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Abstract Epigenetic disorders such as point mutations in cel-
lular tumor suppressor genes, DNA methylation and post-
translational modifications are needed to transformation of
normal cells into cancer cells. These events result in alter-
ations in critical pathways responsible for maintaining the
normal cellular homeostasis, triggering to an inflammatory
response which can lead the development of cancer. The in-
flammatory response is a universal defense mechanism acti-
vated in response to an injury tissue, of any nature, that in-
volves both innate and adaptive immune responses, through
the collective action of a variety of soluble mediators. Many
inflammatory signaling pathways are activated in several
types of cancer, linking chronic inflammation to tumorigene-
sis process. Thus, Inflammatory responses play decisive roles
at different stages of tumor development, including initiation,
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promotion, growth, invasion, and metastasis, affecting also
the immune surveillance. Immune cells that infiltrate tumors
engage in an extensive and dynamic crosstalk with cancer
cells, and some of the molecular events that mediate this dia-
log have been revealed. A range of inflammation mediators,
including cytokines, chemokines, free radicals, prostaglan-
dins, growth and transcription factors, microRNAs, and en-
zymes as, cyclooxygenase and matrix metalloproteinase, col-
lectively acts to create a favorable microenvironment for the
development of tumors. In this review are presented the main
mediators of the inflammatory response and discussed the
likely mechanisms through which, they interact with each
other to create a condition favorable to development of cancer.

Keywords Inflammation and cancer - Inflammation
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Abbreviations
AA Arachidonic acid
AP-1 Activator protein 1

APC Antigen-presenting cell

cAMP Cyclic AMP

CCL Chemokine (C-C motif) ligand
CDh Cluster of differentiation

cHL Classical Hodgkin lymphoma
CLRs C-type lectin receptors

COX Cyclooxygenase

CRC Colorectal cancer

CXC Chemokine receptors

DAMPs  Damage-associated molecular patterns
DNA Deoxyribonucleic acid

ECM Extracellular matrix

EGF Epidermal growth factor

EGFR Epidermal growth factor receptor
EMT Epithelial-mesenchymal transition
FOXP3  Forkhead box P3

@ Springer



528

J.V. Fernandes et al.

GPCRs G protein-coupled

HPV Human papillomavirus

ICC Invasive cervical cancer

IFN Interferon

IL Interleukin

MHC Major histocompatibility complex

miRNAs MicroRNAs

MM Multiple myeloma

MMPs Enzymes matrix metalloproteinase matrix

NF-«B Nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells

NK Natural killer cell

NLRs NOD-like receptors

NO Nitric oxide

NSAIDs Non-steroidal anti-inflammatory drugs

p3S3 Tumor protein p53

PAMPs  Pathogen-associated molecular patterns

PGs Prostaglandins

PRRs Pattern recognition receptors

PTGER  Prostaglandin receptor

PTGES  Terminal prostaglandin synthase enzyme

PubMed US National Library of Medicine

RLRs RIG-like receptors

ROS Reactive oxygen species

STAT Signal transducers and activators of transcription

TCR T Cell Receptor

TGF Transforming growth factor

Thcells T helper cells

TLRs Toll-like receptors

TNF Tumor necrosis factor

Tregs Regulatory T cells

Txs Thromboxanes

Introduction

The primary functions of inflammation are rapidly destroying
or isolating the underlying source of the disturbance and then
restoring homeostasis so that, being regulated properly, be-
haves as an adaptive mechanism. One indication of this is
the fact that humans with primary genetic defects in the com-
ponents of inflammation have increased risk of serious infec-
tions. A similar phenomenon was observed in animals with
defects in genes encoding pro-inflammatory cytokines [1].
Moreover, immunologically relevant genes whose dysfunc-
tion leads to spontaneous inflammation are not expressed un-
der normal conditions, suggesting that the inflammatory re-
sponse is suppressed to maintain health since its deregulation
can have devastating effects for the host, resulting in collateral
damage and pathology [2]. Thus, despite being a designed
response to eliminate pathogens and other agents harmful to
the host, the inflammation when deregulated or
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inappropriately maintained has the potential to cause injury,
necrosis, and malignant transformation [3].

Much evidence supports the hypothesis that inflammation
participates in providing conditions that lead to cancer. An
unresolved inflammation due to any failure in precise control
of the immune response can lead to alterations in expression
of cancer-related genes and posttranslational modification in
cellular proteins involved in the cell cycle, DNA repair, and
apoptosis favoring the development of cancer [4]. Currently, it
is well established that chronic inflammation is strongly asso-
ciated with several human cancers, since it leads to the release
of pro-inflammatory cytokines, and other immunomodulato-
ry, creating a favorable microenvironment for tumor progres-
sion and metastasis [5].

The inflammation generates oxidative stress, which in turn
increases inflammation, so that the two are common denom-
inators in carcinogenesis. Oxidative stress generates reactive
oxygen species (ROS) that causes DNA damage and activates
signaling pathways that deregulate the cell cycle and hence
increase the risk of development of cancers. There is a cross-
talk between these two mediators, where ROS and inflamma-
tion potentiate each other to ultimately cause cancer [6]. Thus,
the inflammatory response plays key roles at different stages
of tumor development, besides affecting immune surveillance.
Immune cells that infiltrate into tumors establish a cross-talk
with cancer cells to orchestrate interactions between different
mechanisms, which together can lead to the formation of tu-
mors. This review presents a discussion of some mediators of
inflammation and the molecular events through which com-
munication is established between immune and tumor cells, as
key mechanisms regulating the effects of inflammation and
immunity on tumor development.

The literature review was conducted in the electronic data-
bases PubMed (National Institutes of Health), Scopus
(Elsevier), and Web of Knowledge (Thomson Reuters), using
the following keywords: carcinogenesis, Inflammation and
cancer. The databases retrieved hundreds of articles, and we
selected those that we thought to be most relevant to our

purpose.

Mediators Involved in the Inflammation
and Carcinogenesis

The Infections and chronic inflammation contribute to about 1
in 4 of all cancer cases. Mediators of the inflammatory re-
sponse, such as: cytokines, chemokines, free radicals, prosta-
glandins, growth factors and enzymes as cyclooxygenase
(COX) and matrix metalloproteinase, can induce genetic and
epigenetic changes, that result in alterations in critical path-
ways responsible for maintaining the normal cellular homeo-
stasis and can leading to the development and progression to
cancer [7-9].
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Cytokines and chemokines are involved in many aspects of
growth, differentiation and cell activation. Table 1 summa-
rizes the actions of the main cytokines that play some role in
the activation or regulation of the inflammatory response and
that contribute in some way to the process of tumorigenesis.

Chemokines are key players of the cancer-related inflam-
mation, whereas their respective receptors and ligands are the
downstream genetic events that cause neoplastic transforma-
tion and which are abundantly expressed in chronic inflam-
mation, increasing susceptibility to cancer. The components of
the chemokine system affect different routes of tumor progres-
sion, including leukocyte recruitment, neo-angiogenesis, pro-
liferation, survival, invasion, and metastasis of tumor cells.
Preclinical and clinical trials indicate that the intervention in
the chemokine system can be a valuable tool for the develop-
ment of future therapeutic strategies against cancer [35].

It has been shown that the CXCR2 chemokine receptor and
its ligands promote angiogenesis and leukocyte infiltration in
the tumor microenvironment. In the acidic and hypoxic con-
ditions of the tumor microenvironment, up-regulating the ex-
pression of CXCR4 creates a gradient prepared by CXCL12
for migration of tumor-associated fibroblasts (CAF). The axis
CXCL12-CXCR4 facilitates metastasis to distant organs and
the CCL21-CCR7 chemokine ligand-receptor pair favors me-
tastasis to lymph nodes. These two chemokine ligand-receptor
systems are common key mediators of tumor cell metastasis
for several malignancies [36].

It has been shown that cancer cells secrete, or induce fibro-
blasts to secrete the chemokine CCLS5, which acts in an auto-
crine or paracrine manner on tumor cells, which express their
receptor (CCRS). This promotes the proliferation of these cells
and recruitment of T-reg cells and monocytes to induce acti-
vation of osteoclasts and bone metastases, by inducing
neoangiogenesis, and to facilitate the spread of tumor cells
for distant organs. It is believed that CCLS5, produced by cells
of classical Hodgkin lymphoma (cHL), may represent an au-
tocrine growth factor of the tumor cells by creating a micro-
environment conducive to tumor progression, whereas CCL5
secreted by T cells or fibroblasts may represent a paracrine
growth factor. TCD4+ cells expressing CD40L increase the
secretion of CCL5 by cHL cells and induce secreting CCL5
by fibroblasts, which promote the recruitment of activated
fibroblasts by cHL cells, which in turn recruit T-reg cells,
eosinophils, and mast cells [35].

It has been observed that CXCLS, a chemokine of the CXC
family, exerts its effects through signaling two G-coupled re-
ceptors, CXCR1 and CXCR?2 protein. Elevated CXCLS sig-
naling - CXCR1 / 2 within the tumor microenvironment of
various types of human cancers promotes tumor progression
through the activation of signaling pathways involved in acti-
vation of proliferation, survival, angiogenesis, migration, and
cell invasion, through transactivation of the epidermal growth
factor receptor (EGFR) [5].

The Role of Transcription Factors NF-<B

The NF-«kB family of transcription factors has been recog-
nized as a crucial player in many steps of cancer including
initiation and progression, cooperating with multiple other
signaling molecules and pathways. This action is mediated
by other transcription factors such as STAT3 and p53 or the
ETS-related gene ERG, which directly interacts with NF-«kB
subunits or affects NF-kB target genes. Crosstalk can also
occur through different kinases, such as GSK3-f3, p38, or
PI3K, which modulate NF-kB transcriptional activity or affect
upstream signaling pathways. Other classes of molecules that
can also act in the integration of these mechanisms involving
NF-kB are reactive oxygen species and miRNAs [37].

It is well known that NF-kB regulate the expression of
numerous cytokines and adhesion molecules which are critical
elements involved in the regulation of immune responses [38].
Furthermore, it coordinates the central signaling pathways of
activation of the innate and adaptive immune responses, and
that STAT3 regulates the expression of various genes in re-
sponse to cellular stimuli, playing a key role in cell growth and
apoptosis. It has been shown that STAT3 is constitutively ac-
tivated in many human cancers, including gastric cancer and
plays crucial roles in modulating proliferation and survival,
cancer cells as well as creating a favorable microenvironment
to the formation of metastasis [39].

The activation and interaction between STAT3 and NF-«kB
have been widely investigated in human cancers such as co-
lon, stomach, and liver cancers. It has been shown that the
interaction between these two transcription factors play a vital
role in controlling the communication between inflammatory
cells and cancerous cells. NF-kB and STAT3 are the main two
factors that control the capacity of pre-neoplastic and malig-
nant tumor cells to resist immune surveillance by regulating
apoptosis, angiogenesis, and tumor invasion. The understand-
ing of the molecular mechanisms of NF-kB and STAT3 coop-
eration in cancer development will provide opportunities for
the design of new chemo-preventive and chemotherapeutic
approaches [40].

The Role of Matrix Metalloproteinase
and Cyclooxygenases in the Carcinogenesis

The matrix metalloproteinases (MMPs) are members of the
metzincin group of proteases, and constitute a family of
zinc-dependent proteolytic enzymes that degrade various
components of the extracellular matrix (ECM). Due to their
broad spectrum of substrate specificity, MMPs contribute to
the homeostasis of many tissues and participate in diverse
physiological processes, such as bone remodeling, angiogen-
esis, wound healing, and immunity. However, the unregulated
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Table 1 The role of some -
cytokines in cancer Cytokine

Role in cancer development

Ref.

Interleukin-1 (IL-13)

Tumor necrosis factor-o

(TNF-x)

Transforming growth
factor-3 (TGF-f3)

Interleukin-6
(IL-6)

Interleukin-10
(IL-10)

Interleukin-17
(IL-17)

Interleukin-12
(IL-12)
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Supression of p53 expression; Cancerous epithelial
cells uses IL-13 as a communication factor instructing
stromal fibroblasts, whose expression of p53 was
suppressed, creating an inflammatory microenvironment
and protumorigenic

Creation of a tumor microenvironment that stimulates
the growth and survival of tumor cells through
the induction of gene encoding NF-kB dependent
antiapoptotic molecules. Furthermore, It cause
inflammatory cell infiltration in tumors and
promotes angiogenesis, invasion and migration
of tumor cell, and suppress cytotoxic T
lymphocytes and activated macrophages.

TNF-« also contributes to the initiation of tumors
through the stimulation of production of
genotoxic molecules such as nitric oxide (NO)
and ROS, which may cause DNA mutations,

TGF-f3 is essentially an inhibitory cytokine with
an anti-inflammatory and immunosuppressive
action, and has a central role in the proliferation
and function of Treg cells. Changes in its signaling
pathways are often observed in human cancer.

These alterations attenuate the TGF-f3

tumor suppressive effects, promoting tumor
progression and metastasis. The carcinoma
often secrete this cytokine in excess, resulting
in increased epithelial-mesenchimal transition
with tissue invasion and metastasis.

Stimulation of angiogenesis, promotion of cell
proliferation and increased survival of malignant
cells, besides inhibit the apoptosis of cancer cells.
Clinical studies have shown that high serum levels
of IL-6 are associated with advanced stages
of various cancers.

Inhibition of IFN-y production by Th1 cells as well
as production of inflammatory cytokine, including
TNF-«, IL-6, and IL-12. Therefore, it is involved
in the inhibition of tumor development and progression.
However, depending on the context in witch it
acts, this cytokine can have action against or favorable
to development of tumor. Its presence
in the inflammatory microenvironment of the tumor
can eliminate the anticancer action of the Th1 response.
On the other hand, IL-10 and Tregs also suppress the
activity of Th17, which is associated with
poor prognosis in several types of cancer.

Induction of many proinflamatory mediators, including
TNF-«, IL-1f3, and IL-6, suggesting a role in locating
and amplifying the inflammation. Besides, several studies
have shown large amounts of Th17 cells infiltrated in
tumors and high levels of expression of IL-17 in the
serum of patients with several types of tumors,
suggesting an important role in the tumorigenesis.

The Th17/Treg balance was also broken in the
peripherical blood of cervical cancer patients.

IL-12 has a protective activity against cancer, acting
to prevent initiation, growth, and metastasis of tumors.
It stimulates the cytotoxic activity and production of
IFN-y and TNF-o from NK and TCD8 cells, promoting a

TH1 immune response, besides an antiangiogenic function.
Recently, it has become evident the balance between IL-12

and IL-23 (a promoter of Th17 immune response)
is important in the carcinogenesis process.

[10]

[11-13]

[14-16]

[17, 18]

[19-25]

[26-28]

[29, 30]
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Table 1 (continued)

Cytokine Role in cancer development Ref.

Interleukin-18 IL-18 acts in synergy with IL-12 to induces Th1 [31-34]

(IL-18)

immune response against cancer. The systemic
administration of IL-18 has been chown to have
significant antitumor activity in several preclinical
animal models. However, its expression and
secretion has been observed in several

types of immune cells promoting cancer. Its levels
has also been elevated in patients with squamous
cell carcinoma of the skin.

activity of MMPs leads to pathological conditions such as
arthritis, inflammation, and cancer [41, 42].

They are key regulators of ECM and basement membranes,
contributing to the development and progression of human
malignant tumors due to their interaction with the receptors
for growth factors, cytokines, chemokines, cell adhesion mol-
ecules, apoptotic ligands, and angiogenic factors [43, 44].

There are several different types of MMPs, including
MMP-1, MMP —2, MMP-3, MMP-7, MMP-8, MMP-9,
MMP-12, MP-13, and MT1-MMP, which are stimulated and
activated by various mechanisms in vascular tissues. Once
activated, MMPs degrade ECM proteins and other related
signaling molecules, promoting abnormal angiogenesis and
remodeling of vascular tissue, and facilitating recruitment of
stem / progenitor cells, endothelial cells (ECs), and vascular
smooth muscle cells (VSMCs). The changes in the behavior
of these cells contribute to the pathogenesis of various disor-
ders [43].

MMPs regulate inflammation by substrate processing of a
range of novel substrates including chemokines, growth fac-
tors, receptors, binding proteins, proteases, protease inhibi-
tors, and extra-and intracellular multifunctional proteins
[45]. MMP-1 and MMP-13 are collagenases that degrade
ECM, especially the collagens of type I, II, and III, which
are the main components of the interstitial stroma. In colorec-
tal cancer (CRC), the expression of MMP-1 is correlated with
a more advanced stage of disease and with poor prognosis. It
has been observed that the level of invasion of the lymph
nodes by metastasis in CRC were associated with elevated
levels of MMP-1. It has been shown that the expression of
MMP-13 may be related to tumor biological aggressiveness
and used to aid in predicting patient’s poor prognosis. In fact,
the expression MMP-13 expression was correlated with the
decreased survival of patients with CRC [46].

MMP-2 and MMP-9 are gelatinases whose main substrate
is type IV collagen and gelatin, but they also have proteolytic
activity against other extracellular matrix molecules. Higher
levels of expression of these enzymes were found in the plas-
ma of patients with CRC that have metastasis in lymph nodes
compared with those without lymph node metastases. MMP-7
is a matrilysin whose expression has been observed in about

80 % of all cases of CRC, and its serum levels are associated
with the progression of CRC and decreased survival rate.
MMP-7 promotes cancer invasion through cleavage of ECM
proteins and activates other MMPs, including proMMP-2 and
proMMP-9, to promote invasion of cancer cells. MMP-12 is a
metalloelastase expressed predominantly in the macrophage,
and it is able to degrade many different substrates and seems
to have a protective function in CRC, since its inhibition was
considered potentially harmful to the patient with this pathol-
ogy [44].

On the other hand, the cyclooxygenases are enzymes that
convert free arachidonic acid (AA) into prostanoids, including
prostaglandins (PGs) and thromboxanes (Txs). There are two
isoforms of COX designated, COX-1 and COX-2, being
COX-2 the most strongly linked to development and progres-
sion of cancer [47, 48]. High expression levels of COX-2 are
found in the tissue of colorectal cancer (CRC) and are associ-
ated with less survival of patients with CRC [49]. The clinical
and epidemiological studies and animal experiments indicate
that non-steroidal anti-inflammatory drugs (NSAIDs) are
among the most promising chemopreventive agents for this
disease. The NSAIDs exert their anti-inflammatory and anti-
tumor effects mainly by inhibiting the action of COX-2, lead-
ing to reduced production of prostaglandins [50].

In cells of invasive cervical cancer (ICC), E5, E6, and E7
HPV 16 oncogenes were able to induce the COX/
prostaglandin inflammatory axis by increasing the expression
of the COX-2 gene [9]. This suggests a direct link between
HPV oncogene and activation of an inflammatory response, a
potent factor in promoting cancer. Thus, although the initial
HPV infection is not associated with inflammation, it is be-
lieved that, after integration of the virus into the cell genome,
viral persistence occurs, followed by malignant transforma-
tion of the infected cell. This occurs due to the activation of
inflammatory pathways such as COX-prostaglandin promot-
ing an infiltration of inflammatory and immune cells, creating
a favorable microenvironment for tumor progression [51].

Both COX 1 and 2 are significantly represented in cells of
ICC, and the products of HPV oncogene and of the PGE2 gene
can regulate the expression of the prostaglandin receptor
(PTGER) [52]. Furthermore, it was demonstrated that ES of
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the HPV16 protein regulates the expression of PTGER4 in
cells of ICC in a way that is dependent on PGE2 production
of cyclic AMP (cAMP). This suggests that increased levels of
PGE2 on ICC may regulate the function of neoplastic cells in
an autocrine or paracrine manner, through the expression of
high levels of PTGER2 and PTGER4 prostaglandin receptors
[53].

The Role of microRNAs in the Carcinogenesis

MicroRNAs (miRNAs) are small noncoding single-stranded
RNAs, which are highly conserved during evolution, and con-
trols the gene expression by degrading the corresponding
mRNA, destabilizing and/or inhibition their translation [54].
They have been implicated in the regulation of almost all
aspects of cellular functions, including the immune responses,
innate and adaptive. miRNAs are involved in many types of
inflammatory responses and have a significant impact on the
magnitude of the responses. Furthermore, they participate of
many regulatory networks of genes whose dysfunctions are
associated with human diseases such as cancer [55, 56].

The expression of miRNAs is tightly controlled both spa-
tially and temporally. Although some of them may function as
tumor suppressors, the aberrant expression of these molecules
has been correlated with various types of human cancers [57].
Besides, several miRNAs are involved in many types of in-
flammatory response. This is done in two main ways: by af-
fecting development of subpopulations of inflammatory cells
such as Th2 and Th17, or by setting the level of immune cell
function, e.g., controlling the amount of cytokine produced by
DCs [58].

Some miRNAs are expressed in activated T lymphocytes,
and each miRNA represses its specific targets, which are often
transcription factors specific for a given cell line. This may
determines the type of inflammatory T cells produced during
inflammation. Specific miRNAs, such as miR-155 and miR-
146a, expressed in inflammatory cells, have as targets signal-
ing proteins that regulate the intensity of the inflammatory
signal. Ideally, the signaling results in a transient inflammato-
ry response that eliminates the infection without harming the
host. The lack of certain miRNAs, such as miR-155, can re-
duce the magnitude of the immune response, resulting in im-
munodeficiency. On the other hand, the constant overexpres-
sion of miR-155 or deletion of miR-146a can cause a chronic
inflammatory condition in which inflammation is not resolved
[59].

The expression of miR-21, miR-155, and miR125b is con-
trolled by an undetermined amount of immune signals, the
most prominent being TLR, TNF-c, and other cytokines that
bind the functions of these miRNAs with inflammatory events
[60]. The inflammation modulates the expression of
microRNAs that influence the production of several tumor-

@ Springer

related messenger RNAs or proteins. These molecular events
induced by chronic inflammation contributes to alter impor-
tant pathways involved in normal cellular function, and hence
strengthen the role of inflammation in cancer development
[61]. miR-21 is unregulated, both in vitro and in vivo, by
oncogenes RAS or SRC, the most frequently activated in hu-
man cancers [62].

Among the mechanisms used by miRNAs to promote the
initiation and progression of tumors are those that affect the
modulation of TLR, cytokines, and their signaling pathways,
they also play an important role in the development of cancers
associated with infectious agents. The infections with various
pathogens induce changes in the expression of miRNAs func-
tionally related to the mounting of the innate immune re-
sponse. Thus, they are involved in the regulation of the sur-
vival and proliferation of immunocompetent cells responsible
for the control of infections. The miRNAs miR-21, miR-125,
and miR-155 are the most frequently expressed during infec-
tion and therefore have a potential role in carcinogenesis in-
duced by infectious agents. It has been shown that overexpres-
sion of miR-21 and miR-182 is associated with carcinogenesis
associated with HPV with high oncogenic potential [60, 63].

A recent study identified one inflammatory pathway medi-
ated by microRNA that is epigenetically repressed in breast
cancers. A high-throughput screen for signal transducer and
activator of transcription 3 (STAT3)-regulated microRNAs
revealed the microRNA miR-146b as a direct STAT3 target
in mammary epithelial cells, but DNA methylation in its pro-
moter area suppressed miR-146b expression in cancer cells. It
was observed that deregulated expression of miR-146a and
miR-155, facilitates the development of proinflammatory phe-
notype of Tregs via increased STAT1 activation [64].
Overexpression of miR-146b suppresses NF-kB in an IL-6-
dependent manner. The subsequent STAT3 activation de-
creased invasiveness phenotype in breast cancer cells [65,
66]. It has been proposed that carcinogenesis induced by in-
flammatory response triggered by miRNA, in colon cancer is
related to dysregulation of colon cells and leukocytes, with
impact on proteins involved in the PI3K/Atk signaling path-
way, thereby contributing to cancer cell proliferation and tu-
mor growth [67].

Conclusions

Chronic inflammation arising of infections or of autoimmune
disease precedes development of tumors, suggesting that in-
flammatory response plays an important role in the tumori-
genesis process. Studies show that chronic inflammation can
contribute to initiation, promotion, growth, and invasion of
tumors, through of oncogenes activation, induction of muta-
tions, loss of the mechanisms of cell cycle control, and of
DNA repair, generating a genomic instability which, together
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with angiogenesis and tissue remodeling, contributes to devel-
opment about 1 in 4 cases, of cancer. The mediators of inflam-
matory response coordinates the central signaling pathways of
activation of the innate and adaptive immune responses, and
affect various aspects of inflammation, by activating involved
genes in survival and proliferation of cells. Also promotes
processing the extracellular matrix proteins and other related
signaling molecules, causing abnormal angiogenesis and re-
modeling of vascular tissue, facilitating recruitment and acti-
vation or suppression cells of the immune system. Thus, a
large variety of inflammatory mediators act together through
a complex network of communication through which, they
interact with each other’s, of synergistic or antagonistic way,
to break the cellular homeostasis, creating favorable condi-
tions for initiation, progression and invasion of tumors.
Understanding the mechanisms involved in activation, migra-
tion and infiltration of immune cells into tumors, as well as the
role of a range of mediators of inflammation in the crosstalk of
the immune cells with cancer cells, and the molecular events
that mediate this dialog, is of great importance to find ways of
intervene in this complex network of events, in order of pre-
vent or interrupt the process of tumorigenesis.

Conflict of Interest All authors state that there are no conflicts of
interest to be declared. No financial support was requested or received
in the production of this paper.

References

1. Martinon F, Mayor A, Tschopp J (2009) The inflammasomes: guard-
ians of the body. Annu Rev Immunol 27:229-265

2. Ashley NT, Weil ZM, Nelson RJ (2012) Inflammation: mechanisms,
costs, and natural variation. Annu Rev Ecol Evol Syst 43:385-406

3. Bermejo-Martin JF, Martin-Loeches I, Bosinger S (2014)
Inflammation and infection in critical care medicine. Mediat
Inflamm 2014:456256. doi:10.1155/2014/456256

4. Eiré N, Vizoso FJ (2012) Inflammation and cancer. World J
Gastrointest Surg 4(3):62-72

5. Campbell LM, Maxwell PJ, Waugh DJ (2013) Rationale and means
to target pro-inflammatory interleukin-8 (CXCLS) signaling in can-
cer. Pharmaceuticals 6(8):929-959

6. Kaushal N, Kudva AK (2013) Oxidative stress and inflammation: the
lesser of two evils in carcinogenesis. PostDoc J 1(2):89-101

7. Parks WC, Wilson CL, Lopez-Boado Y'S (2004) Matrix metallopro-
teinases as modulators of inflammation and innate immunity. Nat
Rev Immunol 4(8):617-629

8. Hussain SP, Harris CC (2007) Inflammation and cancer: an ancient
link with novel potentials. Int J Cancer 121(11):2373-2380

9. Adefuye A, Sales K (2012) Regulation of inflammatory pathways in
cancer and infectious disease of the cervix. Scientifica (Cairo) 2012:
548150

10. Allavena P, Germano G, Marchesi F, Mantovani A (2011)
Chemokines in cancer related inflammation. Exp Cell Res 317(5):
664673
11. Raman D, Baugher PJ, Thu YM, Richmond A (2007) Role of

chemokines in tumor growth. Cancer Lett 256(2):137-165

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Hoesel B, Schmid JA (2013) The complexity of NF-«B signaling in
inflammation and cancer. Mol Cancer 12:86. doi:10.1186/1476-
4598-12-86

Liang Y, Zhou Y, Shen P (2004) NF-kappaB and its regulation on the
immune system. Cell Mol Immunol 1(5):343-350

Wu LJ, Li HX, Luo XT et al (2014) STAT3 activation in tumor cell-
free lymph nodes predicts a poor prognosis for gastric cancer. Int J
Clin Exp Pathol 7(3):1140-1146

Fan Y, Mao R, Yang J (2013) NF-kB and STAT3 signaling pathways
collaboratively link inflammation to cancer. Protein Cell 4(3):176—
185

Gomis-Riith FX (2009) Catalytic domain architecture of metzincin
metalloproteases. J Biol Chem 284(23):15353—15357

Loftek S, Schilling O, Franzke CW (2011) Biological role of matrix
metalloproteinases: a critical balance. Eur Respir J 38:191-208
Walter L, Harper C, Gar P (2013) Role of matrix metalloproteinases
in inflammation/colitis-associated colon cancer. Immuno-
Gastroenterology 2(1):22-28

Chen Q, Jin M, Yang F, Zhu J, Xiao Q, Zhang L (2013) Matrix
metalloproteinases: inflammatory regulators of cell behaviors in vas-
cular formation and remodeling. Mediat Inflamm 2013:928315. doi:
10.1155/2013/928315

Butler GS (2000) Overall CM (2013) Matrix metalloproteinase pro-
cessing of signaling molecules to regulate inflammation. Periodontol
63(1):123-148

Said AH, Raufman JP, Xie G (2014) The role of matrix metallopro-
teinases in colorectal cancer. Cancers 6(1):366-375

Zyada MM, Shamaa AA (2008) Is collagenase-3 (MMP-13) expres-
sion in chondrosarcoma of the jaws a true marker for tumor aggres-
siveness? Diagn Pathol 3:26. doi:10.1186/1746-1596-3-26

Zha S, Yegnasubramanian V, Nelson WG, Isaacs WB, De Marzo AM
(2004) Cyclooxygenases in cancer: progress and perspective. Cancer
Lett 215(1):1-20

Cathcart MC, O’Bymne KJ, Reynolds JV, O’Sullivan J, Pidgeon GP
(2012) COX-derived prostanoid pathways in gastrointestinal cancer
development and progression: novel targets for prevention and inter-
vention. Biochim Biophys Acta 1825(1):49-63

Asting AG, Carén H, Andersson M, Lonnroth C, Lagerstedt K,
Lundholm K (2011) COX-2 gene expression in colon cancer tissue
related to regulating factors and promoter methylation status. BMC
Cancer 11:238. doi:10.1186/1471-2407-11-238

Wang D, Dubois RN (2010) The Role of COX-2 in intestinal inflam-
mation and colorectal cancer. Oncogene 29(6):781-788

Sharkey DJ, Tremellen KP, Jasper MJ, Gemzell-Danielsson K,
Robertson SA (2012) Seminal fluid induces leukocyte recruitment
and cytokine and chemokine mRNA expression in the human cervix
after coitus. J Immunol 188(5):2445-2454

Sales KJ, Katz AA, Howard B et al (2002) Cyclooxygenase-1 is up-
regulated in cervical carcinomas: autocrine/paracrine regulation of
cyclooxygenase-2, prostaglandin e receptors, and angiogenic factors
by cyclooxygenase-1. Cancer Res 62:424-432

zur Hausen H (2009) Papillomaviruses in the causation of human
cancers - a brief historical account. Virology 384(2):260-265
Ahmad J, Hasnain SE, Siddiqui MA, Ahamed M, Musarrat J, Al-
Khedhairy AA (2013) MicroRNA in carcinogenesis & cancer diag-
nostics: a new paradigm. Indian J Med Res 137(4):680—-694

Croce CM (2009) Causes and consequences of microRNA dysregu-
lation in cancer. Nat Rev Genet 10:704-714

Ostermann E, Laventie JR, Pfeffer S, Bahram S, Sprauel PS, Georgel
P (2013) MicroRNAs: Fine-turners of type-I interferon-dependent
inflammatory responses. Curr Trends Immunol 14:35-44

Tili E, Michaille JJ, Croce CM (2013) MicroRNAs play a central role
in molecular dysfunctions linking inflammation with cancer.
Immunol Rev 253(1):167-184

Shivdasani RA (2006) MicroRNAs: regulators of gene expression
and cell differentiation. Blood 108(12):3646-3653

@ Springer


http://dx.doi.org/10.1155/2014/456256
http://dx.doi.org/10.1186/1476-4598-12-86
http://dx.doi.org/10.1186/1476-4598-12-86
http://dx.doi.org/10.1155/2013/928315
http://dx.doi.org/10.1186/1746-1596-3-26
http://dx.doi.org/10.1186/1471-2407-11-238

534

J.V. Fernandes et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Yeung ML, Jeang KT (2011) MicroRNAs and cancer therapeutics.
Pharm Res 28(12):3043-3049

O’Connell RM, Rao DS, Baltimore D (2012) MicroRNA regulation
of inflammatory responses. Annu Rev Immunol 30:295-312

Chiba T, Marusawa H, Ushijima T (2012) Inflammation-associated
cancer development in digestive organs: mechanisms and roles for
genetic and epigenetic modulation. Gastroenterology 143(3):550—
563

Schetter AJ, Okayama H, Harris CC (2012) The role of microRNAs
in colorectal cancer. Cancer J 18:244-252

Tang T, Wong HK, Gu W et al (2013) MicroRNA-182 plays an onco-
miRNA role in cervical cancer. Gynecol Oncol 129(1):199-208
Zhou Q, Haupt S, Kreuzer JT et al (2014) Decreased expression of
miR-146a and miR-155 contributes to an abnormal Treg phenotype
in patients with rheumatoid arthritis. Ann Rheum Dis. doi:10.1136/
annrheumdis-2013-204377

Iliopoulos D (2014) MicroRNA circuits regulate the cancer-
inflammation link. Sci Signal 7(318):pe8. doi:10.1126/scisignal.
2005053

Josse C, Bouznad N, Geurts P et al (2014) Identification of a
microRNA landscape targeting the PI3K/Akt signaling pathway in
inflammation-induced colorectal carcinogenesis. Am J Physiol
Gastrointest Liver Physiol 306(3):G229-G243

Schauer 1G, Zhang J, Xing Z, Guo X, Mercado-Uribe I, Sood AK,
Huang P, Liu J (2013) Interleukin-13 promotes ovarian tumorigene-
sis through a p53/NF-kB-mediated inflammatory response in stromal
fibroblasts. Neoplasia 15(4):409-420

Lou JL, Maeda S, Hsu LC, Yagita H, Karin M (2004) Inhibition of
NF-kappaB in cancer cells converts inflammation-induced tumor
growth mediated by TNF-« to TRAIL-mediated tumor regression.
Cancer Cell 6(3):297-305

Waters JP, Pober JS, Bradley JR (2013) Tumour necrosis factor and
cancer. J Pathol 230(3):241-248

Hussain SP, Hofseth LJ, Harris CC (2003) Radical causes of cancer.
Nat Rev Cancer 3(4):276-285

Lebrun JJ (2012) The dual role of TGF-3 in human cancer: from
tumor suppression to cancer metastasis. ISRN Mol Biol 2012:
381428. doi:10.5402/2012/ 381428

Elliott RL, Blobe GC (2005) Role of transforming growth factor beta
in human cancer. J Clin Oncol 23(9):2078-2093

Chen W, Konkel JE (2010) TGF-beta and ‘adaptive’ Foxp3(+) regu-
latory T cells. J Mol Cell Biol 2(1):30-36

Visperas A, Do JS, Bulek K, Li X, Min B (2014) IL-27, targeting
antigen-presenting cells, promotes Th17 differentiation and colitis in
mice. Mucosal Immunol 7(3):625-633

Guo Y, Xu F, Lu T, Duan Z, Zhang Z (2012) Interleukin-6 signaling
pathway in targeted therapy for cancer. Cancer Treat Rev 38(7):904—
910

Vicari AP, Trinchieri G (2004) Interleukin-10 in viral diseases and
cancer: exiting the labyrinth? Immunol Rev 202:223-236

@ Springer

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Mocelin S, Marincola FM, Young HA (2005) Interleukin-10 and the
immune response against cancer: a counterpoint. J Leukoc Biol 78:
1043-1051

Driessler F, Venstrom K, Sabat R, Asadullah K, Schottelius AJ
(2004) Molecular mechanisms of interleukin-10-mediated inhibition
of NF-kappaB activity: a role for p50. Clin Exp Immunol 135(1):64—
73

Pattison MJ, MacKenzie KF, Arthur JS (2012) Inhibition of JAKs in
macrophages increases lipopolysaccharide-induced cytokine produc-
tion by blocking IL-10-mediated feedback. J Immunol 189(6):2784—
2792

Sato T, Terai M, Tamura Y, Alexeev V, Mastrangelo MJ, Selvan SR
(2011) Interleukin 10 in the tumor microenvironment: a target for
anticancer immunotherapy. Immunol Res 51(2-3):170-82

Cope A, Le Friec G, Cardone J, Kemper C (2011) The Th1 life cycle:
molecular control of IFN-y to IL-10 switching. Trends Immunol
32(6):278-286

Stewart CA, Metheny H, lida N et al (2013) Interferon-dependent IL-
10 production by Tregs limits tumor Th17 inflammation. J Clin
Invest 123(11):4859-4874

Shigehara K, Shijubo N, Ohmichi M et al (2001) IL-12 and IL-18 are
increased and stimulate IFN-y production in sarcoid lungs. J
Immunol 166(1):642-649

Wong JL, Berk E, Edwards RP, Kalinski P (2013) IL-18-primed
helper NK cells collaborate with dendritic cells to promote recruit-
ment of effector CD8+ T cells to the tumor microenvironment.
Cancer Res 73(15):4653-4662

Srivastava S, Salim N, Robertson MJ (2010) Interleukin-18: biology
and role in the immunotherapy of cancer. Curr Med Chem 17(29):
3353-3357

Palma G, Barbieri A, Bimonte S, Palla M, Zappavigna S, Caraglia M,
Ascierto PA, Ciliberto G, Arra C (2013) Interleukin 18: friend or foe
in cancer. Biochim Biophys Acta 1836:296-303

Miossec P (2009) IL-17 and Th17 cells in human inflammatory dis-
eases. Microbes Infect 11(5):625-630

Xiang T, Long H, He L, Han X, Lin K, Liang Z, Zhuo W, Xie R, Zhu
B (2013) Interleukin-17 produced by tumor microenvironment pro-
motes self-renewal of CD133" cancer stem-like cells in ovarian can-
cer. Oncogene. doi:10.1038/onc.2013.537

Chen WC, Lai YH, Chen HY, Guo HR, Su 1J, Chen HH (2013)
Interleukin-17-producing cell infiltration in the breast cancer tumour
microenvironment is a poor prognostic factor. Histopathology 63(2):
225-233

Chen Z, Ding J, Pang N, Du R, Meng W, Zhu Y, Zhang Y, Ma C,
Ding Y (2013) The Th17/Treg balance and the expression of related
cytokines in Uygur cervical cancer patients. Diagn Pathol 8:61. doi:
10.1186/1746-1596-8-61

Ngiow SF, Teng MW, Smyth MJ (2013) Balance of interleukin-12
and —23 in cancer. Trends Immunol 34(11):548-555


http://dx.doi.org/10.1136/annrheumdis-2013-204377
http://dx.doi.org/10.1136/annrheumdis-2013-204377
http://dx.doi.org/10.1126/scisignal.2005053
http://dx.doi.org/10.1126/scisignal.2005053
http://dx.doi.org/10.5402/2012/%20381428
http://dx.doi.org/10.1038/onc.2013.537
http://dx.doi.org/10.1186/1746-1596-8-61

	The Role of the Mediators of Inflammation in Cancer Development
	Abstract
	Introduction
	Mediators Involved in the Inflammation and Carcinogenesis
	The Role of Transcription Factors NF-κB
	The Role of Matrix Metalloproteinase and Cyclooxygenases in the Carcinogenesis
	The Role of microRNAs in the Carcinogenesis
	Conclusions
	References


