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Preface

Homeostasis of living organisms is extremelly well regulated by various physiological, hor‐
monal, nutritional, immunological, genetic etc. pathways. We have learnt a lot about these
mechanisms during last decades, however, some details remaine to be unknown.

The gastric mucosa's function is regulated by many intrinsic (neural, hormonal, immunolog‐
ical, genetic etc. regulations) and extrinsic (different foods or food components, xenobiotics,
chemical agents, physical actions) factors, that directly reach the gastric mucosa in both
healthy subjects and in patients with gastrointestinal or other diseases.

The gastric mucosa is able to reply to these endogenonous and exogenous actions by active
and passive (dominantly metabolic) pathways. Many experimental works and clinical obser‐
vations clearly indicate that the macroscopic (and in somewhat microscopic) features of the
gastric mucosa to different endogenous and exogenous aggresive agents are very similar.
The inflammation, as the general reaction, of gastric mucosa seems to be the same.

The role of inflammation in the development of different diseases was suggested by Hyppo‐
crates (B.C. 460-377), who stated that the changes in the blood flow and other body fluids
are caused by local irritations of organs („ubi stimulus, idi fluxus”). The appearence of clas‐
sical inflammation were given by Aulus Cornelius Celsus ( B.C. 25- A.C. 50 ) as „tumor,cal‐
or,dolor, rubor” and Claudius Galenos (A.C. 129-200/201) gave the last basic parameter of
the inflammation as „functio laesa” to the previously mentinoned characteristic medical
phenomena.These terminological questions were accepted by Wirchow in the 19th centrury,
and many other famous researchers in our days.

Gastritis, as the inflammatory process (or processes), in the gastric mucosa is (are) a patho‐
morphological appearance(s) of inflammation in the gastric mucosa. Acute and chronic gas‐
tritis can be differentiated on the basis of the development and process of the diseases.
Chronic gastritis may be caused by different factors such as many chemical, bacterial, viral,
physical agents, and one of these is Helicobacter pylori infection, bacterial owergrowth in a
hypochlrohydric stomach, autoimmune mechanisms, or chemical agents such as long-term
nonsteroidal antinflammatory drug (NSAID) treatment and bile reflux.

Nowadays, the importance of Helicobacter pylori infection is increasing . Many of referen‐
ces in the literature used to emphasize the presence of Helicobacter pylori in patients with
chronic atrophic gastritis with and without the development of gastric cancer.

This bacterium is highly prevalent in many countries and increases the risk for development
of gastric and duodenal ulcer diseases, gastric cancer and gastric mucosa-associated lym‐
phoid tissue lymphoma.



So the gastritis (as a pathomorphological event) does not represent a clinically uniform enti‐
ty (as it can be clearly suggested from the difinition of inflammation). Of course, many
mechanisms are involved in the development of chronic gastritis, produced by different in‐
trinsic and extrinsic factors (including also the genetic backgrounds).

One of the main questions of chronic atrophic gastric is in which pathway(s) leads(lead) to
the development of gastric cancer. Because everyone (after Marshall and Warren received
the Nobel price in 2005) suggested that the Helicobacter pylori is a main etiological factor in
development of gastric and dudenal ulcer, MALToma, gastric cancer and many other non
gastrointestinally located disorders. Researchers’ attention was focussed dominantly to the
questions of Helicobacter pyloric infection (including the infection, its population spreading
out, antibacterial treatment), meanwhile we have forgotten results of the previously carried
research observations.

The „functio laesa” clinically detactable by the measuremens of gastric basal ( basal acid out‐
put, BAO) and maximal (maximal acid output, MAO) can be obtained without application
of any gastric stimulatory agens or with supermaximal doses of pentagastrin or histamine.
Unfortunately, these types of measurements disappeared from the everyday medical prac‐
tice. We studied the changes of gastric basal and maximal acid secretiory responses in duo‐
denal ulcer pateints on dependence of patients' age and on time period after the onset of
patients' complaints (number of patients was 120). We suprisingly registrated that the value
of basal acid output significantly increased (not decreased) by increase of the patients' age
and by increased time period after the onset of complaints, meanwhile the maximal acid
secretory reponses remained unchaged by the patients' age increase or by time period after
onset of complaints in patients with duodenal ulcer. This study was carried out in 1980’ s. It
is also true that we had no knowledge about the infection rate of gastric mucosa with Heli‐
cobacter pylori in patients with duodenal ulcer, however, we now know well the infection
rate is near 100 per cent in these patients. The editor of this book has been working from
1962 in this field (including clinical research, experimental and clinical biochemical and mo‐
lecular pharmacology, experimental and clinical clinical pharmacology, experimental and
clinical clinical nutrition, clinical biochemistry, as internist, gastroenterologist, clinical phar‐
malogist) and participated in many different internationally accepted research processes.
The editor’s main dilemma is in why he newer could registrate the apperance of gastric can‐
cer in patients who originally suffered from classical duodenal ulcer, really increased in be‐
fore and after Helicobacter pylori era? The editor of this book never saw patients with
gastric cancer, who originally suffered from classical duodenal ulcer (not in erosions) from
1962 to 2012. So, consequently the question is what is really the role of Helicobacter pylori
infection in the development of different gastrointestinal (and many other extragastrointesti‐
nal located) diseases. In other words, is the presence of Helicobater pylori really a common
main etiological agent for the development of gastric cancer, or only one of the factor shown
in the development of these above mentioned diseases? However it can also be true that the
groups of patients with gastric, duodenal ulcer and gastric cancer are not uniform. Market‐
ing of the proton pump inhibitors plus antibiotics does not respresent a neutral economical
position in the world (this is not a medical question).

This book is diveded into following sections : history of gastritis: from morphology to etiolo‐
gy and prognosis; animal models with a special strain of Helicobacter pylori in animal ex‐
perimental circumstances;epidemiology of gastritis; afferent vagal neural pathway in the
development and healing of chronic gastritis in patients;diagnostric backgrounds; molecular
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pathology; biochemistry and genetics involved in the pathways from Helicobacter pylori in‐
fection to gastric cancer.

Szabó et al. (Pécs, Hungary) offer an literure review on the permanently used terminology
„gastritis” in the last 150 years. It is clear that the clinical pictures of gastritis changed to‐
gether with scientific backgrounds of gastritis. The morphology (macroscopic and micro‐
scopic) had been emphasized earlier and now the etiological backgrounds, together with the
their prognostic aspects are emphasised.

Sailasuta et al. (Chiangmai, Thailand) demonstrate the role of Helicobacter family (genus
Helicobacter spp.) as couses of the diseases in domestic animals. Earlier, just the Mongolian
gerbil was used in the experimental results to study the H. pylori induced gastric mucosal
damage, including the pathway(s) from H. pylori infection to development of gastric cancer.
This paper indicates the pathogenesis, diagnostic testing and treatment in veterinary medi‐
cine, which can help to understand the human problems.

Elseweidy (Zagazig, Egypt) details some epidemiological problems of gastritis (induced by
H. pylori infection) and emphysise the roles of measurements of pepsinogen 1 and 11 (pg
1,11), gastric G17 and H. pylori antibodies (apperaring in fraction of IgM) as possibility to
take difference between the Hp-related vs. non Hp-related gastritis.

Czimmer et al. (Pécs, Hungary) present results of clinical research on the possible role of
capsaicin-sensitive afferent fibres of vagal nerve in the development of chronic gastritis.
They proved that the increased expression of capsacin receptor (TRPV1) and calcitonin
gene-raleted peptide (CGRP) in the gastric mucosa of patients with chronic gastritis, but no
change was obtained in the substance P (SP). These changes were the same in the gastric
mucosa of patients with H. pylori positive chronic gastritis. Surprizingly , increased expres‐
sion of capsaicin receptor and CGRP remained unchanged after successful eradication treat‐
ment. These observations clearly indicated gastric mucosal protective role of capsaicin-
sensitive neural pathway of afferent fibres of vagal nerve, which differs from the eradication
treatment, in the gastric mucosa of patients with chronic gastritis.Probably the role of cap‐
saicin receptor and CGRP differs from that of SP in these processes of humans.

Corvalan et al. (Santiago, Chile) attempt to summarize and integrate our current knowledge
of the genetic as well as epigenetic bases of the dynamic process of chronic gastritis, and
detail the so-called multistep cascade of gastric cancer.

Watari et al. (Nishinomiya, Japan and New Brunswick, USA) present the potential roles of
biomarkers (microsatellite instability and chromosome instability) in the process of develop‐
ment of gastric cancer, detailed the steps of DNA hypermethylation and hypomethylation.
According to the authors these biomarkers are predictive markers in the development of
synchronous or metachronous gastric cancer after the H. pylori infection.

Zheming et Dajum (Beijing, China) studied the steps of DNA methylation changes in the
progression of gastritis to gastric cancer. They indicated that the H. pylori induces methyla‐
tion through the production of IL-1β, so the DNA methylation is one of ideal candidate bio‐
markers for detection of initiated cells in the precancerous lesions, assessment of cancer risk,
and prediction of chemotherapy responses or clinical outcomes. On the other hand, the in‐
trinsic reversibility of epigenic alterations enables them as promising targets for the devel‐
opment of novel strategies for cancer prevention and treatment.
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Alshenawy and Alshafey (Tanta, Egypt) demonstrated in patients that the activity of chronic
gastritis correlated with H. pylori infection, and on the other hand, p53 and c-Myc expres‐
sion were correlated positively with the grade of chronic gastritis. It was also important that
after eradication treatment of H. pylori infection, the activity of gastritis decreased together
with the decrease of p53 and c-Myc in patients.

Enomoto et al. (Wakayama, Japan) decribe the diagnosis of gastric cancer risk with DNA
methylation as an indicator in gastric mucosa tissue samples obtained by biopsy, and thes
studies were carried out as molecular biological gastric cancer risk marker. They also stud‐
ied serum pepsinogen as a risk marker. These studies were during the H. pylori infection
and after eradication treatment (eg. H. pylori negative status) The article indicated that
DNA methylation level of certain genes was associated with H. pylori infection and in‐
volved in the formation of epigenetic field for characterization. The serum level of pepsino‐
gen and/or H.pylori antibody levels provide as index of cancer development. The author
have the opinion that these markers of gastric cancer can be objectively determined in each
individual with H. pylori related chronic gastritis.

Morales-Guerrero et al. summarizes the problems of highly virulent H. pylori strains harbor
a (cytotoxin-associated genes) pathogenicity island an (Cag-PAI) that endodesproteins that
are components of atype IV secretion system (T4SS) apparatus and its best characterized
marker, the CagA effector protetin into the host target cells. The paper summarizes (in a
form of review paper) the recent advances of host cell signaling cascade activities of the bac‐
terial phosphorylation-dependent and phosphorylation-independent oncoprotein CagA and
the T4SS together with including the actin cytoskeleton rearrrangements, induction of mem‐
brane dynamics and the dysruption of cell-to-cell junctions; and on the other hand, pro-in‐
flammatory, proliferative and anti-apoptotic nuclear responses as well as their contribution
to the activation of these signaling cascades to development int the gastric mucosa.

Banerjee et al. (Kolkata, India) gave a review paper to decode the mechanisms behind hom‐
ing of the bacteria by modulating the host immune system that resulted in the induction and
activation of matrix metalloproteinases. According to the authors, a cross talk exists between
T helper cells and matrix metalloproteinases during the H. pylori infection, which may open
up new therapeutic strategy in a better direction.

Roesler and Zeitune (São Paulo, Brasil) analyze the imprtance of cagPAI of H. pylori infect‐
ed patients in the development of early and advanced gastric adenocarcinoma in patients
with H. pylori-induced chronic gastritis. For both groups, advanced and early gastric adeno‐
carcinoma, the most frequent genotype was cagA+cagT (62 percent versus 35 percent, re‐
spectively). However, when the authors compared the results in the two groups, they found
a statistically significance in relation to cagA+cagT+ and cagA+cagT strains. Morever, the
phenotype cagA+cagT occured with higher frequency in the advanced cancer group. The
authors suggest that cagA gene positivity in independent from its polymorphisms, and it
probably depends on the virulance factor for the development of most severe gastric diseas‐
es (like as gastric cancer).

Altieri et al. (Naples, Italy) offer an excellent review on the molecular pathology, biochemis‐
try and genetics on genes, proteins and factors invoved in the gastric carcinogenesis based
on currently available literature. Carcogenesis is a consequence of the multistep process in‐
volving different genetic and epigenetic changes in numerous genes. The majority of genetic
alterations contributing to the malignant transformation were observed in growth regulato‐
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ry genes, and in genes involved in cell cycle. According to the authors, the molecular mecha‐
nisms involved in carcinogensis of intestinal type differs from those prevaling in the
development of diffuse one.

After giving a short review of the book chapters, it is clearly visible that this book provides
an updated set of information on gastris.

The editor is sure that all our readers - experts, researchers (clinicians, gastroenterologists,
pathologists, microbiologists, biochemists, genetists, oncologists, researchers working in the
field of molecular levels) will be enriched by new information.

The editor wishes to express his thankfulness for the excellent work of the contributing au‐
thors. Without their help this book would not be possible. The editor is especially thankful
on the excellent support given by Ms. Ivona Lovric and Ms. Marija Radja from the InTech
Open Access Publisher

Dr Gyula Mózsik
Professor of Medicine

First Depatment of Medicine,
Medical and Health Centre,

University of Pécs,
Pécs, Hungary
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Section 1

History of Gastritis: From Morphology to
Etiology and Prognosis





Chapter 1

Diagnosis of Gastritis – Review from Early Pathological
Evaluation to Present Day Management

Imre Laszlo Szabo, Kata Cseko, Jozsef Czimmer and
Gyula Mozsik

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52884

1. Introduction

The gastritis is an inflammatory condition of the gastric mucosa characterized by existence
of elementary histological alternations. However these structural changes observed by the
pioneer of gastric histology were noted more than a century ago, their etiology and proper
interpretation for clinical practice required much longer time.

The ancient Egyptians wrote that the diseases of internal organs are difficult to detect even
in well-preserved bodies, hence they were not able to comprehend outstanding discoveries
on the stomach as they did on other organ diseases. The first major discovery in the field of
gastric diseases was the description of gastric cancer by the Persian Avicenna around 1000
(quoted by Rugge et al, 2003). At the same time the discoveries of non-neoplastic gastric dis‐
eases, especially gastritis, was really elusive for quite a long time due to less macroscopic
features and to post-mortem alternations. The inflammation of the inner lining of the stom‐
ach was first noted as “gastritis” by a German physician, Georg Ernst Stahl in 1728 (quoted
by Bock, 1974). Italian anatomical pathologist Giovanni Battista Morgagni further described
the signs of gastric inflammation. He gave the first classical description of an erosive or ul‐
cerating gastritis. He stated that some of the erosions can become gangrenous, and descri‐
bed corrosive gastritis as it was the most well-known gastritis form of that time due high
number of lye intoxication. French physician, François-Joseph-Victor Broussais gathering in‐
formation by autopsy of dead French soldiers between 1808 and 1831, described common
chronic gastritis as he called “Gastritides”, and sometimes got delusive conclusions as gas‐
tritis was the cause of ascites and other diseases, like typhoid fever and meningitis (Bock,
1974). Jones Handfield and Wilson Fox (1854) described microscopic changes of mucous
membrane in gastric inflammation, which exists in diffuse and segmental forms. Not much



later another British physician, William Brinton (1859) emphasized the symptomatic and mi‐
croscopic differences of acut, subacute and chronic gastritis in his medical book entitled
“Diseases of Stomach”, and described haemorrhagic erosion and follicular ulceration. Mean‐
while Baron Carl von Rokitansky besides his major discoveries was the first to note hyper‐
trophic gastritis in 1855. The next major footstep was done by Samuel Fenwick in 1870, who
noted the presence of glandular atrophy due to gastric inflammation when classifying gas‐
tric lesions and anatomical alternations of the gastric mucosa (Fenwick, 1870). He also dis‐
covered that pernicious anaemia is associated with gastric mucosal atrophy. German
surgeon, Georg Ernst Konjetzny using surgical specimens showed first that both gastric ul‐
cer and gastric cancer are either secondary diseases or are associated in their pathogenesis to
chronic gastric inflammation. Shields Warren and Willam A. Meissner described intestinal
metaplasia of the stomach. They noted intestinal metaplasia as a feature of chronic gastritis,
and found seldom extensive in duodenal ulcer patients, while it was extensive in stomachs
removed due to carcinoma (Warren & Meissner, 1944; Rugge et al, 2003).

2. In vivo diagnosis of gastritis – Introduction of gastroscopy

In vivo diagnosis of gastritis got a huge drive with the development of routine gastroscopy.
By the 1950’s, Rudolf Schindler’s part-flexible endoscopes became very common making rig‐
id endoscopes to disappear. From 1960’s, the commercial introduction of flexible endo‐
scopes gave easy access for gastric biopsy and diagnosis of gastritis (Palmer, 1956). By the
use of biopsy based histology Schindler gave overview of gastritis in his monograph entitled
‘Gastritis’ in 1947, he divided inflammation into ‘superficial’, ‘atrophic’ and ‘hypertrophic’
gastritis chronica (Schindler, 1947). Cheli and Dobero in 1958 differentiated ‘superficial’, ‘in‐
terstitial’ and ‘atrophic gastritis’ in the terminology of gastric inflammatory lesions (Cheli &
Dobero, 1956). Up to his time classifications lack topography, but in 1972, Whitehead distin‐
guished antral, fonical, corporal and pyloric region inflammation based on classical patho‐
morphology. Whitehead divided chronic gastritis into ‘superficial’ and ‘atrophic’, both
‘active’ or ‘in-active’ based on the presence of granulocyte infiltration in epithelium and in‐
terstitium beside the inflammatory infiltration of lamina propria from lymphocytes and
plasmatic cells (Whitehead et al, 1972). He suggested the use of a mild-moderate-severe
scale to evaluate the atrophy. He also introduced the evaluation of intestinal and pseudo‐
pyloric metaplasia into everyday pathological assessment.

Based on recent research data, Robert G. Strickland and Ian R. MacKay proposed the classi‐
fication of gastritis based on additional factors just beside just histology and topography
(Strickland & Mackay, 1973). They suggested that immunological and etiological data
should be included along with pathomorphological and topographic parameters; gastric pa‐
rietal cell antibody and serum level of gastrin have to be seen to get better classification of
chronic gastritis. They used the term ‘Type A gastritis’ for gastric corporal inflammation
mostly corresponding to pernicious anaemia, and ‘Type B’ for antral gastritis suspected to
be induced by duodeno-gastric reflux according to some thoughts. In 1975 George B Jerzy
Glass and Capecomorin S. Pitchumoni added the ‘Type AB’ to the classification. This term
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was aimed to be used for extended gastritis observed in corpus to pre-pyloric region (Glass
& Pitchumoni, 1975). Those cases were named ‘AB-plus’ where antibody positivity was also
founds against parietal cells. In 1980, the classification was further modified by Correa di‐
viding chronic gastritis into autoimmune chronic gastritis with pernicious anaemia, ‘hyper‐
secretory’ and ‘environmental’ forms. He described the gastritis accompanying ulcer to
hypersecretory. All the rest of gastritis was called environmental, which are mostly due to
diet and geographic localization (Correa, 1980). Later as more data were known from histo‐
logical assessments, he changed his classification for ‘diffuse antral’, ‘diffuse corporal’ and
‘multifocal’ gastritis. By seeing his nomenclature, sometimes showing etiology, sometimes
reflecting topography, we are able to see the controversy existed between pathologist and
clinicians in the field of gastritis at that time. The extensiveness in topography along with
histological and etiologic features were not to be combined in an uniformed nomenclature,
even Correa in 1988 returned to his previous version of classification (Correa, 1988). Later,
he went to different direction by dividing gastritis into two major categories of ‘atrophic’
and ‘non-atrophic’ gastritis.

The next major step was added by Judith I. Wyatt and Michael F. Dixon by the introduction
of ‘type C’ gastritis for chemical (drug)-induced inflammation of gastric mucosa (Wyatt &
Dixon, 1988). Two years later, examining 316 patients Sobala confirmed that most of reflux
gastritis in intact (non-operated) stomach is not due to bile reflux but rather NSAID use. Ac‐
cording to their proposition the term ‘type C’ or ‘chemical’ gastritis might be used for condi‐
tion caused by both etiology (Sobala et al, 1990).

3. Modern time – Development of the Sydney system

Modern aspects of gastritis classification and knowledge of its biological course and conse‐
quences were relatively well-known at the time when Helicobacter pylori (H. pylori) was dis‐
covered by Robin Warren and Barry Marshall in 1982 (Warren & Marshall, 1983). Their
discovery showed that the commonest form of gastritis is simply an infectious disease
caused by an otherwise known pathogen. At that time gastroenterologist and pathologist
had limited knowledge on even simple aspects of this chronic bacterial inflammation of gas‐
tric mucosa and the classification system used was confusing and differing from county to
another. Very soon considerable amount of data became known about H. pylori, its disease
associations and their natural courses by many physicians, microbiologist and basic re‐
searchers entering the field. As a consequence in the late 1980's several pre-meeting of
Working Party (Anthony Axon, Wladimir Bogomoletz, Michael F. Dixon, Steart Goodwin,
Jules Haot, Konrad L. Heilmann, Adrian Lee, Barry Marshall, George Misiewicz, Ashley
Price, Penti Sipponen, Enrico Solcia, Manfred Stolte, Robert Strickland, Guido Tytgat) was
set up to review the biology and natural course of chronic gastritis and to propose a new
classification for gastritis by the leadership of George Misiewicz and Guido Tytgat. The
working party actually consisted of two groups mainly working parallel to another: as a
pathological group and a clinical group (Sipponen & Price, 2011). Based on new etiological
facts and data collected, a new system of classification was presented at the World Congress
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of Gastroenterology held in Sydney, Australia in 1990, and subsequently published as six
papers in the Journal Gastroenterology and Hepatology. The existence of the two Working Par‐
ties reflects on the histological and endoscopic division of Sydney System. The histological
division of Sydney System intended to be a practical guideline showing which of the mor‐
phological features of gastritis in endoscopic biopsy specimens should be documented
(Price, 1991). Type, severity and extent of gastric inflammation linked to possible etiology
should be detailed according to a chart designed (see Fig. 1). The Sydney System declared
the routine biopsy sampling protocol, the number of biopsies should be taken, the biopsies’
proper localisation (two from antrum and two from corpus, both from anterior and posteri‐
or walls) and sample fixation in adequately labelled separate containers (Misiewicz et al,
1990; Price & Misiewicz, 1991). Many pathologist think to these last as the most important
conclusions of the system. The system also established a four-level scale for defining severi‐
ty (extent) of pathomorphological elements.

Figure 1. Chart designed for the histological division of the original Sydney System as presented to the World Con‐
gress of Gastroenterology. Published in Journal of Gastroenterology and Hepatology in 1991. Describes the nomencla‐
ture should be used in histological reporting of gastritis. Adopted etiological suffix phrases to topography and
morphological features with grading suffixes to be documented in endoscopic biopsy reporting.
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Year Author/Classification Comment

1728 Stahl ‘Gastritis’ defined (quoted by Bock, 1974)

1771 Morgagni ’Erosive’ and ’ulcerating gastritis’’ described (Crawford et al, 1932)

1859 William Brinton Acute, subacute and chronic gastritis differentiated □

1855 Rokitansky Hypertrophic gastritis described (quoted by Vaugham, 1945).

1870 Fenwik Gastric atrophy described □

1944 Warren & Meissner Intestinal metaplasia described □

1947 Wood First gastric biopsy, ‘Gastritis’ defined (Wood et al, 1949)

1956 Cheli & Dobero ¤ Superficial, Interstitial and Atrophic gastritis □

1956 Eder-Palmer ∇ Introduction of flexible fibre optic endoscope (Palmer, 1956)

1972 Whitehead ¤ Superficial, Atrophic, both ‘Active’ or ‘In-active’. Type and Stage of

activity. Presence and type of metaplasia □

1973 Strickland & MacKay ¤ A (autoimmune) PCA+ in 95% and IFA+ in 75%, B (nonautoimmune =

environmental) □

1975 Pitchumoni ¤ A (autoimmune-corpus), B (antrum), AB (both antrum and corpus)

PCA+ or - (Glass & Pitchumoni, 1975)

1980 Correa ¤ Autoimmune, Hypersecretory, Environmental □

1988 Correa ¤ Diffuse corporal (autoimmune), Chr. diffuse antral, Multifocal

environmental, Chr. Superficial, Lymphocytic, Postgastrectomy □

1989 Owen ¤ Chr. non-specific type A, Chr. non-specific type B □

1990 Yardley ¤ H. pylori gastritis, Metaplastic atrophic (type A, autoimmune),

Metaplastic atrophic (type B), Lymphocytic, Chemical □

1990 Dixon ¤ ’Type C’ proposed to reactive gastric lesions □

1990 Sobala Reflux gastritis defined as type C gastritis □

1990 Sydney ¤ Nonatrophic, Atrophic (Autoimmune, Multifocal), Special forms. Four-

level scale, proper biopsy sampling & handling, standard reporting

aiming etiology (Misiewicz et al, 1990)

1994 Appelman ¤ Acute or Chronic; Helicobacter type, Atrophic (type A, type B),

Lymphocytic, Focal & miscellaneous, Chemical gastropathies □

1996 Up-dated Sydney ¤ Biopsy location changed from anterior and posterior wall to greater

and lesser curvature (Dixon et al, 1996)

2000 Padova ¤ Classification of dysplasia and related lesions (Rugge et al, 2000)

2005 OLGA ¤ Classification of grading mucosal atrophy (Rugge et al, 2005b)

◦ Classification (system) ∇ Manufacturer □ See ref. under same name and year

Table 1. History of Classification of Gastritis.

The Sydney System which actually allowed statements to be made on etiology, topography
and morphology of gastritis for the first time, was not accepted everywhere immediately, es‐
pecially in the United States. The main criticism was that the some of the commonly used
descriptive names were not enabled into the system, like the ‘multifocal atrophic gastritis’ or
‘diffuse antral gastritis’. Although, by that time it was already accepted that the Sydney Sys‐
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tem was not designed to be the textbook of gastric pathology, but to be a guide for standard
methology of reporting. Correa and Yardley criticized the system for missing out certain
types of the gastritis and well as it is not a ‘classification’ (Correa & Yardley, 1992). Conse‐
quently, a new system needed to gain wider acceptance.

In 1994, a two-day consensus meeting was held in Houston. After this another consensus re‐
port, “Up-dated Sydney System” was published in 1997 (Dixon et al, 1996). Original classifi‐
cation of gastritis dividing into acute, chronic and special forms, and grading of chronic
inflammation, polymorph activity, atrophy, intestinal metaplasia and H. pylori density into
mild, moderate and marked categories were kept. This up-dated system introduced a visual
analogue scale for evaluating the severity of histopathological elements (grading). It
changed the routine of endoscopic biopsy sampling by the introduction of biopsy sampling
from the incisura angularis and modified corpus and antrum biopsy locations from the two
opposite walls to lesser and greater curvature of both parts. The Up-dated Sydney Classifi‐
cation received different reactions among pathologists. Most of the pathologist agreed with
the need of incisural biopsy, since the most degree of atrophy and intestinal metaplasia is
found in the incisural region. That would reduce the sampling error of missing premalig‐
nant lesions and improve the diagnosis of multifocal gastritis. However, later prospective
studies could not really show its benefit (Stolte & Meining, 2001). Even in our conducted
study higher number of intestinal metaplasia were found in antral biopsies then in the biop‐
sies taken from the incisura angularis (Szabo et al, 2012). After the development of the visual
analogue scale according to the Up-dated Sydney System, the grading of atrophy still con‐
tinued to show a considerable inter-observer variability (El-Zimaity et al, 1996). The updat‐
ed system categorised chronic gastritis into ‘non-atrophic’ and ‘atrophic’ forms with the
latter divided into autoimmune (diffuse corpus atrophy) and multifocal. Histological report‐
ing of gastritis should take into account the topographical pattern (antral or corpus predom‐
inant), and the final diagnostic term should ideally combine morphology and etiology to
maximize the clinical value of gastric biopsy diagnosis (Dixon et al, 1997). The up-dated sys‐
tem beside its major benefits in further standardizing endoscopic sampling, histological as‐
sessment and formality of reporting, still showed weaknesses specially in grading atrophy
as pointed out by Johan A. Offerhaus in 1999 (see ref). His proposition was to simplify the
grading system to two grades (low and high).

4. Classification by Appleman

The clearest division of gastritis for clinicians was published by Appleman in 1994. He div‐
ided gastric inflammatory diseases to acute and chronic (see Table II). The most common
form of gastritis that was called earlier as chronic diffuse antral gastritis, gastritis chronic
type B, gastritis chronica active antralis, gastritis non-specifica or gastritis typus hypersecre‐
tions was named as Helicobacter pylori related gastritis. At this time lot of work proved that H.
pylori infection causes chronic gastritis in the prepyloric region later leading to atrophy of
glands and development of gastric adenocarcinoma and less frequently of lymphoma (Ap‐
pelman, 1994, Kozlowski et al, 2011).
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According to Appelman’s classification the autoimmune gastritis used to be called as gastri‐
tis autoimmunogenes, gastritis chronic atrophica typus A, gastritis chronic typus A and gas‐
tritis chronic diffusa corporis, was called to autoimmune chronic atrophic gastritis. Appelman
pointed out the presence of autoantibodies against parietal cells and intrinsic factor being
important in diagnosis, enterochromaffinlike (ECL) cell hyperplasia and risk of carcinoma.

Appelman’s classification of gastritis continues with the multifocal atrophic gastritis earlier
called as environmental gastritis or type B chronic atrophic gastritis. At that time the cause
of this form of gastritis was not clearly known. Beside known environmental factors respon‐
sible for geographic differences in its epidemiology, raising circumstantial evidences from
an Italian study examining gastric distribution of H. pylori, pointed out the role of H. pylori
in its generation (Rugge et al, 1993). Evidences suggested that H. pylori first infects the an‐
trum, and later it involves the body leading to atrophic gastritis.

Appelman seeing similarity of the histological changes of patients with gastroenteric anasto‐
mosis and taking nonsteroidal anti-inflammatory (NSAID) medications, called third divi‐
sion of gastritis caused by bile reflux or NSAIDs to chemical gastropathies. Due to less
inflammation these histological changes consisting foveolar hyperplasia, decrease of mucin
in foveolar cells, superficial oedema, increase of smooth muscle fibres in the lamina propria
were named as ‘gastropathies’. Recognition of this distinction of gastritis greatly helped to
simply classification, although many times elements histological changes usually found in
chemical gastropathy can be noticed in other forms of gastritis as well as in other gastric dis‐
ease. Finding them singular and unassociated wit other changes like atrophy, intestinal met‐
aplasia, presence of bacteria, ulcers, polyps, should raise the possibility of chemical gastritis.

Appelman kept the name of lymphotic gastritis used by his frontiers for the fourth distinctive
form of gastritis (Haot et al, 1988, 1990). In this form of chronic gastritis huge lymphocytic
infiltration of the surface epithelium, superficial pits and lamina propria can be observed.
Others used to call this as superficial gastritis, gastritis chronic erosive or gastritis variolifor‐
mis. That time in 1990, the histological changes seen in lymphocytic gastritis was already de‐
scribed in patients with sprues and gluten-sensitivity. Lymphocytic gastritis tends to form
“varioliform gastritis” endoscopically. This includes thick folds and small bumps with cen‐
tral depression seen during endoscopy. But lymphocytic gastritis also can form giant folds
leading clinical symptoms (Ménétrier’s disease).

Appelman’s division of gastritis contained a miscellaneous group of gastritis. There are
many gastritis forms that do not differ significantly from similar inflammations found other
organs, including those that occur in syphilis, mycobacterial and cytomegalovirus, human
immunodeficiency virus infections, histoplasmosis, candidiasis, cryptosporidiosis and other
opportunistic fungi. There is a family of granulomatous reactions or granulomatous gastritis.
Some of these are part of a systemic or focal gut granulomatous disease, such as sarcoidosis
or Crohn’s disease, and some have been described as part of a systemic vasculitis syndrome
or Whipple’s disease. There are still others which are not associated with any other diseases
and designated as ‘isolated granulomatous gastritis’. Allergic gastritis is usually part of a gas‐
trointestinal allergic disease. Appelman also categorized the recently described collagenous
gastritis into this miscellaneous group.
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Acute Acute infectious gastritis (including Hp)

Erosive (caused mostly by NSAID or alcohol)

Necrotising and haemorrhagic (caused mostly by ischaemia)

Chronic Helicobacter pylori type

Atrophic Type A: autoimmune, diffuse

Type B: non-autoimmune, multifocal, enviromental

Lymphocytic Including varioliform, ’sprue-like’ and Ménétrier-like

Chemical¤ Bile reflux

NSAIDs

others (caused by other damaging agents and physical trauma)

Miscellaneous Granulomatous (part of Crohn’s, Whipple’s, vasculitis, sarcoidosis or

isolated granulomatous gastritis)

Allergic

Specific infectious (HIV, mycobacterial, syphilis, Cytomegalovirus,

histoplasmosis, cryptosporidiosis

Collagenous

◦ Gastropathies

Table 2. Appleman’s classification of gastritis (1994)

5. Precancerous lesions

Warren and Meissner describing intestinal metaplasia and recognising the clinical-patholog‐
ical pattern of gastritis, described the bases of etiopathogenic relationship between gastric
cancer and chronic gastritis (Warren & Meissner, 1944; Rugge et al, 2003). In 1980, Morson et
al. (see ref.) defined gastric precancerous conditions as atrophic gastritis, gastric ulcer, perni‐
cious anaemia, gastric stumps, gastric polyps, and Ménétrier's disease. They emphasized
that epithelial dysplasia being a precancerous lesion is common in these conditions; dyspla‐
sia should be graded as mild, moderate and severe; and underlined the problems of differ‐
entiating inflammatory or regenerative changes from mild dysplasia, and intramucosal
carcinoma from severe dysplasia (Morson et al, 1980). Japanese pathologists by studying se‐
rial sections of gastric mucosa obtained from gastric cancer patients described several bor‐
der line lesions with histological and cytological changes. The premalignant significance of
these was questioned for quite a long time; finally, the long-term follow-up studies closed
this debate (Rugge et al, 1994, 1997). The high inter-observer inconsistency in histological as‐
sessment of premalignant lesions and new result supporting their neoplastic intraglandular
nature obtained from genotyping studies highlighted the need of a broad consensus to re-
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define precancerous lesions uniformly. International group of pathologists met in Padova,
Italy in April, 1998 on an international consensus conference. The conference reached an
agreement on the definitions of the spectrum of gastric premalignant lesions and on com‐
mon glossary for pathologist and clinicians, and applied strict diagnostic criteria (Rugge et
al, 2000) (see Table III).

Negative for dysplasia 1.0 Normal

1.1 Reactive foveolar hyperplasia

1.2 Intestinal metaplasia 1.2.1 Complete type

1.2.2 Incomplete type

Indefinite for dysplasia 2.1 Foveolar hyperproliferation

2.2 Hyperproliferative intestinal metaplasia

Non-invasive neoplasma

(flat or elevated)

3.1 Low-grade

3.2 High-grade 3.2.1 Including suspicious for carcinoma without invasion

(intraglandular)

3.2.2 Including carcinoma without invasion (intraglandular)

Suspicious for invasive carcinoma

Invasive carcinoma

Table 3. Padova Classification of gastric dysplasia and related lesions (2000)

6. Evaluation of atrophy

The Sydney System and Up-dated Sydney System attempted to incorporate etiologic, topo‐
graphic, and morphologic criteria into a clinically relevant scheme to reach a broad consen‐
sus in classification of gastritis. One of the most controversial issues at the Houston
Workshop was the concept of atrophy. It was pointed out that "normal" was not precisely
defined; the loss of appropriate glands occurs with distinct patterns and has different func‐
tional significance in antrum and corpus; the relationship between atrophy and intestinal
metaplasia remained incompletely understood; and the topographic patterns of distribution
and its evolution made the atrophic gastritis to the most controversial topic of gastritis (Gen‐
ta, 1996). Later long-term follow-up studies have confirmed that the extent of gastric mucos‐
al atrophy parallels gastric cancer risk (Meining et al, 2002; Sipponen et al, 1985, 1994, 1997;
Stolte et al, 2000). At the same time Sydney System did not present a reporting terminology
for chronic gastritis understandable and providing prognostic and therapeutic information
for clinicians. Whereas, hepatitis staging had already improved useful, simple terminology
for interdisciplinary communication representing disease progression and cancer risk.
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Inspired by these facts, international group of gastroenterologists and pathologists named as
Operative Link on Gastritis Assessment (OLGA) developed an improved histological staging
system for gastric atrophy (Rugge & Genta, 2005a, 2005b). OLGA system uses the gastric biop‐
sy sampling protocol defined by Sydney System and the visual analogue system recommend‐
ed by the Up-dated Sydney System. The gastritis staging is defined from combined extent of
atrophy scored histologically with the topography of atrophy identified through biopsy map‐
ping (see Fig. 2). Long-term follow-up studies proved that gastritis OLGA staging conveys rele‐
vant information on clinic-pathological outcome of gastritis and therefore H. pylori negative
patients with low OLGA stages could be confidently excluded from secondary preventive sur‐
veillance invasive procedures (Rugge et al, 2010). Whereas patients with high OLGA stages
(Stages III and IV) should be considered definitely candidates for endoscopic surveillance. Sig‐
nificant correlation was shown between OLGA stages and pepsinogen serology (marker of gas‐
tric atrophy). The ratio of pepsinogen I and II gives adequate information on the severity of
atrophy, but its measurement fails to differentiate between neoplastic and non-neoplastic dis‐
ease among patients with high stages of gastric mucosal atrophy (Rugge et al, 2010).

Similar to the OLGA system another system, called the Baylor system was also introduced.
The Baylor system follows the Baylor biopsy protocol (which uses Sydney System biopsy
sites with two additional distal corporal biopsies) and scores the atrophy of antrum and cor‐
pus independently (Graham et al, 2006). Antral atrophy stage is an average score, but cor‐
pus atrophy stage is independent of antral atrophy, independent of individual reading in
each biopsy but dependent on location. As corpus atrophy starts at the incisura and extends
in continuity proximally and towards the greater curve, atrophy in a distal biopsy is early
and atrophy in the most proximal location is advanced. The comparison of the two atrophy
grading systems is still controversial. Although there were studies performed showing the
superiority of Baylor system over OLGA in indentifying cancer risk (El-Zimaity et al, 2008),
the evaluation of gastric atrophy by OLGA is more widely used, further developed and
more studied.

Rugge et al. developed the OLGIM system for more precise evaluation of cancer risk. This
system basically incorporates the OLGA frame, but replaces the atrophy score with an as‐
sessment of intestinal metaplasia (IM) alone. Examining a series of more than 4500 biopsies
(2007-2009) showed that OLGIM staging is less sensitive than OLGA staging in the identifi‐
cation of patients at high risk of gastric cancer (Rugge et al, 2011). However, replacement of
atrophic gastritis by intestinal metaplasia in the staging of gastritis considerably increases
inter-observer agreement. The correlation with the severity of gastritis remains at least as
strong. Therefore, the OLGIM may be preferred over the OLGA for the prediction of gastric
cancer risk in patients with premalignant lesions (Capelle et al, 2010).

Even though above precursor lesions were commonly known and found in everyday prac‐
tice, there were no international recommendation to guide the clinicians in management of
patients with such lesions. This resulted wide heterogeneity of surveillance practice and fail‐
ure in diagnosing patients with early, curable stage cancer. The European Society of Gastro‐
intestinal Endoscopy (ESGE), the European Helicobacter Study Group (EHSG), the
European Society of Pathology (ESP) and the Sociedade Portuguesa de Endoscopia Digesti‐
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va (SPED) have therefore combined efforts to develop evidence-based guideline on the man‐
agement of patients with precancerous conditions and lesions in stomach (termed MAPS). Panel of
European gastroenterologist pathologist and other researchers met in Barcelona, Spain in
2010, agreed on methodology, set up key questions for literature search and drafted prelimi‐
nary statements. The panel divided into several subgroups searched for evidence on a cer‐
tain question. Finally representatives of European national societies reviewed the evidence
gathered and formed statements. Later, online sessions were held for voting and further
comments; finally a second meeting held in Porto, Portugal finalized the guideline. The
guideline details diagnostic assessment, treatment and follow-up of individuals with atro‐
phic gastritis or intestinal metaplasia or dysplasia of gastric mucosa (Dinis-Ribeiro et al,
2012) (see Fig. 3).

Figure 2. Gastritis Staging by OLGA system (Rugge & Genta, 2005a, 2005b, 2007), published in Gut in 2007. Atrophy
is score in a four-tiered scale (0-3) in each compartment. The atrophy stage defined from the combination of atrophic
changes assessed in gastric antral and corporal biopsies.

The recommendations contain that conventional white light endoscopy cannot accurately
differentiate between and diagnose pre-neoplastic gastric conditions/lesions. Thus, magnifi‐
cation chromoendoscopy or narrow-band imaging (NBI) endoscopy with or without magni‐
fication may be offered in these cases as it improves diagnosis of such lesions. In addition, at
least four biopsies of the proximal and distal stomach, on the lesser and greater curvature,
are needed for adequate assessment of premalignant gastric conditions. Systems for histopa‐
thological staging (e.g. OLGA or OLGIM assessment) may be useful for identifying sub‐
groups of patients with different risks of progression to gastric cancer namely those with
extensive lesions (i. e., atrophy and/or intestinal metaplasia in both antrum and corpus). Al‐
though only low potential applicability was reported by participants for this indicator, low
serum pepsinogen levels can also predict this phenotype and, in such patients, H. pylori se‐
rology may also be useful for further detection of high risk individuals. Beyond a family his‐
tory of gastric cancer, neither age, gender, H. pylori virulence factors, or host genetic
variations change these clinical recommendations. Patients with extensive atrophy and/or
extensive intestinal metaplasia should be offered endoscopic surveillance every 3 years. Pa‐
tients with mild to moderate atrophy/intestinal metaplasia only in antrum do not need fol‐
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low-up. If H. pylori infection is present, eradication should be offered to prevent high grade
dysplasia or carcinoma. Patients with dysplasia without a visible endoscopic lesion should
be closely followed up, either immediately and 6 to 12 months thereafter, or within 12
months, respectively, for those with high grade or low grade dysplasia. Those with dyspla‐
sia or cancer within an endoscopically visible lesion should undergo staging and resection
(see Fig. 3.) (Dinis-Ribeiro et al, 2012).

Figure 3. Summary of management for patients with atrophic gastritis, gastric intestinal metaplasia and gastric epi‐
thelial dysplasia. Published in Endoscopy, 2012 (Dinis-Ribeiro et al, 2012).

This review critically offers and emphasizes the necessity of an international consensus
meeting, which will establish a more uniform classification of gastritis respecting the wider
multidisciplinary aspects (morphology, clinical picture, endoscopic view, immunology, bac‐
teriology, molecular pharmacology, general medicine, oncology and causative factors as
well as social/environmental circumstances of the people) in this field.

7. Conclusion

During the about last 150 years the knowledge on “gastritides” has enlarged enormously.
The discovered new forms of gastritis, the new etiopathogenic evidences have continuously
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modified our views on gastritis classification. Recently, good agreement has been establish‐
ed among pathologist and clinicians to standardise the methodology of biopsy sampling,
histological assessment and reporting leading to reproducible and clinically useful diagno‐
sis. Recent recommendations for the management of bleeding, H. pylori infected or cancer
risk patients help clinicians to endorse up-to-date therapy and follow-up. Presently there are
still many unanswered questions regarding lot of segment of various forms of gastritis.
Pathologist still need to issue descriptive histological report of ‘chronic non-specific gastri‐
tis’ to clinicians due to either lack of clinical information or knowledge of identifying gastric
inflammations distinctive from known categories. For reducing the number of these cases
further communication and consensus (as well as further consensus meetings) will be need‐
ed between pathologists and gastroenterologists. The growing information from research
and clinical studies might show further new directions and require modification of classifi‐
cation. It is possible that at some day the presently known different types of gastritis will be
known as various stages of the same disease, or partition of a present form could happen
due to discovered futural diverse etiologic causes.
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1. Introduction

1.1. Overview and pathogenesis

The discovery of the association of Helicobacter pylori with chronic gastritis, peptic ulcers and
gastric neoplasia, mucosa-associated lymphoid tissue-type lymphoma and carcinoma, has
led to fundamental changes in the understanding of gastric disease in humans. Some hu‐
mans with H. pylori infection develop only mild, asymptomatic gastritis. Whether more se‐
vere disease develops thought to be influenced by individual host factors and pathogenicity
of the bacteria involved. The odd of developing symptomatic H. pylori infection varies by
geographic location and age. Different strains of H. pylori have recently been identified.
Therefore, H. pylori should be considered a population of closely related but genetically het‐
erogenous bacteria of different genotypes and virulence.

A  gastric  spiral  bacteria  of  superkingdom  bacteria,  phylum  proteobacteria,  subphylum
delta/epsilon subdivisions, class epsilonproteobacteria, order campylobacter, family helico‐
bacteraceae,  genus  Helicobacter  spp.  is  gram-negative,  spiral-shaped  bacteria.  At  least  13
species have been reported,  and most are suspected or proven gastric  or hepatic patho‐
gens.  Helicobacter  spp.  have  been  reported  in  humans:  mainly  H.  pylori,  nonhuman  pri‐
mates:  H.  nemestrinae,  cats  and  dogs  various  species,  including  H.  pylori,  H.  felis,  H.
salomonis, H. rappini, H. heilmannii, and H. bizzozeronii, pigs: H. heilmannii, ferrets: H. muste‐
lae,  and cheetahs: H. acinonys.  More recently we have learned that nearly all mammmals
harbor their own species of Helicobacter infection. Some are suggesting now that infection
might be benign or even beneficial  by protecting againts development of esophageal re‐
flux and cancer of the esophagus.



Risk factors for H. pylori infection in humans include age and socioeconomic status, with
children and those with low socioeconomic status at greater risk. The role of Helicobacter spp.
in gastrointestinal disease in dogs and cats is uncertain. It has been known for years that
gastric Helicobacter-like organisms (HLO) are commonly present in stomach of dogs but the
relationship of these organisms and gastric disease is unresolved. H. pylori transmission is
proposed to be fecal-oral, oral-oral, and gastro-oral (via vomited fluids). The exact details of
transmission are still unclear. A higher incidence of H. pylori infection has been reported by
gastroenterologists, suggesting that transmission from patient to physician is possible. It has
been suggested that Helicobacter spp. infection might be zoonotic by contact with dogs and
cats and has been correlated with human H. heilmannii infection. There is no correlation be‐
tween pet ownership and human H. pylori infection.

H. pylori is one of the major causes of chronic gastritis and plays an important role in the
pathogenesis of peptic ulcer, gastric carcinoma, gastric adenocarcinoma, and primary B-cell
gastric lymphoma. H. pylori is the second most common cause of cancer morbidity and mor‐
tality worldwide, and the development of gastric non-Hodgkin’s lymphoma. Histological
gastritis is essentially universal among H. pylori-infected individuals, but only a few develop
a clinically significant outcome, such as peptic ulcer disease or gastric cancer. The clinical
significance of this bacterium has recently been emphasized by a National Institutes of
Health consensus panel and thus recommending antibiotic therapy for the large majority of
peptic ulcer patients who are infected with H. pylori and by classification of H. pylori as a
classification of H. pylori as a class I (definite) carcinogen by the World Health Organization.
The bacteria were often seen in malignant or ulcerated gastric tissue, and the possibility of
an infectious cause of peptic ulcer was considered. H. pylori often estabishes life-long infec‐
tions of the gastric mucosa. These bacteria produce a powerful urease that is regulated in
response to acid. So the ammonia and carbonate produced by this enzyme most likely create
an alkaline microenvironment. This mechanism is unprecedented. Further study shows that
the high density of colonization by H. pylori occurs in the antrum (lower portion of the stom‐
ach) where conditions are less acidic. As the infection becomes more pronounced or under
conditions where the antrum becomes more alkaline, the motile bacteria migrate up into the
cardia (body) of the stomach. Infection with H. pylori bacteria is basically located in three di‐
mensions, as these bacteria not only can move north and south in the mucosa in response to
acid levels, but they are able to move freely up and down in the mucus layer that coats the
gastric mucosa and provides a protective barrier against the diffusion of strong acid onto the
epithelium. The notion of being ”off shore” and therefore out of reach of the macrophages
and cells of host immune defense may also play an important role in survival of these bacte‐
ria. Finally, the mounting evidence suggests that H. pylori may control the immune response
and selective release of inflammatory factors. The balance between increase of inflammation
and immune suppression is a key to the persistence and an area where novel therapeutics,
perhaps in combination with vaccine strategies, could be directed.

The discovery of Helicobacter spp., a relative of Campylobacter spp. (bacterial pathogens of the
lower GI tract), fortunately coincided with the beginning of the genomics era, and is the ben‐
eficiary of two completely sequenced genomes of H. pylori. The results reveal a small ge‐
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nome (1.67 megabases) containing some 1553 genes encoding around 1,300 proteins. Despite
possessing a limited number of genes, H. pylori displays auxotropy for only a few amino
acids and appears to possess most catabolic and anabolic pathways found in bacteria with
larger genomes. Recent studies examining essentiality testing on a genome scale suggested
that there are few redundancies and backups in metabolic pathways and thus the percent‐
age of H. pylori genes found essential may be greater than expected for organisms with larg‐
er genomes perhaps opening a door for development of Helicobacter selective therapeutics.

Helicobacter-like bacteria have been identified in the stomachs of all mammalian species ex‐
amined to date. Many epidemiological studies have shown a strong association between
chronic H. pylori infection and subsequent development of gastric carcinoma in humans.
Studies of H. pylori and gastric carcinoma from the view point of animal model showed that
persistent H. pylori infection has recently been achieved in the Japanese monkeys and Mon‐
golian gerbil models, with results demonstrating that the sequential histopathological
changes in the gastric mucosa are closely mimic the gastric mucosal changes caused by H.
pylori infection in humans. Gastric mucosa infected with H. pylori exhibited significantly
higher gastritis score, reduction in glandular height, increase in the number of Ki-67 positive
cells and over expression of p53 protein and p53 gene mutation in the Japanese monkey
model. In the Mongolian gerbil model, H. pylori infection enhances gastric and also demon‐
strated that H. pylori infection alone can result in the development of gastric carcinoma

In gnotobiotic dogs were used as experimental hosts for H. pylori infection. All dogs test‐
ed were successfully colonized with H. pylori. In addition, two inoculated dogs co-housed
with experimental dogs also became colonized which indicating transmission of infection.
The  subsequent  use  of  dogs  as  H.  pylori  models  has  been  limited.  One  recent  study
showed that conventionally housed dogs are also susceptible to experimental infection. In
addition to experimental studies, efforts have been made to determine the presence of nat‐
ural gastric Helicobacter spp. infections in dogs. Surveys of pet dogs have repeatedly failed
to show natural infection with H. pylori. However, natural infection with other gastric Hel‐
icobacters commonly occurs. H. felis, H. bilis, H. bizzozeronii, H. salomonis, H. heilmannii and
Flexispira rappini have all been identified in surveys of gastric infections in dogs. A signif‐
icant  association  between their  presence  and the  occurrence  of  gastritis  has  never  been
demonstrated. There have been many studies confirm other studies which suggested the
presence of Helicobacter spp. is naturally found in dogs. It has been reported that the gas‐
tric biopsies found Helicobacter-like organism infection and dogs were postulated to be in‐
fected with several species of Helicobacter  spp.  While, it is said to be the most commonly
occurring of Helicobacter-like organisms in dogs and cats. The role of Helicobacter spp. infec‐
tion in gastrointestinal disease in dogs and cats is uncertain. It has been known for years
that gastric Helicobacter-like organisms (HLO) are commonly presented in stomach of dogs
but the relationship of these organisms and gastric disease is  unresolved. Infection with
HLO is highly prevalent in dogs. It is seen the clinical sign of vomiting and also clinical‐
ly healthy pet dogs.  Gastrospirillum hominis,  another Helicobacter-like organism, has so far
not been cultivated.
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H. pylori transmission is proposed to be fecal-oral, oral-oral, and gastro-oral (via vomited
fluids). The exact details of transmission are still unclear. A higher incidence of H. pylori in‐
fection has been reported by gastroenterologists, suggesting that transmission from patient
to physician is possible. It has been suggested that Helicobacter spp. infection might be zoo‐
notic by contact with dogs and cats and has been correlated with human H. heilmannii infec‐
tion. There is no correlation between pet ownership and human H. pylori infection.

Helicobacter spp. produce urease, which breaks down urea into ammonia and bicarbonate
ions. In stomach, ammonia has a buffering effect that may help Helicobacter spp. colonize on
mucosa in the acidic gastric environment. In addition, ammonia is directly toxic to gastric
epithelial cells. H. pylori infection is associated with increased gastric acid secretion (hyper‐
acidity), which causes inflammation of the gastric antrum (antral gastritis) and duodenal ul‐
ceration. It has been proposed that hyperacidity is caused by hypergastrinemia resulting
from the inhibition of somatostatin-secreting cells (somatostatin inhibits gastrin release). Hy‐
pergastrinemia also increases parietal cell mass through a trophic effect on gastric mucosa.
H. pylori infection can also be associated with lack of gastric acid (achlorhydria). This is
thought to occur when H. pylori causes mucosal atrophy in the gastric fundus and body or
inhibits functioning of the parietal cells. Chronic gastric inflammation may progress to
chronic atrophic gastritis and intestinal metaplasia, which are precancerous conditions. It
appears that Helicobacter spp. infection significantly alter gastric acid secretion in dogs.

The pathological significance of these organisms in the dog is currently unknown. Study of
naturally infected dogs and cats has shown that Helicobacter spp. predominantly colonizes
the gastric fundus and cardia and is associated with mild to moderate mononuclear cell in‐
flammation in appearance of chronic gastritis. In an experimental study of beagles which in‐
fected with H. felis and H. bizzozeronii-like organisms, it has been concluded that acid
secretion was not markedly disturbed by infection and that treatment had been temporarily
suppressed. Infected dogs showed no clinical signs and had mild gastritis histologically be‐
fore and after treatment. No correlation was identified between the severity of inflammation
and degree of bacterial colonization. It has been suggested that successful treatment of Heli‐
cobacter spp. in pet dogs did not change gastric histology and that mild chronic gastritis still
persisted.

1.2. Helicobacter diagnosis

Non-invasive test methods for detecting Helicobacter spp. (e.g., urea breath testing, antibody
testing, stool antigen testing) are not routinely available for dogs and cats. Urease testing
from breath and blood, has been investigated in dogs but is not widely available. Antibody
testing is potentially used but more difficulty apply than in human because of the variety of
Helicobacter spp. infecting dogs and cats. Nevertheless, antibody testing is being investigated,
and infected animals are known to develop antibodies. Theoretically, stool antigen testing
could be useful in H. pylori-infected cats or in animals infected with Helicobacter spp. that
have antigenic homology. Thus cross-reactivity with H. pylori should be concerned. This has
not yet been investigated. The confirmation of the presence of Helicobacter spp. in dogs and
cats, the invasive methods has already been discussed. Endoscopically obtained gastric mu‐
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cosal biopsies are commonly used, and direct observation of organisms by histology or cy‐
tology and rapid urease testing are common methods. Because of Helicobacter spp.
distribution in the stomach may be in locally site, evaluation of multiple biopsies and ana‐
tomic location (i.e., cardia, fundus, and antrum) is also recommended. Gastric Helicobacter
spp. was found in the cardia, fundus, body, and pylorus. It has been reported that the most
prevalent location of stomach were in cardia, fundus, body and pylorus respectively. In ad‐
dition, naturally infected dogs has shown that Helicobacter spp. predominantly colonizes in
the gastric cardia and fundus. Helicobacter spp. was demonstrated considerable affinity for
parietal cells and is found in their intracellular canaliculi as well as in the cytoplasm. They
had been observed in large numbers in the mucus covering the surface epithelium, the gas‐
tric pits and the glandular lumina. It appears that Helicobacter spp. infection does not signifi‐
cantly alter gastric acid secretion in dogs. Study of naturally infected dogs has shown that
Helicobacter predominantly colonizes the gastric cardia and fundus. However, the predilec‐
tion site of infection is recommended as fundic area of the stomach.

Direct observation of Helicobacter spp. organisms in biopsy specimens and necropsied dogs
usually requires special stains. It  has been reported that there was no statistically differ‐
ent significant between the locations of histopathological lesion and Helicobacter spp. infec‐
tion using H&E. The presence of lymphoid follicles in the gastric mucosa has traditionally
been considered a common, nonspecific finding in the gastric mucosa of dogs. Most dogs
had many bacteria and only mild gastritis.  It  is  suggested that in dogs, the bacteria did
not induce histological evident of certain diseases.  In naturally infected with Helicobacter
spp., the lymphoid follicles are frequently found in subglandular areas and sometimes ex‐
tended between the glands. Moreover, it was reported that, gnotobiotic dogs which exper‐
imentally  infected  with  Helicobacter  spp.  developed  large  numbers  of  lymphoid  follicles
throughout  the gastric  mucosa,  while  the dogs had no follicles.  The occurrence of  lym‐
phoid  follicles  were  indicated  the  Helicobacter  spp.  infection  from  gastrointestinal  speci‐
mens  which  depend  on  the  sites.  In  comparable  to  the  H.  pylori  infection  in  children
which frequently results in marked gastric lymphoid hyperplasia, have led to the hypoth‐
esis that lymphoid follicles in the human gastric mucosa can result from chronic H. pylori
antigenic  stimulation  and,  therefore,  represent  a  specific  immune  response  directed
against the organisms. Also, by inducing lymphoid tissue formation in the gastric muco‐
sa, H. pylori may be a necessary precursor for the development of primary gastric MALT
lymphoma. It  should be noted that the histopathological changes in the dogs was much
less severe than those seen in H. pylori gastritis in human which could be due to species
variation. It will be of interest to study dogs which have been subjected to different envi‐
ronmental conditions or dietary changes to ascertain if differences in the gastritis profile
occur with manipulation of these variables.

The Histopathology diagnosis,  Helicobacter  spp.  can be  visualized at  the  high magnifica‐
tion with conventional Hematoxylin & eosin (H&E) stained sections. Bacteria are located
in  the  mucus  adherent  to  the  surface  epithelium  and  are  often  found  deep  within  the
crypts. However, H&E staining may be unclear when few bacteria are also presented. In
addition, luminal debris on the surface of the epithelium can be mistaken for Helicobacter
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spp.  in H&E stained sections. Although these organisms with certain morphology 2.5-5.0
µm length, 0.5- 1.0 µm width and had five to nine helical turns could be notified. But the
other organisms such as Bacillus organisms were difficult to histology evaluation. Because
of the presented things were presented quite similar to Helicobacter spp.  in color by H&E
staining in histology evaluation (Fig. 1). Using special stains such as Warthin Starry stain
(WSS) facilitates histological identification of bacteria. Helicobacter spp. was obviously pre‐
sented in dark-brown color on yellow background. These bacteria were located mainly in
the gastric pits  and the upper portions of gastric glands,  where they were often in inti‐
mate association with the epithelial cell surface (Fig. 2). These bacteria were located with‐
in  the  gland  lumens,  sometimes  attached  to  the  epithelial  cell  surface,  and  within  the
cytoplasm of  parietal  cells.  WSS sections  of  stomach part  revealed tightly  coiled helical
bacteria  that  were generally  2.5-  5.0  µm length.  It  is  suggested that  WSS is  high occur‐
ence than H&E. It is likely that the additional of WSS is offset by a reduction in time re‐
quired for slide evaluation and improvement of identification of Helicobacter spp. infection.
A sensitive staining technique consisting of a combination of H&E and WSS has been de‐
veloped. WSS could be used for detecting Helicobacter spp.  in gastric tissues short period
of time, cheap and easy to use.  The WSS examination of large numbers of sections in a
relatively short period of time. However, the special staining procedure can be technical‐
ly difficult, and require experiences. Its meaning acceptance among gastrointestinal path‐
ologists  has  not  been  proved  yet.  Other  factors  that  could  influence  gastric  pathology
include the number of organisms present,  the host species and genotype, environmental
factors such as diet,  and concurrent infection with undetected organisms. However, it  is
suggested  the  significantly  different  correlations  for  Helicobacter  spp.  detection  between
H&E and WSS.  Therefore,  the  diagnostic  method of  choice  for  diagnosis  of  Helicobacter
spp. infection in canine stomach is depended on the purpose and appropriate site of speci‐
men collection.

 
 
 
        
 
 
 
 
 
 
 

 
Fig 1 The numerous spiral shape organisms: Helicobacter spp. was presented in the 

surface of gastric mucosa in fundus part of stomach in dog (Arrow) (A) (H&E, 
Bar = 10 µm) Helicobacter spp. was demonstrated on the gastric epithelium in 
higher magnification.  (B) (H&E, Bar = 5 µm) 

 

(a) (b) (c)

B A 

Figure 1. The numerous spiral shape organisms: Helicobacter spp. was presented in the surface of gastric mucosa in
fundus part of stomach in dog (Arrow) (A) (H&E, Bar = 10 µm) Helicobacter spp. was demonstrated on the gastric epi‐
thelium in higher magnification. (B) (H&E, Bar = 5 µm)
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Fig 2 Spiral‐shape Helicobacter spp. was positive in dark brown color was showning 

3.0 ‐ 5.0 µm in length and 0.5 – 1.0 µm in width in the gastric pit in fundus. In 
higher magnification of spiral‐shape with dark brown color of Helicobacter spp. 
(WSS, A : Bar = 10 µm, B : Bar = 5 µm) 

 
 

(a) (b) (c)

A B 

Figure 2. Spiral-shape Helicobacter spp. was positive in dark brown color was showning 3.0 - 5.0 µm in length and 0.5
– 1.0 µm in width in the gastric pit in fundus. In higher magnification of spiral-shape with dark brown color of Helico‐
bacter spp. (WSS, A : Bar = 10 µm, B : Bar = 5 µm)

In case of Immunohistochemical staining, IHC was much more sensitive for detecting in‐
fection than the routinely used H&E and WSS. IHC staining also have been developed to
detect  Helicobacter  spp.  antigen.  The IHC using monoclonal anti-H. pylori  antibody is  the
best diagnostic tool for formalin-fixed samples (Fig. 3). And IHC is very high specificity.
But IHC is rather expensive, long period of time and good experience. Such IHC are usu‐
ally not necessary but may prove worthwhile in cases where stains are difficult to evalu‐
ate for confirmations.

 
 
 
        
 
 
 
 
 
 

 
 
Fig 3   Helicobacter spp. demonstrated brown color in positive sites by 

Immunohistochemistry using rabbit polyclonal  anti‐H. pylori antibody in 
lumen of gastric gland in fundus part of stomach. Meyer’s Hematoxylin 
counterstained, ABC, DAB  (A Bar =20 µm, B Bar =10 µm) 
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A B 

Figure 3. Helicobacter spp. demonstrated brown color in positive sites by Immunohistochemistry using rabbit polyclo‐
nal anti-H. pylori antibody in lumen of gastric gland in fundus part of stomach. Meyer’s Hematoxylin counterstained,
ABC, DAB (A Bar =20 µm, B Bar =10 µm)

For PCR offers great promise as a highly sensitive and specific technique for the detection of
Helicobacter spp. and H. pylori. PCR technique for the detection of H. pylori in gastric biopsy
specimens has been described by a number of laboratories although the accuracy of such
technique varies widely. The identification of Helicobacter spp. in biopsies from dogs using
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PCR has been reported and applied for detection of identification to species of Helicobacter
spp. in dogs with naturally occurring gastric helicobacteriosis. Several observations shown
that PCR was sensitive and specific which is in agreement with studies in mice infected with
H. felis and in humans and cats infected H. pylori, which showed that PCR was more sensi‐
tive than histology, bacterial culture, and urease mapping. Factors affecting test accuracy of
PCR include the choice of primers and target DNA, specimen preparation, bacterial density
and technical issues. PCR demonstrated excellent accuracy for the detection of H. pylori in‐
fection in a limited number of samples. PCR technique for the detection of H. pylori is still in
its infancy. It is unlikely that such technique will have widespread use in the initial detec‐
tion of H. pylori. However, PCR method hold great promise in the detection of genetic differ‐
ences between H. pylori strains for research and epidemiological studies. Repeat endoscopy
or biopsy is required, which is expensive and unappealing to many pet owners. However,
an advantage of follow up endoscopy in noninvasive testing is the opportunity to reassess
gastric morphologic changes.

2. Treatment

Treatment of the Helicobacter spp. infection in dogs is controversial. Whether treatment is
needed in all cases and which drugs are preferred. Efficacy of treatment and whether drug
resistance is a problem in veterinary patients and should be awared. Recent studies suggest‐
ed that treatment might only suppress infection but not eradicate it. More reports of post
treatment follow-up assessing bacterial status and gastrointestinal (GI) changes are needed
for naturally acquired clinical signs in a dog should be considered. A profile of investiga‐
tions to rule out underlying GI disease (e.g., food inflammatory bowel disease, neoplasia)
should be undertaken before treating Helicobacter spp. infection. Even with such a work set
up, it may be difficult to know whether all GI inflammation is caused by Helicobacter spp.
infection alone or whether underlying with other inflammatory diseases. This is especially
true for patients in which inflammation persists following treatment and apparent Helico‐
bacter spp. prevention and control.

The treatment protocols in dogs and cats have been adapted from human medicine and in‐
cluded various combination of antibiotic and antisecretory therapy. Traditional veterinary
triple therapy consists of metronidazole, amoxicillin, and bismuth subsalicylate and has
been used as initial treatment for Helicobacter spp. infection in dogs and cats. Other antimi‐
crobial drugs that have been used in animals in which traditional triple therapy fails include
tetracycline and clarithromycin. Antisecretory drugs that have been used include H2-recep‐
tor antagonists and proton-pump inhibitors. Treatment is typically administered for 2 to 4
weeks, but the optimal duration of treatment is unknown. The clinical gastritis resolve fol‐
lowing 4 weeks of treatment with traditional veterinary triple therapy (in dogs) or a combi‐
nation of amoxicillin, metronidazole, and famotidine (in dogs and cats). These therapeutic
protocol has been practically used.
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1. Introduction

Gastric inflammation is highly complex biochemical protective response to the cellular tis‐
sue injury. Chronic gastritis is associated with the inflammatory cellular infiltrate predomi‐
nantly consisting of lymphocyte and plasma cells in gastric mucosa. Many evidences
suggest that Helicobacter pylori (H. pylori) infection and non steroidal anti- inflammatory
drug (NSAID) ingestion are major causative factors. Both are highly implicated in the patho‐
genesis of gastric mucosal oxidative injury in humans.

Chronic gastritis is mainly divided into two main categories namely non-atrophic and atro‐
phic gastritis (Rugge et al, 2011). In the gastric mucosa, atrophy is defined as the loss of ap‐
propriate glands. Atrophic gastritis, resulting mainly from long standing H. pylori infection
and is a major risk factor for the onset of gastric cancer.

Two main types of atrophic gastritis can be recognized, one characterized by the loss of
glands, accompanied by fibrosis or fibromuscular proliferation in the lamina propria and
the other characterized by the replacement of normal mucosa into an intestinal type of mu‐
cosa i.e intestinal metaplasia (Rugge et al, 2007).

Helicobacter pylori is spiral –shaped, flagellated, Gram-negative bacterium. It colonizes the
stomach of about 50 percent of the world population, especially in the developing countries
(Marshall BJ and Warren, 1983, Bruce and Maaroos, 2008). It is directly implicated in the
dyspepsia, acute and chronic gastritis, peptic ulceration, MALT lymphoma and it is an inde‐
pendent risk factor for gastric adenocarcinoma (Atherton, 2006). It may also be a risk factor
for pancreatic including cancer (Trikudanathan et al, 2011). H. pylori has been also associat‐
ed to some extra-gastric diseases including several autoimmune diseases.



2. Geographical distribution of the prevalence of H. pyloriinfection

The prevalence of H. pylori infection varies from country to country with large differences
between developed and developing countries (Neunert et al, 2011) The epidemiology of H.
pylori infection in developing countries is characterized by a rapid rate of acquisition of the
infection such that approximately 80 percent of the population is infected by the age of 20
(Robinson et al, 2007) because the disease is most often acquired in childhood or when
young children are present in the household. The prevalence of H. pylori is inversely related
to socioeconomic status (Sobala et al, 1991, Blaser and Atherton, 2004).The major variable be‐
ing the status childhood, the period of highest risk. Attempts to understand the different in‐
fection rates in defined groups have focusedon differences in socioeconomic states defined
by occupation, family income level and living conditions. Each of these variables measures a
different component of the socioeconomic complex.

3. Routs of transmission

H. pylori is a true opportunistic bacterium that will use any method available for gaining
access to the human stomach. Gastro-oral (e.g. exposure to vomit) and fecal-oral routs are
believed to be the primary means of transmission. The bacterium can also be transmitted
through exposure to contaminated food or water. The majority of the data support the no‐
tion that transmission is mainly within families. Thus close contact and the level of house
hold sanitation appear to be the most important variables. These findings may support the
concept that the most likely sources of transmission are person-to-person and /or exposure
to a common source of infection.

H. pylori from the Hispanic families living in certain place was examined for relatedness
based on the geno types using the cag A, vac A and ice A genes. H. pylori isolated from the
children and their mothers had the same genotype and were different from the associated
with children’s fathers or brothers-in-law (Graham et al, 2004). The high rate of transmission
to spouses also suggests that genetic factors are less critical than living conditions for trans‐
mission of the bacterium.

4. Relationship between H. pylori infection and associated diseases

AS reported before H. pylori infection causes chronic gastritis, peptic ulcer disease, primary
gastric B-cell lymphoma, (indirectly) gastric adenocarcinoma and patients with infection de‐
velop gastric damage (Harford et al, 2000, Nomura et al, 2002). Approximately 17 percent of
infected patients develop peptic ulcer and one quarter of such patients experience an ulcer
complication (Crabtree et al, 1991, Censini et al, 1996). Numerous trials have shown that ul‐
cer relapse is prevented following infection cure (Yamaoka et al, 1998, Yamaoka et al, 1999).
Histological and serologic studies have also shown that the infection preceded the ulcer and
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H. pylori infection is now accepted as one of the major causes of peptic ulcers (the other be‐
ing use of non-steroidal anti-inflammatory drugs) (Higashi et al, 2002).Accordingly develop‐
ment of the disease depends on bacterial, host and environmental factors.

The risk of ulceration is higher with more virulent strains. The best described virulence de‐
terminants are expression of active forms of a vacuolating cytotoxine (Vac A)(Crabtree et al,
1995) and possession of a protein secretory apparatus called cag (cytotoxin-associated gene
products) that stimulates the host inflammatory response (Ando et al, 2002). Cag+ strains in‐
teract more closely with epithelial cells and induce release of pro-inflammatory cytokines,
thereby increasing inflammation.

However it is unclear whether it is this or the direct translocation of a bacterial protein (Cag
A) into gastric epithelial cells that is the primary cause of the disease, including gastric ade‐
nocarcinoma.

Host genetic susceptibility and environmental factors also affect disease risk; for example,
smoking is strongly associated with peptic ulceration in H. pylori –infected individuals. H.
pylori induced duodenal ulceration arises in people with antral predominant gastritis (Back‐
ert et al, 2004, Majumdar et al, 2010). Antral inflammation leads to reduced somatostatin
production and, because somatostatin has a negative feedback effect on gastrin production,
this results in hypergastrinaemia. Gastrin stimulates enterochromaffin-like cells to release
histamine, which acts on parietal cells, resulting in stimulated acid production, increased
duodenal acid load and the formation of protective gastric metaplasia in the duodenum.
Helicobacter pylori cannot colonize the normal duodenum, but can colonize gastric meta‐
plasia, causing inflammation and ulceration (Majumdar et al, 2010). Hypergastrinemia on
the other hand and inconsequence to antral inflammation may leads to an increase of acid
production from the acid secreting areas of the stomach in response to food and other stimu‐
li. The resulting increased acid load in the duodenum is one factor encouraging duodenal
ulceration. Gastric ulceration occurs on a background of pangastritis often arising at the
highly inflamed transitional zone between antrum and corpus, particularly on the lesser
curve.

5. Clinical features

Chronic H. pylori –associated gastritis per se is asymptomatic but the initial acquisition of
the infection cause acute gastritis with hypochlorhydria which may cause abdominal pain,
nausea and vomiting that resolve within a few days (Fischer et al, 2001). Uncomplicated
peptic ulcers typically cause epigastric pain and less commonly, nausea, vomiting and
weight loss, whereas some ulcers (particularly NSAID ulcers) are asymptomatic. The classi‐
cally described pain of duodenal ulcer is felt as a growing or burning sensation, often with a
relation to meals; occurring 1-3 hours after meals and /or at night and relieved by food. Gas‐
tric ulcer pain is instead often precipitated by food. However symptoms are actually very
poorly discriminatory for ulceration site and even for whether or not an ulcer is present. Ex‐
amination usually reveals epigastric tenderness but may be normal.
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6. Complications

H. pylori ulcers usually heal and relapse spontaneously but ulcers of any cause, and particu‐
larly NSAID –induced ulcers, may cause serious complications.

Acutely bleeding ulcers cause anemia, perforation results in peritonism and gastric outlet
obstruction causes persistent vomiting. The discovery of H. pylori therefore has revolution‐
ized the management of peptic ulcers; its eradication heals H. pylori –induced ulcers and
prevents their relapse.

7. Dyspepsia in the community

Older patients presenting for the first time and those with alarm symptoms or signs (weight
loss, dysphagia, persistent vomiting, gastrointestinal bleeding, unexplained anemia, epigas‐
tric mass, previous gastric ulcer or gastric surgery) should be referred for upper gastrointes‐
tinal endoscopy and /or other investigations, both to exclude malignancy and to make a
positive diagnosis. Other patients (with simple dyspepsia) should normally be treated with‐
out endoscopy or specialist referral. These patients should have one of two initial ap‐
proaches. In populations where H. pylori prevalence is high (≥ 20-25 percent), patients
should be tested for H. pylori non-invasively, and given treatment to eradicate H. pylori if
positive.

In populations with lower H. pylori prevalence another approach may be followed (inhibi‐
tors). In either case, if the first approach fails, the second can be tried (Wirth et al, 1998, Ma‐
son et al, 2005, Delaney et al, 2008).

8. Upper gastrointestinal endoscopy

Upper gastrointestinal endoscopy is the investigation of choice in older patients with dys‐
pepsia and those with alarm symptoms because it enables diagnosis of ulceration and of
other macroscopic abnormalities such as malignancy and Oesophagitis. Histological exami‐
nation of gastric mucosal biopsy specimens is useful in confirming the nature of any abnor‐
malities seen, and in identifying whether gastritis is present and its cause. However it is
seldom necessary if macroscopic appearances are normal. Treatment with acid –suppressing
drugs before endoscopy may heal ulcers, rendering endoscopic findings misleading since
proton pump inhibitors, bismuth compounds and antibiotics may cause false-negative H.
pylori tests. If possible, acid suppressing agents should be avoided for at least two weeks
and preferably 4, bismuth compounds and antibiotics may be avoided for at least 4 weeks
before endoscopy.
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9. H. pylori infection and oxidative stress expression

Oxidative stress is associated with many diseases (Yamaoka et al, 2000), including gastric
disorders like chronic gastritis, peptic ulcers, gastric cancer and mucosa-associated lym‐
phoid tissue (MALT) lymphoma (Majumdar et al, 2010). These gastric diseases can be the
result of infection with Helicobacter pylori, which is believed to be the major etiological age
(Chen et al, 2005). Several studies have been carried out focusing bacterial factors in gastric
diseases and it has been assumed that H. pylori strains having Cag A+ /VacAs1 genotype
are more virulent than other genotypes.

Some studies have reported that Vac As1 strain is usually toxigenic and tends to be CagA+
(Moss et al, 1992).

H. pylori infection induces an inflammatory response that is also oxidative. The gastric epi‐
thelium and the bacteria induce production of interleukin-8 (IL-8) that contributes to the
generation of great amounts of toxic reactive oxygen species (ROS), with marked infiltration
of inflammatory cells and can elicit induction of interleukin-1β (IL-1β), interleukin -6 (IL-6),
IL-8, IL-12, tumor necrosis factor-α (TNF-α) and interferon-γ (INF-γ) (Marshall et al, 1985).
The inflammatory response induced during H. pylori infection does not appear to confer
protective immunity and the resulting oxidative burst caused by phagocytic cells can dam‐
age gastric tissues (Graham et al, 2004). Increased pathogen- inducible nitric oxide synthase
(iNos) has also been observed in the gastric mucosa of the patients with duodenal ulcer
(2010), gastric cancer (Mason et al, 2005), gastritis (Delaney et al, 2008) caused by H. pylori
infection. iNos is induced by a variety of stimuli, including bacterial Lipopolysaccharide, cy‐
tokines and products from the bacterial wall (Janssen et al, 1992) and its expression contrib‐
utes to oxidative stress.

Another oxidative enzyme induced by H. pylori in gastric disease is Nox1 (NADH oxidase
1) (Blaser and Atherton, 2004). It constitutively produces both superoxide anion and Hydro‐
gen peroxide (H202). Increased expression of Nox1 mRNA moderately increases superoxide
generation, which leads to a reduction in aconitase activity, making Nox1 a good marker of
oxidative stress (Tandon et al, 2004).H. pylori also induces ROS production by gastric epi‐
thelial cels, contributing to increased damage in the mucosa (Naito and Yoshikawa, 2002)
and H. pylori itself generates great amounts of superoxide anions to inhibit bactericidal ac‐
tion of nitric oxide (N0) produced by inflammatory cells (Atherton, 1997).

Another source of ROS that contributes to oxidative stress is the H202 generated by TNF-α
and other cytokines that are essential for their activity (Atherton et al, 1995) since H202 in
the presence of ferrous or cuperous ions can catalyzes the generation of the highly reactive
hydroxyl radical by Fenton reaction (Noach et al, 1994), an increase in H202 concentration
induced by cytokines makes also TNF-α expression a good oxidative stress marker.

TNF-α is produced by a wide variety of cell types and it is positively regulated under stress
and pathological conditions (Meyer et al, 2000). Protection of cells against ROS is accom‐
plished through the activation of oxygen-scavenging enzymes such as superoxide dismutase
(SOD), glutathione peroxidase (GPX) and catalase (CAT).
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However it is not well known how H. pylori bacteria products and inflammation affect the
ability of gastric cells to protect themselves from damage caused by ROS. The virulence of
the strain acts primarily as an accelerator in the disease process and not as a predictor of
outcome.

10. The immune response to H. pylori

H. pylori is an active stimulator of both the innate and acquired immune responses. Local
innate recognition of H. pylori by epithelial cells is thought to be an important disease deter‐
minant. There are also strong local and systemic antibody and cell-mediated immune re‐
sponse

11. The innate immune response

H. pylori colonization of the gastric mucosa triggers innate host defense mechanism thus
stimulating the expression of pro-inflammatory and anti-bacterial factors by gastric epithe‐
lial cells (Antos et al, 2001). The first line of defence results in gastritis and H. pylori also
stimulates innate immune responses from these infiltrating cells (Kawahara et al, 2001)
which may subsequently influence bacterial colonization density (Arnold et al, 2001), the in‐
flammation level and also the generation of adaptive response may represent a central de‐
terminant of disease severity and participation is thought to be a major mediator in gastric
carcinogenesis.

12. Antimicrobial peptides

Secreted antimicrobial peptides, including defensins are produced as part of the innate im‐
mune response to H. pylori. Elevated levels of human β defensin (hBD2) and the neutrophil-
derived alpha defensins 1,2 and 3 are present in the gastric juice of H. pylori –infected
patients (Nagata et al, 1998) and increased expression of hBD2 (Beutler and Cerami,
1986),hBD3 (Meneghini, 1998), adrenomedullin (Jung et al, 1997), angiogenin (George et al,
2003) and the human cationic antimicrobial peptide 18 (Gobert et al, 2004) LL-37 (Harris et
al, 1998) has been shown in infected human gastric epithelial cells.

13. The acquired immune response

H.  pylori  infection  provokes  a  vigorous  humoral  and  cellular  immune  response  in  hu‐
mans,  but  the organism is  rarely eliminated from the gastric  mucosa and infection per‐
sists  lifelong in  the absence of  treatment  (Blaser  and Atherton,  2004).  One possibility  is
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that  H.  pylori  itself  influences  the  immune response  to  avoid  its  own clearance  by  the
host  and to  down-regulate  excessive  host  damage  thus  promoting  a  relatively  peaceful
co-existence.  However,  there is  good evidence that  the acquired immune response itself
contributes  to  gastro-duodenal  disease  processes  (Zevering  et  al,  1999).  Mouse  models
have  shown  that  the  cellular  immune  response  is  a  central  regulator  of  H.  pylori-in‐
duced gastric inflammation and pathology. Mice deficient in IL-10 mount a vigorous in‐
flammatory  response  to  H.  pylori,  successfully  and  rapidly  clear  H.  pylori  infections
(Chen et al, 2001).

14. Humoral immunity

H. pylori stimulates the production of mucosal and systemic IgA and IgG s, but the effect of
antibody upon bacterial colonization remains controveial. One report showed that the intra-
gastric administration of specific monoclonal IgA mediated protection against H.fellis infec‐
tion in mice (George et al, 2003). In contrast, others have shown that specific IgA and IgG in
mice actually promote bacterial colonization and reinhibit protective immune mechanisms
(Akhiani et al, 2004, Akhiani et al, 2005). H. pylori is susceptible to the compliment-mediat‐
ed bactericidal activity of serum (Gonzalez-Valencia et al, 1996) but it is possible to success‐
fully immunize B-cell deficient mice (Ermak et al, 1998, Sutton et al, 2000), indicating that
antibodies are not essential for protection. The B-cell response plays an important role in
pathogenesis through participating in an H. pylori –precipitated autoimmune process
(D'Elios et al, 2004). In this, antibodies cross-react with host antigens such as those on gastric
epithelial cells and the parietal cell H+,K+_ATPase(Amedei et al, 2003), potentially inducing
local- inflammation and damage.

15. The T-cell response

In humans, the T-cell response to H. pylori is dominated (Fan et al, 1994, Bamford et al,
1998). Th1 cells produce IFNγ and this type of response is associated with pro-inflamma‐
tory cytokine expression, for example TNFα, IL-12 and IL-18. When macrophages are acti‐
vated in the presence of such type I cytokines, the resulting " angry " macrophages secrete
pro-inflammatory factors and have enhanced bactericidal activity compared to those acti‐
vated in  the  presence  of  Th2 cytokines  (Ma et  al,  2003).  The  number  of  IFNγ-secreting
cells  in the infected human gastric  mucosa correlates with the severity of  gastritis  (Leh‐
mann et al, 2002). IFNγ itself appears to be a key mediator, as infusion into mice, even in
the absence of H. pylori infection, induces pre-cancerous gastric atrophy, metaplasia and
dysplasia (GeaCui,  2003).  Some strains of mice,  such as C57BL/6,  which mount a strong
Th1 response to H. pylori,  have more severe gastritis but reduced colonization densities
(Gerhart et al, 2000)
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16. Tests for H. pylori

16.1. Tests not requiring endoscopy

Serology:serological tests involve detection of IgG antibodies against H. pylori and the best
are very accurate. However, accuracy depends critically on the precise serological test used.
Serology may remain positive for years after successful eradication of H. pylori and there‐
fore is not used for checking the treatment success, it is cheap (Majumdar et al, 2010)

Urea breath test (UBT): the UBT is a simple, non invasive test based on H. pylori urease. It is
particularly useful for checking the success of treatment. It is also more accurate than serolo‐
gy and often used as a first-line diagnostic test in places where it is readily available. It must
be performed at least 4 weeks after any bismuth compounds, antibiotics or proton pump in‐
hibitors have been stopped. If not, false-negative results are common. It is inexpensive and
readily available to general practioners in most countries.

Stool antigen test:It is more developed as alternative to the urea breath test (Gisbert et al,
2006). Like the latter it assesses active infection and so can be used for assessing treatment
success since it is less expensive than the UBT.

16.2. Test requiring endoscopy

Biopsy UREASE TEST: The biopsy is placed in a urea solution or gel with a PH indicator.
When H. pylori is present, the urea is hydrolysed by its urease, resulting in a color change.
Some positive results may be available within minutes, although initially negative tests
must be kept for 24 hours to avoid occasional false-negative results. Blood in the upper GIT
may also sometimes cause a false-negative test. The biopsy urease test is cheap and widely
available

Histology: H. pylori infection can be diagnosed accurately by histology if special stains are
used. The distribution of gastritis may give information on disease risk if biopsies are taken
from antrum and corpus (Figure 1)

Histology can also give further information, for example on whether gastric atrophy or in‐
testinal metaplasia- markers of increased risk of gastric adenocarcinoma- are present. Histol‐
ogy is relatively expensive, particularly if special stains are used (Figure 2)

Culture: Endoscopic mucosal biopsy specimens can be cultured for H. pylori. Although
some studies referred to it as being not useful as a purely diagnostic test as H. pylori is not
straightforward to grow, and culture is often falsely negative. However success rates are
high in others, isolates obtained from biopsy of certain individuals having positive IgM se‐
rologically were used for induction of gastritis in experimental rats (Elseweidy et al, 2010).

The serum concentrations of pepsinogen 1 and 11 (Pg1, Pg11), gastrin (G17) and HP anti‐
bodies of IgG class have been used to assess the risk of atrophic gastritis and to differentiate
between HP-related and non HP- related gastritis (Elseweidy et al, 2010).
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Figure 1. Zones of antrum and corpus-fudic glands of the stomach

Figure 2. Distribution of parietal and chief cells of normal tissues (H&E stain)

To verify such concept, certain clinical study was designed mainly to identify the pattern of
chronic gastritis and the potential effect of HP infection. Certain biomarkers, histological
and immunochemical tests were used for assessment.

Fifty eight patients, clinically diagnosed as having chronic gastritis (median age 45 y; range
38-52 y, 9 females, 49 males) were participated in the present study. They were categorized
into two groups.

The first one 31 percent demonstrated positive reaction to IgM- Ab of HP (≥ 40 u/ml) and the
second group 69 percent demonstrated negative reaction. All the patients had signs of
chronic gastritis which vary between them like abdominal pain, heartburn, vomiting or nau‐
sea, flatulence or chronic dyspepsia, epigastric pain or nausea, constipation and anorexia
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(Robinson et al, 2007). Fasting blood samples were collected from the patients before their
direction to endoscopy procedure of the upper GIT with gastric biopsies. Blood samples
were directed for the determination of serum gastrin (G-17), Pepsinogens (Pg1,Pg11), Pros‐
taglandin (PGE2) and Interleukin 6(IL -6).Immunohistochemistry technique was also done
in antral biopsy to demonstrate the expression of INOS, Nitrotyrosin, DNA fragmentation,
myeloperoxidase and histopathological examination (Elseweidy et al, 2010)(Figures 3,4).

Serum gastrin, Pg1, 11, PGE2, IL-6 demonstrated significant increase in gastritis patients as
compared to normal individuals. Sector of HP patients having +veIgM showed significant
increase of Pg1, 11 and slight increase of IL-6 as compared to negative sector

Immunostaining tests in antral biopsy showed strong positive reaction for the above men‐
tioned markers as compared to IgM negative group which demonstrated mild positive reac‐
tions (Figure 5)The study concluded that gastritis patients who express positive IgM for HP
infection showed higher gastrinaemia and more pronounced atrophic, inflammatory and
apoptotic damage than those not expressing IgM- Ab(Elseweidy et al, 2010).

 (a) (b) 

Figure 3. Histological section of human fundic gland of patient suffering from gastritis with anti H. pylori IgM positive
group showing (a) x100 irregular short fundic gland (FG), wide gastric pit (GP), multiple inflammatory cells (arrows)
and blood vessels (double arrows) filling lamina propria (LP), (b) x400 showing irregular simple columnar epithelium
(E), small pyknotic nuclei (arrows) of cells lyningfundic gland (FG) and multiple inflammatory cells (double arrows) fill‐
ing lamina propria (LP)(Elseweidy et al, 2010).
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Figure 4. Immunostaining section of Gastritis patients IgM(+) category for (a) nitrotyrosine showing strong positive
reaction in the epithelial (E) lining fundic gland (FG) and inflammatory cells (arrows) filling lamina propria (LP), (b)
myeloperoxidase showing strong positive reaction in the surface columnar epithelial cells (E) and other cells (arrows)
lining fundic gland (FG) (c) iNOS showing strong positive reaction in the inflammatory cells rows) filling lamina propria
(LP), (d) DNA fragmentation factor (DFF) showing strong positive reaction in the epithelial (arrows) lining fundic gland
(FG) and inflammatory cells (double arrows) fill lamina propria (LP) (x200)(Elseweidy et al, 2010).

 (a) (b) 

 

(c) (d) 

Figure 5. Immunostaining section of human fundic gland from gastritis patients, with anti-H. pylori IgM(-) showing for
(a) nitrotyrosine negative reaction in the epithelial (E) lining fundic gland (FG) and inflammatory cells (arrows) filling
lamina propria (LP), (b) myeloperoxidase showing strong positive reaction in the inflammatory cells (arrows) infiltrat‐
ing lamina propria (LP) (c) iNOS showing moderate positive reaction in the cells of the fundic gland (arrows), (d) DNA
fragmentation factor (DFF) showing mild positive reaction in the epithelial cell (arrows) lining fundic gland (FG) (x20)
(Elseweidy et al, 2010).
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17. Eradication of Helicobacter pylori

First –line treatment is usually a 1 or 2-week triple combination therapy comprising twice-
daily use of omeprazole, clarithromycin plus metronidazole or amoxicillin. It is successful
in 80-90 percent of cases (Marshall et al, 1985). The most common reasons for failure are
antibiotic resistance and poor compliance with treatment.  Resistance to clarithromycin is
increasing and is a crucial determining factor in treatment success. Patients with previous
exposure to clarithromycin should not receive this drug for H. pylori treatment unless an‐
tibiotic susceptibility testing shows that they have a sensitive strain. Metronidazole resist‐
ance is also very common, in particular amongst those having previous exposure to the
drug.

So new research has been developed in natural products with anti HP activity.

When Nigella sativa L. (Ranunculaceae) seeds were given to patients with dyspeptic symp‐
toms and found positive for HP infection in a dose of 2g/d along with 40 mg/d omeprazole,
it possessed clinically useful anti HP activity (O'Mahony et al, 2005). Solamumlyratum‐
Thunp (SLE, Solanaceae) showed a moderate ability in inhibiting growth of HP and its asso‐
ciation with host cells (Enomoto et al, 2010)

Curcumin from turmeric (Curcuma longa, longa, Zingiberaceae) has been lastly shown to
arrest HP growth. Its potential was highly effective in eradication of HP from infected mice
and to restore gastric damage, induced by chemicals like iodoacetamide(Elseweidy et al,
2008, Chowdhury and Mukhopadhyay, 2009). Crude essential oil obtained from the dried
aerial parts of Thymus Caramanicusjalas (Lamiaceae) at a concentration of 0.33 ul/ml was
tested in vitro against clinical isolates and proved to be highly effective.

Aqueous extract of Glucyrrhiza –globra L (Fabaceae) 1mg /ml significantly inhibited the ad‐
hesion of HP to human stomach tissue. The effect was related to the polysaccarIdes isolated
from the extract (Eftekhar et al, 2009)

18. Prospects for future vaccines

The prevalence of antibiotic resistance amongst H. pylori isolates is increasing, and there are
reports of over 50 percent of isolates being resistant to metronidazole in parts of Asia and
Africa (Lwai-Lume et al, 2005, Kim et al, 2006).Such antibiotic resistance is a problem for
many pathogenic bacterial infections, and large scale control of such infections is probably
best achieved through vaccination programmes. Although vaccination appears the logical
approach to control H. pylori, however vaccine research has not been straightforward and
may need extensive efforts to achieve significant results.
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1. Introduction

The name of capsaicin is generally used in the medical research, however this material does
not contain a uniform chemical entity. Capsaicinoids covers 5 analogues and 2 homologues
components (Mozsik et al. 2009) (Fig. 1).

It has been established that capsaicinoids interact with capsainin-sensitive afferent nerves
representing a novel regulatory pathway of gastrointestinal funcions (Jancsó et al. 1967,
1968, 1970). Capsaicin-sensitive afferent nerves contain a temperature-gated ion channel
called capsaicin receptor or transient receptor potencil vanilloid 1 (TRPV1) which is ex‐
pressed by a subgroup of primary afferent nociceptive neurons (Szolcsanyi, 2004). The cap‐
saicin receptor has been cloned (Caterina et al., 1997) and has been found to be linked to a
cation channel. It is gated by capsaicin and other capsaicinoids (some vanilloids) by various
treatments including low pH, noxius heat and various pain-producing endogenous an exog‐
enous chemicals. Thus, those sensory nerve endings possessing these ion channels are sus‐
ceptible to being stimulated in the gastric mucosa. Upon stimulation with capsaicin, these
afferent fibers develop four response stages (excitation, sensory-blocking, long-term selec‐
tive neurotoxic impairment, and irreversible cell destruction), depending on the dose and
duration of exposure of the component (Mózsik et al. 2001). A low dose of capsaicin (nano‐
grams to micrograms per kilogram) causes excitation of the nerve endings, and neuropepti‐
des (substance P [SP], calcitonin gene-related peptide [CGRP], and somatostatin) are
released (Holzer et al. 1998, 1999) (Szolcsányi 2004). These mediators can increase mucosal
blood flow by vasodilatation (Holzer et al. 1991), can activate mast cells and immunocells in



the mucosa (Stead 1992), and are involved in drug effects (Mózsik et al. 2004, 2005), and so‐
matostatin can elicit systemic anti-inflammatory and analgetic “sensory functions.” The im‐
munodistribution of neuropeptides (SP, VIP, NPY, SOM, GAL, and TH) released from the
sensory neurons and their neuroimmune function are known in H. pylori-positive gastritis
(Sipos et al. 2006). Notwithstanding studies supported that this gastric mucosal protective
mechanism provided by capsaicin-sensitive afferent nerves exists in patients with chronic
gastritis, and its extent does not depend on the presence or absence of H. pylori infection. In
other words, the gastric mucosal protection produced by capsaicin-sensitive afferent nerves
is one of the general defense mechanisms against the different noxious agents that induce
chronic gastritis (Dömötör et al. 2006).

Figure 1. and figure legend needs to be changed to the following: 
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Figure legend 1:  
Names and chemical structures of capsaicin homologs and analogs (with knowledge and 
allowance of Mozsik et al. 2009). 
 
 
REFERENCES 
- The correct year number of reference (30) is Mózsik et al. (2004a) 
- The correct year number of reference (31) is Mózsik et al. (2004b) 
- The correct year number of reference (34) is Mózsik et al. (2009a)  
- The following reference was misorganised:  

Figure 1. Names and chemical structures of capsaicin homologs and analogs (with knowledge and allowance of Moz‐
sik et al. 2009).

The vagal nerve has a key-role in the development of gastrointestinal mucosal damage and
prevention (Mozsik et al., 1982). The key-role of vagal nerve has been emphasized domi‐
nantly in the aggressive processes to gastrointestinal (GI) mucosa (such as in peptic ulcer
disease, gastric mucosal damage, etc.) as evidenced from GI investigations in animal models
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and as well as in human clinical practice. The application of capsaicin in the animal experi‐
mentswas used as a specific tool to investigate those primary afferent nociceptive neurones
(Szolcsanyi, 2004; Buck and Burks, 1986; Holzer, 1988; 1991; Szállasi and Blumberg, 1999) in‐
volved in the different physiological, pathological processes.

Szolcsanyi and Bartho (1981) were the first authors, who clearly identified the beneficial and
harmful effect of capsaicin in experimental peptic ulcer in rats, following varying doses of
capsaicin. Later, Holzer undertook extensive investigations on the mode of action of capsai‐
cin on GI functions (Holzer, 1998; 1999; Buck and Burks, 1986; Szállasi and Blumberg, 1999).
We also contributed during the 1980’s to GI capsaicin research from studies in animal mod‐
els (Mózsik et al., 1997c). Recently the new drug, lafutidine, was introduced in the medical
treatment of GI mucosal damage (Ajioka et al., 2000; 2002; Onodera et al., 1995; 1999; Takeu‐
chi, 2006). Lafutidine is a histamine histamine type 2 receptor (H2R) blocking compound
which uniquely has typical capsaicin actions on the target organ.

Capsaicin-sensitive vagal neural afferentation is one of the defensive mechanisms. These
nerves have been shown to play a role in gastric mucosal protection by preventing drug -
induced mucosal injury in animals (Abdel-Salam et al. 1999; Mózsik et al. 1997a; Reinshagen
at al. 1996) and by decreasing the amount of indomethacin (IND)-induced gastric micro‐
bleeding in healthy human subjects (Kang JY et al. 1995; Mózsik et al. 2004b; Mózsik et al.
2005). These mechanisms are well known to be important in protection against gastritis
caused by various harmful effects. The TRVP 1 receptors were also detected in the area post‐
rema and in the nucleus tractus solitary, where the afferent fibres of the vagus nerve taper,
and have key role in regulation of gastric functions i.e. secretion, motiity and protestion
mechanisms.

The vagus nerve consists of 10% efferent nerves, 90% afferents. About 10% of these afferent
nerves are capsaicin-sensitive. The amount of efferent nerves and the capsaicin-sensitive af‐
ferent nerves is roughly equal in the vagus nerve. Capsaicin exposure exerts various re‐
sponses in these afferent nerves depending on dose and exposure duration (excitation,
sensory-blocking, long-term selective neurotoxic impairment and irreversible cell destruc‐
tion) (Vincze et al. 2004). During exposure to small doses of capsaicin (from ng/kg to µg/kg
body weight) neurotransmitters, such as: substance P (SP), calcitonin gene-related peptide
(CGRP) and somatostatin, are released from the nerve endings (Caterina et al. 1997; Mózsik
et al. 2001; Holzer 1998). These mediators are responsible for increasing mucosal blood flow
by vasodilatation (Holzer 1999), activation of mast cells and other immune cells in the muco‐
sa (Szolcsányi 2004; Holzer et al. 1991) and defense of gastrointestinal mucosa.

Capsaicin has been used in human studies, looks to be a suitable treatment tool in several
fields of medicine that can be seen from several running and completes multicentric control‐
led studies worldwide. The United States Pharmacopeia (USP) describes the list of capsai‐
cins and their definition, identification, melting range, and content of capsaicin,
dihydrocapsaicin and other capsaicinoids as follows (USP30-NF25. 2006 Edition, pp.1609):
capsaicin contains not less than 90.0 % and more than 110.0 % of the labelled percentage of
total capsaicinoids. The content of capsaicin is not less than 55 %, and the sum of the con‐
tents of capsaicin and dihydrocapsaicin should not be less than 75 %. The content of other
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capsaicinoids should not be more than 15 %, all calculated on the dried basis. The circum‐
stances of plant cultivation, preparation, storage and other facts are summarized in the drug
master file (DMF). The DMF of capsaicin originated from India was signed by Food and
Drug Administration (FDA) in the United States as existing registration, which allows the
usage of capsaicin as basic source for capsaicin-containing drugs. This type of capsaicinoids
(briefly capsaicin) was used in our previous studies (Mozsik et al. 2009a, 2009b, 2011).

Gastritis is a pathomorphological appearance of inflammation in the gastric mucosa. Acute
and chronic gastritis can be differentiated on the basis of the development and process of the
disease. Chronic gastritis may be caused by different factors such as Helicobacter pylori infec‐
tion, bacterial overgrowt in a hypochlorhydric stomach, autoimmune mechanisms, or chem‐
ical agents such as long-term nonsteroidal anti-inflammatory drug (NSAID) treatment, and
bile reflux (Owen 2003; Appelman 1994, Szabo et al. 2012), for details about mechanisms we
refere to the other chapters of this book. Nowdays, the importance of Helicobacter pylori in‐
fection is increasing as the main causative factor in gastric diseases in humans. This bacteri‐
um is highly prevalent in many countries (Parsonnet 1995) and it increases the risk for
development of gastric and duodenal ulcer disease, gastric cancer, and gastric mucosa-asso‐
ciated lymphoid tissue lymphoma (Janulaityte-Gunther et al. 2005; Mitani et al. 2004; Peng
et al. 1998; Salih et al. 2005; Zhang et al. 2005a, 2005b). Dysfunction of gastrointestinal mu‐
cosal defense mechanisms is also involved in the development of gastric diseases. Capsai‐
cin-sensitive afferent nerves take part in gastric mucosal protection in animals (Mózsik et al.
1997a; Reinshagen et al 1996) and in healthy human subjects (Kang et al. 1995; Mózsik et al.
2004a, 2005a), and the presence of these fibers is proved to play a role in the development of
human gastrointestinal disorders including gastritis, peptic ulcer, polyp without and with
dysplasia, tumor, and inflammatory bowel diseases (Dömötör et al. 2005; Vincze et al. 2004).
The immunodistribution of neuropeptides (SP, VIP, NPY, SOM, GAL, and TH) released
from the sensory neurons and their neuroimmune function are known in H. pylori-positive
gastritis (Sipos et al. 2006).

2. Recent results in human studies

Presentation of capsaicin-sensitive afferentation in the H. pylori positive and H. pylori nega‐
tive chronic gastritis in patients has been studied by Mózsik et al. (2011): The symptoms of
patients sufferring from chronic gastritis with or without H. pylori infection (H. pylori posi‐
tive, n=21, age 39-68 years, screened with [14C] urea breath test, rapid urease test, Warthin-
Starry silver staining and specific histological examinations; H. pylori negative, n=30, age
39-68 years) were nonspecific including gastric dyscomfort sensation, nausea, loss of apetite
and vomiting. The gastric tissue samples from the stomach and antrum were examined by
an independent histopathologist and classified of chronic gastritis according to the Sydney’s
System (Price et al. 1991). The immunohistological studies were carried out on formalin
fixed, parafin embedded tissue samples of gastric mucosa using the peroxidase-labeled pol‐
ymer method (Lab Vision Co., Fremont, USA). SP was detected by the NC1/34HL rat mono‐
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clonal antibody, the TRPV1 receptor and CGRP were labeled using polyclonal rabbit

antisera (all from Alcam Ltd., UK, Cambridge) (Dömötör et al. 2006) (Figs. 2-4).

Figure 2. Immunohistochemical distribution of capsaicin receptor (transitoric receptor potential vanilloid) (TRPV1 in
the gastric mucosa of a healthy (A) and of patient with H. pylori negative (B) and H. pylori positive (C) chronic gastritis.
Arrows indicate the immunosigns in the epithelial layer of the gastric mucosa (original magnification: 100x). From the
ref. (Mózsik et al. 2011), with permission.

Figure 3. Immunoshistochemical distribution of calcitonin gene-related peptide (CGRP) in the gastric mucosa of
healthy subject (A), of patient with H. pylori negative (B) and H. pylori positive (C) chronic gastritis. Arrows demosn‐
trate the immunosign in the epithelial layer of the gastric mucosa (original magnification: 100x). From the ref. (Mózsik
et al. 2011), with permission.
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Figure 4. Immonohsitochemical distribution of subastane P (SP) in gastric mucosa of healthy subject (A), of pateints
with H. pylori negative (B) and positive (C) chronic gastritis. Arrows show the immunosigns in the epithelial layer of the
gastric mucosa (original magnification: 100x). From the Ref. (Mózsik et al 2011), with permission.

Presentation of capsaicin-sensitive afferention of vagal nerve in patients with H. pylori pos‐
itve chronic gastritis of patients, before after after eradication treatment (Mózsik et al
2011):Very recently the same clinical and immunohistochemical examinations were carried
out as those mentioned above in patients with H. pylori positive chronic gastritis before and
after eradication treatment. These observations were carried out in 38 persons, including 20
healthy subjects and 18 patients with H. pylori positive gastritis. The age of persons with his‐
tologically intact gastric mucosa (controls) were between 41 and 67 years (mean=52.2 years).
The age of patients (6 males, 12 females) was 39 to 68 years (mean = 56.4 years).

The time period between the first and control gastroscopy was 6 weeks. The biopsies were
taken from the corpus and antrum of patients with chronic gastritis, before and after eradi‐
dation treatment, and from healthy persons. H. pylori positive patients underwent 7 days
eradication treatment with combination of double dose PPI (pantoprazole 2x40 mg/day),
amoxicillin (1000 mg twice daily) and clarithromycin (500 mg twice daily) according to cur‐
rent European guidelines (Malferteiner et al. 2007). After this one week combination treat‐
ment, patients continued to take normal dose of PPI for another week. The H. pylori infection
was detected before and after by [14 C] urea breath test, rapid urease test, Warthing-Starry
silver staining and specific histological and immmunohistological examinations. The results
of eradication treatment was succesfull in 89%, the gastric histology indicated normal pic‐
ture in 22% of cases, and in 78 per cent patient the mucosa showed moderate gastritis (Lak‐
ner et al. 2011).

Expression of TRPV1 receptor, CGRP and SP in the gastric mucosa of patients with H. pylori
negative and positive chronic gastritis, and before and after successful eradication treatment
(Mózsik et al 2011): The expression of TRPV1 and CGRP increased in the gastric mucosa of
patients with chronic gastritis, however, it was an unexpected that the increase expresson of

Current Topics in Gastritis - 201266



TRPV1 and CGRP did not depend on the presence of H. pylori infection. The changes in ex‐
pression of SP were not significant between these groups of patients.

Another surprising result was obtained in patients with H. pylori positive chronic gastritis
before and after sucessfull eradication treatment. The extent of expression of TRPV1, CGRP
remained at the same level after eradication. No significant changes were obtained in the ex‐
pression of SP in the gastric mucosa in these patients (Fig. 4) (Mózsik et al 2011).
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Figure 5. Chamges in the expression of capsaicin receptor (TRPV1), calcitonin gene-ralated peptide (CGRP) and sub‐
stabtance P (SP) in the human gastric mucosa of healthy voluntaries(histologically intact) (A), H. pylori positive (B), H.
pylori negative (C) and H. pylori positive before (D) and after eradication (pantoprazole 40, amoxicillin 1000 and clari‐
thromycin 500 mg, all two times per day, for seven days) (n=number of patients) (Mózsik et al 2012).

These findings suggest potential role of capsaicin-sensitive afferent vagal nerve in the devel‐
opment of chronic gastritis and the eradication treatment (Mózsik et al 2011): From the ex‐
perimental observations it could be concluded that actions of capsaicin are dose-dependent
(Mozsik et al. 2001, 2005a, 2009b). The types of gastric mucosal injuries could be prevented
by application of small doses (200 to 800µg/person) of capsaicin (Mózsik et al. 2001). Results
of these observations suggest mucosal protecting effect of capsaicin (acting via the stimula‐
tion of capsaicin-sensitive afferent fibres of vagal nerve) in healthy human subjects. These
observations showed that the expression of TRPV1 and CGRP increased siginicantly in infla‐
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mated chronic gastritis, and no significant change was obtained in SP levels. However, these
immunohistochemical results did not differ in patients with H. pylori positive and negative
chronic gastritis. Capsaicin-sensitive afferention did not differ before and after (6 weeks)
successfull eradication treatment in patients with chronic H. pylori positive gastritis (mean‐
while the control biopsy was normal in 22% and in 78% indicated in moderated histological
picture of gastritis) (Lakner et al. 2011).

Explantaion of study group of the for the unchanged immunohistochemical distribution of
TRPV1, CGRP and SP of gastric H. pylori positive chronic gastritis before vs. after eradica‐
tion treatment were as follows (Mozsik et al. 2011):

1. Six week time period (including the eradication treatment) is not enough time for the
complete healing of chronic gastritis.

2. The six-week time period (after eradication treatment) is probably not enought time for
complete histologically recovery of chronic H. pylori positive infection in patients in
term of histology and immunohistology.

3. The H. pylori bacteria as etiological factors might represent only one of the factors caus‐
ing chronic gastritis (in term of histology);

4. The immunohistological distribution (expression rate) of TRPV1, CGRP and SP are in‐
dependent ont the chronic gastritis produced by different physical, chemical, bactero‐
logical or immunological agents. However, the increased expression of TRPV1, CGRP is
involved in the gastric mucosal damage and the normalization of these changes can be
obtained by other way as the classical eradication treatment (Lakner et al. 2011).

Kozlowski et al. (2011) conluded from their study on chronic gastritis: 1. Chronic supeficial
gastritis coexists with significantly higher proliferative activity of gastric mucosal glandular
epithelium, particulary in relation to the prepyloric area and 2. Changes of proliferative ac‐
tivity of gastric mucosal glandular epithelium are independent of age, histotopography and
of H. pylori colonization.

Recent investigations showed that the expression of TRPV1 and CGRP increased significant‐
ly inthe epithelial layer of the gastric mucosa in patients with H. pylori - positive and -nega‐
tive chronic gastritis. The significant etiological role of H. pylori in the development of
chronic gastritis has received great attention in the pertinent literature; for this reason, we
compared the differences in TRPV1,CGRP, and SP expression in H. pylori positive or -nega‐
tive chronic gastritis, suggesting their etiological role in the development of chronic gastritis.
No significant differences were obtained between H. pylori-positive and H. pylori-negative
patients, but values of both groups with chronic gastritis differed significantly from those of
histological intact mucosa of healthy human subjects. Results also indicated that chronic
gastric inflammation is one of the general tissue reactions to different noxious agents, and H.
pylori is only one of these in patients. It must be emphasized that clinicians are able to specif‐
ically demonstrate the presence of H. pylori (by UBT, rapid urease test, and specific histologi‐
cal staining), however, we have no specific methods for well demonstration of other
(suggested) etiological factors.
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In animal experiments, different noxious agents produce the same (or basically similar)
pathological, biochemical (oxygen free radicals), etc., events in the development of gastroin‐
testinal mucosal injury and its prevention (Mózsik et al. 1992). Gastric mucosal damage can
be produced by direct application of ethanol and indomethacin and it can be dose depend‐
ently prevented by the topical application of capsaicin in healthy volunteers (Mózsik et al.,
2005a). Endogenous (increased production of gastric HCl in 4-hr pylorus-ligated rats) and
exogenous (indomethacin given s.c. in a 4-hr experiment, without pylorus ligation) factors
produced changes in functional status and damaged the gastric mucosa in rats. The immu‐
nohistochemical distribution of TRPV1, CGRP, and SP decreased significantly during this
time; the levels of TRPV1 and CGRP returned to those of healthy controls dose dependently
by application of omeprazole and omeprazole-like compounds, and no significant change
was detected in the immunodistribution of SP (Mózsik et al. 1997b). There is no real explan‐
ation for the different expression rates of TRPV1 and mediators released from the sensory
nerves. Similar differences in TRPV1, CGRP, and SP have been observed in many other con‐
ditions (in acute animal models and in patients with chronic gastrointestinal disorders). The
following explanations have been suggested for these differences in expression of TRPV1
and mediators released from sensory nerves (Dömötör et al., 2007): (1) the regulation of SP
differs from that of TRPV1 and CGRP regarding the development of chronic gastritis and (2)
the sensitivity of SP regulation is lower than in the cases of TRPV1 and CGRP. The increased
level of TRPV1 and CGRP is accepted as a signal of an increased defense mechanism pro‐
duced by capsaicin-sensitive afferent nerves in animal experiments (Mózsik et al. 2005a),
and the topical application of capsaicin dose-dependently prevented the mucosal injury pro‐
duced by intragastrically applied ethanol and indomethacin in healthy human subjects
(Mózsik et al. 2005b). These findings suggest that increased expression of TRPV1 and CGRP
is associated with increased gastric mucosal protection. This gastric mucosal protective
mechanism provided by capsaicin-sensitive afferent nerves exists in patients with chronic
gastritis, and its extent does not depend on the presence or absence of H. pylori infection. In
other words, the gastric mucosal protection produced by capsaicin-sensitive afferent nerves
is one of the general defensive mechanisms against the different noxious agents that induce
chronic gastritis.

3. Conclusions

The results of above mentioned animal and human observations indicated clearly the fol‐
lowing considerations:

1. Both acute and chronic gastritis can be induced by different reasons, like chemicals
(drugs) or bacteria (most emphysized one H. Pylori). Both H. pylori positive and negative
gastritis can be acute or chroinic. In case of patients with H.plyori negative gastritis, the
therapeutic approach follows the traditional medical treatment, while H.pylori positive pa‐
tients with gastritis are suggested a rational eradtication treatment only (accepted by many
international consensus meetings).
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Mózsik et al. and Lakner et al. (2011) have demonstrated that while chronic H. pylori pozi‐
tive gastritis heals entirely after a sucessful eradication therapy (which represents an impor‐
tant step to prevent development of gastric cancer), the extents of TRVP1, CGRP remained
in increased level (in comparison to the normal gastric mucosa). This indicates that there is
at least one other important defensive mechanism than antibiotic eradiction treatment, the
capsaicin-sensivite afferention of vagal nerve (results clearly indicated that independent
from H. pylori status and independent from eradication).

Generally it can be concluded that: 1. there can be different mucosal defensive mechanisms
playing key role in treatment of H. plyori positive chronic gastritis: a. eradication treatment
and b. stimulation of capsaicin sensitive afferentation; 2. eradication treatment is independ‐
ent from capsaicin-sensitive afferention (defensive) mechanism; 3. it should be considered to
amend treatment protocols of H. pylori positive chronic gastritis (conventional eradication
therapy and success control) with modification of functional state of capsaicin-sensitive af‐
ferentation. Medical effect of capsaicin for modification of capsacin-sensitive afferent nerves
depends on its dosages, more clinical findngs are needed in the field, that observations are
in progress (Mozsik et al. 2009b, 2011).
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1. Introduction

Gastritis, the inflammation of the mucosal layer of the stomach, is a major clinical entity due
to its association with gastric cancer and peptic ulcer disease. The primary cause of gastritis
is the infection with the microaerofilic gram negative Helicobacter pylori that during the
early phases elicits an acute inflammatory response which eventually evolves to a long-
standing chronic gastritis (Ruggiero 2012). In the case of gastric cancer development, chronic
gastritis is the first step of the so-called multistep cascade of gastric cancer. This sequence
includes the non-atrophic chronic gastritis, multifocal atrophic gastritis, intestinal metapla‐
sia, dysplasia and invasive carcinoma as were described in detail by Correa as the “human
model of gastric carcinogenesis” (Fig. 1) (Correa et al. 2007). This multistep model hypothe‐
sizes that the sequence of these lesions reflects a dynamic process from a naive inflammation
caused by H. pylori infection to a fully malignant neoplasm of the stomach (Correa et al.
1976; Cuello et al. 1976; Haenszel et al. 1976; Correa et al. 1990). Independent epidemiologi‐
cal studies have confirmed that non-atrophic, atrophic, intestinal metaplasia and dysplasia
are all linked through a sequential cause-effect relationship, thus supporting the concept of a
human model for gastric carcinogenesis (Ohata et al. 2004). However, the risk of malignant
transformation of these lesions is poorly defined. Long-term follow-up studies have shown
a risk from 10% to 17% in the case of dysplasia (Saraga et al. 1987; Coma del Corral et al.
1990; Koch et al. 1990; Whiting et al. 2002; Rugge et al. 2003). For intestinal metaplasia, the
risk assessment has conflicting results and therefore a limited clinical value (Ramesar et al.
1987; Silva et al. 1990; Rokkas et al. 1991; Conchillo et al. 2001; Vannella et al. 2012). The re‐
cently developed Operative Link for Gastritis Assessment (OLGA) staging system (Rugge et
al. 2007), through the evaluation of the extension and site of the atrophic changes, is an at‐
tempt to evaluate the risk of chronic gastritis to progress to intestinal metaplasia and gastric
cancer (Rugge et al. 2008; Capelle et al. 2010; Rugge et al. 2010). In this scenario, the identifi‐



cation of molecular bases in the multistep process of gastric carcinogenesis is highly relevant
since it will contribute greatly to the risk assessments of the precursor lesions of gastric can‐
cer. In this chapter we will primarily attempt to summarize and integrate our current
knowledge of the genetic as well as epigenetic bases of the dynamic process of chronic gas‐
tritis, as well as the other entities of the so-called multistep cascade of gastric cancer.

Figure 1. Multistep cascade of gastric cancer. This sequence begins with the infection of H.pylori to sequential steps of
the precancerous cascades. Taken from Correa & Piazuelo J Dig Dis. 2012;13:2–9.

2. The genetic bases of gastritis

Human allelic variations at single nucleotide polymorphisms (SNP) are involved at different
stages of gastric carcinogenesis. Accordingly, the dynamics of chronic gastritis might be as‐
sociated with specific allelic variants. These variants, recognized as polymorphisms when
occur with a frequency of >1% in the normal population, affects mostly genes of the inflam‐
matory response genes, detoxification enzymes, and cancer-related procesess (Gonzalez et
al. 2002).

Polymorphisms in inflammatory response genes

Two clear examples of polymorphisms associated with inflammatory response are interleu‐
kin-1 gene cluster and Toll-like receptors (TLRs). As shown in Table 1, Interleukin-1-beta
(IL-1B) -31 T genotype and interleukin-1-receptor antagonist (IL1RN) IVS 86 bp VNTR, 2/2
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genotype enhance the production of IL-1B, which is associated with an increased risk of hy‐
pochlorhydria induced by H. pylori. Because IL-1B is an important pro-inflammatory cyto‐
kine and a powerful inhibitor of gastric acid secretion, it might explain the higher risk of
development of gastric cancer in chronic gastritis - H. pylori infected patients (El-Omar et al.
2000; Hwang et al. 2002; Yuzhalin 2011). The presence of polymorphisms in the non-coding
but regulatory regions may also alter the levels of gene transcription and therefore the sus‐
ceptibility to gastric cancer. In this sense, single A/T SNP at position -251 from the transcrip‐
tion start site in the promoter region of the IL-8 gene is one of the best examples. The
presence of the -251A allele tended to be associated with an increase in IL-8 production and
has been reported that this allele is associated with an increased risk for gastric cancer at car‐
dia location (Hull et al. 2000; Xue et al. 2012). It could be extrapolated that IL-8 -251A allele
may increase the risk of developing cancer through the elevation of its IL-8 expression. Me‐
diators of the innate immune response, which provide first line of host defense against
harmful pathogens are also involved in the dynamics of chronic gastritis. A good example
for this type of inflammatory response are the Toll-like receptors (TLRs) (El-Omar et al.
2008). It has been reported that both, the 22-bp nucleotide deletion (-196 to –174 del) in the
promoter region of the TLR-2 gene and the +896A/G and +1196C/T polymorphisms
(Asp299Gly and Thr399Ile) in the coding region of the TLR-4 gene, promotes a rapidly pro‐
gressive chronic gastritis (de Oliveira et al. 2012). Since it is well known that not all H. pylori
are equally associated with the risk of development of gastric cancer, the combination of
bacterial and inflammatory host genotypes have been explored. Figueiredo et al (2002) have
shown that the infection with aggressive cagA-positive strains of H. pylori were associated
with an increased risk of gastric cancer. In addition, the homozygous IL-1B-511*T carriers
(IL-1B-511*T/*T or IL-1B-511*T/*C) and the short allele of IL-1RN (IL-1RN*2/*2) also had an
increased susceptibility. However, for each combination of bacterial/host genotype, the odds
of having gastric cancer were greatest in those with both bacterial and host high-risk geno‐
types.

Polymorphisms in genes associated with detoxification enzymes

Members of the cytochrome P-450 superfamily belong to the detoxification enzymes. One of
the members of this family is the CYP2E1, a naturally ethanol-inducible enzyme involved in
the metabolic activation of low molecular weight compounds such as N-nitrosamines (Boc‐
cia et al. 2007). Functional CYP2E1 polymorphisms in the 50-flanking region (PstI, RsaI) alter
the transcriptional activity of the gene. A meta-analysis by Boccia et al (2007) suggests that
the CYP2E1 PstI/RsaI polymorphism may be a risk factor for gastric cancer in asiatic popula‐
tions and a synergic relation with tobacco-related detoxification Glutathione S-transferase
(GST) genes (see below) may account for a proportion of these cases. GSTs and the polymor‐
phic arylamine N-acetyltransferases (NAT1 and NAT2) are another type of detoxification
enzymes that metabolize tobacco-related carcinogens. Zendehdel et al (2009) reported a
weak linkage between the GSTP1 Ile105Val polymorphism and the risk for gastric cancer at
cardia location (OR = 1.4; 95% CI 0.9-2.1). On the other hand, Katoh et al (2000) found that
the NAT1*10 allele should be considered a risk factor among heavy smokers with well-dif‐
ferentiated tumors (Table 1).
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Polymorphisms of cancer-related genes

In cancer-related processes, polymorphisms have been reported in the promoter region of
the MET gene, a crucial gene to multiple oncogenic pathways and metastatic behavior
(Gherardi et al. 2012). Sequencing of the promoter region of MET revealed some alterations
scattered in a proportion of clinical samples of gastric cancer. The most common substitu‐
tions were -304C>A and 206C>G. The presence of these SNPs altered the junction sites for
putative transcription factors such as Sp1 and AP-1/AP-2. As a consequence, the transcrip‐
tion of MET was constantly being activated (Trzyna et al. 2012). Another example is the
polymorphism -160 A at the promoter region of the E-cadherin gene (CDH1), which has
been associated with the DNA hypermethylation (see below) of the promoter region (Borges
Bdo et al. 2010). In a Japanase study, 117 cases of gastric cancer with H. pylori-induced
chronic gastritis were compared with 116 cancer-free yet H. pylori-induced chronic gastritis
controls. It was found that the Pro/Pro allele of CDH-1 was associated with an increased risk
of developing diffuse-type of gastric cancer compared to the Arg/Arg (Hiyama et al. 2002;
Zhou et al. 2007). Finally, other polymorphims of cancer-related genes were reported to
show significant associations with gastric cancer risk including EGFR, VEGF and p53 (Ta‐
hara et al. 2009). Taken together, data presented here suggest that allelic variations at regula‐
tory or coding regions will affect gene expression patterns and modify the balance towards a
more rapid progression of chronic gastritis and other preneoplastic lesions of the multistep
cascade of gastric cancer (Fig. 2).

Figure 2. Allelic variations at regulatory regions will affect gene expression patterns. (A) Single nucleotide polymor‐
phisms (SNP) in promoter region can alter the binding of transcription factors required for the expression of a gene.
(B) These variations may increase or decrease the expression of the affected gene, which eventually can increase the
risk of developing cancer.
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Gene Variation Allelic SNP rs number Effect Reference

IL1B SNP -31 T/C rs1143627
Increased IL-1beta production

and inhibit gastric acid secretion.

(Yuzhalin et

al., 2011)

IL-8 SNP -251 A/T rs4073 Increased IL-8 production.
(Xue et al.,

2012)

IL-10 SNP -1082 A/G rs1800896

Reported associated with the

pathologically intestinal-type

gastric cancer or anatomically

cardia-type gastric cancer.

(Ni et al.,

2012)

TLR2 Deletion -196 to -174del not applicable Susceptibility to gastric cancer in

the Southeastern Brazilian

population.

(de Oliveira et

al, 2012)TLR4 SNP + 896 A/G rs4986790

CYP2E1 RFLP
CYP2E1 c2 allele

homozygote
not applicable

Risk for gastric cancer among

Asians

(Boccia et al.,

2006)

GSTP1 SNP +562 A/G rs1695

Increased risk of esophageal

squamous cell carcinoma and

tended to be weakly, positively

linked to cardia cancer

(Zendehdel et

al., 2009)

NAT RFLP NAT1*10 allele not applicable

Risk factor among the well-

differentiated type of tumors of

gastric cancer

(Katoh et al.,

2000)

MET SNP -304C> A undefined
Activate the transcription.

(Trzyna et al.,

2012)SNP 206 C>G undefined

CDH1 SNP -160 C/A rs16260

Associated with DNA methylation

linking genetic and epigenetics

fields in the pathogenesis of

gastritis.

(Borges Bdo

et al., 2010)

Table 1. Selected single nucleotide polymorphisms (SNP) in inflammatory response genes, detoxification enzymes,
and cancer-related processes associated to increase susceptibility of gastric cancer. The sign (-) indicates that the SNP
is located in the direction of the promoter region, the sign (+) indicates that the SNP is located in the direction of the
coding region, the number indicates the nucleotide positionfrom TSS and the first nucleotide is substituted (/) by the
second.

3. Epigenetic bases of gastritis

Epigenetic processes control the packaging and function of the human genome, and contrib‐
ute to normal development and disease (Callinan et al. 2006). Epigenetic mechanisms such
as DNA methylation, histone modifications and microRNAs are important events toward
regulating gene expression for the biology and disease of the gastrointestinal tract. In partic‐
ular, DNA methylation, a process in which cytosines acquire a methyl group in the 5' posi‐
tion only if they are followed by a guanine (Corvalán et al. 2010), virtually affects all of the
pathways in the cellular network, such as DNA repair, cell cycle, and apoptosis (Esteller et
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al. 2002). Furthermore, a growing body of evidence has shown that aberrant DNA methyla‐
tion (DNA hypermethylation or DNA hypomethlation) is an early event in carcinogenesis
(Jones et al. 2002; Herman et al. 2003; Kopelovich et al. 2003). In addition, aberrant DNA
methylation has been recently considered to be an excellent candidate to explain how cer‐
tain environmental factors may increase the risk of developing cancer (Chan et al. 2006). Ac‐
cordingly, an emerging catalog of cancer-related genes inactivated by DNA
hypermethylation in gastric cancer has been established (Hamilton et al. 2006; Wu et al.
2006; Bernal et al. 2008). However, there are limited reports on DNA hypermethylation anal‐
ysis in precursor lesions of gastric cancer. Kang et al. (2001) tested five genes (p16, hMLH1,
DAP-kinase, THBS1, and TIMP-3) in precancerous conditions to identify three different
classes of hypermethylated genes. Hypermethylation of DAP-kinase was found in all pre‐
malignant conditions, whereas hMLH1 and p16 were preferentially methylated in intestinal
metaplasia (6.3% and 2.1%, respectively), adenomas (9.8% and 11.5%, respectively) and gas‐
tric cancer (20.3% and 42.2%, respectively). THBS-1 and TIMP-3 were also hypermethylated
at a similar frequency in all premalignant conditions, but showed a marked increase from
chronic gastritis to intestinal metaplasia (10.1% & 34.7% and 14.5% & 36.7%, respectively; P
< 0.05), as well as from adenomas to carcinomas (28.3% & 48.4% and 26.7% & 57.4% respec‐
tively). Another study including 11 genes (COX-2, DAP-kinase, E-cadherin, GSTP1, MGMT,
hMLH1, p14, p16, THBS1, TIMP3, and RASSF1A) and 268 premalignant conditions (Kang et
al. 2003) identified specific patterns of aberrant DNA methylation associated to aging. Spe‐
cifically five genes (DAP-kinase, E-cadherin, p14, THBS1, and TIMP-3) showed a progres‐
sive increase in aberrant methylation frequency as a function of aging, whereas the other
genes (COX-2, GSTP1, MGMT, hMLH1, p16, and RASSF1A) were rarely methylated. Male
patients showed higher numbers of hypermethylated genes than females (3.2 vs. 2.1, respec‐
tively, P = 0.002) and cases with severe intestinal metaplasia also showed a higher frequency
of aberrantly methylated genes. Taken together, these findings suggest that hypermethyla‐
tion occurs early in the multistep gastric carcinogenesis and that accumulate during this
process. In addition, age and gender are closely associated with increased frequency of aber‐
rant DNA methylation. A further study demonstrated that DNA methylation of E-cadherin
was associated with H. pylori infection (p=0.002) in an independent way of age and/or gas‐
tritis (Chan et al. 2003). Similarly, Maekita et al. (2006) carried out a more detailed analysis
of the effect of H. pylori infection in the progression of aberrant DNA methylation in chronic
gastritis. These authors collected gastric mucosa samples from 154 healthy volunteers (56 H.
pylori negative and 98 H. pylori positive) and from 72 cases with gastric cancers (29 H. pylo‐
ri negative and 43 H. pylori positive). Among the healthy volunteers, methylation levels
were 5.4- to 303-fold higher in H. pylori positive subjects than in H. pylori negative ones (P <
0.0001). Particularly, methylation levels of the LOX, HAND1 and THBD at their promoter
regions were identified in H. pylori-positive individuals. Among H. pylori-negative individ‐
uals, methylation levels were 2.2- to 32-fold higher in gastric cancer cases than in age-match‐
ed healthy volunteers. These findings suggest that H. pylori infection potently induces
aberrant DNA methylation of several genes beyond E-cadherin, and that methylation levels
of specific genes seemed to reflect the risk of gastric cancer in H. pylori-negative subjects. A
recent quantitative analysis of the promoter region of a novel gene Reprimo (RPRM), per‐
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formed in Colombian residents from areas with high and low incidence of gastric cancer,
demonstrated an association with virulent factors such as cagA and vacA s1/m1 regions of
H. pylori strains. This data suggests that certain strains of H. pylori are associated with aber‐
rant DNA methylation on specific genes (Schneider et al. 2010). Interestingly, we have
shown that Reprimo is not only found in gastric mucosa but also in the plasma of gastric
cancer patients (Bernal et al. 2008). Thus, hypermethylated circulating DNA offers the op‐
portunity for non-invasive detection of gastric cancer and premalignant gastritis (Corvalán
et al. 2010; Sapari et al. 2012). As mentioned before, an aberrant of DNA methylation could
be considered as a candidate to explain how environmental factors increase the susceptibili‐
ty of gastric cancer. One approach to explain this phenomena could be through the evalua‐
tion of the effect of the eradication of H. pylori in the pattern of DNA methylation of the
gastric mucosa. Chen et al (2003) evaluate the presence of DNA methylation of E-cadherin
promoter regions before the erradication of H. pylori and after 6 weeks of treatment. DNA
methylation of E-cadherin was detected in 46% (19/41) and 17% (7/41) of both untreated and
treated patients, respectively. Mucosal biopsy showed chronic inactive gastritis in 35 pa‐
tients, intestinal metaplasia in one patient and normal mucosa in five patients after the treat‐
ment. This data suggests that H. pylori eradication therapy could reverse aberrant DNA
methylation in patients with chronic gastritis. Similar results were reported by Leung et al.
(2006), although they evaluated mucosal biopsies from the antrum and corpus of H. pylori-
infected subjects at the baseline, and after one year of successful H. pylori eradication. In ad‐
dition, these authors identified a significant reduction in the methylated density of the
promoter region of the E-cadherin gene (Leung et al. 2006). Taken together, both reports are
clear examples of how the environment affects DNA methylation and shows that the eradi‐
cation of H. pylori infection reverses E-cadherin promoter hypermethylation. Although less
explored, DNA hypomethylation can also be involved in the risk of developing cancer. The
concept of DNA hypomethylation, although identified 30 years ago (Christman et al. 1977),
was overlooked in preference to DNA hypermethylation. Recently, gene activation by pro‐
moter hypomethylation has been rediscovered (Ichinose et al. 1988; Cravo et al. 1996; Fang
et al. 1996; Akiyama et al. 2003; Cho et al. 2003; Mesquita et al. 2003; Oshimo et al. 2003;
Chalitchagorn et al. 2004; Honda et al. 2004; Kaneda et al. 2004; Yanagawa et al. 2004; Jung et
al. 2005; Nishigaki et al. 2005). Emerging data suggests that global DNA hypomethylation is
thought to occur during the early stages of gastric carcinogenesis (Goelz et al. 1985; Cravo et
al. 1996; Narayan et al. 1998; Lin et al. 2001; Bariol et al. 2003) but hypomethylation of indi‐
vidual genes, such as MAGE, synuclein-alpha, MUC2, maspin, CAGE and family A melano‐
ma antigen (Akiyama et al. 2003; Cho et al. 2003; Mesquita et al. 2003; Honda et al. 2004;
Yanagawa et al. 2004; Jung et al. 2005) is thought to occur during the advanced stages. Inter‐
estingly, overexpression of well known oncogenes, such as MYC, HRAS1 and cyclin D2 has
been linked to hypomethylation in their promoter region, suggesting an inverse correlation
between methylation and gene expression (Fang et al. 1996; Oshimo et al. 2003). Taken to‐
gether, this data suggests that promoter hypomethylation is an underlying mechanism of
gene activation that should be explored in gastric carcinogenesis. In these sense, recent work
from Daskalos et al (2011) has shown that the overexpression of p73, a well stablish cancer-
related gene associated with apoptosis and DNA repair (Zaika et al. 2011), might be associ‐
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ated with hypomethylation of the P2 promoter region that controls the DeltaNup73 isoform.
Although this work was not performed in a gastric cancer model, our preliminary findings
suggests similar results in gastric cancer cases (Corvalán et al. 2008). Based on both data, we
decide to analysed the protein overexpression of p73 as well as other seven well stablished
cancer-related genes activated by hypomethylation (BRCA1, HSP90, STAT1, FHIT, EGFR,
p73, p53, p16INK4a) (Tanaka et al. 1998; Nien et al. 2007; Shutoh et al. 2009; Yu et al. 2009;
Valdez et al. 2010; Daskalos et al. 2011; Rusiecki et al. 2011; Szaumkessel et al. 2011; Fornari
et al. 2012). This analysis was performed in a large number of matched tumor/non-tumor
adjacent mucosa of early gastric cancer as well as non-tumor cases at different stages of the
multistep cascade of gastric cancer (Carrasco et al. 2010). Among 8 genes tested, only the
overexpression of p73 was higher in matched tumor/non-tumor adjacent mucosa than in
chronic gastritis/intestinal metaplasia (50.5% vs. 10.8%; P < 0.0001). We also assessed a detail
histopathological analysis of the precursor lessions of gastric cancer through the Sydney and
OLGA systems (Dixon et al. 1996; Corvalan et al. 2011; Rugge et al. 2011). As has been de‐
scribed (Rugge et al. 2010) only severe atrophy and OLGA stage IV were the most relevant
features to identified high-risk gastritis (Fig. 4). However, the most interesting finding come
after our attempt to integrated protein expression and histopathological assessments. This
integration was performed by Significance Analysis of Microarrays (SAM), a multiple test‐
ing approach method that has been extensively applied in genomic research (Tusher et al.
2001) and confirmed by logistic regression (Nick et al. 2007). This integrative approach led
us to identified that overexpression of p73 was even more significant than severe atrophy
and OLGA stage IV in identifying high-risk premalignant gastritis (Carrasco et al. 2010).
Therefore, we believe that the identification of the overexpression of p73 might contribute
greatly to risk assessment of chronic gastritis to the development of gastric cancer.

Figure 3. The effect of the eradication of H. pylori in the pattern of DNA methylation as an example of environmental
factors and the susceptibility of gastric cancer. (A) Before eradication of H. pylori (week 0), methylation was present in
patients 3, 5 and 6. (B) Bisulfite sequencing confirm the methylated product. (C) After eradication of H. pylori (week 6),
methylation was not present in any patient. (D) Bisulfite sequencing confirm the absence of methylated cytosine. MW:
molecular weight marker, U: unmethylated band, M: methylated band, red color: unmethylated cytosines converted
to thymidine, blue color: methylated cytosines. Taken from Chan et al., Gut 2006;55:463-8 with permission from BMJ
Publishing Group Ltd.
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Figure 4. Serial Analysis for Microarray from Non-tumor adjacent mucosa (NTAM) and chronic gastritis controls.
NTAM group is significantly characterized by the overexpression of p73, OLGA stages III to IV, and severe atrophy
(ATR-3), intestinal metaplasia (IM-3), and chronic inflammation (CI-3) according to the Sydney System. Control group
cases were significantly characterized by lack of intestinal metaplasia (IM-0), atrophy (ATR-0), and chronic inflamma‐
tion (CI-0). False discovery rate = 0. Taken from Carrasco et al., Clin.Cancer Res 2010;16:3253-9.

4. Conclusion

Data presented here suggests that genetic, epigenetic by means of DNA methylation might
play a role in the dinamics of the progression of chronic gastritis and premalignant cascade
to gastric cancer. DNA methylation works in both ways, inactivating or activating tumor-
related genes through the hypermethylation or hypomethylation of the promoter regions of
specific genes. The integration of these molecular bases of chronic gastritis with histolopa‐
thological assessment by Sydney and OLGA systems will contribute to the better risk assess‐
ment for the development of gastric cancer.
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1. Introduction

Although the overall incidence of gastric cancer is decreasing worldwide, it is the main
cause of cancer death both worldwide and in East Asia including Japan. Gastric cancer is
histologically divided into two types, intestinal and diffuse types (Lauren, 1965). Helicobact‐
er pylori (H. pylori) infection is considered to be a major risk factor for the development of
intestinal-type gastric cancer (Correa, 1990; Sipponen & Hyvärinen, 1993; International
Agency for Research on Cancer [IARC], 1994; Graham, 2000; Uemura et al., 2001). It has
been postulated that H. pylori infection causes chronic gastritis, gastric atrophy, usually with
gastric intestinal metaplasia (IM) and dysplasia, and finally gastric cancer. The stepwise
course of this inflammatory process, which usually continues over decades, has been de‐
fined as a sequence of histological events that confer an increasing risk of malignant trans‐
formation, as described in Correa’s hypothesis (Correa, 1995). Long-term interactions
between H. pylori infection and human increase the risk for precancerous lesions such as
atrophic gastritis and IM (Peek & Blaser, 2002; Mera et al., 2005). Based on several long-term
prospective studies involving large groups of patients, it is believed that eradication of H.
pylori infection may prevent the development of gastric cancer (Uemura et al., 2001; Mera et
al., 2005; You et al., 2000; Take et al., 2005). According to a prospective, randomized, place‐
bo-controlled, population-based study from China, H. pylori eradication significantly de‐
creased the development of gastric cancer in participants without precancerous lesions, i.e.,
gastric atrophy, IM, or gastric dysplasia (Wong et al., 2004). Furthermore, it has been report‐
ed from Japan that H. pylori treatment reduces the risk of developing new gastric carcinoma
in patients who have a history of gastric cancer and are thus at high risk for such develop‐



ment (Fukase et al., 2008). On the other hand, it is evident that gastric cancer still occurs to
some degree after endoscopic resection and successful eradication of H. pylori (Wong et al.,
2004; Fukase et al., 2008). Therefore, establishment of predictable markers for the identifica‐
tion of patients at high risk for recurrent gastric cancer development despite eradication of
H. pylori infection is clinically needed.

Gastric cancer develops through the accumulation of molecular alterations (Tamura, 2006).
Current knowledge of the molecular mechanisms underlying gastric carcinogenesis indicates
that two major genetic instability pathways are involved in the pathogenesis of gastric cancer:
microsatellite instability (MSI), and chromosome instability, including loss of heterozygosity
(Lengauer et al., 1998). We have recently reported that genetic instability in IM may be associat‐
ed with gastric carcinogenesis (Tanaka A et al., 2006; Zaky et al., 2008; Watari et al., 2012). Pre‐
vious  reports  have shown that  MSI  may play an important  role  in  the  development  of
synchronous or metachronous gastric cancer (MGC) and that it may be used clinically as a mo‐
lecular marker for the prediction of multiple gastric cancers (Miyoshi et al., 2001; Hasuo et al.,
2007). DNA methylation changes in cancer cells are characterized by regional CpG island hy‐
permathylation and generalized genomic hypomethylation. Epigenetic inactivation of tumor-
related genes by promoter hypermethylation is increasingly recognized to play an important
role on tumorigenesis (Laird, 2005; Robertson, 2005). Previous reports on promoter hyperme‐
thylation showed that epigenetic alterations are frequently observed in precancerous lesions
as well as in gastric cancer (Kang et al., 2001; To et al., 2002; Chan et al., 2006; Leung et al., 2006;
Perri et al., 2007; Dong et al., 2009; Park et al., 2009).

Das et al. have developed a novel monoclonal antibody (mAb), Das-1 (formerly known as
7E12H12, IgM isotype), which specifically reacts with the colonic epithelium (Das et al., 1987).
We have reported that IM of a colonic phenotype detected by mAb Das-1, is strongly associ‐
ated with gastric cancer, thus suggesting that mAb Das-1 positivity in IM could be a sensi‐
tive and specific marker related to gastric carcinogenesis (Mirza et al., 2003; Watari et al.,
2008). Furthermore, we have recently shown that H. pylori eradication does not reduce the
histological IM score, but changes the cellular phenotype of IM, as identified by this mAb in
a prospective, 4-year follow-up study (Watari et al., 2008).

Epidemiological data on pre-malignant lesions such as H. pylori-related IM are relevant for
predicting intestinal-type gastric cancer and for evaluating screening and surveillance prac‐
tices (Mirza et al., 2003; Watari et al., 2008). We followed patients who received and did not
receive H. pylori treatment after endoscopic resection for early gastric cancer for 1 year, and
then examined the changes in MSI and mAb Das-1 in IM in response to H. pylori therapy.
Here we show our study as to whether these biomarkers are predictive markers of MGC de‐
velopment after H. pylori treatment.

2. Patients and methods

We performed a hospital-based, case-control study of 75 patients, including 50 mucosal can‐
cer patients who had undergone endoscopic resection (Group DYS), and 25 age- and sex-
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matched chronic gastritis patients for whom H. pylori had been successfully eradicated
(control). In this study, the patients with duodenal ulcer only were excluded because most
of duodenal ulcers were categorized as ‘antral predominat gastritis’ (Uemura et al., 2001) or
‘non-atrophic gastritis’ (Mera et al., 2005), which is considered to be a low risk group of gas‐
tric cancer. Additionally, Group DYS patients were divided into 2 groups: 25 successfully H.
pylori-eradicated (eradicated group) and 25 un-eradicated patients (persistent group). Mu‐
cosal gastric cancer was defined as any cancer in which invasion was limited to the mucosa
based on Japanese criteria (Japanese Gastric Cancer Association. Japanese Classification of
Gastric Carcinom, 2010). In all patients, biopsy specimens were taken to assess H. pylori in‐
fection, two each from the greater curvature of the antrum and the greater curvature of the
corpus. The presence of H. pylori status was determined by a positive result for either or
both Wartin-Starry staining or H. pylori culture. For eradication, patients were treated with
lansoprazole (30 mg), amoxicillin (750 mg), and clarithromycin (400 mg), each taken twice
daily for 1 week. All patients in the eradicated group underwent endoscopic resection for
their mucosal cancer and then received treatment for H. pylori. All patients were followed
for 1 year. In patients from the eradicated group and control (chronic gastritis), clearance of
H. pylori was confirmed by negative results by both Wartin-Starry staining and H. pylori cul‐
ture at a follow-up endoscopy.

3. Intestinal metaplasia

All IM cases investigated here were goblet cell metaplasia, namely incomplete-type IM ob‐
tained from the antrum (Filipe et al., 1994). Serial sections (4 µm) were made, and consecu‐
tive sections were used for histologic examination by H&E staining and for
immunohistochemistry.

3.1. DNA extraction

From paraffin-embedded blocks, two 7-µm tissue sections were cut. DNA was extracted
from the IM samples. In this DNA extraction procedure, the sample was precisely microdis‐
sected under microscopic visualization using a PALM MG III Laser Capture Microdissection
System (MEIWAFOSIS, Tokyo, Japan) to avoid DNA contamination of inflammatory or stro‐
mal cell nuclei based on the previously described methodology (Tanaka et al., 2006; Zaky et
al., 2008; Watari et al., 2012).

3.2. Analysis of MSI

The MSI was analyzed as reported previously (Tanaka et al., 2006; Zaky et al., 2008; Watari
et al., 2012). We examined five microsatellite markers (two mono- and three dinucleotide re‐
peats) for MSI based on the revised Bethesda panel (Umar et al., 2004) as follows: 2p
(BAT26), 4q (BAT25), 2p (D2S123), 5q (D5S346), and 17p (D17S250). Briefly, polymerase
chain reaction (PCR) amplification was carried out in a reaction volume of 10 µL, which con‐
tained 100 ng of genomic DNA, 1X PCR buffer (Perkin Elmer Applied Biosystems, Foster
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City, CA), 200 µmol/L of dNTP, 600 µmol/L of each primer, and 1.5 units of AmpliTaq Gold
polymerase (Perkin Elmer). The MgCl2 concentration was 1.5 mmol/L. The following PCR
cycle conditions were used for amplification: 95˚C for 10 min, 30 cycles of 95˚C for 45 sec,
55˚C for 1 min, and 72˚C for 30 sec. The PCR products were evaluated for MSI by capillary
electrophoresis using an ABI prism 310 Genetic Analyzer (Perkin Elmer) and automatic siz‐
ing of the alleles using a Gene Scan (Applied Biosystems). The MSI status was judged ac‐
cording to previous reports (Tanaka et al., 2006; Zaky et al., 2008; Watari et al., 2012). MSI
was defined as positive when unequivocal extra peak bands in tumor DNA were observed
that differed by multiples of 2 base pairs in dinucleotide markers or 1 base pair in mononu‐
cleotide markers from DNA in normal mucosa, and was also characterized by the appear‐
ance of additional alleles in the tumor DNA. The former type MSI was judged as the minor
pattern (Figure 1A) and the latter type as the major pattern (Figure 1B), as reported previ‐
ously (Tanaka et al., 2006; Zaky et al., 2008; Watari et al., 2012). IM was defined as having
high MSI (MSI-H) when unstable loci were observed in two or more of five microsatellite
markers and as having low MSI (MSI-L) when an unstable locus was observed in only one
of the five markers studied based on the criteria established in 2002 (Umar et al., 2004). The
lesion was considered microsatellite stable (MSS) if no unstable loci were found. The MSI
phenotype was categorized into two groups, MSI-H and MSI-L/MSS. In our study, a sample
was defined as MSI only when it qualified as MSI-H.

Figure 1. Examples of microsatellite instability (MSI) were detected in intestinal metaplasia (IM) by high-resolution flu‐
orescent microsatellite analysis. DNA was isolated from IM and matching normal mucosa without IM (N). (A) Repre‐
sentative case of a minor pattern of MSI on D17S250. MSI is seen as an unequivocal extra peak shift (arrow) compared
with normal mucosa. (B) Representative case of a major pattern of MSI on BAT26. MSI is characterized by the appear‐
ance of multiple additional alleles (arrows).
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4. Immunoperoxidase assays with mAb Das-1

Serial sections were stained with mAb Das-1 using sensitive immunoperoxidase assays as
described previously (Watari et al., 2012; Das et al. 1987; Mirza et al., 2003; Watari et al.,
2008). Reactivity to mAb Das-1 was considered positive if cells were stained a crisp golden
brown. A substantial number of cells and more than one gland had to be reactive to this
mAb before a specimen was considered positive. If only an occasional goblet cell was
stained, the sample was defined as negative (Watari et al., 2012; Das et al. 1987; Mirza et al.,
2003; Watari et al., 2008; Das et al., 1994).

4.1. Statistical analysis

The data were assessed by the Mann-Whitney U-test, the chi-square test, and Fisher’s exact
test. Statistical significance was defined by a p value of <0.05. Odds ratios (ORs) and corre‐
sponding 95% confidence intervals (CIs) for each biomarker (MSI and mAb Das-1 reactivity)
by a case-control study were calculated using StatView Ver. 5.0 for Macintosh (SAS Institute
Inc., North Carolina, USA). Risk factors with a p value of < 0.10 in univariate analyses were
included in a multiple logistic regression model and analyzed using the backward ap‐
proach. The 95% CI of the OR was used to assess the statistical significance at the conven‐
tional level of 0.05.

4.2. Results

4.2.1. Patient characteristics

The mean ages of patients in the eradicated, persistent, and control groups were 70.8 (range
54-79), 70.9 (range 59-80), and 69.5 (range 62-77), respectively. Male patients made up 76% of
the eradicated group, 92% of the persistent group, and 80% of the control group. There were
no significant differences in age and gender among the three groups.

5. MSI and mAb Das-1 reactivity in IM

The observed incidences of MSI were 28.0% (14 of 50) in Group DYS and 8.0% (2 of 25) in
the control; these results were significantly different (p<0.05). Similarly, mAb Das-1 reactivi‐
ty of IM was also more frequently observed in Group DYS (66.0%, 33 of 50) than in the con‐
trol (32.0%, 8 of 25) (p=0.07) (Table 1). We analyzed the strength of the association between
gastric cancer and advanced age (70 years or older), male gender, MSI and mAb Das-1 reac‐
tivity by calculating univariate and multivariate logistic regression (Table 2). MSI and mAb
Das-1 reactivity were associated with gastric cancer in the univariate analysis. In the multi‐
variate logistic regression analysis, MSI and Das-1 reactivity were strong and independent
factors (OR=7.09, 95% CI 1.27-39.6, p=0.03 in MSI; OR=4.96, 95% CI 1.64-15.0, p=0.005 in
Das-1 reactivity). The sensitivity, specificity, and positive predictive value of MSI and mAb
Das-1 reactivity of IM for gastric cancer were 28.0% (14 of 50), 92.0% (23 of 25), 87.5% (14 of
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16), and 66.0% (33 of 50), 68.0% (17 of 25), 80.5% (33 of 41), respectively. If at least one of
these 2 biomarkers was expressed in IM, those statistical calculations for gastric cancer be‐
came 78.0% (39 of 50), 60.0% (15 of 25) and 79.6% (39 of 49), respectively.

Microsatellite instability Das-1 reactivity

At initial After 1-year At initial After 1-year

Group DYS (n=50) 14 (28.0) * - 33 (66.0) ** -

Eradicated group (n=25) 7 (28.0) † 2 (8.0) † 16 (64.0) 12 (48.0) §

Persistent group (n=25) 7 (28.0) 6 (24.0) 17 (68.0) 18 (72.0) §

Control (n=25) 2 (8.0) * 1 (4.0) 8 (32.0) ** 4 (16.0)

* p<0.05, ** p<0.01, † p=0.07, § p=0.08, Numbers in parentheses are percentages.

Table 1. Changes in microsatellite instability and Das-1 reactivity in Group DYS and control before and after H. pylori
eradication

Variable
Univariate Multivariate analysis

p Odds ratio 95% CI p

Microsatellite instability 0.06 7.09 1.27-39.6 0.03

Das-1 reactivity 0.007 4.96 1.64-15.0 0.005

Table 2. Predictors for development of gastric cancer

6. Changes in MSI and mAb Das-1 reactivity after H. pylori treatment

The incidence of MSI in IM 1 year after H. pylori treatment tended to decrease from 28.0% (7
of 25) to 8.0% (2 of 25) in the eradicated group (p=0.07), while there was no significant
change in the persistent group during the follow-up period. The incidence of MSI also de‐
clined in the control, but the difference between pre- and post-eradication rates was not sig‐
nificant (Table 1). Similarly, the immunoreactivity of IM against mAb Das-1 decreased from
64.0% (16 of 25) to 48.0% (12 of 25) in the eradicated group, and from 32.0% (8 of 25) to 16.0%
(4 of 25) in the control in response to H. pylori treatment; the difference in each group be‐
tween pre- and post-treatment rates was not significant. In contrast, the incidence of the re‐
activity in the persistent group showed no changes at the 1-year follow-up. One year after
treatment, the incidence of mAb Das-1 reactivity tended to be lower in the eradicated group
than in the persistent group (p=0.08) (Table 1).
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7. Newly developed gastric cancer after treatment

MGC was defined as a new carcinoma occurring at a previously uninvolved site in the
stomach found more than 1 year after endoscopic resection. We encountered 13 MGCs that
developed after endoscopic resection from January 1996 to July 2008, which included 3
(3.8%) of 79 patients for whom H. pylori had been eradicated and 10 (9.4%) of 106 patients
who were un-eradicated. However, no newly developed gastric cancer was identified in 290
chronic gastritis patients in the same period. Three of 13 cases did not reveal IM in the biop‐
sy at the time of MGC detection. The characteristics of the remaining 10 patients that devel‐
oped gastric cancer after endoscopic treatment are shown in Table 3. Intriguingly, all
patients showed positive for either MSI or mAb Das-1 reactivity in IM.

At the time of MGC detection

No. Group Age Gender
Yrs after

eradication

Yrs after

endoscopic resection

Microsatellite

instability

Das-1

reactivity

1
Eradicated

group
77 M 2.5 5.2 + +

2
Eradicated

group
78 M 2.7 3.4 - +

3
Eradicated

group
68 M 1.1 1.8 - +

4
Persistent

group
65 M NA 1.8 + -

5
Persistent

group
71 F NA 1.8 + -

6
Persistent

group
76 M NA 1.1 + +

7
Persistent

group
74 M NA 1.2 + +

8
Persistent

group
79 M NA 1.3 - +

9
Persistent

group
71 M NA 1.0 - +

10
Persistent

group
81 M NA 7.3 + -

Table 3. Clinical characteristics of metachronous gastric cancer (MGC) after endoscopic resection
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One of the patients (Case 1) in Group DYS presented a flat, elevated lesion at the antrum
(Figure 2A). Endoscopic resection was performed on this lesion, and the histological diagno‐
sis was mucosal cancer. Then, the patient received treatment for H. pylori. Thirty months af‐
ter eradication, at the follow-up endoscopy, a new cancer was found at the lesser curvature
of the corpus (Figure 2B and 2C). Interestingly, this patient lacked MSI prior to eradication
but exhibited MSI after H. pylori therapy, while mAb Das-1 reactivity was positive both be‐
fore and after eradication (Figure 2D and 2E).

Figure 2. A) Endoscopic findings showed a flat elevated gastric cancer (arrow) at the posterior wall of the antrum. H.
pylori was eradicated after endoscopic resection to the lesion. (B) At 30 months after eradication, a new lesion was
found at the lesser curvature of the lower body of the stomach (arrowhead). (C) The resected sample was diagnosed
histologically as mucosal cancer (×100). (D) IM in biopsy obtained from the antrum reacted with Das-1 (×200) prior to
H. pylori treatment, and (E) the reactivity of Das-1 in IM was also demonstrated at the time a new gastric cancer was
found following eradication (×200).

8. Discussion

Recent prospective randomized trial from Japan proved that H. pylori eradication signifi‐
cantly prevents the development of MGC after endoscopic mucosal resection to early gastric
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cancer (Fukase et al., 2008). In contrast, another Japanese retrospective study showed that
the incidence of MGC did not differ between the eradicated group and the persistent groups
during a follow-up period of as long as 11.1 years (Maehata et al. 2012). Nonetheless, new
gastric cancer does sometimes develop after successful treatment of H. pylori infection in
both reports (Wong et al., 2004; Maehata et al. 2012). These results indicate that once gastric
cancer has developed in the stomach a first time, the background mucosa has increased po‐
tential of developing MGC (Wong et al., 2004; Zaky et al., 2008; Maehata et al. 2012). There‐
fore, efficient strategies to identify individuals who are at a “high risk” for MGC after H.
pylori treatment are very much needed. We found in this study that MSI or mAb Das-1 reac‐
tivity in IM may serve independently as biomarkers to predict the development of gastric
cancer regardless of H. pylori eradication.

It has previously been reported that MSI possibly plays a role in early events leading to gas‐
tric carcinogenesis (Chung et al., 1996; Buonsanti et al., 1997). Until now, we have also re‐
ported that genetic instability is frequently observed in the progression of IM in chronic
gastritis patients and of IM in patients with gastric cancer and a cancerous area (Tanaka et
al., 2006; Zaky et al., 2008). In this case-control study, the frequency of MSI in IM was signifi‐
cantly higher in Group DYS than in the control. These findings indicate that MSI may be a
useful marker in identifying “high risk” IM that may develop into gastric cancer. It has since
been reported that MSI may be associated with the inflammation from the standpoint of
view of the investigation from patients with ulcerative colitis (Brentnall et al., 1996) or
chronic hepatitis (Kondo et al., 2000). In the present study, MSI changed, becoming stable in
response to the improvement of inflammation following eradication; these findings may in‐
dicate that inflammation of the stomach affects the presence of MSI. On the other hand,
there is an interesting report by Kashiwagi et al. (Kashiwagi et al., 2000) in which MSI in
gastritis, adenoma, and adenocarcinoma were examined retrospectively. According to their
results, in all patients (n=6) with gastric adenoma or adenocarcinoma showing MSI, identical
MSI patterns had been observed at the stage of gastritis, 1.5 to 7 years before the final diag‐
nosis of adenocarcinoma. Thus, they concluded that MSI in chronic gastritis mucosa may
identify patients at risk of developing gastric adenoma and cancer. Taking into account their
results and ours, MSI expressed in IM, regardless of successful H. pylori eradication may be
a predictor for the risk of MGC development.

Consistent with our previous reports (Mirza et al., 2003; Watari et al., 2008), the current
study demonstrated that IM reactivity to mAb Das-1 is strongly associated with gastric can‐
cer. However, the reactivity did not show a statistically significant decrease at 1 year after H.
pylori eradication in the current study although our previous study showed a significant de‐
cline in mAb Das-1 positivity following treatment, up to 4 years (Watari et al., 2008). One of
the explanations for this discrepancy may be the difference in the length of follow-up. It
may be the case that a cellular phenotypic change by H. pylori treatment requires substantial
time in comparison with MSI. However, mAb Das-1 reactivity declined significantly more in
the eradicated group more than in the persistent group as of 1 year after H. pylori treatment.
Some individuals actually showed persistent immunoreactivity to mAb Das-1 after treat‐
ment as shown in the previous report (Watari et al., 2008). Importantly, seven (70%) of 10

Intestinal Metaplasia Related to Gastric Cancer: An Outcome Analysis of Biomarkers for Early Detection
http://dx.doi.org/10.5772/52958

105



newly developed gastric cancers after endoscopic resection were positive for mAb Das-1 re‐
activity after eradication of H. pylori.

Based on our results, then, lesions that are newly or persistently positive for the markers in‐
cluding MSI or mAb Das-1 after H. pylori eradication are at a certain stage of progression of
IM, and may have passed the “point of no return” (Wong et al., 2004; Wright, 1998). It re‐
mains possible, therefore, that these are patients who are at high risk of developing gastric
cancer that may warrant more intensive endoscopic surveillance to detect early gastric can‐
cer. Wong et al. reported that eradication of H. pylori did not decrease the development of
gastric cancer in participants with precancerous lesions such as IM (Wong et al., 2004). In
contrast to their report, our results may provide an important clue to the pathogenesis of the
observed reduction of gastric cancer following H. pylori eradication in some patients with IM
from the perspective of MSI or the cellular phenotype related to carcinogenesis.

It is intriguing that all newly developed cancers occurred only from Group DYS, with none
from the control, although the number of cases investigated was small. This result indicates
that IM in the background mucosa in patients from Group DYS is in an advanced stage com‐
pared to that in the control (chronic gastritis), and has more malignant potential. According‐
ly, the accumulation of genetic alterations may be continued during the progression of IM.
Considering the results in a Japanese population from Take et al., gastric cancer developed
in 0.8% (8 of 944) of peptic ulcer patients cured of infection for up to 8.6 yr (mean 3.4 yr)
(Take et al., 2005). Moreover, a recent report from a multi-center, open-label, randomized
controlled trial from the Japan GastStudy Group suggested that eradication of H. pylori re‐
duced by approximately one-third the risk of new gastric cancer in patients with a history of
gastric cancer, but could not completely prevent cancer development (Fukase et al., 2008).
According to this report, the incidence of new gastric cancer development was 3.5% (9 of
255) during 3 yrs of follow-up after endoscopic resection, significantly different from that re‐
ported by Take et al. Taking the findings of these reports and ours into consideration, the
background gastric mucosa in patients who have a history of cancer may have more malig‐
nant potency in comparison to that in chronic gastritis patients. Thus, the molecular and cel‐
lular phenotypic backgrounds of IM can explain the pathogenesis of MGCs, even after
resection of tumors due to persistent uncorrected accumulated errors of DNA mismatch re‐
pair and colonic phenotype on IM.

Newly developed gastric cancers may be the result of occult gastric cancers that are not de‐
tectable at the previous endoscopy, but that have grown enough to be diagnosed at the fol‐
low-up. Regarding the definition of MGC after endoscopic resection, therefore, it may be
necessary to conduct follow-up for a long time, more than 1 year. In the current study, how‐
ever, the subset of IM with MSI or mAb Das-1 positivity has the possibility of developing
gastric cancer after even this relatively short period of time. Indeed, all patients who devel‐
oped new cancer showed positive for MSI or mAb Das-1 reactivity in IM (Table 3). The per‐
sistence of DNA damage and the colonic phenotype, as detected by mAb Das-1, may
identify the "at risk" group of patients with histological IM; thus, these biomarkers in the bi‐
opsy specimens of gastric mucosa may predict MGC development following H. pylori thera‐
py. In the current study, the number of patients analyzed may be small, particularly for the
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comparison of MSI and cellular phenotypes in the three different groups. Further investiga‐
tions on a larger series will be required in the future.

First of all, H. pylori should be absolutely eradicated for the prevention of MGC develop‐
ment. The efficacy of standard 7-14 day triple therapies is decreasing, mainly due to increas‐
ing primary bacterial resistance to antibiotics. Currently, the most effective treatments are
either the sequential regimen or the concomitant therapy. The sequential therapy was first
introduced in Italy in 2000 (Zullo et al., 2000). This regimen is a 10-day therapy, including a
simple dual therapy with a proton pump inhibitor (PPI) plus amoxicillin 1 g (both twice dai‐
ly) given for the first 5 days, followed by a triple therapy including a PPI, clarithromycin 500
mg, and tinidazole 500 mg (all given twice daily) for the remaining 5 days. Different antibi‐
otic combinations, administered together with a PPI, have been proposed in the last deca‐
des. Unfortunately, no available therapy is able to eradicate H. pylori in all treated patients.
Therefore, new drugs and novel therapeutic approaches are needed. It has been recently re‐
ported by a randomized clinical trial that simvastatin as adjuvant to standard therapy im‐
proves significantly the H. pylori eradication rate (Nseir et al., 2012). The search for novel
antibacterial therapies against H. pylori is a “work in progress” driven by the goal of pre‐
venting gastric cancer, and by worldwide increasing antibiotic resistance (Fiorini et al.,
2012).

We believe that MSI and mAb Das-1 reactivity may be reliable biomarkers to identify a sub‐
group of patients at sufficiently high risk of MGC after endoscopic resection to justify endo‐
scopic surveillance. According to recent reports, H. pylori eradication is able to significantly
reduce gene methylation thus delaying or reversing H. pylori-induced-gastric carcinogenesis
(Chan et al., 2006; Leung et al., 2006; Perri et al., 2007). It has been also reported that sonic
hedgehog methylation was detected more frequently in the high-risk group for gastric can‐
cer after H. pylori treatment (Shiotani et al., 2012). Further studies on genetic and epigenetic
alterations, are necessary to clarify the credibility of the markers in different regional popu‐
lations.
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1. Introduction

For most of the 20th century, the human stomach has been considered an environment that
is inhospitable for the growth of any bacteria. But the first isolation of a curved, microaero‐
philic, gram-negative bacterium, H. pylori by Marshall and Warren in 1982 is responsible for
provoking a rupture in contemporary popular medical doctrines, thereby enforcing changes
in global conceptions of gastroduodenal disorders. H. pylori is of growing concern today be‐
cause of its crucial role in the pathogenesis of chronic gastritis, peptic ulcer diseases and in
the multi-step carcinogenic processess of gastric cancer, a fourth most common cancer
worldwide while the second cause of cancer related deaths. Epidemiologically, more than
50% of the world population is infected by this bacterium and develops persistent inflam‐
mation in their stomachs, which lasts for decades unless treated with antibiotics. About
60-95% of peptic ulcer diseases are thought to be idiopathic and H. pylori is one of the causa‐
tive agents of nearly all of these cases in adults. About 15% of infected individuals become
symptomatic for peptic ulcer (duodenal or gastric) as a long-term consequence of infection.
The apparent paradox suggests that the mere presence of H. pylori in the stomach is insuffi‐
cient to cause gastric disease, rather requiring additional conditions. Beside bacterial genet‐
ics, host genetic factors, hygiene, microbiome, medication, food habits along with life-style
might be additional reasons for H. pylori-induced pathogenecity.

Progression of gastric inflammation by long term association of H. pylori  in stomach can
broadly be viewed in two ways. The first being the antigenic stimulation of H. pylori and



the  second  one  is  the  host  immune  response  to  microbe  that  is  necessary  for  bacterial
clearance yet causing injury to the host. Besides, H. pylori must bear an arsenal of specif‐
ic  virulence  factor  such  as  the  cytotoxin-associated  gene-pathogenicity  island  (cag-PAI),
vacuolating associated cytotoxin gene A (vacA),  outer membrane protein A (oipA), blood
group antigen binding adhesin (babA), lipases and lipopolysaccharides (LPS) be potential‐
ly toxigenic to initiate the process of inflammation in the host gastric tissues. These anti‐
gens  can  interact  with  specific  host  proteins,  initiating  a  cascade  of  signaling  processes
which  ultimately  affect  many  abnormalities  like  loss-of-function  of  tumour  suppressor
genes, gain-of-function of oncogenes, dysregulation of miRNAs and several defects in cy‐
toskeleton and cell-cell junctions.

On the other hand, the host immune response is characterized by the cardinal signs of in‐
flammation. Both innate and adaptive immune systems are activated by inhabiting H. pylori.
The principal mechanism of innate immunity includes complement activation, phagocytosis
and the inflammatory response. The adaptive immune response is guided mainly by T cells
including T regulatory cells (Tregs), T helper (TH1) cells and more recently reported TH17
cells and their corresponding cytokines. H. pylori has evolved with unique features to evade
immune response. It also exhibits multiple strategies to reside within the host yet escaping
host immune response (refer Box 1). Thus, it remains a mystery as to why some infected pa‐
tients are susceptible to disease manifestation compared to others who remain asymptomat‐
ic throughout their lives in spite of infection.

∙ Acidic milieu: Gastric niche is acidic, while H. pylori grow normally at neutral pH but fails to grow at pH below 4. To

overcome this problem, the bacteria secrete urease, which breaks urea into water and ammonia. This property has

been successfully exploited for disease diagnosis known as urea breath test.

∙ Non-Adherence: For successful colonization, the bacterium has to successfully adhere to the gastric wall, but the

peristaltic movements of the stomach provide a hostile barrier. However, H. pylori possess spiral shaped polar flagella,

which permit proficient hydrodynamic movement within gastric mucous. About 20% bacterial population adheres to

gastric epithelial cells but majority remains within mucous layer. H. pylori express several outer membrane proteins

(OMPs) which bind to their receptors on gastric epithelial cells. For example, BabA is an adhesion molecule that binds

to the fucosylated Lewis b receptor, SabA binds to sialyl LewisX receptor and OipA not only adhere onto gastric

epithelial cells but also triggers β-catenin activation and secretion of proinflammatory cytokines.

∙ Host Immune Response: Activation of host immune system results in inflammation. Interestingly, this gram-negative

bacterium has evolved with anergic lipopolysaccharide (LPS) and flagelin due to its modification of lipid a component

that has about 103 times less endotoxin activity in comparison to LPS of other gram-negative bacteria. Moreover, H.

pylori can acquire molecular mimicry by taking cholesterol from its host into its own membrane. Furthermore, Tregs

upregulation following infection may suppress antibacterial immune response.

Box 1. Barriers overcome by H. pylori for colonization and infection in host.

It is known from several studies that MMP, a family of zinc-dependent endopeptidases that
selectively degrade or remodel most of ECM components and other structural molecules are
intimately associated to different diseases including gastric ulcer and cancer. At present,
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both in vivo and in vitro studies have established the activation of several MMPs during H.
pylori association. However, very few studies have been made till date dissecting the signifi‐
cant role of TH cell subsets and MMPs during the progression of H. pylori related gastric in‐
flammation. In this review, we aim at to highlight the influence of TH cells on modulation of
MMPs activity during H. pylori induced gastric inflammation that further open up new ave‐
nues both in research and clinical perspectives in future. Since the present scenario failed to
generate much hope on H. pylori vaccination we will emphasise on how H. pylori behave
within gastric niche and how do they trigger inflammation?

2. Gastric inflammation: An overview

Persistent association of microaerophilic, gram-negative enteric bacteria results in chronic
gastric inflammation which in turn leads to gastric cancer. Accumulating evidences suggest
that H. pylori-induced inflammation is initiated both by host and bacterial factors. In addi‐
tion, environmental factors also play potent role in disease progression. However, the actual
pathogenesis behind chronic inflammation is not well understood. H. pylori enter inside
stomach via fecal-oral route mainly by contaminated food and water (Klein et al., 1991, Hop‐
kins et al., 1993). The most probable mode of transmission is via direct contact with the in‐
fected patient within the family or a common source of contaminated water or food of a
locality (Hopkins et al., 1993) (Nurgalieva et al., 2002).

Gastric inflammation is accompanied by induction of oxidative stress by reactive oxygen
species (ROS), inducible nitric oxide synthase (iNOS) and subsequent secretion of proin‐
flammatory  cytokines  like  interleukin  (IL)-1β,  IL-6  and  tumor  necrosis  factor  (TNF)-α
(Yamaoka et  al.,  1996).  Gastric  epithelial  cells  also secrete  IL-8 (Jung et  al.,  1997)  which
attracts the polymorphonuclear (PMN) cells.  Local inflammation is also associated to re‐
duced prostaglandin synthesis  and increased infiltration of  mast  cells,  neutrophils,  mac‐
rophages  and  H.  pylori  specific  IgA  and  IgG  antibodies  (Warren,  2000).  The  dendritic
cells (DCs), which are present in the epithelial layer, present the antigens with their Toll-
like  receptors  (TLRs)  to  naïve  T  cells  and  thereby  initiate  humoral  immune  response.
Moreover, H. pylori infection stimulates iNOS and other enzymes including myeloperoxi‐
dases,  NADPH oxidases,  eosinophil  peroxidases.  These  enzymes  trigger  ROS and  reac‐
tive  nitrogen  species  (RNS)  production,  which  induce  DNA  damage  (Wang  et  al.,
2005).Therefore,  H. pylori-mediated inflammation is  complex and no single factor can be
targeted  for  successful  clinical  therapy.  For  example  the  study  on  mast  cell-deficient
KitlSl/KitlSl-d  mice  reported that  mast  cells  also  contribute  to  neutrophil  recruitment  and
inflammatory response due to H. pylori  infection thereby contributing a part  though are
not essential for vaccine-induced immunity (Ding et al., 2009).

Over-secretion of pro-inflammatory cytokines and growth factors promote neovascularisa‐
tion, which cause invasion and metastasis. Vascular endothelial growth factor (VEGF), the
main mediator of angiogenesis is reported to be over-expressed in 54% of severe gastric can‐
cer patients with lymph node and liver metastasis (Saukkonen et al., 2003). Along with
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VEGF, other pro-angiogenic factors like IL-6, IL-8 and iNOS are also upregulated in tumor
cells. IL-8 promotes angiogenesis in gastric tumor by interacting with its receptors CXCR1
and CXCR2, present on surface of endothelial cells. Over expression of iNOS has been ob‐
served in both primary tumors as well as lymph node metastases compared to normal mu‐
cosa (Wang et al., 2005). Excess nitric oxide increases the activity of VEGF thereby
promoting blood flow, vascular permeability and endothelial cell proliferation and migra‐
tion (Wang et al., 2005). Other than stimulating angiogenesis, iNOS promotes gastric carci‐
noma through various ways including inhibiting DNA repair enzymes, inducing oxidative
DNA damage, oncogene expression and apoptosis deregulation (Ohshima et al., 2003). The
niche of H. pylori colonization is also a determinant factor for the severity of the disease. For
example; chronic corpus-predominant gastritis leads to mainly gastric adenocarcinoma, in
contrast antrum-predominant gastritis may promote duodenal ulceration. Also patients
with H. pylori infection in the distal part (antrum) of the stomach may develop duodenal ul‐
cer but are somewhat protective from gastric cancer. Thus, duodenal ulcer may have a pro‐
tective role from development of gastric adenocarcinoma (Saukkonen et al., 2003).

In cancer tissues, there is very less information available regarding the association between a
specific factor and methylation of a gene. Aberrant DNA methylation is frequently associated
with different human cancers. DNA methylation is involved with change in gene expression
pattern, which can be confirmed by measuring the mRNA levels of the corresponding genes.
Nakajima et al, in human gastric cancer cell lines showed that DNA methylation pattern due to
H. pylori infection was conserved in the promoter region of 48 genes. Interestingly, this methyl‐
ation pattern remained in gastric cancer patients; who were previously infected with H. pylori
but later eradicated (Nakajima et al., 2009). Similarly from Mongolian gerbils (Niwa et al., 2010)
10 CpG islands showed specific methylation pattern after H. pylori infection, which sustained
the inflammatory response of the host towards H. pylori infection rather than H. pylori itself.
Therefore with reduction of inflammation, there was reduction in DNA methylations, even as
H. pylori load remained unchanged. So, long term H. pylori infection induces chronic inflamma‐
tion, the later maintain epigenetic changes inside host’s genome.

From evolutionary view point, the successful adaptability of H. pylori within the host can be
attributed to their versatile genetic diversity, which has specifically evolved for a habitat,
population or geographical locations. The virulence of H. pylori depends on what specific
antigens they possess. Interestingly, nature selected both Cag A+ (high virulence) as well as
CagA- (less virulent) bacteria during the course of evolution. Possibly, high-virulence im‐
plies successful host attack; while less-virulence implies their innovative masking strategy
from host’s immune response. So, diversity seems to help bacteria to keep the host alive
even with infection, in turn preserving them. Therefore, one of the most intriguing aspects
of H. pylori is its genetic diversity, the biological significance of which is enigmatic (Covacci
and Rappuoli, 1998, Logan and Berg, 1996). The bacteria colonize the gastric mucus layer
and persist livelong in close vicinity with epithelial cells. Though bacterial colonization de‐
pends on their secreting system, which they use as molecular syringes to inject their virulent
component into the host (Kamada et al., 2012), yet competition also play crucial role for H.
pylori colonization inside the gut and hence, the gut microbiota is often referred to as the for‐
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gotten organ (Sperandio, 2012). The human gastrointestinal tract hosts bacterial cells as
many as 10 times more than total number of cells of human body (Hooper and Gordon,
2001). These bacteria compete with pathogens like H. pylori for food source. Therefore,
changes in microenvironments like high salt-intake, change in life-style or food-habits give
stress on normal gut microbiota and helping H. pylori to proliferate and induce infection.

3. Genetics of H. pylori and gastropathy

H. pylori are a highly heterogeneous bacterial species, both genotypically and phenotypical‐
ly, and are highly adapted for survival in the gastric niche. The genomic diversity of H. pylo‐
ri parallels that of its host species, consistent with colonization of the earliest humans and
co-migration out of east Africa at least 60,000 years ago (Censini et al., 1996). H. pylori colo‐
nize the stomach for almost the entire lifetime of the host. H. pylori colonization of the gas‐
tric mucosa typically occurs in early childhood and may persist for decades or for life,
unless eradicated by antimicrobial treatment.

The clinical outcome of H. pylori infection is determined by multiple factors, including host
genetic predisposition (especially certain cytokine polymorphisms (Amieva and El–Omar,
2008), H. pylori strain heterogeneity and environmental factors such as dietary salt intake
(Fox et al., 1999, Beevers et al., 2004, Hwang et al., 1994). H. pylori heterogeneity and the as‐
sociation with H. pylori virulence factors have been intensively investigated over the past
two decades (Covacci et al., 1993, Atherton et al., 1995, Argent et al., 2004). One possible
problem that has complicated the identification of definite disease-specific H. pylori viru‐
lence factors is the considerable geographic diversity in the prevalence of H. pylori virulence
factors. The major H. pylori candidate virulence factors include cagA, vacA, babA and dupA.

cagA was the first reported gene that varies in H. pylori strains and considered as a marker for
the presence of cag-PAI, which include a number of other genes associated with increased viru‐
lence (Broutet et al., 2001). The gene that encodes CagA is part of a ~40 kb horizontally acquired
DNA segment in the H. pylori genome known as cag-PAI (Censini et al., 1996). The cag-PAI also
contain genes encoding a type IV secretion system, to ensure efficient translocation of the Ca‐
gA protein into the host epithelium.The CagA also disrupts the tight junctions and causes loss
of apical-basolateral polarity in epithelial cells (Amieva et al., 2003).

The extent of biological activity of CagA is directly associated with the number of phosphoryla‐
tion sites or the number of EPIYA motifs present at the C-terminal region of CagA (Higashi et
al., 2002b, Azuma, 2004, Azuma et al., 2004). Thus, molecular weight of the CagA protein varies
from 128 kDa -148 kDa and the cagA gene shows extensive length polymorphism at the 3’ end.
Several attempts were made to type the distinct CagA proteins and the cagA genes on the basis
of its length polymorphism at the C-terminal and 3' ends, respectively (Argent et al., 2005,
Dong et al., 2002, Owen et al., 2003). Mutational analyses revealed that the first two EPIYA mo‐
tifs (Y1 and Y2 positions) have little, if any, biological function while the other motifs are re‐
sponsible for the CagA phosphorylation and CagA-SHP-2 complex formation (Higashi et al.,
2002a). Moreover, the amino acid sequences, which are repeated among the third, fourth and
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fifth EPIYA motifs differ among strains isolated from west and east Asia. Accordingly, CagA
was typed as Western-CagA-specific sequences (WSS) and East Asian-CagA-specific sequen‐
ces (ESS) and this difference may account for differences in disease outcome between the two
geographical regions. Recent study suggested that EPIYA motifs as well as the spacer sequence
units were present as distinct insertions and deletions, which possibly have arisen from exten‐
sive recombination events (Chattopadhyay et al., 2012). Moreover, several new CagA types
have been identified, a new typing system has been proposed. It is hypothesized that a cagA
gene encoding higher number EPIYA motifs may perhaps have arisen from cagA genes that en‐
code lesser EPIYA motifs by acquisition of DNA segments through recombination events ( refer
figure 1a). Chattopadhyay et al also described that carrying a particular type of CagA is not the
only determinant for the disease outcome especially in the developing countries like India,
where multiple infections with different CagA primary structures are possible. Recent study
regarding the multiple infections and microdiversity among the colonies from individual pa‐
tient in Indian population suggested that most of the patients have acquired H. pylori due to re‐
peated exposure to this pathogen with different genetic make-up, which may increase the
possibility of super infections(Patra et al., 2012). Genetic exchanges between these unrelated H.
pylori strains may support certain H. pylori variant to grow better in a given host than the paren‐
tal strain and thereby increasing the possibility for the severity of the infection (Patra et al.,
2012) (refer figure 1). Additional isolates of the sequenced H. pylori strain J99 from its human
source patient after a 6-year interval was analyzed in another study (Israel et al., 2001). Patterns
of genetic diversity were distinct among the additional J99 isolates, both when compared with
each other and to the original prototype isolate. Their results indicated that within an apparent‐
ly homogeneous population remarkable genetic differences existed among single-colony iso‐
lates of H. pylori. Direct evidence that H. pylori has the capacity to lose and possibly acquire
exogenous DNA is consistent with a model of continuous microevolution within its cognate
host (Israel et al., 2001).

Soon after H. pylori’s discovery, it was reported that a protein in H. pylori broth culture fil‐
trates could cause the formation of large intracellular vacuoles in cultured mammalian cells
(Leunk et al., 1988). The H. pylori protein responsible for this effect (designated VacA) is en‐
coded by a chromosomal gene known as vacA. The vacA gene encodes a precursor protein of
140 kDa (Cover et al., 1994, Telford et al., 1994, Lupetti et al., 1996). Proteolytic processing of
the protoxin during secretion yields the mature toxin (∼90 kDa). Secreted VacA can be fur‐
ther processed into an N-terminal fragment of 33 kDa (p33) and a C-terminal fragment of 55
kDa (p55), but cleavage does not seem to be necessary for VacA activity. Although the p33
domain exhibits pore-forming activity necessary for vacuole formation (McClain and Cover,
2003), and the p55 domain is responsible for target cell binding (Reyrat et al., 1999), Several
families of vacA alleles can be distinguished on the basis of diversity near the 5′ terminus of
vacA (which is known as the s-region s1a-c and s2), the intermediate region (i1, i2) and in the
mid-region of the gene (known as the m-region m1, m2) (Atherton et al., 1995, Rhead et al.,
2007). Most strains with s1/m1 genotype and some of the s1/m2 express the cytotoxin while
strains with s2/m2 genotype do not express a toxic VacA (Cover and Blanke, 2005). Studies
have shown that VacA contributes to H. pylori colonization, persistence and disease outcome
in vivo. H. pylori strains that contain vacA alleles of the s1 type are associated with an in‐
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creased risk for development of peptic ulcer disease and gastric cancer compared with
strains containing vacA alleles of the s2 type (Atherton et al., 1995, Van Doorn et al., 1999,
van Doorn et al., 1998, Figueiredo et al., 2002). However, east Asian strains are almost uni‐
versally s1/m1 and are not associated with any specific clinical outcome (Ito et al., 1997, Ito
et al., 1998).

Figure 1. Schematic representation of generation of genetic diversity in cagA gene involving EPIYA motifs (Ys):
(a) genetic diversity arise within a cagA gene from another cagA gene that encode lesser EPIYA motifs by acquisition
of DNA segments through homologous recombination events or (b) genetic variation within a cagA gene may also
result from crossing over within any particular EPIYA motif (for example Y3 as shown in the figure). In all the events,
crossing over can also happen involving DNA strands I and IV, as mentioned above and therefore can generate more
genetic variation within cagA gene. It is to be noted that DNA 1 and 2 are genetically different. The rationale behind
making the two strands of a DNA dissimilar due to acquision of new mutations is highlighted.

Approximately 4% of the H. pylori genome encodes a diverse repertoire of outer membrane
proteins (OMPs), the largest of which is the 21-gene Hop family. Several of the Hop proteins
have been identified as adhesins, the best studied of which is BabA (Ilver et al., 1998, Guruge et
al., 1998). It is an adherence factor expressed in a subgroup of H. pylori strains and binds to difu‐
cosylated Lewis b (Leb) blood group antigens found on gastric epithelial cells. The babA gene
was cloned initially from strain CCUG17875, which contains a silent babA1 gene and an ex‐
pressed babA2 gene. The sequence of these two genes differs only by presence of a 10bp dele‐
tion in the signal peptide sequence of babA1 that eliminates its translational initiation codon
(Prinz et al., 2001). Initial studies indicated that H. pylori babA2+ strains are associated with an
increased risk of peptic ulcers and distal gastric adenocarcinoma, whereas babA2− strains are
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more often associated with uncomplicated forms of gastritis (Gerhard et al., 1999, Prinz et al.,
2001). babA2-genopositive H. pylori usually coexists with other disease-related H. pylori viru‐
lence-factor genes, such as vacA s1 and cagA. Tripositive strains, which have cagA+, vacA s1, ba‐
bA2+in a single H. pylori species, further increase the risk of developing gastroduodenal ulcers
and distal gastric cancer(Prinz et al., 2001, Gerhard et al., 1999).

Recent studies have proposed the possibility of using genetic markers in the plasticity zone
as indicators of pathogenicity for H. pylori infection, in spite of a lack of credible knowledge
regarding the functions of the putatively encoded proteins in this cluster. It seems that these
determinants may play a key role in determining the virulence capacity of H. pylori strains
either directly or by encoding factors that may lead to varying clinical outcomes. The associ‐
ation between some of the ORFs in the plasticity zone and various disease categories has
been previously reported. For instance, Occhialini et al. (Occhialini et al., 2000) found that
two single ORFs (jhp0940 and jhp0947) were more prevalent in strains isolated from patients
with gastric adenocarcinoma in Costa Rica. However, Santos et al. (2003) (Santos et al., 2003)
showed the association between jhp0947 and duodenal ulcer (DU) as well as gastric cancer
in Brazilian patients. This was once more confirmed for jhp0947 and jhp0949 genes in DU pa‐
tients from the Netherlands (de Jonge et al., 2004).

Recently, a novel duodenal ulcer promoting gene (dupA) was described, which consists of
two ORFs jhp0917 and jhp0918 and form one continuous gene by the insertion of a base T or
C after the position 1385 of the jhp0917 in the 3' region (Lu et al., 2005). This gene (homo‐
logues to virB4) is located in the plasticity region and is associated with increased risk of DU
and protective against gastric atrophy, intestinal metaplasia and gastric carcinoma in Japan
and Korea (Lu et al., 2005). However, the role of dupA as a virulence marker is still contro‐
versial. Some researchers have supported the interpretations of Lu et al. (2005) (Lu et al.,
2005) but others did not find any association. Hussein et al. (2008) (Hussein et al., 2008) have
reported that dupA gene is associated with peptic ulcer but they did not find any negative
association with gastric cancer in Iraqi population. In Chinese and north Indian populations
significant association of dupA with DU was established (Arachchi et al., 2007). In contrast,
Argent et al. (2007)(Argent et al., 2007) showed no association of dupA gene with DU in pop‐
ulation from Belgium, South Africa, China and the United States. Meta-analysis based study
by Shiota et al. (2010) (Shiota et al., 2010) has shown that the presence of dupA gene was sig‐
nificantly associated with DU. Another systematic review confirmed that dupA was associat‐
ed with gastro duodenal diseases (Hussein, 2010). Study in southeast Indian population
demonstrated that dupA gene was 6.5 times more prevalent in duodenal ulcer patients than
non-ulcer patients (Alam et al., 2012). Infection with the dupA-positive H. pylori increased
the risk for DU overall and this evidence was significant in Indian study (Alam et al., 2012).
The discrepancy of dupA association with diseases outcome could be related to the limita‐
tion of PCR techniques for detecting the intact dupA gene or may be a consequence of the
genetic diversity of H. pylori, which is at a level as yet unseen among other bacterial patho‐
gens (Covacci and Rappuoli, 1998, Logan and Berg, 1996, Blaser 1998).
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4. Immunobiology of host and H. pylori interaction in both in vivo and in
vitro

Through evolution, H. pylori have gradually developed highly sophisticated adaptation for
successful colonization and better adaptation inside the host’s microenvironment. Interest‐
ingly, humans too show some tricky adaptation to check H. pylori colonization inside the
stomach. The in vitro studies documented (Linden et al., 2009) that human gastric cell-sur‐
face mucin MUC1, a large glycoprotein, prevents the adhesion of the bacterium with the epi‐
thelial layer. H. pylori usually bind to MUC1 through their cell surface receptor BabA and
SabA adhesion proteins, but the human gastric cells shed these MUC1 glycoproteins by
MUC1 sheddases ADAM17 and MMP-14. Similarly, in murine model too, MUC1 prevents
H. pylori colonization (McGuckin et al., 2007).

After entering the gastric milieu, most of the bacteria remain in the gastric mucosa and only
about 10% H. pylori bind with the gastric epithelial cells (Oh et al., 2005, Semino-Mora et al.,
2003). So it becomes difficult to eradicate the bacteria with antibiotics. H. pylori adhere via Ba‐
bA (Ilver et al., 1998) with histo-blood group antigen Leb expressed over gastric epithelial cell
surface. The other protein that significantly contribute stable adherence of H. pylori is sialic
acid-binding adhesion protein (SabA) which bind to LewisX (Mahdavi et al., 2002), a glyco‐
sphingolipid that is significantly expressed during gastric dysplasia (Hansson et al., 1993).

The genetic study in relation to the virulence factor has been extensively studied in relation
to cagA and vacA (Peek and Crabtree, 2006). CagA positive H. pylori strains impart higher
risk for gastric cancer (GC) than infection of strains that devoid of cagPAI (Parsonnet et al.,
1997, Enroth et al., 2000). After stable adherence, H. pylori with its type IV secreting system
translocate CagA into the gastric epithelial cells (Segal et al., 1999). Once inside, Cag A is
differentiately phosphorylated at its specific tyrosine residues in their EPIYA (Glu-Pro-Ile-
Tyr-Ala) motifs located at the C-terminal region of the protein (Higashi et al., 2002a). This
phosphorylation is carried out by host’s Src and Abl family kinases (Selbach et al., 2002,
Poppe et al., 2007). A variety of tyrosine phosphorylation motifs results in difference in viru‐
lence and consequently host infection(Higashi et al., 2002a).This overall difference in phos‐
phorylation of the tyrosine motifs may be the reason for diversity of GC incidence in the
global scenario (refer figure 1). Phosphorylated CagA can interact with several other host
proteins and ultimately targets specific proteins including oncoprotein, tumor suppressing
protein, junction proteins, cell cycle regulators and several other transcription factors. These
collectively affect the cell’s normal physiology and propel the cells toward carcinoma. The
phosphorylated CagA protein binds to SH2 domain of tyrosine phosphatase and increases
its phosphatase activity (Higashi et al., 2002b, Hatakeyama, 2004). SHP-2 is an important
component involved in intracellular signaling during development and haematopoiesis
whose gain-of-function lead to lymphoid and myeloid malignancy (Tartaglia and Gelb,
2005). Due to the intrinsic membrane tethering property of CagA the CagA-SHP-2 complex
localizes to the plasma membrane of the host epithelium (Higashi et al., 2002b), leading to
deregulation of the SHP-2. This event is necessary and sufficient to change the gastric epi‐
thelium to a transformed epithelium, which is characterized by altered cellular proliferation,
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migration and elongated cell morphology known as hummingbird phenotype (Higashi et
al., 2002b, Yamazaki et al., 2003). So, transgenic expression of CagA also manifest gastroin‐
testinal as well as hematopoietic abnormalities (Ohnishi et al., 2008). H. pylori having a func‐
tional cag PAI also stimulate cultured gastric epithelial cells to secrete the pro-inflammatory
cytokine or chemokine IL-8 (Crabtree et al., 1995). CagA binds to SHP-2 and induces ‘hum‐
ming bird phenotype’ in AGS cell line involving extracellular signal-regulated kinase (Erk),
mitogen-activated protein (MAP) kinase pathway and dephosphorylating focal adhesion
kinase (FAK) (Tartaglia and Gelb, 2005) (Higashi et al., 2004). Cag A also interacts with Crk
and thereby promotes loss of adhesion in gastric epithelial cells (Suzuki et al., 2005). In addi‐
tion, Cag A also interacts with other factors including c-Met and Grb2 (Churin et al., 2003,
Mimuro et al., 2002). In addition to the above components, H. pylori also secrete nucleotide-
binding oligomerization domain-1 (NOD1), a specific peptidoglycan of gram-negative bacte‐
ria (Viala et al., 2004), a potent molecule involved in stimulating the host innate immune
response (Fox and Wang, 2007).

The other virulence factor in H. pylori is VacA. The intra-luminal environment of VacA-in‐
duced vacuoles is acidic, and the vacuoles are endocytically active (Cover et al., 1991, Papini
et al., 1994). A current model to explain the mechanism by which VacA induces vacuole for‐
mation proposes that VacA binds to the plasma membrane of cells, is internalized by cells,
forms anion-selective channels in endosomal membranes and alters the permeability of
these compartments. Within 10 minutes of addition of VacA to a human gastric adenocarci‐
noma cell line (AZ-521), two classes of mitogen-activated protein kinases (p38 and ERK1/2)
and the activating transcription factor 2 (ATF2) signalling pathway are activated (Nakayama
et al., 2004). Within 30–60 minutes of the binding of VacA to BHK-21 cells expressing recep‐
tor protein tyrosine phosphatase β (RPTPβ, also known as Ptprz), tyrosine phosphorylation
of G-protein-coupled receptor kinase interactor (Git1) can be detected (Fujikawa et al., 2003).
In another model system, binding of of VacA to a mast cell line (RBL-2H3) cells results in a
rapid change in cytosolic calcium concentrations (de Bernard et al., 2005). VacA is also re‐
ported to induce pro-inflammatory effects. It stimulates the production of TNF-α and IL-6
by mast cells and induces chemotaxis and degranulation of these cells (de Bernard et al.,
2005). Moreover, VacA treatment stimulates expression of cyclooxygenase-2, a proinflam‐
matory enzyme, in neutrophils and macrophages (Boncristiano et al., 2003). Thus, the effects
of VacA on immune cells are complex and are characterized by both immnostimulatory and
immnosuppressive actions.

5. Role of T cells in H. pylori infection

Very limited information is available on how the host immune system; particularly the
adaptive immune system is modulated by H. pylori infection to promote gastric diseases.
Chronic inflammation associated to H. pylori infection is known to promote gastric cancer in
some individuals (Suerbaum and Michetti, 2002, El-Serag and Rudolph, 2007). In contrast to
earlier notion that T cells generate antitumor responses, as supported by the fact that Rag-/-

mice and mice with mutated interferon signaling promote more tumor development, recent
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advances establish new insights into T cells particularly TH17 response in aggravating gas‐
tric cancer due to H. pylori colonization (Erdman et al., 2003, Dunn et al., 2006).

Bacterial chemotaxis is their inherent property by which it can migrate from a harsh envi‐
ronment towards more favorable environment. Genetically modified H. pylori (Che-) cannot
respond to environmental stimulus although they retain power of locomotion. In animal
models, they manifest marginal colonization abnormalities and relatively less inflammation
severity. Interestingly, Che- H. pylori fail to colonize epithelial cells and gastric glands vigo‐
rously. This support the fact that chemotaxis helps the bacteria to successfully cross the thick
mucus layer with their unipolar flagella and adhere to gastric epithelial cells which are resi‐
dent of antigen presenting cells (APCs); thus promoting antigen presentation to naïve T cells
(Rolig et al., 2011). In the process, epithelial cells also secrete chemokines for recruiting
APCs like DCs. DCs with their Toll-like receptors recognize specific antigens of the bacteria;
and in turn presents those antigenic peptide fragments to T cells to promote class switching
and differentiation in TH1 subsets, T regs or more recently classified TH17 cells (refer figure
2). Specific cytokines secreted by these cells regulate host immune response leading towards
chronic inflammation.

Figure 2. Maturation of DC and formation of T cell subsets following exogeneous stimuli: Maturation of dendrit‐
ic cell (DC) occurs under the influence of different pathogen-associated molecular patterns and specific host cyto‐
kines.Various physiological and environmental factors also trigger DC for successful antigen presentation. Upon
maturation, DC expresses MHC II and co-stimulatory molecules including cytokines and growth factors which enhance
antigen presentation, naïve T cells activation followed by differentiation into TH1, TH2, TH17 and regulatory T cell
(Treg). Each T cell subtypes has its own signature cytokines which perform effector functions as well as maintain bal‐
ance among various other T cell subtypes.
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The mechanism underlying differentiation of T cell has been intensively investigated: Stat1
and Stat4 signaling drive TH1 response; Stat6 signaling promotes TH2 whereas Stat3 signal‐
ing drives TH17 responses. IL-2 drives TH1 responses and results in (interferon) IFNγ pro‐
duction; that may have carcinogenic effect. However, role of TH2 and TH17 are not well
known (Dunn et al., 2006) until recent reports suggest that TH17 may play a pivotal role in
H. pylori-mediated gastric cancer (Rolig et al., 2011). In addition, nuclear transcription fac‐
tors, NF-κB are normally activated during H. pylori infection. This is not unusual since con‐
ditional knock-out mice have shown that NF-κB not only signals epithelial cells to undergo
transformation but also myeloid cells which are source of inflammation (Greten et al., 2004,
Karin and Greten, 2005). NF-κB in turn promotes IL-6 expression and contribute to carcino‐
genesis (Naugler and Karin, 2008). Key features that appear to be IL-6 specific are triggering
proliferative, pro-angiogenic and anti-apoptotic genes including Stat3 (Yu and Jove, 2004).
Under Stat3 signaling, the role of TH17 in case of an enteric bacteria like H. pylori become
significant. Recent studies have focused on the post-transcriptional modification within na‐
ive T cells that are ultimately primed by APCs for proliferation and differentiation into ef‐
fecter T cell subtypes. Posttranscriptional regulation rather repressions of target genes may
be responsible for development of T cell subtypes. On this account miRNA has received
much attention in various diseases including cancer. miR-155 is expressed in variety of im‐
mune cell type’s namely DCs, macrophages, TH1 and TH17 cells. In myeloid cells, miR-155
is induced by TLR and TNFα that in turn activate AP-1 and NF-κB transcription factors
(Oertli et al., 2011). miR-155-/- mice show TH2 bias development, signifying miR-155 mediat‐
ed TH1 response. miRNA is also reported to be involved in TH17 differentiation (O'Connell
et al., 2010). It was demonstrated that miR-155-/- mice were incapable of spontaneously ar‐
resting H. pylori load, lacked vaccine-induced protective immunity and failed to induce in‐
fection-associated preneoplastic pathology (Oertli et al., 2011).

The role of Tregs in modulating host immune response during H. pylori infection has been
speculated for quite a sometime. Tregs are a subset of T cells that suppresses the host im‐
mune response and are associated with cancer and parasite infection. These specialized T
cells express markers like CD4, CD25, and FoxP3. Tregs increase the tolerance towards self-
antigens and at the same time facilitates the growth of tumors through immunosupression.
Once differentiated Tregs proliferate and maintain their population through autocrine sig‐
naling pathway and starts secreting immunosuppressive cytokines like IL-10 and TGFβ (Joe‐
tham et al., 2007). Reports indicate that reduction of Tregs can actually stimulate the
immune response against other microbial infections (Belkaid et al., 2002). In recent years, the
observation shows that the rate of Treg infiltration in human stomach is proportionate to the
degree of inflammation and H. pylori density. Interestingly, this study also concluded that
Treg infiltration parallels the increased expression of programmed cell death 1(PD-1), a neg‐
ative regulatory molecule belonging to CD28/B7 family (Wu et al., 2001).

It has been hypothesized that better hygiene in Europe and America has inversely proportional
with the rise of asthma, due to lack of early exposure to microbial antigens. Arnold et al report‐
ed that prior infection with H. pylori in neonatal mice increases the number of long lived Treg
cells in the airways and thereby checks the development of asthma. In support, the experi‐
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ments were performed to sensitized mice with ovalbumin to generate primary T cell response,
following feeding virulent H. pylori to both neonatal and adult mice prior to application of aer‐
osolized allergic antigens. This showed H. pylori infected neonatal mice have reduced airway
hypersensitivity and less number of immune cells in bronchoalveolar lavage in compared to
the control; even to adult mice infected with H. pylori (Papatriantafyllou, 2011).

H. pylori induced gastric inflammation relates to both TH1 and TH2 mediated phenomena.
H. pylori infection was looked out as predominantly TH1 mediated inflammatory pathway.
But recent reports show deviation from the earlier notion. Kido et al (2010) demonstrated
that in humans, an epithelial derived cytokine, thymic stromal lymphopoitein (TSLP), indu‐
ces DC-mediated TH2 inflammatory response and thereby triggering B cell activation in H.
pylori-induced gastritis. H. pylori infection results in mixed T cell response. Several studies
established the upregulation of TH1 (Bimczok et al., 2011), TH2 (Kido et al., 2010), Treg
(Mitchell et al., 2012), TH17 (Shi et al., 2010) subtypes suggesting seems a host immunomo‐
dulatory balance for inflammation. TH17 followed by TH1 (Shi et al., 2010) upregulation
may promote acute inflammation via IL-17 and gelatinase activity (refer figure 3). The above
inflammatory condition is counter balanced by Treg’s IL-10 to promote chronic infection by
partial immunosuppression. Thus, TH17 plays a significant role to develop inflammation
due to H. pylori infection, though better understanding of how TH17 is activated during post
infection along with its exact role during infection remains open for further investigation.
However, post infection when inflammation begin the order of T cell subset activation may
be first through TH17, TH1 lymphocytes (Shi et al., 2010) and finely counterbalanced by im‐
munosuppressive Treg activation. Thus, the frequency of tumor-infiltrated Th17 cells de‐
creases in advanced disease human patients. In contrast, tumor-infiltrated Treg increases
compared with early disease human patients. Therefore, maintenance of fine tune balance
between Treg and TH17 seems crucial (Kao et al., 2010, Maruyama et al., 2010).

6. Tracking the matrix metalloproteinases during infection

Proteinase are a class of enzymes capable of hydrolysing peptide bonds. These biocatalysts
are largely classified into two major groups: exopeptidases and endopeptidases, depending
on the site of cleaving a peptide bond either proximal or distal to the amino or carboxy ter‐
mini of the substrate respectively. They are further subdivided into serine proteases, threo‐
nine proteases, cysteine proteases, aspartate proteases, metalloproteases, glutamic acid
proteases based on their catalytic properties (Hartley, 1960). Source of proteases are mainly
restricted to stomach, pancreas and small intestine; where they are utilized for digestion of
protein. Matrix metalloproteinases (MMPs) are Zn-requiring endopeptidases, the essential
player for ECM remodeling of tissues. The function of MMPs are tightly regulated at several
levels by via different mechanisms including synthesis in zymogen, localization in cellular
compartments like granules or lysosomes, inhibition by protease inhibitors and inactivation
in response to change in pH and/or temperature. However, virulent bacteria colonizing the
gut sometime secrete proteases that can directly activate host MMPs, thereby increasing
their biochemical efficiency to degrade host’s ECM (Löwer et al., 2008). Therefore, disba‐
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lance of proteases and/or protease inhibitors play decisive role in chronic inflammation and
cancer (Wex et al., 2004). In this chapter we will limit our discussion to MMPs as their role in
gastric inflammation as well as in gastric cancer is just relevant (Knapinska and Fields).
MMPs comprise more than 29 different proteases that differ in the expression profile, sub‐
strate specificity, subcellular localisation and functional implications (Birkedal-Hansen et al.,
1993). Among them, gelatinases, (MMP-2 and MMP-9) and stromelysin-1 (MMP-3) collec‐
tively cleave gelatins (types I and V), collagens (type IV, V, VII, IX and X), elastin, fibronec‐
tin, laminin and proteoglycan core proteins. The activities of MMPs are regulated by the
endogenous tissue inhibitors of metalloproteinases (TIMPs), while cytokines, growth fac‐
tors, tumour promoters and transcription factors including nuclear factor NF-κB and activa‐
tor protein AP-1 modulate their gene expressions. The balance between MMPs and TIMPs is
a critical factor for diverse cellular functions including cellular proliferation, migration, ad‐
hesion and apoptosis (Somerville et al., 2003). Based on the important role of certain mem‐
bers of MMPs in cancer, including gastric cancer, they have been studied to a large extent in
chronic gastritis and premalignant lesions in the stomach (Pender and MacDonald, 2004,
Schuppan and Hahn, 2000).

To explore the role of host proteinases during H. pylori infection, in vivo models are essential.
Although, a majority of H. pylori strains do not colonize mouse, the few that do have sub‐
stantially contributed in understanding the pathogenic mechanism of this bacterium and
helped largely in the development of therapeutic strategies against it (Kundu et al., 2011).
Because of the ease with which gelatinases MMP-2 and -9 can be assayed in a zymography,
host MMP-9 and MMP-2 activities were reported to be first up regulated in H. pylori infected
gastric mucosa (Kundu et al., 2006, Mori et al., 2003, Kubben et al., 2007). However, reports
regarding the expression of TIMP-1 and TIMP-2 in course of H. pylori infection are not
straightforward. Several studies have reported unchanged or even increased expression of
both TIMP-1 and TIMP-2 (Cheng et al. 2012) while a few others claimed decreased expres‐
sion of TIMP-1 in course of H. pylori infection and augmentation of TIMP-1 expression fol‐
lowing a course of H. pylori eradication therapy (Kundu et al., 2006, Kundu et al., 2011).
Reports of other studies soon followed and workers identified several other MMPs includ‐
ing MMP-3, MMP-7, MMP-1, MMP-13 and MT1- MMP as target genes in H. pylori infection
(Schuppan and Hahn, 2000). While ascribing functionality to these enzymes, localization of
MMP-9 expression was observed in the macrophages infiltrating the gastric mucosa that eli‐
cited the inflammatory response in the host through activation of cytokine networks (Kundu
et al., 2011). A correlation was observed between the expression of MMP-7 and bacterial vir‐
ulence factor CagA and functionally the MMP-7 upregulation was shown to be involved in
the degradation of insulin-like growth factor binding protein-5, leading to higher insulin-
like growth factor-II levels that explained epithelial hyper proliferation and stromal expan‐
sion in H. pylori-infected subjects (Steele et al., 2007). An increasing pool of evidence
suggested the increased expressions of several pro-inflammatory cytokines and in H. pylori-
associated gastro duodenal disorders. Among them, TNF-α and IL-1β are essentially in‐
volved in the activation of NF-κB in gastric epithelial cells (Münzenmaier et al., 1997), which
in turn induces several inflammatory genes including IL-8, iNOS and several MMPs (Wro‐
blewski et al., 2003). Reports suggested that IL-1β was a key mediator for the induction of
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MMP- 1 and -3 in gastric adenocarcinoma (AGS) cells (Wallasch et al., 2002), whereas
MMP-9 induction was regulated via the NF-κB pathway(Kundu et al., 2011). Using the
ADAM-17 deficient mice, it was shown that this protease is essential for the H.pylori-de‐
pendent activation of epithelial growth factor receptor (EGFR) and downstream pathways
including ERK 1/2 and MMP-7 production(Lee et al., 2003). In addition to the epigenetic
dysregulation of MMPs in H. pylori infection, several gene polymorphisms in MMP-1, 3, 7
and 9 have been identified to be associated with ulcer disease or gastric cancer (Matsumura
et al., 2005, Zhang et al., 2004, Alakus et al., 2010, Dey et al., 2012).

Another way of exploring host-pathogen interaction is to co-culture the parasite and the
host cell that it infects. In this regard AGS cell lines co-cultured with H. pylori provide a
good model to intensely investigate the function of bacterial as well as host secreted MMPs.
The functions of bacterial MMPs are currently the focus of investigation. A typical H. pylori
bacterium has around 1500-1600 genes in its genome, out of which at least 20 are proteases.
Notably, a 200 KD zinc-dependent endopeptidase was isolated from H. pylori and found to
be localized on the bacterial outer membrane and like other MMPs it was also secreted into
the conditioned medium. H. pylori also co-cultured with AGS cells also expressed MMP-3
like enzyme and TIMP-3 like protein. Moreover, expression of bacterial MMPs and TIMPs
suggested the involvement of bacterial type IV secretory system which might transfer Cag A
protein into gastric epithelial cells allowing H. pylori to modulate host MMP and TIMP mo‐
bilization which could trigger the onset of H. pylori mediated insult in the host (Windle and
Kelleher, 1997, Göõz et al., 2001, Sokolova et al., 2012, Oliveira et al., 2006).

7. Th-17 governs matrix metalloproteases: A pertinent query in clinical
therapy

Upon H. pylori infection different T cell subtypes in the host having specific surface marker,
cytokine profile and transcription factor, arise from CD4+ T cells (Reiner, 2007).The path‐
ways involved in tissue damage during gastritis or gastric adenocarcinoma are complex.
However, disruption of tissue architecture is deeply associated with a class of proteases
namely MMPs. MMPs are capable of cleaving almost all ECM proteins and connective tis‐
sues (Nagase and Woessner, 1999). It has been observed earlier that H. pylori-induced gastric
ulcer and gastrointestinal diseases are associated with regulation in MMP expression profile
and activity profile involved in gastric tissue (Saarialho-Kere et al., 1996, Pender and Mac‐
Donald, 2004, Hellmig et al., 2006). The major source of MMP in stomach is gastric epithelial
cells (Pillinger et al., 2005, Mori et al., 2003). Several studies were mainly focused on report‐
ing the basic changes occurring on MMPs during infection and the cell signaling cascade as‐
sociated with it. At the same time, significant reports were published from the
immunological perspective upon H. pylori infection on the host. However, the story may not
complete if we don’t connect the two ends of the stick. On a broader view, there are accumu‐
lating evidences that T cell secreted cytokines primarily regulate MMP secretion from the
gastric epithelial cells (MacDonald et al., 1999),though in vitro studies support H. pylori can
alone stimulate gastric epithelial cell lines to secrete MMPs (Crawford et al., 2003, Bebb et
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al.), which are collectively responsible for disrupting tissue architecture. The general view is
that once H. pylori antigen is taken up and presented by antigen presenting cells (APCs) to
naïve T cell, the later start to differentiate into specific effecter T cell subsets. These special‐
ized subtypes of T cells start secreting specific cytokines, which ultimately activate gastric
epithelial cells to produce specific MMPs.

Figure 3. Schematic view of Helicobacter pylori infection and MMPs induction involving both cellular and hu‐
moral components. Cellular response: During infection H. pylori injects CagA with their type IV Secretion System
(TSSIV) into the gastric epithelial cells. CagA phosphorylation occurs by host’s Src/Abl kinases and phosphorylated Ca‐
gA activates a series of signaling molecules including inflammatory cytokines, ROS, MMPs leading to aberrant cellular
function. Humoral response: H. pylori prime the host immune system by various lymphocyte subsets through dendrit‐
ic cells (DC)-mediated antigen presentation to naïve T cell. Under the influence of specific cytokines and foreign anti‐
gens the naïve T cells start class switching and differentiate into effector T subtypes via signature transcription factors.
TH17 and TH1 promote while Treg arrests inflammatory response by secreting immunosuppressive cytokines; thereby
maintaining H. pylori load inside gastric mucosa. TH17 stimulates MMPs through IL-17 and IL-21.

Studies using in vitro system document that H. pylori infection can induce apoptosis and
stimulate release of chemokines from the infected gastric epithelial cells (Cover et al., 2003,
Yamaoka et al., 1998, Bhattacharyya et al., 2002). Interestingly, H. pylori infection in lympho‐
cyte deficient mice fails to develop gastric inflammation. However, administration of T cells
into these animals induces severe gastric ulcer, suggesting T cell mediated inflammatory re‐
sponse play the dominant role in H. pylori-mediated mucosal damage (Eaton et al., 1999, Ea‐
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ton et al., 2001, Smythies et al., 2000). H. pylori infection has a strong Th1 response which is
mediated by Th1 cytokines including IFN-γ, IL-12, and TNF-α (Ernst and Gold, 2000,
D'Elios et al., 1997, Crabtree, 1998, Monteleone et al., 1999, Pender et al., 1997).

Activated CD4+ T cells secrete IL-21, which regulates the growth and functional properties of T
cells, B cells, NK cells and DC (Leonard and Spolski, 2005). Of late, it is reported that IL-21 se‐
cretes from TH17 in Stat-3 dependent manner and in turn IL-21 can induce IL-17 production
the maintaining TH17 cell population in an autocrine manner(Wei et al., 2007). In contrast,
IL-21 is also reported as a TH2 secreted cytokine which prevents the differentiation of naive
CD4+ T cells into TH1 cells (Wurster et al., 2002). Therefore the role of IL-21 though appears
complex, yet it’s a crucial cytokine which promotes gelatinase activities during H. pylori infec‐
tion (Caruso et al., 2007). The other studies by Shi et al demonstrated that IL-17 stimulates
MMP activity (Shi et al., 2010). Thus, TH17 acting as an initiator of inflammation and MMPs
which inturn carry out the effecter function of inflammation. Though, it is yet to be understood
on the backdrop of H. pylori infection but from the above documents a strong correlation of
IL-17 and MMPs is plausible and the TH17-MMP pathway may evolve as one of the crucial one
during H. pylori-mediated gastric inflammation (refer figure 3).

8. Management of H. pylori infection and future avenues

As, much greater percentage of the world’s population are infected with H. pylori compared
to the actual number of people developing symptoms so, it may be plausible that host’s in‐
flammation due to food habits, hygiene and lifestyle contribute to bacterial susceptibility. In
view of this, host’s prior inflammatory history may be a dominant issue over virulence of H.
pylori in the development of gastric diseases. H. pylori are known to induce atrophic gastritis
and achlorhydria. The later is associated with loss of parietal cells which leads to reduced
gastric acid secretion (Fox and Wang, 2007). The rise of intragastric pH above 4.0 accelerates
the growth of a range of bacterial species in gastric juice including H. felis (Williams and
McColl, 2006). In addition to the finding of Cai X et al., that H. felis-infected wild type mice
developed antral gastric cancer, after prolonged achlorhydria along with undetectable H. py‐
lori; Ekstroma et al reported the difficulty in detecting H. pylori from patients with severe
achlorhydria (Ekstrom et al., 2001) (Cai et al., 2005), even though achlorhydric mice develop
pathophysical manifestation like gastrin-deficient ones. (Zavros et al., 2005, Zavros et al.,
2002).Therefore, H. pylori-induced atrophic gastritis and achlorhydria, though progression to
severe gastric diseases may be partly contributed by other bacteria including H. felis, remain
open for further investigation.

The study on tribal populations in India reported that biopsy samples contain strains having
cag PAI and putatively toxigenic s1 alleles of vacA, which contribute to virulence when ac‐
tive, and this is in accord with the high abundance (about 90%) of this strain type in main‐
stream Indian populations (Mukhopadhyay et al., 2000, Chattopadhyay et al., 2002, Datta et
al., 2003). This abundance is also remarkable, in light of the apparent absence of H. pylori-
associated gastrointestinal disease in these populations suggesting that H. pylori infections
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on an average are less virulent in these ethnic minorities than in mainstream Indians. Such
virulence might be due to subtle features of bacterial strains or intricacies of the human host
environment. For example, lesser virulence of the H. pylori strains themselves might be ascri‐
bed to subtle (e.g., point) mutations that affect levels of expression of virulence genes or the
potencies of their products, which do not, however, affect outcomes of diagnostic PCR tests
(Kersulyte et al., 1999, Philpott et al., 2002).

Antibiotics along with proton pump inhibitors (PPIs) known as ‘Triple therapy’ have been
used for H. pylori-infected patients by most physicians for high effectiveness and negligible
side effects However, long term ‘Triple therapy’ in H. pylori-infected patients may increase
atrophic gastritis (Kuipers et al., 1996). Omeprazole, the potent PPI used to treat reflux
esophagitis in H. pylori-infected patients, increase the proportion of atrophic gastritis com‐
pared to those patients receiving alternative treatments (Berstad et al., 1997, Eissele et al.,
1997, Klinkenberg-Knol et al., 2000). In addition, omeprazole initiates dysplasia in H. felis-
infected mice with over expressed gastrin (Takaishi et al., 2005). Therefore, the effect of long-
term PPI treatment over gastric microbiome needs further investigation. Antibiotic
treatments not only remove H. pylori but also other bacteria from gut microbiota some of
which may exacerbate disease condition. In theory, screening and treating patients for H. py‐
lori eradication by antibiotics would be economical; only if the probability of reducing gas‐
tric disorder is 30% or more (Parsonnet et al., 1996). Studies involving H. pylori eradication
by antibiotic treatment have shown reduced risk for tumor recurrence (Uemura et al., 1997),
or development of gastric cancer (Uemura et al., 2001, Wong et al., 2004) though little or no
significant improvement of gastric atrophy with H. pylori eradication has been reported
(Ruiz et al., 2001). In contrast, even increasing gastro-esophageal reflux is reported after H.
pylori eradication (Labenz et al., 1997), though other studies do not agree (Moayyedi et al.,
2001, Schwizer et al., 2001, Kuipers et al., 2004, Vaira et al., 2003). Therefore, antibiotic treat‐
ment to eradicate H. pylori in early infected patients may prevent the development of dis‐
ease; though it still remains unclear whether patients with advanced stages of the disease
can benefit from antibiotic intervention. In addition, long-term use of antibiotics kills the
beneficial bacteria thereby changing gut microbiota. The later would in turn affect host’s
metabolic and immunological functions, which may disrupt gut, liver and brain functions
(Nicholson et al., 2012). Moreover, the consequence in disease progression yet remains to be
explored in the context of modalities of H. pylori treatment. Therefore, gut microbiota influ‐
ence significantly on the host immune system and vice versa (Hooper et al., 2012).

Although, ‘Triple therapy’ is successful in individual cases, yet the recurrence of bacterial
infection especially in highly endemic countries makes vaccination as an alternative ap‐
proach to standard therapy. However, till date vaccination against H. pylori has not shown
much promise. Vaccination in various clinical trials of either preventive or therapeutic has
failed to generate successful immune response. Vaccination has been tested in many ways.
Firstly, intra-gastric immunization has been used in some studies to could efficiently stimu‐
late gastrointestinal immune response. However, this method requires large amount of anti‐
gen and adjuvant injection in gastric milieu which potentially raises other side-effects (Wu
et al., 2008). Secondly, intranasal immunization against H. pylori prove ineffective as it fails
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to stimulate immune system in stomach and intestine. Moreover, it increases the chance of
infection of olfactory bulb of brain (van Ginkel et al.). Finally, sublingual immunization
emerges as another approach, in which the vaccine or antigen do not enter the brain (Song et
al., 2008). Indeed, sublingual immunization against H. pylori strongly induces IFNγ, IL-17
along with increased expression of various integrins and chemokines facilitating the migra‐
tion of lymphocytes into stomach mucosa (Raghavan et al.).

Though large-scale research is going around the world in relation to H. pylori infection, yet
day by day the result is becoming exhaustive without a conclusive direction. The bacteria
colonize the gastric mucus layer and are continuously faced with harsh physiological condi‐
tions and a vigorous immune response. The need for adaptation to the extremely changing
micro-environment and to individual hosts (Van Vliet et al., 2002) is probably the cause of a
high degree of inter strain genetic variation observed in the H. pylori population worldwide.
(Blaser, 1994). So, identification of subpopulations at high risk of developing deleterious H-
pylori-related diseases remains a mainstream challenge for clinicians and basic researchers.
In relation to treatment, nothing absolute promising therapeutic has yet arrived in the mar‐
ket. So, the fundamental question that arises is should we treat infection or inflammation
with more priority? Since neither antibiotic treatment nor vaccine development have shown
much promise in recovery of infected patients. The approach of reducing inflammation may
arrest the development of gastric diseases. Epigenetic studies reveal that changes in the
DNA methylation pattern during infection are due to inflammation. One possibility entails
concurrent infection with particular parasites that may down regulate inflammatory re‐
sponses to infection, as has been documented in a mouse infection model (Martin et al.,
2000). Features of human host genotype might also determine resistance to pathogenic ef‐
fects of putatively virulent H. pylori strains (Ferrero and Fox, 2001, Ferrero and Jenks, 2001).
Also, inflammatory cytokines generates ROS within the cells and activate several MMPs that
further aggravate the inflammatory response leading towards disease progression. Finally,
while many studies have investigated the host genetic factors involved in gastric carcino‐
genesis (Hishida et al.), but there is an urgent need for extensive studies that will investigate
the genetic traits associated with the risk of gastric precancerous conditions. Particularly,
studies on polymorphism in the genes involved in host immunity against H. pylori infection
or the genes essential for the development/ differentiation of the gastric epithelial cells, are
the need of the time.
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Accumulation of DNA Methylation Changes in the
Progression of Gastritis to Gastric Cancer
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1. Introduction

The field of epigenetics describes information transmission through cell divisions of heritable
changes of gene transcription activity without DNA sequence changes. Epigenetic informa‐
tion is biologically important for tissue or organ development and cell differentiation. Altera‐
tion of epigenetic information is involved in the development of cancers and other diseases.
DNA methylation, histone modifications, and transmitted chromatin structure are the under‐
lying mechanisms for epigenetic transmission. Aberrant DNA methylation is found in two dis‐
tinct forms, hypermethylation and hypomethylation. Global hypomethylation and regional
hypermethylation are characterized as two features of human cancer cells [1,2].

The regional hypermethylation involves CpG islands located in the promoter and 5’-exon(s).
DNA methylation, the incorporation of a methyl group to the C-5 position of the cytosine
ring in the context of 5’-CpG-3’ dinucleotides, which leads to the formation of 5-methylcyto‐
sine (5-mC), is the most studied epigenetic change to date in gastric carcinogenesis. Hyper‐
methylation of CpG islands recruits methyl DNA binding proteins, and subsequently
histone deacetylases. Deacetylation of the histone tails makes the DNA structure of the pro‐
moter into a closed chromatin structure that is inaccessible to transcription factors leading to
transcriptional silencing of tumor suppressor genes, mimicking their genetic mutations.
Thus, aberrant hypermethylation of these CpG islands acts as an alternative way to genetic
changes for the inactivation of tumor suppressor genes. Global hypomethylation at repeti‐
tive sequences causes genomic instability. Both types of DNA methylation changes were im‐
plicated in the development and progression of cancers [1-3].

It is interesting to note that site-specific gene hypermethylation is an early event in H. pylori
-related gastric carcinogenesis. Kang et al. [4] indicated that gastric cancer (GC) as well as its
associated normal mucosa exhibited the highest number of methylated genes when com‐



pared the tissues from other organs, including the lung, breast, colon, and liver (Fig. 1). This
suggests the possibility that aberrant hypermethylation of CpG islands is more involved in
the carcinogenesis in the stomach than in the other human tissues or organs. Methylation
changes of some CpG islands can be detected in cancer tissues and morphologically normal
gastric tissues from patients with GC or precancerous lesions, including epithelium dyspla‐
sia and intestinal metaplasia, but cannot be observed in gastritis lesions or normal gastric
tissues from subjects without malignant disease.

Figure 1. Bar graphs display the number of methylated genes in cancer-associated normal tissues (A) and cancer tis‐
sues (B). [4] The error bars indicate the standard error of the mean. Forty-one genes are analyzed for their methylation
status in tissue samples from eight human cancer tissue types and six types of cancer-associated normal tissue using
the MethyLight assay. EHC, extrahepatic bile duct cancer; PrC, prostate adenocarcinoma; BrC, breast adenocarcinoma;
CRC, colorectal adenocarcinoma; EsC, esophageal adenocarcinoma; HCC, hepatocellular carcinoma; LuC, lung adeno‐
carcinoma; GC, gastric adenocarcinoma.

2. Accumulation of DNA methylation changes in progressions of
gastritis, intestinal metaplasia, and dysplasia to GC

As early as in the 19th century, a German pathologist von Waldeyer stated that ‘cancer, in
particular gastric cancer, may be considered an adaptive response to an adverse environ‐
ment, characterized by a progressive phenotypic alteration.’ Currently, it is well accepted
that the phenotypic transformation preceding GC, that is, superficial gastritis, chronic atro‐
phic gastritis (CAG), intestinal metaplasia, and dysplasia/adenoma, are the consequences of
an accumulation of molecular alterations triggered by a chronic inflammatory process [5,6].
Therefore, the progressive phenotypic alteration could at times represent an altered epige‐
nome, which is the result of host adaptive responses to environmental exposure. If hyper‐
methylation of promoter CpG islands of some genes plays an important role in the
malignant transformation of gastric epithelial cells, it’s reasonable to assume that the pattern
of hypermethylation could be found in premalignant lesions in the stomach. Kang et al. in‐
vestigated the methylation profile in multistep lesions of the stomach and determined the
methylation frequency of 12 genes, including APC, COX-2,DAP-kinase, E-cadherin, GSTP1,
hMLH1, MGMT, p16, p14, RASSF1A, THBS1, and TIMP3, by methylation-specific PCR.They
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demonstrated that hypermethylation of certain promoter CpG islands occurs early in gastric
carcinogenesis and accumulates during progression of the gastric lesion along the multistep
carcinogenesis [7-9]. Tables 1 lists the methylation frequencies of tested CpG islands. The
most tested CpG islands exhibited increase methylation tendency along the progression,
such as COX-2, DAP-kinase, GSTP1, hMLH1, p14, p16, RASSF1A, THBS1, and TIMP-3. The
average number of methylated genes was 2.7, 3.6, 3.4, and 5.2 per 12 tested genes in CG, IM,
GA, and GC, respectively. Methylation index was defined as ratio of the number of methy‐
lated genes to the number of total tested genes. The average methylation index was 0.23, 0.3,
0.28, and 0.43 in chronic gastritis, intestinal metaplasia, adenoma, and cancer, respectively.
The methylation index was significantly higher for precancerous lesions intestinal metapla‐
sia and adenoma than for gastritis. A significant increase of methylation frequency was ob‐
served from these pre-malignant lesions to gastric cancer [8].

CG(N=74) (%) IM(N=57) (%) GA(N=79) (%) GC(N=80) (%) p value

APC 48 (64.9) 46 (80.7) 57 (72.2) 62 (77.5) NSa

COX2 1 (2.2) 5 (8.8) 3 (3.8) 37 (46.3) < 0.001

DAP-K 26 (35.1) 28 (49.1) 27 (34.2) 45 (56.3) 0.012

E-cadherin 63 (85.1) 41 (71.9) 46 (58.2) 53 (67.5) 0.003

GSTP1 0 0 0 13 (16.3) < 0.001

hMLH1 0 4 (7) 7 (8.9) 16 (20) < 0.001

MGMT 11 (14.9) 5 (8.8) 8 (10.1) 17 (21.3) NS

p14 22 (29.7) 18 (31.6) 60 (75.9) 50 (62.5) < 0.001

p16 2 (2.7) 4 (7) 9 (11.4) 35 (43.8) < 0.001

RASSF1A 0 0 0 6(7.5) 0.001

THBS1 13 (17.6) 28 (49.1) 27 (34.2) 45 (56.3) < 0.001

TIMP3 17 (23) 25 (43.9) 22 (27.8) 52 (65) < 0.001

Average number of

methylated genes

2.7b 3.6c,d 3.4b,c 5.2d

methylation index 0.23 0.3 0.28 0.43

aNot significant (p>0.05).

b Chronic gastritis versus gastric adenoma; p = 0.034; Student’s t test.

c Intestinal metaplasia versus gastric adenoma; p = 0.527; Student’s t test.

d Intestinal metaplasia versus gastric carcinoma; p <0.001; Student’s t test.

Table 1. Methylation Frequency of Each Gene in CG, IM, GA, and GC [8]
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During multistep gastric carcinogenesis, there is a steep rise in the number of methylated
genes from chronic gastritis to intestinal metaplasia, which was a consistent finding in a ser‐
ies of studies. Intestinal metaplasia is a precancerous lesion with the typical characteristics
of trans-differentiation of gastric progenitor cells into those committed to intestinal cell line‐
age, which normally present in intestinal mucosa [10]. Regardless of the status of H. pylori
infection, the number of methylated genes in chronic gastritis with intestinal metaplasia was
significantly higher than that in chronic gastritis without intestinal metaplasia[9]. This sug‐
gests that intestinal metaplasia is an epigenetically altered lesion. Hypermethylation of pro‐
moter CpG island in chronic gastritis without intestinal metaplasia occurs in association
with H. pylori infection [11] and aging [12,13]. It is unknown whether trans-differentiation
results in these epigenetic changes.

Although the loss of DNA methylation was the first epigenetic alteration identified in can‐
cer[14], global hypomethylation has been overlooked in favor of gene promoter associated
hypermethylation. Global DNA hypomethylation is associated with hypomethylation of
normally methylated repetitive sequences, such as LINE1, Alu, and Satα, as well as centro‐
meres and microsatellite DNA [15, 16]. In a recent study, using the immunohistochemical
evaluation of 5-mC, Compare et al. [6] have found a gradual decrease in the global DNA
methylation from H. pylori-negative normal gastric biopsy to H. pylori-positive chronic gas‐
tritis lesions, H. pylori-positive CAG, and GC tissues, which suggests that the global DNA
hypomethylation could be implicated in H. pylori-related gastric carcinogenesis at an early
stage. H. pylori-eradication can not reverse the global hypomethylation in precancerous le‐
sions. This has been confirmed by assessing hypomethylation of repetitive sequences in‐
stead of by the global 5-methylcytosine content. Yoshida et al. [17] have reported increased
hypomethylation of DNA repetitive elements through the multistep process of gastric carci‐
nogenesis and suggested that H. pylori infection may induce hypomethylation of repetitive
elements. Although the exact mechanism by which the global loss of DNA methylation con‐
tributes to the neoplastic process is unknown, it is believed that it may induce chromosomal
instability and activate cellular proto-oncogenes, which leading to an increased risk of can‐
cer. Bester et al. have reported that nucleotide deficiency promotes genomic instability in
early stages of cancer development [18]. It is interesting to investigate if the nucleotide defi‐
ciency also leads to the global hypomethylation.

Indeed, hypomethylation and hypermethylation of CpG islands in the gene promoter region
may activate proto-oncogenes or inactivate tumour suppressor genes that confer selective
growth advantage leading ultimately to cell hyperproliferation and cancerous growth
[19,20].

3. Dynamic DNA methylation related to progression of gastritis

The stomach is one of the organs frequently showing aberrant methylation of CpG islands in
epithelial cells because it is directly contacted with chemical and biological toxic agents dai‐
ly. DNA methylation changes accumulate continuously during progression of gastritis, par‐
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ticularly during the establishment of the methylation pattern. Dynamic changes of
methylation pattern occur consistently for gastric mucosae cells adapting to the environ‐
mental causal factors such as H. pylori infection, high concentration of salts, and N-nitroso
compounds. For example, on one hand, p16 inactivation by methylation in cancer cells is
very stable. Methylation of p16 CpG islands can be gradually restored within about two
weeks after demethylation induced by DNMT1 inhibitor treatment [21]. On the other hand,
p16 methylation in gastric tissues can be reversed after H. pylori eradication, which will dis‐
cuss below. This fluctuation nature can be partially explained by the dynamic induction of
methylation/demethylation.

3.1. Association between methylation of CpG islands and environmental/dietary factors,
lifestyle, aging in gastric carcinogenesis

Despite strong evidences from observational epidemiology data and experimental animal
studies suggesting that environmental/dietary factors, lifestyle, and aging are risk factors of
gastric cancer, there has been limited understanding of the mechanisms through which such
exposures have their effects on the molecular steps in tumorigenesis. It is now becoming appa‐
rent that altered epigenetic marks may play a fundamental role in determining not only sus‐
ceptibility to cancer, but also contribute to promote neoplastic pathogenesis. Alternatively, the
altered epigenome could at times represent adaptive responses to environmental exposure.

Environmental factors known to play crucial roles in the etiology of human cancer include
chemical carcinogens (such as those found in cigarette smoke), microorganism infections, di‐
etary contaminants (such as N-nitroso compounds), and lifestyles (such as alcohol consump‐
tion, excess intake of salt), deficiency of nutritional regimes. Stress may also contribute to
the development of gastric cancer. Environmental and dietary factors in animals and hu‐
mans inevitably affect epigenetic patterns, although a clear-cut causal relationship has yet to
be established. The major obstacle in establishing such relationship is the fact that environ‐
mental and dietary factors induce changes are most likely subtle and cumulative, and culmi‐
nate into a quantitative manifestation over a long period of time.

While animal and human studies have linked dietary factors to epigenetic regulation, it has
been challenging to determine the exact mechanisms that nutrients may systemically affect
epigenetic changes. The most studied and best-understood fact is the relationship between
dietary methyl donors (including vitamins B6 and B12, methionine, and folate) and DNA
methylation [22]. As an essential amino acid, methionine plays the central role in the epige‐
netic regulation by serving as a methyl donor for methylation reactions. In the process of cy‐
tosine methylation, DNMT enzyme converts the donor S-adenosyl-L-methionine (SAM) to
S-adenosylhomocysteine (SAH), and transfers a methyl group from the donor SAM to the
C-5 cytosine carbon atom. Therefore, an optimal supply of SAM or removal of SAH is essen‐
tial for a normal establishment of genome-wide DNA methylation patterns. When methyl
groups are in short supply, there is a competition for the limited resources. Perturbations in
this system may be caused by dietary imbalances affecting the supply of methyl donors such
as folate.
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Because humans tend to consume foods and nutrients that are highly interrelated, study of
dietary patterns may have improved the power of detecting the effect of diet on DNA meth‐
ylation. In humans, studies on diet and DNA methylation have yielded inconsistent find‐
ings.Animal studies have provided direct evidence that dietary factors induce changes in
DNA methylation patterns. Bai et al. investigated whether p16 hypermethylation is an early
and frequent event in gastric carcinogenesis induced by N-methyl-N’-nitro-N-nitrosoguani‐
dine (MNNG).The frequency and timing of p16 hypermethylation during the multistep gas‐
tric carcinogenesis in Wistar rats were analyzed in various microdissected gastric lesions.
Our group has found that p16 methylation is a frequent and early event during MNNG-in‐
duced gastric carcinogenesis of rats [23]. The frequency of p16 methylation is positively cor‐
related with the severity of pathological abnormality of mucosa and negatively correlated
with the expression of P16. The p16 methylation in the distal glandular stomach epithelium
was higher than that in the proximal stomach. These results suggest that hypermethylation
of CpG islands may account for the silencing of p16 in rat stomach and is an early event
whose accumulation will finally lead to gastric carcinogenesis [23].(Table 2)

Pathological status Proximal Distal Total

Normal 0/16(0) 1/20(5.0) 1/36(2.8)

Chronic atrophic gastritis 3/20(15.0) 1/4(25.0) 4/24(16.7)

Dysplasia 3/13(23.1) 6/11(54.5) 9/24(37.5)a

Adenoma II 4/6(66.7) 11/17(64.7) 15/23(65.0)a

Adenoma I 4/6(66.7) 10/14(71.4) 14/20(70.0)a,b

Adenocarcinoma 5/5(100) 18/22(81.8) 23/27(85.2)a,b,c

Total 19/66(28.8) 47/88(53.4)d

aNormal vs. dysplasia, adenoma-I/II, and adenocarcinoma, P<0.001.

bChronic atrophic gastritis vs. adenoma-I and adenocarcinoma, P<0.001.

cDysplasia vs. adenocarcinoma, P<0.002.

dProximal vs. distal, P<0.001.

Table 2. Frequency (%) of p16 methylation in tumors and various precancerous tissues of rat glandular stomach by
MNNG [23]

Promoter methylation is also present in non-neoplastic cells as an age-related tissue-specific
phenomenon. Aging was first revealed to be an methylation inducing factor of ER methyla‐
tion in colonic mucosae [24]. The correlation between high incidence of gastric cancers in
older people and high methylation frequency of CpG islands suggests the link of aging and
cancer via increased methylation changes of CpG islands. Waki et al. [12] found that methyl‐
ation of E-cadherin and p16 was not seen in non-neoplastic cells of organs from people (n=6;
≤22 years old). In contrast, these genes were methylated in non-neoplastic gastric epithelial
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cells of persons (n=14; ≥45 years old) 86% and 29%, respectively. Considering that non-neo‐
plastic gastric mucosae from GC patients harbor higher methylation levels of CpG islands
than gastric mucosae from control patients without GC, these non-cancer subjects with high
methylation levels of CpG islands are expected to be at increased risk of GC. The finding
that the stomach is one of the organs with a high frequency of aging-related methylation is
consistent with the finding that GC is one of the tumors with a high frequency of CpG island
methylation. The causes for high frequency of DNA methylation in the stomach may be re‐
lated to the accumulation of the gastric mucosa to exogenous agents or a set of programmed
aging events.

3.2. Induction of aberrant DNA methylation in gastric mucosa by H. pylori infection

Up to 80% of GC patients have a current or past H. pylori infection [25]. World Health Or‐
ganization has designated H. pylori as a human class I carcinogen for gastric malignancy. Al‐
though the exact mechanism of H. pylori-associated gastric carcinogenesis is still elusive,
long-standing bacterial infection, perpetuated chronic inflammation, and sustained mucosal
epithelial cell proliferation are thought to produce a carcinogenic environment which gradu‐
ally causes epigenetic reprogramming of host cells in the stomach. Chan et al. [11] were the
first to demonstrate H. pylori-associated hypermethylation in the gastric epithelia, which
was consist with a recent study established the correlation between H. pylori infection and
high levels of aberrant DNA methylation in gastric cancer. Maekita et al. [26] compared
methylation levels in the non-cancerous gastric mucosae of GC and non-cancer patients with
and without H. pylori infection, respectively. They found that methylation levels of several
CpG islands in H. pylori-positive individuals were 5.4- to 303-fold higher than those in H.
pylori-negative individuals [27]. They also found that, among H. pylori-negative individuals,
methylation levels were 2.2- to 32-fold higher in the non-cancerous gastric mucosae of GC
patients than in the normal gastric mucosa of healthy individuals. (Fig. 2)

The fraction of methylated DNA molecules was quantified for eight regions of seven genes
using DNA from the antral noncancerous gastric mucosae. Methylation levels increased in
individuals with H. pylori infection whether or not they had gastric cancer. When methyla‐
tion levels were compared among individuals without H. pylori infection, they were clearly
higher in gastric cancer patients than in healthy volunteers. Error bars: standard errors

Our group studied the p16 methylation among 920 subjects with gastric lesions and its asso‐
ciation with H. pylori infection. The frequency of p16 methylation was significantly higher in
H. pylori positive subjects than H. pylori negative subjects in each category of gastric lesion.
Compared with H. pylori negative, the odd ratios (ORs) of p16 methylation were markedly
elevated in H. pylori positive subjects for superficial gastritis (OR, 9.45; 95% confidence inter‐
val [CI]: 2.94–30.41), chronic atrophic gastritis (OR, 15.92; 95%CI: 7.60–33.36), intestinal met‐
aplasia (OR, 4.46; 95%CI: 2.44–8.13), indefinite dysplasia (OR, 3.67; 95%CI:,1.90–7.10), and
dysplasia (OR, 2.48; 95%CI: 1.02–5.99).(table 4) Moreover, the frequencies of p16 methylation
increased steadily with the H. pylori density in gastric mucosa [28]. (table 3)

Accumulation of DNA Methylation Changes in the Progression of Gastritis to Gastric Cancer
http://dx.doi.org/10.5772/53147

159



Figure 2. Methylation levels in the noncancerous gastric mucosae of individuals with and without H. pylori infection,
and with and without gastric cancer[27].

Pathological category H.pylori status Methylation frequency of p16 p value1 OR2(95%CI)

SG No 18.6%（11/59） <0.001 1.00

Yes 68.4%(13/19) 9.45(2.94-30.41)

CAG No 21.5%(14/65) <0.001 1.00

Yes 81.8%(108/132) 15.92(7.60-33.36)

IM No 23.3%(20/86) <0.001 1.00

Yes 57.0%(81/142) 4.46(2.44-8.13)

Ind DYS No 36.7%(18/49) <0.001 1.00

Yes 67.4%(145/215) 3.67(1.90-7.10)

DYS No 24.3%(9/37) <0.001 1.00

Yes 45.5%(35/77) 2.48(1.02-5.99)

1Pearson’s x2 test.-2adjusted for gender, age, smoking and drinking.

Table 3. p16 Methylation Associated With H. Pylori Infection by Paathological Category [28]
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Eradiation of H. pylori infection could not reverse all epigenetic changes in gastric mucosae.
Leung et al. [29] have reported that one year after H. pylori eradication, there is a marked
reduction in the mean methylation density of the CDH1 gene in both the promoter region
and exon-1. Perri et al. [30] have observed partial regression of epigenetic events one year
after successfully eradicating of H. pylori infection therapy. CDH1, p16, and APC methyla‐
tion significantly decrease while COX2 methylation completely disappear. Moreover, an an‐
imal model was adopted to strengthen these findings. H. pylori infection is best modeled in
Mongolian gerbils. The incidence of gastric cancers in gerbils depends on the duration of H.
pylori infection, and eradication of H. pylori significantly reduces the incidence [31]. Thus,
this model is expected to be useful in analyzing detailed molecular mechanisms for induc‐
tion of aberrant DNA methylation.Mongolian gerbils experimentally infected with H. pylori
and subsequent genome-wide screening exhibited hypermethylation at several CpG islands
in the gastric mucosae. Methylation levels started to increase 5-10 weeks after the infection,
reached high levels by 50 weeks. Clearance of the infection resulted in markedly decreased
methylation levels 10 and 20 weeks later, but they remained elevated compared with that in
non-infected animals [32,33]. Thus, it is strongly in support of the potential beneficial effects
of H. pylori eradication on the reversal of promoter hypermethylation in the non-cancerous
stomach and possibly on chemoprevention of GCs. These findings also suggest that some
methylation changes induced by H. pylori infection are temporary and some of them are per‐
sistent which is not dependent on consistent H. pylori infection.

The dynamic and reversible nature of methylation profile could be explained by an old con‐
cept that stem cells may be the cellular origin of cancer. Although it is unknown which
methylation changes in the genome are reversible or not, one of the possible mechanisms for
the diverse fates of methylation of CpG islands is that the fates of methylation is dependent
on the fates of host cells in which the methylation occurs. The aberrant methylations are
likely temporary events if they occur in fully or partially differentiated epithelial cells, be‐
cause most gastric epithelial cells will quickly drop off from the gastric epithelium through
regular regeneration within several days. The methylation changes are likely permanent if
they occur in tissue stem cells, because these cells will remain for life-time in the stomach
and even benefit from these changes. It is reported that the temporary component is the one
that disappears after eradicating the infection [34-36]. Further works have demonstrated the
existence of gene specificity in the DNA hypermethylation induced by infection. Methyla‐
tion of specific genes that occurs in a significant number of cells in the mucosa establishes an
‘epigenetic field for cancerisation’ or ‘epigenetic field defect’, characterizing a site with high
risk for subsequent malignant transformation [33, 37].

Although the mechanistic understanding of the H. pylori-induced alteration of DNA methyl‐
ation is limited, one plausible explanation is mediated by interleukin-1 beta (IL-1β). The lev‐
el of IL-1β in gastric mucosa is up-regulated in specimens infected with both cagA positive
and negative H. pylori strains [38,39]. Furthermore, Hmadcha et al. [40] have found that
IL-1β, through the production of nitric oxide (NO) and the subsequent activation of DNA
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methyltransferase, may induce CpG island methylation. NO is a gaseous free radical which
can be produced intracellularly by nitric oxide synthase (NOS)-mediated oxidation of argi‐
nine or formed in the acidic stomach through the alternative nitrate-dependent NO path‐
way. H. pylori infection has been shown to be associated with up-regulation of inducible
nitric oxide synthase (iNOS) both in vivo and in vitro[41,42]. Increased iNOS activity has
been observed in both patients with chronic gastritis and GC patients [43]. In addition, IL-1β
siRNA blocked H. pylori-induced methylation of the CDH1 promoter CpG island in a gastric
cancer cell line [44]. In an animal experiment by the Ushijima team, it has found that H. pylo‐
ri infection induces hypermethylation of CpG island of candidate genes, and that the eradi‐
cation leads to marked decrease of methylation levels in these genes [32]. Notably, the
suppression of inflammation by treatment of the immunosuppressive drug cyclosporine,
which suppresses inflammation without affecting bacterial colonization, abolishes this aber‐
rant methylation in the candidate genes. These findings suggest that the infection-associated
inflammatory process, rather than H. pylori itself, was responsible for the induction of the
hypermethylation. However, in their subsequent gerbil study, neutrophilic inflammation
caused by treatment with ethanol or NaCl does not induce DNA methylation in these genes,
whereas chronic inflammation caused by H. pylori or H. felis infection leads to altered meth‐
ylation in candidate genes. This finding suggests that it is not the inflammation itself, but
rather specific types of inflammation, that are necessary for methylation induction[32].

3.3. Spread of de novo methylation of p16 CpG island from normal mucosae, gastritis, to
gastric carcinoma

It has been reported that p16 methylation is very stable in cultured cancer cell lines based on
its efficient recovery after the removal of a DNA methylation inhibitor treatment [21]. Tran‐
sient transfection of p16-specific artificial transcription factor can induce transcription of me‐
thylated p16 alleles in cancer cells, but cannot induce demethylation of its CpG islands [45].
In contrast, most p16 methylation in gastritis lesions is unstable and H. pylori-dependent [28,
30]. The mechanisms contributing to the difference of the stability of p16 methylation be‐
tween gastritis and cancer cells remains elusive. Characterization of the natural methylation
pattern of p16 CpG islands in human tissue samples with various pathological lesions may
elucidate the mechanisms accounting for the diverse stability of p16 methylation and could
potentially be used to develop a tumor-specific methylation biomarker assay. We demon‐
strated that in normal gastric tissues, the majority of the samples either did not show CpG
methylation or only contained sporadically methylated-CpG sites in the exon-1 coding-nu‐
cleosome region. In contrast, the gastritis and GC samples showed various degrees of meth‐
ylation in the same region. Extensive methylation in both the promoter and the exon-1
regions was observed in the majority of the GC specimens. We propose that a methylation
wave progressively extends from the p16 exon-1 coding- nucleosome to its promoter nucleo‐
some in vivo. (Fig. 3) The overall p16 methylation profiles constructed from a panel of clini‐
cal specimens may approximate the natural extension pattern of de novo methylation of p16
CpG islands in gastric carcinogenesis [46].
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Figure 3. Comparison of methylation status of p16 CpG island in gastric carcinomas, chromic gastritis, and normal
gastric mucosa [46]. A gray-graded representation of the average methylation density at individual CpG sites within
the p16 promoter and exon-1 region

4. DNA methylation as a clinical biomarker for risk assessment, and
anticancer drugs target

Epigenetic changes provide a potential explanation for how environmental factors can mod‐
ify the risk for common diseases among individuals. The growing interest in cancer epige‐
netics stems from the fact that epigenetic changes are implicated in virtually every step of
the development and progression of cancers. This is supported by the studies demonstrating
that epigenetic changes including DNA hypermethylation are an early event in carcinogene‐
sis. A distinguishing feature of epigenetic changes in comparison with genetic changes is
that epigenetic changes are reversible. Therefore, aberrant DNA methylation, histone acety‐
lation and methylation are attractive targets for cancer prevention and the epigenetic thera‐
py. There are some evidences that methylation-based tests could predict which individuals
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are at high risk for different types of cancers, so that screening tests and prophylactic treat‐
ment can be applied more effectively. A pharmacological modification of the epigenetic sta‐
tus may be a potent strategy for the prevention of gastric cancers, based on the fact that
methylation was a frequent event, particularly in H. pylori-infected patients. Perhaps meth‐
ylation in normal gastric mucosa either directly predisposes the tissue to cancer or is associ‐
ated with some other factors predisposing to cancer. In either case, methylation analysis of
normal tissue could help determine the risk of those individuals for future development of
the disease. It is reported that the genetic reduction of DNA methylation levels suppressed
the incidence, number and size of gastric tumors in gastric tumorigenesis [47].

Aberrant DNA methylation is more frequently present in gastric cancers than mutations
[48],  so we can take advantage of the frequent presence of aberrant methylation in can‐
cers  by using it  as  a  clue to  identify  tumor markers  for  cancer  screening purposes  and
carcinogenic risk assessment. One advantage of using aberrant DNA methylation as a bio‐
marker instead of mutations/expression is that it is possible to detect even a single aber‐
rantly methylated DNA molecule embedded in 1000 unmethylated DNA molecules [49].
The high sensitivity and specificity of measurements has particular application when it is
well recognized that stem cells in precancerous or cancer tissues should contribute to can‐
cer development, metastasis, recurrence, and formation of drug resistance. In contrast, us‐
ing regular gene expression assays, such as immunostaining, Western blot,  RT-PCR, and
Northern blot, detection of alterations of gene expression in limited number of stem cells
is very difficult. Additionally, DNA methylation can be remained in various samples stor‐
ed at wide-range conditions (fresh/frozen or paraffin- embedded tissue blocks, free DNA
in plasma,  detached cells  in  gastric  juice,  sputum, urine,  stool  samples,  and other  body
fluids).  For example,  we observed that  methylation of  p16,  the G1S conversion check‐
point gene in the cell cycle, is a powerful biomarker for prediction malignant transforma‐
tion  of  epithelial  dysplasia  [50,51].  Importantly,  we  further  developed  a  p16-specific
probe-based quantitative MethyLight assay for the development of p16 methylation diag‐
nosis  kit  [52].  Developments of  DNA methylation biomarkers (Septin9,  p16,  MGMT) for
cancer screening purposes, carcinogenic risk assessment, and prediction of chemotherapy
sensitivity are under clinical trials [3].

Currently, the greatest hopes are associated with clinical applications of several promising
epigenetic modification inhibitors target for anticancer therapy, which inhibits DNA methyl‐
ation and leads to the demethylation of the genome, thereby restoring expression of methy‐
lated genes. Such as DNMT inhibitor 5-aza-deoxycytosine and histone deacetylase inhibitors
vorinostat or romidepsin, have recently approved by FDA for patients with myelodysplasia
syndrome and cutaneous or peripheral T-cell lymphoma, respectively [3,53]. However, the
potential pleiotropic effects of such an intervention as a result of induced genome hypome‐
thylation (leading to, e.g., genome instability) need to be carefully considered. Therefore, the
basic challenge in designing potential anticancer drugs functioning at the DNA methylation
level is the specific recognition of molecular targets.
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5. Conclusion

In conclusion, aberrant CpG islands methylation occurs in the early stages of gastric carcino‐
genesis and tends to increase as the multistep process advances. It is highly plausible that H.
pylori infection and other environment exposure can lead to the adaptive responses of the
host cells to the chronic inflammation triggers the development of these epigenetic changes
in the non-cancerous stomach, which eventually lead to neoplastic transformation. The epi‐
genetic profile is highly dynamic and reversible, and varies among cells in the same organ‐
ism and, in the same cell, between various states, such as health versus disease, or in
response to environmental perturbations. Given the plasticity of epigenetic marks in re‐
sponse to cancer-related exposures, such epigenetic marks are attractive candidates for the
development of surrogate endpoints which could be used in dietary or lifestyle intervention.
In recent years, a lot has been learnt, but much remains to be learnt to combat gastric cancer,
one of the most frequent and lethal neoplasias worldwide. The study of epigenetic altera‐
tions offers great potential for the identification of biomarkers that can be used to detect and
diagnose cancer in its earliest stages, to accurately assess individual risk and as targets for
chemotherapeutic strategies.
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1. Introduction

Helicobacter pylori (H.pylori) may cause many gastroduodenal diseases including acute gastri‐
tis, atrophic gastritis, intestinal metaplasia, peptic ulcer and others disorders. Although
many studies revealed close association between gastric cancer and H.pylori, there have been
only few studies that report on gastric carcinogenesis associated with chronic H.pylori [1,2]

H.pylori is a class 1 gastric carcinogen. However, it remains unclear whether H.pylori affects
molecular alterations in chronic gastritis. It is well known that only a minority of H.pylori
positive patients with chronic gastritis develop gastric cancer, and so the link is unclear [2].

Nardone et al [3] had stated that gastric carcinogenesis is a multistep process progressing
from chronic gastritis through glandular atrophy, metaplasia, and dysplasia. Acquired ge‐
nomic instability, generally precedes neoplastic clonal expansion. H.pylori damages stimu‐
lates gastric cell proliferation, which leads to mucosal repair, but which can also induce
cellular DNA damage. The most frequent epiphenomenon of DNA alteration is activation of
oncogenes and/or mutation of oncosuppressor genes. The role of these genes has been stud‐
ied in gastric carcinogenesis, but their interrelation with H.pylori infection has yet to be de‐
fined. Thus, this study was designed to detect the relation between H.pylori and gastric
carcinogenesis and to investigate the effect of its eradication on the expression of p53 and c-
Myc in H.pylori associated chronic gastritis.

As a transcription factor, p53 has roles in regulation of proliferation, apoptosis, genomic re‐
pair, controls the onset of cellular senescence and suppresses angiogenesis [4,5]. p53 muta‐



tion is among the major episodes in the multi-step process of gastric carcinogenesis, while it
has also been reported in pre-malignant lesions of the stomach, such as chronic atrophic gas‐
tritis, intestinal metaplasia, and dysplasia [1].

c-Myc is a basic transcriptional factor that regulates several genes involved in cell prolifera‐
tion, differentiation, apoptosis, and oncogenesis. c-Myc expression was studied in gastric
cancer with H.pylori infection by many authors [6,7]. Also the relationship between H.pylori
infection and c-Myc expressions was investigated in a series of diseases and concluded that
in gastric carcinogenesis, H.pylori might cause the imbalance of proliferation and apoptosis
in precancerous lesions, leading to tumor-suppressor system mutation and telomerase reac‐
tivation, and finally causes gastric cancer [8].

2. Material and methods

2.1. Patients and tissue collection

A total of 55 chronic gastritis patients (38 male and 17 female with mean age: 57.1) under‐
went endoscopic examination for evaluation of dyspypsia. H.pylori-positive (+) were 45 cas‐
es while H.pylori-negative (-) were only 10 cases. All H.pylori-positive patients had successful
eradication therapy (15 days of treatment with omeprazole 20 mg twice a day, clarithromy‐
cin 500 mg twice a day, and tinidazole 500 mg twice a day), and underwent biopsies before
and six months after eradication.

2.2. Detection of H. pylori in gastric biopsy specimens

H.pylori in the stomach was detected by rapid urease test, and histological examination. For
the urease test, biopsy specimens were immediately inserted into the rapid urease test solu‐
tion. H.pylori was histologically detected by May-Giemsa stain. H.pylori eradication was con‐
sidered successful when the results of the two tests (both the urase test and Giemsa stain)
were found negative.

2.3. Histological evaluation

Biopsy specimens were taken from five points of the stomach, as recommended by the up‐
dated Sydney system [9], i.e. the lesser curvature of the antrum, and the greater curvature of
the antrum, the smaller curvature of the angle, and the lesser curvature of the middle cor‐
pus, and the greater curvature of the upper corpus. All biopsy materials were fixed in buf‐
fered formalin for 24 hours and embedded in paraffin. Serial sections were stained with
haematoxylin-eosin and May-Giemsa stain. The status of the gastric mucosa was evaluated
according to the updated Sydney system. The degree of inflammation (manifested by mild
lymphocyte and plasma-cell infiltration), neutrophil activity, atrophy (glandular morpholo‐
gy absent in the mucosa and replaced by connective tissue, inter-glandular space was infil‐
trated by plasma cells and lymphocytes), dysplasia (nuclear atypia with or without
architectural abnormalities in the gastric epithelium, but without invasion) and intestinal
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metaplasia (presence of goblet cells in gastric mucosa) were classed by four grades, with 0
being for ‘normal’, 1 for ‘mild’, 2 for ‘moderate’, and 3 for ‘marked’.

2.4. Immunohistochemical detection of p53and c-Myc

Serial paraffin sections were washed in 1/15 mol/L phosphate buffered saline (pH 7.4) three
times for five minutes, and pre-incubated in normal rabbit serum (1:10 in PBS) for 20 min.
Next, sections were incubated with primary antibodies for 16 hours at 4C, followed by the
avidin-biotin complex method. The sections were immersed in 0.05 mol/L Tris-HCl buffer
containing 0.02% 3, 3’-diaminobenzidine tetrahydrochloride and 0.005% H2O2, and the nu‐
clei were counterstained with hematoxylin. Control sections incubated with normal mouse
IgG instead of the primary antibody showed no non-specific staining. The primary antibod‐
ies used in this study for p53, staining the sections were incubated with anti-rabbit or mouse
antibody (Envision HRP, Dako Company) for 10 min and anti-c-Myc protein (Oncogene Sci‐
ence, San Diego, California, USA; c-Myc p62, dilution 1:50) After antigen retrieval (for c-Myc
in 1mM EDTA (pH 8.0), sections were incubated overnight at 41C with monoclonal mouse
antibodies to c-Myc (1:100 dilution, Abcam Inc., Cambridge, MA, USA). Immunoreactivity
was detected using the DAB Map Kit (PIERCE, Woburn, MA, USA), based on the avidin–
biotin complex immunoperoxidase technique.

2.5. Evaluation of p53 and c-Myc staining

The degree of immunopositivity was evaluated semiquantitatively. A total of 300 cells was
counted in random fields from representative areas of the lesions, and the immunoreactive
cells were roughly assessed and expressed as percentages. The scoring system for both anti‐
bodies tested was: 0–5% (negative -); 5–25% (low positivity +); 25–50% (moderate positivity +
+); >50% (high positivity +++) according to Nardone et al [3].

2.6. Statistical analysis

All data were put into SPSS 10.0 statistical computer system. Statistical analysis was per‐
formed with t test or chi-square test, with statistical significance indicated by a value of
P≤0.05.

3. Results

The study included 55 cases, 45 cases of them were H.pylori (+). The neutrophilic infiltrate
was detected only in H.pylori (+) cases and the majority of cases were grade 3, 26 cases were
positive for lymphoplasmacytic infiltrate; 20 of them were H.pylori (+), 23 cases showing
atrophy; 20 of them were H.pylori (+) and the remaining 3 cases were H.pylori (-); they were
grade 1. Intestinal metaplasia were seen in 16 cases; 15 of them were H.pylori (+). Glandular
dysplasia was detected only in 10 cases; all of them were H.pylori (+). The degree of activity
of chronic gastritis was summarized in table (1).
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Table 1. The activity of chronic gastritis in the studied cases

Table (2) summarize the correlation study between the histological variables and the studied
oncogens. According to p53, the positive cases were 12 and all of them were H.pylori (+), 4 of
them were +, 5 were ++ and 3 were +++ as in figure (1). There were a significant difference be‐
tween the staining positivity of p53 and all the studied variables including neutrophilic infil‐
trate,  lymphoplasmacytic  infiltrate,  gastric  glandular  atrophy,  intestinal  metaplasia  and
dysplasia. According to c-Myc staining, the total positive cases were 10 and all of them were
H.pylori (+) cases, 4 were +, 3 were ++ as seen in figure (2) and 3 were +++. And again there were a
significant correlation between the staining positivity and the grades of the studied variables.
As the grade of chronic gastritis activity increases, the expression positivity of both p53 and c-
Myc increases, with significant difference between the grades as seen in table (2).
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Table 2. Correlation between the p53 and c-Myc and the studied histological variables in H.pylori (+) cases
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Figure 1. H.pylori (+) case showing +++ p53 expression, this case showed moderate intestinal metaplasia, note the
intense inflammatory infiltrate. (strept avidin-biotin-DAB, 400x).

Figure 2. c-Myc moderate expression in a case of H.pylori (+) case, the positivity mainly in intestinal metaplasia por‐
tion. (strept avidin-biotin-DAB, 200x).
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After treatment and complete resolution of H.pylori infection in all the cases, the same histo‐
pathological variables and immunohistochemical stainig of the studied oncogenes were
evalualed. The activity of chronic gastritis was measured and summarized in table (3). It
was found that the number of the cases which were positive for neutrophilic infiltrate, lym‐
phocytic infiltrtate, atrophy, intestinal metaplsia and even the glandular dysplasia were less
than the number before the treatment and even the grading of all these parameters become
much less as shown in table (3) when compared with table (1) with significant difference be‐
tween the same cases before and after treatment.
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Table 3. The activity of chronic gastritis in the studied cases after treatment:

As regarding p53 study after treatment, the number of positive cases become only 7 instead of
12, 3 cases were +, 3 cases were ++ as seen in figure (3) and only one case was +++. as regarding
the correlative study between p53 and the histological variables, there still positive correlation
between the p53 and all the variables of chronic gastritis as summarized in table (4).
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Table 4. Correlation between p53 and c-Myc and the studied histological variables after treatment
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Figure 3. p53 expression after treatment in a case of chronic gastritis was +++ and become ++ confined to the area of
intestinal metasplasia (strept avidin-biotin-DAB, 400x).

Figure 4. c-Myc expression after treatment was ++ and become + expression only. (strept avidin-biotin-DAB, 400x).
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On the other hand, as regarding c-Myc study after treatment, the number of positive cases
become only 6 instead of 10, 3 cases were + as seen in figure (4), 2 cases were ++ and only
one case was +++. as regarding the correlative study between c-Myc positivity and the histo‐
logical variables, there still positive correlation between the c-Myc and all the variables of
chronic gastritis as summarized in table (4).

4. Discussion

In the present study, it was found that large number of chronic gastritis cases were associat‐
ed with H.pylori. In H.pylori (+) cases, the majority showed active neutrophilic infiltrate, lym‐
phocytic infiltrate with occasional lymphoid follicles, atrophy, intestinal metaplasia and
dysplasia.

c-Myc and p53 expression are the most widely used markers of genomic instability [10]. In‐
terestingly, in this work, c-Myc and p53 expression were not detected in H.pylori (-) cases
and this was similar to Van Der et al study [11].

In this work, with the lesions changed between the studied cases from active chronic gastri‐
tis to atrophic gastritis to intestinal metaplasia to dysplasia, the positive immunostaining
grades of p53 expression increased significantly, the increasing tendency for p53 had a good
linear correlation with lesions progression toword the more dangerous precancerous le‐
sions. It is indicated that increased p53 expression may be important molecular events in‐
volved in the early stage of gastric carcinogenesis. Thus, this accumulation may be useful
biomarkers to assess risk for the development of gastric carcinoma. This was similar to other
authors [1,4,12] who have reported that H.pylori-positive gastritis especially that accompa‐
nied with intestinal metaplasia showed a higher p53 expression. But unlike Anagnostopou‐
los et al [13] who reported that p53 was expressed only in cases with high grade dysplasia
and not in pre-dysplastic stages and concluded that p53 mutation is a late event during the
development of gastric cancer. Our results confirm the relationship between atrophic and/or
metaplastic gastric mucosa with H.pylori infection and p53 expression.

Marinone et al [14] data indicated that irreversible genetic changes in the p53 protein has not
yet occurred in non-neoplastic gastric mucosa with metaplasia and H.pylori related chronic
gastritis and they concluded that the increase in p53 levels is due to an increased production
of the wild-type protein probably related to an inflammatory response induced by H.pylori
infection.

In this work, H.pylori (-) cases were completely negative for c-Myc expression while H.pylori
infection was associated with positive expression of c-Myc unlike others [15] who found that
no evidence of expression of c-Myc in any gastritis sample. c-Myc has been reported to be
increased in H.pylori-associated gastritis, is associated with increased cell proliferation.

The results of this study may be explained by other studies [6,7] who found that in H.pylori-
associated gastritis, there is downregulation of p27 and increased c-Myc, the net result of
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which is increased cell proliferation and also H.pylori may influence both telomerase activity
and c-Myc expression in chronic atrophic gastritis.

Again in Zhan et al [16] study, expression of c-Myc was significantly higher in carcinoma
than that in dysplasia than in metaplasia. Also the expression of c-Myc in metaplastic cases
and dysplasia with H.pylori infection was significantly higher than that without infection; in
this work, c-Myc was completely negative in cases without H.pylori infection. So this study
support the others who concluded that H.pylori infection can cause serious imbalance be‐
tween cell proliferation and apoptosis in the precancerous lesions, giving chances for gastric
carcinogenesis.

After eradication treatment, it was found that there were decrease in the cases showed neu‐
trophilic and lymphocytic infiltration and even in the same case there was decrease in the
grade of the inflammatory infiltrate. Also the number and the grade of atrophy, intestinal
metaplasia and dysplasia were also significantly decreased.

The effects of H.pylori eradication on atrophy and intestinal metaplasia are controversial in
the previous studies. Some authors [17,18] have reported similar results with the present
work. The patchy nature of the lesions and the subjective nature of the interpretation may
account for these controversial findings. Our finding of disappearance or regression of atro‐
phy after H.pylori eradication suggests that inflammatory infiltration plays a role in this con‐
troversial histological finding. On the other hand, some studies [11] revealed no changes in
intestinal metaplasia and atrophy were detected after H.pylori eradication. While others [19]
reported that H.pylori eradication does not reduce the histologic metaplasia score, but
changes the cellular phenotype of metaplasia. This change of phenotype may be an impor‐
tant factor in the reduction of cancer incidence after eradication of H.pylori.

In the present study, H.pylori eradication led to a significant reduction in the expression of
p53. The number of p53-positive patients was significantly decreased and the grade of posi‐
tivity was also deceased significantly. Masaaki et al [1] also described a reduction in the ex‐
pression of p53 after eradication. They reported that H.pylori eradication reduced gastritis
activity, atrophy, and complete metaplasia, accompanied by the disappearance of genomic
instability markers.

After eradication therapy, the number of cases and the grade of positive c-Myc expression
was significantly deceased. This results was the same of others [7] who concuded that H.py‐
lori downregulates p27 and this is reversed following H.pylori eradication.

Finally we can conclude that, H.pylori infection in the gastric mucosa may be implicated in
the pathway of gastric carcinogenesis. it seems to be responsible for genomic instability and
its eradication can reverse inflammation and related atrophy, metaplasia, and genomic in‐
stability. So, we recommend that H.pylori patients especially those with precancerous lesions
should receive intense eradication therapy and closely monitored. Because this study con‐
firm that eradication reverses the atrophic changes in the gastric mucosa and the genetic in‐
stability, thus may prevent the development of gastric cancer
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1. Introduction

Helicobacter pylori (H. pylori) infection causes chronic infection of the gastric mucosae and is a
major risk factor for the onset of gastric cancer via a series of steps comprising gastritis, atro‐
phy, metaplasia, dysplasia and cancer [1--20]. However, in Japan and other countries with a
high rate of H. pylori infection, the presence or absence of H. pylori infection alone in diag‐
nosing gastric cancer risk is not appropriate in terms of specificity. Thus, it is necessary to
clarify the groups at high risk of gastric cancer based on the natural history of gastric cancer
development, and the evaluation of gastric cancer risk through the use of serological and
molecular biological evaluation for chronic gastritis accompanying H. pylori infection is im‐
portant [21-23]. This may contribute to both gastric cancer screening and various measures
to prevent gastric cancer, such as the formulation of follow-up plans for metachronous gas‐
tric cancer [24] after endoscopic resection [25, 26], procedures developed in Japan that have
recently been applied in the treatment of early gastric cancer.

This article describes the diagnosis of gastric cancer risk with DNA methylation as an indi‐
cator, using gastric mucosa tissue from endoscopic biopsy, which has been studied by the
authors as a molecular biological gastric cancer risk marker. Also discussed is the signifi‐



cance of serum pepsinogen (PG) as a marker of gastric cancer risk, as recently reported by
the authors, and discusses the groups at high risk for gastric cancer based on more detailed
evaluation of H. pylori -related chronic gastritis.

2. Aberrant DNA methylation in chronic gastritis and application of
gastric cancer risk diagnosis

2.1. Concept of DNA methylation

Genetic defects in cancer include both abnormalities in genetic makeup, such as mutations
or chromosomal deletions, and epigenetic abnormalities. Deoxyribonucleic acid (DNA)
methylation is one type of epigenetic process. DNA methylation occurs physiologically, and
is observed in CpG sites where guanine (G) follows cytosine (C) in the gene sequence. CpG
sites exist with a low frequency in the genome, but there are exceptional regions where CpG
sites are clustered, called CpG islands (CGI). When a CGI is in a gene promoter region, tran‐
scription to messenger ribonucleic acid (mRNA) of downstream genes is strongly inhibited
(silencing) if that entire CGI is methylated. DNA methylation, along with mutations and
chromosomal deletions, is a major factor in the gene inactivation in many cancers [27-29].

Cancer cells show lower methylation of the entire genome and more localized high methyla‐
tion than normal cells. Low methylation of the entire genome contributes to carcinogenesis
through elicitation of genomic instability [30]. Localized high methylation means abnormal
methylation in certain CGIs among CGIs that are not normally methylated. Elicitation of
high methylation in promoter region CGIs of tumor suppressor genes causes inactivation of
that gene. This elicits cell cycle or proliferation signal abnormalities and accumulation of
mutations, and contributes to the onset and progression of cancer.

In gastric cancer and other gastrointestinal cancers, silencing of many important tumor sup‐
pressor genes has been reported. In gastric cancer in particular, cadherin 1 (CDH1), mutL
homolog 1 (MLH1) and cyclin-dependent kinase inhibitor 2A (CDKN2A) are more often in‐
activated from methylation than from mutations or chromosomal deletion [31].

2.2. Contribution of aberrant DNA methylation in carcinogenesis

Mutations in tumor suppressor genes are a genetic abnormality, and are a cause (driver) of
the onset and progression of cancer. In addition, it has been found that many secondary mu‐
tations (passengers) are also present in cancer cells with monoclonal proliferation of these
cancer cells [32]. Epigenetic abnormalities in DNA methylation play a large role in gastric
cancer, and similarly to genetic abnormalities, DNA methylation of tumor suppressor genes
can also be a driver (driver methylation) of carcinogenesis. In addition, it has been shown
that aberrant methylation in cancer cells also occurs in numerous genes other than tumor
suppressor genes (passenger methylation) [33]. Many genes with passenger methylation are
genes that originally have low levels of transcription or no transcription and are thought to
be an accompanying phenomenon to cancer development. Such aberrant DNA methylation
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in genes is seen in cancer cells, and it has also been shown to be elicited in non-cancerous
tissue as well. Numerous studies have thus been conducted on this topic.

2.3. Induction of aberrant DNA methylation in H. pylori-related chronic gastritis

In gastrointestinal organs, precancerous conditions are closely related to chronic infection
from viral or bacterial infections [34]. Chronic inflammation has also been shown to be an
important inducing factor for aberrant DNA methylation [35]. For example, greater accumu‐
lation of aberrant DNA methylation is seen in liver tissue of patients with chronic hepatitis
C, which is a background factor for hepatocellular carcinoma, than in normal liver tissue
[36]. High-level aberrant DNA methylation exists in colon mucosa tissue of patients with ul‐
cerative colitis, which is a background factor for colon cancer [37]. In the pancreas as well,
analysis of endoscopically collected pancreatic juice showed accumulation of aberrant DNA
methylation associated with the level of abnormality on pancreatic duct images [38].

When evaluating aberrant DNA methylation in non-cancerous regions, it is extremely im‐
portant to be mindful of the differences between cancerous and non-cancerous tissue [39]. In
non-cancerous tissue, which is polyclonal, quantitative evaluation that asks the question
“What is the proportion of the existence of aberrant DNA methylation in specific genes?” is
important. In other words, measuring the proportion of molecules with aberrant DNA
methylation in non-cancerous specimens (DNA methylation level) and estimating the pro‐
portion of cells in which aberrant DNA methylation has been induced will lead to accurate
evaluation of aberrant DNA methylation in non-cancerous regions. Therefore, quantitative
analysis of methylation levels is necessary to evaluate aberrant DNA methylation in the gas‐
tric mucosae, a non-cancerous region. Quantitative methylation-specific polymerase chain
reaction (MSP) is a very effective means of resolving such problems [40].

The authors conducted a detailed investigation with quantitative MSP to evaluate aberrant
DNA methylation in H. pylori -infected gastric mucosae, a background factor for gastric can‐
cer [40]. Using gastric mucosae specimens collected endoscopically from healthy individuals
positive and negative for H. pylori infection, the DNA methylation level was measured in
CpG islands in eight regions of seven genes (Lysyl Oxidase (LOX), heart and neural crest
derivatives expressed 1 (HAND1), thrombomodulin (THBD), p41ARC, CDKN2A, filamin C
(FLNc), HRAS-like suppressor (HRASLS)), in which DNA methylation is seen with high fre‐
quency in gastric cancer [41]. The level of DNA methylation was 5.4– to 303- fold higher in
the gastric mucosae of individuals positive for H. pylori infection than in those who were
negative. THBD and other passenger methylation showed particularly high DNA methyla‐
tion levels when compared with driver methylation such as in CDKN2A, which is a tumor
suppressor gene (Fig. 1). Certain characteristics are seen in genes with aberrant DNA meth‐
ylation in H. pylori-infected gastric mucosae. Low gene expression levels in gastric mucosae
are thought to be a possible predisposing factor (methylation susceptibility) in the elicitation
of DNA methylation [42]. This strongly suggests that high levels of aberrant DNA methyla‐
tion are seen in H. pylori -infected gastric mucosae and that H. pylori infection induces aber‐
rant DNA methylation. It has been shown in animal experiments that H. pylori infection
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induces aberrant DNA methylation and inflammation of gastric mucosae evoked by infec‐
tion is important in inducing aberrant DNA methylation [43].

Figure 1. Relationship between H. pylori infection, presence or absence of gastric cancer, and gastric mucosae methyl‐
ation level (citation changed from Reference 40)

Mean methylation level of cyclin-dependent kinase inhibitor 2A (CDKN2A) and thrombo‐
modulin (THBD) genes in gastric mucosae endoscopic specimens measured using the quan‐
titative methylation-specific polymerase chain reaction (MSP) method. In cases when there
is no current H. pylori infection, non-cancerous gastric mucosae of gastric cancer patients (Pt)
shows a higher methylation level than the gastric mucosae of healthy volunteers (HV). In
the case of H. pylori infection, the methylation level was high, irrespective of whether the
person had gastric cancer. High levels of aberrant DNA methylation are seen in H. pylori -
infected gastric mucosae and that H. pylori infection induces aberrant DNA methylation.
Ease of methylation differs depending on CpG islands (CGI), and the induction of methyla‐
tion is much lower in CDKN2A than in THBD. Error bars indicate standard error.

2.4. Hypomethylation of repetitive elements in H. pylori-infected gastric mucosae

Global hypomethylation during gastric carcinogenesis remains unclear, not only when but
also where in the genome it takes place. Repetitive elements such as LINE, Alu, and Satα,
which occupy some 40% of the entire genome, have abundant CpG and a physiologically
high DNA methylation state in normal cells. In cancer cells, however, all of these repetitive
elements have a low methylation state. As a result, the overall genome has low methylation
(low total amount of 5-methylcytosine), which is thought to lead to genome instability. In H.
pylori -infected gastric mucosae, it has been shown that low methylation similar to that in
cancer is already seen in repetitive elements of Alu and Satα [44]. In enlarged-fold gastritis,
for which a relationship with poorly differentiated gastric cancer has been indicated, the
DNA methylation level of LINE-1 is reported to be lower than in normal gastric mucosae or
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chronic gastritis without an enlarged fold [45]. There is a strong possibility that hypomethy‐
lation of repetitive elements is induced partially in H. pylori infected gastric mucosae. Fur‐
ther investigation will be necessary in the future with regard to the role of chronic
inflammation associated with H. pylori infection in inducing hypomethylation of repetitive
elements.

2.5. Accumulation of aberrant DNA methylation in gastric mucosae and gastric cancer
risk

The DNA methylation levels of gastric mucosae of healthy individuals and non-cancerous
gastric mucosae of gastric cancer patients were investigated with respect to the relationship
between aberrant DNA methylation and gastric cancer risk (Fig. 1). The results showed that
while the methylation levels were high and there were no significant differences between
those who were positive for H. pylori infection, methylation levels were low and inhibited in
those who were negative for current HP infection, and were 2- to 32- fold higher in the non-
cancerous gastric mucosae of gastric cancer patients than in the gastric mucosae of healthy
indivudals [40]. In other groups, DNA methylation levels were also investigated in the non-
cancerous gastric mucosae of multiple gastric cancer patients, non-cancerous gastric muco‐
sae of single gastric cancer patients, and gastric mucosae of healthy individuals, and it was
found that in individuals negative for current H. pylori infection the DNA methylation level
of FLNc, HAND1 and THBD in particular was correlated with gastric cancer risk [46]. These
are known as passenger methylations, but DNA methylation levels were high as a whole,
and so quantitative measurement was simple and application as a cancer risk marker is
thought to be possible. Mean DNA methylation of tumor suppressor genes CDKN2A and
MLH1 was very low, and it would be difficult to use these as cancer risk markers. However,
among microRNA genes that function as tumor suppressor genes, some have high DNA
methylation levels, as well as correlations with gastric cancer risk [47].

As shown above, passenger genes and microRNA genes are methylated in many cells in
gastric mucosae by H. pylori infection, and tumor suppressor genes are thought to be methy‐
lated in a proportionately smaller number of cells. A high cancer risk state (epigenetic field
for cancerization) is thought to be formed by this accumulation [48]. In gastric cancers, an
epigenetic field for cancerization is likely to be present and can be detected using appropri‐
ate marker genes.

2.6. Progress of gastric mucosae DNA methylation level and gastric cancer risk diagnosis

H. pylori infection potently induces aberrant DNA methylation in gastric mucosae, and its
accumulation is associated with gastric cancer risk. To clarify the temporal profiles of aber‐
rant DNA methylation in gastric mucosae, we analyzed time trends of FLNc and THBD
methylation levels in gastric mucosae before, and six weeks and 1 year after H. pylori eradi‐
cation by Quantitative MSP. With respect to the relationship between aberrant DNA methyl‐
ation in gastric mucosae and H. pylori eradication therapy, the authors investigated the trend
in DNA methylation before and after H. pylori eradication therapy. After bacterial elimina‐
tion, the DNA methylation levels decreased after six weeks and one year together with the
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improvement in chronic inflammation associated with H. pylori infection, and a certain level
of DNA methylation remained [49].

A model such as in Fig. 2 is assumed if the DNA methylation that disappeared with H. pylori
eradication is temporarily methylated and the DNA methylation that remained after bacteri‐
al elimination is permanently methylated. In other words, in cases of existing H. pylori infec‐
tion, DNA methylation is strongly induced in cells of the entire gland, but if chronic
inflammation resolves with H. pylori eradication therapy or spontaneous H. pylori elimina‐
tion from the progression of gastric mucosal atrophy, the elicitation of new DNA methyla‐
tion is decreased. Perhaps the DNA methylation that occurred in differentiated ductal
epithelial cells disappears with cell turnover, and the aberrant DNA methylation that occurs
in ductal stem cells or progenitor cells remains, even with resolution of chronic inflamma‐
tion, reflecting the gastric cancer risk. It is possible that individuals with low levels of this
permanent methylation also have a low risk of gastric cancer, and conversely, that those
with high levels also have a high risk of gastric cancer. A prospective clinical trial is current‐
ly underway to test this.

Figure 2. Model of the course of DNA methylation in H. pylori-infected gastric mucosae

DNA methylation is assumed to include temporary methylation, which is induced only dur‐
ing the time H. pylori infection is present, and permanent methylation that persists even af‐
ter H. pylori infection has been eliminated with eradication therapy. Time point 1: Without
H. pylori infection, the methylation is initially. Time points: 2–4, H. pylori infection induces
both permanent and temporary components of methylation, and the total methylation level
fluctuates due to fluctuation of the temporary component. Time points 5–6: after H. pylori
infection discontinues, the temporary component disappears, and the increase in the perma‐
nent component stops. Permanent methylation very likely reflects gastric cancer risk.
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3. Identification of gastric cancer risk group by serum PG test

3.1. Evaluation of H. pylori-related chronic gastritis by PG test

H. pylori -related chronic gastritis normally spreads from the gastric antrum to the gastric
corpus [50, 51], and the progression of chronic atrophic gastritis (CAG) increases the risk for
cancer [52-56]. An accurate and reliable evaluation of the extent of CAG is considered to be
important for identifying high-risk individuals for cancer; however, it is difficult to accurate‐
ly diagnose the extent of CAG based on a few biopsy samples, as CAG and intestinal meta‐
plasia represent a multifocal process. Furthermore, histological diagnosis of gastric atrophy
depends on subjective judgment without a gold standard [57, 58]. A more convenient and
economical test for CAG progression, free of discomfort or risk and based on objective pa‐
rameters, is necessary.

PG is an inactive precursor of the digestive enzyme pepsin produced exclusively in the
stomach. Immunologically, there are two isoenzymes [59]. PG I is produced by chief cells
and mucous neck cells of the fundic gland region. PG II, in addition to chief cells and mu‐
cous neck cells, is produced in the cardiac glands, pyloric glands and Brunner’s glands, with
producing cells located over a wide range from the stomach through the duodenum. The
majority of PG produced (about 99%) is secreted in the gastric lumen and acts as a digestive
enzyme, but a very small amount of PG (about 1%) is also located in the blood and can be
measured and evaluated as serum PG. There is general agreement that serum PG levels re‐
flect the morphological and functional status of the stomach mucosa [60, 61].

When the gland margin elevates with the progression of gastric mucosal atrophy diagnosed
with chromoendoscopy using Congo red, a high correlation is seen in the incremental de‐
crease in serum PG I levels and PG I/II ratio [62]. Thus, by measuring serum PG I levels and
PG I/II ratio, it is possible to objectively evaluate the progress of CAG, which is the bed
where gastric cancer develops [63]. In addition, elevated serum PG I and PG II levels and
decreased PG I/II ratio are observed at the time of H. pylori infection, and have been shown
to improve after eradication therapy [64], making them useful as inflammation markers of
gastric mucosae.

Various criteria are used in the serum PG test. As criteria for the purpose of gastric cancer
screening, a combination of PG I ≤70 ng/ml and PG I/II of ≤3.0, the reference value by Miki et
al., has generally been adopted (PG index 1+) [63, 65]. When levels below the reference value
are observed, the PG test is judged to be positive. In addition to this reference value, criteria
such as PG I ≤50 ng/ml and PG I/II ratio ≤3.0 (PG index 2+), or PG I ≤30 ng/ml and PG I/II
ratio ≤2.0 (PG index 3+), are the main criteria used to identify more highly advanced CAG.
Since 1992, when PG assay kits became commercially available, a number of screening serv‐
ices provided by workplace or community health services adopted this serum test as a filter
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test [21, 66-71]. However, the long-term prognosis of subjects with extensive CAG identified
by PG filter test is not fully known.

3.2. Accuracy of detecting gastric cancer using the serum PG test

Using a cohort of healthy middle-aged males, the authors conducted a 10-year follow-up
survey of gastric cancer development [72-74]. Based on the results, the accuracy of each cri‐
terion for the serum PG test for gastric cancer with onset in the observation period was in‐
vestigated [73]. With the best reference value (PG index 1+), sensitivity was 58.7%,
specificity was 73.4%, and the positive predictive value was 2.6%. The low value for the
overall sensitivity was conspicuous. Compared with a report from a meta-analysis of the ac‐
curacy of the PG test [75], these results were obviously poorer, with the low value for sensi‐
tivity in particular standing out.

One reason for this low sensitivity is thought to be that the patients in past reports of the
above-mentioned meta-analysis were groups in which analysis had been performed soon af‐
ter the start of the PG test and conventional stomach examinations by barium stomach x-ray.
In other words, the subjects were groups with gastric cancer prevalence that did not fit well
with conventional methods. The low sensitivity in the authors’ investigation was thought to
be because patients who developed gastric cancer soon after the start of the PG test were ex‐
cluded, and the observations were of individuals who developed cancer over a longer peri‐
od of 10 years. From the results of this study, even when performed with the PG test criteria
having the best sensitivity, barium stomach x-ray test or some other type of stomach exami‐
nation was thought to be essential, even for PG test-negative patients, to avoid overlooking
gastric cancer, as about 40% of developed gastric cancer was excluded from the subjects of
the accuracy test.

3.3. Gastric cancer risk in serum PG test-positive group

As one part of an investigation of the natural history of gastric cancer development, the
authors investigated the gastric cancer risk in cohorts identified using each of the serum
PG tests [73]. When the subjects were healthy middle-aged males, the annual gastric can‐
cer incidence from the atrophy-negative group was 0.07%, when compared with 0.28% in
the PG index 1+ group, 0.32% in the PG index 2+ group, and 0.42% in the PG index 3+
group. The gastric cancer incidence rose incrementally and significantly with the progres‐
sion of  CAG (Fig.  3).  The above results  thus  show that  the  PG test-positive  group is  a
high risk group for gastric  cancer,  and even if  the development of  gastric  cancer is  not
seen at  this time, the possibility that they will  be affected with gastric cancer in the fu‐
ture is  high,  and therefore these subjects  should continue to undergo detailed examina‐
tions and be carefully observed. Thus, the results show again that the PG test is useful as
a marker for high risk of gastric cancer.
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Figure 3. Kaplan-Meier analysis of gastric cancer development in subjects classified using the criteria of the serum PG
test

The annual incidence of gastric cancer in cohorts identified using each serum PG test cut-off
value (PG I ≤70 ng/ml and PG I/II of ≤3.0 (PG index 1+), PG I ≤50 ng/ml and PG I/II ratio ≤3.0
(PG index 2+), or PG I ≤30 ng/ml and PG I/II ratio ≤2.0 (PG index 3+)) in healthy middle-aged
males is shown. Gastric cancer incidence increases in a stepwise fashion and significantly
with the progression of chronic atrophic gastritis.

3.4. Identification of high risk for gastric cancer based on staging of H. pylori-related
chronic gastritis

The relationship between the risk of developing gastric cancer and H. pylori-related chronic
gastritis staging was also investigated in these same groups [72, 74]. In diagnosing H. pylori in‐
fection, anti- H. pylori antibody titer that can be easily performed with blood tests, similarly to
serum PG levels, was used. H. pylori -related chronic gastritis stage, including the course from
establishment of H. pylori infection to establishment of atrophic gastritis, was classified as fol‐
lows based on a combination of both blood tests. The natural history of H. pylori -related chron‐
ic gastritis from the establishment of H. pylori infection can be expressed as a progression of A
→ B → C → D in each group. Thus, it is classified into four stages: Group A [H. pylori (-) &
PG(-)], Group B [H. pylori (+) & PG(-)], Group C [H. pylori (+) & PG(+)] and Group D [H. pylori (-)
& PG(+)]. Group A comprised H. pylori non-infected healthy men. Group B showed establish‐
ed H. pylori infection, but without CAG. Group C had CAG, and Group D had severe intesti‐
nal  metaplasia  due  to  progression  of  CAG.  However,  H.  pylori  in  Group  D  had  been
spontaneously eliminated, representing so-called metaplastic gastritis.

The results of a 10-year follow-up survey showed that the annual gastric cancer incidence in
each group with this staging was 0% in Group A (no occurrence of gastric cancer in 10 years
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in this group), 0.11% in Group B (1 in 1,000 individuals developed gastric cancer each year),
0.24% in Group C (1 in 400 individuals developed gastric cancer each year) and 1.31% in
Group D (1 in about 80 individuals developed gastric cancer each year). Similar results were
observed in a study by Watabe et al.[76]. The above shows that gastric cancer incidence rises
incrementally together with the stage progression of H. pylori-related chronic gastritis (Fig.
4). In the 10-year follow-up survey, all of those who developed gastric cancer were positive
for H. pylori infection. This shows that nearly all cases of gastric cancer in Japan derive from
H. pylori-related chronic gastritis. Based on this fact, it is theoretically possible to identify
both high- and low-risk groups (Group A). Using blood test results in this way, the evalua‐
tion of the gastric cancer risk in individuals is possible and expected to be useful in group‐
ing individuals for appropriate gastric cancer screening.

Figure 4. Gastric cancer risk based on H. pylori-related chronic gastritis stage classification

H. pylori-related chronic gastritis stage classified based on a combination of both Serum PG
test and H. pylori antibody is shown. The gastric cancer incidence in healthy middle-aged
males increases incrementally and significantly from Group A to Group D in accordance
with stage progression.

3.5. Gastric cancer risk in serum PG test-negative group

Even though the serum PG test was shown to be a very useful test as a marker of gastric
cancer risk, gastric cancer (particularly diffuse type gastric cancer) was seen in the PG test-
negative group. In the authors’ investigation, about 40% of gastric cancers were found to be
PG test-negative gastric cancers, even using the PG test criteria (PG index 1+) that are
thought to have the best balance for test accuracy. This needs to be kept fully in mind when
diagnosing gastric cancer risk with the serum PG test. Even in the PG test-negative group,
there is thought to be one group in which gastric cancer occurs with a high frequency in
Group B of the H. pylori -related chronic gastritis staging. Serum PG levels are specific risk
markers of gastric cancer development. The risk of developing cancer has been confirmed to
increase incrementally with lower PG I levels and I/II ratio in particular [74].
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Reviewing the PG-negative group based on this result, it was found to consist of three
groups with different risks. Specifically, the PG test-negative group was further divided into
three groups: Group α (serum PG I ≤70 ng/ml and PG I/II >3); Group β (serum PG I >70
ng/ml and PG I/II >3); and Group γ (serum PG I >70 ng/ml and PG I/II ≤3). The gastric cancer
incidence in Group γ, which showed high serum PG II levels and is thought to have strong
inflammation in the gastric mucosae, reached 0.2%, meaning this was a new high-risk
group, in which mainly undifferentiated gastric cancer occurs (Fig. 5) [73]. Although the
percentage in Group γ was not particularly high in the PG test-negative group, it is a sub‐
group that should be kept fully in mind. Furthermore, similarly to serum PG II levels, the
group with high anti- H. pylori antibody titer, which is thought to be an indicator reflecting
the level of inflammation, was shown to have a higher incidence of gastric cancer than the
low group [74]. In addition, it was shown recently that in Group γ in particular, there are
many cases of undifferentiated gastric cancer in individuals with high H. pylori antibody tit‐
er and endoscopic rugal hyperplastic gastritis[77]. The possibility of gastric cancer inhibition
effects from H. pylori eradication therapy in such groups has also been demonstrated [78].

Figure 5. Group determination based on serum PG test and gastric cancer incidence

Schematic presentation of the atrophy-positive criterion and pepsinogen index, which are
widely used for the PG filter test in Japan. PG index is used to detect subjects with severe
gastric atrophy by subdividing the atrophy-positive criterion identified by PG I of ≤70
ng/mL and PG I/II ratio of ≤3.0 into three groups (PG index 1+ to 3+). Gastric cancer inci‐
dence increases in a stepwise fashion and significantly with the progression of chronic atro‐
phic gastritis. In addition, the figure illustrates three subgroups, groups α, β, and γ, in the
atrophy-negative criterion. The gastric cancer incidence in Group γ reached 0.2%, meaning
this was a new high-risk group, in which mainly undifferentiated gastric cancer occurs.

3.6. Points to bear in mind in diagnosing gastric cancer risk from serum PG test

In the PG test-negative group, the development of cancer in Group A in the H. pylori-related
chronic gastritis staging (PG test-negative and H. pylori judgment-negative) was not seen in
a single case in the 10-year follow-up survey by the authors, but there are points to be mind‐
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ful of in terms of the definitive diagnosis of a patient being in Group A. First is that when H.
pylori antibody titer measurement kits have low sensitivity, the antibody titer may be nega‐
tive despite existing HP infection. Second is the need for attention in patients who have un‐
dergone H. pylori eradication (they are negative for H. pylori but the risk of developing
gastric cancer is not zero). Third is that, with regard to judging risk from serum PG levels, it
cannot be applied in kidney failure patients or patients taking proton pump inhibitors (PPI)
following gastrectomy. In addition, the authors have reported that individuals with PG I/II
ratio ≤3.0, serum PG I ≤30 ng/ml, or serum PG II >30 ng/ml have a significantly higher risk of
gastric cancer [74]. Thus, when the PG I/II ratio is ≤3.0 or serum PG I is ≤30 ng/ml, even in
Group A, endoscopic examination should be performed and CAG should be evaluated.

4. Conclusion

Diagnosis of gastric cancer risk using the accumulation of aberrant DNA methylation in the
gastric mucosae in endoscopic biopsy tissue and identification of high-risk gastric cancer
groups based on serum PG test is discussed (Fig. 6). More effective measures for the preven‐
tion of gastric cancer may be possible with specific predictions of gastric cancer risk in indi‐
viduals based on the natural history of H. pylori -related chronic gastritis, and future
research results are anticipated.

Figure 6. Schematic presentation of gastric cancer risk diagnosis based on H. pylori -related chronic gastritis. This arti‐
cle indicated that DNA methylation level of certain genes was associated with H. pylori infection and involved in the
formation of epigenetic field for cancerization. The serum PG and/or H. pylori antibody levels provide an index of gas‐
tric cancer development, and that based on these markers the risk for gastric cancer can be objectively determined in
each individual with H. pylori related chronic gastritis.
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1. Introduction

Even though chronic gastritis was well established as a risk factor for the development of
several gastric pathologies, such as peptic ulceration, gastric carcinoma, and lymphoma, before
the discovery of Helicobacter pylori by Warren and Marshall in 1983 (Warren, 1983), the
development of chronic gastritis was thought to be due to a plethora of possible causes such
as stress, excessive alcohol consumption, ingestion of hot beverages and spicy food, among
others (Mobley et al., 2001). With the association of Helicobacter pylori as the cause of chronic
gastritis, the understanding of bacterial pathogenicity and the host response against the
bacterium take enormous importance to understand the pathophysiology of the infection.

It is estimated that almost half of the world’s population is infected with Helicobacter pylori and
although the majority of colonized individuals remain asymptomatic, the infection represents
the primary cause of chronic gastritis and it is a risk factor for the development of gastric cancer;
it was the first bacterium classified as a type 1 carcinogen by the IARC in 1994 (IARC, 1994).
Gastric cancer, despite its declining incidence rate, it remains as the fourth most common
cancer and the second cause of cancer-related death worldwide (Ferlay J, 2010) and epide‐
miological studies have determined that attributable risk for gastric cancer conferred by H.
pylori infection is approximately 75% (Peek & Blaser, 2002).



The development of gastritis associated with the infection is a multifactorial process, where
the bacterium and host factors influence the pathogenesis of the disease. Colonization by H.
pylori causes chronic gastritis, that can remain asymptomatic, produces gastric epithelial
damage (Ricci et al., 2011). In the initial phase of infection, the bacteria penetrate through the
mucous layer to multiply in the proximity of epithelial cells. The gastric epithelium responds
to the infection by mucin depletion and cellular regenerative changes (Mobley et al., 2001); it
also occurs the infiltration of polymorphonuclear cells into surface epithelium and hypochlo‐
rhydria and a deficient ascorbic acid secretion are also observed (Sobala et al., 1993). Later,
bacterial components penetrate through the damaged epithelium and stimulates the produc‐
tion of IL-8 and IL-1 by macrophages, the activation and degranulation of mast cells and the
release of inflammatory mediators that increase vascular permeability and up-regulate the
expression of leukocyte adhesion molecules (Mobley et al., 2001). As the immune response
fails to eliminate the bacteria, it occurs a gradual accumulation of inflammatory cells, which
represents an active chronic phase of gastritis.

2. Helicobacter pylori virulence factors in gastritis and gastric cancer

Researchers have studied H. pylori’s virulence factors, to elucidate their role in the development
of gastritis and gastric cancer, the most studied are the pathogenicity island (cag-PAI) and its
effector, the cytotoxin associated protein (CagA) and the vacuolating cytotoxin (VacA).
However, there are other virulence factors (Figure 1), including the urease, lipopolysaccharide,
peptidoglycan, several adhesins, such as outer inflammatory protein (OipA), sialic acid-
binding adhesin (SabA), blood group antigen-binding adhesin (BabA/B), that contribute to the
damage in the gastric epithelium (Backert et al., 2010).

3. Urease

To colonize the stomach, H. pylori has to survive in the presence of acid produced in the
stomach. To counteract this acidic environment, H. pylori produces an important enzyme,
urease, which hydrolyses urea into NH3 and CO2. This enzyme has an essential role in the H.
pylori infection as observed in urease-defective bacteria mutants which cannot colonize the
stomach (Montecucco & Rappuoli, 2001). Urease causes damage to the epithelium through
the production of ammonia, that in conjunction with neutrophil metabolites (Megraud et al.,
1992), form carcinogenic agents that might participate in the development of gastric malig‐
nances (Suzuki et al., 1992). Ammonia is capable of cause different cell alterations, including
swelling of intracellular acidic compartments, alterations of vesicular membrane transport,
repression of protein synthesis and ATP production, and cell-cycle arrest (Montecucco &
Rappuoli, 2001). Urease might also help to the recruitment of neutrophils and monocytes in
the mucosa and to the production of proinflammatory cytokines (Harris et al., 1996).
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Figure 1. Helicobacter pylori virulence factors activities. Although CagA and VacA are the most studied virulence fac‐
tors, there are more bacterial proteins that promote damage to the host cells.

4. Lipopolysaccharides (LPS) and peptidoglycan

H. pylori LPS are essential components of the bacterial outer membrane that induces a low
immunological response in contrary to other bacteria (Moran, 1995). However, despite the low
immunological activity of LPS, H. pylori colonization is associated with an inflammatory
response, because H. pylori has the ability of activate mononuclear cells by LPS-independent
mechanisms as well as other bacterial surface molecules (Mai et al., 1991, Moran, 1998).
Another important component of the cell wall of H. pylori, peptidoglycan, interacts with the
intracellular pattern recognition receptor Nod1 (an intracellular sensor for peptidoglycan from
Gram-negative bacteria), this interaction leads to activation of NF-κB signaling, whit the
subsequent secretion of the inflammatory molecules IL-8 (Viala et al., 2004) and β-defensin-2
(Boughan et al., 2006). On the other hand, peptidoglycan translocation of H. pylori, leads to
enhanced PI3K-AKT signaling, which mediates protection from apoptosis and cell migration,
both phenotypes related to carcinogenesis (Nagy et al., 2009).
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5. Adhesins

Approximately 4% of the H. pylori genome is predicted to encode outer membrane proteins
(OMPs) many of which serve as adhesins (Wroblewski et al., 2010), epithelial adhesion
provides to H. pylori better access to epithelial surface and in this way contributes to deliver
bacterial toxins such as CagA (Yamaoka, 2010). Fucosylated ABO blood group antigens and
sialyl-Lewisx and sialyl-Lewisa antigens (sLex and sLea) have been identified as functional
receptors for H. pylori (Boren et al., 1993).

The outer membrane inflammatory protein (OipA), identified in 2000 (Yamaoka et al., 2000),
is involved in the attachment of H. pylori to gastric epithelial cells in vitro (Yamaoka, 2010).
OipA is also involved in up-regulation of matrix metalloproteinase 1 (MMP-1), in inhibition
of glycogen synthase kinase 3β (GSK-3β) and in β-catenin translocation to the nucleus, this
protein also induces an inflammatory response and actin rearrangement through phosphor‐
ylation signaling pathways (Wroblewski et al., 2010), although, most of these are also involved
in cag-PAI signaling alterations, suggesting that there might be some interaction between OipA
and cag-PAI, it is important to note that it has been found a correlation coefficient of 0.82
between the oipA and cagA positivity in some virulent strains (Yamaoka et al., 2002).

Blood group antigen binding adhesin (BabA), has been thought to be the primary protein
involved in adherence to the gastric mucosa (Boren et al., 1993). It is encoded by the babA2
gene (the babA1 although is present, is silent because of lack of an initiation codon (Mobley et
al., 2001) and binds to fucosylated Lewisb antigen. Some studies report that the presence of
babA2 is associated with duodenal ulcer and gastric cancer and found in conjunction with cagA
and vacA s1 allele, provides a greater risk of develop a severe gastric disease (Gerhard et al.,
1999).

Sialic  acid-binding  adhesin  (SabA)  is  responsible  of  H.  pylori  binding  to  syalylated  Lex

and Lea  in epithelial cells.  Infiltration of neutrophils into the gastric mucosa is a charac‐
teristic  feature  of  chronic  gastritis  caused  by  H.  pylori  and  SabA  binds  to  neutrophils
through  this  sialylated  carbohydrates  and  induces  oxidative  burst  in  these  cells,  which
has  a  consequence of  produce oxidative  damage in  gastric  epithelium.  It  has  been pro‐
posed  that  SabA-positive  status  is  associated  with  gastric  cancer,  intestinal  metaplasia,
and corpus atrophy and negatively associated with duodenal ulcer and neutrophil  infil‐
tration (Yamaoka, 2008).

6. Vacuolating cytotoxin (VacA)

VacA is a pore-forming cytotoxin identified in supernatants of H. pylori broth cultures that
cause aberrant vacuolation of cultured cells (Leunk et al., 1988). This cytotoxin is secreted from
the bacteria as a large 140-kilodalton polypeptide and latter trimmed at both ends to finally
deliver it in an active form to host cells, where it exerts its activity.

VacA induces multiple cellular activities, the best studied is the alteration on endosomal
maturation which consequently leads to vacuolation of epithelial cells, VacA is also capable
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of induce membrane-channel formation, cytochrome c release from mitochondria, and binding
to cell-membrane receptors activating a proinflammatory response (Amieva & El-Omar,
2008). VacA has the ability to cause leakage of ions and small molecules, by disrupting the
barrier function of tight junctions (Papini et al., 1998) and also inhibit T-cell activation and
proliferation (Gebert et al., 2003).

All strains of H. pylori contain the vacA gene, although, there is considerable genetic diversity
among them, and consequently the cytotoxicity activity of the toxin varies between strains
(Amieva & El-Omar, 2008). The diversity observed is attributed to variations in vacA gene
structure within the signal (s) region, the middle (m) region, and the intermediate (i) region
(Wroblewski et al., 2010).

The amino terminus contains the signal sequence that shows allelic variability and has been
classified into different types. Strains with s1 allele secrete an active toxin and are also highly
associated with ulcers and gastric cancer (Atherton et al., 1995), however, s1/s2 combination
or s2 genotypes are found in patients with gastric cancer (Lopez-Vidal et al., 2008). The middle
region of the gene also shows allelic variation, with m1 subtype having stronger vacuolating
activity and it is associated with an increased risk for development of gastric epithelial injury
and gastric cancer (Yamaoka, 2010).

The clinical isolates of H. pylori have been grouped into two broad families defined as type I
and type II on the basis of whether they have a functional pathogenicity island (cag-PAI), and
secrete an active vacuolating cytotoxin (VacA). Type I strains are positive for all these charac‐
teristics. In contrast, type II strains do not have a functional cag-PAI and possess the vacA gene
that encodes for non-toxic protein (Censini et al., 1996, Tomb et al., 1997).

7. Cytotoxin associated gen-Pathogenicity Island (cag-PAI)

Colonization of the human stomach by H. pylori virulent strains is associated with a signifi‐
cantly increased risk for the development of several gastric diseases, such as gastric cancer.
These highly virulent H. pylori strains harbor a (cytotoxin-associated genes) pathogenicity
island (cag-PAI) that encode proteins that are components of a type IV secretion system (T4SS)
apparatus and the CagA effector protein into host target cells (Castillo-Rojas et al., 2004). T4SS
translocates the bacterial oncoprotein CagA and peptidoglycan that induces proinflammatory
chemokine and cytokine secretion, including interleukin-8 (IL-8) in gastric epithelial cells
(Figueiredo et al., 2005). The hallmark of H. pylori virulent strains is the presence of cag-PAI
that induce of gastric mucosal inflammation, which is a risk factor for developing severe gastric
pathologies (Antonio-Rincon et al., 2011).

The presence of flanking direct repeated sequences 605 (IS605) in the cag-PAI have been
reported to cause rearrangements and partial or total deletions of it. This has generated H.
pylori strains with varying virulence, and consequently, the clinical outcome of the infection
(Censini et al., 1996).
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T4SSs are a large group of highly versatile secretion machineries in many Gram-negative
pathogenic bacteria that are evolutionarily related to bacterial conjugative systems (Fronzes
et al., 2009). Although the H. pylori cag-PAI has been evolutionarily related to others T4SSs
based on their common features like structural and sequence similarities, only a few cag PAI
proteins (also termed as HP o VirB/D) show clear sequence similarities to the prototypical
system of A. tumefaciens and other bacterial species.

A systematic mutagenesis study with isogenic mutants in each of the cag-PAI genes, reported
that 14 genes out of 27 of cag-PAI are essential for CagA translocation and induction of IL-8
secretion in gastric epithelial cells (Aguilar et al., 2001).

Twelve genes out of 27 of cag-PAI encoded proteins share sequence similarities with compo‐
nents of the prototypical T4SS system VirB/D4 of Agrobacterium tumefaciens, which contains 11
essential proteins of the secretion apparatus (VirB1–VirB11) encoded by the operon virB and
a coupling protein (VirD4) that mediates substrate recognition (Fronzes et al., 2009). The
majority of these proteins are conserved among the known T4SSs of other bacteria (Alvarez-
Martinez & Christie, 2009).

The prototypical (macromolecular complex) T4SS of A. tumefaciens, is among the best-studied
T4SS and is composed of two major structural complexes: the T-pilus and a membrane-
associated complex responsible for the translocation of substrates acrosss the inner and the
outer membrane (Fronzes et al., 2009, Alvarez-Martinez & Christie, 2009). The membrane-
associated complex includes the energetic components VirB4, VirB11 and VirD4, which are
conserved among the known T4SSs of other bacteria. These proteins contain Walker nucleotide
binding, and hydrolysis motifs and are known to energize T4SS for its function. The mem‐
brane-associated complex also includes the proteins VirB1, VirB3, VirB6, VirB7, VirB8, VirB9
and VirB10 that form the substrate translocation channel that spans both bacterial membranes.
VirB6, VirB8, and VirB10 are part of the subcomplex of proteins attached to the inner membrane
with domains spanning the periplasm, while VirB7 and VirB9 are part of the outer membrane
subcomplex. The T4SS-determined T-pilus is an extracellular appendage that is thought to
initiate cell–cell contact with plant target cells before the initiation of T-DNA transfer. This
structure includes the proteins VirB2 and VirB5 as major and minor components, respectively
(Backert et al., 2008).

H. pylori and A. tumefaciens share similarity in several components of their T4SSs and probably
function in a similar manner (Backert & Meyer, 2006). Nevertheless, the molecular mechanisms
responsible for assembly, activity and specific recognition of host target cells of these macro‐
molecular complexes remains unclear. It has been suggested that after the induction by cell
contact, H. pylori forms T4SS pili located at one bacterial pole for the injection of virulence
factors into target cells such as the oncoprotein CagA.

8. Cytotoxin-associated protein (CagA)

CagA protein is the only known effector protein translocated to the host cell by the T4SS
(Backert et al., 2010). It was firstly described as a very immunogenic protein in humans infected
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with cytotoxin-producing strains (Covacci et al., 1993). After that, its association with gastric
cancer and peptic ulcer was well established.

Recent reports suggest that CagA is able to down regulate the vacuolation effects of VacA on
host cells, and conversely, VacA is able to down regulates CagA activity (Oldani et al., 2009,
Tegtmeyer et al., 2009). Clinical isolates that contain the cag-PAI generally are babA, oipA and
vacA s1 positive, Yamaoka proposes that these virulence factors may interact with each other
with a certain biological significance; therefore, these factors interact synergistically with each
other to induce gastric diseases (Yamaoka, 2010).

CagA is encoded by the cagA gene, located at one end of the cag-PAI (Censini et al., 1996). One
copy per genome is present in most of the strains whose genome has been sequenced but strains
with two gene copies might exist, as revealed by the genome sequence of the Amerindian
strains H. pylori Shi470 and V225d, although functionality of both copies in these strains is
unknown (Kersulyte et al., Mane et al., 2010). It has been estimated that 60-95% of strains
worldwide carry the cagA gene, which is different between geographic regions (Hatakeyama,
2004). However, the complete cag-PAI is important for the translocation of this protein and the
completeness of the island may impact on the association of CagA presence and the outcome
of the disease.

Other main feature of CagA protein is its high variable size, which range from 120-145 kDa
(Covacci et al., 1993, Tummuru et al., 1993). This variation is due to the presence of polymor‐
phism at the carboxy-terminal region given by the presence of repeat sequences called EPIYA
motifs, which are present in a copy number varying from one to seven (Xia et al., 2009). Four
major types of EPIYA motifs (A, B, C, and D) have been described based on the specific amino
acid sequence that flanks the Glu-Pro-Ile-Tyr-Ala motif at both sides (Hatakeyama, 2004).

The EPIYA-repeat region of CagA is made of tandem alignment of the four distinct EPI‐
YA segments (A, B, C, D) in various combinations (Hatakeyama, 2011).  CagA molecules
containing  the  EPIYA-A,  EPIYA-B  and  EPIYA-C  segments  in  tandem  are  denoted  as
‘‘western type’’,  and are found in many H. pylori  isolates  from Europe,  North America,
and Australia.  On the other hand, CagA carrying EPIYA-A, EPIYA-B and EPIYA-D seg‐
ments are called “East Asian type” and have been isolated in East Asian countries such
as Japan, Korea and China (Furuta et al., 2011).

The EPIYA-C segment in "Western type" isolates can be present in up to five copies which
might be due to recombination mediated by a 16 amino acid sequence designated CagA
multimerization sequence that is present at both sides of EPIYA-C motif. The CagA multime‐
rization sequence is also present in EPIYA-D but only at one end, therefore cannot duplicate
by this mechanism (Furuta et al., 2011). Other implications of CagA multimerization sequence
in the bacterial pathogenicity will be discussed later in the text.

It has been proposed that EPIYA motifs of CagA act as ‘‘master keys’’ that can potentially be
tyrosine-phosphorylated by host kinases and are capable to interact with a wide range of
different host cell proteins (Backert et al., 2010). In the same way, the observation that the
EPIYA-region is unstructured and can adopt multiple conformations mimicking host sub‐
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strates of kinase families, thus manipulating eukaryotic cellular biochemistry during infection,
provides further support for this "master key" hypothesis (Nesic et al., 2010).

In contrast to the polymorphic C-terminal EPIYA region of CagA, N-terminal region is well
conserved among CagA proteins (Hatakeyama, 2011). The N-terminal CagA region is required
for the membrane association of CagA in polarized epithelial cells (Bagnoli et al., 2005) and is
important for its translocation into host cells (Murata-Kamiya et al., 2010), the first 200 amino
acids at the N-terminus of CagA form a membrane-binding domain in H. pylori, mediating
proper translocation of the CagA protein via the T4SS (Steininger et al., 2011).

9. CagA tridimensional structure and membrane localization

It has been shown that CagA targeting to the epithelial cell membrane is important for host
signaling (Higashi et al., 2002, Bagnoli et al., 2005, Higashi et al., 2005) and there is evidence
that membrane binding of CagA is important for its translocation into host cells (Murata-
Kamiya et al., 2010, Steininger et al., 2011).

Recently, it has been proposed that interaction of CagA with host cell proteins depends on the
localization of CagA into distinct compartments in host cells (Pelz et al., 2011). The model
proposed states that membrane localization is mediated by two membrane domains, one
composed by residues 1-200 (N-terminal domain) and the other from 200-1216 (C-terminal
domain), detailed description of the function of these domains are described in the Figure 2.
In addition, C-terminal domain is comprised of two regions that interact with each other and
are located in the membrane together when linked to N terminal domain, the first region is
from amino acids 200-800 containing phosphatidyl serine binding domain and the second from
800-1216 containing EPIYA and CagA multimerization motifs. The region from 800-1216 when
expressed alone localizes in cytosol and produces a strong alteration in cell morphology
(Steininger et al., 2011).

According with the above-mentioned model, CagA spatial conformation may play an im‐
portant  role  for  the  proper  translocation  and compartmentalization,  so  a  tridimentional
structure prediction of  CagA was made using I-TASSER, which has been ranked as the
best  method for  the automated protein structure  prediction in  the last  two community-
wide critical  assessment  of  protein  structure  prediction (CASP)  experiments  (Roy et  al.,
2010). The best predicted model for both East-Asia and Western type of CagA consists of
a sinuous super helical  structure in which N-terminal  region protrudes at  one side and
C-terminal region forms a loop (Figure 3).  These predicted structural models agree with
the  model  proposed of  Steininger  et  al.,  in  which  amino acids  200-1216  forms two do‐
mains that interact with each other (Steininger et al.,  2011).  According to the results ob‐
tained  with  I-TASSER  the  most  similar  structure  available  in  the  PDB  database
(www.rcsb.org/pdb/home/home.do)  is  from  Cand1  protein,  however  the  only  function
similarity shared with CagA is the capacity of protein binding.

Interestingly, it is also proposed that N-terminal membrane-binding domain functions as an
inhibitory domain of the C-terminal region effects, and that region from 800-1216 when ex‐
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pressed alone induces the highest percentage of epithelial cell elongation (Pelz et al., 2011).
Also it has been proposed that CagA is cleaved by proteases in human cells yielding two
fragments of about 100-105 kDa and 35-40 kDa (Moese et al., 2001), the last would corre‐
spond to the region from amino acid 800-1216. This leads to the question if some structural
variants of CagA are better cleaved inside the host cell so that can not be totally inhibited by
the N-terminal membrane-binding domain, but this requires investigation.

Figure 2. CagA structure in schematic representation. The most common variants of western and East Asian type are
depicted. CagA possess at least two membrane-binding domains (Steininger et al., 2011), which are marked with quo‐
tation. Main known functions of certain regions are mentioned.

10. Phosphorylation-dependent cell signaling of CagA

Phosphorylation of CagA deregulates several signaling pathways leading to modification in
host cell shape and adhesion, contributing to the transformation of cells (Hatakeyama, 2011,
Jones et al., 2010). All of the EPIYA motifs in the four distinct EPIYA segments serve as tyrosine
phosphorylation sites of CagA in host cells (Hatakeyama, 2011). Enzymes that can phosphor‐
ylate CagA in vitro and during infection in vivo are members of the Src and Abl families, which
have been, recognized as oncogenic tyrosine kinases (Selbach et al., 2002, Stein et al., 2002,
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Poppe et al., 2007, Tammer et al., 2007). The phosphorylation is a hierarchic regulated process
in which c-Src phosphorylates EPIYA-C or EPIYA-D early in infection, while c-Abl phosphor‐
ylates either EPIYA-A, EPIYA-B, EPIYA-C, or EPIYA-D later in infection but only 2 EPIYA
sites can be simultaneously phosphorylated per CagA molecule (Mueller et al., 2012). Fur‐
thermore, simultaneous phosphorylation of EPIYA-AC or EPIYA-BD confers strongest
elongation phenotype in an AGS cellular model, even in a single CagA protein with both of
the phosphorylatable EPIYA motifs (preferably EPIYA-AC), or in 2 independent CagA
proteins, each with a single phosphorylatable EPIYA motif, which may form dimers to trigger
this response (Mueller et al., 2012).

Figure 3. Tridimensional structure of CagA. The model was predicted using I-TASSER, image was obtained using UCSF
CHIMERA software (Pettersen et al., 2004).

Once tyrosine phosphorylated, EPIYA-C or -D can bind to SHP-2 phosphatase (Hatakeyama,
2011) and activates the phosphatase activity of Shp2 producing an extremely elongated cell
shape known as the hummingbird phenotype and altered cell motility (Backert et al., 2010,
Higashi et al., 2004, Tsutsumi et al., 2006). SHP2 is required for full activation of the
MAPK/ERK pathway, which conveys a potent mitogenic signal (Matozaki et al., 2009) and for
direct dephosphorylation and inactivation of focal adhesion kinase, FAK, that deregulates
integrin signaling (Tsutsumi et al., 2006).

Carrying the type EPIYA-D or multiple EPIYA-C repeats is associated with increased SHP-2
phosphatase activity induced by CagA, increasing the risk of precancerous and cancer lesions.
This is because East-specific D segment shows higher binding affinity to SHP2 than the West-
specific C segment but the C-type motif is variable in copy number and sequence, which can
provide more sites for SHP2 binding.
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On the  other  hand,  phosphorylated EPIYA-A and EPIYA-B have been shown ability  to
bind to Csk (Tsutsumi et  al.,  2003).  Interaction of  CagA with Csk stimulates  the kinase
activity of Csk, which in turn inhibits Src in a negative feedback loop that constrains the
phosphorylation-dependent CagA activity below a certain threshold to ensure long-term
colonization  of  H.  pylori  in  the  stomach  without  causing  fatal  damages  (Hatakeyama,
2011). In addition, phosphorylated EPIYA-B can interact with phosphatidylinositol 3-kin‐
ase  (PI3K)  that  regulates  diverse  cellular  functions  including  proliferation  and  survival
via AKT pathway (Nagy et al., 2009).

11. Phosphorylation-independent cell signaling of CagA

Recent studies have shown that not all cellular interactions exerted by CagA depend on its
tyrosine phosphorylation so far more than 13 cellular interaction partners of non-phosphory‐
lated CagA have been identified (Backert et al., 2010, Tegtmeyer et al., 2009, Mimuro et al.,
2002). It has been shown that these interactions exert effects such as pro-inflammatory and
mitogenic responses, disruption of cell-to-cell junctions or loss of cell polarity.

The first cellular interaction partner described of non-phosphorylated CagA was the adapter
protein Gbr2 (Mimuro et al., 2002). Recently, it was reported that Gbr2 is the only host factor
that interacts with both phosphorylated and non-phosphorylated EPIYA motifs (Selbach et al.,
2009). Non-phosphorylated CagA was shown to interact with Gbr2 both in vitro and in vivo,
which provides a mechanism by which Gbr2-associated SOS (son of sevenless) is recruited to
the plasma membrane, this complex (CagA-Gbr2-SOS) can promote Ras-GTP formation,
leading to cell scattering by stimulation of the MAPK/ERK signaling pathway as well as
activation of nuclear transcription factors involved in cell proliferation and expression of the
anti-apoptotic myeloid cell leukemia sequence-1 protein (Mimuro et al., 2007).

On the other hand, Chang YJ, et al., 2006, reported that cagA-positive H. pylori strains affect
the cell cycle during infection by stimulating cyclin D1 expression, G1-S phase progression
and host cell survival, suggesting the presence of distinct functional domains within CagA
that play essential roles in protein targeting and alteration of host-cell transcription signaling
pathways (Chang et al., 2006).

Yokoyama et al., 2005, found that CagA can stimulate the calcium-dependent serine/threonine
phosphatase calcineurin in gastric epithelial cells, inducing translocation of the nuclear factor
of activated T cells (NFAT) from the cytoplasm to the nucleus, where activates NFAT-
dependent genes (Yokoyama et al., 2005). It is possible that the reported CagA-PLC interaction
triggers Ca2+ mobilization and subsequent activation of calcineurin.

One of the NFAT-dependent genes activated by CagA in gastric epithelial cells is p21Cip1, a
cyclin-dependent kinase inhibitor. Accordingly, although CagA activates a growth-promoting
signal via the SHP-2-MAP kinase pathway or the Grb2-Ras-MAP kinase pathway, it simulta‐
neously inhibits cell proliferation through NFAT-dependent p21Cip1 induction. Intriguingly,
the H. pylori-vacuolating toxin vacA counteracts the activity of CagA to stimulate NFAT. Thus,
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VacA has a role in determining the magnitude of NFAT deregulation in gastric epithelial cells
expressing CagA. Such a functional interplay between CagA and VacA has already been
suggested from the observation that secretion of VacA protein is associated with the presence
of CagA despite the presence of vacA gene in all H. pylori strains (Yokoyama et al., 2005).

The CagA multimerization sequence mediates a stable binding with SHP-2 protein poten‐
tiating CagA virulence and is also responsible of the phosphorylation-independent activi‐
ty  of  CagA (Ren et  al.,  2006,  Nagase et  al.,  2011).  Furthermore,  it  has  been shown that
CagA  binds  and  inhibits  the  polarity-regulating  kinase  partitioning-defective  1  (PAR1)/
microtubule  affinity-regulating  kinase  (MARK)  through CagA multimerization  sequence
(Nagase et  al.,  2011).  Kurashima et al.,  showed that CagA multimerization sequence de‐
stabilizes  the  E-cadherin/beta-catenin  complex  to  trigger  aberrant  activation of  the  beta-
catenin  signal  that  underlies  intestinal  metaplasia  (Kurashima  et  al.,  2008).  Recently,  it
was shown that  the diversity in the structure and number of  CagA multimerization se‐
quences influence the strength of pathological activities of individual CagA with its cellu‐
lar  targets  (PAR1b  and  SHP-2),  emphasising  its  importance  as  a  determinant  of  the
degree of virulence of CagA (Lu et al., 2008) for development of gastric cancer.

A recent  study shows that  CagA can also  interact  with runt-related transcription factor
gene 3 (RUNX3, a tumor suppressor that is frequently inactivated in gastric cancer) by a
novel identified WW domain in the amino-terminal region of CagA (Tsang et al.,  2010).
In particular, CagA induces the ubiquitination and degradation of RUNX3, thereby extin‐
guishing its ability to inhibit the transcriptional activation of RUNX3; currently, function‐
al inactivation of RUNX3 can be caused by mutation, epigenetic gene silencing (promoter
methylation) or cytoplasmic protein mislocalization (Ito,  2011).  Recent evidence shows a
strong association between methylation of the RUNX3 promoter and gastric cancer (Fan
et al., 2011, Li et al., 2011). Recently, Lin et al., found that loss of RUNX3 in gastric can‐
cer  prevents  G1 phase arrest  and promotes  tumorigenesis  through Akt1/ß-catenin/cyclin
D1 signaling pathway (Lin et al., 2012).

A consequence of non-phosphorylated CagA interactions in polarized epithelial cells is the
disruption of cell junctions. In particular, tight and adherence junctions are essential for the
integrity of the gastric epithelium (Wessler & Backert, 2008). CagA interferes with these
intercellular junctions via several pathways. 1) Injected CagA associates with the epithelial
tight-junction scaffolding protein, zone occludens-1 (ZO-1), and the transmembrane protein,
junction adhesion molecule (JAM2), causing an ectopic assembly of tight-junction components
at sites of bacterial attachment (Amieva & El-Omar, 2008), leading to alterations of cell polarity.
2) Non-phosphorylated CagA can interact with the transmembrane cell-cell junction protein
E-cadherin (Hatakeyama, 2008). Subsequently, it was found that CagA forms a complex with
c-Met recruiting E-cadherin and the Armadillo-domain protein, catenin delta, indicating that
the interaction between CagA and E-cadherin is not direct (Oliveira et al., 2009). Baek et al., in
2007, reported that the interaction of alpha-Pix (PAK-interactive exchange factor) with CagA
activates PAK1, ERK and NF-κB, which induces IL-8 expression (Baek et al., 2007, Lim et al.,
2009); beta 1 integrin (integrin ß1) is another CagA-independent signaling that promotes cell
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motility (Snider et al., 2008), although the functional importance of this interaction needs to be
investigated.

12. Concluding remarks

Studies host interactions with H. pylori virulence factors, such as CagA and the T4SS, have
provided us many fundamental insights into the processes leading to H. pylori pathogenesis.
The current hypothesis implies a model with translocated CagA as an "eukaryotic" signaling
mimetic molecule either present in a large multiprotein complex or simultaneously in sepa‐
rated locations whitin infected target cells, which may have an important impact on the
multistep pathogenesis of H. pylori. In the future, it will be important to search for additional
injected proteins because it is rather unlikely that cag-PAI acquisition during evolution was
intended to inject few effectors like CagA and peptidoglycan. Future studies are required to
uncover the complex mechanisms that explain how H. pylori interacts whit host cells at the
molecular level to accomplish its persistence through host life.
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1. Introduction

The genus Helicobacter belongs to the ε subdivision of the Proteobacteria, order Campylobac‐
terales,  family Helicobacteraceae.  Members of  this  genus are all  microaerophilic  organisms
and in most cases are catalase and oxidase positive, and many but not all species are also
urease positive [1].

In 1984, Warren and Marshall isolated a bacterium from human stomachs in some patients
with gastrointestinal disorders [2]. The organism was initially named “Campylobacter-like or‐
ganism”, “Campylobacter pyloridis” and “Campylobacter pylori”, and, after more studies, it is
named Helicobacter pylori (H. pylori) in recognition of the fact that this organism is distinct
from members of the genus Campylobacter [3].

H. pylori is a spiral-shaped Gram-negative flagellate bacterium that colonizes the human
stomach and can establish a long-term infection of the gastric mucosa. Since its isolation, its
infection has been associated to the development of various gastrointestinal diseases, such
as chronic gastritis, peptic ulcer disease, gastric MALT lymphoma and gastric cancer [1, 4-6].
Nowadays, it has also been related to some extradigestive diseases [7, 8], such as idiopathic
thrombocytopenic purpura [9], iron deficiency anemia [10], and hepatobiliary diseases [11,
12], and amongst others.

The prevalence of H. pylori infection varies widely by geographical area, age, race, and soci‐
oeconomic status [13]. Because it is not possible to ascertain when infection occurs clinically,
most of the information on the rates of H. pylori in geographically and demographically di‐



verse populations comes from seroprevalence studies [14]. There have been numerous re‐
ports of a strong correlation between socioeconomic status and prevalence of infection.
Generally, low prevalence occurs in industrialized countries and higher prevalence rates
have been observed in underdeveloped and developing countries, possibly due to crowded
households, habits and lack of sanitary facilities [15-17].

Even though its transmission pathways are not completely clarified [18], the infection ap‐
pears to be usually acquired during childhood and is characterized as being chronic [19].
Routes of H. pylori transmission described include fecal-oral, oral-oral and gastric-oral. H. pylori
appears to be transmitted most readily within families, possibly from parent to child and
among siblings [20]. Evidence also supports child-to-child transmission among those in crowd‐
ed school or in some living conditions, while transmission among adults is considered rare [21].

After colonization, all patients with H. pylori infection develop histological gastritis, which
corresponds to classical chronic gastritis and is characterized by the infiltration of neutro‐
phils and other inflammatory cells. However, most patients are asymptomatic for life, while
only some will come to develop a digestive disease [22].

Colonization with H. pylori virtually leads to infiltration of the gastric mucosa in both an‐
trum and corpus with neutrophilic and mononuclear cells. Gastritis can be classified as an
acute or chronic gastritis and it can involve all parts of the stomach or just the fundus, corpus
or antrum. The chronic active gastritis is the primary condition related to H. pylori coloniza‐
tion, and other H. pylori-associated disorders, in particular, resulting from this chronic inflam‐
matory process [1], as atrophic gastritis (Figure 1) and intestinal metaplasia (Figure 2), causing
an elevated risk of gastric adenocarcinoma, both intestinal type and diffuse type [23].

Figure 1. Atrophic gastritis(Copyright © Center of Diagnosis of Digestive Diseases, State University of Campinas, SP,
Brazil. All rights reserved)

Current Topics in Gastritis - 2012224



Figure 2. – Intestinal metaplasia, prepyloric antrum(Copyright© Atlanta South Gastroenterology, P.C. All rights re‐
served)

However, the propensity to develop disease is an aspect that remains unclear, but may de‐
pend on host characteristics, particular bacterial factors (virulence of the infecting strains), or
to the specific interactions between host and microbe, besides the environmental factors [24].

In fact, the interest in H. pylori as a cause of gastric cancer began after the pioneering discov‐
eries of Marshall and Warren [2]. Prior to the isolation of the organism, it was know that
gastric adenocarcinomas typically arose in areas of gastritis. When the relationship between
H. pylori and chronic gastritis was established, investigators began to take interest in the
causal role of the bacterium in gastric cancer. Consequently, in 1994, the bacterium was clas‐
sified as a group I carcinogen by the International Agency for Research on Cancer and is re‐
garded as a primary factor for gastric cancer development [25].

The vast majority of gastric cancers are adenocarcinomas, which can be prevalently divid‐
ed into two types, the intestinal and the diffuse [26], which corresponds, respectively, to the
well-differentiated type and to the poorly-differentiated type, in the Japanese classification
[22]. In contrast to the diffuse type often associated with familial distribution and devel‐
oped in the stomach following chronic inflammation, especially in the cardia [27], intesti‐
nal type adenocarcinomas are generally thought to be preceded by a sequence of precursor
lesions [28]. The basic components of this process are chronic inflammation of the gastric
mucosa,  which  slowly  progresses  through the  premalignant  stages  of  atrophic  gastritis,
intestinal metaplasia and dysplasia to gastric cancer [29] that are most frequently localized
in the antrum [30].

Patients diagnosed in an early stage of the cancer (Figure 3) present an excellent prognosis,
with a five-year survival rate greater than 90%. In cases with advanced lesions, gastric can‐
cer carries a poor prognosis, with an overall five-year survival rate of less than 20% [31].
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Figure 3. – Early gastric adenocarcinoma(Copyright © Center of Diagnosis of Digestive Diseases, State University of
Campinas, SP, Brazil. All rights reserved)

With respect specifically to the bacterium strains, H. pylori has a high level of genetic diversi‐
ty that represents an important factor in its adaptation to the host stomach and also for the
clinical outcome of the infection [32,33]. Virulence factors of Helicobacter pylori are essential
players in modulating the immune response involved in the initiation of carcinogenesis in
the stomach. One category of the genes that are responsible for produce virulence factors is
the strain-specific ones, which are present in only some H. pylori strains [34]. Among then,
the best studied is the cytotoxin-associated gene pathogenicity island (cagPAI).

The cagPAI is a 40 kb region of chromosomal DNA encoding approximately 31 genes that
forms a type IV secretion system and can be divided into two regions, cag I and cag II, ac‐
cording to a novel insertion sequence [35]. This secretion system forms a pilus that delivers
CagA, an oncoprotein, into the cytosol of gastric epithelial cells through a rigid needle struc‐
ture covered by CagY, a VirB10-homologous protein and CagT, a Virb7-homologous pro‐
tein, at the base [36-38].

Upon delivery into host cells by the cag secretion system, the product of the terminal gene in
the island, CagA, undergoes Src-dependent tyrosine phosphorylation and activates an eukary‐
otic phosphatase (SHP-2), leading to dephosphorylation of host cell proteins and cellular
morphologic changes [39,40]. CagA has also been shown to dysregulate β-catenin signaling
[41,42] and apical-junctional complexes [43], events that have been linked to increased cell
motility and oncogenic transformation in a variety of models [44,45]. In addition, some stud‐
ies have been reported that the cagPAI appears to be involved in the induction of gastric
interleukin-8 (IL-8) production, a potent neutrophil-activating chemokine [46].

Consequently,  the presence of the cagA gene has been associated with higher grades of
inflammation, which may lead to the development of the most severe gastrointestinal diseas‐
es, such as peptic ulcer [47-49] and gastric cancer [50-54]. In Western countries, it has been
reported that individuals infected with cagA-positive strains of H. pylori are at a higher risk
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of peptic ulcer or gastric cancer than those infected with cagA-negative strains [34,55]. How‐
ever, in East Asia, most strains of H. pylori have the cagA gene irrespective of the disease [56].

Furthermore, cagA is a polymorphic gene that presents different numbers of repeat sequen‐
ces located in its 3’ region. Each repeat region of the CagA protein contains Glu-Pro-Ile-Tyr-
Ala (EPIYA) motifs, including a tyrosine phosphorylation site. The first repeat region is
commonly named as EPIYA-A and EPIYA-B segments and the second repeat region is
named EPIYA-C or EPIYA-D segments, for Western and East Asian strains, respectively
[57]. Despite the know variability in the N-terminal cagA gene and other cagPAI genes,
there has been limited information concerning clinical relevance of genetic variants outside
the EPIYAs [58].

Together with cagA gene, cagT gene is found at the base of the outgrowing pilus of the type
IV secretion system and is supposed to be responsible for binding to a cellular receptor to
induce interleukine-8 secretion and eject CagA [37]. The cagT gene has also been associated
with higher degrees of inflammation, being encountered in H. pylori strains from patients
with early and advanced gastric adenocarcinoma [54].

Thus, considering each gene, there are two types of clinical H. pylori isolate, CagA-produc‐
ing (cagA positive) strains and CagA-nonproducing (cagA negative) strains, and CagT-pro‐
ducing (cagT positive) strains and CagT-nonproducing (cagT negative) strains, genotypes
that were considered in this study.

As gastric cancer still ranks as a leading cause of cancer-related deaths in many parts of the
world, the aims of the present study were to investigate the presence of cagA and cagT
genes in Brazilian patients with early and advanced distal type intestinal adenocarcinoma,
in order to determine the general incidence of this gene in gastric cancer and to compare the
results obtained between the two stages of the disease, trying to understand if the cagA and
the cagT genes and/or the genotype cagAcagT could be important to the development of one
or other stage of distal intestinal type gastric adenocarcinoma in Brazil.

2. Clinical samples, methods and results

2.1. Clinical Samples

The present study was carried out utilizing clinical samples of H. pylori obtained from 2005
January to 2009 January from the Laboratory of Pathology of the Center of Diagnosis of Di‐
gestive Diseases, Faculty of Medical Sciences, State University of Campinas (UNICAMP),
São Paulo, Brazil. Eighty nine paraffin wax-embedded specimens of gastric tissue were ana‐
lysed from a total of 89 patients, 31 from patients diagnosed with early distal type intestinal
gastric adenocarcinoma (group one) and 58 from patients with advanced distal type intesti‐
nal gastric adenocarcinoma (group two). The mean ages of group one was 61.0 years, with
20 male cases (64.5%) and 11 female cases (35.5%). For group two the mean ages was 64.5
years, with 40 male cases (69.0%) and 18 female cases (31.0%). All the gastric tissue samples
were obtained from endoscopic biopsy and had positive results for H. pylori by histological

From Gastritis to Gastric Cancer: The Importance of CagPAI of Helicobacter Pylori on the Development of Early and
Advanced Gastric Adenocarcinoma

http://dx.doi.org/10.5772/53208

227



analysis. H. pylori positive strains for cagA and cagT genes were used as a control for all the
reactions performed in this study. All the stages of this study were approved by the Ethics
Committee of the Faculty of Medical Sciences, State University of Campinas (UNICAMP),
São Paulo, Brazil.

2.2. Methods

2.2.1. DNA extraction

Paraffin wax-embedded tissue DNA extraction was performed by carrying out the pre-ex‐
traction treatment of fixed tissues, using xylene and ethanol washes for paraffin removal.
Subsequently, successive steps using proteinase K, phenol, chloroform and isoamyl alcohol
were carried out, in order to isolate and purify the DNA [59]. Quantification of the extracted
DNA and polymerase chain reaction (PCR) for human betaglobin gene [60] were carried out
in order to guarantee the quality of this research.

2.2.2. PCR for urease C gene, cagA gene and cagT gene

Primers pairs for all the genes are described in Table 1, as well as the length of the fragments
amplified for each reaction, urease C [61], cagA [62], and cagT [63]. PCR for urease C gene
was performed with the aim to identify the bacterium DNA in samples.

After amplification, each PCR product was submitted to eletrophoresis on a 2.0% agarose
gel stained by ethidium bromide with a 0.5X tris-acetate-EDTA buffer. A 100-bp ladder was
used as standard.

Then, for each specific reaction, after being tested positive for urease C gene, products ob‐
tained were classified in cagA positive or negative and cagT positive or negative.

Gene Strand Primer sequence (5´-3´) Length (bp)

betaglobin +

-

ACA CAA CTG TGT TCA CTA GC

CAA CTT CAT CCA CGT TTC ACC

110

urease C +

-

AAG CTT TTA GGG GTG TTA GGG GTT T

AAG CTT ACT TTC TAA CAC TAA CGC

294

cagA +

-

GAT AAC AGG CAA GCT TTT GAG G

CTG CAA AAG ATT GTT TGG CAG A

349

cagT +

-

CCA TGT TTA TAC GCC TGT GT

CAT CAC CAC ACC CTT TTG AT

301

Table 1. Sequence of synthetic oligonucleotide primers used to characterize H. pylori strains.
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2.2.3. Statistical Analysis

After the amplification reactions, the results were analysed by a chi-square test at the Statis‐
tical Service of the Faculty of Medical Sciences, State University of Campinas (UNICAMP),
with the Statistical Analysis for Windows ® (SAS) 9.1.3 (SAS Institute Inc, 2002-2003, Cary, NC,
USA). Results were then related to the diseases in study, observing possible differences
among H. pylori strains encountered in early and in advanced distal type intestinal gastric
adenocarcinoma. Values of p<0.05 were considered to be statistically significant. The results
as a whole, after comparison between the two groups, were depicted. Odd ratios with a con‐
fidence interval of 95% were also observed. Tables with absolute frequencies (n) and percen‐
tages (%) were made in order to determine genotypes combinations. Finally, Exact Fisher´s
Test was used to compare the genotypes combinations between early and advanced gastric
adenocarcinoma groups. Values of p<0.05 were considered to be statistically significant.

2.3. Results

PCR for the urease C gene of H. pylori was positive in all 89 samples, identifying the bacteri‐
um DNA (Table 2). Analyzing the results obtained for cagA gene, from patients with early
gastric cancer, 61.3% (19 cases) were positive and from patients with advanced gastric can‐
cer, 82.8% (48 cases) were positive, with a p = 0.025 (OR = 3.032; 95% CI = 1.123-8.185) (Table
2; Figure 4). In the group as a whole, there were 67 positive cases (75.3%) for the cagA gene.

As regards to cagT gene of H. pylori, from patients with early gastric adenocarcinoma, 54.8%
(17 cases) were positive and, in patients with advanced gastric cancer, 65.5% (38 cases) were
positive, with a p = 0.323 (OR = 1.565; 95% CI = 0.642-3.813). (Table 3; Figure 5) In the group
as a whole, there were 55 positive cases (61.8%) for the cagT gene.

Classification Early gastric cancer Advanced gastric cancer Total p value

urease C 31 (100.0%) 58 (100.0%) 89 (100.0%)

cagA positive

cagA negative

19 (61.3%)

12 (38.7%)

48 (82.8%)

10 (17.2%)

89 (100.0%) 0.025*

cagT positive

cagT negative

17 (54.8%)

14 (45.2%)

38 (65.5%)

20 (34.5%)

89 (100.0%) 0.323

Total 31 (100.0%) 58 (100.0%) 89 (100.0%)

Table 2. General results obtained after PCRs for urease C, cagA and cagT genes of H. pylori. * cagA gene (p=0.025)
OR=3.032, 95% CI = 1.123-8.185)
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Figure 4. Amplification of cagA gene of H. pylori (349 bp). L, ladder 100 bp; C+, positive control; 01-05, positive sam‐
ples for cagA gene; C-, negative control.

Figure 5. Amplification of cagT gene of H. pylori (301 bp). L, ladder 100 bp; C+, positive control; 01-05, positive sam‐
ples for cagT gene; C-, negative control.

After the individual analysis, a table with absolute frequencies (n) and percentages (%) was
made in order to compare the results individually for each gene and the genotypes combina‐
tions (Table 3; Table 4, respectively). There were 75.28% of positive cases for cagA gene and
61.80% of positive cases for cagT gene (table 3). As regards to cagAcagT, the most frequent
genotype was cagA+cagT+, that was presented in 52.81% of the samples (table 4). The sec‐
ond most frequent genotype was cagA+cagT-, presented in 22.47% of the samples (table 4).

Subsequently, the combinations of genotypes were made and then compared between the
two groups of patients, with early and advanced gastric adenocarcinoma. Although the
most frequent genotype (cagA+cagT+) was the same in both groups of patiens, there was
found a statistically significant difference between the groups, with cagA+cagT+ in ad‐
vanced gastric cancer group (62.07%, 36 cases) and with cagA-cagT+ in early gastric cancer
group (19.35%, 6 cases), p=0.027 (table 5).
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Genes Frequency (n) Percentage (%)

cagA negative 22 24.72

cagA positive 67 75.28

cagT negative 34 38.20

cagT positive 55 61.80

Table 3. Descriptive analysis of categorical variables for total samples

cagA cagT combination Frequency (n) Percentage (%)

cagA cagT

negative negative 14 15.73

negative positive 8 8.99

positive negative 20 22.47

positive positive 47 52.81

Table 4. Descriptive analysis of categorical variables for total samples according to genotype (cagAcagT)

cagAcagT Advanced

gastric cancer

Early

Gastric cancer

Total

negative negative 8

13.79

6

19.35

14

negative positive 2

3.45

6

19.35

8

positive negative 12

20.69

8

25.81

20

positive positive 36

62.07

11

35.48

47

Total 58 31 89

Table 5. - Genotypes comparison between the two groups of patients, advanced and early gastric cancerp = 0.027

3. Conclusion

Gastritis is the most common illness associated to the stomach and can be considered as the
beginning of different complication that may led to peptic ulcers disease and gastric adeno‐
carcinoma. Specifically concerning to gastric cancer, the understanding of the development
of this disease has advanced considerably in recent decades, especially as regards to the role
of H. pylori (the principal etiologic agent) in the progression of chronic gastritis in precancer‐
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ous lesions and cancer, changes that occur in the gastric mucosa in the development of the
intestinal type gastric adenocarcinoma [30].

The risk of development of this disease is also related to genetic characteristics of the host
and environmental factors, which, associated with specific bacterium strain characteristics,
influence the severity of the chronic inflammatory response [64]. Thus, although infection
with H. pylori almost always results in chronic active gastritis, many infected patients do not
develop any complication, even those not showing clinical symptoms of infection [65]. This
leads to the conclusion that some strains are more virulent than others [1], expressing, in dif‐
ferent ways, specific bacterial products.

Other question that remains unclear, and that can be associated with these bacterium viru‐
lence factors, is why some tumors remain in the early stage and others are in advanced stage
almost always in a short period of time? Are the different strains of H. pylori important to
these changes? And, if the bacterium is eradicated, when this eradication is important? Is
there a point of the development of the cancer when the eradication is not more important
or when the bacterium presence does not make a difference?

In the present study we tried to understand some of these questions considering only one
aspect of the development of the cancer, which were H. pylori strains presented in Brazilian
patients with early and advanced distal type intestinal gastric adenocarcinoma. Considering
the mentioned issues and a large number of studies that demonstrate that the cagPAI as one
of the most important virulence factors of H. pylori, associated with higher grades of mucosa
inflammation, we studied two genes that is in the cagPAI, the cagA and the cagT genes.

As regards to cagA gene, in an isolated analysis, our results were similar to those of in
which strains cagA positive were related to the development of gastric cancer. cagA positive
strains tend to be more virulent and induce higher levels of expression of cytokines such as
interleukin 1b and 8 [66]. Some studies have shown that patients with strains that express
CagA are three times more likely to develop gastric cancer (52,57,67] than those infected
with cagA negative strains [56,68]. Besides, other study demonstrated that strains that ex‐
press CagA are three times more likely to develop advanced gastric cancer than the early
stage [54]. In the present study the same characteristics were observed and patients infected
with cagA positive strains demonstrated a high risk of advanced gastric cancer development
(p=0.025; OR=3.023, 95%CI). Besides, studies conducted in Western countries [69,70] and in
Asian countries [71] reported that the most patients with gastric cancer are infected with H.
pylori cagA positive strains.

One limitation for the comparisons of our results with others were that our study classified
the two stages of the gastric cancer, the early and the advanced ones, and the most part of
the studies consider only the gastric cancer disease, without classifying it in early or ad‐
vanced stages. Besides, it was not our aim the study of the polymorphism of this gene,
which are related to the EPIYA motifs, which can be important if we considerer the cagA
gene in an isolated analysis, even though there has been limited information concerning
clinical relevance of genetic variants outside the EPIYAs.
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With our results, we can conclude that cagA gene is important for the development both of
early and advanced gastric cancer, because it was presented in the most part of the strains in
the two stages of the disease. Nevertheless, we can not conclude if it is important for the
change of one stage in other (early in advanced stage) and we have also to consider that we
do not really know if the bacterium presence is important or crucial after the beginning of
the development of the disease. Some studies have demonstrated that the eradication of H.
pylori when the precancerous lesions are present can be very important to prevent the cancer
development, but, after this development beginning, we do not know if the regression of the
early gastric cancer lesions can occur with the bacterium eradication.

Like the cagA gene, the cagT also belongs to the cagPAI and it is assumed that is related to
the type IV secretion system, responsible for binding to cell receptors and inducing the re‐
lease of interleukin-8 and also by ejecting the CagA protein [37]. The cagT gene has been
linked to the development of peptic ulcer, and strains with the absence of this gene were
generally related to chronic gastritis [63]. In this study, values were not found to be statisti‐
cally significant between the two studied groups (p=0.323). However, the cagT gene was
found, in the group as a whole, in 61.8% of the samples, which reflects an important result,
showing that this gene, like cagA, or acting together with cagA, may be related to the gastric
cancer development.

As regards to the comparison of the genotype cagAcagT, we reported again as a limitation
for our study the fact that there are no studies that consider the early and the advanced
stages of gastric cancer separately, so there were no relevant studies with which to compare
the results from different stages of the same disease, gastric cancer. Further, we considered it
unnecessary to make a comparison between these results and possible results from healthy
individuals, because our aim was exactly to compare the strains presented in two stages of
the same disease and not between the strains in the disease and in healthy volunteers.

For both groups, advanced and early, the most frequent genotype was cagA+cagT+ (62.07%
and 35.48%, respectively). However, when comparison between the two groups was made,
we found a statistically significance concerning the cagA+cagT+ and cagA-cagT+ strains
(p=0.027). It can be considered very important because even though the genes cagA+ and
cagT+ status were more frequent in both groups, the genotype cagA-cagT+ occurred with a
higher frequency in the early gastric cancer group (advanced = 3.45%; early = 19.35%). More‐
over, the genotype cagA+cagT+ occurred with a higher frequency in the advanced cancer
group, a result that can be considered important too (advanced = 62.07%; early = 35.48%).
We can suggest, with these results, that cagA gene positivity, independently of its polymor‐
phisms, can be considered an essential virulence factor for the development of most severe
gastric diseases, as gastric cancer.

Finally, as told before, the understanding of gastric carcinogenesis has advanced considera‐
bly over the past decades, especially with regards to insights into the role of H. pylori infec‐
tion and the progression of chronic gastritis from premalignant stages to gastric cancer.
Thereby, with the results obtained in the present study, cagA and cagT genes can be consid‐
ered important H. pylori virulence factors implicated on the gastric cancer development.
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Obviously, more studies are necessary to elucidate the H. pylori mechanisms of gastric tissue
injury and we can also suggest that the identification of strains positive for cagA and cagT
genes, besides others that are just considered virulence factors, can become very important
and an useful tool to identify subjects most at risk for cancer, especially in places when this
disease presents a higher incidence.
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1. Introduction

Despite the progressive decrease observed in the past fifty years, gastric cancer (GC) is the
fourth of the world rankings incidence of various types of cancer and is the second as a cause
of cancer-related death. There is distinct geographical variation in gastric cancer incidence with
the highest rates reported from Japan, Korea and Eastern Asia. Other high incidence areas are
Eastern Europe and parts of Latin America, while Western Europe, Africa, Australia and the
US generally have low incidence rates. In the last decade there has been a downward trend in
the incidence and mortality from this cancer. The reasons are to be found in the improvement
of food both as regards its preservation procedures and the variability in the diet and for the
decrease of infection by Helicobacter pylori (H. pylori). H. pylori infection is strongly associated
with risk for stomach cancer. Likely, this association is supported by the strong link between
this bacterium infections and precancerous lesions, including chronic atrophic gastritis and
dysplasia. The development of gastric cancer is characterized by multistage process in which
several alterations of genetic and epigenetic nature accumulate. These alterations are mainly
related to abnormalities of growth factors and receptors, DNA mismatch repair genes,
angiogenic factors, transcription factors, adaptor proteins, cell cycle regulators, and many
other macromolecular cell components. All these abnormalities identify from one side the
molecular and biological aspect of gastric cancer cells and from the other might suggest
possible strategies for therapeutic intervention.

The most important epigenetic alterations are confined within the chromatin structure like
chromatin remodeling, DNA methylation and histone modification. These molecular altera‐
tions are generally common in gastric cancer, independently from its classification (gastric or
intestinal). Also genetic polymorphism represents a possible endogenous cause of cancer risk.
However, it must be considered that genetic polymorphisms might influence the efficacy of
gastric cancer therapy and the toxicity of anticancer drugs. Although the worldwide decline
in incidence and recent diagnostic and therapeutic advances provided excellent survival for



patients with early gastric cancer, the prognosis of patients with advances cancer is still poor.
Over the past 15 years, integrated research, including genetic polymorphism and global
analysis of gene expression has clarified detailed molecular mechanisms and the role of genetic
and epigenetic abnormalities of cancer-related genes in the course of development and
progression of gastric cancer. This review describes an outline of the molecular pathway of
stomach carcinogenesis, as signaling pathways, H. pylori, epigenetic and oncogenic back‐
ground of gastric cancer, and recent treatment modalities.

2. Risk factors and classification

The general decrease of gastric cancer frequency in developed countries is attributed to the
changes in dietary habits and food preservation methods [1]. Chronic inflammation with
gastric atrophy was shown to be the most important pathological entity with hypochlorhydria
being the most important physiological abnormality. Alcohol and smoking are also thought
to contribute to the etiology. Achlorhydria, pernicious anaemia and blood group A are also
associated with a higher risk of gastric malignancy. However, following the discovery of H.
pylori it is known that more than 80% of gastric cancer cases can be attributed to deregulation
of signaling pathways caused by H. pylori infection [2]. Genetic syndromes are rare and families
clustering of gastric cancer are usually attributed to common H. pylori infection. A family
syndrome of gastric cancer due to germ-line mutation in E-cadherin has been described, and
gastric cancer may be part of Lynch syndrome (HNPCC). Mutations and polymorphism of
interleukin 1β (IL-1β) and Tumor Necrosis Factor α (TNFα) have been described in closer
relatives of patients affected by gastric cancer, and considered predictive factors for cancer.
Genetic polymorphism is an important endogenous cause and modulator of risk for develop‐
ing gastric cancer. They include: 1) inflammatory responses to H. pylori infection such as
variants of IL-1β and IL-1 receptor antagonist (IL-RA); 2) intrinsic variability of DNA repair
processes; 3) function of carcinogen detoxification and antioxidant protection; 4) cell prolifer‐
ation activity [3].

GC is characterized by two distinct histological type of adenocarcinoma (intestinal type and a
diffuse type) each having different epidemiological and pathophysiological features [4]. The
intestinal-type generally evolves through a relatively well-defined multistep process that starts
from chronic gastritis and progresses to chronic atrophy, intestinal metaplasia and dysplasia
[5, 6]. It is associated with H. pylori infections and certain dietary factors, such as high intake
of salt, smoked meats and food preserved with nitrites or nitrates [7, 8]. Intestinal tumors
consist of malignant cells that resemble functional glands of the gastrointestinal tract. They are
well differentiated and occur more commonly in older patients, males and blacks. The diffuse-
type has instead a poorer prognosis and develops from normal gastric epithelium through
unknown genetic and morphological events. It comprises cells that lack cohesion and are no
longer capable of gastric function and it is more frequent in younger patients [9]. Several
common events are shared between the two histological GC subtypes whereas distinct
differences also highlight the intriguing divergence in histogenesis. The etiology of these
differences remains to be elucidated [10, 11].
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3. H. pylori infection

The pathogenesis of gastric cancer remains poorly understood although it is evident that
several environmental factors, such as H. pylori infection can be the cause leading to this
disease.

H. pylori infection is associated with risk for both the intestinal and diffuse varieties of gastric
cancer. In fact, the risk to develop gastric cancer is increased in patients with H. pylori infections
probably as the result of a combination of genetic and environmental factors in which the
infection by H. pylori is of particular relevance, especially when the inflammation involves the
gastric body region with respect to the antrum [6, 12, 13]. Generally, this condition is associated
to different degrees of atrophy and alterations of the secretory function that, in the long term,
became associated to gastric carcinoma [14-16]. The positive correlation between H. pylori
infection and development of gastric cancer is well established and proven in prospective
controlled studies [17, 18], whereas in absence of infection, development of gastric carcinoma
constitutes a rare event. Furthermore eradication of H. pylori leads to a substantial reduction
the risk of gastric cancer. From a pathogenetic point of view, it is believed that H. pylori infection
determines the release of free radicals, resulting in mitogen stimulation and the inflammatory
response of the stomach epithelium. The pathogenesis is associated with two bacterial genes
known as CagA (Cytotoxic Associated Gene-A) and VacA (Vacuolating cytotoxin gene-A).
The CagA gene is a marker for about twenty genes capable of increase the turnover of gastric
epithelium through the CagA protein release. As a result, the association with an increased
risk of developing non-cardia gastric cancer seems to be associated to H. pylori strain CagA
[19]. A key role seems to have the so-called nuclear factor kB (NF-kB) [20]. NF-kB activation
is in fact not only limited to patients with H. pylori active infection,but its nuclear and cyto‐
plasmic expression appears to be up-regulate in gastric adenocarcinoma compared to adjacent
normal tissue. The key role that this protein plays is also confirmed by the correlation between
its expression and tumor conditions: biological and clinical aggressiveness, lymphatic
invasion, tumor size and metastasis [21].

Among the targets of CagA strain there is also RUNX3, a tumor suppressor in many tissues and
frequently inactivated in gastric cancer. Recently, it has been shown that H. pylori infection
inactivates RUNX3 in CagA-dependent manner: CagA directly associates with RUNX3 through
the specific recognition between the PY motif of RUNX3 and the WW domain of CagA [22].

4. Molecular pathology

The bacterial, environmental and host genetic factors discussed above influence the develop‐
ment of gastric carcinoma. Genomic, proteomic and biotechnology could allow the identifi‐
cation of novel genes and molecules specifically up-regulated or down-regulated in gastric
cancer. Advances in our understanding of the genetic and molecular bases of gastric cancer
lead to improved diagnosis, personalized medicine and prevention of gastric cancer.
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In the following section, we discuss some of the molecular mechanisms underlying the
molecular pathway of stomach carcinogenesis and of the biological and clinical roles of
recently identified genes involved in gastric cancer.

4.1 GKN1

Recently, a novel tissue-specific protein, gastrokine1 (GKN1), has been isolated from gastric
mucosa cells of several mammalian species, including mouse [23]. The human GKN1 gene has
been localized in a 6 kb region of the chromosome 2p13 and contains 6 exons [24]. GKN1 is
found within the granules just under the apical plasma membrane, suggesting that it is a
secreted rather than a membrane protein. GKN1 has been hypothesized to play an important
role in maintaining the integrity of the gastric mucosa and mediating repair after injury. Oien
et al. [25] demonstrated, by Northern blotting, that GKN1 mRNA was abundant only in normal
human stomach, in all areas (cardia, body and antrum), but absent in gastric adenocarcinomas;
gastro-oesophageal adenocarcinoma cell line and other normal and tumor gastro-intestinal
tissues. Therefore, there is a transcriptional silencing of GKN1 gene in gastric cancer. Rippa et
al. [26] recently demonstrated, by means of proteomic technology, that GKN1 protein is
reduced in patients with H. pylori-positive chronic gastritis. In addition, from the analysis of
28 patients with gastric cancer, Nardone et al. [27, 28], showed the downregulation or the
complete absence of the protein. Similarly, Shiozaki et al. [29] showed that transfection with
GKN1 reduced colony formation in MKN-28 gastric carcinoma cells. These data suggest that
GKN1 participates in the host response to H. pylori and may also function as gastric tumor-
suppressor gene [30]. More recently, new interesting data about GKN1 are emerging. Jung
Hwan Yoon et al. [31] observed in GKN1-transfected AGS cells the inhibition of the epithelial–
mesenchymal transition (EMT), a biological process that allows a polarized epithelial cell to
undergo multiple biochemical changes that enable it to assume a mesenchymal cell phenotype,
including enhanced migratory capacity, invasiveness, and elevated resistance to apoptosis.
Also, GKN1-transfected and recombinant GKN1-treated AGS cells showed decreased levels
of reactive oxygen species (ROS) and of phosphatidylinositol 3-kinase (PI3K)/Akt pathway
proteins, which are a major cascade mediating tumor metastasis, accompained by re-expres‐
sion of E-cadherin (a cell adhesion molecule which prevents EMT) and decreased expression
of cytoplasmic and nuclear b-catenin, slug, snail, fibronectin, and vimentin (EMT-related
proteins). These data suggest that the GKN1 gene may play an important role in the progres‐
sion of sporadic gastric cancers via inhibition of EMT and cancer cell migration. Xing et al. [32]
showed instead that GKN1 is an autocrine/paracrine protein that inhibits cell growth due to
senescence resulting from activation of p16/Rb and p21waf pathways. Furthermore, sustained
activation of Ras/Raf/MEK/ERK signalling was characterised in gastric cancer cells and
xenograft nude mouse model following GKN1 treatment. Therefore, this study provides
molecular evidence that GKN1 induces also senescence of gastric cancer cells.

Our group has been studying the effect of GKN1 on gastric cancer cell lines (AGS and MKN28).
We found by cytofluorimetry, Western blot and RT-PCR that overexpression of GKN1 in these
cell lines stimulated the expression of Fas receptor. Moreover, compared to control cells, a
significant increase of apoptosis, evaluated by TUNEL, was observed when GKN1 transfected
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cells were treated with a monoclonal antibody (IgM) anti-Fas. The activation of Fas expression
was also observed by the overexpression of GKN1 in other cancer cell lines. GKN1-overex‐
pressing gastric cancer cells exposed to FasL induced the activation of caspase-3 was as
evaluated by Western blot and fluorescence assays [33]. In addition, MTT assay showed that
recombinant GKN1 reduced cell proliferation of gastric cancer cells (AGS) compared to human
embryonic kidney cell line (HEK 293) and non-gastric cancer cells, human lung epidermoid
carcinoma cell line (H1355). Our data represent the first report for GKN1 as modulator of
apoptotic signals and suggest that GKN1 might play an important role for tissue repair during
the early stages of neoplastic transformation. In fact, it was seen that individuals with a lower
expression of the protein have an increased risk to develop gastric diseases [34].

Figure 1. Effects of GKN1 on cell growth. AGS cell growth was evaluated using the MTT procedure after incubation of
the cells with recombinant GKN1 at different times and concentrations. The data reported represent the average of
three independent experiments.
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Finally, regarding the mechanism by which GKN1 gene is silenced in gastric cancer, this
remains still unknown however, Hwan Yoon et al. [35] investigated this aspect in a sample
group of 81 gastric carcinomas and 40 gastric adenomas: no mutation was detected in gastric
tumours, hyper-methylation of GKN1 gene promoter was found only in two tumours and DNA
copy number of GKN1 was significantly decreased in gastric cancer. However, epigenetic
mechanisms could also contribute to silencing GKN1 gene. Under this aspect, it would be
important to clarify the causes of GKN1 gene silencing and to determine whether this event
might be involved in the development and progression of gastric cancer. Additional functional
and translational studies of GKN1 will broaden our understanding of the pathogenesis of
gastric cancer, and provide us with novel diagnostic and therapeutic modalities in gastric
cancer.

4.2 E–cadherin and the Wnt system

The signal transduction pathway called Wnt is a central mechanism for regulating gene
expression and is highly conserved in vertebrates and invertebrates. It includes a large family
of ligands and plays a key role in many cellular processes, which ranging from regulation of
embryogenesis control processes the proliferation of mature cells. In particular, it seems
crucially involved in the processes of differentiation and proliferation of stem cell elements
[36]. Central to these mechanisms is the process of regulation of expression of the β-catenin,
an intracellular protein able to communicate on the surface of the cell with the system of
cadherine, but also to act as nuclear transcription factor, including the Wnt/Wingless, epider‐
mal growth factor (EGF), hepatocyte growth factor (HGF), and insulin-like growth factor (IGF)
signaling pathways [37-40].

The Wnt signalling pathway can be activated trough the binding of Wnt ligands to their
receptors Frizzled (Fz) and low-density lipoprotein receptor-related protein LRP5 and LRP6
(Figure 2). The binding induces an activation signal direct protein Dishevelled (DSH) and axin,
that once activated, inhibit GSK3 kinase. Normally GSK3 phosphorylates β-catenin as part of
a multiprotein complex that includes GSK3, APC and axin. The phosphorylation triggers the
degradation of β-catenin through the process of ubiquitination (Figure 2, left panel). It follows
that the inhibition Wnt-induced GSK3 interferes with the process of degradation of β-catenin
and causes its cytoplasmic accumulation in a non-complexed form [41]. As consequence, β-
catenin goes into the nucleus and regulates target gene transcription through association with
the transcription factor TCF/ LEF (lymphoid enhancer binding factor) (Figure 2, right panel).

The translocation into the nucleus of β-catenin eventually leads to transcription of several
genes including protagonists of carcinogenesis known protooncogenes such as c-myc and
cyclin D1. In this regard, it is interesting that GSK3 can be inhibited through the PI3K/AKT
pathway after toxin VacA stimulation [42]. This is a further element to support the correlation
between infection by H. pylori and gastric carcinogenesis. Cell adhesion molecules may act as
tumour suppressors such as E-cadherin whose gene is mutated in about 50% of diffuse type
gastric carcinoma [43]. This homophilic cell adhesion molecule belongs to a family of cell-cell
adhesion molecules with an important role in intercellular adhesion by establishing cell
polarity, maintaining tissue morphology and cellular differentiation in normal cells [44, 45].
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E-cadherin binds to the actin cytoskeleton via a series of catenin proteins [46]. Therefore
changes in E-cadherin expression have a direct effect on cell adhesion and therefore plays an
important step in cancer development. Mutations in β-catenin and γ-catenin have also been
observed in gastric cancer cell lines, and together with E-cadherin mutations appear to be
involved in the development and progression of diffuse and schirrhous type cancers [47-49].
As the E-cadherin is responsible for the seizure of a major fraction of β-catenin in the com‐
partment intracellular membrane, a loss of E-cadherin complexed to the cell membrane is
associated with an increase in the share intracytoplasmic and nuclear of β-catenin [50]. In fact,
this possibility is confirmed by immunophenotypic analysis of tumor diffuse gastric, where it
often shows the increasing of nuclear β-catenin expression is associated with reduced of
immunolocalization of membrane of the E-cadherin [51]. Recent data indicate that the simple
down-regulation of E-cadherin, also obtained through epigenetic mechanism, alone would be
sufficient to trigger the molecular carcinogenesis diffuse type of gastric cancer [52]. Despite
the alterations of the E-cadherin seem limited to diffuse forms, also in carcinoma of intestinal
type are observed alterations of the Wnt pathway that leads to an increase of cytosolic and
nuclear β-catenin [53]. This accumulation of β-catenin can be explained by mutations in APC
gene (Adenomatous Polyposis Coli) or in β-catenin gene itself. Both the situations lead to a

Figure 2. The Wnt signaling pathway. In the absence of Wnt ligand (left panel), the destruction complex (GSK3β, APC,
Axin) creates a hyperphosphorylated β-catenin, which is a target for ubiqitination and degradation by the proteo‐
some. Binding of Wnt ligand to a Frizzled/LRP-5/6 receptor complex (right panel) leads to stabilization of hypophos‐
phorylated β-catenin, which interacts with TCF/LEF proteins in the nucleus to activate transcription. β-catenin
normally binds to the intracellular domain of E-cadherin but the whole Wnt pathway is independent of E-cadherin
expression.
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hypophosphorylation of β-catenin, which reduces its proteolytic degradation. This is again an
accumulation of intracytoplasmic β-catenin resulting in its nuclear translocation, where it can
exert oncogenic role. A mutation of the APC gene appears be found in approximately 30% of
adenocarcinomas of type intestinal [54]. To further support the role of Wnt, has observed that
patients with germline mutations of APC present a risk of developing gastric cancer 10 times
higher than that of the normal population [55].

4.3 RUNX3

Another potential candidate in the molecular carcinogenesis process of stomach cancers is
represented by RUNX3, one of the first identified members of the RUNX family (mammalian
Runt related genes) [56]. The RUNX gene family is composed of three members, RUNX1/
AML1, RUNX2 and RUNX3 [57]. These are genes coding for a group of closely related proteins
with DNA binding function. In humans, loss of RUNX3 by hypermethylation of the promoter
CpG islands is observed in several different cancers, including 64% of gastric carcinomas [58].
This loss reaches 90% in patients with gastric cancer in advanced stage. Gastric epithelium of
RUNX3 knockout mice exhibits hyperplasia, reduced rate of apoptosis and reduced sensitivity
to TGFβ1, thus suggesting that the tumour suppressor activity of RUNX3 operates down‐
stream of the TGFβ signaling pathways. RUNX3 methylation is also a feature of 8% of chronic
gastritis, 28% of intestinal metaplasia and 27% of gastric adenomas. These observations suggest
RUNX3 is a target for epigenetic gene silencing in gastric carcinogenesis [59, 60]. Another
element of great interest that correlates RUNX3 to H. pylori infection is represented by the fact
that the H. pylori infection may down-regulate RUNX3 with an epigenetic mechanism [61]. In
fact, it has been observed that during H. pylori infection there is the induction of nitric oxide
production by macrophages resulting in methylation of the RUNX3 promoter. Recent results
also show how the loss of expression of RUNX3 correlatessignificantly with the metastatic
spread of cancer by adversely affecting the prognosis [62].

4.4 Genomic instability

In gastric cancer the loss of genomic stability represents a key molecular step that occurs early
in the carcinogenesis process and creates a permissive environment for the accumulation of
genetic and epigenetic alterations in tumor suppressor genes and oncogenes. It iswidely
accepted that gastric cancer can follow at least two major genomic instability pathways,
chromosome instability (CIN) and microsatellite instability (MSI). CIN is defined as the loss
of chromosomal material during dysfunctional chromosome replication, repair or segregation
[63]. MSI, which results from an erroneous DNA mismatch repair system, has been well known
to be involved in the carcinogenesis of hereditary nonpolyposis colon cancers and some of
sporadic colorectal cancers [64, 65]. A variable fraction from 15% to 50% of sporadic gastric
cancer ischaracterized by MSI as a result of genetic inactivation or mainly Mismatch Repair
(MMR) genes epigenetics, including hMLH1 and hMSH2. The inactivation of MMR genes is
not itself a transforming event and additional genetic changes are required for progression to
malignancy. In particular, in gastric cancer MSI is observed with the presence of mutations in
repetitive sequences of genes involved in the regulation of cell growth (TGF-βRII, IGF-IIR), in
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apoptosis (BAX) and DNA repair (hMSH6, hMSH3). These mutations can alter the gene
expression and give an advantage in cell growth and in clonal expansion. GC with MSI
represents a tumor subset with clinico-pathological specific features. In particular, MSI GC is
an intestinal gastric cancer, with antral location, low prevalence of vascular invasion or lymph
node infiltration and better prognosis.

5. The molecular aspect of gastric cancer as rational for new therapeutic
targeted strategies

In recent years it has strengthened the tendency to identify therapeutic strategies different
from classical chemotherapeutic approach. The reviewed signaling pathways are relevant
contributors for gastric carcinogenesis and encompass a multitude of potential therapeutic
targets. In particular, there are growing efforts designed to identify the molecular mechanisms
whose inhibition can significantly reduce the clinical aggressiveness of tumor malignacy. This
innovative approach has achieved major successes in rare neoplastic diseases such as chronic
myeloid leukemia and gastrointestinal stromal tumors (GIST) where it was possible to
effectively inhibit constitutionally activated receptor tyrosine kinase such as the KIT gene [66,
67]. Except for the inhibition of HER2 in breast carcinoma, the same success has not yet been
achieved in other tumors hence the need to further investigate on the existence of new potential
molecular targets. Under this aspect, GC is not an exception indeed it represents a disease for
the possible application of targeted therapies.

5.1 HER 2

HER2 (Human Epidermal Growth Factor Receptor 2) also known as Neu, ErbB-2, CD340
(cluster of differentiation 340) or p185 is part of a large family of receptors of tyrosine kinase
activities. Along with HER1, also known as EGFR, up-regulation of HER2 is an important event
in molecular carcinogenesis of many cancers. Ligand binding to EGFR extracellular domain
leads to its activation, with subsequent homodimerization leading to the phosphorylation of
its intracellular tyrosine kinase domain. This will initiate a series of intracellular signals,
including activation of the central Ras/Raf/mitogen activated protein kinases (MAPK) signal‐
ing pathway (Figure 3). Up to now, the best model known is constituted by breast carcinoma
in which HER2 is amplified in about 20% of cases [68]. This amplification is correlated to an
increase of the expression of the protein and thus in growth advantage [69]. The prognostic
negative role played by the amplification of HER2 in breast cancer is balanced by the possibility
to interfere with that oncogenetic mechanism through the use of molecular therapies targeted
with humanized monoclonal antibodies (i.e. Trastuzumab) [70]. On the basis of the results
obtained in the treatment of breast cancer and counting on the fact that gastric carcinomas
show amplification of HER2 in approximately 20% of cases, clinical trials have been designed
that demonstrated significant improvement in progression-free survival disease for patients
with HER2 overexpression, treated with trastuzumab, particularly when associated to
conventional chemotherapy [71-73]. It is interesting to note how the aberrations of HER2 are
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practically exclusive of gastric (and cardial) adenocarcinomas of intestinal type, while they are
decidedly not represented in the forms of the diffuse type. As in the case of E-cadherin
alterations, there is a correlation between morphological and molecular mechanism in the
diffuse forms. The EGFR/MAPK pathway has also shown to be activated in gastric carcinomas
with microsatellite instability [74].

Figure 3. HER2 signaling pathway. Binding of EGF to HER2 initiate a series of intracellular signals, including activation
of the central Ras/Raf/mitogen activated protein kinase (MAPK) signaling pathway.

Current Topics in Gastritis - 2012250



5.2 VEGF

The mechanisms of angiogenesis have recently received a lot of interest in oncology and the
inhibition of tumor angiogenesis has become a therapeutic option even feasible in gastric
cancer [75]. The vascular endothelial growth factor (VEGF) is a dimeric heparin-binding
glycoprotein and it is characterized by the ability to exert a powerful mitogenic action on
endothelial cells, promoting their growth both in the primary tumor and in metastases, in the
latter case after having stimulated the migration from home neoplastic primitive and secon‐
dary levels. A very recent study has shown a direct relationship between VEGF concentrations
and new blood vessel development; gastric mucosal neovascularization was also reported to
be significantly higher in the antrum of patients with H. pylori-positive gastritis versus non-
infected individuals [76]. Experimental studies using different approaches clearly demonstrate
that VEGF promotes tumor growth, angiogenesis, and metastasis formation [77, 78]. Overex‐
pression of VEGF levels has been actually observed in the serum of gastric cancer patients
compared with normal control and the increase of the expression seems to be correlated with
the tumor stage and mass and is a negative prognostic factor [79]. However, there are limited
data regarding the clinical and prognostic significance of serum VEGF (sVEGF) levels in gastric
cancer patients. The fact that for some years it was possible to interfere with the neoangiogen‐
esis using a recombinant humanized antibody directed against VEGF (bevacizumab) consti‐
tutes an element of great clinical interest. Recent is a publication of data from the first Phase
II study conducted on patients with advanced or metastatic gastric cancer treated with a
combination of bevacizumab, docetaxel and oxaliplatin. Using primary endpoint of progres‐
sion-free survival, complete responses were observed in 5%, partial response in 37% and
stabilization of disease in another 37% of cases. These data certainly encourage randomized
trials to definitively clarify whether the inhibition of angiogenesis can be a very effective way
in the treatment of gastric cancer.

5.3 mTOR

The mammalian target of rapamycin (mTOR) pathway has become a major focus of preclinical
and clinical cancer research [80]. mTOR is a central regulatory kinase that increases the
production of proteins involved in key cellular processes such as cell growth and proliferation,
cell metabolism, and angiogenesis [81-83]. mTOR increases translation of proteins that drive
cell growth and cell division, such as cyclin D1, and decreases translation of negative regulators
of cell cycle progression [84]. It plays a role in cellular metabolism too by stimulating the surface
expression of nutrient transporters [85]. mTOR consists in a double molecular complex
(mTORC1 and mTORC2). mTORC1 is regulated by two components of the complex tuberous
sclerosis (TSC1 and TSC2), which are controlled by the PI3K/AKT. mTORC2 instead regulates
AKT cascade. Recently, because of their function in cell proliferation, these molecular com‐
plexes were considered ideal target for the design of drugs in oncology [86].

The efficiency of this approach has obtained a first success in a group of rare tumors known
as PEComi [87]. However, significant results seem to be possible in the context of solid tumors.
In fact, recent data show that the activation of mTOR in gastric cancer represents a key event
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observed in approximately 50% of cases [88]. Hence, the first attempts to use mTOR inhibitors
to improve the efficiency of systemic therapies [89, 90].

6. Conclusions

In this review, we have summarized reports on genes, proteins and factors involved in gastric
carcinogenesis based on currently available literature. Gastric carcinoma results from a
complex interaction between bacterial, environmental, host-genetic and molecular mecha‐
nisms. It is evident that gastric cancer is the consequence of a multistep process involving
different genetic and epigenetic changes in numerous genes. Host genetic background and
environmental factors also play an important role in the pathogenesis of the disease. The
majority of genetic alterations contributing to the malignant transformation were observed in
growth regulatory genes, and in genes involved in cell cycle progression and arrest. In recent
years, the analysis of molecular carcinogenesis gastric epithelial neoplasm has certainly
provided information of great importance. It is understood that the molecular mechanisms
involved in carcinogenesis of intestinal type are different from those prevailing in the devel‐
opment of diffuse one. The element of greater importance from a clinical point lies in the fact
that the elucidation of these mechanisms is the prerequisite for exploring innovative thera‐
peutic approaches. While the conventional forms of treatment seem to have reached the limit
of effectiveness, it is possible that use of targeted therapies based on solid preclinical rational
can translate into tangible clinical benefit. The reviewed signaling pathways are relevant
contributors for gastric carcinogenesis and encompass a multitude of potential therapeutic
targets. In addition to these signaling-related targets we included new data on

GKN1 as being involved in gastric cancer susceptibility phenotype.
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