynamic process in time and space requires a strict coordination
and regulation of cellular and molecular events to delimit and
eliminate damage-causing agents. It also involves repair of
damaged tissues to restore the typical tissue architecture, thus
maintaining homeostasis. Chronic inflammation occurs when
mechanisms involved in the activation or regulation of
inflammation are dysregulated. This persistent inflammatory
state has been associated with distinct pathologies, such as
obesity, metabolic disorder, allergies, autoimmune diseases,
and most importantly the risk for cancer development. Since
the nineteenth century, the relationship between inflammation
and cancer has been well known, and currently, approximately
25% of cancers arise from a chronic inflammatory condition that
could be elicited under sterile or non-sterile environments. This
chronic inflammation causes the incessant recruitment of several
immune cells, which are implicated in the production and release
of genotoxic agents for cell transformation. Importantly,
oncogenic changes promote activation of inflammatory
pathways in malignant cells to release molecules that
perpetuate and strengthen the inflammatory phase of chronic
inflammation. In the microenvironment, continuous production
and release of cytokines, chemokines, and growth factors sustain
tumor growth and its survival.

This review highlights classic and new players participating in
complex and redundant interactions, which trigger signaling
pathways involved in the acute inflammatory process and
wound healing resolution as a homeostatic process. Some
events that deregulate and amplify an inflammatory reaction
resulting in a chronic inflammation are also revised. During this
persistent stage, several environmental factors might be involved
in the development of a nascent tumor based on the cancer
immunoediting concept that implicates the role of the
inflammatory immune response in tumor development.
Therefore, this review aimed to depict some immunologic
events that participate in the recognition and elimination of
nascent tumor cells during the spatial and temporal processes. In
case of failure to eradicate some of the transformed cells by the
immune cells or gradual occurrence of new tumor cell clones,
resisting the impact of cytocidal immune cells, some cellular
processes leading to a second phase known as equilibrium are
2

described. In the tumor mass, new clones harboring more genetic
alterations become preponderant that increase the tumor
heterogeneity. This increased clonal diversity leads to the
acquisition of novel resistance mechanisms to evade the
cytocidal arsenal of effector immune cells. In addition, tumor
cells could generate a tumor microenvironment that gradually
shift the phenotype of the tumor-infiltrating immune cells to
sustain tumor growth until clinical implications. In brief, we
indicate the role of inflammation through the concept of cancer
immunoediting, and denote the plasticity of immune cells to
antagonize or promote tumor growth from cell transformation to
tumor progression. Finally, the use of current and novel anti-
inflammatory drugs in the prevention and treatment of cancer
will be discussed
ACUTE INFLAMMATION

Inflammation is a self-protective response against the presence of
distinct cellular harmful agents, i.e., exogenous or endogenous.
In this setting, inflammation could be elicited in non-sterile or
sterile environments caused by infectious organisms or toxins,
external bodies, chemicals, dead cells, tissue damage, and
endogenous metabolites (1). In the case of pathogen infection,
pathogen-specific molecules, by-products of bacterial
degradation, or metabolism act as pathogen-associated
molecular patterns (PAMPs). In addition, stressed cells injured
by the pathogen’s own metabolism translocate internal proteins
into the cell membrane or release intracellular molecules.
Furthermore, fragments from extracellular matrix components
are released by proteases during cell death, a process dependent
or independent of the infection. These damage-associated
molecular patterns (DAMPs), together with PAMPs, alert the
immune cells from the damage (2, 3). In addition to PAMPs and
DAMPs, homeostasis-altering molecular processes (HAMPs) are
emerging as new players in inflammation and currently
encompass various endogenous small lipophilic metabolites,
such as lysophospholipids that regulate cellular homeostasis at
physiological concentrations. However, in the presence of sterile
or non-sterile agents causing cellular stress, the HAMP
concentration is modified and sensed by intracellular
molecules, thereby triggering inflammation (4).

Independent on the source, immune and non-immune cells
recognize PAMPs, DAMPs (1) and HAMPs through distinct
receptors. PAMPs and DAMPs are recognized through
membrane molecules known as pattern recognition receptors
(PRRs), whereas HAMPs are sensed by nuclear receptors such as
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the thyroid hormone receptor, vitamin D receptor, estrogen
receptor (ER), androgen receptor, glucocorticoid receptor, and
PR, as well as adopted orphan receptors such as farnesoid X
receptor (FXR), RAR-related orphan receptor (ROR), and
PPARs (5).

Once PAMPs and DAMPs are released, these molecules
impact the endothelial cells, triggering vascular dilation,
enhancing capillary permeability, decreasing tight junction
integrity and blood flow. With regard to HAMPs, some of
them regulate cellular functions within the cytoplasm. On
endothelial cells, estrogens bind to the corresponding ER in the
cytoplasm to activate signaling pathways controlling the vascular
tone and endothelial cell migration (6).

In an initial step, increased expression of adhesion molecules,
such as ICAM and PECAM1, in the blood vessels induce platelet
cell aggregation causing vasoconstriction and blood clots to
reduce blood loss. The uninterrupted blood vessel dilation
induces expression of more adhesion molecules, increasing
platelet adherence to the endothelium. In addition, activated
platelets secrete several growth factors such as epidermal growth
factor (EGF) or platelet-derived growth factor (PDGF),
histamine, serotonin, and von Willebrand factor for clot
stabilization. Furthermore, platelet degranulation activates the
complement cascade releasing anaphylatoxins to support
neutrophil transmigration. Likewise, activation of coagulation
cascade also releases vasoactive mediators such as fibrinogen and
fibronectin. This local microenvironment facilitates the
leukocyte attachment to initiate their extravasation to the
injured zone (7, 8). Additionally, local increase of PAMPs and
DAMPs serves as “find me” signals for attracting tissue and
blood cells, as they are recognized as “danger signals”.
Neutrophils, dendritic cells (DC), monocytes, and other
immune cells must be recruited from the circulating blood to
the injured site. Transmigration through the endothelial cell wall
by these cells is supported by continuous expression of distinct
classes of adhesion molecules belonging to the immunoglobulin
superfamily such as integrins.

As mentioned above, PAMPs and DAMPs are recognized by
the immune cells using distinct types of membrane and
cytoplasmic PRRs. Based on their localization, PRRs are
classified into membrane-bound receptors such as Toll-like
receptors (TLRs), C-type lectin receptors, and cytoplasmic
receptors, such as the nucleotide-binding domain leucine-rich
repeat receptors (NLRs), retinoic acid-inducible gene-I (RIG-I)-
like receptors (RLRs), absent in melanoma-2 (AIM-2)-like
receptors (ALRs), and protein-containing tripartite motif and
receptor for advanced glycation end-products (RAGE) (9).
PAMP and DAMP molecules bind to TLRs and NLR,
stimulating the activation of several signaling pathways
involved in a cascade of multi-protein complexes such as the
inflammasome consisting of NLR, ASC adaptor protein, and
pro-caspase 1 (10). Recent evidence suggests that the
inflammasome component NOD-, LRR-, and pyrin domain-
containing 3 (NLRP3), in addition to the direct interaction with
PAMPs and DAMPs, also detect HAMPs, thereby modulating
the inflammatory response (4, 5, 11).
Frontiers in Oncology | www.frontiersin.org 3
Activation of inflammasome leads to caspase-1-mediated
cleavage of proinflammatory cytokines interleukin (IL)-1 and
IL-18 into their active form. In addition, interaction of PAMPs or
DAMPs with TLRs can activate intracellular molecules, such as
the transcription factor nuclear factor-k B (NF-kB) and mitogen-
activated protein kinases pathway. These pathways control the
expression of many genes to synthesize proinflammatory lipids,
cytokines, and chemokines such as monocyte chemoattractant
protein-1 (MCP-1), tumor necrosis factor a (TNF-a), IL-6, IL-8,
and IL-23 for maintaining and perpetuating the inflammatory
response (12). Ishikawa et al. reported that the cyclic GMP-AMP
synthase (cGAS) and stimulator of interferon genes (STING)
pathways trigger inflammation associated with pathogen
infection. In this setting, the sensor cGAS recognizes
cytoplasmic DNA, acting as danger signal, and stimulates the
production of second messenger cyclic GMP-AMP, which
activates STING. This pathway leads to NF-kB activation,
triggering a type I interferon-dependent inflammatory reaction
(13, 14). Additionally, nuclear receptors have been described to
also modulate the synthesis of cyclic nucleotides, such as cAMP
and cGMP (15). However, further rigorous studies on this
proposal are required.

Th is a l t e red homeos ta t i c env i ronment a t t rac t s
polymorphonuclear neutrophils. Neutrophils are the most
abundant white blood cells in the circulation and are
considered as the first line of defense of the immune system.
They are rapidly recruited to damaged sites where they
phagocyte pathogens and undergo degranulation. Neutrophil
cytotoxic granules contain enzymes with antimicrobial activity
such as defensins, cathelicidins, myeloperoxidase, lactoferrins,
and cathepsins. In addition, the release of their nuclear content
generates a meshwork of chromatin and protease extracellular
fibers known as neutrophil extracellular traps (NET) (16). In
ischemia/reperfusion damage of the liver, release of NETs is
rather mediated by binding of DAMPs, such as HMGB1 and
histones, to TLR-4 or TLR-9. In addition to NETs, regulated
necrotic cell death such as pyroptosis, necroptosis, and
ferroptosis stimulates the production and release of some pro-
inflammatory cytokines such as IL-1 b, IL-6, TNF-a, MCP-1,
and CXCL-10, thereby propagating the inflammatory
environment (17–19).

Moreover, the synthesis and release of reactive oxygen and
nitrogen species (RNOs) such as superoxide, hydrogen peroxide
(H2O2), hydroxyl radical, nitric oxide, peroxynitrite, and
hydrochlorous acid is enhanced by the oxidative burst, causing
collateral oxidative damage in the harmful agent and surrounding
tissues (20). Other studies indicate that the release of lysosomal
content from neutrophils is required to induce the inflammasome
activation (21, 22). Their phagocytic and microbicidal activities
are crucial to prevent the spread of microorganisms, facilitate cell
death, and limit the tissue damage by maintaining a local
concentration of enzymatic molecules.

Subsequently, tissue macrophages and mainly blood
monocytes are recruited in the damaged site, differentiating
into mature macrophages whose main function is the
phagocytosis of microbes, cellular debris, and dead cells (23).
November 2021 | Volume 11 | Article 722999

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chavez-Dominguez et al. Inflammation Factors and Cancer Development
The continuous migration of monocytes and other immune cells
is sustained by the local production of several proinflammatory
lipid mediators derived from arachidonic acid, CXC- and CCL-
chemokines, and proinflammatory cytokines, such as, IL-1a, IL-
1b, TNF-a, IL-6, etc. (24, 25). Besides the recruitment of these
cells, particular plasmatic proteins are activated such as the
complement system, which promotes destruction and
opsonization of microbial agents via the lectin pathway,
enhancing the recruitment of immune cells (23). In addition,
oxidized lipids from dead cells are recognized and presented as
non-self-antigens because they are recognized as dangerous
biological waste of the host. These oxidation-specific
components are recognized as endogenous DAMPs by PRR in
phagocytic cells acting as antigen-presenting cells (APCs) to
over-stimulate the innate immune cells (26). Recent evidence
reported that CD1b in dendritic cells play a role in oxidizing
lipids that stimulate NKT cells (27). Leiw et al. reported that self-
antigenic lipids are associated with CD1d that promotes NKT
cell participation in restoring tissue homeostasis after a sterile
injury (28).

Collectively, all soluble factors released by neutrophils,
macrophages, DCs, and stromal cells, such as fibroblast, mast,
and endothelial cells, regulate the amplitude and duration of the
inflammatory response acting as a self-amplifying network.

Clearance of foreign pathogens, cell debris, and dead cells
promotes resolution of inflammation in a harmonious and active
process. Recent evidence showed that inflammation resolution
proceeds in synchronic and overlapping phases. The whole
process also includes cessation of neutrophil tissue infiltration,
regulation in cytokine-chemokine production, elimination of
death neutrophils and their immediate efferocytosis mediated
by macrophages, return of viable cells into the blood or
lymphatic system, successful outcome of the wound healing
response, and new tissue formation for homeostasis
restoration (29).

Inflammation resolution is managed by the production of an
array of molecules with anti-inflammatory and immunomodulatory
activities called pro-resolving mediators. Some of these molecules
are derived from the catabolism of synthesized lipids during the
acute inflammatory phase. For example, arachidonic and
eicosapentanoic acid promote lipoxin and prostaglandin
production, whereas docosahexanoic acid promote maresin,
resolvin, and protectin release (29–31). These lipid mediators are
produced by recruited neutrophils and macrophages, as well as
endothelial cells, epithelial cells, and platelets through the
lipoxygenase enzyme. In addition to lipid mediators, proteins
such as Annexin-A1 show a potent anti-inflammatory and pro-
resolving activities. Most of these pro-resolvingmediators exert their
function by binding to a wide array of G-protein coupled receptors
(GPCR) activating diverse pathways to produce immunoregulatory
molecules (29). Recent reports by Wang et al. revealed that
lysophosphatidylserine, acting as a HAMP, might act as a pro-
resolving mediator because it binds to GPCR 34, which plays a role
in anti-inflammatory responses (32). Additionally, pro-resolving
mediators influence the rest of the steps involved in
inflammation resolution.
Frontiers in Oncology | www.frontiersin.org 4
Neutrophil recruitment to the damaged site ceases when the
stimuli triggering the inflammation disappeared, leading to
endothelial inactivation by decreased expression of cell
adhesion molecules and reduced vasodilation. In this way,
Annexin-A1 and/or its analog peptides play a crucial role as a
stop signal for neutrophil extravasation. Evidence showed that
Annexin-A1 or its mimetic peptides decreased the production of
proinflammatory cytokines such as IL-1 b, IL-8 and CXCL1 and
the expression of VCAM-1, ICAM-1, and E selectin adhesion
molecules, thereby inhibiting the capture of circulating
neutrophils on the activated endothelium (33, 34). Another
way to limit the infiltration of neutrophils to the inflammation
site is by dismantling the established chemokine-cytokine
gradients. In this setting, aggregated NETs promote IL-8 and
IL-1 b degradation, mediated by serine proteases that are
released by neutrophils and macrophages (35).

Additionally, clearance of recruited neutrophils is controlled by
the induction of regulated non-necrotic cell death (19). In an acute
inflammation, the lifespan of neutrophils is enhanced by the
release of proinflammatory cytokines, growth factors such as
granulocyte-monocyte colony-stimulating factor (GM-CSF), and
microbial derived products. However, through the resolution
phase of inflammation, the lifespan of neutrophils is reduced by
macrophages, inducing neutrophil death through the release of
agonistic molecules for death receptors such as Fas ligand (FasL),
TNF-a, and TNF-related apoptosis-inducing ligand (TRAIL) (36).
Recent evidence demonstrated that IFN-b is also important to
induce inflammatory neutrophil death by activating STAT3 during
a non-sterile inflammation caused by Escherichia coli (37). Dead
neutrophils are engulfed by macrophages in a process called
efferocytosis. During efferocytosis, phosphatidylserine exposed on
the cell surface of dying neutrophils or apoptotic bodies acts as an
“eat me” signal, activating distinct intracellular pathways for
reprogramming of inflammatory M1 into anti-inflammatory and
pro-resolving M2 macrophages (38). Kourtzelis et al.
demonstrated that the release of developmental endothelial
locus-1 promotes efferocytosis of death neutrophils by
interacting with exposed phosphatidylserine on dying cells and
avb3 integrin receptors on macrophages in a mouse model of
periodontitis (39). In addition, type I interferons are crucial to
promote reprogramming of M1 into M2 macrophages since
knockout IFN-b genes in macrophages reduce their ability to
release anti-inflammatory cytokines (37). Several studies indicated
that M2 macrophages produce IL-10 and transforming growth
factor-beta (TGF-b) in addition to PDGF, vascular endothelial
growth factor (VEGF), and other mediators. Reprograming of
macrophages also impacts the gradual shifting of T-lymphocytes,
changing from Th1 to Th2 phenotype, regulatory T-lymphocytes
(Treg cells), or other immunoregulatory cell subpopulations (40,
41). Additionally, the recruitment and differentiation of Treg cells
are essential for inflammation resolution. Recent evidence showed
that Tregs participate in the reduction of atherosclerosis plaques in
mice. Depletion of Tregs impairs the resolution phase of
inflammation in atherosclerosis causing a perpetuation of the
inflammatory reaction and decreasing efferocytosis and
production of pro-resolving mediators (42). Moreover, other
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immune cells such as innate lymphoid cells and myeloid-derived
suppressor cells (MDSCs) have been demonstrated to participate
in the resolution of inflammation in distinct pathologies (43, 44).

Through the acute phase of inflammation and its resolution
process, a myriad of cells is recruited at the damaged site due to
the established chemokine-cytokine gradients. The recruitment
of monocyte-derived macrophages, platelets, fibroblast, and
other cell types is essential for the wound healing process,
producing a plethora of wound-related signals. Growth factors,
such as PDGF, VEGF, fibroblast growth factor (FGF),
keratinocyte growth factor-1, and EGF, and chemokines and
cytokines promote the proliferation of distinct sets of cells as a
prerequisite for wound healing (45).

As the inflammation subsides, proliferation becomes a major
theme with the focus on covering the wound surface, restoring
the vascular network, and forming new connective tissues
(granulation tissues). This proliferative phase is characterized
by angiogenesis, a process essential for restoration of nutrient
and oxygen supply. This process requires growth factors such as
VEGF, PDGF, basic FGF (bFGF), and thrombin, promoting the
proliferation and migration of endothelial cells toward the site of
angiogenic stimulus (46). These sprouts develop into endothelial
tubules that connect with each other to form the vessel lumen,
and these new vessels interact with pericytes and smooth muscle
cells forming a network of venules and arteries. In addition,
bone-marrow-derived endothelial progenitors also participate in
forming de novo vessels, a process known as vasculogenesis (46).

Fibroblasts are other cells that play a central role in repairing
injured tissues. During this proliferative phase, fibroblasts are
recruited to the provisional matrix and proliferate in response to
the secreted cytokines and growth factors PDGF, TGF-b and
bFGF produced by platelets and macrophages in the wound (45).
When the wound condition is maintained, circulating bone-
marrow-derived mesenchymal progenitors called myofibroblast
migrate to the injured area. These cells secrete chemokines,
cytokines, and growth factors that strengthen their local
concentration to promote healing. Myofibroblasts, besides
enhancing angiogenesis, act as APCs that stimulate immune
cell infiltration. Other cells in the tissue, in addition to fibroblast,
such as pericytes and epithelial cells, have been reported to
differentiate myofibroblast in the uninjured zone (47). In this
sense, some reports suggest that subsets of macrophages
identified by CD45, CD11b, and F4/80 molecules transit to
myofibroblast-producing growth factors such as MCP-1, TGF-
b, and VEGF contributing to new blood sprouting during
angiogenesis (48).

The remodeling phase is the last process in resolving
inflammation. During this reparative phase, recruited
fibroblasts produce zinc-dependent endopeptidases known as
metalloproteinases to degrade the provisional matrix and
produce other ECM components, such as proteoglycans,
glycosaminoglycans, fibronectin, hyaluronic acid, and collagen
to fill the wound gap. In this phase, wound contraction occurs
and participation of the myofibroblast is crucial as they produce
a-smooth muscle actin and collagen, as responses to fibronectin
and other proteins to ECM. Reports indicated that macrophages
Frontiers in Oncology | www.frontiersin.org 5
shift from a M2a to a M2c profile showing fibrolytic activity, as
they release proteases for ECM degradation and engulf excess
cells present in the damaged site (49).

In addition, myofibroblasts bind to each other allowing
wound healing and are eliminated by cell death once tissue
integrity is reached. Collagen I is overproduced to promote
greater tensile strength. Finally, the formation of new blood
vessels and cellular infiltration is avoided, establishing an
acellular milieu during wound closure.

Although in recent years the cellular and molecular
mechanisms involved in inflammation resolution have been
characterized, several aspects remain relatively unclear, e.g., the
whole signals that cause the gradual shift from acute
inflammation to the resolution or interaction among cells
participating in this process. Exhaustive investigation in crucial
points of this phenomenon must be performed in order to have a
deeper knowledge of the process.
CHRONIC INFLAMMATION

As described above, inflammation is a self-limiting process of
restoring tissue homeostasis after a non-sterile or sterile source of
damage that causes injury. However, when this process persists
during the inflammatory phase and is dysregulated or the body is
unable to repair the damaged tissue, inflammation is prolonged
and exacerbated leading to further damage of the surrounding
healthy tissues. This uncontrolled state, denominated as chronic
inflammation, involves a persistent inflammatory stage caused
by the noxious stimulus. Chronic inflammation is characterized
by abundant neutrophil infiltration and profuse presence of
RNOs and tissue-damaging enzymes. All these factors
maintain a positive feedback loop perpetuating the
inflammatory process and increasing the damage on the
surrounding healthy tissues.

Distinct pathological conditions have been associated with
chronic inflammation in the host such as chronic disease,
diabetes, malnutrition, vascular insufficiency, and aging, among
others, and factors as recurrent trauma, tissue necrosis by
hypoxia or ischemia, edema, pressure, and infection (50). Some
mechanisms underlying the chronic inflammation have been
proposed, such as inefficient elimination of damaging agents by
the immune cells, alteration in their activity, and dysregulation of
cell signaling pathways involved in the resolution phase (50).

The etiology of chronic wounds is diverse, and their causes
are not fully understood despite the efforts made to identify
them. With regard to non-sterile inflammation, persistent
infection constantly releases PAMPs. In the case of
intracellular pathogens, DAMPs are released due to continuous
injury and cell death. Besides, the perpetual release of some ECM
fragments from the damaged tissue exacerbates the local
concentration of released DAMPs. When PAMPs or DAMPs
are recognized by distinct PRRs, these receptors trigger the
synthesis of proinflammatory cytokines. N-formyl peptides,
present in the bacterial membrane or released by dying cells,
act as potent chemoattractant for platelets and phagocytic cells.
November 2021 | Volume 11 | Article 722999
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In neutrophils, N-formyl peptide signalization induces IL-8
secretion, another molecule with potent chemoattractant
activity (51). In addition, cytochrome-c, cardiolipin, succinate,
and other DAMPs trigger different signaling pathways with
proinflammatory properties that promote and potentiate the
inflammatory response. When these events are not
orchestrated, they progress to the development of a chronic
inflammation (52). A good example of this phenomenon is the
release of intracellular nucleotides. In a regulated inflammatory
process, injured or dying cells release ATP to alert the immune
system. ATP binds to the P2 purinergic receptors, widely
expressed in different tissues, contributing to the blood flow
regulation and vascular endothelium activation and promoting
immune cell phagocytosis (53). However, dysregulated release of
ATP leads to chronic inflammation by RNOs overproduction.
Tatsushima et al. demonstrated that in a mice model of
steatohepatitis, a chronic liver inflammation, the release of
vesicular ATP is crucial in promoting inflammation, fibrosis,
and macrophage infiltration. In this regard, knockout vesicular
nucleotide transporter gene in mice eliminated the damage
caused by high fat diet (54).

Recently, a regulated cell death process known as iron-
dependent programed cell death has been linked to chronic
inflammation. In inflammatory zones showing increased
extracellular iron, surrounding cells capture this metallic
compound by endocytosis. The iron released in cytosol
increases the ROS levels, generate lipid peroxidation with the
concomitant cell membrane disruption, phenomenon known as
ferroptosis. As consequence of this process, more DAMPs are
released to sustain the chronic inflammatory process. As was
previously mentioned, oxidized lipids mediators also contribute
to chronic inflammation by activating enzymes related to
respiratory burst, thus increasing the oxidative metabolism of
the cells in the microenvironment (18, 19, 55).

Impaired inflammation resolution leads to aberrant tissue
remodeling and organ dysfunction; therefore, constant cell
damage triggers the release of endogenous lipids. The cellular
and molecular mechanisms leading to pathogenesis of chronic
inflammation, in which the bioactive lipids act, has been recently
reported by Chiurchiú et al. (56).

Excessive or uncoordinated production of lipids, DAMPs,
and/or PAMPs may lead to a dynamic imbalance of intracellular
signals, resulting in chronic inflammation. With regard to
HAMPs, increased levels of some lysophospholipids such as
LPC are associated with the expression of cyclooxygenase type
2 enzyme in the endothelial cells to produce proinflammatory
lipids derived from the arachidonic acid (57). This evidence
presented thus far supports the role of uncontrolled production
and release of PAMPs, DAMPs, or HAMPs as an event
promoting chronic inflammation in malignant and non-
malignant diseases.

As discussed earlier, excessive neutrophil and macrophage
infiltrations are considered a crucial factor involved in chronic
inflammation. Neutrophil accumulation results in RNOs
overproduction and protease release, which damages the ECM,
as well as the cell membrane of distinct tissue resident cell
Frontiers in Oncology | www.frontiersin.org 6
populations or recruited from circulation. An imbalance in
proteolytic activity of local cells involved in wound repair has
been reported to result in persistent inflammation. Besides
neutrophils, endothelial cells , fibroblast, and tissue
macrophages release numerous proteases during wound
healing. The endogenous enzymatic activity of proteases is
regulated by endogenous inhibitors forming an intricate
network. Alterations in the delicate balance of this network by
the lack or altered activity of some agonists are associated with
chronic inflammation (58, 59).

Uncoordinated production and deregulation of released
proteases maintain the tissue damage, encouraging chronic
inflammation and increasing cancer risk (60–62). Other factor
promoting chronic inflammation is the uncoordinated
production of the pro- and anti-inflammatory cytokines (63).
Recent studies show that several cytokines exhibit a dual function
according to their local concentration or interaction with other
soluble factors (64). See Table 1.

In addition, immune and stroma cells are immersed in a
varied collection of cytokines, growth factors, chemokines, and
stroma factors in constant shift. Cells continuously exposed to
these signals turn on or off numerous signaling pathways,
impacting the phenotypic plasticity of distinct infiltrating
immune cells. Chronic inflammation has been associated with
the presence of Th17 cells that are differentiated from CD4+ Th1
lymphocytes. Differentiation to Th17 cells requires cytokines
such as TGF-b and IL-6 or combination of IL-6, IL-1b, and IL-23
to activate the ROR-g transcription factor. Differentiated Th17
cells secrete a wide variety of cytokines, including IL-17A, IL-
17F, IL-21, IL-22, GM-CSF, IL-9, IL-10, and IFN-g. Th17 cells
are responsible for granulopoiesis and recruitment of neutrophils
and macrophages in the injured zone; thus, they have been
implicated in perpetuating chronic processes, such as psoriasis,
Crohn’s disease, vasculitis, atherosclerosis, and asthma, among
others (91).

During the acute inflammation resolution process, distinct
immune cell populations are implicated. According to the lineage
from which they were derived, immunoregulatory cells are
classified into lymphoid-derived, Tregs, regulatory B (Bregs),
and natural killer cells (NK cells); or myeloid derived, such as
MDSCs, polymorphonuclear (PMN)- and monocytic (M)-
MDSCs, regulatory macrophages, regulatory dendritic cells,
regulatory neutrophils, and regulatory eosinophils. However,
dysregulation in the migration, differentiation, and activity of
these immune cells with immunoregulatory activity has been
related with chronic inflammation. The activity and complete
participation of these immunoregulatory cells in chronic
inflammation are beyond the scope of the present manuscript.
Excellent works have been conducted in this field (92–96).

Despite the efforts made to understand and elucidate the
molecular and cellular processes involved in chronic
inflammation, the whole mechanisms that underpin the
maintenance of this state remain unknown. In this setting,
studies will help define biomolecules associated with the risk of
chronic inflammation occurrence, especially its paradoxical
effects in cancer development and progression. See Figure 1.
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INFLAMMATION AND CANCER
Dysregulated and unresolved chronic inflammation is
recognized to play a major role in different types of pathologies
as mentioned above. Special attention has been focused in the
association of chronic inflammation with cancer development.
The relationship between chronic inflammation and cancer is
well known since the nineteenth century when Rudolph
Virchow, based on his observations, proposed that cancer
development was associated with the presence of immune
infiltrate related to chronic inflammation (97). A century later,
Dvorak reported that inflammation and cancer share common
features such as proliferation, cell survival, induced angiogenesis,
and migration (98). Nowadays, chronic inflammation has been
considered as an enabling characteristic for tumor initiation and
progression, helping to acquire additional cancer markers (99).
Epidemiological studies suggest that 25% of cancer cases are
Frontiers in Oncology | www.frontiersin.org 7
associated to chronic inflammation (100, 101) and up to 15% of
cancer malignancies are related to infectious diseases.

The typical oncogenic pathogen infections such as Epstein-
Barr virus (EBV), human papillomavirus (HPV), hepatitis B
virus (HBV), and hepatitis C virus (HCV) directly block the
activity of tumor suppressor pathways, such as P53 and
retinoblastoma (RB), disturbing the cell cycle.

The EBV infection has been linked to development of
lymphocytic and epithelial malignancies.

Lymphoproliferative disorders such as Burkitt, Hodgkin,
diffuse large B cell lymphomas, angioimmunoblastic T-cell, and
extranodal NK/T-cell lymphoma, as well as gastric cancer and
nasopharyngeal carcinoma of epithelial origin are some of the
most frequent cases associated with this infection (102).

HPV is the most common sexually transmitted infection.
High risk HPV types 16 and 18 are associated with more than
TABLE 1 | Key Cytokines and Growth Factors associated with acute and chronic inflammation.

Cytokine Primary Target Cell Biological Activity Ref.

IFN-g Macrophages, NK,
and T-cells

Increases MHC-I and-II molecules expression, neutrophil and monocyte function, and macrophage activation. (65)

IL-1 NK and T-cells Promotes systemic and local inflammation, fever, vasodilation, hematopoiesis, angiogenesis, leukocyte attraction, and
extravasation; lymphocyte activation and acute phase response.

(66)

IL-2 T- and NK cells Increases NK cells functions, Th0 cells activation, expansion, and differentiation into effector T-cells, controls immune
response by maintaining Treg cells.

(67)

IL-4 T-cells, macrophages Cytotoxic T-cells proliferation, enhances MHC Class-II molecules expression. (68)
IL-6 T-, B-, and plasma

cells
Regulation of acute phase response, activation of T helper cells. In combination with TGF-b induces Th17 cell
differentiation during chronic inflammation.

(69–71)

IL-8 Neutrophils Chemoattractant for neutrophils and T cells (72)
IL-9 T- and

mast cells
T-cell proliferation, mast cell growth, and Th2 cytokine secretion. (73)

IL-10 T-, dendritic cells
(DCs), and
macrophages

Inhibits cytokine production by activated macrophages and DCs. Inhibits antigen-presenting capacity of monocytes and
downregulates class-II MHC molecules expression.

(74)

IL-12 NK and T-cells Promotes proliferation and cytotoxic effect of NK cells. Stimulates IFN-g and TNF-a production in Th0 cells. (75)
IL-17 Mucosal tissues,

endothelial, T-, NK
cells, and monocytes

Amplifies the inflammatory response induced by pre-existing tissue injury. Promotes production of some cytokines such
as IL-8, MCP-1, CXCL1, G-CSF, GM-CSF, IL-1, IL-6, and TNF-a

(76, 77)

IL-18 Th1, NK, and B cells Pro-inflammatory cytokine. Up-regulates cell adhesion molecules for leukocyte trafficking and induces nitric oxide
synthesis. Cooperates with IL-12 inducing IFN-g production from T helper and NK cells, leading to NK cell activation;
up-regulates antigen presentation and exhibits antiviral and antitumoral functions

(78, 79)

IL-22 Fibroblasts, epithelial
cells

Induces release of acute phase proteins (80)

IL-23 T-cells Stimulates the production of IFN-g by Th1 cells, induces differentiation of CD4+ T-lymphocytes cells into Th17 and
suppresses induction of Treg cells

(81)

IL-27 T-cells Pro-inflammatory
Induction of early Th1 differentiation.
Anti-inflammatory
Suppression of IL-2, IL-6, and IL-17. Reduces CD4+ T-lymphocytes differentiation into Th17, suppression of ROS
production by macrophages and neutrophils. Inhibits DCs maturation.

(82–84)

TNF-a Neutrophils,
macrophages,
monocytes, and
endothelial cells

Immune regulation, fever, and inflammation (85)

TGF-b Different populations of
immune cells

Enhances acquisition of myofibroblastic phenotype. Promotes and accelerates the wound healing process, acts as a
chemoattractant for monocytes and fibroblast, potent inducer of the expression of a-smooth muscle actin, fibronectin,
and collagen (major ECM proteins).

(86, 87)

GM-CSF Myeloid-lineage
derived cells

Promotes DCs differentiation in response to cytokine or inflammatory stimuli, activates the effector functions of myeloid
cells at the resolution of inflammation to promote wound healing and tissue repair.

(88, 89)

G-CSF Granulocytes Stimulates proliferation and differentiation of granulocyte line, stimulates peripheral Th2-inducing DCs (90)
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90% of cervical cancer, 85% of anal cancers, and 50% of penile,
vulvar, and vaginal cancers. HBV infection causes acute and
chronic hepatitis, and is a major risk factor for the development
of hepatocellular carcinoma (HCC). HCV is another virus that
Frontiers in Oncology | www.frontiersin.org 8
shows tropism to the liver. Chronic HCV infection is associated
with increased inflammatory cytokines and chemokines, and is
the major risk factor for the development of HCC. This virus has
been related to the development of some other carcinomas, as
FIGURE 1 | The relationship between acute and chronic inflammation. Harmful agents that damage tissues trigger the release of PAMPs, DAMPs, and HAMPs.
Surrounding tissue cells sense these molecules through surface or intracellular receptors that trigger signaling pathways for the production of proinflammatory
chemokines and cytokines. These soluble factors promote the migration of neutrophils and monocytes to the site of injury producing RNOs, NETs, increased iron,
and phagocytizing noxious agents. Once the source of damage is eliminated, resolution of inflammation is induced, mediated by immunoregulatory cells and
suppressor cytokines, restoring tissue homeostasis. Dysregulation and perpetuation of the aforementioned processes cause chronic inflammation. PAMPs,
Pathogen-associated molecular patterns; DAMPs, Damage-associated molecular patterns; HAMPs, Homeostasis-altering molecular processes; RNOs, Reactive
oxygen and nitrogen species; NETs, Neutrophil extracellular traps. Created with Biorender.com.
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well as B-cell non-Hodgkin’s lymphoma. In general, oncogenesis
by these infections can be mediated by i) oncogenic proteins
encoded by virus genome, ii) oncogenic driver mutations that
directly or indirectly induce chronic inflammation, iii) promote
genomic instability that leads to carcinogenesis.

Excellent reviews of the molecular aspects and oncogenic
pathways contributing to cellular transformation, concerning
these and other viruses, have been previously published
(103, 104).

With regard to bacterial agents, Helicobacter pylori infection
has been recognized as a risk factor for gastric cancer. H. pylori
induces inflammation by recruiting immune cells, which increase
the production and release of RNOs to generate genomic
instability causing the transformation of gastric epithelial cells
(105). In this regard, some groups have found that H. pylori
increases the activity of the Th17 lymphocyte subpopulation with
consequent increase of IL-17 production, thus establishing an
inflamed environment that stimulates the development and
growth of cancer cells (106). However, this paradigm is
shifting, as recent studies showed that H. pylori can directly
interact with host genes that regulate the cell cycle, cell death,
and other mechanisms of tumor suppression, thereby promoting
the growth of incipient transformed cells (107).

Fusobacterium nucleatum upregulates host oncogenes
through the interaction between its virulence factor FadA and
E-cadherin expressed on epithelial cells. Clathrin-mediated
endocytosis of the bacterium leads to phosphorylation of b-
catenin and NF-kB activation, which upregulates inflammatory
cytokine production. In addition, downstream activation of
WNT, Myc, and Cyclin D1 promotes cellular proliferation to
induce colorectal cancer (108, 109).

Enterotoxigenic Bacteroides fragilis (ETBF) is associated with
risk to colorectal cancer (CRC) by recruiting Th17 cells and
altering the STAT3/Th17 pathway (110). Excellent reviews about
the participation of other pathogens in cancer development
could be found elsewhere (107, 111).

With regard to the impact of sterile inflammation in the cancer
development, environmental or lifestyle factors such as tobacco
smoking, fine particle inhalation, and asbestos exposure are
associated to lung cancer and mesothelioma (112). Wu et al.
demonstrated that particulate matters present in air pollution
cause autophagy-mediated inflammation in mice. Particulate
matter activates TLR-4 that stimulates autophagy through
mTOR inhibition. This event leads to activation of the NF-kB
signal ing pathway to upregulate the expression of
proinflammatory cytokines, which might act as an important
triggering event to develop cancer (113). Low-grade
inflammation induced by excessive lipid accumulation,
hyperglycemia associated with diabetes, and obesity increase the
risk of different types of cancers, including liver, pancreatic, colon,
breast, and other malignancies (114, 115). In addition, the
presence of autoimmune diseases is now recognized as a risk
factor of some types of cancer. For example, celiac disease, a
systemic autoimmune disorder associated with chronic
inflammation, is associated with the occurrence of gastric cancer
and intestinal lymphomas in distinct cohorts of individuals (116).
Frontiers in Oncology | www.frontiersin.org 9
As was mentioned before, phagocytic cells produce large
amounts of iron. During chronic inflammation, iron
participates in generating the oxidative burst required to kill
phagocytosed pathogens. However, when deregulation in the
production of iron occurs, ROS can cause protein denaturation,
lipid peroxidation and DNA damage. As noted above, chronic
inflammation caused by persistent pathogens can alter DNA and
lead to tumor development. Likewise, this inflammation
increases the genetic damage initially caused by physical,
chemical or biological factors. Common signaling pathways
between inflammation and cancer are depicted in Figure 2. In
addition, recent findings have added a new avenue in the
complex relationship between inflammation and cancer
because oncogenic changes could induce a chronic
inflammatory microenvironment.

Sustained proliferation of tumor cells requires a high demand
for nutrients. Cancer cells utilize metabolic byproducts
from immune and stromal cells to support cancer growth.
Iron is one of these demanding nutrients and it has been
reported that cancer cells capture several cytokines from the
microenvironment to increase iron uptake and repress its efflux
FIGURE 2 | Molecular pathways linking inflammation and cancer. Chronic
inflammation acts as an extrinsic pathway for cancer development. In tissue
cells, genetic and epigenetic alterations act as intrinsic pathway to induce cell
transformation. Both pathways impact on the activation of transcription factors
that support inflammation and tumorigenesis. Created with Biorender.com.
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in order to maintain high levels of intracellular free iron
(91, 117).

In addition, epithelial and immune stem cells carrying driver
mutations or in early stages of cancer development enable the
aberrant pathway signaling for blockage of cell death process and
uncontrolled cell proliferation, causing tissue stress that favors a
chronic inflammatory microenvironment. Gene-driver
mutations in oncogenes such as Kirsten rat sarcoma (K-RAS),
rearranged during transfection (RET), or MYC can continuously
activate pathways that upregulate the expression and secretion of
some proinflammatory cytokines, such as IL-1b, CSFs, IL-8, and
CXC chemokines, among others (118–120). Continuous increase
of inflammatory mediators and growth factors by stroma cells
induces the inflammatory microenvironment that may
contribute to the initiation and promotion of cancer.

The incipient and local inflammation leads to infiltration and
increase in phagocytic cells that maintain a continuous release of
RNOs, increasing mutations in oncogenes and tumor suppressor
genes or epigenetic changes (121, 122). Mutagenic agents (e.g.,
peroxynitrite) may increase oncogenic transformations that
cause non-synonymous mutations, which generate neopeptides
in proteins that may act as tumor antigens. Moreover, metabolic
alterations play as HAMPs to facilitate inflammasome activation
and the synthesis and release of proinflammatory cytokines (123,
124). Dou et al. reported that cancer cells contain extranuclear
chromatin (13). In varied cancers, cytoplasmic chromatin acts as
a danger signal that activates the chromatin-cGAS-STING
pathway, stimulating the expression of proinflammatory
cytokines that, in a short term, activate the innate immune
cells. However, persistent activation of this pathway leads to
chronic inflammation induction and increases the genomic
instability in tumor cells.

The evidence presented in this section suggests that
perpetuated inflammatory response could facilitate the release
of genotoxic agents, leading to a tumorigenic event. This process
might be mediated by indirect or direct damaging of the genetic
material of normal cells or through the established and preserved
inflammatory microenvironment in which cytokines and growth
factors stimulate the growth and development of nascent tumor
cells. Together, these data demonstrate that sterile or non-sterile
chronic inflammation may act as an extrinsic condition that
precedes or promotes carcinogenesis. The crosstalk between
tumor-inflammatory cells induces angiogenesis, facilitate
metastasis, and modulate the antitumor immune response.
CANCER IMMUNOEDITING THEORY

Inflammation, as discussed above, is considered an enabling
characteristic to promote tumor development. In this regard,
inflammation might act as an extrinsic condition that transforms
normal into tumor cells or could be an intrinsic event elicited by
the aberrant activation of intracellular pathways due to
mutations in driver genes. Stromal and immune cells
participate in sustaining the elicited inflammatory state
Frontiers in Oncology | www.frontiersin.org 10
contributing in the acquisition of cancer biomarkers. However,
in recent years, this view of the immune system as a driving force
to promote tumorigenesis has been challenged by the
understanding of the immune and stromal cell communication
with cancer cells. Data obtained from in vitro studies and animal
models show that specific genetic or molecular immune deletions
exposed to genotoxic agents induce tumor development (125,
126). Schreiber’s group proposed the cancer immunoediting
concept, explaining the tumor development and its progress in
a host with a competent immune system (127). This theory is
composed of three phases: the first involves the elimination
phase, in which the immunosurveillance mediated by the
innate cells, and also the adaptive immune response, help the
total elimination of nascent tumor cells. This theory suggests that
when tumor cells are not completely eliminated by the host
immune response, a new phase known as equilibrium is induced.
In this phase, the innate and adaptive immune cells continue to
recognize and destroy susceptible immunogenic clones of the
tumor that are continuously arising (128). This stage has been
proposed as the longest in duration as tumor cells might enter in
a dormant state induced by the immune response, a process
called immune-mediated dormancy. In addition, other cellular
events could be participating. Finally, in the escape phase, tumor
cell clones become refractory to cytolytic molecules released by
effector immune cells. Moreover, tumor cells affect the cytokine
or growth factor microenvironment produced by the immune
and stroma cells, impeding an efficient host immune response
and thus causing the emergence of a clinically detectable tumor
mass. At this moment, the immune and stroma cells in the tumor
microenvironment switch from an antitumor to a protumoral
activity contributing to the maintenance of the distinctive cancer
biomarkers according to Hanahan and Weinberg (99).
Interactions Between Innate and Adaptive
Immune Cells and Nascent Tumor Cells
Early clinical oncology observations lead to discernment that
neoplastic cells are recognized and eliminated by the host
immune system.

A deeper knowledge of the nascent transformed cells and
their subsequent neoplastic transformation for establishing a
critical tumor-initiating cell has been achieved. However, the
nature of critical interactions between nascent tumor and innate
immune cells are still elusive due to obvious technical challenges
related to in vitro and in vivomodels. To overcome this obstacle,
experimental models of chemotherapy-induced stress
immunosurveillance have been developed to analyze the
participation of innate immune cells (126). Based on these
previous reports, we can highlight some aspects related to the
nascent transformed cell, its ongoing transformation, and the
early participation of the most important types of innate and
adaptive immune cells. Knowledge of the distinct immune cell
types and their roles in the antitumor immune response
induction has led to the establishment of a tight collaboration
between the innate and adaptive responses to control
tumor progression.
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Genotoxic agents are continuously impacting the genome of
cells that constitute the human body and might promote the
emergence of nascent transformed cells. From an immunologic
perspective, the immunosurveillance theory suggests that distinct
types of immune cells are continuously patrolling the body to
detect and eliminate nascent tumor cells. For sensing, innate cells
are armed with a collection of receptors for an immediate
response against nascent transformed cells or their initial
development. Immune cells with this capacity, particularly
from the innate lymphoid cell (129, 130) compartment, have
been identified, such as NK cells, g-d T-cells, and NKT, which
perform the immunosurveillance.

NK cell activation is regulated by a strict balance between
activation and inhibition signaling pathways controlled by their
respective receptors (131–133). NK cells mediate the lysis of the
target cells by releasing granzymes and perforin contained in
their cytoplasmic granules. Release of these molecules at the zone
of tight intercellular contact triggers target cell death (134). In
addition to their main lytic function, some other NK
subpopulations release chemokines and cytokines, with IFN-g
released earlier and as the most crucial cytokine (135).

Natural Killer T (NKT) cells were first detected in mice and
some years later in humans (136, 137) and they have been
incorporated as part of the innate immune response. NKT
cells, unlike NK cells and T-lymphocytes, express a semi-
invariant a-b T-cell receptor with restricted repertoire to
recognize various endogenous and exogenous glycolipids or
ant igenic l ip ids assoc iated to non-c lass ica l major
histocompatibility complex (MHC)-like molecules, particularly
the CD1d glycoprotein molecule (138–140). The a-
galactosylceramide identified as a CD1d-restricted NKT cell
antigen boosted the biologic importance of NKT cells in
homeostasis and pathological conditions. Stimulation of NKT
cells cause the immediate release of large amounts of cytokines
and the same cytolytic machinery as NK cells (141).

g-d T-lymphocytes constitute a small proportion of T-
lymphocytes infiltrating several tissues; therefore, they were
formerly designed as intraepithelial lymphocytes. For their
localization, these cells have a primordial participation in
detecting tissue perturbation, infection, or tumors. g-d T-
lymphocytes, as well as NK cells, express the NKG2D receptor
that recognizes MICA/MICB and ULBPs proteins upregulated in
stressed cells. The response called “lymphoid stress-surveillance”
impedes the dissemination of infected or malignant cells.
Subpopulations of g-d T-cells have been described to infiltrate
distinct types of tumors, and some of them participate in
secreting cytokines such as IFN-g and TNF-a. Detailed
information of this type of innate immune cell is indicated in
Silva-Santos et al. (142).

In summary, NK, NKT, and g-d T-cells show effector activity
mediated by the release of perforin and granzyme from cytoplasmic
granules or mediate the cell death by the death receptor pathway.
Moreover, NKT cells essentially release an array of cytokines for
favoring activation of the cytotoxic activity of NK and g-d T-cells.
Reports indicated that innate cells in addition to cytokine
production also release chemokines to attract more immune cells.
Frontiers in Oncology | www.frontiersin.org 11
A tight collaboration among NK, g-d T-cells, and NKT
conforms a wide network to alert and react quickly to
environmental changes for a successful destruction of the arising
transformed cells. At this point, these cells participate in the
immunosurveillance theory (143), which was incorporated as part
of the elimination phase of the cancer immunoediting concept.

Based on the harmful agents inducing inflammation, PAMPs,
DAMPs, and HAMPs in the microenvironment activate the
endothelium because some of them show chemoattractant
activity. In addition to cytokine production, innate cells also
release chemokines. These soluble factors attract certain cell types
as was previously mentioned in the acute phase of inflammation. In
this initial and limited inflammation, neutrophils and mainly
macrophages are the most abundant recruited cells to the injured
tissue (144). Neutrophils and macrophages phagocytize dead cells
and release RNOs causing a hostile oxidative damage that is mainly
mediated by intracellular iron accumulation.

This oxidative stress generates cell death of susceptible viable
tumor cells and simultaneously cause further genomic
perturbations that increase genomic instability in residual
viable cells. In this setting, the innate immune response is
crucial to eliminate some susceptible tumor cells, while
eliciting an antitumoral adaptive immune response.

When the transformed cells are not successfully eliminated by
the innate cells, participation of the adaptive immune response is
involved. In this step, conventional DCs, monocyte-derived DCs,
and macrophages phagocytize transformed dead cells and process
the altered self-proteins, harboring non-synonymous mutations,
into small neopeptides. After, tissue DCs and macrophages migrate
to lymphoid organs, where they mature. In the lymph node, mature
DCs (mDCs) act as potent APCs. APCs present non-self-peptides in
classes I and II MHC molecules to T-cells, which recognize the
MHC-peptide complex through their T-cell receptor (first signal).
In this interaction, expression of various costimulatory molecules is
required (second signal), and simultaneously APCs release an array
of inflammatory cytokines (IL-12, IL-23, IL-6, IL-27, IL-10, and
TGF-b) (third signal). These signals are required for the adaptive
immune response mediated by antigen-specific CD4+ T-
lymphocytes clones. In a synchronized process in the lymph
nodes, APCs also present tumor neopeptides to CD8+ T-
lymphocytes through a process known as cross-priming.

In CD4+ T-cells after clonal expansion, they differentiate into
effector Th1 lymphocytes that secrete an array of other cytokines
(IL-2, IFN-g, etc.) that provide autocrine and paracrine loops
that continuously stimulate and expand tumor-specific CD4+
(Th1) and CD8+T-lymphocyte clones. During CD8+T-
lymphocytes expansion and differentiation, gradually
synthesize granzymes and perforin to become CTLs, which
share the same cytolytic machinery with NK and NKT cells.
Then, CD4+ and CD8+ lymphocytes with effector phenotypes
migrate to reach the tumor zone and interact with malignant
cells. Revisions that provided a detailed description of antigen
processing and presentation to T-lymphocytes and also the array
of involved cytokines have been previously published (145).

While CD4+ T- and CD8+ T-lymphocytes expand to effector
cells, innate cells participate in destroying susceptible
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transformed cells in the tumor mass. Reports indicated that, in
tumor bearing mice (146, 147), some cytokines (IL-2, IL-12, IL-
15, and type I IFN) upregulates the NK cytolytic activity in
collaboration with effector CTLs that in sufficient amount
display an antitumor activity, resulting in the elimination of
the initial tumor mass. See Figure 3.

Early and local tumor microenvironment is achieved in a
coordinated and tightly regulated cellular inflammatory
mechanisms that, after eliminating tumor cells, the resolution
phase of the inflammation participates in the original tissue
repair. When malignant cells were completely destroyed, most of
the effector CD4+ T- and CTLs becomes tolerogenic or die by
distinct mechanisms. However, a small proportion of the effector
cells became memory T-lymphocytes, finishing the elimination
phase (148).

Equilibrium Phase
The immunoediting theory suggests that when the innate and
adaptive immune responses do not eliminate all transformed
Frontiers in Oncology | www.frontiersin.org 12
cells and some of them maintain their viability, the remaining
tumor cells will gradually increase its genomic instability. In
addition, macrophages, neutrophils, tissue resident, or chemo-
attracted phagocytic cells produce extrinsic factors such as RNOs
that increase the genomic instability (149). Increased intrinsic
alterations in the DNA repair machinery disrupted cell-cycle
control and cell death are some of the affected processes.

As previously indicated, tumor recognition by NK and NKT
is limited; therefore, their effector activity might be overwhelmed
by transformed cells that are arising and gaining more and new
mutations. The novel immunogenic antigens stimulate the
participation of the adaptive immune cycle(s). Clones of CD4+
and CD8+ T-lymphocytes expressing TCR to recognize novel
neopeptides are activated. This cycle repeats itself as long as
immunogenic tumor neopeptides are generated and as a
consequence of sustaining tumor cell proliferation, according
to the cancer immunity cycle proposed by Chen et al. (150). In
this scenario, during the equilibrium phase, the adaptive immune
response helps eliminate the preceding and new clones of
FIGURE 3 | Cancer immunoediting theory. Elimination phase, immune cells with pro-inflammatory activity involved in the recognition and cell death of nascent tumor
cells are indicated. Equilibrium phase, tumor zones composed of immune cells with proinflammatory and protumoral activites coexist in the tumor. In this long phase,
dormancy and/or autophagy of the tumor cells might be occurring. Also, in the chronic inflammatory environment the Th17 cells could be participating. Escape
phase, in this final step, tumor cells acquire mechanism to block the activity, cytocidal mechanisms of immune cells or maintain a microenvironment to promote in
immune cells pro-tumoral activity. See text for further explanation. NK, natural killer cell; N1, type-1 neutrophil; mDC, mature dendritic cell; M1, type-1 macrophage;
CD8+T, CD8 positive T-lymphocyte; CD4+T, CD4 positive T-lymphocyte; M2, type-2 macrophage; Tol DC, tolerogenic dendritic cell; N2, type-2 neutrophil; MDSC,
myeloid-derived suppressor cell; Treg, regulatory T cell. Created with Biorender.com.
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immunogenic tumor cells, and thus, an antitumoral activity is
essential in this chronic inflammatory microenvironment.

In the equilibrium phase, tumor clones of the initial tumor
might gain lethal mutations due to the high stochastic mutational
rate that occurs as part of the cancer natural evolution (99). In
this aspect, several mechanisms to eliminate genomically
unstable cells have been reported, including the mitotic
catastrophe (151, 152). Cell death for this condition supports a
chronic inflammatory environment in which the antitumoral
activity of immune cells should be preponderant. However, some
cytokines and growth factors (IL-17, IL-6, IL-10, TGF-b, GM-
CSF, etc.) are simultaneously released in the microenvironment;
hence, the proliferation of malignant epithelial cells containing
the genetic arsenal can stimulate tumorigenesis (153). These
tumor clones gradually acquire growth advantage by forming a
critical tumor mass that allows them to resist the effect of
cytotoxic molecules released by the immune cells or induce
microenvironments that change the phenotype of immune
cells into a protumoral activity.

The equilibrium phase is considered as the step with longest
duration. An event that could preserve this long duration is
tumor dormancy, a mechanism characterized by both inhibited
proliferation and cell death. Several studies provide data that the
aberrant organization of tumor growth leads to loss of tissue
architecture, inducing a deficient crosstalk with the extracellular
matrix components. Loss of this communication supports tumor
dormancy (154). Moreover, gradual increase in tumor mass
could establish an oxygen- and nutrient-limited environment,
due to the absence of factors involved in neovascularization turn
on, resulting in a stage of cell dormancy. This event is reversible
when the angiogenic program is activated.

In addition, as innate and adaptive immune systems destroy
proliferating tumor cells, some malignant cells may enter into
cellular arrest reducing their proliferation and keeping them
clinically dormant. Other possible mechanisms may be involved
in tumor cell dormancy is the histologic type of cancer.
Undoubtedly, a deeper knowledge of these phenomena during
the equilibrium phase should generate new markers and
therapeutic targets related to earlier cancer stages.

Autophagy is another even that could be associated with the
equilibrium phase and caused by nutrient deficiency in tumor
microenvironment. The role of autophagy in cancer has been
considered as dichotomic, which might act as a tumor suppressor
mechanism during early tumorigenesis but might stimulate the
growth and survival of tumor cells in advanced stages (155, 156).
Some reports indicate that dormant cells upregulate autophagy
in order to meet the metabolic demands to sustain their viability
(157). Interestingly, several studies reported that tumor cells
increase the autophagy rate to evade the NK, NKT, g-d T-cell,
and CD8+ T-cell activities (158, 159). Baginska et al. revealed
that in MCF-7 cells, autophagy impairs the cytotoxic activity of
NK cells by sequestering and degrading the granzyme B inside
the autophagosomes under hypoxic conditions. In addition,
Yamamoto et al. recently found that, in a mouse model of
pancreatic cancer, tumor cells increase autophagy to selectively
degrade class I MHC molecules, thereby reducing the expression
Frontiers in Oncology | www.frontiersin.org 13
of neopeptides and their subsequent recognition by CD8+ T-
lymphocytes (159, 160). Overall, these findings suggest that
during the equilibrium phase, tumor dormant cells could
upregulate autophagy that sustains cell viability and hinders
the cytotoxic effect of innate and adaptive immune cells and
thereby helps in tumor sculpting. See Figure 3.

To sum up, in the equilibrium phase tumor development will
depend on diverse factors such as the type of agent involved in
the tumor induction, oncogenic signaling pathways implicated in
the cellular events in the tumor, histological type of cancer,
microenvironment in which the primary tumor is induced,
genetic susceptibility of the patient, and some several other
factors such as gender and age, among others.
Escape Phase
This is the latter stage of cancer immunoediting. In this step, the
accumulation of genomic alterations, conferred by gradual or
catastrophic events along different stages of tumor development,
originate primary tumors with high intratumoral heterogeneity
(161). These clones have undergone a long selection process,
rather due intrinsic mechanisms aimed to eliminate cells with
aberrant, genetic alterations and to the pressure exerted by the
host immune systems, which eliminated the immunogenic
tumor clones that sculpt the tumor phenotype.

The spatiotemporal interplay of oncogenic driver characteristics
of the tumor cell, its interaction with various immune and stroma
cells, and matrix elements impact in the establishment of inherent
complex and shifting microenvironments with distinct biological
variability. These microenvironments allow generation of
distinctive microhabitats that over time lead to development of
diverse cellular niches, which have been reported on the same
surgical specimen (162). In this step, tumors establish an
immunosuppressive environment to evade the recognition and
destruction of the host immune response. Diverse compounds of
the tumor microenvironment derived from metabolic changes,
reduced oxygen supply, altered tissue architecture and other factors
encourage the release of growth factors, cytokines, and soluble
ligands that reduce the tumor antigen recognition, block the
immune cell activation or inhibit the effector phase of the
cytolytic immune cells. Tumor cells secrete numerous
chemokines and cytokines with protumoral activity, such as
TGF-b, IL-10, IL-4, IL-6, G-CSF, and GM-CSF, among others.
Local overproduction of these cytokines by tumor cells, in addition
to that produced by immune and stromal cells, maintain an altered
environment for tumor progression. In particular, cytokines such
as TGF-b, IL-6, and IL-10, alone or in combination, can promote
the expression of immune cells with regulatory function, such as
Tregs, MSDCs, M2 macrophages, N2 neutrophils, and immature
DCs (iDCs).

Another point of complexity is the tumor and immune
cellular heterogeneity. The proportions, spatial distribution,
and functionality of the cells infiltrating the tumor to produce
cytokines and growth factors vary in each tumor even those with
the same histological type (intertumoral heterogeneity).
Moreover, these characteristics have been demonstrated to vary
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in different specimen zones, thereby supporting the notion of
intratumoral heterogeneity. The primary immune cell identified
in tumor infiltration, due to its importance in tumor cell
elimination, is the CD8+ T-lymphocytes (CTLs). In this
immune population, proteins related to the cytotoxic potential
such as granzyme B and perforin have been analyzed.
Furthermore, expression of checkpoint markers such as CTLA-
4 and PD-1 have been associated with T-cells undergoing
chronic stimulation, a phenomenon known as exhaustion
(163). Various studies also reported that due to cell plasticity
in response to environmental cytokines, high infiltration of Treg
cells, M2 macrophages, DCs, or MDSCs can be detected
(164, 165).

Another event that has been reported to affect the tumor cell
heterogeneity is the epithelial-mesenchymal transition (EMT),
triggered by inflammatory stromal cells and ECM components.
During the tumor growth, some zones of the tumor mass reach a
size that prevents oxygenation, inducing hypoxic zones and
production of cells with more aggressive phenotypes. TGF-b, a
key player for the EMT, is produced by neutrophils, platelets, M2
macrophages, MDSCs, and tumor cells themselves. Furthermore,
TGF-b is released from its latent form from ECM proteins (166,
167). The EMT signature has been associated with expression of
different immune checkpoints inhibiting the effector cells (168–
170). Despite the significant progress in this issue, more studies
are required to understand the complex and dynamic circuits
associated with the EMT transition, the gradual acquisition of
protumoral phenotypes by immune cells, and the resistance to
cancer therapies, mainly immunotherapy.

Another mechanism participating in the escape phase of
immunoediting theory is the production of immunosuppressor
metabolites. T-lymphocytes have been demonstrated as the
principal cells producing IFN-g to maintain a chronic
inflammatory environment. However, as a negative feedback
regulatory mechanism, they also induce the expression of
indoleamine 2,3-dioxygenase 1 (IDO-1) in endothelial cells
and stromal fibroblast. IDO-1 degrades tryptophan, an
essential amino acid for lymphocyte survival. The regulatory
environment created by this mediator can offer a pathway of
tumor immune escape. Numerous reports indicated that IFN-g
induces IDO-1 expression in tumor cells and is associated with a
negative prognostic factor in several cancers (171). In tumor
microenvironment, IDO-1 produced by cancer cells, DCs and
plasmacytoid dendritic cells (pDCS), induces downregulation of
the z chain of the TCR in T-lymphocytes. In CD8+ T, g-d T-cells
and NK cells decrease the expression of degranulation marker
CD107a and granzyme B. Moreover, IDO-1 acts as a potent
suppressor of CD8+ T-lymphocyte activation, stimulates the
differentiation of naïve CD4+ T-cells into FoxP3+ Tregs,
promotes T-lymphocyte cell death, and has been reported to
correlate with the expression of PD-1 and PD-L1 immunologic
checkpoints. All these evidences, using animal models and
human studies, demonstrated the biological importance of
IDO-1 in promoting and facilitating tumor progression (172).

Chronic inflammation is maintained during tumor
development. In early stages of tumor development
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(elimination phase), the inflammatory response exerts an
antitumoral effect. However, in advanced stages of cancer,
deregulation or overproduction of chronic inflammation
mediators show protumoral activity by inhibiting the host
immune response. The essential amino acid L-arginine (L-arg)
participates in the immune cell proliferation. During the repair
phase of acute inflammation, macrophages recruited to the
injured area express arginase, an enzyme that hydrolyzes L-arg
to L-ornithine, which is then degraded to proline for collagen
synthesis (173) or forms polyamines that stimulate cell
proliferation (98). Reports indicated that tumors can produce
L-arginase; however, most studies found that the production of
L-arginase is derived from tumor-associated stroma cells,
including macrophages, DCs, granulocytes, monocytes, and
mast cells, grouped as MDSCs. Distinct local factors from
DAMPs to varied environmental conditions such as hypoxia,
nutrient deficiency, cellular metabolites, products derived from
the ECM, growth factors, and cytokines stimulate the arginase
production in MDSCs. In tumor microenvironment, starvation
of L-arg by MSDCs downregulated the CD3 z chain of the TCR
in lymphocytes; reduced the MHC molecule expression
hampering the tumor antigen presentation; restricted viability,
proliferation, and effector activity of the NK cells; and induced
the presence of alternative macrophages M2 and N2 neutrophils.
All and other alterations promote the protumoral activity of the
immune response. An excellent review of MSDCs induction and
their importance in tumor microenvironment has been recently
published by Grzywa et al. (174). See Figure 3.

Under physiological conditions, the immune cell response is
strictly regulated by a balance of stimulatory and inhibitory signals
to maintain self-tolerance or by minimizing the duration and
extension of inflammation. Receptors and ligands, both members
of this attenuating pathway, have been designed as “immune
checkpoints.” The roster of this type of molecules is rapidly
expanding, including but not limited to the following: CTLA-4,
PD-1, LAG-3, TIM-3, TIGIT, GITR, and CD96 Also, some
members of the B7-CD28 family [B7-H3, V-domain Ig
suppressor of T-cell activation (VISTA), and B7-H7], Siglec-7 and
Siglec-9, CD200, CD47, and recently HLA-G have been reported.

Several authors have reported that TILs express distinct
checkpoints and have been associated with immune response
inhibition. In addition, reports indicate that some cancers
upregulate the expression of some checkpoints or corresponding
ligands. During cancer development, cancer-driving gene
alterations and microenvironmental factors have a key role on
the ligands or checkpoint molecular expression on cancer
cells (175).

The VISTA is a recently discovered immune checkpoint. In
human cancers, VISTA expression has been reported in
melanoma, hepatocellular carcinoma, colorectal, oral squamous
cell carcinoma, gastric carcinoma, acute myeloid leukemia,
ovarian cancer, and non-small cell lung cancer (NSCLC) (176,
177). On ovarian cancer cells, VISTA expression is associated
with suppression of T-cell proliferation, infiltration, and cytokine
production (178). However, in melanoma, VISTA has been
reported to promote the induction and maintenance of Treg
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cel ls (179) . Wang et al . ident ified that V-Set and
immunoglobulin domain containing 3 (VSIG-3) molecule is a
putative ligand of VISTA. In this regard, VISTA/VSIG-3
interaction inhibits proliferation of T-cells and diminish the
production and release of some chemokines and cytokines
such as IFN-g, IL-2, IL-17, CCL5/RANTES, CCL3/MIP-1 a,
among others (180). It has been demonstrated that VSIG-3 is
over-expressed in colorectal and intestinal cancers, as well as
hepatocellular carcinomas (181).

Galectins are a family of proteins that bind to a specific glycan. In
cancer cells, aberrant glycosylation of these proteins has been
reported. Secreted galectin-9 facilitates immune suppression by
killing CTLs and impairing the NK cell activity. In contrast, the
more likely detected membrane expression of galectin-9 protects
tumor cells against CTLs-induced death. Yasinska et al. recently
reported that cancer cell lines from the brain, colorectal, kidney,
blood/mast cell, liver, prostate, lung, and skin expressed detectable
amounts of both TIM-3 and galectin-9 proteins (182).

In addition to APCs and Treg cells in the tumor
microenvironment, cancer cells express CD155 (PVR) and
CD112 (PVRL2, nectin-2) molecules, which are ligands of the
T-cell immunoreceptor with immunoglobulin and ITIM domain
(TIGIT), DNAM-1 (CD226), TACTILE (CD96), and the
recently described PVRIG checkpoint. TIGIT, expressed in
activated CD4+ T- and CD8+ T-lymphocytes and NK cells,
binds to CD155 or CD112 ligands, triggering a signaling pathway
that blocks effector T-lymphocyte functionality, thereby acting as
an important tumor evasion mechanism (183, 184).

The member of the B7 superfamily of immune modulatory
ligands B7-H3 (CD276) is an additional checkpoint related to B7-H1
(PD-L1), B7-DC (PD-L2), B7-H2 (ICOS-L), and CTLA-4 ligands
B7-1/B7-2 (CD80/CD86). Normal tissues express B7-H3 and are
highly overexpressed in numerous carcinomas. In most cases, B7-
H3 expression is associated with poor outcomes in melanoma,
leukemia, prostate, colorectal, and ovarian cancers (185–191). In
cancer cells, B7-H3 has been associated with the promotion of
protumorigenic functions, such as angiogenesis, migration and
invasion, EMT, metabolism, and chemoresistance (189).

PD-L1 is by far one of the most important and studied ligands of
checkpoint molecules in cancer cells since its expression has been
employed as a prognostic marker. To this respect, PD-L1 is
expressed in renal cell carcinoma, NSCLC, colorectal, breast,
gastric, papillary thyroid, and testicular cancers (192). Recently,
Hou et al. reported that phosphorylated STAT3 is associated with
PD-L1 in the tumor cell cytoplasm in hypoxic conditions, the
binding that facilitates nuclear import of PD-L1. Authors describe
that in multiple cancer cell types, including lung, breast, liver, and
ovarian cancers and melanoma, nuclear PD-L1 facilitated TNF-a-
induced apoptosis by enabling tumor cell necrosis (193). Perhaps in
cancer patients with favorable clinical response to the anti-PD-1 or
PD-L1 antibody-based therapy and with biopsies containing a high
infiltration of T-lymphocytes, particularly effector CD8+ T-cells, in
the intraepithelial compartment or intraepithelial and stroma zones
that are also PD-1+ or PD-L1+, an analogous phenomenon
described by Hou may be occurring. Immunotherapy-mediated
brake release, in addition to DAMP shedding by tumor necrosis,
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might trigger an efficient activation of the host immune response.
Further studies assessing variations in different subsets of circulating
immune cells throughout the checkpoint therapy are required to
analyze these issues.

Many studies have reported that advanced stages of cancer
exhibit impaired expression of class I MHC molecules caused by
mutations or loss heterozygosity of genes involved in the machinery
for tumor antigen presentation (194). However, in pancreatic ductal
adenocarcinoma, MHC-I molecules are localized into
autophagosomes and lysosomes for selective degradation (160).
The reduced MHC-I molecule expression at the cell surface as
consequence of any alteration is a tumor evasion mechanism that
impedes the interaction of effector CD8+ T-lymphocytes for specific
tumor destruction. In contrast to the alteration of class I MHC
expression, several studies have showed that many tumors
upregulated the MHC-like HLA-G molecule, possibly due to
deregulated post-transcriptional mechanisms. In addition to
HLA-G membrane expression, tumors can transfer part of their
membrane HLA-G to immune cells or release this molecule in
exosomes. Increased HLA-G in the tumor microenvironment
induces remarkable inhibition of the host immune response,
which can be considered as an important immunoregulatory
molecule in cancer (195–197). However, further studies are
necessary to determine the biological importance of the
overproduction of the HLA-G molecules in tumors. See Figure 4.

Undoubtedly, new molecules exhibiting immune checkpoint
activity will be identified on the tumor microenvironment.
Understanding the effects that they orchestrate through the
signaling pathways that are activated in both immune cell
infiltration and tumor cells is required. These emerging
molecules combined with those already described will be useful
markers that strictly determines the prognosis of cancer patients.
ANTI-INFLAMMATORY DRUGS IN
CANCER TREATMENT

As was previously discussed, inflammation is strongly linked with
cancer development. In this context, key inflammatory mediators
such as cytokines, growth and transcription factors, and signal
transducers promote some of the hallmarks of cancer i.e., sustained
growth, cell death evasion, genomic instability, inhibition of
immune-mediated destruction, angiogenesis, and the activation
of migration-invasion programs (99). For this reason, the use of
anti-inflammatory drugs represents a promising therapeutic
strategy for prevention and cancer treatment.

In recent years, several pre-clinical and clinical studies have
demonstrated that anti-inflammatory drugs, either alone or in
combination with anti-tumoral agents, could promote tumor cell
destruction (198–200). For example, cyclooxygenase type 2
inhibitors such as celecoxib, have demonstrated to promote cell
death by interfering with the mitochondrial transmembrane
potential in an in vitro model of mouse hepatoma (201). A
similar effect was found by Jeon et. al, in human breast cancer cell
lines MCF-7 and MDA-MB-231 which were susceptible to cell
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death after exposure with celecoxib and luteolin (202). In support of
this, FDA approved the use of this drug as an adjuvant for the
treatment of familial adenomatous polyposis for preventing the
development of colorectal cancer (203).

Additionally, anti-inflammatory drugs have demonstrated to
enhance the effect of conventional anti-tumoral drugs decreasing
their toxicity by interfering with their pharmacokinetics and
metabolism. Administration of glucocorticoids previous to
treatment with gemcitabine or carboplatin promoted the
accumulation of these drugs at the tumor site in a mouse
xenograft model (204). However, no significant differences in
plasmatic concentration of docetaxel were found when combined
with prednisone in prostate cancer patients (205). For this reason,
more studies enrolling an increased number of patients are required.

Given the examples mentioned above, in recent years, the
discovery and the pre-clinical evaluation of novel anti-
inflammatory agents as anti-tumoral drugs have been
performed. In this setting, pre-clinical studies have shown that
agents based on COX-2 inhibitors or chemically modified
NSAIDs are able to inhibit cancer growth by targeting
common inflammation-cancer pathways such as MAPK, PI3K/
AKT, STAT3, and NF-kB (199). Special attention has been
focused in the activity of chemical compounds derived from
natural products which, beside of show anti-inflammatory
properties, have demonstrated anti-tumoral activity.
For example, derivates from Larrea divaricate or Artemisa
rubris plants are potent 5-lypo-oxygenase (5-LOH) inhibitors
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(206, 207). In this regard, 5-LOH inhibitors such as embelin have
shown a potent anti-tumoral activity by inducing cell death, cell
cycle arrest, and inhibition of secretion of pro-inflammatory
cytokines, growth factors, and metalloproteinases (208–210).

This evidence supports the notion that targeting inflammation
is a strategy to prevent and treat several types of cancer. However,
extensive research is needed in order to understand the molecular
mechanisms by which the anti-inflammatory agents could
interfere with biological processes related with cancer cells.
Additionally, it is important to consider that the activity of the
anti-inflammatory agents might also impact/affect other cells
present in the tumor microenvironment, mainly immune cells.
For this reason, more studies incorporating in vivo models are
required for elucidating the underlying activity of current and
novel anti-inflammatory drugs in tumor microenvironment.

Concluding Remarks and Perspectives
Acute inflammation is a dynamic, synchronized, and highly
regulated process in response to an external infectious or non-
infectious insult culminating with injured tissue healing. In this
review, we summarized advances on the mechanisms controlling
the inflammatory process. Meanwhile, pathogens release
metabolism-derived or degradation products, known as
PAMPs, and damaged cells release DAMPs. Currently, some
lipophilic metabolites, termed as HAMPs, are emerging as
important players in triggering inflammation since their
aberrant production is recognized as a danger signal. The
FIGURE 4 | Immune checkpoint molecules. Schematic representation of the main checkpoint molecules with inhibitory activity expressed in immune and tumor cells
as a mechanism of immune evasion. Created with Biorender.com.
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importance of PAMPs or DAMPs and HAMPs at the initial steps
of inflammation was highlighted. Cells and molecules, including
HAMPs, involved in the inflammation resolution were also
indicated. Although significant advances have been made in
several aspects of inflammation development and resolution,
further research is required to discern the signaling pathways
and gene expression regulation in controlling and regulating
tissue repair. Undoubtedly, knowledge of these aspects will lead
to the development of new treatments to prevent the progression
of a chronic process and improve wound healing.

However, when inflammation persists and tissue homeostasis
is lost, a chronic process is triggered. The role of inflammatory
cells and overproduction of biomolecules contributing to this
phenomenon were mentioned. Continuous production and
release of PAMPs, DAMPs, and HAMPs promote incessant
arrival of inflammatory cells that damage the normal tissue by
releasing proteases and oxidant agents. Loss of some molecules
or failure in recruitment of immune cells with regulatory activity,
as antagonists of stimulatory signal exacerbation, was indicated.
In contrast, participation of Th17 immune cells in perpetuating
the chronic process was suggested. Chronic dysregulated and
unresolved inflammation has been associated with the risk of
cancer development and has been considered as a tumor-
enabling characteristic. Although the relationship between
inflammation and cancer is well established since the last
centuries, this classical paradigm of chronic inflammation,
maintained by some types of pathogens, as the cause of cancer
is changing. With this point, several groups have reported the
activation of driver genes in the host cells by certain pathogens.
In addition, oncogenic changes in transformed cells have been
implicated in upregulating the expression and secretion of
chemokines and cytokines for maintaining an inflammatory
microenvironment. This environment facilitates the process of
tumorigenesis by increasing genomic instability and
promoting proliferation.

As tumor develops in a host with a competent immune
system, the cancer immunoediting concept suggests that innate
and adaptive immune responses, triggered in a regulated
inflammatory environment, recognize and eliminate nascent
tumor cells or tumor in earlier stages.

Due to genomic instability, a gradual gain of genetic and
epigenetic alterations leads to the emergence of distinct tumor
cell clones becoming refractory to the recognition and
elimination mechanisms orchestrated by immune cells. During
this process, tumor cells initiate programs to avoid proliferation
by the remaining dormant or upregulate autophagy for
sustaining cell viability and hindering the cytocidal effect of the
immune cells. This large equilibrium stage overlaps with the
evasion phase, in which tumor cells create an environment that
modifies the phenotype of immune cells to promote tumor
growth. In addition, different mechanisms that impede tumor
recognition by immune cells were described as another approach
of tumor evasion in this review. Studies in biopsies of cancer
patients exhibit a heterogenous distribution of distinct subsets of
tumor-infiltrating immune cells. Significant progress has been
made related to the molecular expression with inhibitory
Frontiers in Oncology | www.frontiersin.org 17
potential known as immune checkpoints. These data have been
associated with clinical outcomes of cancer patients and resulted
in the development of immunotherapies against checkpoint
molecules. However, not all patients are benefited from
immunotherapy, even when they exhibit a s imilar
immunophenotype or proportions of immune cells infiltrating
the tumor; thus, different factors may be involved in the failed
response. One of these factors may be associated with the novel
expression of checkpoint in tumor cells, besides the ligand.
Understanding the effects, they orchestrated through the
signaling pathway that activate tumor cells is required. A
rigorous understanding of the progression and complexity of
the interactions leading to overexpression of immune checkpoint
array in immune and tumor cells environment will overcome the
resistance mechanisms to this type of immunotherapy.

Despite great advances in understanding the relationship of
the inflammatory response in the development and progression
of cancer, knowledge on critical aspects involved in this process
will impact in the development of forthcoming therapies for
controlling cancer growth and increasing patient survival.
Though the in vivo models have allowed to gain depth in the
knowledge with respect of the anti-tumoral activity of anti-
inflammatory agents, not always the results obtained from
these models could be translated to cancer patients.
Undoubtedly, the human intellect will achieve a better
understanding of these phenomena by developing more
complex and dynamic models for studying the relationship
among the immune cells, cancer progression, and the effect of
anti-inflammatory agents.
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62. Sébert M, Sola-Tapias N, Mas E, Barreau F, Ferrand A. Protease-Activated
Receptors in the Intestine: Focus on Inflammation and Cancer. Front
Endocrinol (Lausanne) (2019) 10:717. doi: 10.3389/fendo.2019.00717

63. Banchereau J, Pascual V, O’Garra A. From IL-2 to IL-37: The Expanding
Spectrum of Anti-Inflammatory Cytokines. Nat Immunol (2012) 13:925–31.
doi: 10.1038/ni.2406

64. Millar NL, O’Donnell C, McInnes IB, Brint E. Wounds That Heal and
Wounds That Don’t - The Role of the IL-33/ST2 Pathway in Tissue Repair
and Tumorigenesis. Semin Cell Dev Biol (2017) 61:41–50. doi: 10.1016/
j.semcdb.2016.08.007

65. Young HA, Bream JH. IFN-Gamma: Recent Advances in Understanding
Regulation of Expression, Biological Functions, and Clinical Applications. Curr
Top Microbiol Immunol (2007) 316:97–117. doi: 10.1007/978-3-540-71329-6_6

66. Chan AH, Schroder K. Inflammasome Signaling and Regulation of
Interleukin-1 Family Cytokines. J Exp Med (2020) 217(1):e20190314.
doi: 10.1084/jem.20190314
Frontiers in Oncology | www.frontiersin.org 19
67. Abbas Abul K, Trotta E, Dimitre RS, Marson A, Bluestone Jeffrey A.
Revisiting IL-2: Biology and Therapeutic Prospects. Sci Immunol (2018) 3:
eaat1482. doi: 10.1126/sciimmunol.aat1482

68. Luzina IG, Keegan AD, Heller NM, Rook GAW, Shea-Donohue T, Atamas
SP. Regulation of Inflammation by Interleukin-4: A Review of
“Alternatives”. J Leukocyte Biol (2012) 92:753–64. doi: 10.1189/jlb.0412214

69. Tanaka T, Narazaki M, Kishimoto T. IL-6 in Inflammation, Immunity, and
Disease. Cold Spring Harb Perspect Biol (2014) 6:a016295. doi: 10.1101/
cshperspect.a016295

70. Uciechowski P, Dempke WCM. Interleukin-6: A Masterplayer in the
Cytokine Network. Oncology (2020) 98:131–7. doi: 10.1159/000505099

71. Unver N, McAllister F. IL-6 Family Cytokines: Key Inflammatory Mediators
as Biomarkers and Potential Therapeutic Targets. Cytokine Growth Factor
Rev (2018) 41:10–7. doi: 10.1016/j.cytogfr.2018.04.004

72. David JM, Dominguez C, Hamilton DH, Palena C. The IL-8/IL-8r Axis: A
Double Agent in Tumor Immune Resistance. Vaccines (Basel) (2016) 4
(3):22. doi: 10.3390/vaccines4030022

73. Goswami R, Kaplan MH. A Brief History of IL-9. J Immunol (2011)
186:3283–8. doi: 10.4049/jimmunol.1003049

74. SaraivaM, Vieira P, O’Garra A. Biology and Therapeutic Potential of Interleukin-
10. J Exp Med (2020) 217(1):20190418. doi: 10.1084/jem.20190418

75. Sun L, He C, Nair L, Yeung J, Egwuagu CE. Interleukin 12 (IL-12) Family
Cytokines: Role in Immune Pathogenesis and Treatment of CNS Autoimmune
Disease. Cytokine (2015) 75:249–55. doi: 10.1016/j.cyto.2015.01.030

76. Iwakura Y, Nakae S, Saijo S, Ishigame H. The Roles of IL-17A in
Inflammatory Immune Responses and Host Defense Against Pathogens.
Immunol Rev (2008) 226:57–79. doi: 10.1111/j.1600-065X.2008.00699.x

77. Maione F, Paschalidis N, Mascolo N, Dufton N, Perretti M, D’Acquisto F.
Interleukin 17 Sustains Rather Than Induces Inflammation. Biochem
Pharmacol (2009) 77:878–87. doi: 10.1016/j.bcp.2008.11.011

78. Dinarello CA. Overview of the IL-1 Family in Innate Inflammation and
Acquired Immunity. Immunol Rev (2018) 281:8–27. doi: 10.1111/imr.12621

79. Schroder K, Hertzog PJ, Ravasi T, Hume DA. Interferon-Gamma: An
Overview of Signals, Mechanisms and Functions. J Leukoc Biol (2004)
75:163–89. doi: 10.1189/jlb.0603252

80. Zenewicz LA, Flavell RA. IL-22 and Inflammation: Leukin’ Through a Glass
Onion. Eur J Immunol (2008) 38:3265–8. doi: 10.1002/eji.200838655

81. Boniface K, Blom B, Liu Y-J, De Waal Malefyt R. From Interleukin-23 to T-
Helper 17 Cells: Human T-Helper Cell Differentiation Revisited. Immunol
Rev (2008) 226:132–46. doi: 10.1111/j.1600-065X.2008.00714.x

82. Pflanz S, Timans JC, Cheung J, Rosales R, Kanzler H, Gilbert J, et al. IL-27, a
Heterodimeric Cytokine Composed of EBI3 and P28 Protein, Induces
Proliferation of Naive CD4+ T Cells. Immunity (2002) 16:779–90.
doi: 10.1016/s1074-7613(02)00324-2

83. Qi J, Zhang Z, Tang X, Li W, Chen W, Yao G. IL-27 Regulated CD4(+)IL-10
(+) T Cells in Experimental Sjögren Syndrome. Front Immunol (2020)
11:1699. doi: 10.3389/fimmu.2020.01699

84. Villarino AV, Larkin J, Saris CJM, Caton AJ, Lucas S, Wong T, et al. Positive
and Negative Regulation of the IL-27 Receptor During Lymphoid Cell
Activation. J Immunol (Baltimore Md 1950) (2005) 174:7684–91.
doi: 10.4049/jimmunol.174.12.7684

85. SunM, Fink PJ. A New Class of Reverse Signaling Costimulators Belongs to the
TNF Family. J Immunol (2007) 179:4307. doi: 10.4049/jimmunol.179.7.4307

86. Postlethwaite AE, Keski-Oja J, Moses HL, Kang AH. Stimulation of the
Chemotactic Migration of Human Fibroblasts by Transforming Growth
Factor Beta. J Exp Med (1987) 165:251–6. doi: 10.1084/jem.165.1.251

87. Sporn MB, Roberts AB, Shull JH, Smith JM, Ward JM, Sodek J. Polypeptide
Transforming Growth Factors Isolated From Bovine Sources and Used forWound
Healing In Vivo. Science (1983) 219:1329–31. doi: 10.1126/science.6572416

88. Dougan M, Dranoff G, Dougan SK. GM-CSF, IL-3, and IL-5 Family of
Cytokines: Regulators of Inflammation. Immunity (2019) 50:796–811.
doi: 10.1016/j.immuni.2019.03.022

89. Hirota K, Hashimoto M, Ito Y, Matsuura M, Ito H, Tanaka M, et al.
Autoimmune Th17 Cells Induced Synovial Stromal and Innate Lymphoid Cell
Secretion of the Cytokine GM-CSF to Initiate and Augment Autoimmune
Arthritis. Immunity (2018) 48:1220–32.e5. doi: 10.1016/j.immuni.2018.04.009

90. Roberts A, W. G-CSF. A Key Regulator of Neutrophil Production, But That’s
Not All! Growth Factors (2005) 23:33–41. doi: 10.1080/08977190500055836
November 2021 | Volume 11 | Article 722999

https://doi.org/10.1111/j.1524-475X.2008.00410.x
https://doi.org/10.1002/jemt.10249
https://doi.org/10.1016/j.jfma.2018.03.017
https://doi.org/10.1002/stem.1648
https://doi.org/10.1111/wrr.12423
https://doi.org/10.3390/ijms17122085
https://doi.org/10.1155/2015/120348
https://doi.org/10.3389/fimmu.2018.00832
https://doi.org/10.1038/nature09413
https://doi.org/10.1038/nature09413
https://doi.org/10.1016/j.bbadis.2020.166013
https://doi.org/10.3389/fonc.2020.00476
https://doi.org/10.3389/fimmu.2018.00038
https://doi.org/10.1016/j.bbalip.2012.07.019
https://doi.org/10.1073/pnas.1903330116
https://doi.org/10.1023/a:1005722729132
https://doi.org/10.1023/a:1005722729132
https://doi.org/10.1016/j.ejca.2006.01.004
https://doi.org/10.1155/2015/437695
https://doi.org/10.3389/fendo.2019.00717
https://doi.org/10.1038/ni.2406
https://doi.org/10.1016/j.semcdb.2016.08.007
https://doi.org/10.1016/j.semcdb.2016.08.007
https://doi.org/10.1007/978-3-540-71329-6_6
https://doi.org/10.1084/jem.20190314
https://doi.org/10.1126/sciimmunol.aat1482
https://doi.org/10.1189/jlb.0412214
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1159/000505099
https://doi.org/10.1016/j.cytogfr.2018.04.004
https://doi.org/10.3390/vaccines4030022
https://doi.org/10.4049/jimmunol.1003049
https://doi.org/10.1084/jem.20190418
https://doi.org/10.1016/j.cyto.2015.01.030
https://doi.org/10.1111/j.1600-065X.2008.00699.x
https://doi.org/10.1016/j.bcp.2008.11.011
https://doi.org/10.1111/imr.12621
https://doi.org/10.1189/jlb.0603252
https://doi.org/10.1002/eji.200838655
https://doi.org/10.1111/j.1600-065X.2008.00714.x
https://doi.org/10.1016/s1074-7613(02)00324-2
https://doi.org/10.3389/fimmu.2020.01699
https://doi.org/10.4049/jimmunol.174.12.7684
https://doi.org/10.4049/jimmunol.179.7.4307
https://doi.org/10.1084/jem.165.1.251
https://doi.org/10.1126/science.6572416
https://doi.org/10.1016/j.immuni.2019.03.022
https://doi.org/10.1016/j.immuni.2018.04.009
https://doi.org/10.1080/08977190500055836
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chavez-Dominguez et al. Inflammation Factors and Cancer Development
91. Miossec P, Kolls JK. Targeting IL-17 and TH17 Cells in Chronic Inflammation.
Nat Rev Drug Discovery (2012) 11:763–76. doi: 10.1038/nrd3794

92. Manjili MH, Wang XY, Abrams S. Evolution of Our Understanding of
Myeloid Regulatory Cells: From MDSCs to Mregs. Front Immunol (2014)
5:303. doi: 10.3389/fimmu.2014.00303

93. Rosser EC, Mauri C. Regulatory B Cells: Origin, Phenotype, and Function.
Immunity (2015) 42:607–12. doi: 10.1016/j.immuni.2015.04.005

94. Schmidt SV, Nino-Castro AC, Schultze JL. Regulatory Dendritic Cells: There
is More Than Just Immune Activation. Front Immunol (2012) 3:274.
doi: 10.3389/fimmu.2012.00274

95. Lünemann A, Lünemann JD, Münz C. Regulatory NK-Cell Functions in
Inflammation and Autoimmunity. Mol Med (2009) 15:352–8. doi: 10.2119/
molmed.2009.00035

96. Josefowicz SZ, Lu LF, Rudensky AY. Regulatory T Cells: Mechanisms of
Differentiation and Function. Annu Rev Immunol (2012) 30:531–64.
doi: 10.1146/annurev.immunol.25.022106.141623

97. Virchow R. Cellular Pathology. As Based Upon Physiological and
Pathological Histology. Lecture XVI–Atheromatous Affection of Arteries.
1858. Nutr Rev (1989) 47:23–5. doi: 10.1111/j.1753-4887.1989.tb02747.x

98. Dvorak HF. Tumors: Wounds That do Not Heal. Similarities Between
Tumor Stroma Generation and Wound Healing. N Engl J Med (1986)
315:1650–9. doi: 10.1056/nejm198612253152606

99. Hanahan D, Weinberg RA. Hallmarks of Cancer: The Next Generation. Cell
(2011) 144:646–74. doi: 10.1016/j.cell.2011.02.013

100. Michels N, van Aart C, Morisse J, Mullee A, Huybrechts I. Chronic
Inflammation Towards Cancer Incidence: A Systematic Review and Meta-
Analysis of Epidemiological Studies. Crit Rev Oncol Hematol (2021)
157:103177. doi: 10.1016/j.critrevonc.2020.103177

101. Hussain SP, Harris CC. Inflammation and Cancer: An Ancient Link With
Novel Potentials. Int J Cancer (2007) 121:2373–80. doi: 10.1002/ijc.23173

102. Yin H, Qu J, Peng Q, Gan R. Molecular Mechanisms of EBV-Driven Cell
Cycle Progression and Oncogenesis. Med Microbiol Immunol (2019)
208:573–83. doi: 10.1007/s00430-018-0570-1

103. Gaglia MM, Munger K. More Than Just Oncogenes: Mechanisms of
Tumorigenesis by Human Viruses. Curr Opin Virol (2018) 32:48–59.
doi: 10.1016/j.coviro.2018.09.003

104. Mui U, Haley C, Tyring S. Viral Oncology: Molecular Biology and
Pathogenesis. J Clin Med (2017) 6:111. doi: 10.3390/jcm6120111

105. Kidane D, Murphy DL, Sweasy JB. Accumulation of Abasic Sites Induces
Genomic Instability in Normal Human Gastric Epithelial Cells During
Helicobacter pylori Infection. Oncogenesis (2014) 3:e128. doi: 10.1038/
oncsis.2014.42

106. Pinchuk IV, Morris KT, Nofchissey RA, Earley RB, Wu JY, Ma TY, et al.
Stromal Cells Induce Th17 During Helicobacter pylori Infection and in the
Gastric Tumor Microenvironment. PloS One (2013) 8:e53798. doi: 10.1371/
journal.pone.0053798

107. Schwartz DJ, Rebeck ON, Dantas G. Complex Interactions Between the
Microbiome and Cancer Immune Therapy. Crit Rev Clin Lab Sci (2019)
56:567–85. doi: 10.1080/10408363.2019.1660303

108. Hashemi Goradel N, Heidarzadeh S, Jahangiri S, Farhood B, Mortezaee K,
Khanlarkhani N, et al. Fusobacterium nucleatum and Colorectal Cancer: A
Mechanistic Overview. J Cell Physiol (2019) 234:2337–44. doi: 10.1002/jcp.27250

109. Rubinstein MR, Wang X, Liu W, Hao Y, Cai G, Han YW. Fusobacterium
nucleatum Promotes Colorectal Carcinogenesis by Modulating E-Cadherin/
b-Catenin Signaling via Its FadA Adhesin. Cell Host Microbe (2013) 14:195–
206. doi: 10.1016/j.chom.2013.07.012

110. Pardoll D. Cancer and the Immune System: Basic Concepts and Targets for
Intervention. Semin Oncol (2015) 42:523–38. doi: 10.1053/j.seminoncol.2015.05.003

111. Porta C, Riboldi E, Sica A. Mechanisms Linking Pathogens-Associated
Inflammation and Cancer. Cancer Letters (2011) 305:250–62. doi: 10.1016/
j.canlet.2010.10.012

112. Takahashi H, Ogata H, Nishigaki R, Broide DH, Karin M. Tobacco Smoke
Promotes Lung Tumorigenesis by Triggering IKKbeta- and JNK1-Dependent
Inflammation. Cancer Cell (2010) 17:89–97. doi: 10.1016/j.ccr.2009.12.008

113. Wu Y-F, Li Z-Y, Dong L-L, Li W-J, Wu Y-P, Wang J, et al. Inactivation of
MTOR Promotes Autophagy-Mediated Epithelial Injury in Particulate
Matter-Induced Airway Inflammation. Autophagy (2020) 16:435–50.
doi: 10.1080/15548627.2019.1628536
Frontiers in Oncology | www.frontiersin.org 20
114. Quail DF, Dannenberg AJ. The Obese Adipose Tissue Microenvironment in
Cancer Development and Progression.Nat Rev Endocrinol (2019) 15:139–54.
doi: 10.1038/s41574-018-0126-x

115. Quail DF, Olson OC, Bhardwaj P, Walsh LA, Akkari L, Quick ML, et al.
Obesity Alters the Lung Myeloid Cell Landscape to Enhance Breast Cancer
Metastasis Through IL5 and GM-CSF. Nat Cell Biol (2017) 19:974–87.
doi: 10.1038/ncb3578

116. Marafini I, Monteleone G, Stolfi C. Association Between Celiac Disease and
Cancer. Int J Mol Sci (2020) 21:4155. doi: 10.3390/ijms21114155

117. Liang W, Ferrara N. Iron Metabolism in the Tumor Microenvironment:
Contributions of Innate Immune Cells. Front Immunol (2020) 11:626812.
doi: 10.3389/fimmu.2020.626812

118. Borrello MG, Alberti L, Fischer A, Degl’innocenti D, Ferrario C, Gariboldi
M, et al. Induction of a Proinflammatory Program in Normal Human
Thyrocytes by the RET/PTC1 Oncogene. Proc Natl Acad Sci U S A (2005)
102:14825–30. doi: 10.1073/pnas.0503039102

119. Shchors K, Shchors E, Rostker F, Lawlor ER, Brown-Swigart L, Evan GI. The
Myc-Dependent Angiogenic Switch in Tumors is Mediated by Interleukin
1beta. Genes Dev (2006) 20:2527–38. doi: 10.1101/gad.1455706

120. Hamarsheh SA, Osswald L, Saller BS, Unger S, De Feo D, Vinnakota JM,
et al. Oncogenic KrasG12D Causes Myeloproliferation via NLRP3
Inflammasome Activation. Nat Commun (2020) 11:1659. doi: 10.1038/
s41467-020-15497-1

121. Wculek SK, Bridgeman VL, Peakman F, Malanchi I. Early Neutrophil
Responses to Chemical Carcinogenesis Shape Long-Term Lung Cancer
Susceptibility. iScience (2020) 23:101277. doi: 10.1016/j.isci.2020.101277

122. Canli Ö., Nicolas AM, Gupta J, Finkelmeier F, Goncharova O, Pesic M, et al.
Myeloid Cell-Derived Reactive Oxygen Species Induce Epithelial Mutagenesis.
Cancer Cell (2017) 32:869–83.e5. doi: 10.1016/j.ccell.2017.11.004

123. Candido J, Hagemann T. Cancer-Related Inflammation. J Clin Immunol
(2013) 33(Suppl 1):S79–84. doi: 10.1007/s10875-012-9847-0

124. Mantovani A, Dinarello CA, Molgora M, Garlanda C. Interleukin-1 and
Related Cytokines in the Regulation of Inflammation and Immunity.
Immunity (2019) 50:778–95. doi: 10.1016/j.immuni.2019.03.012

125. Shankaran V, Ikeda H, Bruce AT, White JM, Swanson PE, Old LJ, et al.
IFNgamma and Lymphocytes Prevent Primary Tumour Development and
Shape Tumour Immunogenicity. Nature (2001) 410:1107–11. doi: 10.1038/
35074122

126. Diamond MS, Kinder M, Matsushita H, Mashayekhi M, Dunn GP,
Archambault JM, et al. Type I Interferon is Selectively Required by
Dendritic Cells for Immune Rejection of Tumors. J Exp Med (2011)
208:1989–2003. doi: 10.1084/jem.20101158

127. Dunn GP, Old LJ, Schreiber RD. The Three Es of Cancer Immunoediting. Annu
Rev Immunol (2004) 22:329–60. doi: 10.1146/annurev.immunol.22.012703.104803

128. Efremova M, Finotello F, Rieder D, Trajanoski Z. Neoantigens Generated by
Individual Mutations and Their Role in Cancer Immunity and Immunotherapy.
Front Immunol (2017) 8:1679. doi: 10.3389/fimmu.2017.01679

129. Dadi S, Chhangawala S, Whitlock BM, Franklin RA, Luo CT, Oh SA, et al.
Cancer Immunosurveillance by Tissue-Resident Innate Lymphoid Cells and
Innate-Like T Cells. Cell (2016) 164:365–77. doi: 10.1016/j.cell.2016.01.002

130. Daniotti JL, Lardone RD, Vilcaes AA. Dysregulated Expression of
Glycolipids in Tumor Cells: From Negative Modulator of Anti-Tumor
Immunity to Promising Targets for Developing Therapeutic Agents. Front
Oncol (2015) 5:300. doi: 10.3389/fonc.2015.00300

131. Adams EJ, Luoma AM. The Adaptable Major Histocompatibility Complex
(MHC) Fold: Structure and Function of Nonclassical and MHC Class I-Like
Molecules. Annu Rev Immunol (2013) 31:529–61. doi: 10.1146/annurev-
immunol-032712-095912

132. Dulberger CL, McMurtrey CP, Hölzemer A, Neu KE, Liu V, Steinbach AM,
et al. Human Leukocyte Antigen F Presents Peptides and Regulates
Immunity Through Interactions With NK Cell Receptors. Immunity
(2017) 46:1018–29.e7. doi: 10.1016/j.immuni.2017.06.002

133. Malmberg KJ, Carlsten M, Björklund A, Sohlberg E, Bryceson YT, Ljunggren
HG. Natural Killer Cell-Mediated Immunosurveillance of Human Cancer.
Semin Immunol (2017) 31:20–9. doi: 10.1016/j.smim.2017.08.002

134. Stabile H, Fionda C, Gismondi A, Santoni A. Role of Distinct Natural Killer
Cell Subsets in Anticancer Response. Front Immunol (2017) 8:293.
doi: 10.3389/fimmu.2017.00293
November 2021 | Volume 11 | Article 722999

https://doi.org/10.1038/nrd3794
https://doi.org/10.3389/fimmu.2014.00303
https://doi.org/10.1016/j.immuni.2015.04.005
https://doi.org/10.3389/fimmu.2012.00274
https://doi.org/10.2119/molmed.2009.00035
https://doi.org/10.2119/molmed.2009.00035
https://doi.org/10.1146/annurev.immunol.25.022106.141623
https://doi.org/10.1111/j.1753-4887.1989.tb02747.x
https://doi.org/10.1056/nejm198612253152606
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.critrevonc.2020.103177
https://doi.org/10.1002/ijc.23173
https://doi.org/10.1007/s00430-018-0570-1
https://doi.org/10.1016/j.coviro.2018.09.003
https://doi.org/10.3390/jcm6120111
https://doi.org/10.1038/oncsis.2014.42
https://doi.org/10.1038/oncsis.2014.42
https://doi.org/10.1371/journal.pone.0053798
https://doi.org/10.1371/journal.pone.0053798
https://doi.org/10.1080/10408363.2019.1660303
https://doi.org/10.1002/jcp.27250
https://doi.org/10.1016/j.chom.2013.07.012
https://doi.org/10.1053/j.seminoncol.2015.05.003
https://doi.org/10.1016/j.canlet.2010.10.012
https://doi.org/10.1016/j.canlet.2010.10.012
https://doi.org/10.1016/j.ccr.2009.12.008
https://doi.org/10.1080/15548627.2019.1628536
https://doi.org/10.1038/s41574-018-0126-x
https://doi.org/10.1038/ncb3578
https://doi.org/10.3390/ijms21114155
https://doi.org/10.3389/fimmu.2020.626812
https://doi.org/10.1073/pnas.0503039102
https://doi.org/10.1101/gad.1455706
https://doi.org/10.1038/s41467-020-15497-1
https://doi.org/10.1038/s41467-020-15497-1
https://doi.org/10.1016/j.isci.2020.101277
https://doi.org/10.1016/j.ccell.2017.11.004
https://doi.org/10.1007/s10875-012-9847-0
https://doi.org/10.1016/j.immuni.2019.03.012
https://doi.org/10.1038/35074122
https://doi.org/10.1038/35074122
https://doi.org/10.1084/jem.20101158
https://doi.org/10.1146/annurev.immunol.22.012703.104803
https://doi.org/10.3389/fimmu.2017.01679
https://doi.org/10.1016/j.cell.2016.01.002
https://doi.org/10.3389/fonc.2015.00300
https://doi.org/10.1146/annurev-immunol-032712-095912
https://doi.org/10.1146/annurev-immunol-032712-095912
https://doi.org/10.1016/j.immuni.2017.06.002
https://doi.org/10.1016/j.smim.2017.08.002
https://doi.org/10.3389/fimmu.2017.00293
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chavez-Dominguez et al. Inflammation Factors and Cancer Development
135. Lanier LL. NK Cell Recognition. Annu Rev Immunol (2005) 23:225–74.
doi: 10.1146/annurev.immunol.23.021704.115526

136. Porcelli S, Yockey CE, Brenner MB, Balk SP. Analysis of T Cell Antigen
Receptor (TCR) Expression by Human Peripheral Blood CD4-8- Alpha/Beta T
Cells Demonstrates Preferential Use of Several V Beta Genes and an Invariant
TCR Alpha Chain. J Exp Med (1993) 178:1–16. doi: 10.1084/jem.178.1.1

137. Koseki H, Imai K, Nakayama F, Sado T, Moriwaki K, Taniguchi M.
Homogenous Junctional Sequence of the V14+ T-Cell Antigen Receptor
Alpha Chain Expanded in Unprimed Mice. Proc Natl Acad Sci (1990)
87:5248. doi: 10.1073/pnas.87.14.5248

138. Kain L, Webb B, Anderson BL, Deng S, Holt M, Costanzo A, et al. The
Identification of the Endogenous Ligands of Natural Killer T Cells Reveals
the Presence of Mammalian a-Linked Glycosylceramides. Immunity (2014)
41:543–54. doi: 10.1016/j.immuni.2014.08.017

139. Shissler SC, Lee MS, Webb TJ. Mixed Signals: Co-Stimulation in Invariant
Natural Killer T Cell-Mediated Cancer Immunotherapy. Front Immunol
(2017) 8:1447. doi: 10.3389/fimmu.2017.01447

140. McEwen-Smith RM, Salio M, Cerundolo V. The Regulatory Role of Invariant
NKT Cells in Tumor Immunity. Cancer Immunol Res (2015) 3:425–35.
doi: 10.1158/2326-6066.cir-15-0062

141. Smyth MJ, Godfrey DI. NKT Cells and Tumor Immunity—a Double-Edged
Sword. Nat Immunol (2000) 1:459–60. doi: 10.1038/82698

142. Silva-Santos B, Serre K, Norell H. gd T Cells in Cancer. Nat Rev Immunol
(2015) 15:683–91. doi: 10.1038/nri3904

143. Zamai L, Ponti C, Mirandola P, Gobbi G, Papa S, Galeotti L, et al. NK Cells
and Cancer. J Immunol (2007) 178:4011–6. doi: 10.4049/jimmunol.178.7.4011

144. Haniffa M, Bigley V, Collin M. Human Mononuclear Phagocyte System Reunited.
Semin Cell Dev Biol (2015) 41:59–69. doi: 10.1016/j.semcdb.2015.05.004

145. Guerriero JL. Macrophages: Their Untold Story in T Cell Activation and
Function. Int Rev Cell Mol Biol (2019) 342:73–93. doi: 10.1016/
bs.ircmb.2018.07.001

146. Nguyen KB, Salazar-Mather TP, Dalod MY, Van Deusen JB, Wei XQ, Liew
FY, et al. Coordinated and Distinct Roles for IFN-Alpha Beta, IL-12, and IL-
15 Regulation of NK Cell Responses to Viral Infection. J Immunol (2002)
169:4279–87. doi: 10.4049/jimmunol.169.8.4279

147. Waldhauer I, Steinle A. NK Cells and Cancer Immunosurveillance. Oncogene
(2008) 27:5932–43. doi: 10.1038/onc.2008.267

148. Li K, Donaldson B, Young V, Ward V, Jackson C, Baird M, et al. Adoptive
Cell Therapy With CD4(+) T Helper 1 Cells and CD8(+) Cytotoxic T Cells
Enhances Complete Rejection of an Established Tumour, Leading to
Generation of Endogenous Memory Responses to non-Targeted Tumour
Epitopes. Clin Trans Immunol (2017) 6:e160–0. doi: 10.1038/cti.2017.37

149. Sandhu C, Slingerland J. Deregulation of the Cell Cycle in Cancer. Cancer
Detect Prev (2000) 24:107–18.

150. Chen DS, Mellman I. Oncology Meets Immunology: The Cancer-Immunity
Cycle. Immunity (2013) 39:1–10. doi: 10.1016/j.immuni.2013.07.012

151. Vitale I, Galluzzi L, Castedo M, Kroemer G. Mitotic Catastrophe: A
Mechanism for Avoiding Genomic Instability. Nat Rev Mol Cell Biol
(2011) 12:385–92. doi: 10.1038/nrm3115

152. Mc Gee MM. Targeting the Mitotic Catastrophe Signaling Pathway in
Cancer. Mediators Inflamm (2015) 2015:146282. doi: 10.1155/2015/146282

153. Wang K, KimMK, Di Caro G,Wong J, Shalapour S, Wan J, et al. Interleukin-
17 Receptor a Signaling in Transformed Enterocytes Promotes Early
Colorectal Tumorigenesis. Immunity (2014) 41:1052–63. doi: 10.1016/
j.immuni.2014.11.009

154. Parker AL, Cox TR. The Role of the ECM in Lung Cancer Dormancy and
Outgrowth. Front Oncol (2020) 10:1766. doi: 10.3389/fonc.2020.01766

155. Chavez-Dominguez R, Perez-Medina M, Lopez-Gonzalez JS, Galicia-Velasco
M, Aguilar-Cazares D. The Double-Edge Sword of Autophagy in Cancer:
From Tumor Suppression to Pro-Tumor Activity. Front Oncol (2020)
10:578418. doi: 10.3389/fonc.2020.578418

156. Li X, He S, Ma B. Autophagy and Autophagy-Related Proteins in Cancer.
Mol Cancer (2020) 19:12. doi: 10.1186/s12943-020-1138-4

157. Hen O, Barkan D. Dormant Disseminated Tumor Cells and Cancer Stem/
Progenitor-Like Cells: Similarities and Opportunities. Semin Cancer Biol
(2020) 60:157–65. doi: 10.1016/j.semcancer.2019.09.002

158. Noman MZ, Janji B, Kaminska B, Van Moer K, Pierson S, Przanowski P,
et al. Blocking Hypoxia-Induced Autophagy in Tumors Restores Cytotoxic
Frontiers in Oncology | www.frontiersin.org 21
T-Cell Activity and Promotes Regression. Cancer Res (2011) 71:5976–86.
doi: 10.1158/0008-5472.can-11-1094

159. Baginska J, Viry E, Berchem G, Poli A, Noman MZ, van Moer K, et al.
Granzyme B Degradation by Autophagy Decreases Tumor Cell Susceptibility
to Natural Killer-Mediated Lysis Under Hypoxia. Proc Natl Acad Sci (2013)
110:17450. doi: 10.1073/pnas.1304790110

160. Yamamoto K, Venida A, Yano J, Biancur DE, Kakiuchi M, Gupta S, et al.
Autophagy Promotes Immune Evasion of Pancreatic Cancer by Degrading
MHC-I. Nature (2020) 581:100–5. doi: 10.1038/s41586-020-2229-5

161. Zhou H, Neelakantan D, Ford HL. Clonal Cooperativity in Heterogenous
Cancers. Semin Cell Dev Biol (2017) 64:79–89. doi: 10.1016/j.semcdb.2016.08.028

162. Yates LR, Gerstung M, Knappskog S, Desmedt C, Gundem G, Van Loo P,
et al. Subclonal Diversification of Primary Breast Cancer Revealed by
Multiregion Sequencing. Nat Med (2015) 21:751–9. doi: 10.1038/nm.3886

163. Mami-Chouaib F, Blanc C, Corgnac S, Hans S, Malenica I, Granier C, et al.
Resident Memory T Cells, Critical Components in Tumor Immunology.
J Immunother Cancer (2018) 6:87. doi: 10.1186/s40425-018-0399-6

164. Wu L, Liu H, Guo H, Wu Q, Yu S, Qin Y, et al. Circulating and Tumor-
Infiltrating Myeloid-Derived Suppressor Cells in Cervical Carcinoma
Patients. Oncol Lett (2018) 15:9507–15. doi: 10.3892/ol.2018.8532

165. Magnuson AM, Kiner E, Ergun A, Park JS, Asinovski N, Ortiz-Lopez A, et al.
Identification and Validation of a Tumor-Infiltrating Treg Transcriptional
Signature Conserved Across Species and Tumor Types. Proc Natl Acad Sci
(2018) 115:E10672. doi: 10.1073/pnas.1810580115

166. Sistigu A, Di Modugno F, Manic G, Nisticò P. Deciphering the Loop of
Epithelial-Mesenchymal Transition, Inflammatory Cytokines and Cancer
Immunoediting. Cytokine Growth Factor Rev (2017) 36:67–77. doi: 10.1016/
j.cytogfr.2017.05.008

167. Principe DR, Doll JA, Bauer J, Jung B, Munshi HG, Bartholin L, et al. TGF-b:
Duality of Function Between Tumor Prevention and Carcinogenesis. J Natl
Cancer Inst (2014) 106:djt369. doi: 10.1093/jnci/djt369

168. Jiang Y, Zhan H. Communication Between EMT and PD-L1 Signaling: New
Insights Into Tumor Immune Evasion. Cancer Lett (2020) 468:72–81.
doi: 10.1016/j.canlet.2019.10.013

169. Lou Y, Diao L, Cuentas ER, Denning WL, Chen L, Fan YH, et al. Epithelial-
Mesenchymal Transition Is Associated With a Distinct Tumor
Microenvironment Including Elevation of Inflammatory Signals and
Multiple Immune Checkpoints in Lung Adenocarcinoma. Clin Cancer Res
(2016) 22:3630–42. doi: 10.1158/1078-0432.ccr-15-1434

170. MakMP, Tong P, Diao L, Cardnell RJ, Gibbons DL, WilliamWN, et al. A Patient-
Derived, Pan-Cancer EMT Signature Identifies Global Molecular Alterations and
Immune Target Enrichment Following Epithelial-To-Mesenchymal Transition.
Clin Cancer Res (2016) 22:609–20. doi: 10.1158/1078-0432.ccr-15-0876

171. Wang S, Wu J, Shen H, Wang J. The Prognostic Value of IDO Expression in
Solid Tumors: A Systematic Review and Meta-Analysis. BMC Cancer (2020)
20:471. doi: 10.1186/s12885-020-06956-5

172. Meireson A, Devos M, Brochez L. IDO Expression in Cancer: Different
Compartment, Different Functionality? Front Immunol (2020) 11:531491.
doi: 10.3389/fimmu.2020.531491

173. Albina JE, Mills CD, Helry WL Jr., Caldwell MD. Temporal Expression of
Different Pathways of L-Arginine Metabolism in Healing Wounds.
J Immunol (1990) 144:3877–80.

174. Grzywa TM, Sosnowska A, Matryba P, Rydzynska Z, Jasinski M, Nowis D,
et al. Myeloid Cell-Derived Arginase in Cancer Immune Response. Front
Immunol (2020) 11:938. doi: 10.3389/fimmu.2020.00938

175. Shi Y. Regulatory Mechanisms of PD-L1 Expression in Cancer Cells. Cancer
Immunol Immunother (2018) 67:1481–9. doi: 10.1007/s00262-018-2226-9

176. Wu L, Deng WW, Huang CF, Bu LL, Yu GT, Mao L, et al. Expression of
VISTA Correlated With Immunosuppression and Synergized With CD8 to
Predict Survival in Human Oral Squamous Cell Carcinoma. Cancer Immunol
Immunother (2017) 66:627–36. doi: 10.1007/s00262-017-1968-0

177. Huang X, Zhang X, Li E, Zhang G, Wang X, Tang T, et al. VISTA: An
Immune Regulatory Protein Checking Tumor and Immune Cells in Cancer
Immunotherapy. J Hematol Oncol (2020) 13:83. doi: 10.1186/s13045-020-
00917-y

178. Mulati K, Hamanishi J, Matsumura N, Chamoto K, Mise N, Abiko K, et al.
VISTA Expressed in Tumour Cells Regulates T Cell Function. Br J Cancer
(2019) 120:115–27. doi: 10.1038/s41416-018-0313-5
November 2021 | Volume 11 | Article 722999

https://doi.org/10.1146/annurev.immunol.23.021704.115526
https://doi.org/10.1084/jem.178.1.1
https://doi.org/10.1073/pnas.87.14.5248
https://doi.org/10.1016/j.immuni.2014.08.017
https://doi.org/10.3389/fimmu.2017.01447
https://doi.org/10.1158/2326-6066.cir-15-0062
https://doi.org/10.1038/82698
https://doi.org/10.1038/nri3904
https://doi.org/10.4049/jimmunol.178.7.4011
https://doi.org/10.1016/j.semcdb.2015.05.004
https://doi.org/10.1016/bs.ircmb.2018.07.001
https://doi.org/10.1016/bs.ircmb.2018.07.001
https://doi.org/10.4049/jimmunol.169.8.4279
https://doi.org/10.1038/onc.2008.267
https://doi.org/10.1038/cti.2017.37
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1038/nrm3115
https://doi.org/10.1155/2015/146282
https://doi.org/10.1016/j.immuni.2014.11.009
https://doi.org/10.1016/j.immuni.2014.11.009
https://doi.org/10.3389/fonc.2020.01766
https://doi.org/10.3389/fonc.2020.578418
https://doi.org/10.1186/s12943-020-1138-4
https://doi.org/10.1016/j.semcancer.2019.09.002
https://doi.org/10.1158/0008-5472.can-11-1094
https://doi.org/10.1073/pnas.1304790110
https://doi.org/10.1038/s41586-020-2229-5
https://doi.org/10.1016/j.semcdb.2016.08.028
https://doi.org/10.1038/nm.3886
https://doi.org/10.1186/s40425-018-0399-6
https://doi.org/10.3892/ol.2018.8532
https://doi.org/10.1073/pnas.1810580115
https://doi.org/10.1016/j.cytogfr.2017.05.008
https://doi.org/10.1016/j.cytogfr.2017.05.008
https://doi.org/10.1093/jnci/djt369
https://doi.org/10.1016/j.canlet.2019.10.013
https://doi.org/10.1158/1078-0432.ccr-15-1434
https://doi.org/10.1158/1078-0432.ccr-15-0876
https://doi.org/10.1186/s12885-020-06956-5
https://doi.org/10.3389/fimmu.2020.531491
https://doi.org/10.3389/fimmu.2020.00938
https://doi.org/10.1007/s00262-018-2226-9
https://doi.org/10.1007/s00262-017-1968-0
https://doi.org/10.1186/s13045-020-00917-y
https://doi.org/10.1186/s13045-020-00917-y
https://doi.org/10.1038/s41416-018-0313-5
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chavez-Dominguez et al. Inflammation Factors and Cancer Development
179. Rosenbaum SR, Knecht M, Mollaee M, Zhong Z, Erkes DA, McCue PA, et al.
FOXD3 Regulates VISTA Expression in Melanoma. Cell Rep (2020) 30:510–
524.e6. doi: 10.1016/j.celrep.2019.12.036

180. Wang J, Wu G, Manick B, Hernandez V, Renelt M, Erickson C, et al. VSIG-3
as a Ligand of VISTA Inhibits Human T-Cell Function. Immunology (2019)
156:74–85. doi: 10.1111/imm.13001

181. Watanabe T, Suda T, Tsunoda T, Uchida N, Ura K, Kato T, et al. Identification
of Immunoglobulin Superfamily 11 (IGSF11) as a Novel Target for Cancer
Immunotherapy of Gastrointestinal and Hepatocellular Carcinomas. Cancer
Sci (2005) 96:498–506. doi: 10.1111/j.1349-7006.2005.00073.x

182. Yasinska IM, Sakhnevych SS, Pavlova L, Teo Hansen Selnø A, Teuscher
Abeleira AM, Benlaouer O, et al. The Tim-3-Galectin-9 Pathway and Its
Regulatory Mechanisms in Human Breast Cancer. Front Immunol (2019)
10:1594. doi: 10.3389/fimmu.2019.01594

183. Sanchez-Correa B, Valhondo I, Hassouneh F, Lopez-Sejas N, Pera A, Bergua
JM, et al. DNAM-1 and the TIGIT/PVRIG/TACTILE Axis: Novel Immune
Checkpoints for Natural Killer Cell-Based Cancer Immunotherapy. Cancers
(2019) 11(6):877. doi: 10.3390/cancers11060877

184. Chauvin JM, Zarour HM. TIGIT in Cancer Immunotherapy. J Immunother
Cancer (2020) 8. doi: 10.1136/jitc-2020-000957

185. Zang X, Thompson RH, Al-Ahmadie HA, Serio AM, Reuter VE, Eastham JA,
et al. B7-H3 and B7x are Highly Expressed in Human Prostate Cancer and
Associated With Disease Spread and Poor Outcome. Proc Natl Acad Sci U S
A (2007) 104:19458–63. doi: 10.1073/pnas.0709802104

186. Wang J, Chong KK, Nakamura Y, Nguyen L, Huang SK, Kuo C, et al. B7-H3
Associated With Tumor Progression and Epigenetic Regulatory Activity in
Cutaneous Melanoma. J Invest Dermatol (2013) 133:2050–8. doi: 10.1038/
jid.2013.114

187. Sun J, Guo Y-D, Li X-N, Zhang Y-Q, Gu L, Wu P-P, et al. B7-H3 Expression
in Breast Cancer and Upregulation of VEGF Through Gene Silence. Onco
Targets Ther (2014) 7:1979–86. doi: 10.2147/OTT.S63424

188. Ingebrigtsen VA, Boye K, Nesland JM, Nesbakken A, Flatmark K, Fodstad Ø.
B7-H3 Express ion in Colorecta l Cancer : Associat ions With
Clinicopathological Parameters and Patient Outcome. BMC Cancer (2014)
14:602. doi: 10.1186/1471-2407-14-602

189. Kontos F, Michelakos T, Kurokawa T, Sadagopan A, Schwab JH, Ferrone CR,
et al. B7-H3: An Attractive Target for Antibody-Based Immunotherapy. Clin
Cancer Res (2021) 27:1227. doi: 10.1158/1078-0432.CCR-20-2584

190. Hu Y, Lv X, Wu Y, Xu J, Wang L, ChenW, et al. Expression of Costimulatory
Molecule B7-H3 and its Prognostic Implications in Human Acute Leukemia.
Hematology (2015) 20:187–95. doi: 10.1179/1607845414y.0000000186

191. Xie S, Huang J, Qiao Q, Zang W, Hong S, Tan H, et al. Expression of the
Inhibitory B7 Family Molecule VISTA in Human Colorectal Carcinoma
Tumors. Cancer Immunol Immunother (2018) 67:1685–94. doi: 10.1007/
s00262-018-2227-8

192. Cha JH, Chan LC, Li CW, Hsu JL, Hung MC. Mechanisms Controlling PD-
L1 Expression in Cancer. Mol Cell (2019) 76:359–70. doi: 10.1016/
j.molcel.2019.09.030

193. Hou J, Zhao R, Xia W, Chang C-W, You Y, Hsu J-M, et al. PD-L1-Mediated
Gasdermin C Expression Switches Apoptosis to Pyroptosis in Cancer Cells
and Facilitates Tumour Necrosis. Nat Cell Biol (2020) 22:1264–75.
doi: 10.1038/s41556-020-0575-z

194. Garrido F, Aptsiauri N. Cancer Immune Escape: MHC Expression in
Primary Tumours Versus Metastases. Immunology (2019) 158:255–66.
doi: 10.1111/imm.13114

195. Lin A, Yan WH. Heterogeneity of HLA-G Expression in Cancers: Facing the
Challenges. Front Immunol (2018) 9:2164. doi: 10.3389/fimmu.2018.02164

196. Krijgsman D, Roelands J, Hendrickx W, Bedognetti D, Kuppen PJK. HLA-G:
A New Immune Checkpoint in Cancer? Int J Mol Sci (2020) 21(12):4528.
doi: 10.3390/ijms21124528

197. Garziera M, Toffoli G. Inhibition of Host Immune Response in Colorectal
Cancer: Human Leukocyte Antigen-G and Beyond. World J Gastroenterol
(2014) 20:3778–94. doi: 10.3748/wjg.v20.i14.3778

198. Gridelli C, Gallo C, Ceribelli A, Gebbia V, Gamucci T, Ciardiello F, et al.
Factorial Phase III Randomised Trial of Rofecoxib and Prolonged Constant
Infusion of Gemcitabine in Advanced Non-Small-Cell Lung Cancer: The
GEmcitabine-COxib in NSCLC (GECO) Study. Lancet Oncol (2007) 8:500–
12. doi: 10.1016/s1470-2045(07)70146-8
Frontiers in Oncology | www.frontiersin.org 22
199. Chattopadhyay M, Goswami S, Rodes DB, Kodela R, Velazquez CA, Boring
D, et al. NO-Releasing NSAIDs Suppress NF-kB Signaling in vitro and in
vivo through S-nitrosylation. Cancer Lett (2010) 298:204–11. doi: 10.1016/
j.canlet.2010.07.006

200. He X, Zhong M, Li S, Li X, Li Y, Li Z, et al. Synthesis and Biological
Evaluation of Organoselenium (NSAIDs-SeCN and SeCF3) Derivatives as
Potential Anticancer Agents. Eur J Medicinal Chem (2020) 208:112864.
doi: 10.1016/j.ejmech.2020.112864

201. Shao D, Kan M, Qiao P, Pan Y, Wang Z, Xiao X, et al. Celecoxib Induces
Apoptosis via a Mitochondria−Dependent Pathway in the H22 Mouse
Hepatoma Cell Line. Mol Med Rep (2014) 10:2093–8. doi: 10.3892/
mmr.2014.2461

202. Jeon Y-W, Suh YJ. Synergistic Apoptotic Effect of Celecoxib and Luteolin
on Breast Cancer Cells. Oncol Rep (2013) 29:819–25. doi: 10.3892/
or.2012.2158

203. Phillips RK, Wallace MH, Lynch PM, Hawk E, Gordon GB, Saunders BP,
et al. A Randomised, Double Blind, Placebo Controlled Study of Celecoxib, a
Selective Cyclooxygenase 2 Inhibitor, on Duodenal Polyposis in Familial
Adenomatous Polyposis. Gut (2002) 50:857–60. doi: 10.1136/gut.50.6.857

204. Wang H, Li M, Rinehart JJ, Zhang R. Pretreatment With Dexamethasone
Increases Antitumor Activity of Carboplatin and Gemcitabine in Mice
Bearing Human Cancer Xenografts: In Vivo Activity, Pharmacokinetics,
and Clinical Implications for Cancer Chemotherapy. Clin Cancer Res (2004)
10:1633–44. doi: 10.1158/1078-0432.ccr-0829-3

205. Belderbos BPS, Hussaarts KGAM, van Harten LJ, Oomen-de Hoop E, de
Bruijn P, Hamberg P, et al. Effects of Prednisone on Docetaxel
Pharmacokinetics in Men With Metastatic Prostate Cancer: A
Randomized Drug–Drug Interaction Study. Br J Clin Pharmacol (2019)
85:986–92. doi: 10.1111/bcp.13889

206. Peralta I, Marrassini C, Arcos MLB, Cremaschi G, Alonso MR, Anesini C.
Larrea Divaricata Cav. Aqueous Extract and Nordihydroguariaretic Acid
Modulate Oxidative Stress in Submandibular Glands of Diabetic Rats: A
Buccal Protective in Diabetes. BMC Complementary Altern Med (2019)
19:227. doi: 10.1186/s12906-019-2636-z

207. Koshihara Y, Neichi T, Murota S, Lao A, Fujimoto Y, Tatsuno T. Selective
Inhibition of 5-Lipoxygenase by Natural Compounds Isolated From Chinese
Plants, Artemisia Rubripes Nakai. FEBS Lett (1983) 158:41–4. doi: 10.1016/
0014-5793(83)80672-3

208. Park SY, Lim SL, Jang HJ, Lee JH, Um JY, Kim SH, et al. Embelin Induces
Apoptosis in Human Glioma Cells Through Inactivating NF-kB.
J Pharmacol Sci (2013) 121:192–9. doi: 10.1254/jphs.12137fp

209. Dhanjal JK, Nigam N, Sharma S, Chaudhary A, Kaul SC, Grover A, et al.
Embelin Inhibits TNF-a Converting Enzyme and Cancer Cell Metastasis:
Molecular Dynamics and Experimental Evidence. BMC Cancer (2014)
14:775. doi: 10.1186/1471-2407-14-775

210. Lee Y-J, Park B-S, Park H-R, Yu S-B, Kang H-M, Kim I-R. XIAP Inhibitor
Embelin Induces Autophagic and Apoptotic Cell Death in Human Oral
Squamous Cell Carcinoma Cells. Environ Toxicol (2017) 32:2371–8.
doi: 10.1002/tox.22450

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

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

Copyright © 2021 Chavez-Dominguez, Perez-Medina, Aguilar-Cazares,
Galicia-Velasco, Meneses-Flores, Islas-Vazquez, Camarena and Lopez-Gonzalez.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
November 2021 | Volume 11 | Article 722999

https://doi.org/10.1016/j.celrep.2019.12.036
https://doi.org/10.1111/imm.13001
https://doi.org/10.1111/j.1349-7006.2005.00073.x
https://doi.org/10.3389/fimmu.2019.01594
https://doi.org/10.3390/cancers11060877
https://doi.org/10.1136/jitc-2020-000957
https://doi.org/10.1073/pnas.0709802104
https://doi.org/10.1038/jid.2013.114
https://doi.org/10.1038/jid.2013.114
https://doi.org/10.2147/OTT.S63424
https://doi.org/10.1186/1471-2407-14-602
https://doi.org/10.1158/1078-0432.CCR-20-2584
https://doi.org/10.1179/1607845414y.0000000186
https://doi.org/10.1007/s00262-018-2227-8
https://doi.org/10.1007/s00262-018-2227-8
https://doi.org/10.1016/j.molcel.2019.09.030
https://doi.org/10.1016/j.molcel.2019.09.030
https://doi.org/10.1038/s41556-020-0575-z
https://doi.org/10.1111/imm.13114
https://doi.org/10.3389/fimmu.2018.02164
https://doi.org/10.3390/ijms21124528
https://doi.org/10.3748/wjg.v20.i14.3778
https://doi.org/10.1016/s1470-2045(07)70146-8
https://doi.org/10.1016/j.canlet.2010.07.006
https://doi.org/10.1016/j.canlet.2010.07.006
https://doi.org/10.1016/j.ejmech.2020.112864
https://doi.org/10.3892/mmr.2014.2461
https://doi.org/10.3892/mmr.2014.2461
https://doi.org/10.3892/or.2012.2158
https://doi.org/10.3892/or.2012.2158
https://doi.org/10.1136/gut.50.6.857
https://doi.org/10.1158/1078-0432.ccr-0829-3
https://doi.org/10.1111/bcp.13889
https://doi.org/10.1186/s12906-019-2636-z
https://doi.org/10.1016/0014-5793(83)80672-3
https://doi.org/10.1016/0014-5793(83)80672-3
https://doi.org/10.1254/jphs.12137fp
https://doi.org/10.1186/1471-2407-14-775
https://doi.org/10.1002/tox.22450
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Old and New Players of Inflammation and Their Relationship With Cancer Development
	Introduction
	Acute Inflammation
	Chronic Inflammation
	Inflammation and Cancer
	Cancer Immunoediting Theory
	Interactions Between Innate and Adaptive Immune Cells and Nascent Tumor Cells
	Equilibrium Phase
	Escape Phase

	Anti-Inflammatory Drugs in Cancer Treatment
	Concluding Remarks and Perspectives

	Author Contributions
	Funding
	Acknowledgments
	References



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

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


