Clinical Case Reports and Reviews

Review Article

ISSN: 2059-0393

An exploration of the inflammation-cancer association part I
Nikolaos Andreas Chrysanthakopoulos1* and Dareioti Nikolitsa2

Dental Surgeon (DDSc), Oncologist (MSc), Specialized in Clinical Oncology, Cytology and Histopathology, Department of Pathological Anatomy, Medical
School, University of Athens, Athens, Greece
2
Medical Doctor (MD), specialising in General Pathology in ‘‘Saint Andrew’’ Hospital of Patras, Greece
1

Abstract
Previous researchers have recorded that inflammation plays a critical role in tumorigenesis and some of the underlying molecular mechanisms have been elucidated.
It is estimated that under-lying infections and inflammatory reactions are associated with a rate of 25% of all cancer cases. The role of inflammation in tumorigenesis
is acceptable even in case where a direct etiological relationship with inflammation has not yet been established since inflammatory micro-environment is an essential
component of all tumors. Only a minority of all cancers are caused by mutations of progenitor series, while the vast majority (90%) is associated with physical
mutations and environmental factors. Many environmental causes and risk factors of cancer are associated with some type of chronic inflammation. It has been
reported that 20% of cancers is associated with chronic inflammations, 30% could be attributed to cigarette smoking and inhaled pollutants such as silica and asbestos
and 35% in nutritional factors, of which 20% is associated with obesity. Although inflammation, increases the risk for cancer, it was found recently that in addition
to necessity of a tumor initiator, tobacco consists a promoter due to its ability to cause chronic inflammation. Most solid malignancies occur in the elderly where old
age and cellular aging have been found to be tumor promoters that act through inflammatory mechanisms. DNA damage accumulation and cell aging can strengthen
chronic inflammation that promotes tumor genesis. Cancer-associated inflammation contributes to tumor growth via several mechanisms, including the induction
of gene instability, changes in epigenetic events and subsequent improper gene expression, enhance cell proliferation and resistance to apoptosis of the initial cells,
immune suppression, induction of tumor angiogenesis and tissue re-modeling, and finally metastasis.

Inflammation types and mechanisms of carcinogenesis
Various types of inflammation that vary depending on the
cause, mechanism, effect and intensity can promote cancer growth.
There have been found proven links between inflammatory process
stages and cancer, such as inflammatory bowel and Crohn's disease
and particularly ulcerative colitis, and colon cancer [1], persistent
H. pylori infection and gastric cancer/MALT lymphoma, HBV and
HCV infection and hepatocellular carcinoma, infection caused by
Schistosoma and bladder cancer, Bacteroids infection and colon cancer
[2,3], chronic reflux esophagitis in Barrett's esophagus and esophageal
carcinoma [1], cervix infection caused by HPV and cervical cancer,
prostatitis and prostate cancer, pancreatitis, and pancreatic cancer [4].
Inflammatory response triggered by infection preceding the
development of the tumor and is a part of the host’s natural defense, and
its target is pathogens elimination. However, pathogenic oncogenetic
agents prevent the host’s immunity, and create persistent infections
that associated with low-grade but chronic inflammation. In contrast,
acute inflammation induced by specific microbial species was used by
Coley with some success in treating cancer in1890 and has recently
applied for bladder cancer treatment. This phenomenon that makes
bladder cancer uniquely sensitive to acute inflammation, even when
was promoted by chronic inflammation, is currently unknown [5].
Another type of chronic inflammation that precedes cancer
development caused by immune de-regulation and autoimmunity.
An example is inflammatory bowel disease which increases to a large
degree colon cancer risk [6]. However, all inflammatory diseases do not
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increase cancer risk and some of them, such as psoriasis, may reduce
such a risk [7].
Chronic inflammation may be caused by environmental exposure
to tobacco material and other irritants that can lead to Chronic
Obstructive Pulmonary Disease (COPD) that is associated with a
higher risk of lung cancer development [8]. Inhaled asbestos particles
or silica, can lead to lung cancer but without any obvious mutagenic
action. Such particles, however, can trigger an inflammatory response
through effects in pre-interleukin-1b induced by inflammation-particle
that consists of caspase 1 PYCARD gene (N-terminal region PYRINPAAD-DAPIN and C-terminal caspase recruitment area), NALP
(NOD similar subcontainer) and caspase 5, and this may mediate an
oncogenic activity [9] (Figure 1).
A completely different inflammation type is the one who follows
tumor development. Almost all solid malignant tumors trigger
an internal inflammatory reaction that creates a pre-oncogenetic
microenvironment [10]. Based on the continuous cell renewal and
proliferation that are induced by inflammation-associated tumor,
the tumors have been reported as ‘wounds that cannot heal’ [11].
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[16]. Another cell population that appears to play a role in suppressing
of lymphocytes that infiltrate tumors (TILs) is myeloid suppressor
cells that derived from bone marrow (MDSCs). Those cells initially,
were recognized for their suppressive capacity, however it is suggested
that participate in pro-inflammatory processes and are also capable of
promoting angiogenesis [17].
It has been found that tumor-related inflammation characterized
by pro-inflammatory and anti-inflammatory signals that allow tumors
to grow and to escape from immune surveillance [18]. In conclusion,
tumor evolution/growth, inflammation and immunity against
the tumor coexist in different parts of its development, and these
environmental and micro-environmental conditions determine the
balance between them [19,20].

Figure 1. Inflammation types and carcinogenesis

That inflammation type is a reversible wound healing response and
tissue regeneration. Furthermore dominant oncogenes such as V-Src
or K-ras are incapable to induce cancer in adult mice unless they are
accompanied by trauma and subsequent tissue regeneration [12].

Immune cell and tumorigenesis
As a result of different inflammation types, tumor microenvironment
contains native immune cells such as macrophages, polymorphonuclear
leukocytes (PMN), mast cells, bone marrow suppressor cells, dendritic
and natural killer cells (NK), adaptive immune cells such as B-and
T-lymphocytes, cancer cells and its surrounding layer that consists
of fibroblasts, endothelial cells, pericytes and mesenchymal cells [13].
Those cells show interactions each other through a direct contact or
through cytokines and chemokines production and act in autocrine or/
and paracrine ways to control and configuration of the tumor growth.
Expression of various immunological mediators and regulators as well
as the abundance and state of various cell types activation in tumor
microenvironment determine the direction of the balance and if an
inflammation will promote tumor or an antitumor immunity will
occur [14,15].
In established tumors this balance is inclined to inflammation that
will promote tumor growth. However, it is difficult to estimate the
overall impact of immunity and inflammation in the early oncogenetic
stages, because in vivo models for examination of such phenomena
regarding the initial tumor development are not available. Moreover,
recent knowledge is based on tumor load measurement to a point
where malignant cells have already been escaped in an earlier stage
by surveillance mechanisms. Malignancy is often associated with
suppression of an effective T-cell response and an enhanced humoral
immunological response. Undifferentiated tumor nature and the ability
of cancer cells to evade the immune cells and suppress directly host’s
immunity, possibly contribute to the failure of a reaction-response
against the tumor [15].
Despite the presence of autologous T-effector cells, those cells are
suppressed by an expanding population of regulatory T-cells (T regs)
that are accumulated in tumor sites. Those regulatory T-cells can be
activated or engaged by dendritic cells that are present in the tumor
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Leukocytes’ infiltration that varies in composition and distribution
is present in the majority of tumors and is implicated in tumorigenesis,
tumor growth, invasion and metastasis [10]. However, genetic
experiments in mice have shown that inflammatory reaction that
is supported by innate immune cells is crucial for adaptive immune
response activation and also that is capable of eliminating tumor’s
growth. It has been suggested that immune cells continually recognize
and destroy 'nascent' cancer cells but due to genetic instability, new
cancer cells avoid the immunosurveillance mechanisms [21]. In this
context, several studies have focused on discovery of the mechanisms
that lead to immune-escape and have given emphasis on underlying
inflammation that is associated with established tumors and which
is mainly oriented to the coordination of adaptive immunological
response [22].
The most common cells that are present in tumor microenvironment,
are macrophages associated with tumor (TAMs) and T-cells. TAMs cells,
are the most important factors of inflammation and cancer, and consist
a major source of cytokines [10]. Macrophages are distinguished in M1
and M2 types [23]. M1 type is activated by interferon gamma (IFN-γ)
and microbial products, can express high levels of pro-inflammatory
cytokines, such as TNF-α, IL-1, IL-6, IL-12, IL-23, molecules of the
Major Histocompatibility System (MHC), inducible nitric oxide
synthase (i-NOS), and are capable of killing pathogens and contribute
to anti-tumor immune responses. In contrary to the mentioned
activities of M1 cells, M2 type, that induced in vitro by cytokines IL-4,
IL-10 and IL-13 down-regulates MHC class II and IL-12 expression,
and shows an increased expression of anti-inflammatory cytokine
IL-10, receptor scavenger A and arginase. Most TAMs assumed that
have a M2 phenotype as they promote tumor angiogenesis, and tissue
remodeling [23]. However, the most tumor promoting cytokines are
M1-cytokines, while IL-10 that is a M2-cytokine, may be act as a tumor
suppressor, as it was found to be present in colorectal cancer [14].
TAMs particularly promote tumor growth and may be are required
for angiogenesis, invasion and metastasis [24]. T-cells are characterized
by tumor suppressor and tumor promoting action [15]. Impairment of
T-cells, or disruption of specific cytotoxic mechanisms can lead mice to
be render more susceptible to spontaneous or chemical carcinogenesis
[25]. However, it has been shown that many subsets of T cells that are
present in solid tumors are involved in tumor’s promotion, progression
or metastasis, including CD8 + T cells [26], Th1-cells that produce
INF-γ [27], Th2-cells [28] and Th17-cells [9]. NK cells are the only
cell subtype that do not show lacking pre-tumorigenic role. Similar
to TAMs, tumorigenic functions of T cells are mediated by cytokines,
whereas cytokines and cytotoxic mechanisms mediate T cells antitumorigenic functions [25].
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Other immune cells also influence tumorigenesis. PMN act as
tumor promoters and suppressors, depending on their differentiation
status and the presence of transforming growth beta- factor (TGF-b)
[29]. B-and mast cells are important contributors to the immunomediated tumor growth and conventional macrophages and dendritic
cells are important for antigen presentation and T-cells activation
during immune against tumors and for producing cytokine and
induction of immunosuppression in established tumors. Different
cytokines can either promote or inhibit tumor development and
progression, regardless of their source [30].
Through activation of various downstream effector, such as
transcription nuclear factor NF-kB, protein activator-1 (AP-1), STAT,
SMAD factors and caspases, cytokines are able to control the immune
and inflammatory environment either through anti-tumor immunity
(IFN-c, TRAIL, IL-12) or enhance tumor development (IL-6, IL-17,
IL-23) and also have direct effects on tumor cells growth and survival
(TRAIL, IL-6, FasL, TNF-α, EGFR ligands, TGF-b) [14]. In conclusion,
chronic inflammation is recognized as a pathological basis for the
development of most tumors including those that are not causally
related with infections and an underlying inflammation has recently
been proposed as the seventh feature of cancer [31] (Figure 2).

Inflammation and tumor initiation
Inflammation mechanism involves innate and adaptive immunity
that is characterized by the co-ordinated transfer through blood cells
and soluble mediators to the injured tissues. After the elimination of
pathogen and wound, the inflammation subsides. However, in case of
an unsolved inflammation due to any failure in precise control of the
immune response, inflammation may continue to disrupt the cellular
microenvironment, leading to changes in genes that are associated with
cancer and post-translational modifications in cell cycle’s signaling

key-proteins, DNA repair and apoptosis. Mononuclear inflammatory
cells are often present in a very early stage of tumor development in
close relation with hyperplasia and atypia areas [32,33].
These findings support the assumption that mononuclear
inflammatory cells themselves are the principle force that contributes
to tumor initiation or/and in tumor initial development. In addition
to macrophages, mast cells and PMN may also support tumor
development resulting in the up-regulation of non-specific proinflammatory cytokines such as INF-γ, TNF-α, IL-1a, IL-1b and IL-6
[34,35]. Similarly, activated nuclear transcription factor NF-kB is one of
the main ligands between inflammation and tumorigenesis and maybe
the key that allows pre-neoplasmatic and malignant cells to escape from
apoptosis. Consequently, all those factors can act as carcinogenesis
primers and promoters due to proliferation of epithelial cells [2,36].
Tumor initiation consists a process in which normal cells acquire the
first mutation hit that send them to tumorigenesis path of providing
benefits for increasing and survival benefits against surrounding cells.
However, in most cases, a single mutation is insufficient and many
cancers require at least 4 or 5 mutations. The oncogenic mutations may
occur in differentiated epithelial cells, such as hepatocytes that are able
to proliferate and have a long life to allow further ‘hits’ mutations. It has
been suggested that an inflammatory microenvironment can increase
the mutation rates, in addition to strengthening the proliferation of
mutant cells [37,38].
All inflammatory cells such as PMN, monocytes, macrophages,
eosinophils, dendritic cells, mast cells and lymphocytes are recruited
after injury or infection and may contribute to the onset and progression
of cancer. Molecules-keys that link inflammatory response with genetic
variations are prostaglandins (PGs), cytokines, transcription factor
NF-kB, chemokines and angiogenic factors. Chronic inflammation
is often accompanied by an increased production of reactive oxygen
species (ROS) in tissue [39], which may change the signal transduction
cascades and are able to induce changes in transcription factors, such
as NF-kB, NF-E2/rf2 or Nrg2 (nuclear factor erythroid 2/related factor 2)
and AP1 factor, which direct is involved in cellular stress responses [40,41].
The main chemical effectors, ROS, and reactive nitrogen
intermediates (RNI), may act directly or indirectly, through reactions
with other chemical or structural cells components and their
derivatives can also activate factors such as NF-kB factor, resulting in
production of other pro-inflammatory cytokines which in turn enhance
inflammation and thus more ROS production and can attract other
inflammatory cells leading to a secondary enhancing of lesion. Main
ROS sources in all cells are mitochondria, Cyt P450 and peroxysomes
[42]. Under normal circumstances exists an endogenous stabilize
production of ROS and RNI that interact as 'signaling molecules' for
cell metabolism, cell cycle and intercellular communication pathways
[43]. That balance between the beneficial and/or adverse effects of ROS
is a critical event in living organisms. Actually, redox homeostasis is,
in vivo, the main protective process against cell death. For controlling
the balance between production and removal of ROS and RNI exists
a range of protective molecules and systems that are known as ‘antioxidant defenses’. Those enzymes such as super-oxide dismutase,
catalase, glutathione peroxidase and glutathione-S-transferase are
proteins that neutralize transition metals, glutathione, cysteine,
thioredoxin, etc. [44]. Oxidative stress occurs in cases where ROS and
RNI production in a system exceeds the system's ability to neutralize
and eliminate them [45].

Figure 2. Immune cells and tumorigenesis
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Under oxidative stress conditions, ROS and RNI act as toxic
substances that can react with proteins, carbohydrates and lipids with
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consequent alteration in intracellular and intercellular homeostasis,
leading to possible cell death and regeneration. The cells could
respond to these ‘attack’ by enhancing their antioxidant capacity or
via activation of the caspase system which induces programmed cell
death (apoptosis). In cases where those protective systems fail exists a
probability to have a mutant as a consequence of high disturbance in
redox balance that is evolving through ROS and RNI in cell nucleus.
Initiation of carcinogenesis that mediated by ROS and RNI after chronic
inflammation may be direct, i.e. by oxidation, nitration, halogenation
of the nuclear DNA, RNA and lipids, or may be mediated by ROS and
RNI products as well as proteins, lipids and carbohydrates that can
form complexes with DNA. ROS may also increase the expression of
transcription factors, such as c-fos, c-jun and oncogenes that involved
in neoplastic transformation [42].
Activated inflammatory cells act as a source of ROS and RNI
and are capable of inducing DNA damage and genomic instability.
ROS pre-neoplastic action is associated with their ability to induce
DNA damage [46] that can lead to interruption or induction of
transcription, induction of signal transduction pathways, transcription
errors and genomic instability, procedures related to carcinogenesis,
and also through proto-oncogenes activation, tumor suppressor genes
inactivation, while in this procedure participate the oxidative damage
of mitochondria [46,47]. Mitochondrial DNA fragments have been
found in nuclear DNA suggesting a potential oncogene activation
mechanism. Damage to mitochondrial DNA causes mitochondrial
respiratory dysfunction which in turn increases the production of
hydroxyl-radicals that is the major source of DNA oxidative damage
[48]. Mutations and altered expression in mitochondrial genes that
encode for I, III, IV and V complexes and in mitochondrial DNA
hypervariable regions have been found in various human cancers [49].
However, it is not clear whether ROS and RNI that are produced
and released from PMN or macrophages, especially during an acute
inflammatory response, are sufficiently long-lived to diffuse through
the extracellular matrix, enter epithelial cells and react with the
packaged DNA, into chromatin [50]. Alternatively, inflammatory
cells may use cytokines such as TNF-α to induce ROS accumulation
in neighboring epithelial cells. Inflammatory cells produce cytokines
and chemokines that promote tumor cells generation, in addition to
producing an autocrine growth factor by the tumor cells themselves.
ROS and RNI are produced under the influence of pro-inflammatory
cytokines in phagocytic and non-phagocytic cells by activating of
protein kinase signaling. Thus TNF-α increases ROS formation by
PMN and other cells, whereas IL-1-b, TNF-α and IFN-γ induce
iNOS expression in inflammatory and epithelial cells. IL-8, another
inflammatory chemokine derived that from monocytes, macrophages
and endothelial cells is involved in colorectal, bladder, lung and
stomach cancer progression and metastasis [50].

Cyclooxygenase-2 (COX-2) consists a main enzyme that responses
to inflammation through PGs synthesis in monocytes and macrophages,
but is also expressed in non-inflammatory cells such as fibroblasts,
epithelial and endothelial cells. It consists an inducible enzyme and its
expression is regulated by NF-kB factor that mediates tumorigenesis.
COX-2 is involved in cancer biology and is upregulated in many
types of cancer such as colorectal, breast, lung, pancreas, esophagus,
head and neck [53-55], lower and high-level grade astrocytomas [56],
melanomas [34], and plays an important role in lung adenocarcinoma
development [57]. Studies have recorded a 40-50% reduction rate in
mortality from colorectal cancer after taking NSAIDs compared to
patients who did not receive them. This has been attributed to their
ability to inhibit COX-2 that converts arachidonic acid into PGs [53].
Much research has been done whether immune-mediated
mechanisms, unlike dietary and environmental mutagens are the
critical main forces regarding tumor initiation [58]. However, p53
mutations, possibly caused by oxidative damage, and were found in
cancer cells and in inflammatory non-dysplastic epithelium in cancerassociated colitis, suggesting that chronic inflammation causes changes
in the genome [59].
Mutagenesis induced by inflammation can lead to inactivation or
suppression of Mismatch Repair Genes (MMR) of DNA, whereas ROS
can also cause direct oxidative inactivation of MMR enzymes [58,60].
In case MMR genes system has been deregulated, mutagenesis induced
by inflammation is enhanced and also several tumor suppressor genes
such Tgfbr 2 and Bax that have microsatellite sequences is possible to
be inactivated [60].
Another mechanism that associates inflammation with oncogenic
mutations is the upregulation of cytidine deaminase (AID) activation,
an enzyme that promotes the rotation rate of immunoglobulin gene
by catalyzing the deamination of cytosines in DNA. In B-cells AID is
overexpressed in many cancers of various origins and its expression
is induced by inflammatory cytokines in a NF-kB-dependent pathway
or via TGF-b [61]. AID induces genetic instability and increases the
probability of mutation acting in double-stranded DNA, introducing
mutations at critical cancer genes, including Tp53, c-Myc and Bcl-6
[60], and contributes to the development of lymphomas, gastric, and
liver cancers [61,62].

Chronic inflammation is closely associated with angiogenesis,
whereas macrophages, fibroblasts, platelets and own tumor cells are the
principal source of angiogenic factors such as basic fibroblast growth
factor (b-FGF), endothelial growth factor (VEGF ) and PGE-1 and E-2,
in addition to inflammatory cytokines, chemokines and nitric oxide
(NO) [51].

Other mechanisms of mutagenesis that are induced by inflammation
have been proposed, and include the effects of inflammation in nonhomologous recombination and through NF-kB-mediated inactivation
of p53 dependent surveillance genome [60]. In those mechanisms
by which inflammation may enhance tumor initiation are included
the production of growth factors and cytokines that can give a likestem cell phenotype in tumor progenitor cells, or to stimulate stem
cells expansion which leads to cell space widening that is targeted
by environmental mutagens. Indeed, STAT3 is associated with both
the reprogramming of stem cells and their renewal [63], while NFkB factor can enhance Wnt/b-catenin signaling in colon crypts [64].
TNF-α pro-inflammatory cytokine promotes b-catenin nuclear entry
during inflammation that associated with gastric cancer in the absence
of any mutations in Wnt/b-catenin components pathway [65].

A significant interaction and synergy between those mediators
of inflammation leads to cancer development. PGs that are derived
from arachidonic acid oxidative metabolism in inflammatory cells,
contribute to cancer development, as are able to induce the expression
of inflammatory cytokines which in turn increase ROS and RNI
production [52].

The link between inflammation and cancer initiation is ‘no one way’
and exists also evidence that DNA damage can lead to inflammation
and thus is able to promote tumorigenesis. An example is the model of
hepatocellular cancer that induced by carcinogenic diethyl nitrosamine
(DEN), wherein DNA damage contributes to necrotic cell death that leads to
an inflammatory reaction which promotes tumor’s the growth [66] (Figure 3).
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that are part of this mechanism, NF-kB and STAT 3 factors are activated
in the majority of cancers and act as non-classical oncogenes, whose
activation in malignant cells is rarely the result of direct mutations
and instead it depends on signals that are generated by neighboring
cells, or more rarely by activating mutations of upstream signaling
components. NF-kB and STAT 3 factors activate genes that control cell
survival, proliferation, growth, angiogenesis, invasiveness, mobility
and chemokines and cytokines production [72,73].

Figure 3. Tumor initiation

Inflammation and tumor’s promotion
This process is characterized by tumor growth that is initiated by
a single original cell to a fully expanded primary tumor. Initial tumor
growth depends on an increased cell proliferation and a reduced cell
death. Both processes are stimulated by inflammation mechanisms.
In fact many of the reinforcing effects of inflammation on cancer
are obvious at the tumor promotion level and many known tumor
promoters are important inducers of inflammation [2].
Tumor’s promotion that induced by inflammation mechanisms
may occur early or late during tumor development, and inflammation
can lead to precancerous lesions activation that were inactive for
many years. The mechanisms by which inflammation affects tumor’s
promotion are innumerable and besides increased proliferation and
survival may also include an ‘angiogenic switch’ that allows a small
latent tumor having blood supply that is necessary for the subsequent
growth stage [67].

It has been found in experimental animal studies that various
cytokines such as IL-6, IL-11, hepatocyte growth factor (HGF), EGF
and tyrosine kinases such as c-Met, Src, promote tumori-genesis [74].
Another cytokine-tumor promoter is IL-23 [75] that is expressed
primarily by TAMs and its expression depends on STAT 3 and NFkB factors [76]. Most of the genes that mediate tumor-promoting
functions and especially the functions of NF-kB, STAT 3 and AP-1
factors have not been fully determined and most possible pro-tumorpromoting effects of those transcription factors are affected by multiple
effectors. Some targets may be controlled by multiple transcription
factors and may be more important in one cell type than in another.
Expression of antiapoptotic proteins, for example, Bcl-2 and BclXL is promoted by NF-kB and STAT 3 factors and c-IAP1, c-IAP 2,
Mcl-1, c-FLIP factors and survivin expression as well [2,77]. NF-kB
and STAT 3 factors interfere with p53 gene synthesis and attenuate
p53, mediated-genomic surveillance, representing another possible
tumor-promoting mechanism [60]. STAT 3 factor controls Cyclin
D1, D2, B and c-Myc proto-oncogenes expression and through those
can induce cell proliferation [77,78]. Although Cyclin D and c-Myc is
also considered to be regulated by NF-kB factor, inactivation of IKKb
inhibitor in enteric cells is not involved in cellular proliferation [79]
and in Ras-transformed keratinocytes [71] or DEN (diethyl-nitro-zamin)-activated hepatocytes, while NF-kB inhibition actually enhances
Cyclin D expression and cell proliferation [80].

Cytokine signaling pathways and targets-genes in tumor
promotion
Production of cytokines that promote tumors by immune/
inflammatory cells that activate transcription factors such as NFkB, STAT 3 and AP-1 in premalignant cells for genes induction that
stimulate cell proliferation and survival, is an important mechanism
of tumor’s promotion. Initial data for tumor-promoting inflammation
have been derived from experimental animal studies. Although a
contradictory fact in time, TNF-α factor was required for two-stage
carcinogenesis on skin [68]. TNF-α factor activates transcription
factors AP-1 and NF-kB, but on skin its tumor promoting effects are
mediated by AP-1factor [69], which was identified as a transcription
factor whose activity is stimulated by TRA (tetradeca-null-phorbolacetate) that is a classical tumor promoter [70]. Instead, transcription
factor NF-kB inhibits skin cancer development [71]. Thus, despite
the fact a given cytokine can activate several transcription factors, its
activity in tumor promotion may be mediated by only one of them and
is antagonized by someone else. Among various transcription factors
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Oncogenes are involved in cell growth regulation. Among their
pleiotropic effects are included a precancerous microenvironment
induction through a persistent promotion of an inflammatory
environment [81,82]. Chemokines and cytokines that promote
tumorigenesis act by autocrine and paracrine pathways for
inflammatory cells recruitment in tumor’s microenvironment.
Chronic inflammation’s perpetuation is achieved mainly by means
of positive feedback brackets which concern inflammatory cells that
produce cytokines and induce chemokines synthesis in stromal and
malignant cells leading to prolonged inflammatory cells recruitment in
tumor micro-environment. In this respect, TAMs, MDSCs, T regs and
Th17-cells are the major immunological cell subtypes. Recruitment of
myeloid cells is regulated by multiple pathways including CCL2 - CCR2,
CCL1 - CXCR2, S 100A-protein-RAGE and IL-1-IL-1R, interactions.
CCR6 signaling is critical for infiltration with Th 17-cells, whereas T
regs-cells are recruited mainly by CCR4 and CCR7 chemokines [83].
In some cases those critical chemokines are not produced by cancer
cells but are induced in cancer-associated fibroblasts (CAFs) based on
interaction with tumor cells [84] (Figure 4).
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