Chapter 10
The Role of Inflammation in Gastric Cancer

Kazim Senol, Murat Bulut Ozkan, Selahattin Vural and Mesut Tez

Abstract Gastric cancer, despite its declining incidence rate, is still the second
cause of cancer-related death worldwide, killing 750,000 people each year and
remaining the second common type of cancer. The best examples of inflammation-
associated cancer in human beings may be gastric cancer. Understanding the
molecular mechanism of the inflammation in gastric carcinogenesis is important
for developing new strategies against gastric cancer.

10.1 Introduction

Cancer is a major public health problem. Every year almost 1 million new cases of
gastric cancers are presented and there are about 750,000 deaths caused by gastric
cancer. It ranks second in terms of cancer-related deaths after lung and bronchus
cancer (Hussain and Harris 2007; Jemal et al. 2011). Although chemotherapy
improves life expectancy, complete resection of gastric cancer (RO) via gastrec-
tomy remains insufficient and more than 80 % of patients with advanced gastric
cancer die of the recurrent disease within 1 year after diagnosis (Group et al. 2010;
Gomceli et al. 2012).

The choice of treatment generally depends on the tumor’s size, tumor
location, stage of disease, and general health status of patient. Treatment of the
gastric cancer consists of surgery, chemotherapy, radiotherapy, and also targeted
therapy. Surgery is a common treatment of all stages of gastric cancer. The aim
of surgery is to remove as completely as possible all grossly visible tumor tissue
and to obtain histologically free surgical margins. Total and subtotal gastrectomy
are used for RO resection. If the tumor is blocking the stomach but the cancer
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cannot be completely removed by standard surgery, endoluminal stent placement,
endoluminal laser therapy, and gastrojejunostomy are used in palliative surgical
procedures. Generally, 3 cycles of chemotherapy regimen are used before and after
surgery. Each cycle lasts 3 weeks. The most commonly used drug combinations
for gastric cancer are ECF and ECX. ECF contains the drugs epirubicin, cispl-
atin, and fluorouracil, and ECX contains epirubicin, cisplatin, and capecitabine.
Targeted therapy is an another type of treatment of gastric cancer. A drug called
trastuzumab has led to significant gains in overall survival if the stomach cancer
cells have too much HER2 protein (Misleh et al. 2013).

10.2 Inflammatory Signaling Pathways

Cell proliferation, differentiation, and function are principally arranged with a broad
signaling network mediated by stimulative/inhibitory hormones, neurotransmitters,
various cytokines, and growth factors. The interactions between cells are the most
important factors that keep the balance of this network which can influence cell
proliferation in positive or negative ways, as well as these interactions induce a
series of differentiated responses in appropriate target cells. When these networks
are inappropriately regulated, neoplastic cells may occur with its autonomy of
unrestrained growth and may harm the organism even the causes are disappeared
(Fedi et al. 2000).

Inflammation is one of the predominant manifestations of innate and adaptive
immune systems that different and also alternative inflammatory mechanisms play a
part in remodeling of tissue and re-establishment of tissue homeostasis in consequence
of infection or injury by exogenous or endogenous means. All pro-inflammatory
responses are accompanied by anti-inflammatory responses as a non-homogenous
result that depend on type of the pathogen or tissue damage, the genotype of the host,
and also discrepancies between the tissue involved. Any disturbance in tissue home-
ostasis activates the innate immune cells that are first line of defense which quickly
migrate into the injured tissue after vasodilatation and in response to chemokine gra-
dients, classically described as the inflammatory stage of wound healing (Velnar et al.
2009). The innate immune system cells are composed of macrophages, mast cells,
dendritic cells (DC), and natural killer cells (NK), etc., that regulates the inflammatory
response by releasing excessive growth hormones, cytokines, chemokines, matrix-
remodeling proteases, reactive oxygen, and nitrogen species on behalf of taking con-
trol of the inflammatory process (Coussens and Werb 2002; Nathan 2002). These cells
also promote healing by releasing cytokines such as tumor necrosis factor (TNF),
interleukin (IL)-1, interleukin (IL)-6 that achieves cell survival, activate stem cells
and promote epithelial proliferation. Also, the correlation between tumor-associated
macrophage abundance and poor prognosis has been shown (Nowicki et al. 1996).
Furthermore, macrophage-deficient mice display reduced progression of tumors to a
more malignant phenotype (Bromberg and Wang 2009). NK and DC also play a key
role in providing a link between adaptive and innate immune response, and both have
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crucial roles in maintaining the antigen-specific immunity (de Visser et al. 2006). Th1l
response and its accompanying mediators interferon (IFN)-y are not only necessary
for Helicobacter-induced inflammation but also for the development of atrophy or
metaplasia and spasmolytic polypeptide-expressing metaplasia (SPEM); however, a
Th2 response and its mediators (i.e., [L-4) appear to be protective. The presence of
a Thl, rather than a Th2, immune response is also associated with better survival in
gastric cancer patients (Marshall and Warren 1984).The host response to the inflam-
mation is a key factor takes role within inflammation process leading to carcinogen-
esis which includes the steps of initiation, promotion, and progression (Kinzler and
Vogelstein 1996).

In addition, inappropriate and steady regulation of the immune components may
be a cause of chronic inflammation by generating an initiative microenvironment
that alters normal cellular homeostasis and advances the stepwise accumulation of
genetic and epigenetic alterations of various proto-oncogenes and tumor suppres-
sor genes on behalf of cancer development. These genetic and epigenetic changes
include point mutations, deletions, duplications, recombinations, methylation of var-
ious tumor-related genes through various mechanisms (Chiba et al. 2012) and also
include altered microRNAs expression (Zhang et al. 2008). Although, multiple sign-
aling pathways including increased inflammatory cytokine production, abnormal
apoptosis, inappropriate cell proliferation/differentiation, and epithelial transfor-
mation are triggering causes of these alterations. The fact is that biology of cell
division, differentiation, and apoptosis is exceedingly similar in both normal and
cancer cells (Ooi et al. 2009).

Some of the earliest observations in cancer biology as well as recent advances
in molecular analyses contribute to our knowledge about the multistep process
of gastric carcinogenesis (Yokozaki et al. 1997; Balkwill and Mantovani 2001;
Gutierrez-Gonzalez and Wright 2008). Ooi et al. (2009) mentioned in a study that
among 70 % of GC patients, three oncogenic pathways are deregulated, which are
demonstrated as: proliferation/stem cell pathway (40 % of GCs), NF-kB pathway
(46 % of GCs), and Wnt/b-catenin pathway (39 % of GCs). Nuclear factor (NF)-kB
and STAT3 pathways have emerged as key regulators of the release of these pro-
inflammatory cytokines, and important mediators of both tumor proliferation and
persistence of chronic inflammation. The activation of these pathways results in fur-
ther cytokine release (Yang 2007; Rius et al. 2008; Guilford et al. 1998). Several
studies suggest that association between gastric carcinogenesis and cytokine overex-
pression, especially IL-1, IL-6, TNF which are also regulated by the NF-kB, showed
such a clinical correlation with NF-kB signaling pathway upregulation in gastric
cancer cells more than benign disorders such as gastritis (Yin et al. 2013). STAT3
drive in gastric cancer initiation and progression through its activation by cytokines,
IL-6 family ligands are expressed in the stomach that IL-6 and IL-11 provide a basis
in tumorigenesis (Giraud et al. 2012).

The gastrointestinal tract has rapid epithelial turnover and exposure to injury by
infections and dietary toxins. These conditions create very high cancer prevalence.
Intestinalization of gastric units, which is called “IM”; phenotypic antralization
of fundic units, which is called “spasmolytic polypeptide-expressing metaplasia
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(SPEM)”; and the development directly from the stem/progenitor cell zone are
three pathways that have been described for gastric carcinogenesis (Fox and Wang
2007; Hoffmann 2008; Slack 1986).

Stem cell activation is a remarkable step in obtaining the tissue repair and self-
renewal. Despite the main disadvantages of addressing the response of human
immune system in the clinical researches remain obscure, these studies implicate
that only a subset of cancer stem cells (CSCs) propagate the tumor (Vries et al.
2010), while the frequency of CSCs greatly increases to possibly more than 25 %
of all tumor cells (Shmelkov et al. 2008; Quintana et al. 2008; Kelly et al. 2007).
Several signaling pathways such as, Wnt/B-catenin pathway, take role in assuring
the homeostasis and maintain the balance of gastric epithelia between progenitor and
stem cells (Lickert et al. 2001; Katoh 2007). Additionally, Wnt signaling pathway
is described as important steps of tissue repair and stem cell self-renewal in chronic
tissue injury-related carcinogenesis (Beachy et al. 2004). It has been shown in a study
that Wnt pathway in association with other inflammatory signaling pathways initiates
the gastric progenitor cells through the metaplasia-carcinoma sequence in rat gastric
mucosa (Oshima et al. 2006). In another mouse model, activated macrophages in the
inflamed or Helicobacter pylori-infected gastric mucosa express TNF-a, which stim-
ulate the surrounding cells to promote Wnt/p-catenin signaling activity in multistep
pathogenesis of inflammation leading to gastric cancer (Oguma et al. 2008).

Cyclooxygenases (COX) are the key enzymes that convert and array of fatty
acid substrates into pro-inflammatory prostanoids. There are 2 types of COX
genes, type | is a physiologic gene that constitutively expressed in many tissues
and responsible for the synthesis of prostanoids involved in protection of the gas-
trointestinal mucosa and for production of the pro-aggregatory prostanoid throm-
boxane by the platelets. In the contrary, type 2 COX gene is usually undetectable
in most tissues. COX-2 is an inducible gene and activated by several stimulus like
hormones, pro-inflammatory cytokines, growth factors, and tumor promoters.
Also COX-2 has been related to inflammation, reproduction, and carcinogenesis
(Taketo 1998; Dannenberg et al. 2001).

Although the subsequent pathways are different, chronic inflammation is the
first step in both the intestinal and the diffuse type of gastric cancer. While the
intestinal type has a sequence of multifocal atrophic gastritis, IM, and dysplasia,
which advances to carcinoma, the diffuse type tends to be primarily genetic in
origin (Correa 1995; Nardone et al. 2004). The progress from IM to gastric cancer
has a wide range of molecular alterations affecting transcription factors, such as
CDXI1 and CDX2, telomerases, microsatellite instability, mutations of p53 protein,
overexpression of COX-2, cyclin D2, and decreased expression of p27 (Muller
et al. 2001). The next step is gastric dysplasia. During the progression of normal
tissue through the metaplasia-dysplasia sequence, there are mutations in genes
including p53, also loss of heterozygosity of the adenomatous polyposis coli gene,
overexpression of the anti-apoptotic gene bcl-2, and a mixture of polyploidy and
aneuploidy (Muller et al. 2001).

As described above, several signaling pathways take place in gastric carcino-
genesis, and detection of the form and complexity of interactions between these
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oncogenic pathways may be helpful in the immediate future to taxonomize the
individual gastric cancers into biologically and clinically relevant subgroups
(Ooi et al. 2009).

Aside cytokines, members of the nuclear hormone receptor superfamily, which
are ligand-activated transcription factors and members, peroxisome proliferator-
activated receptors (PPARs) are assigned in multiple tasks. PPARYy, in particular,
is involved in the control of inflammation and glucose metabolism and participates
in the processes of cellular proliferation, differentiation, and apoptosis. It has been
clearly demonstrated that gastric cancer cell lines express PPARy and PPARy
is implicated in H. pylori-related gastric carcinogenesis (Morita et al. 2001;
Konturek et al. 2003). PPARY ligands, especially troglitazone, induce growth inhi-
bition of gastric cancer cell lines, and that PPARy agonists may have potential in a
cancer therapeutic role (Sato et al. 2000). In addition, a study suggested that on the
effect of PPARYy agonists, PPARy antagonists also inhibit the gastric cancer cell
lines growth which explains that PPARy may effect gastric carcinogenesis through
a PPARy-independent pathway (Ma et al. 2009).

10.3 Role of Inflammation in Gastric Cancer

About 150 years ago Rudolph Virchow distinguished that inflammatory cells are
existed in tumor tissues suggesting that chronic inflammation played a role in
carcinogenesis. Since then it has been established that 25 % of all cancer types
related with chronic inflammation (Hussain and Harris 2007). After identifying
chronic atrophic gastritis and discover of H. pylori, gastric carcinoma has taken
place in one of the cancers caused by chronic inflammation.

Over 100 years several studies have been conducted on gastric cancer and its
relationship with atrophic gastritis and intestinal metaplasia. There has been a sig-
nificant progress through the understanding of the development of gastric cancers,
after in 1937, Magnus concluded that the presence of intestinal epithelium in the
stomach is the result of the faulty regeneration of surface epithelium in a mucosa
repeatedly damaged by gastritis and that it is, in fact, an example of metaplasia
resulting form chronic irritation, and in 1955, Morson suggested that gastric car-
cinoma has arose from the areas of intestinal metaplasia (Morson 1955; Magnus
1937). Interest in H. pylori as a cause of cancer began after the pioneering discov-
eries of Marshall and Warren in 1983. H. pylori infection is the most common bac-
terial infection worldwide, almost 80 % of the population in developing countries
are infected with H. pylori (Pounder and Ng 1995). H. pylori is a gram-negative
spiral-shaped rod that usually acquired in infancy. It has four to six flagella that
settle beneath the mucus layer of stomach. This is a defensive mechanism which
protects bacteria from low gastric pH. Another defensive mechanism is its highly
active urease enzyme which is capable of dividing urea into ammonia and bicar-
bonate, creating a non-acid microenvironment. H. pylori has various virulence
factors such as its screw-like shape, lipopolysaccharide, vacuolating cytotoxin
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A (VacA), cytotoxin-associated gene A (CagA), and its pathogenicity island
(cagPAI). In recent years, there have been some studies about cagA and cagPAI
and their relationship with gastric adenocarcinomas (Yamaoka 2010).

After the discovery of H. pylori in the late 1980s and 1990s, many researches have
been achieved on its effects over the gastric mucosa and linkage to multistep patho-
genesis of atrophic gastritis, intestinal metaplasia, and finally gastric cancer sequence
(Correa 1988). The pattern of gastritis has also been shown to correlate strongly with
the risk of gastric adenocarcinoma. The presence of antral-predominant gastritis, the
most common form, confers a higher risk of developing peptic ulcers whereas corpus
predominant gastritis and multifocal atrophic gastritis lead to a higher risk of devel-
oping gastric ulcers and subsequent gastric cancer. Pathogens that insist a long-term
infection, such as H. pylori, can lead to the chronic production of pro-tumorigenic
cytokines (Grivennikov et al. 2010). The response to H. pylori infection and the
subsequent pattern of gastritis depends on the genotype of the patients and in particu-
lar genetic polymorphisms of IL-1 beta which is an inflammatory mediator triggered
by H. pylori infection (Milne et al. 2009). H. pylori is the most important risk factor
that causes chronic gastritis, peptic ulcus, non-cardia adenocarcinomas, and mucosa-
associated lymphoid tissue (MALT) lymphoma. Although most of the infected indi-
viduals are asymptomatic, 10-15 % of them develop peptic ulcus and only 1 % of
them develop gastric malignancy (Ernst et al. 2006). H. pylori has been classified
by the World Health Organization as a class one carcinogen in 1994 (Hoggart et al.
2002). However, gastric cancer is not prevented by H. pylori eradication in all patients.
This can be speculated that prevention of H. pylori-associated carcinogenesis only
benefits those in whom the malignant process has not begun. Understanding the mech-
anism of inflammation and cancer may provide a powerful tool for understanding
cancer development and prognosis.

Also other pathogen-associated inflammatory responses leading to gastric cancer
has been identified, especially Epstein—Barr virus (EBV) that has been accounted
for 10 % of the total GC cases (Ushiku et al. 2007). As well as Shin et al. (2006)
revealed a rare agent human papilloma virus called the John Cunningham virus
(JCV), and JCV T-Ag (oncogenic transforming antigen) has been isolated in 21 out
of 37 GC (57 %) patients. Besides, other studies has already been concluded that
JCV T-Ag DNA sequences are even presented in 80-90 % of colorectal cancers
(Dyson et al. 1990; Bollag et al. 1989).

In the literature, association between parasitic infections and gastric cancer has
also been described. Toxocariasis infestation-related multiple liver and pulmonary
metastatic nodules have been documented in the follow-up of three gastric
cancer patients which are fully regressed after anti-biotherapy (Park et al. 2012).
In another patient diagnosed as gastric cancer showed Microfilaria infestation in a
sample of supraclavicular lymphoid tissue aspiration cytology in the background
of malignant cells thought as transmigration along with metastatic emboli in an
immunosuppressed state (Kumar 2010). Although, underlying mechanisms of
existence of these pathogens, associated malignancy has to be clarified.

Other etiologic factors in gastric cancer are shown in Table 10.1 (Gomceli et al.
2012).
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Table 10.1 Etiologic factors in gastric cancer

Genetic factors Environmental factors Other factors

Sex Helicobacter pylori Gastric adenomas

Familial adenomatous polyposis Epstein—Barr virus Barrett’s esophagus

Hereditary non-polyposis Nitrites Hamartomas
colorectal cancer (Lynch 2)

Genetic diffuse gastric cancer Excess alcohol ingestion Menetrier’s disease
(E-cadherin—~CDH 1| mutation)

Genetic polymorphisms for High intake of salted, pickled, Chronic atrophic gastritis
pro- and anti-inflammatory or smoked foods
cytokines

Polymorphisms for cell Low intake of fiber, fruits, Gastric metaplasia
receptors of innate immune and vegetables
response

Peutz—Jeghers syndrome Antioxidant consumption Pernicious anemia

(especially ascorbic acid,
carotenoids, folates, and
tocopherols)

Tobacco smoking Benign gastric ulcers
(adenocarcinoma Fundic gland polyps
of cardia) Hyperplastic polyps

Gastric biopsy revealing
high-grade dysplasia

History of subtotal
gastrectomy (>20 year)

Adapted from Gomceli et al. (2012)

10.4 Role of Inflammatory Molecules in Gastric Cancer:
Evidence from In Vitro Studies

Inflammatory cytokines are the remarkable determinants cell survival and death.
IL-1 and IL-6 activate nuclear factor-kB (NF-kB) and STAT3 pro-survival tran-
scription factors to induce cell survival and tumor development, where as other
cytokines such as Fas ligand and TNF-related apoptosis-inducing ligand (TRAIL)
induce apoptotic cell death (Kuraishy et al. 2011). It is now well accepted that if
the host-mediated anti-tumor activity is incapable of forming immune response
via several defending mechanisms, tumor cells undergo immune escape and grow
rapidly. Dunn et al. (2004) suggested as in “cancer immunosurveillance” theory
that cytokines have dual roles, while such cytokines especially TNF, TRAIL, FasL,
and TWEAK are inducing the apoptotic cell death, the other cytokines such as type
I interferon (IFN) and TGF-f limit the proliferation of epithelial cells. TNF-a, espe-
cially in combination with IFN-y, were originally described for their anti-tumoral
activity, a cytotoxic action against tumor cells by regulating the immune response,
host defense and gene expression. It is demonstrated in a study that IFN-y regu-
lates apoptosis by soluble TNF-R released by IFN-gamma in the injured gastric
epithelial cell line induced by TNF (Furuta et al. 2002). IL-12 and IL-18 both
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allow proliferation of T cells and potent production of IFN-y, which may lead to a
direct anti-proliferative and pro-apoptotic effect on the tumor cells as well as anti-
tumor activity (Ye et al. 2007). In a study, IL-18 enhance the proliferation of gastric
cancer lines via NF-kB signaling pathway in a dose-dependent manner, where as
L-18-pretreated gastric cancer cells, which were cultured with cytokine-activated
peripheral blood killer lymphocytes, showed less secretion of IFN-y or perforin,
anti-tumor products of killer lymphocytes, resulting in a decreased susceptibility of
cancer cells to killer lymphocytes (Majima et al. 2006). Despite cytokines, several
in vitro studies have found that PPARy activation results in cell cycle arrest and/
or apoptosis of gastric cancer cells (Takahashi et al. 1999). Cytokines produced
in response to injury have enormous effects on cell survival contributing to tumor
initiation, growth, progression, and metastasis, which is yet to be elucidated.

Chronic inflammation plays an important role in tumorigenesis and macrophages
are a key player in generating the chronic inflammation microenvironment by being
activated persistently until leading to continuous tissue damage (Macarthur et al.
2004). In the acute phase of inflammation, the release of endogenous reactive oxy-
gen (ROS) and nitrogen species (NOS) (O,~, H,0,, NO, OH, ONOO~, HOCI)
from such innate immune cells as macrophages together with other leukocytes con-
tributes a fight back to infection and pathogens (Maeda and Akaike 1998; Leach
et al. 1987). However, sustained generation of ROS and NOS may alter proliferating
cells via forming a tumorigenic microenvironment that generated in several path-
ways. Continuous deleterious ROS and NOS exposure triggers amplification of
inflammatory cytokine production that stimulates signal transductors, angiogenic
factors, and oncogene overexpression and post-translational modification of tumor
suppressor genes and also causes direct DNA damage by inhibition of DNA repair in
proliferating cells (Federico et al. 2007).

ROS and NOS secretion is under control of pro-inflammatory cytokines
through the activation of protein kinases signaling that accumulates the production
of free radicals such as hydroxyl radical (OHe), superoxide (O;™*), nitric oxide
(NOe), and peroxynitrite (ONOO™).

TNF-a induces ROS production in neutrophils, tumor cells, and also endothelial
cells via a ceramide-dependent signaling pathway (Corda et al. 2001), while TNF-
a, IL-1B, interferon-y (IFN-y) stimulates the expression of inducible nitric oxide
synthase in inflammatory and epithelial cells. In addition, in an increased cellular
oxidative stress process, TNF-a induced excessive production of reactive oxygen
species, influence its cytotoxic effects on tumor cells, and arrangement of gene
expression (Goossens et al. 1995; Schutze et al. 1992).

TNF-a and IL-18 also induce the formation of ONOO™, which formed by
a reaction of NOe with superoxide, is a constitutive producer of IL-8. IL-8 is a
potent pro-inflammatory chemokine derived from monocytes, macrophages, and
endothelial cells that promote adhesion, migration, invasion, and chemoresist-
ance of gastric cancer cells (Zouki et al. 2001; Kuai et al. 2012). When ROS levels
are significantly increased, oxidatively altered nucleic acids (Demple and Harrison
1994) cause DNA damage including strand breaks, intrastrand adducts, and DNA
protein cross-links (Valko et al. 2005). In addition, ROS mediates the formation of
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8-oxo-7,8-dihydro-20-deoxyguanosine (Inoue and Kawanishi 1995), and 8-nitro-
guanine (Yermilov et al. 1995; Akaike et al. 2003), which are considered to be
potential biomarkers of oxidative stress (Evans et al. 2004), in relation to cancer-
associated inflammation (Valko et al. 2006, 2007). 8-hydroxydeoxyguanine basically
alters the nucleotide string by leading to guanine(G)/cytosine(C) to thymine(T)/
adenine(A) transversions which are also observed in vivo in the ras gene (Bos
1988) and the v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (K-RAS)
and TP53 tumor suppressor gene in lung and liver cancers (Takahashi et al. 1989;
Hsu et al. 1991).

In an another study, chronic gastritis as a precancerous lesion of gastric cancer,
is characterized by the accumulation of oxidative DNA damage that H. pylori
infection is the major determinant for DNA adduct formation (Farinati et al.
1998). H. pylori-infected stomach arranges the microenvironment for the activated
neutrophils to provide the ROS or NOS production besides that H. pylori itself
also produces ROS (Handa et al. 2010).

NOe has a crucial role in inflammation and its functional heterogeneity, between
preneoplastic and antineoplastic functions is the remarkable status in the field of
cancer biology. NOe and nitric oxide synthase (NOS), especially overexpression
of NOS2, both have an impact on the post-translational modification of tumor sup-
pressor genes such as p53 and Rb during chronic inflammation (Ying et al. 2005;
Hofseth et al. 2003). NOe mediated p53 accumulation and post-translational modifi-
cation promote gastric cancer progression in association with advanced tumors even
with metastasis thereby causing cellular growth arrest, inducing apoptosis and onco-
genic mutations in the p53 gene (Rajnakova et al. 2001).

However, c-MYC oncogene activation generates sufficient ROS to produce
DNA strand breaks, activate p5S3 pathway in the absence of apoptosis, and cause
DNA damage before the S phase in association with ROS induction in normal
human fibroblasts (Vafa et al. 2002). Thus, activated oncogenes induce genomic
instability in consequence of DNA damage in both precancerous lesions and
cancers (Halazonetis et al. 2008)

However, a tumorigenic microenvironment, formed by an unresolved inflam-
mation on account of any deleterious effects of unrestrained release of mediators
that already exacerbated by such immune cells, mesenchymal cells, and epithelial
cells, contributes to tumor initiation and/or initial tumoral progression. Cytokines
are the putative regulators of the inflammation with pro- and anti-inflammatory
functions, where INF-y, TNF, IL-1a/8, IL-6, and chemokines are known to be the
major cytokines important for inflammation and cancer development (El-Omar
et al. 2000; Ben-Neriah and Karin 2011; Kuraishy et al. 2011).

TNF-a has an important role in both anti-tumoral activity and tumorigenesis with a
diversity of response in the chronic inflammation, which ranges between tissue recov-
ery and tissue destruction. TNF-a, produced by malignant cells, leukocytes, and other
cells in tumor microenvironments, acts primarily through membrane-bound homo-
trimeric receptors TNRFI and TNRFII in autocrine and paracrine ways (Locksley
et al. 2001). Despite locally high dose of TNF-a exposure destroys the tumor vas-
cularate and causes tumor necrosis, sustained production of TNF-a may facilitate
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tissue remodeling and stromal development linking to tumor growth and spread as an
endogenous tumor promoter (Balkwill and Joffroy 2010). TNF-a can also promote the
angiogenesis by inducing a range of angiogenic factors, thymidine phosphorylase, and
matrix metalloproteinases (MMPs) (Balkwill and Mantovani 2001; Leek et al. 1998;
Balkwill and Joffroy 2010; Aggarwal 2003). In addition, TNF-a has a vital role in
DNA damage with the help of other inflammatory cytokines, IFN-y, and IL-1B, by
upregulating iNOS and NOe production which causes direct damage of DNA and
inhibits the DNA repair (Jaiswal et al. 2000). Besides that, TNF-a implicates other
chemokines via regulating a tumorigenic signaling network, in inflammatory pro-
cesses leading to tumorigenesis (Balkwill and Joffroy 2010).

Thus, TNF-a secures its position as a major mediator of inflammation-associ-
ated carcinogenesis, by contributing a tumorigenic microenvironment via inducing
several cytokines, angiogenic factors, and MMPs that cause DNA damage and
promote tumor growth and tumor metastasis in the survival of tumor cells through
a tumorigenic signaling pathway, NF-kB (Balkwill and Joffroy 2010). NF-xB is
a transcription factor, and NF-kB-regulated genes provide several products that
inhibit apoptosis and enhance cell cycle progression, angiogenesis, and metas-
tasis, in consequence of forming the IKK complexes which pro-inflammatory
cytokines and microbial infections are being stimulated (Karin and Greten 2005;
Karin 2006; Luo et al. 2005). Soutto et al. (2011) demonstrated that Trefoil fac-
tor 1(TFF1, a tumor suppressor gene) knockout mice leads to activation of IKK
complex-regulated NF-kB transcription factors, and hence, NF-kB-mediated
inflammatory response causes a multistep carcinogenesis cascade in the progres-
sion of gastric carcinogenesis with the help of TNF-a-mediated NF-kB activation
through the TNF receptor 1 (TNFR1)/IkB kinase (IKK) pathway. In an another
study, Mochizuki et al., also showed that by using a green fluorescent protein
(GFP)-tagged human gastric cancer cell line, TNF-a-pretreated mice group exhib-
its an early progression of peritoneal metastasis which is more significant than the
non-pretreated group (Mochizuki et al. 2004). It is still a controversial manner that
gastric cancer patients show a significant increase in TNF-a levels.

TNF-a and IL-1p are essential in the initiation of chronic inflammation. Recent
works have shown that IL-18 overexpression, in the absence of H. pylori infection, is
sufficient to cause gastric cancer. In addition, IL-1p is one of the essential pro-inflam-
matory cytokines modulated during H. pylori infection that directs the mucosa toward
atrophy, metaplasia, and neoplastic transformation (EI-Omar et al. 2000; El-Omar
2001; Pollard 2004). Beales (2002) demonstrated in a study that IL-1f stimulates the
proliferation of gastric cancer cell lines via tyrosine kinase-dependent signaling path-
way and autocrine stimulation of GM-CSF contributes to this stimulation in a dose-
dependent manner. Similar to findings for IL-1p, Uefuji et al. (2005) demonstrated
that IL-la mRNA expression levels were relevant to COX-2 positive cancer cell
lines, that exogenous supplement of IL-1a enhances both IL-1ae and COX-2 mRNA
expression levels which indicates IL-1a-COX-2 pathway might be involved in tumor
progression by regulating cancer cell proliferation. Several researchers have demon-
strated that IL-1o enhances angiogenesis and vascular endothelial cell proliferation in
gastric cancer cell lines (Ma et al. 2008; Furuya et al. 2000).
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Recently, direct evidence has also linked IL-6 to inflammation-mediated tumor
initiation and proliferation in colon cancer (Bromberg and Wang 2009). IL-6 plays
an important role in stimulation of tumor growth and tumor metastasis including the
steps of tumor cells invasion of the stroma, intravasation of blood vessels and cir-
culation in the blood. In an in vitro study designed with several gastric cancer cell
lines demonstrated that such gastric cancer cell lines expressed IL-6 mRNA, which
was an indicator of gastric cancer cell growth, even anti-IL-6 antibody inhibited this
process (Ito et al. 1997). In cancer cells, IL-6 expression that leads to tumor invasion
and metastasis in gastric cancer may act as in autocrine and paracrine ways. IL-6 can
be secreted from cancer cells which combines with IL-6 receptors on the surface of
cancer cells, directly promote the cancer cell mitogenic activity in an autocrine path-
way (Ashizawa et al. 2005). IL-6 also stimulates cancer cells to produce hepatocyte
growth factor (HGF), which combines with the HGF receptor (c-met) expressed on
cancer cells, through a paracrine pathway that HGF induces cancer cells to move to
the metastatic site by promoting and accelerating invasion as well as lymph node
and/or hepatic metastasis (Ashizawa et al. 2005). In addition, it is documented that
IL-6, is an important effector of TNF-a and IL-1f actions in vivo (Gangopadhyay
et al. 1998). IL-6 promotes the adhesion of cancer cells and endothelial cells via
overexpressing the intercellular adhesion molecules such as ICAM, VCAM, and
E-selectin in association with TNF-a and IL-1B (Gangopadhyay et al. 1998). IL-6
acts on cancer cells directly via the Janus Kinase (JNK)/signal transducer and acti-
vator of transcription 3 pathways (Ashizawa et al. 2005) and may also inhibit DC
maturation and, together with the NF-kB-activating cytokines IL-1 and TNF may
promote tumor progression. IL-6 can regulate VEGF and angiogenesis in gastric
cancer, as demonstrated in another study that increasing dose and duration of IL-6-
stimulated gastric cancer cell lines produces significant amount of vascular endothe-
lial growth factor (VEGF) in vivo and in vitro (Huang et al. 2004).

IL-10 and transforming growth factor (TGF)-f are known for not only their
effects oversuppressing the host anti-tumor immunity and anti-inflammatory
actions, but also are central regulator of regulatory T cell (Treg) which can inhibit
immune responses mediated by CD4(+4) and CDS8(+) cells (Tsujimoto et al.
2010). TGF-B1 expression demonstrated as a clinical prognostic marker and puta-
tive angiogenic factor in gastric carcinogenesis that has already been suggested in
a study that TGF-B1 expression stimulates angiogenesis via promoting indirectly
by VEGF upregulation (Saito et al. 1999).

10.5 Role of Inflammatory Molecules in Gastric Cancer:
Evidence from In Vivo Studies

IL-1B, IL-6, IL-8, and TNF-a mRNA expression levels were significantly elevated in
H. pylori-positive mucosa compared with H. pylori-negative mucosa. In H. pylori-
positive gastric mucosa, IL-1f8, IL-6, and IL-8 mRNA expression levels correlated
significantly with activity and chronic inflammation scores, and TNF-o mRNA
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expression levels correlated with chronic inflammation scores. There was a nega-
tive association between IL-6 and IL-8 mRNA expression and intestinal metapla-
sia scores IL-6 and TNF-a. mRNA expression levels increased with the severity of
atrophic gastritis, while pro-inflammatory cytokine mRNA expression levels were
lower in the mucosa with intestinal metaplasia compared to mucosa with extended
atrophic gastritis (Isomoto et al. 2012).

Individual differences in the intensity of the inflammatory response (which
affects the maintenance, severity, and outcome of H. pylori infection) may
contribute to gastric mucosa transformation. Moreover, the impact of gene poly-
morphisms on the activity of key inflammatory molecules is relatively well known.

Previous studies on the association between IL-1 genetic polymorphisms and
the risk of gastric cancer have produced controversial results. In a meta-analysis,
authors observed that the IL-1B-511T carrier, as well as the IL-1RN*2 carriers,
are associated with an increased risk of developing of gastric cancer, markedly
the intestinal type. IL-1RN*2 carrier increased the risk of developing gastric can-
cer among Caucasian. However, the IL-1B-31C and +3954T genotypes are not
associated with an increased risk of developing gastric cancer (Wang et al. 2007).

In contrast, these polymorphisms are not consistently related to the risks of
esophageal or gastric cardia cancers (El-Omar et al. 2003).

A number of studies have shown that cyclooxygenase-2 (COX-2) gene poly-
morphisms were associated with gastric cancer. However, the results from different
research groups have not been consistent. At present, two polymorphisms in COX-2
have been reported. The promoter region polymorphic variant of —1195G>A and
—765G>C has been demonstrated to have a functional effect on COX-2 transcrip-
tion, which may cause gastric cancer (Pereira et al. 2009; Zhang et al. 2005).

Several studies have examined the association of polymorphisms in tumor
necrosis factor-A gene (TNF-A) with gastric cancer risk. However, the meta-
analysis of these studies have shown that TNF-A-308AA genotype was associated
with a increased risk of gastric cancer, whereas other polymorphisms are not
(Gorouhi et al. 2008).

Polymorphisms in the 5’-flanking region of IL-10 at positions —1082 A/G,
—819T/C, and —592A/C have been suggested to be associated with gastric can-
cer risk in different populations (ElI-Omar et al. 2003; de Oliveira et al. 2012).
IL-10-592 AA is a factor of protection against the development of this neoplasm
in Asians, but not among Caucasians and Latinos, indicating differences in the
genetic background of Asians and other ethnicities (Zhu et al. 2011).

IL-17A has a crucial role in the gastric inflammation and carcinogenesis.
Genetic polymorphisms of IL-17A may be involved in methylation-related carcino-
genesis in the stomach (Tahara et al. 2010). Similarly, it also indicates that ILS8, and
maybe IL4R, variants may modify the risk for gastric cancer (Crusius et al. 2008).

Few studies have done combined analysis of different polymorphisms in gastric
cancer. ElI-Omar et al. (2003) analyzed 11 polymorphisms of the IL-1B, IL-1RN,
IL-4, IL-6, IL-10, and TNF-A cytokine genes and showed that the risk for non-
cardia gastric cancer increased progressively with the number of pro-inflammatory
genotypes to 27.3 for three or four polymorphisms. This finding is probably due to
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an additive effect of the pro-inflammatory profiles of these gene polymorphisms,
resulting in an exacerbated immune response. Several studies have demonstrated
that the Pro12Ala polymorphism is associated with the high risk of gastric adeno-
carcinoma (Xu et al. 2010; Lee et al. 2012).

TNF-0-857T carrier showed significantly better overall survival than patients
with CC genotype. Gastric cancer patients who have both IL-18-31 CC and IL-18-
511 TT genotypes and have at least one of the protective genotypes (IL-18-31 CC,
IL-1B-511 TT, TNF-a-857 T carrier) were also associated with better survival.
IL-1B-31CC, IL-1B-511TT genotype, and TNF-a-857T carrier may have protec-
tive effect against gastric cancer progression (Tahara et al. 2011). Percentages of
Tc17 cells in gastric tumors are associated with survival times of patients (Zhuang
et al. 2012). Overexpression of TNF-a, IL-6, IL-8, IL-10, IL-18, and IL-33
correlates with several poor prognostic factors such as depth of invasion, distant
metastasis, and advanced stage (stage III/IV).

Despite the several studies concluded, the correlation between high serum levels
of TNF-a is a prognostic marker in advanced gastric cancer (stage III and IV)
patients (Forones et al. 2001; Macri et al. 2006), Wu et al. (1998) suggest that TNF-a
value was not an independent prognostic indicator and the role of TNF-a in gastric
cancer remains obscure. Gastric cancer patients show different biologic behavior in
each of the cases depending on host inflammatory immune conditions. For example,
TNF-a gene polymorphism, which is located in the promoter of TNFA gene, effects
the prognosis and survival of the patients in such protective and progressive ways
(Tahara et al. 2011; Hong et al. 2013). Several studies manifest that IL-6 serum
level increase is a significant marker in correlation with tumor size, tumor stage, and
metastasis in gastric cancer patients as well as indicator of gastric cancer progression
(Ikeguchi et al. 2009; Ashizawa et al. 2005).

On the other hand, low serum levels of IL-12 have been associated with more
advanced stages of gastric and colorectal carcinomas and tended to be associated
with lymph node metastasis and carcinoembryonic antigen (CEA)-positive tumors
greater than 5 cm in diameter (Kawabata et al. 2001; Wu et al. 1998; Nakayama
et al. 2000; Sun et al. 2011; Szaflarska et al. 2009). IL-18, previously known as
interferon-y-inducing factor, found elevated in patients with gastric carcinoma
stage 2 or 3 (Kawabata et al. 2001).

Also, COX-2 expression is associated with intestinal histologic subtype,
proximal location, large tumor size, and advanced stage (Thiel et al. 2011).

Although there are several studies about relation between gastric cancer progno-
sis and inflammation markers, none of these markers are used in clinical practice.

10.6 Inhibitors of Inflammation for the Prevention
and Treatment of Gastric Cancer

Chemoprevention of gastric carcinoma may be divided into three titles: eradication
of H. pylori, cyclooxygenase inhibitors which directly effects inflammation, and
dietary supplements.
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Eradication of H. pylori for prevention from gastric adenocarcinoma still keeps
its uncertainty. But there is a truth that eradication reduces the rates of precancer-
ous lesion such as atrophic gastritis and intestinal metaplasia (Mera et al. 2005).
Recent studies state that early eradication of H. pylori seems to reduce gastric can-
cer risk (Fuccio et al. 2009). The key point of eradication is “timing.” If the malig-
nant process has begun, eradication therapy loses its significance. Recent long-term
studies about the patients with high risk of gastric carcinoma or with patients after
endoscopic resection of early gastric carcinoma showed that the eradication therapy
did not reduce the risk of development of primary or metachronous gastric cancer
(Wong et al. 2004; Maehata et al. 2012). A double-blind randomized study in China
showed that gastric cancer still occurred after successful eradication of H. pylori and
that H. pylori eradication did not lead to significant decrease in the incidence of gas-
tric cancer. In the high-risk region of China, 1630 healthy carriers of H. pylori were
followed for 7.5 years. During the follow-up, the development of gastric cancer was
observed in 7 subjects from the H. pylori eradication therapy group and 11 subjects
from the placebo group, with no significant difference between the two groups.
In the subgroup analysis without precancerous lesions (atrophy, intestinal meta-
plasia, and dysplasia), the incidence of gastric cancer was significantly lower in the
H. pylori eradication therapy group than in the placebo group (Wong et al. 2004).
This study suggested that the preventive effect of H. pylori eradication for gastric can-
cer is sufficient only in patients without an atrophic change (Kato and Asaka 2012).

Right after the study which defines miRNA expression patterns in H. pylori-
infected gastric mucosa before and after eradication (Matsushima et al. 2011), Shiotani
made similar study with patients who underwent endoscopic gastric resection with
control biopsies before and 1 year after the eradication therapy (Shiotani et al. 2012).
In H. pylori-infected mucosa, eradication therapy works as a decreasing factor for vast
majority of miRNA which expressed during the H. pylori-associated gastritis. But on
the other hand, Shiotani underlined that eradication therapy did not improve the abnor-
mal expression of many oncogenic miRNAs in intestinal metaplastic glands or in the
gastric mucosa of the high-risk group for gastric cancer (Kato and Asaka 2012).

Several epidemiologic studies have suggested that long-term and regular use
of NSAIDs, aspirin in particular, reduce mortality from gastrointestinal metapla-
sias (Ristimaki et al. 1997). As a result, cyclooxygenase enzyme (COX) is to be
thought of a potential therapeutic target in cancer prevention and treatment (Thiel
et al. 2011). Firstly, COX-2 inhibitors were tried for prevention therapy of colo-
rectal polyps and cancer; then, recent studies showed that NSAIDs and specific
COX-2 inhibitors can play role in prevention of gastric cancer.

In a large prospective cohort study in 2009, Abnet et al. found that regular use
of aspirin, or non-aspirin NSAIDs, may reduce the risk of non-cardia gastric can-
cer. In this study, they reached 2078248 person-years of follow-up in total (mean
follow-up is 6.7 years). They found that reported use of aspirin or non-aspirin
NSAIDs was associated with a significant 36 % reduction in the risk of non-cardia
gastric cancer (Abnet et al. 2009).

Except from NSAIDs, there are several published articles about selective COX-2
inhibitors. In animal models, a study with reflux-induced gastric adenocarcinoma in
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Wistar rats that underwent gastrojejunostomy stated that celecoxib has an inhibiting
effect on reflux-induced gastric carcinogenesis (Rocha et al. 2009).

In a human trial, patients with gastric preneoplastic lesion, who taken H. pylori
eradication therapy, received either celecoxib or placebo for 3 months, and a signif-
icant improvement in precancerous lesions was observed who received celecoxib
for placebo (Zhang et al. 2009). In an another study, etodolac was used as a selec-
tive COX-2 inhibitor to demonstrate the preventive effects on cancer development
in extensive metaplastic gastritis (Yanaoka et al. 2010). These results strongly
suggest that chemoprevention of cancer in the metaplastic stomach is possible by
controlling COX-2 expression.

In light of these findings, there is a high probability that in near future, gastric
cancer will be prevented by COX inhibition.

There are various studies about diet, nutrition, dietary supplements, and their
relation with gastric cancer and also its prevention. According to The World Cancer
Research Fund and the American Institute for Cancer Research, non-starchy veg-
etables and fruits probably protect against stomach cancer. Salt and also salt-pre-
served foods are probably the causes of this cancer (Wiseman 2008). A prospective
study with 10-year follow-up of the Japan Public Health Center study cohort sug-
gested that consumption of vegetables and fruits is associated with diminished
gastric cancer risk (Kobayashi et al. 2002). Current epidemiologic and human trial
evidence generally indicates that antioxidant foods or supplements provide little
protection against gastrointestinal cancers (Jayaprakash and Marshall 2011).

10.7 Conclusions and Future Directions

Gastric cancer is a major health problem in worldwide. Understanding of the
mechanism inflammation and cancer may provide a powerful tool for understanding
cancer development and prognosis. CSC hypothesis has received more and more
attention in last 10 years. This hypothesis will change our daily practice in several
types of cancer including gastric cancer. An in-depth understanding of the relation
between stem cell and inflammation can lead to development of new drugs and
markers that can be used in routine practice.
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