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Valdez, Maria Cecilia Rodríguez, Medici Marta, Guillermo Emilio Marcial, Bárbara Peleteiro, Nuno Lunet, Alejandro 
H. Corvalan, Wilda Olivares, Gonzalo Carrasco, Jasna Dovhanj, Drazen Svagelj, Takafumi Ichikawa, Kazuhiko Ishihara, 
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Preface 
 

In the last two decades, the research on gastritis, gastroduodenal ulcers and gastric 
carcinoma focused on the Helicobacter pylori infection process, but the mechanisms 
leading to these diseases are not completely understood. Gastritis is an inflammatory 
disease of the gastric mucosa in response to several intrinsic and extrinsic factors. Diet 
antigens, extracellular pollutants and pathogenic infections trigger the inflammatory 
process in the gastrointestinal tract. Thus, the disruption of the intestinal barrier 
results in intestinal inflammation by pro-inflammatory reactions of immune cells. The 
inflammatory progression into the gastric lining depends on environmental factors, 
host state and H. pylori-specific virulence factors. Albeit the stomach is frequently ex-
posed to hazardous agents, several gastroprotective mechanisms exist to response to 
this harsh environment. Furthermore, a better understanding of the mechanisms of 
gastric mucosal defense system might provide new insights into potential therapeutic 
targets. The modification of functional capsaicin-sensitive afferent nerves also offers 
new opportunities in gastroprotective therapy. The severity of gastric inflammation 
has also been related to high concentration of free radicals. Chronic inflammation of 
the gastric mucosa may predispose susceptible cells to neoplastic transformation. The 
reactive oxygen species (ROS, e.g. nitric oxide and superoxide) are key regulatory 
factors in molecular pathways linked to carcinogenesis. H. pylori infection increases the 
oxidative DNA damage by ROS in epithelial cells as a causal factor in malignant 
transformation. Two distinct molecular pathways for gastric carcinogenesis by H. 
pylori infection has been proposed; the direct action of the bacterial proteins such as 
Cag A on gastric epithelial cells, and the accumulation of genetic and epigenetic 
changes in tumor-related genes of the gastric epithelial cells caused by prolonged 
bacterial infection and chronic inflammation. Then the identification of novel genes 
regulated by H. pylori (cagA, cagT, vacA and dupA) in early stages of gastric cancer 
might help to understand the differential susceptibility to this pathogen. Recent 
studies have demonstrated the phenotypic and genotypic diversity of H pylori isolates 
that may engender differential host inflammatory responses with influence in the 
clinical outcome. New strategies for control of H. pylori infection involve the 
disruption of the interaction between the bacteria and target cells via downregulation 
of apoptosis and upregulation of autophagy. 

Besides, the integral analysis of immunohistopathology and overexpression of specific 
tumor suppressor genes (e.g. p53 and p73) or a protein secreted by antrum mucosa 
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(gastrokine 1), might be important to the identification of possible biomarkers for the 
gastric carcinogenesis. DNA methylated genes have been detected not only in gastric 
mucosa but also in the plasma of gastric cancer patients (e.g. Reprimo, RPRM) as a 
cell-free DNA, which can be considered a diagnostic tool for non-invasive detection of 
premalignant gastritis and gastric cancer. It is also worth to mention that proper 
chronic gastritis classification considering both, clinical and histopathological aspects 
is fundamental for the diagnosis and successful therapy. Current classification of 
gastritis is the 1994 Houston-updated Sydney System. It has been suggested that 
digital morphometric evaluation of the inflammatory and epithelial cells of the gastric 
mucosa, and the density of neuroendocrine cells in association with chronic gastritis 
type, and clinicopathological factors may also be valuable in diagnosis.  

The treatment of gastritis depends on the specific cause. In the present, not only 
several drugs are in use, but also phytotherapy compounds including tannins and 
flavonoids (phenolic compounds) have been associated with healing properties 
attributed to the inhibition of cytokine-mediated inflammatory mechanism, 
suppression of inducible nitric oxide synthase and antioxidants activities. In addition, 
probiotic lactic acid bacteria and probiotic foods might promote beneficial effects on 
the gastric mucosa. 

Untreated chronic gastritis and other host factors could progress to gastric 
carcinogenesis. The model postulated by Correa and Houghton (2007) shows the 
combination of H. pylori factors, environmental insults, and the host immune response 
involved in the initiation and progression of mucosal atrophy, metaplasia, and 
dysplasia toward gastric cancer. It is known that H. pylori eradication changes the 
cellular phenotype of gastric intestinal metaplasia, which may be an important factor 
in the reduction of cancer incidence.  

Recently, H. pylori lipopolysaccharide (LPS) was associated with the enhancement of 
the inflammatory reaction and upregulation of the growth rate of epithelial cells via 
activation of the MEK1/2-ERK1/2 MAP kinase cascade.   

All these aspects are considered in this book, as a comprehensive overview of invited 
contributions about gastroprotection, gastritis and gastric carcinogenesis and new 
approaches in diagnosis and treatments. The first part of the book covers topics related 
to the pathophysiology of gastric mucosal defense system and gastritis including the 
gastroprotective function of the mucus, the importance of capsaicin-sensitive afferent 
nerves and the oxidative stress pathway involved in inflammation, apoptosis and 
autophagy in Helicobacter pylori related gastritis. The next chapters deal with molecular 
pathogenesis and treatments, which consider the role of neuroendocrine cells in gastric 
disease, DNA methylation in H. pylori infection, the role of antioxidants and 
phytotherapy in gastric disease. The final part presents the effects of cancer risk factors 
associated with H. pylori infection. These chapters discuss several factors such as, the 
serum pepsinogen test, K-ras mutations, cell kinetics, and H. pylori lipopolysaccharide, 
as well as the roles of several bacterial genes (cagA, cagT, vacA and dupA) as 
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virulence factors in gastric cancer, and the gastrokine-1 protein in cancer progression. 
The topics presented in this book are suggested to all clinicians and researchers 
interested in gastroprotection, gastritis and gastrointestinal cancer diagnosis and 
treatments. 

I would like to thank the In Tech Publishing team for this opportunity and especially 
to all the authors for their contribution to the better understanding of gastritis and 
gastric cancer.  

August 2011 

Dr. Paola Tonino 
Associate Professor (UCV),  

Venezuela 
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Protective Effects of Gastric Mucus 
Takafumi Ichikawa and Kazuhiko Ishihara 

Kitasato University Graduate School of Medical Sciences 
Japan 

1. Introduction  
The gastric mucosa is continuously exposed to many noxious factors and substances. How the 
gastric mucosa maintains structural integrity and resists auto-digestion by substances such as 
acid and pepsin puzzled clinicians and investigators for more than 200 years. The gastric 
epithelium must also resist damage from extrinsic agents, including Helicobacter pylori (H. 
pylori) and noxious ingestions such as ethanol and nonsteroidal anti-inflammatory drugs 
(NSAIDs). The luminal surface of the stomach is covered by a viscoelastic mucus gel layer that 
acts as a protective barrier against the harsh luminal environment. The structural 
characteristics of this barrier are primary indicators of its physiological function and changes 
of its composition have been identified in gastrointestinal pathologies. This chapter presents 
recent insights into the implication of the gastric mucus barrier as “no mucus, no protection”.  
While acid, pepsin, and H. pylori are thought to be major factors in the pathophysiology of 
gastritis, the importance of the mucosal defense system has also been emphasized. Gastric 
‘cytoprotection’ refers to a reduction or prevention of chemically induced acute hemorrhagic 
erosions by compounds such as prostaglandin (PG) and SH derivatives without inhibiting 
acid secretion in rodents (Robert, 1979; Szabo et al., 1981). Since the concept of 
‘cytoprotection’ was introduced, increasing attention has been paid to the effect of 
medications on the gastric mucosal defensive mechanisms. Although the exact mechanisms 
of the mucosal defense system are unknown, it involves one or more of the naturally 
occurring gastric mucosal defensive factors such as mucus metabolism. For estimation of the 
gastroprotective function, many drugs have been investigated for their activity to protect the 
gastric mucosa from a variety of necrotizing agents such as ethanol and HCl. Considerable 
information has accumulated about the gastroprotective function of the mucus that covers 
the mucosal surface of the stomach.  

2. Fundamental aspects of gastric mucus 
2.1 Constituent of gastric mucus 
Mucus is produced in mucus-producing cells, secreted and extensively covers the surface 
layer of the mucosa by forming a mucus gel layers. As shown in Figure 1, mucus is a 
complex mixture containing mucin, water electrolytes, sloughed off cells, enzymes and 
various other materials, including bacteria and bacterial products depending on the source 
and location of the mucus (Hotta, 2000). 
Gastric mucus is present in the mucus granules of the mucus-producing cells, the insoluble 
mucus gel layer adhering to the mucosal surface and the gastric lumen in a solubilized  
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Fig. 1. Composition of gastric mucus. 

condition. Mucus rapidly responds to pathological and physiological changes in the 
stomach. Moreover, mucus present in the stomach exhibits various actions such as 
maintaining lubrication of the mucosal surface, covering ingested foods to mix them, 
helping digestion, and protecting the surface epithelium from irritation by forming a thick 
mucus gel layer. 
Mucin, the major constituent of the mucus, is biosynthesized by the mucus-producing cells 
and secreted from them. Mucus-producing cells of the mammalian gastric mucosa are 
classified mainly as surface mucus or gland mucus cells (Fig. 2) and respective mucins differ 
in their peptide sequences and chemical composition of the carbohydrate moieties. The core 
peptides of the mucins from the surface and gland mucus cells of the human stomach are 
characterized as MUC5AC and MUC6, respectively. Mucins from these two types of cells 
have distinct roles in the physiology of the gastric mucosa. In the studies using experimental 
animals, the appearance of specific mucin was observed in the regenerating epithelia during 
the healing process from gastric mucosal damage (Hayashida et al., 2001; Ikezawa et al. 
2004). 

2.2 Outline of gastric mucin 
Electron microscopy has indicated 200 to 4000 nm fibers to be present in a gastric mucin 
molecule. Mucins are composed of glycoprotein subunits (monomer molecular weight : 3 to 
5 x 105) joined by disulfide bridges, to form high-molecular-weight polymers (having a 
molecular weight of millions). Each glycoprotein subunit consists of a central peptide core, 
with many closely packed carbohydrate side chains attached (Fig. 3). Each carbohydrate 
chain is composed of several sugar residues (up to 19 in length) in gastric mucus, and many 
will carry a negative charge because of the presence of ester sulfate and sialic acid residues. 
It is these negatively charged carbohydrate chains that give the mucin its acidic-staining 
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Fig. 2. Distribution of cells constituting the oxyntic gland. 

 
Fig. 3. Polymeric structure of mucin molecules. 
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properties. Each glycoprotein subunit can be divided into two functional regions on the 
basis of the peptide core: (1) glycosylated regions in which carbohydrate chains form a 
closely packed sheath around the central peptide core, protecting it from proteolytic attack; 
and (2) other nonglycosylated regions of the peptide core that have little or no carbohydrate 
attached, which are therefore accessible to proteolytic attack by pepsin and other proteolytic 
enzymes. These nonglycosylated regions of the peptide core are also the site of the 
disulfide bridges that join the glycoprotein subunits together to form the polymeric mucin 
structure.  
Gel formation between intact polymeric mucin molecules occurs at high concentration (15 to 
50 mg/ml) by noncovalent interactions. For gel formation to take place, the mucin must be 
in its polymeric form. This is the reason why proteolytic enzymes such as pepsin, which 
degrades the mucin polymeric structure, will dissolve mucus gels. Proteolysis digests the 
nonglycosylated regions of the peptide core, hence that part containing the disulfide bridges 
that join the glycoprotein subunits together. The resulting proteolytically degraded subunit 
consists of the glycosylated region, which is resistant to further proteolytic digestion. There 
is no detectable loss of carbohydrate during proteolysis and, since it is more than 80% by 
weight of the glycoprotein subunit, the proteolytically degraded glycoprotein is still quite 
large. 

3. Method and tools for mucus research 
3.1 Biosynthesis of mucin 
Mucin is produced within mucus-producing cells. To serine or threonine in the polypeptide 
core synthesized in ribosomes, sugars are transferred one after another in the Golgi 
complex. Dekker & Strous (1990) have indicated the biosynthesis of gastric mucin to occur 
as follows. A polypeptide (molecular weight: about 270,000) is synthesized in ribosome and 
the mucin precursor is synthesized in the rough endoplasmic reticulum (RER). A small 
portion of an N-glycoside sugar chain is connected to each end of the peptide in the RER 
and is required for efficient oligomerization of the precursor. Three to 4 molecules of this 
precursor are polymerized in an ATP-unrelated manner in the RER to form an oligomer. N-
acetylgalactosamine is subsequently transferred to serine and threonine in the late RER 
compartment (transitional elements) or in cisternae of the Golgi complex. The three-
dimensional structure of the polypeptide core changes to an elongated random coil as a 
result of this transfer. The other sugars are transferred to mucin intermediates before they 
can reach the trans-cisternae of the Golgi complex and the mucin intermediates form mature 
mucin. Following biosynthesis in mucus-producing cells, mucin accumulates as mucus 
granules in the cells and is subsequently secreted through exocytosis. Consequently, a 
mucus gel layer is formed, which is degraded or directly secreted (Fig. 4). 

3.2 Methods for isolation of gastric mucus 
The distribution in the stomach, localization and composition of mucus were mainly 
determined by histochemical methods. By virtue of the development of new staining 
methods, it has become possible to determine the histochemical characteristics of the 
produced mucus. However, this method is not suitable for a quantitative assay to grasp the 
disposition of mucus as a whole. To continue our mucus research, the development of some 
biochemical assay methods was needed. Gastric mucus is a mixture with a complicated 
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composition. It is not easy to quantify this substance. To overcome this difficulty, we 
decided to determine the major constituent of mucus, mucin, alone for quantitative 
evaluation of the gastric mucus. As mucin is a highly glycosylated macromolecule, we 
developed a method to efficiently extract and isolate mucin from the gastric mucus and 
established the method to quantify its constituent sugars.  
Mucus is isolated from corpus and antral mucosa of rat stomach (Fig. 5). To determine 
mucus content, lyophilized tissues are subjected to extraction with Tris-HCl buffer 
containing 2% Triton X-100 and separated by gel filtration. The first peak eluted with the 
void volume is characterized as mucin and the change in mucin content is determined by 
measurement of hexose (Azuumi et al., 1980). The amount of hexose per dry tissue weight is 
calculated and the results expressed relative to the control. To investigate the biosynthetic 
activity of mucin, 2 x 2 mm tissue samples are incubated in a medium containing a labelled 
precursor and the mucin fraction is isolated. The radioactivity is determined and given as 
levels per tissue protein (Ichikawa et al., 1993).  
These biochemical methods are suitable for quantification of the total mucin content in the 
entire mucosal layer. With the use of these methods, it became possible to quantify the 
amount of mucus and the extent of biosynthesis in each portion of the stomach (corpus and 
antrum). Moreover, it became possible to determine the physiological changes and also 
changes in the amount of mucus and qualitative changes due to pathological changes such 
as an experimental ulcer. However, when using this described method, it was impossible to 
determine the disposition of mucin in the mucus gel layer which is important for the gastric 
defense mechanism. We normally mechanically scraped the gel layer from the mucosa, and 
therefore, it was impossible to make a precise determination due to the loss of surface 
epithelial cells. To solve this problem, various methods for removal of the gel layer were 
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Fig. 5. Preparation of labeled and unlabeled mucus. 

tried. As a result, it was confirmed that the mucus gel layer alone can be separated without 
damaging the surface epithelium when N-acetylcysteine is used as a mucolytic agent 
(Komuro et al., 1991). At present, it has become possible to remove the gel layer, to scrape 
the surface mucosa and deep mucosa, and then to determine the mucin content in the 
mucus for each region and each layer (Komuro et al., 1992a, 1992b). Our scraping method 
enables us to biochemically assess the mucin content of the gel layer by separating it from 
the deep mucosa of the stomach, and we have demonstrated that quantitative changes in the 
gastric mucin are closely related to mucosal protective activity (Kojima et al., 1992, 1993; 
Ichikawa et al., 1994a; Komuro et al., 1998). 

3.3 Development of monoclonal antibody against gastric mucin 
Previous studies have shown that different types of mucin, differing in their carbohydrates 
and core protein structure, are expressed in different regions of the gastrointestinal tract. In 
the stomach, the corpus mucin differs from the antral mucin, and in each region the surface-
type mucins (surface mucus cell-type mucins) differ from the gland-type mucins, 
synthesized in deeper layers of the gastric mucosa (Corfield et al. 2000). Histochemical 
studies revealed that surface-type mucins have different carbohydrate chains from gland-
type mucins in the stomach. For instance, surface-type mucins were stained by galactose 
oxidase-cold thionine Schiff (GOTS) staining, while glandular mucins were stained by 
paradoxical concanavalin A staining (PCS) (Ota et al., 1991; Ota & Katsuyama, 1992). On the 
other hand, studies using gene technology revealed that, in the stomach, the mucin bearing 
MUC5AC core protein was expressed in the surface mucosa, while MUC6 was expressed in 
the glandular mucosa (De Bolos et al., 1995; Ho et al., 1995a, 1995b; Buisine et al, 2000). The 
biochemical characterization of individual mucin molecules is important to understand their 
functions, and specific tools to recognize particular mucin species are essential. For these 
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purposes, many monoclonal antibodies (mAbs) against mucins have been developed and 
used in our laboratory (Ishihara et al., 1993). Representative anti-mucin monoclonal 
antibodies are shown in Figure 6. The mAbs RGM21 and HIK1083, which recognize a 
specific carbohydrate portion of rat gastric surface- and gland-type mucins, respectively 
(Ishihara et al., 1996a, 1996b), are frequently used to characterize the different mucin 
molecular structures. From histological studies and epitope analyses, the characteristics of 
each antibody have been elucidated (Goso et al., 1999, 2003, 2009; Tsubokawa et al., 2007, 
2009). 
 

 
Fig. 6. Representative anti-mucin monoclonal antibodies. 

4. Changes of gastric mucus and mucosal protection 
4.1 Gastric mucosal protection 
The gastric mucosa acts to maintain homeostasis through the physiological mechanism 
naturally given to it in the presence of endogenous irritants such as gastric acid, pepsin, and 
exogenous irritants such as NSAIDs, stress, and alcohol (Fig. 7). During the protection of the 
mucosa, various factors such as bicarbonate ion, mucosal blood flow and cell turnover are 
involved other than the mucus. In recent years, the roles played by indirect factors such as 
prostaglandin and superoxide dismutase have also been clarified. These factors interact with 
each other, and damage to the mucosa occurs through an imbalance between the aggressive 
factors and protective factors (Fig. 7).  
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Fig. 7. Gastric protection: which is stronger, aggressive factor or protective factor? 

4.2 Changes of gastric mucus 
The response of the gastric mucosa to acute injury is uniform regardless of the damaging 
agent; it usually results in exfoliation of the surface epithelium and injury of deeper mucosal 
layers. Deep mucosal injury is most likely caused, at least in part, by injury to the gastric 
mucosal microvasculature. Acute injury is most often produced by alcohol, aspirin, 
indomethacin, and other NSAIDs.  
Figure 8 shows the changes of rat gastric mucosa after orally administration of aspirin (100 
mg/kg in 0.15N HCl). In the control rat, after fasting for 24 hr, surface mucus cells of the 
corpus were strongly stained by RGM21 (Fig. 8a). After the administration of aspirin, the 
immunohistochemical reactivity of RGM21 in the corpus of the rat stomach had decreased 
when compared with the control situation (Fig. 8b). Figure 8c shows the gastric mucosa 
treated with teprenone (geranylgeranylacetone) 3 hr after aspirin administration. Teprenone 
is a gastric mucosal protective drug without affecting gastric acid secretion and clinically 
used in Japan for treatment of gastritis. This drug has been reported to reveal various 
pharmacological actions including the promotion of gastrointestinal mucus (Iwai et al., 2011; 
Rokutan et al., 2000). 
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Fig. 8. Immunohistochemical staining with RGM21 in the gastric mucosa. (a) Normal control 
rat.  (b) Aspirin (100 mg/kg) was administered orally and lesion formation was assessed 3 
hr later. (c) Rat treated with teprenone (200 mg/kg) after aspirin administration. 

4.3 Regulatory mechanism of gastric mucus metabolism 
It has been elucidated that various factors are involved in the regulation of the mucus 
metabolism and each of these factors acts on some specific kind of mucus cells (Fig. 9). 
Among the endogenous regulatory factors of the stomach, gastrin, histamine and carbachol, 
which have an acid secretory action, EGF and HGF, which are growth factors and PG, which 
is an autacoid, are all able to increase the biosynthesis of the gastric mucin. However, a 
difference is seen in the mucin synthetic reactions based on these factors. Thus, the increase 
in mucin biosynthesis induced by gastrin among these acid secretagogues can be observed 
in the surface mucus cells of the gastric oxyntic mucosa, indicating that it occurs by way of 
specific gastrin receptors independent of the acid secretion mechanism (Ichikawa et al., 
1993). Moreover, gastrin stimulates the process of glycosylation without any change in the 
backbone peptide elongation, and the stimulation is mediated by nitric oxide (NO). 
Histamine activates the peptide biosynthesis process of mucin, but this process is not 
mediated by NO. On the other hand, carbachol stimulates the biosynthesis of the mucin 
peptide as well as the glycosylation step, both in the corpus and the antrum (Ichikawa et al., 
1998). As shown in Figure 9, EGF and HGF have distinct effects on the mucin biosynthesis in 
a specific region of gastric mucosa without their trophic effects (Ichikawa et al., 2000a, 
2000b). In other words, endogenous regulatory factors act on the mucus-producing cells 
through different modes of action, thus regulating their biosynthesis. It has also been 
indicated that different regulatory mechanisms are present at various sites in the stomach, 
and that NO and neuropeptides are involved in part of the regulatory process (Ichikawa et 
al., 2000c).  
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Fig. 9. Regulation of gastric mucin biosynthesis. 

5. Second-generation H2-blockers 
5.1 Structure of second-generation H2-blockers 
The H2-blockers are widely used these days in the treatment of gastritis. The chemical 
structures of some frequently used H2-blockers are shown in Figure 10. All the known H2-
blockers comprise an aromatic ring with a flexible chain joined to a polar group. Despite 
considerable diversity, these compounds can be grouped into two main series according to 
the nature of the aromatic rings, namely five-membered and six-membered aromatic ring 
series. Cimetidine and ranitidine belong to the conventional group characterized by a five-
membered aromatic ring. Recently, some of the newer H2-blockers (so-called second-
generation H2-blockers) have been reported to promote the gastric mucosal defense 
mechanisms (Fukushima et al., 2006; Harada et al., 2007; Marazova et al. 1998; Murashima et 
al., 2009; Saegusa et al., 2008; Ichikawa et al., 2009a). Second-generation H2-blockers contain 
a six-membered aromatic ring, instead of a five-membered heterocyclic ring. 
Of the four H2-blockers shown in Figure 10, lafutidine and roxatidine have a stimulant  
effect on mucin biosynthesis in the rat gastric mucosa. In contrast, first-generation  
H2-receptor antagonists such as cimetidine, ranitidine and famotidine, failed to stimulate 
mucin biosynthesis (Ichikawa et al., 1994b, 2009b). Second-generation H2-blockers,  
lafutidine and roxatidine, have been reported to prevent the formation of gastric mucosal 
lesions induced by necrotizing agents in rats (Fukushima et al., 2006; Shiratsuchi et al., 
1988), and this effect may be due not only to the inhibition of aggressive factors such as acid, 
but also to the maintenance of defensive factors such as mucus. On the other hand, many 
reports have indicated that cimetidine and ranitidine lack a protective effect against 
necrotizing agent-induced gastric mucosal damage in the rat (Shiratsuchi et al., 1988; 
Tarnawski et al., 1985). 
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Fig. 10. Effects of representative H2-blockers on mucin biosynthesis. 

5.2 Structure-activity relationship for gastroprotective actions 
The above findings have clarified that the second-generation H2-blockers have a unique 
structure, and not only inhibit acid secretion but also enhance the protective mechanisms of 
the gastric mucosa. This should stimulate new interest in the chemical analysis of these 
drugs to determine the structural requirements for their gastroprotective actions. 
Compared with the structural requirements of the acid-inhibitory mechanisms of the H2-
blockers, only a few detailed analyses have been reported of the structural aspects of their 
gastroprotective actions (Ichikawa et al., 1996, 1997; Sekine et al., 1998; Hirakawa et al., 1998) 
because of the complicated mechanisms of mucosal protection. However, the cardinal 
chemical features of lafutidine that determine its mucin biosynthetic activity, as a 
quantitative index of its gastroprotective action, were identified by considering the 
structural analogs (Fig. 11) of this drug using an rat stomach organ culture system (Ichikawa 
et al., 1996). As shown in Figure 11, compounds A, B and C bear the pyridine ring and 
compounds D and E bear the furan ring, which are commonly present in the structure of 
lafutidine. Mucin biosynthetic activity was increased by the addition of two pyridine 
derivatives, lafutidine and compound A. In contrast, compounds D and E, lacking a 
pyridine ring, failed to stimulate mucin biosynthesis. Similar results were obtained for 
compounds B and C, which have a pyridine ring but lack an amide structure. These results 
indicate that pyridine-based compounds containing an amide structure may be essential for 
activating the gastroprotective function. Furthermore, comparison with the H2-receptor 
antagonistic activities of these compounds suggests that H2-receptor antagonism is not 
directly correlated with lafutidine-induced stimulation of mucin biosynthesis. 
A more detailed analysis has been performed using roxatidine and its structural analogs to 
reveal the structural requirements of second-generation H2-blockers for the stimulant effect 
on rat gastric mucin biosynthesis, particularly with regard to whether the cardinal features 
of roxatidine are only the six-membered aromatic ring and amide structure, and its relation 
to H2-receptor antagonism (Ichikawa et al., 1997). Of six compounds containing both a 
benzene ring and an amide structure, analogs A and B, but not C, stimulated mucin 
biosynthesis in a manner similar to that of roxatidine. These three compounds contain a 
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Fig. 11. Structures and pharmacological activities of lafutidine and its analogs. Mucin 
biosynthetic activity was evaluated in an organ culture system of the rat stomach. Score was 
divided into the following 4 groups: -, no effect at 1 x 10-6 M; +, under 20% increase from the 
baseline at dose of 1 x 10-6 M; ++, significant 20-30% increase of biosynthetic activity (p < 
0.05) at 1 x 10-6 M; +++, significant over 30% increase of mucin biosynthesis (p < 0.01) at 1 x 
10-6 M. Histamine H2-receptor antagonistic activity was investigated on the histamine-
induced positive chronotropic responses in the isolated guinea-pig right atria. Score was 
divided into the following 4 groups: -, no effect at 1 x 10-5 M; +, under 70% inhibition at 1 x 
10-6 M; ++, 70-90% inhibition at 1 x 10-6 M; +++, over 90% inhibition at 1 x 10-6 M. Data are 
taken from the reference (Ichikawa et al., 1996). 

piperidine ring (indicated by R1 in Figure 12) attached to the benzene ring via a methylene 
bridge, but the length of the flexible chain (indicated by R2 in Figure 12) of analog C differs 
from that of roxatidine. This means that the length of the flexible chain between the benzene 
ring and the amide structure is essential for this stimulation of mucin biosynthesis. Analogs 
D, E and F, having different ring structures or no ring structure at R1 of the roxatidine 
molecule, failed to activate mucin biosynthesis. Analogs D, E and F contain the same flexible 
chain as roxatidine. Thus, the piperidine ring is also important for their activity. These 
results indicate that the structural requirements for the stimulant effect of roxatidine on 
mucin biosynthesis are not only the six-membered aromatic ring and amide structure, but 
the attachment of the piperidinomethyl group and the appropriate length of the flexible 
chain are also important for this function. With regard to their H2-receptor antagonistic 
properties, the six analogs were investigated using competition with the binding of the 
radiolabeled H2-receptor antagonist [125I]iodoaminopotentidine to membranes of the guinea 
pig striatum (Leurs et al., 1994; Ruat et al., 1990). All compounds, except analog F in Figure 
12, displaced the specific [125I]iodoaminopotentidine binding to H2-receptor sites. The 
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relative potencies of these antagonists were: analog B > A > roxatidine > D > C > E. 
Compared with the IC50 value (concentration required to inhibit 50% of specific binding) for 
cimetidine obtained under similar experimental conditions, roxatidine and analogs A, B, C 
and D were 4.6, 9.5, 13.7, 1.6 and 2.7 times more potent than cimetidine, respectively 
(Ichikawa et al., 1997). These results suggest that H2-receptor antagonism does not directly 
correlate with roxatidine-induced stimulation of mucin biosynthesis. 
 

 
Fig. 12. Structures and pharmacological activities of roxatidine and its analogs. Mucin 
biosynthetic activity was evaluated in an organ culture system of the rat stomach. Score was 
divided into the following 4 groups: -, no effect at 1 x 10-6 M; +, under 20% increase from the 
baseline at dose of 1 x 10-6 M; ++, significant 20-30% increase of biosynthetic activity (p < 
0.05) at 1 x 10-6 M; +++, significant over 30% increase of mucin biosynthesis (p < 0.01) at 1 x 
10-6 M. Histamine H2-receptor antagonistic activity was investigated on the competition 
studies with [125I]iodoaminopotentidine binding to membranes of the guinea-pig striatum. 
IC50 values (concentration required to inhibit 50% of specific binding) were determined and 
divided into the following 5 groups: -, IC50 > 4000 nM; +, 800 > IC50 > 500 nM (similar to 
cimetidine in the antagonism ); ++, 500 > IC50 > 200 nM; +++, 200 > IC50 > 50 nM; ++++, 50 
nM > IC50. Data are taken from the reference (Ichikawa et al., 1997). 

Taken together, these data indicate that the structural requirements for mucosal protective 
activity in the second-generation H2-blockers are their amide structure and six-membered 
aromatic ring, such as benzene and pyridine derivatives. The cardinal chemical features of 
roxatidine for the activation of mucin biosynthesis are the appropriate length of the flexible 
chain between the amide structure and the aromatic ring system bearing the 
methylpiperidinyl group at the meta position. The thioether function can confer increased 
gastroprotective activity on lafutidine.  
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5.3 Effects of lafutidine on the mucus barrier 
The adherent mucus gel layer is the functionally important component of the mucus barrier 
in the human stomach. However, it cannot be demonstrated by routine histological 
techniques because of its susceptibility to dehydration and shrinkage, which has hampered 
research. The developed method of stabilizing this layer with Carnoy’s solution revealed 
that its laminated structure was composed of two types of mucin in alternating layers; one 
mucin is derived from the surface mucus cells and the other from the gland mucus cells. The 
surface mucus gel layer in Carnoy-fixed tissue sections is shown in the hematoxylin and 
eosin (HE) preparation (Figs. 13A, C) of the human gastric mucosa. This layer is well 
preserved and appeared as a thick eosinophilic band. The galactose oxidase/thionine Schiff 
reaction/paradoxical concanavalin A (GOTS-PCS) procedure stained surface mucus cells 
blue and gland mucus cells brown (Figs. 13B, D). The surface mucus gel layer consistently 
shows the laminated structure in the samples of gastric corpus mucosa from both the 
lafutidine positive and negative groups (Figs. 13B, D). The mucin produced by human 
gastric gland mucus cells appears to function as a natural antibiotic, protecting the host from 
H. pylori (Kawakubo et al., 2004). Figure 13 demonstrates that after administration of 
lafutidine there is thickening of the surface mucus gel layer. In other studies using 
experimental animals, lafutidine has been shown to possess gastroprotective properties, 
such as strengthening the mucus gel layer, apart from its antisecretory activity (Ichikawa et 
al., 1994a; Onodera et al., 1999a; Sato et al., 2003).  
 

 
Fig. 13. Surface mucus gel layer of the human gastric mucosa from (A, B) lafutidine positive 
and (C, D) lafutidine negative groups stained with (A, C) HE and (B, D) GOTS-PCS.  

5.4 Mechanisms of gastroprotective actions 
Although the exact mechanisms that underlie the gastroprotective activity of the second-
generation H2-receptor antagonists are not well understood, recent findings suggest that the 
activation of capsaicin-sensitive sensory neurons is associated with their maintenance of 
gastric mucosal integrity (Fukushima et al., 2006; Harada et al., 2007; Murashima et al., 2009; 
Sugiyama et al., 2008). The gastrointestinal tract is known to possess a rich neural network, 
among which afferent neurons of extrinsic origin are reported to operate as the emergency 
protective system. The discovery of these sensory neuron functions was made possible by 
capsaicin, a pharmacological tool with which the activity of certain primary afferent neurons 
can be manipulated selectively. Capsaicin is an excitotoxin that acutely stimulates a group of 
afferent neurons with unmyelinated (C) or thinly myelinated (Aδ) nerve fibers. This 
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excitotoxic action is restricted to neurons with C- and Aδ-fibers because only these cells 
express receptor-binding sites (vanilloid receptor type 1: VR1) for capsaicin and structurally 
related ligands. The mammalian stomach, particularly the submucosa, is densely innervated 
with capsaicin-sensitive afferent neurons. These neurons not only serve a sensory and 
afferent role, but also display a local effector function initiated by the release of 
neuropeptide transmitters, such as calcitonin gene-related peptide (CGRP) and substance P, 
from their peripheral nerve endings. CGRP is reported to exhibit significant mucosal 
protective roles in the gastrointestinal tract (Ichikawa et al., 2000c; Mizuguchi et al., 2005; 
Ohno et al., 2008). The action of CGRP is in part mediated by endogenous NO. 
The gastroprotective action of lafutidine has been reduced or abolished by treatment with 
tetrodotoxin, CGRP8-37, or chemical defunctionalisation of afferent nerves (Mimaki et al., 
2002; Onodera et al., 1999a), indicating that capsaicin-sensitive nerves contribute 
significantly to the mechanisms underlying the actions of lafutidine (Nishihara et al., 2002). 
Moreover, lafutidine has been shown to significantly increase CGRP release in both 
experimental animal models and humans (Harada & Okajima, 2007; Nishihara et al., 2002; 
Ikawa et al., 2006; Shimatani et al., 2006). Several reports indicate that the VR1 of capsaicin-
sensitive afferent nerves may not contribute the CGRP release by lafutidine, suggesting the 
existence of yet unidentified sites for lafutidine other than VR1 on these nerves (Fukushima 
et al., 2006; Nishihara et al., 2002). The gastroprotective effects of lafutidine are decreased by 
treatment with NO synthase inhibitors or NO antidotes (Nishihara et al., 2002; Ichikawa et 
al., 1998), indicating the involvement of NO generation in lafutidine function. Similar results 
have been obtained with another second-generation H2-receptor antagonist, roxatidine 
(Ichikawa et al., 1997, 1999). 
Lafutidine has been shown to enhance the healing of gastrointestinal mucosal lesions in a 
manner independent of its antacid secretory action (Kato et al., 2000; Onodera et al., 2004). 
However, lafutidine by itself does not have any direct effects on cell migration or 
proliferation. An earlier study demonstrated that lafutidine does not influence the impaired 
healing of epithelial wounds in RGM1 cells under in vitro conditions without neuronal 
innervations (Murashima et al., 2009), again confirming the importance of sensory neurons 
in the healing-promoting action of this agent. Several studies show that luminal lafutidine 
stimulates capsaicin-sensitive afferent nerves via presumably direct diffusion rather than 
after its absorption from intestine followed by via circulation, suggesting the rapid local 
diffusion reaching to the afferents before H2-receptor blockade from the circulation 
(Onodera et al., 1999b; Nagahama et al., 2003). Second-generation H2-receptor antagonists 
such as lafutidine are thought to facilitate capsaicin-sensitive sensory afferent nerves and 
exert gastroprotective effects through CGRP and in part via NO release in the stomach. 

6. Summary and perspectives 
The gastric mucus barrier constituted by the layer of viscous mucus is crucial to the defense 
of gastric mucosa. In this review, we have shown a new perspective on the ability of certain 
therapeutic agent for gastritis to strengthen gastric mucosal defense system. The 
development of mAbs against the carbohydrate moiety of gastric mucin with a different 
specificity is really a significant event. With the use of these mAbs, it would be possible to 
separately identify and determine the various mucins. Through the establishment of the 
mucus determining method, which utilizes mAbs, the roles of the mucus with different 
origins as protecting factors would be made clearer. 



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

16

5.3 Effects of lafutidine on the mucus barrier 
The adherent mucus gel layer is the functionally important component of the mucus barrier 
in the human stomach. However, it cannot be demonstrated by routine histological 
techniques because of its susceptibility to dehydration and shrinkage, which has hampered 
research. The developed method of stabilizing this layer with Carnoy’s solution revealed 
that its laminated structure was composed of two types of mucin in alternating layers; one 
mucin is derived from the surface mucus cells and the other from the gland mucus cells. The 
surface mucus gel layer in Carnoy-fixed tissue sections is shown in the hematoxylin and 
eosin (HE) preparation (Figs. 13A, C) of the human gastric mucosa. This layer is well 
preserved and appeared as a thick eosinophilic band. The galactose oxidase/thionine Schiff 
reaction/paradoxical concanavalin A (GOTS-PCS) procedure stained surface mucus cells 
blue and gland mucus cells brown (Figs. 13B, D). The surface mucus gel layer consistently 
shows the laminated structure in the samples of gastric corpus mucosa from both the 
lafutidine positive and negative groups (Figs. 13B, D). The mucin produced by human 
gastric gland mucus cells appears to function as a natural antibiotic, protecting the host from 
H. pylori (Kawakubo et al., 2004). Figure 13 demonstrates that after administration of 
lafutidine there is thickening of the surface mucus gel layer. In other studies using 
experimental animals, lafutidine has been shown to possess gastroprotective properties, 
such as strengthening the mucus gel layer, apart from its antisecretory activity (Ichikawa et 
al., 1994a; Onodera et al., 1999a; Sato et al., 2003).  
 

 
Fig. 13. Surface mucus gel layer of the human gastric mucosa from (A, B) lafutidine positive 
and (C, D) lafutidine negative groups stained with (A, C) HE and (B, D) GOTS-PCS.  

5.4 Mechanisms of gastroprotective actions 
Although the exact mechanisms that underlie the gastroprotective activity of the second-
generation H2-receptor antagonists are not well understood, recent findings suggest that the 
activation of capsaicin-sensitive sensory neurons is associated with their maintenance of 
gastric mucosal integrity (Fukushima et al., 2006; Harada et al., 2007; Murashima et al., 2009; 
Sugiyama et al., 2008). The gastrointestinal tract is known to possess a rich neural network, 
among which afferent neurons of extrinsic origin are reported to operate as the emergency 
protective system. The discovery of these sensory neuron functions was made possible by 
capsaicin, a pharmacological tool with which the activity of certain primary afferent neurons 
can be manipulated selectively. Capsaicin is an excitotoxin that acutely stimulates a group of 
afferent neurons with unmyelinated (C) or thinly myelinated (Aδ) nerve fibers. This 

 
Protective Effects of Gastric Mucus 

 

17 

excitotoxic action is restricted to neurons with C- and Aδ-fibers because only these cells 
express receptor-binding sites (vanilloid receptor type 1: VR1) for capsaicin and structurally 
related ligands. The mammalian stomach, particularly the submucosa, is densely innervated 
with capsaicin-sensitive afferent neurons. These neurons not only serve a sensory and 
afferent role, but also display a local effector function initiated by the release of 
neuropeptide transmitters, such as calcitonin gene-related peptide (CGRP) and substance P, 
from their peripheral nerve endings. CGRP is reported to exhibit significant mucosal 
protective roles in the gastrointestinal tract (Ichikawa et al., 2000c; Mizuguchi et al., 2005; 
Ohno et al., 2008). The action of CGRP is in part mediated by endogenous NO. 
The gastroprotective action of lafutidine has been reduced or abolished by treatment with 
tetrodotoxin, CGRP8-37, or chemical defunctionalisation of afferent nerves (Mimaki et al., 
2002; Onodera et al., 1999a), indicating that capsaicin-sensitive nerves contribute 
significantly to the mechanisms underlying the actions of lafutidine (Nishihara et al., 2002). 
Moreover, lafutidine has been shown to significantly increase CGRP release in both 
experimental animal models and humans (Harada & Okajima, 2007; Nishihara et al., 2002; 
Ikawa et al., 2006; Shimatani et al., 2006). Several reports indicate that the VR1 of capsaicin-
sensitive afferent nerves may not contribute the CGRP release by lafutidine, suggesting the 
existence of yet unidentified sites for lafutidine other than VR1 on these nerves (Fukushima 
et al., 2006; Nishihara et al., 2002). The gastroprotective effects of lafutidine are decreased by 
treatment with NO synthase inhibitors or NO antidotes (Nishihara et al., 2002; Ichikawa et 
al., 1998), indicating the involvement of NO generation in lafutidine function. Similar results 
have been obtained with another second-generation H2-receptor antagonist, roxatidine 
(Ichikawa et al., 1997, 1999). 
Lafutidine has been shown to enhance the healing of gastrointestinal mucosal lesions in a 
manner independent of its antacid secretory action (Kato et al., 2000; Onodera et al., 2004). 
However, lafutidine by itself does not have any direct effects on cell migration or 
proliferation. An earlier study demonstrated that lafutidine does not influence the impaired 
healing of epithelial wounds in RGM1 cells under in vitro conditions without neuronal 
innervations (Murashima et al., 2009), again confirming the importance of sensory neurons 
in the healing-promoting action of this agent. Several studies show that luminal lafutidine 
stimulates capsaicin-sensitive afferent nerves via presumably direct diffusion rather than 
after its absorption from intestine followed by via circulation, suggesting the rapid local 
diffusion reaching to the afferents before H2-receptor blockade from the circulation 
(Onodera et al., 1999b; Nagahama et al., 2003). Second-generation H2-receptor antagonists 
such as lafutidine are thought to facilitate capsaicin-sensitive sensory afferent nerves and 
exert gastroprotective effects through CGRP and in part via NO release in the stomach. 

6. Summary and perspectives 
The gastric mucus barrier constituted by the layer of viscous mucus is crucial to the defense 
of gastric mucosa. In this review, we have shown a new perspective on the ability of certain 
therapeutic agent for gastritis to strengthen gastric mucosal defense system. The 
development of mAbs against the carbohydrate moiety of gastric mucin with a different 
specificity is really a significant event. With the use of these mAbs, it would be possible to 
separately identify and determine the various mucins. Through the establishment of the 
mucus determining method, which utilizes mAbs, the roles of the mucus with different 
origins as protecting factors would be made clearer. 



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

18

Second-generation H2-blockers offer the possibility of more effective prevention of gastritis 
through the activation of mucosal defense mechanisms (Fig. 14). The structural 
requirements for mucosal protective activity in these antagonists were shown to be the 
amide structure and six-membered aromatic ring, such as benzene and pyridine derivatives. 
The cardinal chemical features of roxatidine for the activation of mucin biosynthesis are the 
appropriate length of the flexible chain between the amide structure and the aromatic ring 
system bearing the methylpiperidinyl group at the meta position. Although the exact 
mechanism underlying the gastroprotective action associated with these agents is unknown, 
capsaicin-sensitive nerves and CGRP/NO pathway are considered responsible for their anti-
ulcer effects in experimental animal models of various gastric mucosal injuries. These 
mechanisms are also involved in the cytoprotective properties of gastrin, which is a 
physiologically important bioactive peptide (Ichikawa et al., 1998, 2000c). Taken together, 
these findings suggest the gastroprotective effects of second-generation H2-blockers may be 
of physiological relevance. 
Enhanced understanding of the mechanisms of gastric mucosal defense and injury provides 
new insight into potential therapeutic targets, which contributes towards the development 
of more well tolerated and more effective therapies. 
 

 
Fig. 14. Dual action of second-generation H2-blockers. 
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1. Indroduction 
The intact gastrointestinal mucosa can be kept as good equilibrium between the aggressive 
and defensive factors. These factors have not been fully discovered, however the main 
aggressive factors are well defined. Gastritis is defined as a pathomorphological appearance 
of inflammation in the gastric mucosa. Gastritis may be caused by different factors such as 
Helicobacter pylori (H. pylori), bacterial overgrowth in a hypochlorohydric stomach, 
autoimmune mechanisms or chemical agents such as short and long-term nonsteroidal anti-
inflammatory drug therapy.  
The possible physiological, pathological and pharmacological role(s) of afferent nerves has 
(have) not been analyzed just recent studies search on its most important role(s) in GI 
physiology, pathology and pharmacology. Our attention has been focused on capsaicin-
sensitive afferent nerves during the last decades. 
The possible roles of the capsaicin-sensitive afferent nerves have been approached to 
gastrointestinal tract from the years of 1980 by our work-team in animal experiments, in 
healthy human subjects with histological intact and in patients with different disorders 
(Mózsik et al., 1997, 2001, 2005a, 2007). Capsaicin (given it in small doses) protected the 
gastrointestinal mucosal damage induced by different necrotizing agents (such as physical, 
chemical, drugs, etc.) in animal experiments and in human healthy subjects, in patients with 
different gastrointestinal disorders (Mózsik et al., 1997, 2005a, 2007, 2009). The functional 
state of some part of afferent nerves (capsaicin-sensitive afferent nerves) can be modified by 
application of capsaicin by a dose-dependent process (capsaicin, given in small doses 
stimulates, meanwhile given in higher dose produces reversible and irreversible inhibition 
or impairment) (Szolcsányi et al., 1984a; Mózsik et al., 2001).  

1.1 Aims of observations 
The aims of our observations were: 
To study the distribution of capsaicin receptor (TRVP1), calcitonin gene-related peptide 
(CGRP) and substance P (SP) in  the human gastric mucosa in histologically intact with 
functional dyspepsia, chronic gastritis (diagnosed histologically); 
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To evaluate the possible role of capsaicin-sensitive afferent nerves in the development of 
gastritis produced by H. pylori; 
To analyse the role of capsaicin afferent nerves (e.g.immunhistochemical distribution of 
TRVP1, CGRP, SP) in the the gastric mucosa of the same patients with chronic gastritis 
produced by H. pylori before and after eradication treatment;  
To approach the possible gastric mucosal defensive mechanisms of capsaicin-sensitive 
afferent nerves (immunhistochemical distribution of TRVP1, CGRP, SP) in the development 
of gastritis and its treatment;  
To demonstrate a new pathway (namely the possible productions of new chemical 
compounds acting on the capsaicin-sensitive afferent nerves) to introduce (as one of the 
possibilities) in the treatment of chronic gastritis. 

1.2 Patients and methods 
The patients with symptoms suffering from functional complaints (n=40), chronic gastritis 
with H. pylori negative (gastric discomfort sensation, nausea, loss of appetite, vomiting) 
(n=30) and H. pylori positive (n=39) infection. The age of patients was between 39 to 68 
years, and these patients were near to be equal to males and females. 
Gastric biopsies were collected from the hyperaemic areas of the corpus and antrum of the 
stomach by oesophago-gastrosco-bulboscopy. The H. pylori infection was detected using the 14C 
urea breath test (14C UBT), the rapid urease test, and specific histological examinations. The 
gastric tissue samples were classified into the different groups of chronic gastritis to the updated 
Sydney system by an independent histopathologist (Dömötör et al., 2007, Lakner et al., 2010). 
The immunhistochemical studies were carried out on formalin fixed, paraffin embedded 
tissue samples using anti-TRVP1 receptor, anti-SP and anti-CGRP antibodies.  
18 patients with H. pylori positive chronic gastritis went over the same physical, laboratory, 
ultrasonographic, endoscopic and histological examinations (mentioned above) before and 
after eradication treatment.  

1.3 Results 
Distribution of TRVP1 positive (20%) and negative (80%), CRGP positive (30%) and negative 
(70%), SP weak (75) and strong (25%) in gastric mucosa of healthy human subjects. TRVP1 
positive 82%, and negative 18%, CGRP positive 80% and negative 20%, SP weak 85% and 
strong 15% in patients with H. pylori positive chronic gastritis. TRVP1 positive 70% and 
negative 30%, CGRP positive 63% and negative 37%, SP weak 59% and strong 28% in 
patients with H. pylori negative chronic gastritis. 
The eradication treatment for H. pylori infection was successful (in 16 from 18, 89%) and 
complaints (epigastrial pain, heart burn, abdominal expansion) also decreased. 
Histologically healthy gastric mucosa could be detected only in 22% (4 from 18) and 
appearance of gastric mucosa (just in moderate histological picture) was obtained. 
TRVP1 positive 89% and negative 11%, CGRP positive 100%, SP positive 6% and negative 
94% in patients with H. pylori positive gastritis, before eradication treatment. TRVP1 positive 
72% and negative 18%, CGRP positive 100%, SP negative 100% in patients with H. pylori 
positive chronic gastritis after classical eradication treatment. 

1.4 Main conclusions 
H. pylori does not represent an exclusive factor for the development of chronic gastritis in 
patients. The many other compounds (physical, chemical agents) are able also to produce 
chronic gastritis in patients. 
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The expression of TRVP1 and increased CGRP participated in the development of chronic 
gastritis (without and with H. pylori infection), meanwhile the SP probably does not 
participate in this process. These results clearly indicate that the histological picture of 
chronic gastritis is independent from the presence of commonly emphasized role of H. pylori 
infection in patients, and much more complicated series of mechanisms are  present in  the 
development of human chronic gastritis (as we now suggest those at this time). 
The classical eradication human therapy does not modify the immunhistological 
distribution of TRVP1, CGRP and SP in the human gastric mucosa with H. pylori infection. 
Many animal and human observations indicated that the stimulation of capsaicin-sensitive 
afferent nerves by application by small doses of capsaicin (or other compounds) produced 
defensive effects against the different physical, chemical, bacteriological, immunological 
agents. 
The capsaicin-sensitive afferentation (s) has (have) a permanent defensive role(s) against 
gastric mucosal damage by different noxious agents, in the human gastric mucosa. The 
innovative pharmacological research may offer a new pathway to prevent the gastric 
mucosa induced by different agents (including the H. pylori infection).  

2. Introduction 
The principle role of efferent vagal nerves has been emphasized in the development of 
gastrointestinal mucosal damage and prevention, as well as in medical treatment involving 
anticholinergic agents, histamine H2 receptor inhibitors, proton pump inhibitors during the 
last century. From the initial observation of capsaicin desensitation phenomenon, a long-
lasting chemoanalgesia and impairment of thermoregulation in the 1970s, chain of new 
discoveries led to the discovery of the capsaicin receptor, a type of C-polymodal nociceptors 
(Szolcsányi, 2004b). The effects of capsaicin depend on the applied doses and duration of 
exposure (Mózsik et al., 2001; Szolcsányi, 2004a). These different effects of capsaicin are: (1) 
excitation; (2) sensory-blocking effect; (3) long-term selective neurotoxic impairment and (4) 
irreversible cell destruction. 
Neurogenic inflammation is mediated by these C-afferents, which are supplied by the 
putative capsaicin receptor. These afferents are called capsaicin-sensitive chemoreceptive 
afferents. They opened new avenues of local peptidegic regulation in peripheral tissues. It 
has been suggested that, in contrast to classical axon theory, capsaicin-sensitive sensory 
system has a dual sensory-afferent function, whereby initiation of afferent signals and 
neuropeptide release are coupled at the same nerve endings. Furthermore, for instance in 
the skin at threshold stimuli which do not evoke sensation already maximum efferent 
response as enhanced microcirculation is elicited. Recently, the capsaicin receptor has been 
cloned and named as transient receptor potential vanilloid-1 (TRVP1) (Caterina et al., 1997). 
TRPV1 was detected in the area postrema and in the nucleus tractus solitarii where the 
afferent fibres of the vagal nerve come to an end. Studies with capsaicin receptor led to 
discovery of the first temperature-gated ion channel gated by noxious heat, protons, 
vanilloids and endogenous ligands as anadamide, N-oleodopamine and lypoxygenase 
products. Another recent achievement was the discovery of a novel neurohormonal 
regulatory mechanisms mediated by somatostatin. Somatostatin released from the TRVP1-
expressing nerve endings reaches the circulation and elicits anti-inflammatory and analgetic 
sensory functions (Szolcsányi, 2004; Helyes et al., 2004). 
The vagal nerve contains also only 10% efferent and 90% of afferent nerve fibres, and 9% of 
these afferent fibres are the capsaicin-sensitive afferent nerves (Gabellla & Pease, 1973; 
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regulatory mechanisms mediated by somatostatin. Somatostatin released from the TRVP1-
expressing nerve endings reaches the circulation and elicits anti-inflammatory and analgetic 
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Grijalva & Novin, 1990). Thus, the amount of the efferent nerves and the capsaicin-sensitive 
afferent nerves are roughly the same amount in the vagal nerve. 
The possible role of afferent vagal nerve was studied in the last decades both in 
development of gastrointestinal mucosal damage and protection (Mózsik et al., 1997; 2004a; 
Holzer, 1999; Abdel-Salam et al., 1999). Recently, the gastroprotective effect of capsaicin 
against chemical agents (ethanol, indomethacin) has been proven in human healthy subjects 
(Mózsik et al., 2004b, 2005). The beneficial effect of capsaicin has also been shown in patients 
with functional gastrointestinal disorders (Bartolotti et al. 2002; Bhat & Bielefeldt, 2006). 
The integrity of gastric mucosa is an equilibrium state between aggressive and defensive 
factors. The loss of this balance leads to the development of most gastric disorders, like 
gastric mucosal ulceration and most likely chronic gastritis.  
One of the aggressive factors is H. pylori infection, which is a wide spread bacteria, one of 
the commonest pathogen bacillus in humans (Hocker & Hohenberger, 2003). At least half of 
the world’s population could be infected with this organism (Logan & Walker, 2001). H. 
pylori - as a causative factor - increases the risk for development of human gastrointestinal 
disorders such as acute gastritis, chronic gastritis, gastric ulcer, gastric mucosa-associated 
lymphoid tissue (MALT) lymphoma, gastric adenocarcinoma, duodenal ulcer and it may be 
implicated in iron deficiency anemia and also in extra-gastrointestinal disorders (ischemic 
heart disease, ischemic cerebrovascular disease, atherosclerosis etc) (Parsonet, 1995; Peng et 
al., 1998; Pakodi et al., 2003; Mitani et al, 2004; Janulaityte-Gunther et al., 2005; Salih et al., 
2005;   Zhang et al., 2005a). The eradication of this organism has generally been associated 
with histological improvement of gastritis (Salih et al., 2005).  
On the other hand, one of the defensive mechanisms is the capsaicin-sensitive afferentation. 
During administration of 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 (SS) are released from this nerve endings (Holzer, 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 somatostatin can elicit 
systemic anti-inflammatory and analgetic “sensory functions”. 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, but not have been 
examined in gastritis without H. pylori infection (Sipos et al., 2006). 
The presence of this receptor and released neurotransmitters could be studied in the 
development of human gastrointestinal disorders including gastritis, peptic ulcer, polyp 
without and with dysplasia, tumour and inflammatory bowel diseases by immunhistological 
method (Kihara et al., 2003; Zhang et al., 2005b; Dömötör et al., 2005; Mózsik et al., 2007). In 
our further research significant changes were observed in the immunhistological distribution 
of TRPV1, CGRP and SP in patients with chronic H. pylori positive gastritis and in histological 
healthy subjects but no change could be detected between the patients suffered from chronic 
gastritis without or with H. pylori infection (Dömötör et al., 2006). The effect of omeprazole and 
omeprazole-like compounds could also be demonstrated in the gastric mucosa of rats by the 
changes of the TRPV1, CGRP and SP immunodistribution and by the reduction of number and 
severity of gastric mucosal lesions (Mózsik et al., 2005b).  

3. Materials and methods  
The symptoms of patients suffering from chronic gastritis with or without H. pylori 
infection (21 H. pylori positive, 30 H. pylori negative) were nonspecific (gastric discomfort 
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sensation, nausea, loss of appetite, vomiting). The patients underwent physical, laboratory, 
ultrasonographic, endoscopic and histological examinations at the First Department of 
Medicine, Medical and Health Centre, University of Pécs, Hungary (Table 1).  
Twenty people with functional dyspepsia (all of them underwent the aforementioned 
medical, laboratory, iconographic, and histological examinations and all of these 
examinations indicated absolutely negative results) were taken as healthy controls. The age 
of patients was 39 to 68 years; there were 22 males and 29 females with chronic gastritis and 
10 males and 10 females in the functional dyspepsia group (Table 1).  
 
 

Patients: 127 patients,  age: 21 – 84 years (68 males, 59 females) 
Preliminary study by Dömötör et al, 2005

Study 1:  51 patients with chronic gastritis
age: 39 – 68 years (22 males, 29 females)

21 H. pylori  positive,  30 H. pylori negative
20 persons with functional dyspepsia (controls)

age: 41 – 67 years (mean: 52,1 years) (10 males, 10 females)

Study 2: 18 patients with H. pylori positive chronic gastritis (6 males, 12 females)
age: 39 – 68 years (mean: 56.4 years)

20 with functional dyspepsia (controls)
age: 41 – 67 years (mean: 52,1 years) (10 males, 10 females)

 
Table 1. Study design. The immunhistological studies for capsaicin-sensitive sensory nerves 
were carried out on biopsy specimens of gastric mucosa obtained from patients. 

Eighteen patients with H. pylori positive chronic gastritis went over physical, laboratory, 
ultrasonographic, endoscopic and histological examinations at the Department of Medicine 
and Gastroenterology, Markusovszky Teaching Hospital, Szombathely (Hungary). The age 
of patients (6 males, 12 females) was 39 to 68 years (mean=56,4 yrs). The symptoms of the 
patients were measured with the same questionnaire. These patient received eradication 
therapy involving a seven days treatment with double dose proton-pump inhibitor (PPI; 
pantoprazole 2x40 mg/ day), amoxycillin (1000 mg twice daily) and clarithromycin (500 mg 
twice daily) according to the actual European guidelines (Malfertheiner et al., 2007). After 
the first week, the patients medicated normal dose of PPI for another week (Table 1). Six 
weeks after eradication therapy these patients underwent second gastroscopy with gastric 
biopsy. 
Gastric biopsies were collected from hyperaemic areas of the corpus and antrum of the 
stomach by gastroscopy. H. pylori infection was detected using the 14C UBT, the rapid 
urease test and specific histological examinations (Warthin-Starry silver staining). Gastric 
tissue samples were analyzed at the Department of Pathology and classified into different 
groups of chronic gastritis according to the updated Sydney system (Prince, 1991). The biop-
sies showed moderate and severe activity of inflammation. Gastric biopsies of patients with 
chronic gastritis and histologically healthy people were classified into groups by an 
independent pathologist. 
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Immunhistological studies were carried out on formalin-fixed, paraffin-embedded tissue 
samples using the peroxidase-labelled polymer method (Lab Vision Corp., USA). SP was 
detected by the NC1/34HL rat monoclonal antibody and TRPV1 receptor and CGRP were 
labelled using polyclonal rabbit antibody (all from Abcam Ltd., Cambridge, UK) (Table 2). 
 

 
Table 2. Antibodies used as primary. 

Immunhistochemical analysis was assessed by light microscopy (Olympus). TRPV1 and CGRP 
were detected as positive or negative, while the immunhistochemical distribution of SP was 
characterized using the "SP index." This index was calculated by counting immunopositive 
spots in at least five high-magnification fields. For fields without immunostaining, the score 
was 0; for fields containing only one positive spot, the score was 1; and for fields with two or 
more stained elements, the score was 2. The total score in one specimen was divided by the 
number of scanned fields to obtain the SP index. Based on these results, biopsies were classed 
into three categories: weak, medium, and strong (Table 3). 
 

SP evaluation SP index

Weak <0.5

Medium ≥ 0.5 but < 1

Strong ≥ 1
 

Table 3. Semiquantitative quantitation of immunhistochemical SP staining in gastric mucosa 
of healthy subjects and patients with chronic gastitis 

Observations were carried out according to Good Clinical Practice (GCP). Human 
examinations were carried out from 1997 to 2010 and were permitted by the Regional 
Ethical Committee of University of Pécs, Hungary. Written informed consent was obtained 
from all participants. 
TRPV1 and CGRP were statistically evaluated by chi-square probe, while SP results were 
semi-quantitatively evaluated by Mann-Whitney's U test. The results were taken to be 
significant at P values of < 0.05. 

4. Results 
Results are presented as the typical pictures of the immunomorphological appearance of the 
studied receptor and mediators in the gastric mucosa in healthy human subjects and in 
patients with chronic gastritis with or without H. pylori infection (Figs. 1-4). 
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The immunhistochemical results are summarized in Table 4. showing the SP scores (mean ± 
SE) in healthy persons and in patients with H. pylori positive and negative chronic gastritis. 
In TRPVl-positive cases of chronic gastritis with or without H. pylori infection and in healthy 
subjects, immunostaining was detected as fine granular cytoplasmic immunosigns in 
epithelial cells in the gastric mucosa (Fig. 2). TRPVl-positive cases of chronic gastritis were 
significantly more frequent (p<0.01) than in controls, while no significant difference was 
detected in immunomorphology of TRPV1 between patients with H. pylori  negative and 
those with H. pylori positive chronic gastritis. 
 

TRPV1

TRPV1

CGRP

SP  
 

Fig. 1. Immunhistochemical distribution of TRPV1, CGRP and SP in mucosa of the stomach. 
Arrows show the immunosigns in the epithelial layer of the gastric mucosa (original 
magnification: 100x). 
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Fig. 2. Immunodistribution of TRPV1 in the gastric mucosa of a healthy subject (A) and of 
patient with H. pylori negative (B) and H. pylori positive (C) chronic gastritis. Arrows show 
the immunosigns in the epithelial layer of the gastric mucosa (original magnification: 100x). 
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Fig. 2. Immunodistribution of TRPV1 in the gastric mucosa of a healthy subject (A) and of 
patient with H. pylori negative (B) and H. pylori positive (C) chronic gastritis. Arrows show 
the immunosigns in the epithelial layer of the gastric mucosa (original magnification: 100x). 
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The characteristic immunodistribution of CGRP was as a fine granular cytoplasmatic 
positivity in epithelial cells in the gastric mucosa of patients with chronic gastritis with or 
without H. pylori infection and in healthy persons (Fig. 3). Regarding the immunhistological 
distribution of CGRP, significant differences were observed between healthy controls and H. 
pylori negative chronic gastritis (p<0.01) and no significant difference was found between the 
two types (H. pylori negative and positive) of chronic gastritis. Although the number of the 
positive tissue samples increased in H. pylori positive gastritis, it did not reach a significantly 
different level compared to healthy controls. 
Before H. pylori eradication, the symptoms of the patients with H. pylori positive chronic 
gastritis were unspecific, epigastrial pain (14/18; 77%), heart burn (13/18; 72%), 
nausea/vomiting (9/18; 50%) abdominal expansion (9/18; 50%), constipation (6/18; 38%). 
The gastric biopsies of patients with H. pylori positive chronic gastritis before eradication 
indicated moderate and severe activity of inflammation during the regular/common 
histopathological examinations. The H. pylori eradication therapy was successful in 16 from 
18 patients (89%) (Figs. 5 and 6). The symptoms were moderated in seven patients (7/18; 
39%) and 11 patients (11/18; 61%) had no complaints after eradication treatment. 
The immunomorphology of SP was detected as small granular spot-like signals along the 
mucosal blood vessels in gastric mucosa of healthy subjects and of patients with chronic 
gastritis with or without the presence of H. pylori infection (Fig. 4). No significant difference 
was observed in the number of low and high SP scores between healthy subjects and 
patients with chronic gastritis, while medium SP immunhistological samples appeared in H. 
pylori negative and positive chronic gastritis. 
The gastroscopy with gastric biopsy was carried out in all patients after H. pylori eradication. 
Histologically healthy gastric mucosa could be detected only in 4 (4/18; 22 %) of the control 
biopsies and in 14 (14/18; 78%) patients the appearance of chronic gastritis (just in moderate 
histological picture).  
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Fig. 3. Immunodistribution of CGRP in gastric mucosa of a healthy subject (A), of patient 
with H. pylori negative (B) and H. pylori positive (C) chronic gastritis. Arrows show the 
immunosigns in the epithelial layer of the gastric mucosa (original magnification: 100x).  
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Fig. 4. Immunodistribution of SP in gastric mucosa of a healthy subject (A) and of patient 
with H. pylori negative (B) H. pylori positive (C) chronic gastritis (original magnification: 
100x). 
 
 
 
 

TRVP1 CGRP SP
+ – + – – Weak Medium Strong  

Healthy (n=20) 20% 80% 30% 70% 0 75% 0 25%

H. pylori positive (n=21) 82% 18% 80% 20% 0 85% 0 15%

H. pylori negative (n=30) 70% 30% 73% 27% 0 70% 0 30%

H. pylori positive
before eradication (n=18) 89% 11% 100% 0 94% 0 6% 0

H. pylori positive
after eradication (n=18) 72% 18% 100% 0 100% 0 0 0

 
 
 
 

Table 4. Result of immunhistochemistry examinations for TRVP1, CGRP and SP in gastric 
mucosa of healthy subjects (n=40), patients with H. pylori negative chronic gastritis (n=30) 
and H. pylori positive chronic gastritis (n=18) before and after eradication therapy.  
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Fig. 3. Immunodistribution of CGRP in gastric mucosa of a healthy subject (A), of patient 
with H. pylori negative (B) and H. pylori positive (C) chronic gastritis. Arrows show the 
immunosigns in the epithelial layer of the gastric mucosa (original magnification: 100x).  
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Fig. 4. Immunodistribution of SP in gastric mucosa of a healthy subject (A) and of patient 
with H. pylori negative (B) H. pylori positive (C) chronic gastritis (original magnification: 
100x). 
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H. pylori negative (n=30) 70% 30% 73% 27% 0 70% 0 30%

H. pylori positive
before eradication (n=18) 89% 11% 100% 0 94% 0 6% 0

H. pylori positive
after eradication (n=18) 72% 18% 100% 0 100% 0 0 0

 
 
 
 

Table 4. Result of immunhistochemistry examinations for TRVP1, CGRP and SP in gastric 
mucosa of healthy subjects (n=40), patients with H. pylori negative chronic gastritis (n=30) 
and H. pylori positive chronic gastritis (n=18) before and after eradication therapy.  
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Fig. 5. The efficacy of the traditional H. pylori eradication treatment in patients with chronic 
gastritis (n=18) measured by urea breath test.  

The TRPV1 was positive in 20% (5/20) in the healthy subjects, that value was 89 % (16/18; 
p< 0.001) before and 72% (13/18; p< 0.03) after eradication therapy in patients with chronic 
H. pylori positive patients. 
Immunhistochemistry of CGRP was positive in 100% (18/18; p<0.001) of patients before and 
after eradication (18/18; p< 0.001). The SP immunostaing was positive in 25% of control 
persons (20/20), and in 5.5 % (1/18; p> 0.05) before and in 0% (0/18; p>0.05) after 
eradication. The results of the immunhistological examinations are characterized by the 
typical histological pictures of the TRPV1 receptor and the mediators (CGRP and SP) and 
are summarized in Tables 5 and 6. 
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Fig. 6. Presence of histological inflammation in gastric mucosa of patients with chronic 
gastritis after classical H. pylori eradication therapy treatment (n=18). 
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TRVP1 Healthy subjects vs.
vs.
vs. 

H.p. - (+)
H.p. + 
H.p. + 

↑
↑
↑

p<0.0001
p<0.0001
p<0.0001

before eradication
after eradication

CGRP Healthy subjects vs.
vs.
vs.

H.p. - (+)
H.p. + 
H.p. + 

↑
↑
↑

p<0.0001
p<0.0001
p<0.0001

before eradication
after eradication

SP Weak (strong) vs.
vs.
vs. 

H.p. - (+)
H.p. + 
H.p. + 

↑
↑

p>0.005
p<0.0001
p<0.0001

before eradication
after eradication

p values were calculated between the identical results obtained in healthy subjects (n=40), in patients with H. pylori negative  
(n=30) and H. pylori positive chronic gastritis before  (n=18) and after  (n=18) eradication therapy.
↑ means increase.

 
Table 5. Summary of differences in result obtained in immunhistochemistry examinations 
for TRVP1, cGRP and SP in gastric mucosa of healthy subjects (n=40), patients with H. pylori 
negative chronic gastritis (n=30) and H. pylori positive chronic gastritis (n=18) before and 
after eradication therapy.  

5. Discussion 
The possible role(s) of the capsaicin-sensitive afferent vagal nerve has been studied by our 
work-team since the l980s under physiological and different pathological conditions in 
animal experiments (Mózsik et al, 1997, 2001, 2004b; Abdel Salam et al., 1999), healthy 
subjects (Mózsik et al., 2004b, 2005a) and in patients with different gastrointestinal disorders 
(Dömötör et al., 2005, Mózsik et al., 2006, 2007). 
The distribution of TRVP1, CGRP significantly increased in H. pylori positive chronic 
gastritis (in comparison with their distribution in gastric mucosa of healthy subjects), which 
data suggests that the TRPV1 and CGRP are involved in the development of human chronic 
gastritis (Tables 6 and 7). However, no significant changes were obtained before vs. after 
classical eradication treatment in patients with H. pylori positive chronic gastritis (Table 8). 
The SP decreased in patients with H. pylori chronic gastritis and its value unchanged before 
and after eradication treatment. 
Histologically healthy gastric mucosa could be detected only 4 (4/18; 22%) H. pylori positive 
patients chronic gastritis at 6 weeks after classical eradication treatment. It was interesting to 
note, that the distribution of gastric mucosal TRPV1, CGRP and SP did not change in the H. 
pylori positive gastritis before and after classical eradication treatment. 
How can we explain these unchanged immunodistribution in the gastric mucosa of H. pylori 
positive gastric chronic gastritis before and after eradication treatment? 
We have to start from basic observed facts: 1. TRPV1, CGRP and SP can be 
immunhistologically detected in the rat and human gastric mucosa under healthy and 
different pathological circumstances;  2. the changes in expression of TRPV1,  CGRP and SP 
are consequence of activation in the capsaicin-sensitive afferent nerves;  3. the H. pylori 
positivity was proven in all patients with chronic gastritis;  4. the eradication of H. pylori was 
successfully carried out, that associated with significant decrease of patients’ complaints;  5. 
the gastric mucosa became to be negative (intact gastric mucosa) in 25%, and 75% of patients 
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eradication. The results of the immunhistological examinations are characterized by the 
typical histological pictures of the TRPV1 receptor and the mediators (CGRP and SP) and 
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indicate moderate histological signs of gastritis after eradication treatment; 6. independently 
from that the exact proof, the chronic gastritis is in association with H. pylori positivity, the 
histological picture of gastric mucosa indicates only a moderate remission. 
 

TRVP1 positive TRVP1 negative

Healthy subjects (n=20) 20% 80%

H. pylori neg/pos gastritis
(n=51)

↑
(p<0.001)

↓
(p<0.001)

H. pylori pos gastritis (n=18)
Before eradication ↑

(p<0.001)
↓

(p<0.001)

After eradication ↑
(p<0.001)

↓
(p<0.001)

↑ means increase. ↓ means decrease.     NS means no significant difference.    pos means postive. neg means negative. 

NS NS

 
Table 6. Summary of result obtained in immunhistochemistry examinations for TRVP1 in 
gastric mucosa of healthy subjects and patients with H. pylori negative chronic gastritis 
(n=30) and H. pylori positive chronic gastritis before and after eradication therapy (n=18). 
 

CGRP positive CGPR negative

Healthy subjects (n=20) 30% 70%

H. pylori neg/pos gastritis
(n=51)

↑
(p<0.001)

↓
(p<0.001)

H. pylori pos gastritis (n=18)
Before eradication ↑

(p<0.001)
↓

(p<0.001)

After eradication ↑
(p<0.001)

↓
(p<0.001)

↑ means increase. ↓ means decrease.     NS means no significant difference.    pos means postive. neg means negative. 

NS NS

 
Table 7. Summary of result obtained in immunhistochemistry examinations for CGRP in 
gastric mucosa of healthy subjects and patients with H. pylori negative chronic gastritis 
(n=30) and H. pylori positive chronic gastritis before and after eradication therapy (n=18). 
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The TRVP1, CGRP expressions increased significantly in the gastric mucosa with H. pylori 
infection (in comparison with the immunodistribution of TRVP1 and CGRP obtained in the 
gastric mucosa with healthy subjects, and no significant changes were obtained in the 
distribution of SP. 
In the second series of human observation, it was an unexpected result, that the distribution 
of TRVP1, CGRP and SP remained unchanged after the classical eradication treatment in 
patients, although the urea breath test showed high successful rate in bacterial eradication. 
The gastric mucosa did not become to be histologically negative after the eradication 
treatment. Interestingly the ratio between the TRVP1, CGRP positivity vs. negative 
remained the similar before and after eradication. 
To understand the changes in histochemical distribution in the gastric mucosa, we 
performed acute animal experiment, when the rat gastric mucosa was exposed to 
endogenous (HCl) and exogenous (indomethacin) noxious agents. In these experiments 
presence of positive immunodistribution of TRPV1, CGRP and SP decreased acutely, that 
could be abolished by omeprazole (or omeprazole-like compounds) treatment (at 4 hour) 
(Mózsik et al., 2005b) (Figs. 7-10). 
 
 
 
 
 

SP negative SP positive

weak medium strong

Healthy subjects (n=20) 0% 70% 5% 25%

H. pylori pos gastritis (n=21) 0% 85% 5% 15%

H. pylori neg gastritis (n=30) 0% 70% 0 30%

H. pylori pos gastritis (n=18)
Before eradication 94% 0 6% 0

After eradication 100% 0 0% 0

↑ means increase. ↓ means decrease. pos means postive. neg means negative. 

100%

100%

 
 

 
 
 
 

Table 8. Summary of result obtained in immunhistochemistry examinations for SP in gastric 
mucosa of healthy subjects and patients with H. pylori negative chronic gastritis (n=30) and 
H. pylori positive chronic gastritis before and after eradication therapy (n=18). 
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Fig. 7. Immunostaining for TVRP1 in rat gastric mucosa. Weak (A), medium (B) and strong 
(C) expression of TRVP1 by glandular cells. The weak antigen expression corresponds with 
immunostaining of some glands in the basal layer. In biopsies with medium expression, 
positive glands are found at the most in half of the mucosa, and in cases with strong TRVP1 
positivity, almost all glands are stained (original magnification: 100x). 
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Fig. 8. Immunostaining for CGRP in rat gastric mucosa. Weak (A; only some glandular cells 
are positive in the mucosa), medium (B; fine granular cytoplasmic staining) and strong (C; 
predominantly in the basal zone, larger granular staining is observed with higher intensity) 
CGRP expression (original magnification: 100x). 
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Fig. 9. Immunostaining for SP in rat gastric mucosa. The weakly stained mucosa (A) is 
almost negative, however, in positive cases; some fine granular immunostaining was 
observed (B), corresponding to perivascular neural elements (original magnification: 100x). 

 
 
 

0 4

Endogenous
and exogenous

agents alone

Agents + compounds

TRPV1
CGRP

SP

TRPV1
CGRP
SP ?

Time period (h)

A

B

 
 

Fig. 10. Schematic presentation of hypothesis for the changes in immunhistochemically 
demonstrated changes of TRPV1 receptor, CGRP and SP in rat gastric mucosa after 
application of endogenous (HCl) and exogenous (indomethacin) chemical agents without 
(A) and with application of omeprazole and omeprazole like compounds (B) during 4-h 
experimental time period. 
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Table 9. Correlation between the drug actions and histochemistry in indomethacin-treated 
rats (n=5-10). 

 
 
 
 

 
 
 

Table 10. Correlation between the drug actions and immunhistochemistry in pylorus-ligated 
rats. 
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In this case the proton pump inhibitor acts at the level of efferent nerves. The classical 
eradication treatment does not link specifically to efferent or afferent nerves of the vagus. 
There is no question that the 6-week time period after eradication therapy does not offer 
enough time for the histologically restoration of gastric mucosa in patients with chronic H. 
pylori positive gastritis. 
Our explanation for the unchanged immunhistochemical distribution of TRPV1, CGP and 
SP of gastric H. pylori positive chronic gastritis before vs. after eradication treatment:  
1. Six-week time period (including the time of eradication) is not enough time for the 

complete healing of chronic gastritis. Because of patients’ complaints decreased (and 
the eradication treatment was mostly successful), however, the changes in 
gastrointestinal mucosal histology (and immunhistology) showed a lower infection, 
successful eradication treatment, traditional and specific immunhistological distribution 
of TVPV1, CGRP and SP differ from each other. 

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

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

4. The immunhistological distribution of TRVP1, CGRP and SP are independent on the 
chronic gastritis produced by different physical, chemical, bacteriological or 
immunological agents. It’s true, that the gastric mucosa did not become histologically 
intact after eradication treatment. These changes in the histological picture in the gastric 
mucosa (before and after eradication treatment) suggest that the time period (6 weeks) 
was short for healing the chronic gastritis by eradication treatment. That fact is 
confirmed by the repeated histological examinations. Histologically healthy gastric 
mucosa could be studied only in 4 cases of the control biopsies. In 14 cases, the 
appearance of chronic gastritis became just moderated. 

5. It can be suggested, that other permanent factors (stress, drugs) also take also part in the 
development of chronic gastritis which is in accordance with our further observations. The 
immunomorphology of TRVP1, CGRP and SP do not differ in chronic gastritis evoked 
by different factors (H. pylori, drugs, etc). 

6. Low percentage of participants was refractory to the eradication therapy, so the 
persistent H. pylori infection before and after eradication could maintain the same 
immunhistochemical appearance, the same inflammatory answer. 

We demonstrated that the immunodistribution of vanilloid receptor, CGRP and SP 
increased in patients with chronic gastritis, however, no differences were obtained in the 
immunhistochemical distribution of examined parameters in the gastric mucosa with H. 
pylori positive and H. pylori negative patients (Dömötör et al., 2006). Our presented results 
clearly indicate that the immunhistochemical distribution of vanilloid receptor, CGRP and 
SP after classical eradication treatment in patients with H. pylori positive chronic gastritis (by 
other words the capsaicin-sensitive afferent nerves) are independent from the eradication 
treatment. 
The knowledge, that the capsaicin is able to reduce the indomethacin-induced gastric 
microbleeding in human healthy subjects and the involvement of TRVP1, CGRP and SP in 
different gastrointestinal disorders show the importance of continuation of such studies to 
reach a better understanding of gastric mucosal defensive mechanisms in humans (Mózsik 
et al., 2005a). 
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Similar conclusions were obtained from the results of animal experiments and human 
observations, when we co-applied drugs acting on efferent and afferent vagal nerve fibres 
(Mózsik et al., 1997, 2009) and received combined actions. 
Recently, different molecular-pharmacological observations were carried out (and 
calculated, based on the dose-responses curves of drugs) with capsaicin, atropine, 
pirenzepine, cimetidine, ranitidine, famotidine, nizatidine, omeprazole, esomeprazole, PGI2, 

vitamin A, β-carotene on the gastric basal acid output (BAO) in healthy human subjects 
(Mózsik et al., 2005), on changes of gastric transmucosal potential difference produced by 
ethanol (5 ml, 30 v/v% topically applied directly into the gastric mucosa by the way of 
endoscopic biopsy channel), on indomethacin-induced (3x25+25 mg orally) gastric 
microbleeding in healthy human subjects (Mózsik et al., 2007), and on gastric (basal and 
stimulated by betanechol, histamine and pentagastrin) acid secretion of pylorus-ligated rats 
(Mózsik et al., 2006) or on gastric mucosal damage produced by different chemicals 
(Indomethacin, HCl, ethanol, NaOH, concentrated NaCl solution) in rats (Mózsik et al., 
2006). 
The values of affinity (pD) and intrinsic activity (α) curves of these compounds were 
calculated according to standard procedures employed in molecular-pharmacology (Csáky, 
1969). The values of the pD2 (dose necessary to inhibit the gastric acid secretion and gastric 
mucosal damage by 50%) and pA2 (dose necessary to produced 50% decrease in gastric acid 
secretion and in gastric mucosal damage) were calculated from the affinity and intrinsic 
activity curves. The intrinsic activity values obtained in relation to atropine (α atropine = 1.00) 
were taken as standard values. 
The knowledge of affinity, intrinsic activity curves, values of pD2 and pA2 gives us an exact 
approach to understand the physiological and pharmacological roles of different 
compounds (Mózsik et al., 2006, 2007, 2009). 
The following pD2 values were obtained for the different drugs or substances inhibiting the 
gastric basal acid secretion (BAO): capsaicin, 5.88; atropine, 5.40; pirenzepine, 3.93; 
cimetidine, 2.23; ranitidine, 3.33; famotidine, 3.77; nizatidine, 3.23; omeprazole, 3.97 and 
esomeprazole,  3.97 (Mózsik et al., 2007). Similar results were obtained for these compounds 
inhibiting gastric mucosal damage produced by intragastric administration of ethanol or by 
orally applied indomethacin in healthy human subjects (Mózsik et al, 2005a). 
The results of these observations led us to conclude that the capsaicin-sensitive afferent 
nerves have the most important physiological regulation of gastric basal acid secretion 
(BAO) and of chemicals-induced gastric mucosal damage in human healthy subjects 
(Mózsik et al, 2005a, 2007, 2009). Similar results obtained in animals experiments for 
regulation of gastric acid secretion and of gastric mucosal damage (Mózsik et al, 2006). 
The unchanged functional state of capsaicin-sensitive afferentation, before and after classical 
eradication treatment in patients also offers to conclude an important regulatory function of 
gastric mucosa in patients with H. pylori chronic gastritis (in comparison the results 
obtained in patients with H. pylori positive gastritis vs. healthy persons) by TRVP1, CGRP 
and substance P during the eradication treatment. 
The most important message of this work (study) is that the gastric capsaicin-sensitive 
afferentation has a permanent defensive role(s) in the gastric mucosal defence. 
Consequently the modification in the function of capsaicin-sensitive afferent nerves offer 
new possibilities in human medical therapy. 
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obtained in patients with H. pylori positive gastritis vs. healthy persons) by TRVP1, CGRP 
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1. Introduction 
Oxidative stress is a state in which toxic reactive oxygen species (ROS) overcomes the 
endogenous antioxidant defence of the host (Bulger & Helton, 1998). This state results in an 
excess of free radicals, which can react with cellular lipids, proteins, and nucleic acids, 
leading to cellular injury and eventual organ dysfunction.  Gastric inflammation is a highly 
complex biochemical protective response to cellular/tissue injury. A large amount of 
evidence suggests that Helicobacter pylori (H. pylori) infection and nonsteroidal anti-
inflammatory drug (NSAID) ingestion are major causative factors in the pathogenesis of 
gastric mucosal oxidative injury in humans. In response to H. pylori infection or NSAID, 
neutrophils are recruited to the site of inflammation and generate ROS and nitrogen reactive 
species (RNS) (Yoshikawa & Naito, 2000; Naito & Yoshikawa, 2002). The sources of radicals 
are mucosal xanthine oxidase and NADPH oxidase found in the resident leukocytes of the 
lamina propria (Otamiri & Sjodahl, 1991). However, recent results suggest that NOX family 
of NADPH oxidases might also be expressed in gastric epithelial cells. ROS mediates 
inflammation by activating redox-sensitive transcription factors such as NF-kappaB and 
activator protein (AP)-1 which upregulate a number of proinflammatory genes, resulting in 
the production of proinflammatory cytokines, adhesion molecules, receptors, etc. The 
generation of ROS and cytokines not only that is associated but also amplifies each other 
(positive feedback regulation). Not only is increased ROS formation a trigger of 
inflammation but inflammation itself again triggers ROS production (Glorie et al., 2006).   

2. Free radicals and oxidative stress 
Free radicals are atoms or atomic groups that contain unpaired electrons. Since electrons 
have a very strong tendency to exist in a paired rather than an unpaired state, free radicals 
indiscriminately pick up electrons from other atoms, converting those other atoms into 
secondary free radicals. Thus a chain reaction is triggered that can cause substantial 
biological damage.  Reactive oxygen species  are oxygen-derived small molecules, including 
oxygen radicals [superoxide (O2.–), hydroxyl (.OH), peroxyl (RO2.), and alkoxyl (RO·)] and 
certain nonradicals that are either oxidizing agents and/or are easily converted into radicals, 
such as hypochlorous acid (HOCl), ozone (O3), singlet oxygen (1O2), and hydrogen peroxide 
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(H2O2). RNS are nitrogen-containing oxidants, such as nitric oxide (Freitas et al. 2009,2010). 
The physiological generation of free radicals can occur as a byproduct of biological reactions 
in mitochondria, peroxisomes, cytochrome P-450.  In a resting cell, superoxide anion is 
produced at 1–2% of total daily oxygen consumption during electron transfer and oxidative 
phosphorylation for ATP generation by mitochondria. Mitochondrial ROS are recognised as 
regulators of mitochondrial functions including electron transfer chain enzymes and 
mitochondrial membrane potential (Balaban et al., 2005, Finkel & Holbrook, 2005; Gottlieb, 
2003). Overproduction of ROS, most frequently either by excessive stimulation of NADPH 
oxidase by cytokines, or by the mitochondrial electron transport chain and xanthine oxidase 
result in oxidative stress. Oxidative stress is a deleterious process that can be an important 
mediator of damage to cell structures and consequently various disease states and ageing 
(Jomova & Valko 2011; Valko, 2007).  
During inflammation, phagocytic cells such as macrophages and neutrophils produce 
microbicidal oxidants whose formation is accompained by a transient episode of oxidative 
metabolism known as the respiratory burst. Reactive oxygen species, such as superoxide 
anion, hydrogen peroxide, the hydroxyl radical, and hypochlorous acid, together with 
microbicidal peptides and proteases, constitute their antimicrobial arsenal. The generation 
of microbicidal oxidants by neutrophils leads to the activation of a multiprotein enzyme 
complex known as the reduced nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase, which is responsible for transferring electrons from NADPH to O2, resulting in the 
formation of superoxide anion. This multicomponent enzyme system is composed of 
cytosolic proteins (p47phox, p67phox, p40phox, and rac1/2) and membrane proteins 
(p22phox and gp91phox, which form cytochrome b558) which assemble at membrane sites 
upon cell activation. NADPH oxidase activation is tightly regulated because of potential 
damage of surrounding tissues (Babior, 1999; Bedard & Krause, 2007; El Benna et al., 2005; 
Krause& Bedard, 2008). ROS generation is generally a cascade of reactions that starts with 
the production of superoxide. Superoxide rapidly dismutates to hydrogen peroxide either 
spontaneously, particularly at low pH or catalyzed by superoxide dismutase. The cascade of 
ROS generation include the reaction of superoxide with nitric oxide to form peroxynitrite, 
the peroxidase-catalyzed formation of hypochlorous acid from hydrogen peroxide, and the 
iron-catalyzed Fenton reaction leading to the generation of hydroxyl radical (Klebanoff,  
1980). Free radicals may act as direct or indirect damaging agents through their reaction 
with other chemical or structural components in cells. ROS and RNS also recruit other 
inflammatory cells with secondary amplification of the damage. An enzymatic and non-
enzymatic antioxidant defence systems, including catalase (CAT), superoxide dismutase 
(SOD) and glutathione peroxidase (GPx) scavenge and regulate overall ROS levels to 
maintain physiological homeostasis. Lowering ROS levels below the homeostatic set point 
may interrupt the physiological role of oxidants in cellular proliferation and host defence. 
Under certain conditions, e.g., the presence of an elevated concentration of transition metal 
(Fe/Cu) ions, drug metabolism, or ischemia-reperfusion, ROS generation overwhelms 
cellular antioxidant defence resulting in oxidative stress. ROS may serve as cellular second 
messengers through the regulation of numerous signal transduction pathways at a 
concentration much below that required for formation of oxidative damage (Engelhardt et 
al., 2001). A rise in ROS levels may also constitute a stress signal that activates specific 
redox-sensitive signalling pathways. Once activated, these diverse signalling pathways may 
have either damaging or potentially protective functions (Finkel & Holbrook, 2000). Redox 
status has dual effects on upstream signaling system and downstream transcription factors. 
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Oxidants can stimulate many upstream kinases in signaling pathway cascades and yet 
inhibit transcription factors AP-1 and NF-kappaB activation (Kamata & Hirata, 1999). The 
signaling molecule, H2O2, mediates inflammation by activating NF kappaB and AP-1. 
Biological effects of NOX-derived O2– include: reaction with nitric oxide (NO) leading to NO 
degradation, peroxynitrite formation, protein tyrosine nitration, and the addition of 
glutathione (GSH) to thiols; reduction of iron centers within enzymes (e.g., aconitase) and 
alkalinization of intracellular organelles (Bedard & Krause, 2007). The current medical focus 
in this area has been directed toward the understanding of redox-driven physiological and 
pathophysiological processes in the cell. 

3. Inflammation-induced oxidative stress in gastric mucosa 
3.1 Ischemia- reperfusion injury-induced oxidative stress in gastric mucosa 
Ischemia–reperfusion injury is important pathological process in gastric mucosal 
inflammation. Massive production of ROS during ischemia/reperfusion in turn lead to 
tissue injury. When production of ROS occurs in an uncontrolled manner, the result is 
excessive cellular/tissue damage that results with chronic inflammation and destruction of 
normal tissue (Yoshikawa & Naito, 2000; Sasaki & Joh, 2007). Neutrophils are the principal 
effector cells of reperfusion injury. Under the conditions of ischemia/ reperfusion, xanthine 
dehydrogenase is converted into xanthine oxidase which uses oxygen as a substrate. During 
ischemia, utilisation leads to a depletion of ATP and accumulation of the purine catabolites 
hypoxanthine and xanthine, which are metabolized by xanthine oxidase to produce 
enormous amounts of superoxide radical and hydrogen peroxide upon subsequent 
reperfusion and influx of oxygen (Granger et al., 2001). 
In the extracellular space adenosine and ATP act as important endogenous signaling 
molecules in immunity and inflammation through activation of purinergic receptors 
(Swenen et al., 2005). Swennen et al. examined the ex vivo immunomodulatory effects of 
ATP in whole blood from healthy subjects. These data indicate that ATP is an anti-
inflammatory agent with simultaneous TNF-alfa suppressing and IL-10 augmenting 
activity.In addition, ATP has been shown to contribute to the initiation of oxidative burst. It 
appears to prime neutrophils for functional responses to various inflammatory mediators, as 
indicated by increased production of ROS (Fredholm, 1997; Zhang et al., 1996). Endoscopic 
studies using reflectance spectrophotometry and laser Doppler flowmetry have reported a 
decrease in mucosal blood flow resulting in impairment of gastric mucosal energy 
metabolism. Adenine nucleotides in biopsy samples from human gastric mucosa were 
measured using high-performance liquid chromatography (HPLC).  
Energy charge (EC) was assessed from ATP, adenosine diphosphate (ADP) and adenosine 
monophosphate (AMP) and calculated as EC=ATP + 1/2 ADP)/ATP + ADP + AMP. Energy 
charge of antrum was lower compared to corpus in the gastric mucosa. In elderly, the 
impaired energy metabolism in human gastric mucosa may weaken their defensive 
mechanism (Kawano et al., 1991). In vitro studies suggest that extracellular nucleotides and 
nucleosides may be important regulators of inflammatory and immune responses (Di 
Virgillio et al., 2001). Acute gastric erosions following hemorrhagic shock (stress ulceration) 
have been attributed to gastric hyperacidity, altered gastric secretion of mucus and an 
abnormal permeability of the gastric mucosa to H+. An energy deficit severe enough to 
cause cellular necrosis is the event linking shock-induced gastric mucosal ischemia and 
stress ulceration (Menguy & Master 1974a, 1974b, 1974c, 1974d). This studies support the 
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value of ATP as a highly potent natural compound, which able to modulate inflammation 
and oxidative stress. 
The conditions of chronic inflammation predispose susceptible cells to neoplastic 
transformation. ROS appear to be the key regulatory factors in molecular pathways linked 
to tumour development and tumour dissemination (Valko, 2007). 
The longer the inflammation persists, the higher the risk of cancer gets. Inflammatory 
processes may induce DNA mutations in cells via oxidative/nitrosative stress. 
Inflammatory cells and cancer cells themselves produce free radicals and soluble mediators 
such as metabolites of arachidonic acid, cytokines and chemokines, which act by further 
producing reactive species. These, in turn, strongly recruit inflammatory cells in a vicious 
cycle. Reactive intermediates of oxygen and nitrogen may directly oxidize DNA, or may 
interfere with mechanisms of DNA repair. The main substances that link inflammation with 
cancer via oxidative/nitrosative stress are prostaglandins and cytokines. The effectors are 
represented by an imbalance between pro-oxidant and antioxidant enzyme activities 
(lipoxygenase, cyclooxygenase and phospholipid hydroperoxide glutathione-peroxidase), 
hydroperoxides and lipoperoxides, aldehydes and peroxinitrite (Federico et al., 2007).  

3.2 Helicobacter pylori-induced oxidative stress 
Helicobacter pylori, a pathogenic bacterium, is highly adapted to its ecologic niche, the human 
gastric mucosa. The pathogenesis of H. pylori relies on its persistence in surviving a harsh 
environment, including acidity, peristalsis, and oxidative burst by phagocyte cells (McGee & 
Mobley, 1999). H. pylori infection causes chronic inflammation, accumulation of ROS and 
oxidative DNA damage in the gastric mucosa.  
During the process of colonizing the host, H. pylori induces a strong inflammatory response, 
generating large amounts of ROS. To evade oxidative killing H. pylori prevents NADPH 
oxidase assembly at the phagosome, with release of NADP+ and large amounts of 
superoxide anions into the extracellular milieu (Allen, 2007a; Allen, 2007b).  H. pylori injects 
bacterial proteins into the cytosol of the gastric host cell via the type IV injection system and 
regulates the intracellular signal transduction. This mechanism provides a approach to 
resolving how H. pylori survives in the acidic environment of the human stomach.  (Suzuki, 
2006a, 2006b).  
A number of studies have shown that H. pylori infection is associated with generation of free 
radicals, which leads to oxidative stress in the gastric mucosa (Fukuhara et al., 2008; Davies 
et al. 1994a, 1994b; McGee & Mobley 1999; Pignatelli et al., 2001; Li et al., 2001; Baik et al., 
1996). Exposure of gastric epithelial cells to H. pylori resulted in an inflammatory reaction 
with production of ROS and nitric oxide (Nardone et al., 2004).The effects of bacterial 
eradication on mucosal oxidative stress  were investigated by measuring the changes of  the 
expression of inducible nitric oxide synthase (iNOS) and levels of nitrotyrosine  and 8-
hydroxy-2|[prime]|-deoxyguanosine in antral biopsies from patients with chronic atrophic 
gastritis and peptic ulcer disease before and after bacterial eradication. Helicobacter pylori 
eradication attenuates oxidative stress in human gastric mucosa (Pignatelli et al., 2001). The 
adding of prescribed doses of vitamins E and C to antimicrobial therapy is effective in 
eradicating H. pylori infection (Sezikli et al., 2009). Recent studies demonstrated that 
increased levels of ROS are generated in H. pylori- infected gastric epithelial cells and that 
this may be one mechanism leading to apoptosis associated with infection (Ding et al., 2007). 
Host intracellular iron has been noticed as an important cofactor in induction of NADPH-
dependent oxidative burst. The changed equilibrium of intracellular iron could influence the 
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course of infection to the enhancement of the pathogen with regard to oxidative stress 
(Dovhanj et al., 2009). 
The expression of eight proteins (78 kDa glucose-regulated protein precursor, endoplasmin 
precursor, aldehyde dehydrogenase 2 and L-lactate dehydrogenase B chain, intracellular 
chloride channel protein 1, glutathione S-transferase, heat-shock protein 60 and cytokeratin 
8) were altered in the H. pylori-infected tissues compared with the non-infected tissues. 
These proteins are related to cell proliferation, carcinogenesis, cytoskeletal function and 
cellular defence mechanism. H. pylori-induced alterations of protein expression of these 
proteins indicate the involvement of oxidative stress in the pathogenesis of H. pylori-induced 
gastric diseases, including inflammation, ulceration and carcinogenesis (Baek et al., 2004). 

3.3 Role of glutathione and Mn-SOD in oxidative stress -induced  gastric mucosal 
injury 
The NADPH oxidase complex causes a strong stimulation of the pentose phosphate 
pathway (PPP), which primarily control the most important antioxidant of gastric mucosa, 
glutathione (Beil et al. 2000; Matthews & Butler, 2005).  
Glutathione is a co-substrate of many enzymes involved in cellular detoxification and 
protection mechanisms (Townsend & Tew 2003). Maintaining optimal reduced 
glutathione/oxidized glutathione (GSH/GSSG) ratio in the cell is critical to survival and 
tight regulation of the system is imperative. A deficiency of GSH puts the cell at risk for 
oxidative damage (Townsend et al., 2003). H. pylori directly decrease cellular glutathione. 
Concerning GSH, their recycling is dependent on the maintenance of an pool of NADPH 
mainly via the pentose phosphate pathway, in which the reaction catalyzed by the glucose-
6-phosphate dehidrogenase (G6-PDH) is the rate-limiting step. Mutations in ZWF1, the gene 
which encodes G6-PDH, make cells hypersensitive to oxidants such as H2O2 (Juhnke et al., 
1996). During normal detoxification, H2O2 is converted to H2O by reduced glutathione 
peroxidase and the oxidized glutathione is converted back to the reduced form by 
glutathione reductase and NADPH. 
Glutathione (gamma-L-glutamyl-L-cysteinylglycine), the main non-protein thiol found in 
cells, is synthesized exclusively in the cytosol in two steps that require ATP. The first step is 
the unusual coupling of the gamma-carboxylic acid of glutamic acid to cysteine by the 
enzyme gamma-glutamylcysteine synthetase, followed by the formation of GSH by GSH 
synthetase, which uses ATP and gamma-glutamylcysteine and glycine as substrates. The 
formation of gamma-glutamylcysteine is the rate-limiting reaction in GSH synthesis and is a 
feedback inhibited by GSH itself, a mechanism responsible for the regulation of cellular 
GSH concentration.  
Glutathione S-transferase plays a key role in the detoxification of carcinogenes, therapeutic 
drugs, and products of oxidative stress. This enzyme utilizes glutathione in reactions 
contributing to the transformation of such substances.  
Studied association between glutathione S-transferases polymorphisms and immunoglobin 
G titer levels in serum against Helicobacter pylori in healthy subjects seropositive for H. pylori  
suggests that glutathione S-transferases  activity is possibly involved in the protection 
against mucosal atrophy caused by H. pylori (Tatemichi et al., 2009). Another data showed 
that GSH plays a major role in cytoprotection against ulceration (Demir et al., 2003). This 
study has shown that gastric mucosal malondialdehide (MDA) levels were significantly 
higher, and gastric mucosal concentrations of GSH were significantly lower in peptic ulcer 
and gastritis patients compared to controls. These results suggest that the depletion of 
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to tumour development and tumour dissemination (Valko, 2007). 
The longer the inflammation persists, the higher the risk of cancer gets. Inflammatory 
processes may induce DNA mutations in cells via oxidative/nitrosative stress. 
Inflammatory cells and cancer cells themselves produce free radicals and soluble mediators 
such as metabolites of arachidonic acid, cytokines and chemokines, which act by further 
producing reactive species. These, in turn, strongly recruit inflammatory cells in a vicious 
cycle. Reactive intermediates of oxygen and nitrogen may directly oxidize DNA, or may 
interfere with mechanisms of DNA repair. The main substances that link inflammation with 
cancer via oxidative/nitrosative stress are prostaglandins and cytokines. The effectors are 
represented by an imbalance between pro-oxidant and antioxidant enzyme activities 
(lipoxygenase, cyclooxygenase and phospholipid hydroperoxide glutathione-peroxidase), 
hydroperoxides and lipoperoxides, aldehydes and peroxinitrite (Federico et al., 2007).  

3.2 Helicobacter pylori-induced oxidative stress 
Helicobacter pylori, a pathogenic bacterium, is highly adapted to its ecologic niche, the human 
gastric mucosa. The pathogenesis of H. pylori relies on its persistence in surviving a harsh 
environment, including acidity, peristalsis, and oxidative burst by phagocyte cells (McGee & 
Mobley, 1999). H. pylori infection causes chronic inflammation, accumulation of ROS and 
oxidative DNA damage in the gastric mucosa.  
During the process of colonizing the host, H. pylori induces a strong inflammatory response, 
generating large amounts of ROS. To evade oxidative killing H. pylori prevents NADPH 
oxidase assembly at the phagosome, with release of NADP+ and large amounts of 
superoxide anions into the extracellular milieu (Allen, 2007a; Allen, 2007b).  H. pylori injects 
bacterial proteins into the cytosol of the gastric host cell via the type IV injection system and 
regulates the intracellular signal transduction. This mechanism provides a approach to 
resolving how H. pylori survives in the acidic environment of the human stomach.  (Suzuki, 
2006a, 2006b).  
A number of studies have shown that H. pylori infection is associated with generation of free 
radicals, which leads to oxidative stress in the gastric mucosa (Fukuhara et al., 2008; Davies 
et al. 1994a, 1994b; McGee & Mobley 1999; Pignatelli et al., 2001; Li et al., 2001; Baik et al., 
1996). Exposure of gastric epithelial cells to H. pylori resulted in an inflammatory reaction 
with production of ROS and nitric oxide (Nardone et al., 2004).The effects of bacterial 
eradication on mucosal oxidative stress  were investigated by measuring the changes of  the 
expression of inducible nitric oxide synthase (iNOS) and levels of nitrotyrosine  and 8-
hydroxy-2|[prime]|-deoxyguanosine in antral biopsies from patients with chronic atrophic 
gastritis and peptic ulcer disease before and after bacterial eradication. Helicobacter pylori 
eradication attenuates oxidative stress in human gastric mucosa (Pignatelli et al., 2001). The 
adding of prescribed doses of vitamins E and C to antimicrobial therapy is effective in 
eradicating H. pylori infection (Sezikli et al., 2009). Recent studies demonstrated that 
increased levels of ROS are generated in H. pylori- infected gastric epithelial cells and that 
this may be one mechanism leading to apoptosis associated with infection (Ding et al., 2007). 
Host intracellular iron has been noticed as an important cofactor in induction of NADPH-
dependent oxidative burst. The changed equilibrium of intracellular iron could influence the 
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course of infection to the enhancement of the pathogen with regard to oxidative stress 
(Dovhanj et al., 2009). 
The expression of eight proteins (78 kDa glucose-regulated protein precursor, endoplasmin 
precursor, aldehyde dehydrogenase 2 and L-lactate dehydrogenase B chain, intracellular 
chloride channel protein 1, glutathione S-transferase, heat-shock protein 60 and cytokeratin 
8) were altered in the H. pylori-infected tissues compared with the non-infected tissues. 
These proteins are related to cell proliferation, carcinogenesis, cytoskeletal function and 
cellular defence mechanism. H. pylori-induced alterations of protein expression of these 
proteins indicate the involvement of oxidative stress in the pathogenesis of H. pylori-induced 
gastric diseases, including inflammation, ulceration and carcinogenesis (Baek et al., 2004). 

3.3 Role of glutathione and Mn-SOD in oxidative stress -induced  gastric mucosal 
injury 
The NADPH oxidase complex causes a strong stimulation of the pentose phosphate 
pathway (PPP), which primarily control the most important antioxidant of gastric mucosa, 
glutathione (Beil et al. 2000; Matthews & Butler, 2005).  
Glutathione is a co-substrate of many enzymes involved in cellular detoxification and 
protection mechanisms (Townsend & Tew 2003). Maintaining optimal reduced 
glutathione/oxidized glutathione (GSH/GSSG) ratio in the cell is critical to survival and 
tight regulation of the system is imperative. A deficiency of GSH puts the cell at risk for 
oxidative damage (Townsend et al., 2003). H. pylori directly decrease cellular glutathione. 
Concerning GSH, their recycling is dependent on the maintenance of an pool of NADPH 
mainly via the pentose phosphate pathway, in which the reaction catalyzed by the glucose-
6-phosphate dehidrogenase (G6-PDH) is the rate-limiting step. Mutations in ZWF1, the gene 
which encodes G6-PDH, make cells hypersensitive to oxidants such as H2O2 (Juhnke et al., 
1996). During normal detoxification, H2O2 is converted to H2O by reduced glutathione 
peroxidase and the oxidized glutathione is converted back to the reduced form by 
glutathione reductase and NADPH. 
Glutathione (gamma-L-glutamyl-L-cysteinylglycine), the main non-protein thiol found in 
cells, is synthesized exclusively in the cytosol in two steps that require ATP. The first step is 
the unusual coupling of the gamma-carboxylic acid of glutamic acid to cysteine by the 
enzyme gamma-glutamylcysteine synthetase, followed by the formation of GSH by GSH 
synthetase, which uses ATP and gamma-glutamylcysteine and glycine as substrates. The 
formation of gamma-glutamylcysteine is the rate-limiting reaction in GSH synthesis and is a 
feedback inhibited by GSH itself, a mechanism responsible for the regulation of cellular 
GSH concentration.  
Glutathione S-transferase plays a key role in the detoxification of carcinogenes, therapeutic 
drugs, and products of oxidative stress. This enzyme utilizes glutathione in reactions 
contributing to the transformation of such substances.  
Studied association between glutathione S-transferases polymorphisms and immunoglobin 
G titer levels in serum against Helicobacter pylori in healthy subjects seropositive for H. pylori  
suggests that glutathione S-transferases  activity is possibly involved in the protection 
against mucosal atrophy caused by H. pylori (Tatemichi et al., 2009). Another data showed 
that GSH plays a major role in cytoprotection against ulceration (Demir et al., 2003). This 
study has shown that gastric mucosal malondialdehide (MDA) levels were significantly 
higher, and gastric mucosal concentrations of GSH were significantly lower in peptic ulcer 
and gastritis patients compared to controls. These results suggest that the depletion of 
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gastric mucosal glutathione in peptic ulcers and gastritis is caused by accumulation of free 
radicals. The findings of the study also confirm that ROS play important pathological role in 
gastric mucosa. Therefore, effective treatment and prevention of gastritis and peptic ulcers 
should be based on using the antioxidants in order to enhance gastric mucosal defence. 
Antioxidant enzymes, superoxide dismutase catalase, glutathione peroxidase, or 
peroxiredoxins are vital to the regulation of oxidative stress within cells. Significant changes 
in the activity and expression of several isoforms of superoxide dismutase were observed in 
the human gastric disease.  
In eukaryotic cells, three isoforms of superoxide dismutase are present: extracellular 
copper/zinc-containing SOD (EC-SOD), mitochondrial manganese containing SOD (Mn-
SOD), and cytoplasmic/nuclear copper/zinc-containing SOD (Cu,Zn-SOD), although the 
latter also localizes to the mitochondrial intermembrane space (Okado-Matsumoto & 
Fridovich, 2001). While the SOD isoenzymes catalyze the identical dismutation reaction 
involving the conversion of superoxide anion  to oxygen and hydrogen peroxide , the 
function of each SOD isoform in cellular physiology appears to be very different, and often 
one SOD cannot compensate for another. Manganese superoxide dismutase induced by 
oxidative stress and by several physiological stimuli including inflammatory cytokines, 
bacterial proteins and growth factors. Gotz et al. first reported an increase of Mn- SOD in H. 
pylori -positive gastric mucosa. The study showed a significant correlation between the level 
of Mn-SOD protein with the degree of inflammation in the gastric mucosa (Noguchi et al., 
2002; Smoot et al., 2000). Recently, we have reviewed the important role of Mn-SOD in 
inflammation (Dovhanj et al., 2010). Manganese superoxide dismutase expression has been 
evaluated in gastric cancer, but little is known about the expression changes that occur in 
Mn-SOD in normal gastic mucosa from non-cancer patients with chronic gastritis. The 
evaluation of Mn-SOD activity during inflammation of gastric mucosa could clear out 
whether its assessment may be important to prevent the accumulation of gastric epithelial 
cell oxidative damage. 
Given the risk of Mn-SOD overexpression and the role of Mn-SOD in the response to 
oxidative stress we hypothesized that patients with chronic gastritis would have increased 
mucosal Mn- SOD expression associated with chronic inflammation in the gastric mucosa. 
The inverse correlation between Mn-SOD activity and cell growth is a paradoxical 
phenomenon because Mn-SOD functions only as an antioxidant enzyme to protect a cell 
from oxidative stress caused by O2

.- (Oberley, 2001). Proposed hypotheses regarding 
mechanisms by which Mn-SOD exerts growth inhibition often emphasize increased H2O2 

production secondary to elevated Mn-SOD activity resulting in oxidative environments first 
in mitochondria and subsequently in the cytoplasm (Li et al., 2001; Li & Oberley, 1998; 
Rodriguez et al., 2000).  
Reactive oxygen species and glutathione levels were measured in various phases of the cell 
cycle in both parental NIH/3T3 cells and NIH/3T3 cells overexpressing Mn-SOD, to 
determine whether their levels could have a possible regulatory role in cell cycle 
progression. This results suggest that oxidative stress exists in M phase of the cell cycle with 
total glutathione levels increased to decrease oxidative stress while analysis of Mn-SOD-
overexpressing cell clones showed correlation of decreased cell growth with an ROS 
increase in S phase of the cell cycle and decrease of glutathione in mitosis. The data strongly 
suggest that specific levels of cell redox state are necessary for cells to successfully progress 
through the various phases of the cell cycle (Li & Oberley, 1998). 
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However, overexpression of Mn-SOD exceeding physiological conditions can lead to 
accumulation of ROS and oxidative stress, which may contribute to tumor metastasis and 
angiogenesis. It is known that intracellular content of Mn-SOD is altered in gastric 
neoplasms compared with normal tissue (Janssen et al., 2000; Hermann et al., 2005; 
Kruidenier et al., 2003, Hwang et al., 2005). Mn-SOD overexpression inhibits cell growth in 
both nonmalignant and malignant cells. The studies on Mn-SOD expression in cancer cells 
have been conducted on human tumours by comparing the specific cancer cell type with a 
relevant control cell type (colorectal cancer/ adjacent normal mucosa, oesophageal and 
gastric cancer /normal mucosa). According to these studies, Mn-SOD expression is variable 
but often high in human tumours compared to their normal counterparts. Understanding of 
the regulation of antiproliferative pathways by Mn-SOD and its control of tumor invasion 
might aid in the design of novel therapies targeting the respective molecular pathways 
(Valko, 2007). 

4. Oxidative damage to DNA, lipids and proteins 
The inflammation of gastric mucosa activates various oxidant-producing enzymes such as 
NADPH oxidase and inducible nitric oxide synthase. Reactive oxygen metabolites and 
nitrogen metabolites generated by these enzymes react with each other to generate new or 
more potent reactive species. The specific types of cellular damage resulting from reactive 
oxygen metabolites include lipid peroxidation, protein oxidation, and oxidative DNA 
damage. At high concentrations, ROS can be important mediators of damage to cell 
structures. Consequences of this stress include modification to cellular proteins, lipids and 
DNA (Valko et al., 2006). The hydroxyl radical is known to react with all components of the 
DNA molecule, damaging both the purine and pyrimidine bases and also the deoxyribose 
backbone (Halliwell & Gutteridge, 1999). The most extensively studied DNA lesion is the 
formation of 8-nitroguanine while carbonyl derivatives of proteins are the most widely 
studied oxidative stress-induced protein modifications (Valko et al., 2007). Carbonyl 
formation can occur through a variety of mechanisms including direct oxidation of certain 
amino-acid side chains and oxidation-induced peptide cleavage. Although all organs and all 
proteins can potentially be modified by oxidative stress, certain tissues and specific protein 
targets may be especially sensitive (Stadtman, 1992; Yan at al., 1997). The side chains of all 
amino acid residues of proteins, in particular cysteine and methionine residues of proteins 
are susceptible to oxidation by ROS/RNS (Stadtman, 2004). Oxidation of cysteine residues 
may lead to the reversible formation of mixed disulphides between protein thiol groups (–
SH) and low molecular weight thiols, GSH (S-glutathiolation). The concentration of 
carbonyl groups, generated by many different mechanisms is a good measure of ROS-
mediated protein oxidation. A number of highly sensitive methods have been developed for 
the assay of protein carbonyl groups (Dalle-Donne, 2005).  
Nitric oxide contributes to oxidative lesions and alterations of gastric mucosa structure. 
Urinary 8-nitroguanine, a product of nitrative nucleic acid damage caused by reactive 
nitrogen species such as peroxynitrite and nitrogen dioxide. Immunoreactivity of the  8-
nitroguanine has been found in the cytosol as well as in the nucleus of inflammatory cells 
and epithelial cells in inflamed tissues, but not in normal tissues. 8-nitroguanine in DNA is 
potentially mutagenic, yielding G:C to T:A transversion, possibly through its rapid 
depurination to form an apurinic site and/or miscoding with adenine. 8-nitroguanine in 
RNA may interfere with RNA functions and metabolism. Nitrated guanine nucleosides and 
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gastric mucosal glutathione in peptic ulcers and gastritis is caused by accumulation of free 
radicals. The findings of the study also confirm that ROS play important pathological role in 
gastric mucosa. Therefore, effective treatment and prevention of gastritis and peptic ulcers 
should be based on using the antioxidants in order to enhance gastric mucosal defence. 
Antioxidant enzymes, superoxide dismutase catalase, glutathione peroxidase, or 
peroxiredoxins are vital to the regulation of oxidative stress within cells. Significant changes 
in the activity and expression of several isoforms of superoxide dismutase were observed in 
the human gastric disease.  
In eukaryotic cells, three isoforms of superoxide dismutase are present: extracellular 
copper/zinc-containing SOD (EC-SOD), mitochondrial manganese containing SOD (Mn-
SOD), and cytoplasmic/nuclear copper/zinc-containing SOD (Cu,Zn-SOD), although the 
latter also localizes to the mitochondrial intermembrane space (Okado-Matsumoto & 
Fridovich, 2001). While the SOD isoenzymes catalyze the identical dismutation reaction 
involving the conversion of superoxide anion  to oxygen and hydrogen peroxide , the 
function of each SOD isoform in cellular physiology appears to be very different, and often 
one SOD cannot compensate for another. Manganese superoxide dismutase induced by 
oxidative stress and by several physiological stimuli including inflammatory cytokines, 
bacterial proteins and growth factors. Gotz et al. first reported an increase of Mn- SOD in H. 
pylori -positive gastric mucosa. The study showed a significant correlation between the level 
of Mn-SOD protein with the degree of inflammation in the gastric mucosa (Noguchi et al., 
2002; Smoot et al., 2000). Recently, we have reviewed the important role of Mn-SOD in 
inflammation (Dovhanj et al., 2010). Manganese superoxide dismutase expression has been 
evaluated in gastric cancer, but little is known about the expression changes that occur in 
Mn-SOD in normal gastic mucosa from non-cancer patients with chronic gastritis. The 
evaluation of Mn-SOD activity during inflammation of gastric mucosa could clear out 
whether its assessment may be important to prevent the accumulation of gastric epithelial 
cell oxidative damage. 
Given the risk of Mn-SOD overexpression and the role of Mn-SOD in the response to 
oxidative stress we hypothesized that patients with chronic gastritis would have increased 
mucosal Mn- SOD expression associated with chronic inflammation in the gastric mucosa. 
The inverse correlation between Mn-SOD activity and cell growth is a paradoxical 
phenomenon because Mn-SOD functions only as an antioxidant enzyme to protect a cell 
from oxidative stress caused by O2

.- (Oberley, 2001). Proposed hypotheses regarding 
mechanisms by which Mn-SOD exerts growth inhibition often emphasize increased H2O2 

production secondary to elevated Mn-SOD activity resulting in oxidative environments first 
in mitochondria and subsequently in the cytoplasm (Li et al., 2001; Li & Oberley, 1998; 
Rodriguez et al., 2000).  
Reactive oxygen species and glutathione levels were measured in various phases of the cell 
cycle in both parental NIH/3T3 cells and NIH/3T3 cells overexpressing Mn-SOD, to 
determine whether their levels could have a possible regulatory role in cell cycle 
progression. This results suggest that oxidative stress exists in M phase of the cell cycle with 
total glutathione levels increased to decrease oxidative stress while analysis of Mn-SOD-
overexpressing cell clones showed correlation of decreased cell growth with an ROS 
increase in S phase of the cell cycle and decrease of glutathione in mitosis. The data strongly 
suggest that specific levels of cell redox state are necessary for cells to successfully progress 
through the various phases of the cell cycle (Li & Oberley, 1998). 
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However, overexpression of Mn-SOD exceeding physiological conditions can lead to 
accumulation of ROS and oxidative stress, which may contribute to tumor metastasis and 
angiogenesis. It is known that intracellular content of Mn-SOD is altered in gastric 
neoplasms compared with normal tissue (Janssen et al., 2000; Hermann et al., 2005; 
Kruidenier et al., 2003, Hwang et al., 2005). Mn-SOD overexpression inhibits cell growth in 
both nonmalignant and malignant cells. The studies on Mn-SOD expression in cancer cells 
have been conducted on human tumours by comparing the specific cancer cell type with a 
relevant control cell type (colorectal cancer/ adjacent normal mucosa, oesophageal and 
gastric cancer /normal mucosa). According to these studies, Mn-SOD expression is variable 
but often high in human tumours compared to their normal counterparts. Understanding of 
the regulation of antiproliferative pathways by Mn-SOD and its control of tumor invasion 
might aid in the design of novel therapies targeting the respective molecular pathways 
(Valko, 2007). 

4. Oxidative damage to DNA, lipids and proteins 
The inflammation of gastric mucosa activates various oxidant-producing enzymes such as 
NADPH oxidase and inducible nitric oxide synthase. Reactive oxygen metabolites and 
nitrogen metabolites generated by these enzymes react with each other to generate new or 
more potent reactive species. The specific types of cellular damage resulting from reactive 
oxygen metabolites include lipid peroxidation, protein oxidation, and oxidative DNA 
damage. At high concentrations, ROS can be important mediators of damage to cell 
structures. Consequences of this stress include modification to cellular proteins, lipids and 
DNA (Valko et al., 2006). The hydroxyl radical is known to react with all components of the 
DNA molecule, damaging both the purine and pyrimidine bases and also the deoxyribose 
backbone (Halliwell & Gutteridge, 1999). The most extensively studied DNA lesion is the 
formation of 8-nitroguanine while carbonyl derivatives of proteins are the most widely 
studied oxidative stress-induced protein modifications (Valko et al., 2007). Carbonyl 
formation can occur through a variety of mechanisms including direct oxidation of certain 
amino-acid side chains and oxidation-induced peptide cleavage. Although all organs and all 
proteins can potentially be modified by oxidative stress, certain tissues and specific protein 
targets may be especially sensitive (Stadtman, 1992; Yan at al., 1997). The side chains of all 
amino acid residues of proteins, in particular cysteine and methionine residues of proteins 
are susceptible to oxidation by ROS/RNS (Stadtman, 2004). Oxidation of cysteine residues 
may lead to the reversible formation of mixed disulphides between protein thiol groups (–
SH) and low molecular weight thiols, GSH (S-glutathiolation). The concentration of 
carbonyl groups, generated by many different mechanisms is a good measure of ROS-
mediated protein oxidation. A number of highly sensitive methods have been developed for 
the assay of protein carbonyl groups (Dalle-Donne, 2005).  
Nitric oxide contributes to oxidative lesions and alterations of gastric mucosa structure. 
Urinary 8-nitroguanine, a product of nitrative nucleic acid damage caused by reactive 
nitrogen species such as peroxynitrite and nitrogen dioxide. Immunoreactivity of the  8-
nitroguanine has been found in the cytosol as well as in the nucleus of inflammatory cells 
and epithelial cells in inflamed tissues, but not in normal tissues. 8-nitroguanine in DNA is 
potentially mutagenic, yielding G:C to T:A transversion, possibly through its rapid 
depurination to form an apurinic site and/or miscoding with adenine. 8-nitroguanine in 
RNA may interfere with RNA functions and metabolism. Nitrated guanine nucleosides and 
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nucleotides in the nucleotide pool may contribute to oxidative stress via production of 
superoxide mediated by various reductases and may disturb or modulate directly various 
important enzymes such as GTP-binding proteins and cGMP-dependent enzymes 
(Ohshima, et al. 2006).  
Determination of NO metabolites concentrations in gastric juice of Helicobacter pylori positive 
patients has shown that the increase of NO metabolites is correlated with inflammatory 
lesions in gastric mucosa (Walecka-Kapica, E., 2008). Helicobacter pylori infection is 
associated with oxidatively damaged DNA in human leukocytes and decreased level of 
urinary 8-oxo-7,8-dihydroguanine. The levels of 8-oxo-7,8-dihydroguanine  in DNA isolated 
from leukocytes of H.pylori infected patients and in the group with  gastritis without H.pylori 
infection were significantly higher than in DNA isolated from the control group while level 
of urinary 8-oxo-7,8-dihydroguanine  of children infected with H.pylori was significantly 
lower compared to  group with gastritis without H.pylori infection. This increase of 8-oxo-
7,8-dihydro-2'-deoxyguanosine level in leukocytes was interpreted as a response to 
inflammation itself, not just H.pylori infection. However, observed decrease in the level of 
modified base in urine seems to be specific for H.pylori infection and possibly linked with 
nitric oxide mediated inhibition of a key base excision repair enzyme (human 8-oxo-7, 8-
dihydroguanine glycosylase) responsible for the repair of 8-oxo-7,8-dihydroguanine 
(Siomek, 2006). 
 Amelioration of oxidative stress with ensuing inflammation contributes to 
chemoprevention of H. pylori-associated gastric carcinogenesis (Park 2004). Gastric mucosa 
of patients infected by CagA-positive strains is characterized by a higher generation of ROS 
and by greater neutrophil counts than that observed in CagA-negative subjects (Danese, 
2001). In addition, the oxygen-free radicals-mediated damage due to H. pylori cytotoxic 
strains, CagA+ strains, could be a driving force that leads from chronic gastritis to gastric 
carcinoma (Papa, 2002). A double immunofluorescence labeling study demonstrated that the 
level of 8-nitroguanine and 8-oxo-7,8-dihydro-2'-deoxyguanosine (8-oxodG) apparent in 
gastric gland epithelium was significantly higher in gastritis patients with H. pylori infection 
than in those without infection. This results suggest that 8-nitroguanine could be a 
promising biomarker of inflammation (Ma, 2004).  
Kawanishi et al. examined the formation of 8-nitroguanine, a nitrative DNA lesion, in 
humans and animals under inflammatory conditions. An immunofluorescence labeling 
study demonstrated that 8-nitroguanine was strongly formed in gastric gland epithelial cells 
in gastritis patients with H. pylori infection, in hepatocytes in patients with hepatitis C, and 
in oral epithelium of patients with oral lichen planus. 8-nitroguanine was also formed in 
colonic epithelial cells of model mice of inflammatory bowel diseases and patients with 
ulcerative colitis. Interestingly, 8-nitroguanine was formed at the sites of carcinogenesis 
regardless of etiology. Therefore, 8-nitroguanine could be used to evaluate the risk of 
inflammation-related carcinogenesis. 
 Oxidative damage of the gastric mucosa in H. pylori positive chronic atrophic and 
nonatrophic gastritis, was evaluated by nitrotyrosine immunohistochemistry in the mucosa 
before and after eradication. Total nitrotyrosine levels appeared significantly higher in H. 
pylori positive than in negative patients. Oxidative damage of the gastric mucosa increases 
from H. pylori -chronic gastritis to H. pylori - chronic atrophic gastrits, involving the foveolae 
and intestinal metaplasia. H. pylori eradication induces a complete healing of foveolae but 
not of intestinal metaplasia, reducing the overall oxidative damage in the mucosa (Iacopini, 
F. et al. 2003). Helicobacter pylori eradication has differential effects on oxidative DNA 
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damage at the gastroesophageal junction and at the gastric antrum. The levels of DNA 
adducts in the antral mucosa are not modified by H. pylori eradication; conversely, H. pylori 
eradication significantly increases the oxidative adducts at the gastroesophageal junction 
(Farinti, 2004). 
Enhanced understanding of the mechanisms of gastroduodenal defense and injury provides 
new insight into potential therapeutic targets, contributing towards the development of 
better tolerated and more effective therapies (deFoneska 2010). Albayrak et al, 2010 
suggested that urinary 8-OHdG levels could be investigated in every patient with chronic 
gastritis, since it is a simple and completely noninvasive procedure. In patients with high 
levels of urinary 8-OHdG, endoscopic procedures or even pathological investigation may 
then be carried out, with the consideration that there is a high risk of intestinal metaplasia. 

4.1 Monitoring of oxidative damage of gastric mucosa 
The determination of oxidative stress in inflammation of gastric mucosa may be important 
for a better understanding of its pathophysiology. ROS and RNS react with each other to 
generate new or more potent reactive species. Specific types of cellular damage resulting 
from reactive oxygen metabolites include lipid peroxidation, protein oxidation, and 
oxidative DNA damage. There are direct and indirect markers for monitoring of oxidative 
damage of gastric mucosa. Measurement of oxidation markers (direct) is helpful to assess 
oxidant activity and to monitor the effectiveness of the antioxidant system in normal cell 
affected by inflammation. The techniques range for detecting free radicals and reactive 
oxygen species or their byproducts include advanced methodologies using high-
performance liquid chromatography, mass spectrometry, and electron paramagnetic 
resonance. The HPLC techniques are applied to the electrochemical measurement of protein 
oxidation products, particularly nitrotyrosine and dityrosine, and to the electrochemical 
detection of DNA oxidation products (Sawa, 2006). There are also mass spectrometry 
methods for measuring lipid oxidation products. Determination of biological markers of in 
vivo oxidative DNA damage, 8-hydroxy-2'-deoxyguanosine, and well-known lipid 
peroxidation markers, malondialdehyde (MDA) and 4-hydroxy-2-nonenal (HNE) are 
important for oxidative damage of gastric mucosa . HNE and MDA produce DNA  adducts 
such as exocyclic etheno- and propano-DNA adducts,  which are strong promutagenic DNA 
lesions causing point mutations. 
The enzymatic and nonenzymatic antioxidants have been proposed as indirect markers. 
Among them, ascorbic acid, a-tocopherol, glutathione, enzymatic redox system of 
glutathione, glutathione-S-transferase and superoxide dismutase are related to gastric 
mucosal damage. Urinary hydrogen peroxide was postulated to be a biomarker of oxidative 
stress. (Baneerje, 2003). Recently, Lianzhen Yu et al. studied the low-molecular-weight 15 
metabolites (including antioxidants) in blood plasma to characterize different stages from 
chronic superficial gastritis to chronic atrophic gastritis, intestinal metaplasia, gastric 
dysplasia and finally gastric cancer. They applied gas chromatography time-of-flight mass 
spectrometry to determine metabolites levels in plasma. The discriminatory metabolites 
characterizing progressive stages from chronic superficial gastritis to gastric cancer might be 
the potential markers to indicate the risk of gastric cancer. After a critical review of the 
literature data, we conclude that the balance between antioxidants and by-products of 
oxidative stress in the organism might be the best approach for the evaluation of oxidative 
stress in patients with gastric mucosal inflammation.  



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

54

nucleotides in the nucleotide pool may contribute to oxidative stress via production of 
superoxide mediated by various reductases and may disturb or modulate directly various 
important enzymes such as GTP-binding proteins and cGMP-dependent enzymes 
(Ohshima, et al. 2006).  
Determination of NO metabolites concentrations in gastric juice of Helicobacter pylori positive 
patients has shown that the increase of NO metabolites is correlated with inflammatory 
lesions in gastric mucosa (Walecka-Kapica, E., 2008). Helicobacter pylori infection is 
associated with oxidatively damaged DNA in human leukocytes and decreased level of 
urinary 8-oxo-7,8-dihydroguanine. The levels of 8-oxo-7,8-dihydroguanine  in DNA isolated 
from leukocytes of H.pylori infected patients and in the group with  gastritis without H.pylori 
infection were significantly higher than in DNA isolated from the control group while level 
of urinary 8-oxo-7,8-dihydroguanine  of children infected with H.pylori was significantly 
lower compared to  group with gastritis without H.pylori infection. This increase of 8-oxo-
7,8-dihydro-2'-deoxyguanosine level in leukocytes was interpreted as a response to 
inflammation itself, not just H.pylori infection. However, observed decrease in the level of 
modified base in urine seems to be specific for H.pylori infection and possibly linked with 
nitric oxide mediated inhibition of a key base excision repair enzyme (human 8-oxo-7, 8-
dihydroguanine glycosylase) responsible for the repair of 8-oxo-7,8-dihydroguanine 
(Siomek, 2006). 
 Amelioration of oxidative stress with ensuing inflammation contributes to 
chemoprevention of H. pylori-associated gastric carcinogenesis (Park 2004). Gastric mucosa 
of patients infected by CagA-positive strains is characterized by a higher generation of ROS 
and by greater neutrophil counts than that observed in CagA-negative subjects (Danese, 
2001). In addition, the oxygen-free radicals-mediated damage due to H. pylori cytotoxic 
strains, CagA+ strains, could be a driving force that leads from chronic gastritis to gastric 
carcinoma (Papa, 2002). A double immunofluorescence labeling study demonstrated that the 
level of 8-nitroguanine and 8-oxo-7,8-dihydro-2'-deoxyguanosine (8-oxodG) apparent in 
gastric gland epithelium was significantly higher in gastritis patients with H. pylori infection 
than in those without infection. This results suggest that 8-nitroguanine could be a 
promising biomarker of inflammation (Ma, 2004).  
Kawanishi et al. examined the formation of 8-nitroguanine, a nitrative DNA lesion, in 
humans and animals under inflammatory conditions. An immunofluorescence labeling 
study demonstrated that 8-nitroguanine was strongly formed in gastric gland epithelial cells 
in gastritis patients with H. pylori infection, in hepatocytes in patients with hepatitis C, and 
in oral epithelium of patients with oral lichen planus. 8-nitroguanine was also formed in 
colonic epithelial cells of model mice of inflammatory bowel diseases and patients with 
ulcerative colitis. Interestingly, 8-nitroguanine was formed at the sites of carcinogenesis 
regardless of etiology. Therefore, 8-nitroguanine could be used to evaluate the risk of 
inflammation-related carcinogenesis. 
 Oxidative damage of the gastric mucosa in H. pylori positive chronic atrophic and 
nonatrophic gastritis, was evaluated by nitrotyrosine immunohistochemistry in the mucosa 
before and after eradication. Total nitrotyrosine levels appeared significantly higher in H. 
pylori positive than in negative patients. Oxidative damage of the gastric mucosa increases 
from H. pylori -chronic gastritis to H. pylori - chronic atrophic gastrits, involving the foveolae 
and intestinal metaplasia. H. pylori eradication induces a complete healing of foveolae but 
not of intestinal metaplasia, reducing the overall oxidative damage in the mucosa (Iacopini, 
F. et al. 2003). Helicobacter pylori eradication has differential effects on oxidative DNA 
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damage at the gastroesophageal junction and at the gastric antrum. The levels of DNA 
adducts in the antral mucosa are not modified by H. pylori eradication; conversely, H. pylori 
eradication significantly increases the oxidative adducts at the gastroesophageal junction 
(Farinti, 2004). 
Enhanced understanding of the mechanisms of gastroduodenal defense and injury provides 
new insight into potential therapeutic targets, contributing towards the development of 
better tolerated and more effective therapies (deFoneska 2010). Albayrak et al, 2010 
suggested that urinary 8-OHdG levels could be investigated in every patient with chronic 
gastritis, since it is a simple and completely noninvasive procedure. In patients with high 
levels of urinary 8-OHdG, endoscopic procedures or even pathological investigation may 
then be carried out, with the consideration that there is a high risk of intestinal metaplasia. 

4.1 Monitoring of oxidative damage of gastric mucosa 
The determination of oxidative stress in inflammation of gastric mucosa may be important 
for a better understanding of its pathophysiology. ROS and RNS react with each other to 
generate new or more potent reactive species. Specific types of cellular damage resulting 
from reactive oxygen metabolites include lipid peroxidation, protein oxidation, and 
oxidative DNA damage. There are direct and indirect markers for monitoring of oxidative 
damage of gastric mucosa. Measurement of oxidation markers (direct) is helpful to assess 
oxidant activity and to monitor the effectiveness of the antioxidant system in normal cell 
affected by inflammation. The techniques range for detecting free radicals and reactive 
oxygen species or their byproducts include advanced methodologies using high-
performance liquid chromatography, mass spectrometry, and electron paramagnetic 
resonance. The HPLC techniques are applied to the electrochemical measurement of protein 
oxidation products, particularly nitrotyrosine and dityrosine, and to the electrochemical 
detection of DNA oxidation products (Sawa, 2006). There are also mass spectrometry 
methods for measuring lipid oxidation products. Determination of biological markers of in 
vivo oxidative DNA damage, 8-hydroxy-2'-deoxyguanosine, and well-known lipid 
peroxidation markers, malondialdehyde (MDA) and 4-hydroxy-2-nonenal (HNE) are 
important for oxidative damage of gastric mucosa . HNE and MDA produce DNA  adducts 
such as exocyclic etheno- and propano-DNA adducts,  which are strong promutagenic DNA 
lesions causing point mutations. 
The enzymatic and nonenzymatic antioxidants have been proposed as indirect markers. 
Among them, ascorbic acid, a-tocopherol, glutathione, enzymatic redox system of 
glutathione, glutathione-S-transferase and superoxide dismutase are related to gastric 
mucosal damage. Urinary hydrogen peroxide was postulated to be a biomarker of oxidative 
stress. (Baneerje, 2003). Recently, Lianzhen Yu et al. studied the low-molecular-weight 15 
metabolites (including antioxidants) in blood plasma to characterize different stages from 
chronic superficial gastritis to chronic atrophic gastritis, intestinal metaplasia, gastric 
dysplasia and finally gastric cancer. They applied gas chromatography time-of-flight mass 
spectrometry to determine metabolites levels in plasma. The discriminatory metabolites 
characterizing progressive stages from chronic superficial gastritis to gastric cancer might be 
the potential markers to indicate the risk of gastric cancer. After a critical review of the 
literature data, we conclude that the balance between antioxidants and by-products of 
oxidative stress in the organism might be the best approach for the evaluation of oxidative 
stress in patients with gastric mucosal inflammation.  
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5. Conclusion 
The severity of active inflammation of infected mucosa is directly correlated to the presence 
of high concentrations of free radicals. Increased oxidative stress in normal mucosa that had 
undergone changes in intensity of inflammatory infiltrates in the lamina propria are due to 
presence of inflammatory cells within the gastric mucosa. The inflammation has a key 
promoting role in oxidative stress. During the inflammation, inflammatory cells migrate to 
the injured site followed by a respiratory burst generating superoxide anion and other ROS. 
Oxidants, as mediators of cell damage, should be eliminated in normal cells. Antioxidative 
enzyme, Mn-SOD, is critically important in the maintenance of mitochondrial function in a 
cell. Thus, the mitochondrial Mn-SOD represents a major cellular defense against oxidative 
stress. A number of studies have suggested that altered cell redox state prove  oxidative 
stress in gastric mucosa and further strengthen the idea of antioxidative defence up-
regulation as protection of normal cells against inflammatory cells-derived ROS. The precise 
mechanisms of association between inflammation of gastric mucosa and mucosal oxidative 
damage need to be evaluated. Previous findings support the general idea that the evaluation 
of oxidative stress could be a useful factor for estimating the importance of the inflammation 
of gastric mucosa. 
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5. Conclusion 
The severity of active inflammation of infected mucosa is directly correlated to the presence 
of high concentrations of free radicals. Increased oxidative stress in normal mucosa that had 
undergone changes in intensity of inflammatory infiltrates in the lamina propria are due to 
presence of inflammatory cells within the gastric mucosa. The inflammation has a key 
promoting role in oxidative stress. During the inflammation, inflammatory cells migrate to 
the injured site followed by a respiratory burst generating superoxide anion and other ROS. 
Oxidants, as mediators of cell damage, should be eliminated in normal cells. Antioxidative 
enzyme, Mn-SOD, is critically important in the maintenance of mitochondrial function in a 
cell. Thus, the mitochondrial Mn-SOD represents a major cellular defense against oxidative 
stress. A number of studies have suggested that altered cell redox state prove  oxidative 
stress in gastric mucosa and further strengthen the idea of antioxidative defence up-
regulation as protection of normal cells against inflammatory cells-derived ROS. The precise 
mechanisms of association between inflammation of gastric mucosa and mucosal oxidative 
damage need to be evaluated. Previous findings support the general idea that the evaluation 
of oxidative stress could be a useful factor for estimating the importance of the inflammation 
of gastric mucosa. 
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1. Introduction 
Gastritis, inflammation of gastric mucosa, is a very common condition in the world wide. 
There is no universally accepted classification of gastritis. Early classification was based 
mainly on the morphology, but recently pathogenic mechanisms have also been 
incorporated. The Sydney system, a classification of gastritis introduced in 1990, and 
updated in 1995, has included both an endoscopic and histologic divisions and is designed 
for an unambiguous uniform reporting system. (Dixon, Genta et al. 1996) 
The histologic changes of acute gastritis include hyperemia, edema, and infiltration of 
polymorphonuclear cells, together with variable loss of epithelium. Endoscopically, these 
changes can be observed as edema, petechial or submucosal hemorrhage, erosions or ulcers. 
A lot of factors including nonsteroidal anti-inflammatory drugs (NSAIDs) and various 
noxious substances may result in these acute abnormalities. Excess production of reactive 
oxygen species evokes oxidative stress, which can induce apoptosis and autophagy in the 
damaged tissue or cells. Oxidative stress induced by the NSAIDs and various noxious 
substances may contribute to the pathophysiologic and histopathologic alterations including 
autophagy and apoptosis, leading to gastritis.  
The discovery of Helicobacter pylori has markedly improved our understanding about the 
nature of chronic gastritis and other important gastroduodenal diseases. (Marshall 1983; 
Warren 1983) H. pylori have been accepted as the most common cause of chronic gastritis. 
(Suerbaum and Michetti 2002) Colonization of gastric mucosa by H. pylori is always 
associated with persistent inflammation. Several virulence factor derived from H. pylori may 
promote these inflammatory mucosal changes. H. pylori-associated chronic gastritis usually 
accompanies with polymorphonuclear infiltration and architectural change of the gastric 
mucosa. There are marked mucosal cellular and systemic humoral immunologic responses. 
The mucosal damage seen in patients with H. pylori may result from both the effect of 
immunologic response and the bacterial toxin. Apoptosis and autophagy may contribute to 
cell homeostasis in gastric epithelial cells subjected to H. pylori infection. The combination of 
antioxidant and anti-adhesion materials can be attenuated the severity of gastritis.  
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2. Epidemiology 
More than 50% of population in the world is infected with this bacterium. The prevalence of 
infection is increased with age and thought to be a cohort effect. 
Epidemiologic studies show this infection is generally acquired during childhood and the 
majority of H. pylori transmission is through close person-to-person contact. The oral-oral, 
gastro-oral, or fecal-oral exposure seems the most probable explanation for infection. 
(Brown 2000; Amieva, El-Omar et al. 2008)  

3. Pathogenesis 
Bacterial factor and colonization 
H. pylori infection is closely associated with chronic active type B gastritis, peptic ulcers, 
gastric cancer and gastric MALT lymphoma. The pre-neoplastic lesions, such as glandular 
atrophy and intestinal metaplasia, may consequently result from persistent chronic gastritis 
in some patients. The outcome of H. pylori infection depends on the combination of bacterial 
and host factors in addition to less well-defined environmental conditions. 
H. pylori are one of few organisms capable of colonizing the harsh environment of the 
human stomach. The initial step in H. pylori infection is the penetration and adherence of the 
bacterium to mucin and epithelial cells. H. pylori generate large amounts of cytosolic and cell 
surface-associated urease. The urease helps the organism to avoid the bactericidal activity of 
gastric acid. H. pylori can use its polar flagella to migrate rapidly to a more favorable 
environment below the mucus layer very close to the surface of the epithelium where the 
pH is near neutral. 
After H. pylori migrate to the gastric epithelium, the bacteria adhere to the surface of host 
cells and may damage them in order to obtain nutrients and establish persistent 
colonization. Several different adhesion molecules have been identified and classified as 
adhesins. (Boren, Falk et al. 1993) The best studied H. pylori adhesins are outer membrane 
proteins that bind carbohydrate modifications in the glycoproteins of epithelial cells. The 
specific bacterial gene product, BabA, act as the ligand for the fucosylated blood group 
antigen Lewis b receptor. (Ilver, Arnqvist et al. 1998) The SabA protein adheres to sialated 
glycoproteins, specifically to sialyl-Lewis-X. (Mahdavi, Sonden et al. 2002) 
A segment of bacterial DNA, known as the cag pathogenicity iland (cag PAI), direct the key 
interaction between H. pylori and the host cells. Many of the genes adjacent to cagA encode 
proteins that provide a type IV secretion system (TFSS) that allows the transfer of bacterial 
products from pathogenic bacteria into the host cell. (Censini, Lange et al. 1996; Christie, 
Atmakuri et al. 2005)  cag PAI plays an important role in the pathogenesis of gastritis. 
Patients infected with cagA positive strain of H. pylori are generally associated with increase 
interleukin-8 (IL-8) expression and inflammation in their gastric mucosa. (Blaser and 
Atherton 2004) CagA protein translocates into the cytoplasm of epithelial cell where it is 
tyrosine phosphorylated by host Src kinases and subsequently results in the change of cell 
morphology and cell function. (Higashi, Tsutsumi et al. 2002; Higashi, Tsutsumi et al. 2002) 
The response of epithelial cell to H. pylori infection is complex and a summary of interaction 
with several influencing variables, such as bacterial virulence factors, the signaling linked to 
specific receptors, reaction of immune and hormones. 
The vacA gene is present in all strains of this organism. However, only more than half of H. 
pylori strains are able to express the vacuolating cytotoxin (VacA). The association of the 
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structure and function of VacA with the severity of disease has been demonstrated. (Cover 
1996; Van Doorn, Figueiredo et al. 1999; Blaser and Atherton 2004). Specific vacA alleles (s1 
and m1) can result in more severe disease and epithelial cell apoptosis. (Atherton, Cao et al. 
1995; Cover, Krishna et al. 2003) 
H. pylori strains that express outer inflammatory protein A (OipA) are also associated with 
increased expression of IL-8, neutrophil infiltration, and more severe clinical outcomes. 
(Yamaoka, Kikuchi et al. 2002) 
Host response 
The host response to H. pylori infection plays a very important role in the pathogenesis of 
this organism related gastrointestinal disease. The IL-1 is known as a strong inhibitor of 
gastric acid secretion. The genetic polymophisms of IL-1β have been demonstrated to be 
associated with an increased incidence of hypochlorhydria, atrophic gastritis and gastric 
cancer. (El-Omar, Carrington et al. 2000; Furuta, El-Omar et al. 2002) The development of 
gastric cancer can be related to increase IL-1 expression, more severe gastritis and greater 
colonization of H. pylori. 
H. pylori infection can result in changes in epithelial cell morphology, disruption of the tight 
junction, production of cytokines, increased epithelial cell proliferation, and increased rates 
of epithelial cell death via apoptosis. (Amieva, Vogelmann et al. 2003; Naumann and 
Crabtree 2004; Ernst, Peura et al. 2006) 
The induction and expression of genes in epithelial cells responding to H. pylori stimulation 
is regulated by several transcription factors which are controlled by a series of signaling 
mechanisms. The nuclear factor-kappa B (NF-kB) seems to be the most studied molecule in 
these transcription factors. NF-kB activity in H. pylori infected epithelium is markedly 
enhanced, correlating with increased secretion of IL-8 protein and infiltration of 
inflammatory cell. (Naumann and Crabtree 2004) The changes of cell functions, including 
cell profiferation, inflammation, and survival in response to H. pylori infection are mostly 
regulated by mitogen-activated protein (MAP) kinase cascades. (Keates, Keates et al. 1999) 
The acid secretion is a major function of gastric epithelial cells. The net effect of H. pylori 
infection on acid secretion is related to the duration and distribution of infection and the 
presence of mucosal atrophy. The epithelial barrier function is altered as a consequence of 
both direct effects of H. pylori and its accompanying inflammatory response. Humans 
infected by H. pylori develop a unique inflammatory response in which infection persists 
despite the recruitment and activation of lymphocytes, phagocytic cells, and other immune 
cell populations. (Ernst, Peura et al. 2006) 
It is known that H. pylori can induce an infiltration with T lymphocytes, plasma cells, 
mononuclear phagocytes and neutrophils. Furthermore, expression of cytokines such as 
tumor necrosis factor (TNF), IL-1, IL-6 and IL-8 is also enhanced by the infection. However, 
it is not well known how the immune response and the mechanisms behind it related to 
disease outcome. The immunoregulatory and proinflammatory cytokines induced by H. 
pylori may influence the nature of the local T cell response. It is thought that helper T (Th) 
cells can be divided into two subsets, Th1, and Th2. The Th1 subset promotes cell-mediated 
immunity by producing mainly IL-2, TNF-α, and interferon-gamma (IFN-γ), and the Th2 
subset, which is important for antibody response produces IL-4, IL-5 and IL-10. Evidences in 
recent research have strongly suggested that T cell mediated immune response may play an 
important role in induction of disease in H. pylori infection. (Crowe, Alvarez et al. 1995; 
D'Elios, Manghetti et al. 1997; Mohammadi, Nedrud et al. 1997) It is still not clear whether 
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different outcome of the disease is modulated by the different type of T cell immune 
response, although some studies suggested that Th1 type dominant cellular response may 
be involved in the Helicobacter disease. (Haeberle, Kubin et al. 1997) Little is known about 
whether Th2 response can be protective or whether modulation of these responses can 
change the outcome of infection. 
Apoptosis and autophagy 
Some bacterial components may reach the lamina propria where it can activate underlying 
phagocytosis through the damaged epithelial barrier. One of these bacterial factors is the H. 
pylori neutrophil-activating protein (Hp-NAP). This protein can promote the adhesion of 
neutrophil to the endothelial cells and stimulate chemotaxis of monocytes and neutrophils 
and production of reactive oxygen intermediates. (Satin, Del Giudice et al. 2000) 
Recruitment and activation of neutrophils and macrophages result in the release of various 
inflammatory mediators. 
H. pylori urease has been shown to bind to class II major histocompatibility complex (MHC) 
molecules on the surfaces of gastric epithelial cells and induce apoptosis. (Fan, Gunasena et 
al. 2000) H. pylori VacA can be inserted into mitochondrial membranes where it induces 
cytochrome c release and activates the caspase-3-dependent cell-death signaling cascade. 
(Galmiche, Rassow et al. 2000) Also, Th1 cytokines induced by H. pylori can stimulate 
apoptosis through a Fas-mediate pathway by inducing expression of the cell-surface 
receptor Fas and Fas ligand. (Wagner, Beil et al. 1997; Jones, Day et al. 1999; Smythies, 
Waites et al. 2000) 
The expression of inducible nitric oxide synthase (iNOS) is increased in H. pylori infected 
gastric mucosa. Nitric oxide (NO) and Superoxide (O2-) may be produced by infiltrating 
neutrophils. These reactive oxygen species (ROS) can react to form peroxynitrite which is a 
potent oxidant and reducing agent. Apurinic–apyrimidinic endonuclease-1 (redox factor-1) 
plays an important role in the regulation of redox-sensitive signaling and is expressed in 
epithelial cell during infection with H. pylori. (Ding, O'Hara et al. 2004; O'Hara, 
Bhattacharyya et al. 2006) The increased oxidative DNA damage by ROS is thought to play a 
causal role in malignant transformation. The cells which undergo apoptosis are removed by 
phagocytes. This engulfment of H. pylori infected epithelial cells by phagocytes plays an 
important role in the cytokine induction and the activation of host adaptive response. 
An increase of chronic inflammatory cells in the gastric mucosa indicates the presence of a 
chronic gastritis that may result from the increased oxidative stress. Apoptosis and 
autophagy are two types of programmed cell death that play a critical role in tissue 
homeostasis and disease development. Exacerbated production of ROS in the inflamed 
tissue results in substantial type I programmed cell death, apoptosis, including increases in 
Bax/Bcl-2 ratio, caspase-3 activity, DNA fragmentation and apoptotic cell formation in the 
damaged tissue. (Baik, Youn et al. 1996; Smoot, Elliott et al. 2000; Chien, Lee et al. 2001; Yu, 
Chien et al. 2004; Yu, Lin et al. 2005)  
Autophagy is type II programmed cell death and is a major lysosomal catabolic pathway for 
cytoplasmic macromolecules and organelles. Autophagy could be mediated by Beclin-1, a 
novel Bcl-2-interacting protein, to promote autophagocytosis and a cell-survival response. 
(Blommaart, Luiken et al. 1997; Liang, Jackson et al. 1999) Previous studies have indicated 
that H. pylori-induced gastric epithelial cell damage by increased Bax/Bcl-2-related 
proapoptotic cell death and decreased autophagy survival and/or repair. (Catrenich and 
Chestnut 1992; Lee, Yeo et al. 2004) 
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4. Clinical and therapeutic application 
How to prevent and cure H. pylori infection associated with gastritis is an important issue. 
Nowadays the first-choice of therapy for H. pylori infection is one-week combination of a 
proton pump inhibitor and antibiotics. Following failure of the first-line treatment, second-
line therapies, including alternative triple and quadruple regimens, have frequently been 
applied to the patients. (Chey, Wong et al. 2007; Malfertheiner, Megraud et al. 2007) 
Although, the current antibiotic-based therapies are generally effective, it may still fail 
because of the rising trend of antibiotic resistance or the low compliance. (Megraud 2004; 
Vakil, Megraud et al. 2007) To find out an alternative agent or mixture with preventive and 
therapeutic potential on H. pylori infection is therefore urgently required. 
Some strains of Lactobacillus and Bifidobacterium can inhibit H. pylori growth. However, 
probiotics do not eradicate H. pylori but maintain a lower level of this pathogen in the 
stomach.(Gotteland, Brunser et al. 2006) A vaccine can be used either propbylactically or 
therapeutically for H. pylori infection. In the mice, vaccination can result in significantly 
reduced H. pylori colonization but it cannot achieve satisfactory eradication or prevention of 
H. pylori infection. (Del Giudice, Covacci et al. 2001) 
A successful H. pylori infection requires the penetration and adherence of the bacterium to 
mucin and gastric epithelial cells. H. pylori that adheres to gastric mucosa subsequently 
causes gastric epithelial cell damage and atrophy via oxidative stress and the type I 
apoptotic or type II autophagic programmed cell death-related pathway. Sialylated 
glycoconjugates are responsible for the adherence of H. pylori to gastric epithelium. 
Cumulated studies have shown that anti-adhesive therapy using 3’-sialyllactose can prevent 
the binding of H. pylori to human gastrointestinal epithelial cells and decrease H. pylori 
colonization in rhesus monkeys without side-effects. (Simon, Goode et al. 1997; Mysore, 
Wigginton et al. 1999) 
Catechins, known as one kind of antioxidants, have been shown to possess anti-oxidative, 
anti-inflammatory, anti-apoptotic and cancer prevention activity. (Katiyar and Mukhtar 
1996; Lin and Lin 1997; Yu, Lin et al. 2005) Besides, catechins including their major active 
component, epigallocatechin-3-gallate (EGCG), have antibacterial effect against H. pylori by 
inhibiting the activity of urease and VacA of this organism. (Mabe, Yamada et al. 1999; 
Matsubara, Shibata et al. 2003; Ruggiero, Tombola et al. 2006) 
Although catechins or 3’-sialyllactose have an inhibitory effect on H. pylori infection in vitro, 
these two compounds fail to effectively control infection in animal model in vivo when each 
is used alone. (Mabe, Yamada et al. 1999; Mysore, Wigginton et al. 1999; Matsubara, Shibata 
et al. 2003) However, effective prevention and treatment of H. pylori infection using a 
combination of catechins and sialic acid in AGS cells and BALB/c mice have been shown in 
a recent study. (Yang, Shun et al. 2008) The combination of catechins and sialic acid showed 
synergistic or additive anti-H. pylori activity and significantly reduced iNOS expression and 
Bax/BCl-2-mediated apoptosis but enhanced Becline-1 mediated autophage. Pretreatment 
with catechins/sialic acid completely prevented H. pylori infection and resulted in normal 
histology. Post-treatment with catechins/sialic acid decreased the bacterial load and 
gastritis score and eradicated up to 60% of H. pylori infectious in a dose-dependent manner. 
 The rationale of this treatment model which can effectively control H. pylori infection 
includes several points. (Yang and Chien 2009) First, by reviewing the literature, we can find 
that monotherapy using a single drug such as PPI, bismuth salt, or antibiotics always fail to 
eradicate H. pylori in humans, although each of these drugs can work in vitro. (Bamba, 
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gastric mucosa. Nitric oxide (NO) and Superoxide (O2-) may be produced by infiltrating 
neutrophils. These reactive oxygen species (ROS) can react to form peroxynitrite which is a 
potent oxidant and reducing agent. Apurinic–apyrimidinic endonuclease-1 (redox factor-1) 
plays an important role in the regulation of redox-sensitive signaling and is expressed in 
epithelial cell during infection with H. pylori. (Ding, O'Hara et al. 2004; O'Hara, 
Bhattacharyya et al. 2006) The increased oxidative DNA damage by ROS is thought to play a 
causal role in malignant transformation. The cells which undergo apoptosis are removed by 
phagocytes. This engulfment of H. pylori infected epithelial cells by phagocytes plays an 
important role in the cytokine induction and the activation of host adaptive response. 
An increase of chronic inflammatory cells in the gastric mucosa indicates the presence of a 
chronic gastritis that may result from the increased oxidative stress. Apoptosis and 
autophagy are two types of programmed cell death that play a critical role in tissue 
homeostasis and disease development. Exacerbated production of ROS in the inflamed 
tissue results in substantial type I programmed cell death, apoptosis, including increases in 
Bax/Bcl-2 ratio, caspase-3 activity, DNA fragmentation and apoptotic cell formation in the 
damaged tissue. (Baik, Youn et al. 1996; Smoot, Elliott et al. 2000; Chien, Lee et al. 2001; Yu, 
Chien et al. 2004; Yu, Lin et al. 2005)  
Autophagy is type II programmed cell death and is a major lysosomal catabolic pathway for 
cytoplasmic macromolecules and organelles. Autophagy could be mediated by Beclin-1, a 
novel Bcl-2-interacting protein, to promote autophagocytosis and a cell-survival response. 
(Blommaart, Luiken et al. 1997; Liang, Jackson et al. 1999) Previous studies have indicated 
that H. pylori-induced gastric epithelial cell damage by increased Bax/Bcl-2-related 
proapoptotic cell death and decreased autophagy survival and/or repair. (Catrenich and 
Chestnut 1992; Lee, Yeo et al. 2004) 
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4. Clinical and therapeutic application 
How to prevent and cure H. pylori infection associated with gastritis is an important issue. 
Nowadays the first-choice of therapy for H. pylori infection is one-week combination of a 
proton pump inhibitor and antibiotics. Following failure of the first-line treatment, second-
line therapies, including alternative triple and quadruple regimens, have frequently been 
applied to the patients. (Chey, Wong et al. 2007; Malfertheiner, Megraud et al. 2007) 
Although, the current antibiotic-based therapies are generally effective, it may still fail 
because of the rising trend of antibiotic resistance or the low compliance. (Megraud 2004; 
Vakil, Megraud et al. 2007) To find out an alternative agent or mixture with preventive and 
therapeutic potential on H. pylori infection is therefore urgently required. 
Some strains of Lactobacillus and Bifidobacterium can inhibit H. pylori growth. However, 
probiotics do not eradicate H. pylori but maintain a lower level of this pathogen in the 
stomach.(Gotteland, Brunser et al. 2006) A vaccine can be used either propbylactically or 
therapeutically for H. pylori infection. In the mice, vaccination can result in significantly 
reduced H. pylori colonization but it cannot achieve satisfactory eradication or prevention of 
H. pylori infection. (Del Giudice, Covacci et al. 2001) 
A successful H. pylori infection requires the penetration and adherence of the bacterium to 
mucin and gastric epithelial cells. H. pylori that adheres to gastric mucosa subsequently 
causes gastric epithelial cell damage and atrophy via oxidative stress and the type I 
apoptotic or type II autophagic programmed cell death-related pathway. Sialylated 
glycoconjugates are responsible for the adherence of H. pylori to gastric epithelium. 
Cumulated studies have shown that anti-adhesive therapy using 3’-sialyllactose can prevent 
the binding of H. pylori to human gastrointestinal epithelial cells and decrease H. pylori 
colonization in rhesus monkeys without side-effects. (Simon, Goode et al. 1997; Mysore, 
Wigginton et al. 1999) 
Catechins, known as one kind of antioxidants, have been shown to possess anti-oxidative, 
anti-inflammatory, anti-apoptotic and cancer prevention activity. (Katiyar and Mukhtar 
1996; Lin and Lin 1997; Yu, Lin et al. 2005) Besides, catechins including their major active 
component, epigallocatechin-3-gallate (EGCG), have antibacterial effect against H. pylori by 
inhibiting the activity of urease and VacA of this organism. (Mabe, Yamada et al. 1999; 
Matsubara, Shibata et al. 2003; Ruggiero, Tombola et al. 2006) 
Although catechins or 3’-sialyllactose have an inhibitory effect on H. pylori infection in vitro, 
these two compounds fail to effectively control infection in animal model in vivo when each 
is used alone. (Mabe, Yamada et al. 1999; Mysore, Wigginton et al. 1999; Matsubara, Shibata 
et al. 2003) However, effective prevention and treatment of H. pylori infection using a 
combination of catechins and sialic acid in AGS cells and BALB/c mice have been shown in 
a recent study. (Yang, Shun et al. 2008) The combination of catechins and sialic acid showed 
synergistic or additive anti-H. pylori activity and significantly reduced iNOS expression and 
Bax/BCl-2-mediated apoptosis but enhanced Becline-1 mediated autophage. Pretreatment 
with catechins/sialic acid completely prevented H. pylori infection and resulted in normal 
histology. Post-treatment with catechins/sialic acid decreased the bacterial load and 
gastritis score and eradicated up to 60% of H. pylori infectious in a dose-dependent manner. 
 The rationale of this treatment model which can effectively control H. pylori infection 
includes several points. (Yang and Chien 2009) First, by reviewing the literature, we can find 
that monotherapy using a single drug such as PPI, bismuth salt, or antibiotics always fail to 
eradicate H. pylori in humans, although each of these drugs can work in vitro. (Bamba, 
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Kondo et al. 1997) Thus, dual therapy, then triple therapy, and even quadruple therapy have 
been recommended step by step. Second, catechins have antioxidant and anti-microbial 
effects (Lin and Lin 1997; Mabe, Yamada et al. 1999), whereas sialic acid has anti-adhesive 
and antioxidant effects. (Simon, Goode et al. 1997; Teneberg, Jurstrand et al. 2000) Together, 
they may have additive or synergistic effect against H. pylori. Third, both catechins and sialic 
acid can exist in the foodstuff are wildly accepted to be very safe to humans. 

5. Conclusions 
It is now clear that both bacterial factors and host response play a role in the pathogenesis of 
H. pylori related gastroduodenal disease. H. pylori infection can cause gastric mucosal injury, 
including oxidative stress, inflammation, and apoptosis formation but inhibit the autophagic 
survival response in gastric epithelial cell as indicated in Figure 1. A new strategy for 
control of H. pylori infection is to interfere with the interaction between the bacteria and 
target cells and to eradicate bacteria but not target cells at the same time. The combination of 
compounds with anti-adhesive, antioxidant, and anti-microbial activities may protect gastric 
mucosa from infection by H. pylori and treat its related gastritis via downregulation of 
apoptosis and upregulation of autophagy. 
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Fig. 1. Possible pathways of H. pylori invade gastric epithelium via a upregulation in 
oxidative stress, inflammation and apoptosis and a downregulation in autophagy. The 
combination of antioxidants and anti-adhesion drug may reduce H. pylori-induced gastritis. 
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1. Introduction 
Proper definition, recognition and classification of chronic gastritis are fundamental for its 
successful therapy. Gastric inflammation based on clinical/endoscopic classification is not a 
pathomorphologically homogenous diagnostic group. From histopathological point of view, 
it seems most likely that chronic gastritis is characterized by morphological indices of 
chronic inflammatory changes in different parts of gastric mucosa. Chronic superficial 
gastritis is associated with lymphocyte and plasma cells infiltrate of the foveolar part of 
gastric mucosa. Chronic gastritis is associated with the inflammatory cell infiltrate 
predominantly consisting of lymphocyte and plasma cells in total gastric mucosa.  Current 
classification of chronic gastritis and the worldwide accepted knowledge of the natural 
history of gastritis are combined in the 1994 Houston-updated Sydney System.  Helicobacter 
pylori is by far the most important etiologic factor in chronic gastritis. Helicobacter pylori 
infection accompanies chronic (or chronic active) and/or superficial (or atrophic) gastritis in 
about 90% and the process of development of the lesions usually lasts from 20 to 40 years. 
Chronic gastritis, especially caused by Helicobacter pylori, is accompanied by disturbances 
in secretion of HCL, pepsinogen as well as gastrin and somatostatin. It has been reported 
that Helicobacter pylori induces increased apoptosis and hyperproliferation of gastric 
epithelial cells. These changes (increased apoptosis, hyperproliferation and secretion 
disturbances) are reduced after Helicobacter pylori eradication. It is worth mentioning that 
regenerative abilities of gastric mucosa glandular epithelium cells are the main mechanism 
determining their right functions concerning both integrity of the mucosa and normal 
function of its all epithelial cellular elements. In chronic atrophic gastritis, a significantly 
higher percentage of cells in mitotic phase is found as compared to both normal condition 
and chronic superficial gastritis. Moreover the proliferative activity of glandular epithelial 
cells is directly proportional to the increasing degree of gastric mucosa atrophy. An increase 
in proliferative activity of glandular epithelium in gastric mucosa was also observed in 
chronic, particularly atrophic, gastritis, independently of its etiology. There is strong 
evidence on possible progression of changes from chronic atrophic gastritis to intestinal 
metaplasia, dysplasia and finally adenocarcinoma. It is worth mentioning that not much 
attention has been drawn to the importance of the examination of regenerative activity of 
the gastric mucosa epithelium, neuroendocrine and immune cells for the study of chronic 
gastritis pathogenesis.  
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2. Evaluation of the morphological criteria used so far for diagnosis of 
superficial and atrophic chronic gastritis 
Gastritis is a disorder generally acknowledged by both clinicians and pathomorphologists. 
At the same time it is the most frequently overused diagnosis mostly by clinicians and less 
commonly by pathomorphologists. On one hand, gastritis is considerably frequently 
diagnosed even in seemingly trivial complaints such as acid indigestion or dyspepsia. On 
the other hand, is should be taken into consideration that differently advanced histological 
indices of gastritis are diagnosed in about 40% of people with normal endoscopic picture of 
gaster and no digestive track complaints (Sipponen, 1992). It is worth noticing that 
according to population prognosis, about 50% of people would develop gastritis within 
their lives, mainly in occupational period. Therefore, the problem involves not only overuse 
of this type of diagnosis but also its omission in evaluating healthy people’s condition. 
Based on the said assumption, it can be concluded that the fundament for diagnosing and 
classifying gastritis should be exclusively endoscopy with collection of samples and the final 
evaluations of the sample in histopathological test.   
From pathomorphological standpoint gastritis could be defined as a syndrome caused by 
heterogenic group of pathogenic factors which lead to damage to gastric mucous membrane 
manifested by acute, chronic or mixed inflammatory reaction (Strickland, 1990). 
Scandinavian authors claim that chronic gastritis (CHG) is an age-independent progressing 
disease whose onset has a form of a superficial inflammatory infiltrate (gastritis chronica 
superficialis), through gradual loss of gastric proper glands (gastritis chronica atrophica), to 
complete atrophy of these glands inclusively (atrophia mucosae ventriculi; severe atrophic 
gastritis).  Development of morphology studies on CHG was inseparably connected with 
progress within endoscopic techniques as well as methodics of pathomorpholgical tests. The 
following events had significant influence on gastropathomorphology process: introduction 
of endoscopic examination (beginning of 50s of the previous century), immunological tests 
(end of 50s of the previous century), improvement of endoscopic techniques (beginnings of 
70s) , “rediscovery” of Helicobacter pylori in gastric mucous membrane and correlation of 
its presence with gastric lesions (beginning of 80s) (Strickland, 1990) as well as development 
of immunohistological techniques (beginning of 80s) and current development of molecular 
biology methods and molecular cytogenetics, especially the use of this type of examination 
techniques in pathomorphology.  
The term “gastritis” (quote by Misiewicz et al., 1990) was first introduced in 1728 by Stahl 
who probably did not expect that in further years it would become the most commonly 
made diagnosis and at the same time one of the least clear ones.  As it was mentioned above, 
classification of inflammation in gastric mucous membrane, especially chronic one, should 
be based only on morphological indices of its damage while the majority of current 
classifications of gastritis is to a great extent based on a pathomorphological diagnosis 
which is a combination the following criteria: etiologic, topographic and, according to some 
people, also immunological and histopathological (Correa, 1988; Dixon et al., 1996; 
Misiewicz et al., 1990; Owen, 1996; Price, 1991, 1999; Strickland, 1990; Tytgat, 1991).  
Therefore, this point of view lacks clear division into functional changes and morphological 
changes. In other words, the difference between the cause and the effect, morphological in 
this case, is blurred.  
The first gastritis classification based on histopathological examination of samples collected 
by the so called blind biopsy and samples collected during surgical procedures was created 
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by Schindler in 1947.  Due to inability to define anatomotopography of the collected gastric 
mucous membrane sample Schindler first divided inflammation into superficial and 
atrophic and next distinguished the group of hypertrophic inflammations. Moreover, he 
was the first to use the term gastritis chronica with full awareness in its today’s meaning 
(quote by Misiewicz et al., 1990).  
The best recognition was given to the gastritis classification created by Whitehead in 1972 
(Whitehead et al., 1972).  It is based only on classic pathomorphological criteria and involves 
separate diagnosis for region of pylorus, corpus, cardia and gastric mucous membrane 
welding area. Similarly to Schindler’s classification, Whitehead divided gastritis into 
superficial and atrophic. However, Whitehead distinguished two forms for each of them: 
active form with presence of granulocyte infilters in epithelium and/or interstitium and a 
non-active form with inflammatory infiltration from lymphoidal and plasmatic cells located 
in lamina propria. Atrophy of mucous membrane proper glands was evaluated in a three-
level scale (mild, moderate and sever) as well as, in justified cases, the presence of intestinal 
and pseudopyloric metaplasia was noted.  
One year later Strickland and McKay modified CHG classifications by combining etiologic 
and immunologic data with pathomorphological and anatomotopographic indices and by 
distinguishing type A and B gastritis (Strickland & Mackay, 1973). Type A gastritis referred 
only to gastric corpus and was accompanied by pernicious anaemia, while in the case of 
type B gastritis the lesions were localized in antral regions.  In the same year (Glass & 
Pitchumoni, 1975) Glass and Pitchumoni completed the first classification by adding AB 
type gastritis which included types of extensive involvement of mucous membrane of the 
corpus and prepyloric regions. The cases of concurrent presence of antibodies of oxyntic cell 
were defined as AB-plus CHG.  
In 1980 (Correa, 1980) Correa introduced etiopathogenetic element into histopathological 
diagnosis by dividing CHG into: autoimmunization CHG with pernicious anaemia; 
hypersecretion CHG connected with duodenal ulceration and environmental CHG 
dependent mainly on the diet but also on geographic localization. In 1988 (Correa, 1988) the 
same author modified his previous classification by dividing CHG into: diffuse antral 
gastritis, diffuse corporal gastritis and multifocal atrophic gastritis. Next, in 1992 along with 
Yardley (Correa & Yardley, 1992) in continuation of completing and developing the 
previous versions of his classification of CHG he divided the inflammation into: gastritis 
with and without atrophy of gastric proper glands.  In the group of non-atrophic gastritis he 
distinguished superficial CHG as initial condition and/or stationary as well as diffuse CHG 
connected with prepyloric region. As regards diffuse inflammation of prepyloric regions, it 
might be accompanied by duodenal and pyloric ulcer. Moreover, in this case Helicobacter 
pylori is the first cause and the following are not observed: gland atrophy, intestinal 
metaplasia or carcinogenesis. Among the types of atrophic gastritis he distinguished the 
following: diffuse CHG connected with the corpus, autoimmunization CHG accompanied 
by pernicious anaemia and multifocal CHG usually affecting mucous membrane in lower 
regions of gastric lesser curvature. Multifocal CHG can be accompanied by duodenal ulcer 
and is frequently followed by occurrence of intestinal metaplasia of mucous membrane. 
Moreover, cases of atrophic multifocal CHG are accompanied by increased risk of neoplasm 
development.  
The study by Marshall from 1983 (Marshall, 1983) on Helicobacter pylori revolutionized the 
view on CHG etiology, which, among others, contributed to creation of a new CHG 
classification finally accepted in Sydney in 1990 (Misiewicz et al., 1990; Price, 1991). 
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Basically, this classification included all the previous CHG divisions, yet an etiology factor 
was added as a permanent element of pathomorphological diagnosis. In this classification 
the previous CHG morphological quantifications were exchanged with evaluation of 
morphological change advancement level according to a four-level scale. One of the most 
important practical conclusions in the Sydney classification is a necessity of routine 
collection of a particular number of samples (four; two from the corpus and two from the 
antrum, from both anterior and posterior walls) and what is equally important - fixation of 
those samples in properly labeled separate containers. Moreover, it was clearly stated that 
any other lesion confirmed by endoscopic examination requires collection of additional 
samples from the muscularis mucosae depth.  
It should be noted that chronic gastritis is not characterized by a specific clinical or 
endoscopic picture. This also refers to particular most common etiologic factors whose 
action is not characterized by a defined syndrome complex. Moreover, it is worth adding 
that there is no correlation between endoscopic picture of gastric mucous memrane and 
histopathological examination, especially in the case of mild changes. The most significant 
issue as regards this aspect of CHG diagnostics is the fact that even in 40% of CHG cases no 
endoscopic changes or presence of CHG microscopic indices of various level of 
advancement are observed. These dependencies lead to the issue called routine collection of 
samples in every endoscopy as well as relevant problems, not only connected with high 
cost.  
From histopathological standpoint, the Sydney system distinguishes three basic types of 
inflammation: acute, chronic and special. Acute inflammation is usually characterized by 
subclinical course, which is rarely used as an indication to perform stomach endoscopy. 
Special forms of gastritis are not frequently examined by taking biopsy as this type of 
disorder is extremely rare. Therefore, routine gastrologic biopsy material is most frequently 
connected with cases of non-specific CHG of considerably repeatable picture of 
pathomorphological changes due to the fact that immunological mechanisms of reaction to 
different pathogens in gastric mucous membrane are generally not various. Therefore, the 
Sydney system included all the microscopic indices of gastric mucous membrane changes 
that are present in CHG and were described before 1990. Some of the indices are as follows: 
inflammatory infiltrate (consisting of lymphoid and plasmatic cells), atrophy of gastric 
proper glands, active inflammatory process (measured by the number of neutrophils and 
eosinophils), intestinal metaplasia and intensity of Helicobacter pylori colonization in 
gastric mucous membrane evaluated in a 4-level- scale (none, mild, moderate and severe). 
Other CHG microscopic changes, such as mucus content in cells, degenerative changes of 
epithelial cells, hyperplasia of foveolar layer glands, stroma oedema, erosions, fibrosis and 
dilation of vascular lumen are evaluated only in terms of quality.  
According to the Sydney System, the following sites of sample collection in topographic part 
of pathomorphological diagnosis can be determined: antrum, corpus or the whole gaster 
(pangastritis, antrum predominant, corpus predominant). Therefore, in the case of collecting 
samples from only one anatomotopographic region the diagnosis based on the Sydney 
system is not possible (incomplete examination). The etiologic part, which is to a possible 
extent defined by a clinician, includes: Helicobacter pylori (currently the most common 
cause), autoimmunization, drug-induced disorder as well as infectious etiology (bacterial, 
viral, parasite, fungal). In the case of no evident cause (etiology) CHG is defined as 
idiopathic inflammation.  
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The assumptions described above suggest, among others, that the Sydney system replaced 
classic histopathological diagnosis which involves diagnosis based on miscroscopic indices 
of changes only by means of quantitative evaluation of the advancement level of 
inflammatory miscroscopic indices. This interpretation of changes allows for quantitative 
consideration of morphological changes in CHG (necessary for e.g. scientific works). 
However, it does not allow for making an accurate histopathological diagnosis which would 
allow the clinician to draw prognostic and therapeutic conclusions.   
This approach towards pathomorphological phenomena in the Sydney system was a 
probable reason for excluding generic diagnosis - gastritis chronica superficialis (CHSG) 
which, according to opinion of both this work’s and other authors, was very significant. 
Superficial chronic gastritis is characterized by presence of inflammatory infiltrate built up 
of lymphoid and plasmatic cells localized in 1/3 of the upper part of gastric mucous 
membrane, namely on foveolar layer. This inflammation usually affects also the layer of  
stem glands. Comparing to CHSG of antral and pyloric parts,  corpus of the gaster is a site of 
a more common CHSG development. A key diagnostic element of CHSG is evaluation of 
inflammatory infiltrate localization which is analyzed in terms of strictly defined 
histotopographic structures of gastric mucous membranes. Therefore, it is a very accurate 
criterion which does not require additional examination tools and/or other supporting 
classifications/scales. It is worth mentioning that this type of diagnosis occurred in all the 
CHG classifications compiled before 1900 (Correa, 1980, 1988; Correa & Yardley 1992; 
Whitehead, 1972). Most authors consider CHSG as the initial part of CHG. As regards the 
difference between the two disorders, in the case of CHG the inflammatory infiltrate of 
similar cellular composition affects also deeper parts of gastric mucous membrane and 
reaches muscularis mucosa. In the presence of granulocytes (neutrophils and/or 
eosynophils) in the inflammatory infiltrate composition, active inflammation - CHSG activa 
and CHG activa - is diagnosed.  
One of the most significant advantages of the Sydney classification is that it obliges 
clinicians and pathomorphologist to cooperate in the process of diagnosis gastritis from the 
very beginning and it makes the clinicians responsible for the etiologic and 
anatomotopographic part of the diagnosis. Clinicians frequently have justified doubts as 
regards etiology of the observed gastric lesion. However, establishment of topography of the 
collected oligobiopoints as well as their fixation in separate containers can in no way be 
problematic. Following its compilation, the Sydney classification was not fully accepted, 
especially by American authors (Correa & Yardley, 1992).  This was, among others, the 
reason for its revision which was finally performed in Houston in 1994 (Dixon et al., 1996). 
The most significant element of the revision was giving a suitable role to classic 
histopathological nomenclature in making CHG diagnosis, especially regarding non-
atrophic CHG, particularly for gastritis chronica superficialis which was “forgotten” in the 
Sydney classification (Correa & Yardley, 1992). Visual analogue scale was added to the 
quantitative evaluation of histopathological changes. Also, the following rule of routine 
collection of samples from gastric mucous membrane, slightly different from the Sydney 
classification, was suggested in Houston: 
• two antrum samples; 2-3cm, from pylorus from lesser and greater curvature, 
• two corpus samples; 8cm, from cardia from lesser and greater curvature, 
• one sample from the region of angular incisure 
• five samples from angular incisure for comparable evaluation of intestinal metaplasia 

and/or dysplasia level. 
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The authors also recommend HE and PAS with Alcjan Blue as a routine staining next to 
Helicobacter pylori identification (Giemsa’s method).  
This vast work from Houston, apart from the revision of the Sydney system, contains a 
number of detailed and valuable information on a wide range of aspects connected with 
cooperation between endocsopist and pathomorphologist and thus, it is suggested as a 
fundamental educational material for both parties. The modified Sydney classification 
causes different reactions among pathomorphologists –full acceptation (Chen et al., 1999; 
Wyatt, 1995) and a certain reserve (Guarner et al., 1999), especially with respect to 
implementation of the classification in pediatric gastropathology (Cohen et al., 2000). 
However, the authors supporting the concept of Sydney classification claim that this 
conceptual direction of CHG classification will be maintained. They are awaiting for the 
nearest non-histopathological criterion, namely dependencies arising from potential effects 
of using vaccination against Helicobacter pylori (Price, 1999).   
One of the latest complete divisions of gastritis was published by Appelman in 1994 
(Appelman, 1994). Traditional division into acute and chronic disease was maintained. The 
following were distinguished from chronic gastritis: inflammation connected with 
Helicobacter pylori and atrophy gastritis, lymphocitar gastritis – also called “chemical” and 
focal gastritis. Helicobacter pylori related gastritis, the most common one, is defined 
variously by different authors (Axon, 1992; Borchard, 2001; Correa, 1980, 1988; Glass & 
Pitchumoni, 1975; Green & Graham, 1990; Sipponen, 1989, 1992; Strickland & Mackay, 1973; 
Whitehead et al., 1972). Commonly used synonyms are as follows: gastritis chronica diffusa 
antralis, gastritis chronica typus B, gastritis chronica activa antralis, gastritis chronica non 
specifica and gastritis typus hypersecretions. Many publications (Arkkila et al., 2006; Axon, 
1992; Correa & Yardley, 1992; Green & Graham, 1990; Marshall, 1983; Sipponen, 1992; Zhang 
et al., 2005a, 2005b) clearly confirmed that Helicobacter pylori causes chronic gastritis by 
affecting mainly prepyloric part of the stomach. It can lead to atrophy of gastric proper 
glands, cancer and less frequently to lymphoma. It usually accompanies duodenal ulcer. Its 
morphological indices are inflammatory infiltrates of neutrophils localized on the foveolar 
layer stroma of gastric mucous membrane in the case of acute gastritis. Chronic gastritis is 
characterized by an infiltrate of lymphoid cells, plasmatic cells and acidophilic granulocytes. 
Moreover, it is accompanied by lymphadenoplasia foci and the infiltrate affects the whole 
gastric mucous membrane (Appelman, 1994; Axon, 1992; Correa, 1988; Marshall, 1983; 
Misiewicz et al., 1990; Price, 1991; Sipponen, 1992; Strickland, 1990; Wyatt, 1995). 
As regards autoimmunization inflammation, it is frequently defined as gastritis 
autoimmunogenes, gastritis chronica atrophica typus A, gastritis chronica typus A and 
gastritis chronica diffusa corporis. It is most frequently observed in Scandinavia and in 
northern areas of Europe. This inflammation affects gastric corpus and can be accompanied 
by: pernicious anaemia, autoimmunization Hashimoto thyroiditis, diabetes, adrenal 
insufficiency and thyroid function disorders. Common complications are stomach cancer 
and carcinoid. However, it is assumed that enterohormonal disorders (hypergastrinemia) 
which accompany carcinoid development are initiated by achlorhydria in the course of 
inflammation (Appelman, 1994; Strickland, 1990). 
Interestingly, focal atrophic gastritis is more frequently observed in the USA and Japan. Its 
most common synonyms are: gastritis chronica atrophica typus B or environmental gastritis. 
In terms of frequency of occurrence it affects lesser curvature, prepyloric region and gastric 
corpus. The most serious complication is cancer, mainly intestinal (Correa, 1980, 1988; 
Correa & Yardley, 1992).   
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Lymphocitar gastritis can be divided into the previously distinguished types of 
inflammation: gastritis chronica superficialis, gastritis chronica erosiva, gastritis 
varioliformis and morbus Menetrier. Basic morphological index of the lesions is an infiltrate 
which consists mainly of lymphocytes localized within superficial epithelium of gastric 
mucous membrane foveolar layer. This group comprises lesions of gastric mucous 
membrane which accompany among others celiac disease (Appelman, 1994; Price, 1991; 
Wyatt, 1995). 
The so called chemical gastritis is by some authors also referred to as: “chemica” 
gastropathy, gastritis refluxiva, gastritis biliaris, gastritis postmedicamentosa. Basic 
morphological indices of this inflammation are: proliferation of foveolar layer , decreased 
mucous secretion, stroma oedema with low inflammatory reaction  (Appelman, 1994; 
Borchard, 2001; Strickland, 1990; Wyatt, 1995). According to both the authors as well as 
other authors (Borchard, 2001; Dixon et al., 1996), the number of mixed CHG cases, in which 
some of the most significant components are microscopic indices of chemical gastritis, is 
increasing (or they are more frequently diagnosed). 
According to pathomorphological standpoint, the authors of this work, following prior 
mental, substantial and emotional acknowledgement of potential addresses, assume and 
suggest implementation of CHG classification based almost exclusively on 
pathomorphological criteria acknowledged also by other authors. Histopathological 
diagnoses used in this classification contain data on severity and distribution of 
inflammatory infiltrate, its activity and condition of potential atrophy of gastric proper 
glands (gastritis chronica superficialis activa et nonactiva; gastritis chronica activa et nonactiva, 
gastritis chronica atrophica et atrophia mucosae ventriculi) as well as they take into consideration 
also histotopographical data on the examined samples (CHG antralis, corporis, fundi, cardiae, 
pylori).  In every justified case, dysplasia level is evaluated as well as the presence of : 
glandular hyperplasia of foveolar layer, intestinal and pseudopyloric metaplasia. Focal gastritis is a 
kind of systemic disease which causes among others lesion in the gaster and in characterized 
by specific morphological indices of diagnosis CHG type.  The suggested classification also 
comprises other CHG types enumerated by Appelman: lymphocitar, the so called chemical 
CHG, and gastritis chronica erosiva. According to the Sydney classification system, 
identification of Helicobacter pylori is obligatorily taken into consideration in histological 
evaluation along with the assessment of this microorganism. However, etiopathogenetic 
standpoint is a supplementary element found in additional comment to the basic 
histopathological diagnosis.  
A number of factors, such as different classifications, the increasing number of reports on 
the Sydney classification analysis, both initial and updated version, and the opinions of 
cooperating clinician groups, lead to a conclusion similar to Appelman’s view: the best CHG 
classification is the one that both provides the best possible and the clearest contact between 
clinician and pathologist and most of all facilitates effective diagnostic and therapeutic 
management.  

3. Analysis of the proliferative activity of gastric mucosa glandular epithelium 
in relation to the chronic gastritis type 
Regenerative abilities of glandular epithelium cells of gastric mucosa constitute the main 
mechanism determining their correct functions concerning both integrity of the mucosa and 
normal function of all its epithelial cell elements (Goodlad & Wright, 1995). One of more 
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important cell elements in this process are mucous cells of the cervical part of gastric glands 
(Goodlad & Wright, 1995; Hellander, 1981) and also isthmus cells, as stressed by other 
authors (Goodlad & Wright, 1987). Mucous cells of the cervical part of gastric glands are 
present singly and/or in cellular clusters in the epithelium of the cervical region of gastric 
glands (Goodlad & Wright, 1995) and are usually invisible after routine H-E staining. These 
cells, besides purely secretory function, are the pool of cells that are the source for 
regenerating cells of the glandular epithelium, among which the presence of primary 
alimentary tract cells for gastric mucosal epithelium (so called stem cells) can be observed 
(Goodlad & Wright, 1995; Solcia et al., 1979). 
One of more frequently used immunocytochemical markers for cells in proliferation phase is 
proliferating cell nuclear antigen (PCNA) (Goodlad & Wright, 1995). It is a protein of 36 kDa 
mass, co-factor for DNA delta-polymerase and it participates in DNA synthesis (S-phase of 
cell cycle) and DNA repair (Keleman, 1997; Waseem & Lane, 1990). PCNA usually 
undergoes overexpression in conditions connected with activity of growth factors (Hall et 
al., 1990). PCNA expression is genetically regulated, and mRNA PCNA is present in both 
proliferating cells and those in resting phase (Hall et al., 1990). 
The control of glandular epithelium regeneration centres in the alimentary tract, including 
the stomach is multidirectional, starting from simple negative feedback with damaged 
superficial epithelial cells, finishing on the effect of intragastric environment (Goodlad & 
Wright, 1995). The main point of this regulation includes hormonal, neuropeptide, peptide 
and genetic actions with simultaneous influence of immune-nervous factors and 
mesenchymal components on the stroma (Goodlad & Wright, 1995). Apart from  the group 
of factors associated with enteroglucagon, a particular role in the stimulation of regenerative 
processes regulation in gastric mucosa is played  by gastrin (Goodlad & Wright, 1995; 
Walsh, 1990). It should be stressed that drugs influencing gastrin level also exert indirect 
influence on glandular epithelium proliferation in gastric mucosa (Havu, 1986). 
Prostaglandins, in their broad spectrum of activity, have the ability to stimulate proliferation 
of glandular epithelial cells of gastric mucosa, including also acceleration of these cells’ 
migration (Goodlad et al., 1989). As regards the growth factors, epidermal growth factor 
(EGF) plays the main role in the regulation of regeneration processes in gastric mucosa 
(Weaver & Walker, 1988).  
Most of the regenerating cells of glandular epithelium migrate along the wall of foveolar 
layer glands to the surface of gastric mucosa during about seven days (Lee, 1985). This 
migration far less frequently occurs deep into gastric glands and takes longer time, i.e. about 
200 days (Hattori, 1976). As it is commonly known, cell division includes four phases, 
making up jointly the so called cell cycle (cell cycle phases: G1, S, G2 and M), and the 
duration of this cycle depends mainly on the duration of the G1 phase (Goodlad & Wright, 
1995; Preston-Martin et al., 1990). A cell may go out of the cell cycle to enter G0 resting state 
or may pass to maturation phase. It has been disclosed, however, that in the case of 
alimentary tract mucosal cells, the resting state is practically not observed, perhaps with the 
exception of the large bowel (Goodlad & Wright, 1995). 
Apoptotic regulations of these cells, and, in the first place, genetically determined 
regulations, play, besides regenerative abilities of the epithelium, an important role in the 
homeostatic process of gastric mucosa (Goodlad & Wright, 1995; Oren, 1992; Yanagihara & 
Tsumuraya, 1992). Growth factors and other factors, for example c-myc, bcl-2, p53, TGF-
beta, TNF and other cytokines participate in the apoptotic process (Oren, 1992; Yanagihara 
& Tsumuraya, 1992).  
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Proliferative activity of the glandular epithelium of stomach corpus and fundus mucosa is 
normally located in the cervical part of gastric glands, while in the prepyloric part it 
occupies the middle 1/3 part of the mucosa where also G cells are present (Ito et al., 1986). 
In this part an intensive expression of chromogranin-A-positive cells can also be observed. 
In own studies it has been demonstrated that these regions are the place where the most 
intensive PCNA expression is observed. Most authors think that proliferative activity of 
glandular epithelial cells in gastric mucosa increases with Helicobacter pylori colonization 
(Bechi et al., 1996; Jang & Kim, 2000; Lynch & Axon, 1995; Panella et al., 1996), which is 
particularly visible in the corpus (Bechi et al., 1996). On the other hand, after eradication, the 
proliferative activity returns to normal (Lynch & Axon, 1995). According to other authors, 
bile participates in the increase of gastric glandular epithelial activity in the course of 
H.pylori colonization (Lynch & Axon, 1995), while the markers of this activity are observed 
mainly within the epithelial zone of foveolar layer glands (Bechi et al., 1996). It is worth 
mentioning that other authors (Ito et al., 1986) found a deepening of proliferative zone 
within gastric glands in the same gastric mucosal inflammatory conditions, with 
accompanying significant reduction of EC cell number. According to some authors, 
increased proliferative activity of gastric mucosal glandular epithelium, particularly that 
measured by PCNA expression, in the course of chronic inflammatory conditions and 
H.pylori colonization may be even the marker of risk of malignancy development (Irazusta 
et al., 1998; Panella et al., 1996). Other authors (Diebold et al., 1998), however, demonstrated 
that during H.pylori colonization a decrease in the number of argyrophilic cells occurs along 
with simultaneous reduction of their proliferative potential. This seems to be in concordance 
with the studies in which an inhibitory effect of VacA on the proliferation of epithelial cells 
of gastric mucosal glands through impairment of their migration ability was demonstrated 
(Ricci et al., 1996). The same authors also proved that another antigen, CagA, exerts no effect 
on the proliferative potential of gastric mucosal glandular epithelium. The results of these 
studies may be, in a certain way, compared with own studies according to which no 
significant influence of H.pylori colonization on proliferative activity of gastric mucosal 
glandular epithelium was demonstrated. An increase in proliferative activity of glandular 
epithelium in gastric mucosa was also observed in chronic gastritis, independently of its 
etiology (Bechi et al., 1996; Deschner et al., 1972; Irazusta et al., 1998; Panella et al., 1996). It 
was usually accompanied by a decrease in G cell count, including adrenomodulin-
containing cells (Kitani et al., 1999), particularly frequently when the gastritis was associated 
with atrophic lesions. According to the studies by other authors (Bielicki et al., 1993; Guerci 
et al., 1992),  a significantly higher percentage of cells in division phase is found in chronic 
atrophic gastritis as compared to both normal condition and to chronic superficial gastritis, 
and the proliferative activity of glandular epithelial cells is directly proportional to the 
increasing degree of atrophy. Other authors (Ito et al., 1986) noted that, together with 
intensification of inflammatory processes in gastric mucosa, the zone of increased 
proliferation of glandular epithelial cells involves also deeper layers of the lamina propria of 
gastric mucosa, and also. the number of ECn cells is reduced. It should be added that in 
hypergastrinaemia, the expression of neuroendocrine cells and their proliferative abilities 
increase but such changes were not observed during antisecretory treatment. No such 
hypergastrinaemia inducing effect was observed during activation of gastric mucosal 
inflammatory processes or in biomorphotic process. In the course of Helicobacter pylori 
colonization other authors (Jang & Kim, 2000) found intensification of both apoptosis and 
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important cell elements in this process are mucous cells of the cervical part of gastric glands 
(Goodlad & Wright, 1995; Hellander, 1981) and also isthmus cells, as stressed by other 
authors (Goodlad & Wright, 1987). Mucous cells of the cervical part of gastric glands are 
present singly and/or in cellular clusters in the epithelium of the cervical region of gastric 
glands (Goodlad & Wright, 1995) and are usually invisible after routine H-E staining. These 
cells, besides purely secretory function, are the pool of cells that are the source for 
regenerating cells of the glandular epithelium, among which the presence of primary 
alimentary tract cells for gastric mucosal epithelium (so called stem cells) can be observed 
(Goodlad & Wright, 1995; Solcia et al., 1979). 
One of more frequently used immunocytochemical markers for cells in proliferation phase is 
proliferating cell nuclear antigen (PCNA) (Goodlad & Wright, 1995). It is a protein of 36 kDa 
mass, co-factor for DNA delta-polymerase and it participates in DNA synthesis (S-phase of 
cell cycle) and DNA repair (Keleman, 1997; Waseem & Lane, 1990). PCNA usually 
undergoes overexpression in conditions connected with activity of growth factors (Hall et 
al., 1990). PCNA expression is genetically regulated, and mRNA PCNA is present in both 
proliferating cells and those in resting phase (Hall et al., 1990). 
The control of glandular epithelium regeneration centres in the alimentary tract, including 
the stomach is multidirectional, starting from simple negative feedback with damaged 
superficial epithelial cells, finishing on the effect of intragastric environment (Goodlad & 
Wright, 1995). The main point of this regulation includes hormonal, neuropeptide, peptide 
and genetic actions with simultaneous influence of immune-nervous factors and 
mesenchymal components on the stroma (Goodlad & Wright, 1995). Apart from  the group 
of factors associated with enteroglucagon, a particular role in the stimulation of regenerative 
processes regulation in gastric mucosa is played  by gastrin (Goodlad & Wright, 1995; 
Walsh, 1990). It should be stressed that drugs influencing gastrin level also exert indirect 
influence on glandular epithelium proliferation in gastric mucosa (Havu, 1986). 
Prostaglandins, in their broad spectrum of activity, have the ability to stimulate proliferation 
of glandular epithelial cells of gastric mucosa, including also acceleration of these cells’ 
migration (Goodlad et al., 1989). As regards the growth factors, epidermal growth factor 
(EGF) plays the main role in the regulation of regeneration processes in gastric mucosa 
(Weaver & Walker, 1988).  
Most of the regenerating cells of glandular epithelium migrate along the wall of foveolar 
layer glands to the surface of gastric mucosa during about seven days (Lee, 1985). This 
migration far less frequently occurs deep into gastric glands and takes longer time, i.e. about 
200 days (Hattori, 1976). As it is commonly known, cell division includes four phases, 
making up jointly the so called cell cycle (cell cycle phases: G1, S, G2 and M), and the 
duration of this cycle depends mainly on the duration of the G1 phase (Goodlad & Wright, 
1995; Preston-Martin et al., 1990). A cell may go out of the cell cycle to enter G0 resting state 
or may pass to maturation phase. It has been disclosed, however, that in the case of 
alimentary tract mucosal cells, the resting state is practically not observed, perhaps with the 
exception of the large bowel (Goodlad & Wright, 1995). 
Apoptotic regulations of these cells, and, in the first place, genetically determined 
regulations, play, besides regenerative abilities of the epithelium, an important role in the 
homeostatic process of gastric mucosa (Goodlad & Wright, 1995; Oren, 1992; Yanagihara & 
Tsumuraya, 1992). Growth factors and other factors, for example c-myc, bcl-2, p53, TGF-
beta, TNF and other cytokines participate in the apoptotic process (Oren, 1992; Yanagihara 
& Tsumuraya, 1992).  
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Proliferative activity of the glandular epithelium of stomach corpus and fundus mucosa is 
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(Bechi et al., 1996; Jang & Kim, 2000; Lynch & Axon, 1995; Panella et al., 1996), which is 
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within gastric glands in the same gastric mucosal inflammatory conditions, with 
accompanying significant reduction of EC cell number. According to some authors, 
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et al., 1998; Panella et al., 1996). Other authors (Diebold et al., 1998), however, demonstrated 
that during H.pylori colonization a decrease in the number of argyrophilic cells occurs along 
with simultaneous reduction of their proliferative potential. This seems to be in concordance 
with the studies in which an inhibitory effect of VacA on the proliferation of epithelial cells 
of gastric mucosal glands through impairment of their migration ability was demonstrated 
(Ricci et al., 1996). The same authors also proved that another antigen, CagA, exerts no effect 
on the proliferative potential of gastric mucosal glandular epithelium. The results of these 
studies may be, in a certain way, compared with own studies according to which no 
significant influence of H.pylori colonization on proliferative activity of gastric mucosal 
glandular epithelium was demonstrated. An increase in proliferative activity of glandular 
epithelium in gastric mucosa was also observed in chronic gastritis, independently of its 
etiology (Bechi et al., 1996; Deschner et al., 1972; Irazusta et al., 1998; Panella et al., 1996). It 
was usually accompanied by a decrease in G cell count, including adrenomodulin-
containing cells (Kitani et al., 1999), particularly frequently when the gastritis was associated 
with atrophic lesions. According to the studies by other authors (Bielicki et al., 1993; Guerci 
et al., 1992),  a significantly higher percentage of cells in division phase is found in chronic 
atrophic gastritis as compared to both normal condition and to chronic superficial gastritis, 
and the proliferative activity of glandular epithelial cells is directly proportional to the 
increasing degree of atrophy. Other authors (Ito et al., 1986) noted that, together with 
intensification of inflammatory processes in gastric mucosa, the zone of increased 
proliferation of glandular epithelial cells involves also deeper layers of the lamina propria of 
gastric mucosa, and also. the number of ECn cells is reduced. It should be added that in 
hypergastrinaemia, the expression of neuroendocrine cells and their proliferative abilities 
increase but such changes were not observed during antisecretory treatment. No such 
hypergastrinaemia inducing effect was observed during activation of gastric mucosal 
inflammatory processes or in biomorphotic process. In the course of Helicobacter pylori 
colonization other authors (Jang & Kim, 2000) found intensification of both apoptosis and 
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proliferative activity of neuroendocrine cells, mainly G and D, correlated with gastritis 
activity and with the degree of H.pylori colonization.  
Own studies are partially in concordance with the observations described above since they 
demonstrated that proliferative zone of mucosal epithelial cells becomes deeper with 
intensification of inflammatory lesions but only in the case of stomach corpus. At this point, 
however, it should be noted that this applies only to males who have higher proliferative 
activity in this zone of mucosa as compared with females. Regardless of that, in own studies 
a significantly higher proliferative activity was found, but only in superficial gastritis, in 
relation to deep gastritis, which had not been described by other authors. Apart from this, it 
was demonstrated that changes of proliferative activity of gastric mucosal epithelium were 
independent of age, location (prepyloric part – corpus), and also Helicobacter pylori 
colonization in gastric mucosa. 

3.1 Conclusions (own studies) 
1. Chronic superficial gastritis coexists with significantly higher proliferative activity of 

gastric mucosal glandular epithelium, particularly in relation to the prepyloric part.  
2. Changes of proliferative activity of gastric mucosal glandular epithelium are 

independent of age, histotopography and H.pylori colonization.  

4. Assessment of the current status of neuroendocrine and immune cells for 
the study of pathogenesis of chronic gastritis 
Gastric mucosal neuroendocrine cells are usually located in the epithelial layer of the gastric 
glands in the corpus and prepyloric part, sometimes in their cervical zone, but they are 
never found in the superficial epithelium of the foveolar layer glands of gastric mucosa 
(Dayal, 1992; Kozlowski et al., 1993, 1995; Portela-Gomes & Grimelius, 1986). Modern 
classifications of gastric mucosal neuroendocrine cells tend to divide them according to 
anatomic-topographic location in the stomach (Bordi et al., 2000; Dayal, 1992; Tzaneva, 
2001). The following neuroendocrine cells are present in the mucosa of gastric corpus and 
fundus: ECL (enterochromaffin-like), D (somatostatin), ECn (enterochromaffin), X/A, D1, 
and P cells. ECL cells occur almost exclusively in gastric fundus mucosa. However, the 
prepyloric part of the stomach contains G (gastrin), D, and ECn cells. D cells produce 
somatostatin and are present almost in the whole alimentary tract and also in the pancreas 
(Canese & Bussolati, 1977). In course of their long cytoplasmic processes they exert 
paracrine effect on other neighbouring gastric mucosal cells (Larsson et al., 1984). At least 
20% of D cells have axon processes through which they are in contact with G cells in the 
prepyloric part  and parietal cells in gastric corpus mucosa (Larsson et al., 1984), inhibiting 
their secretory function. Moreover, D cells in the prepyloric part have specialised tubules 
through which they are in contact with gastric lumen (autoregulation with intragastric 
environment). D cells in gastric fundus mucosa have no such contact with stomach lumen 
(Fenoglio-Preiser, 1999). As far as now, no publications on correlations between gastric 
mucosa neuroendocrine and degree of chronic gastritis can be found in scientific literature.  
The applied own method of studying gastric mucosal neuroendocrine cells allowed for 
assessment of their count and rate of changes in the course of non-specific gastritis of 
various progression in a repeatable way. It is worth mentioning that on the basis of 
examination of one cross-section type it is possible to assess the most probable total count of 
a definite type of gastric mucosal neuroendocrine cells in a highly correlated way (about 
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95% confidence level). This type of histological quantitative examinations is very practical in 
routine histopathological diagnosis.  
Contrary to the results reported by other authors (Coupe et al., 1990; Tzaneva & Julianov, 
1999), changes concerning D cells and CgA cells located in the stomach corpus mucosa were 
found in own studies. The latter, however, demonstrated a significant decrease of D cell 
count in the oxyntic mucosa with simultaneous increase of CgA cell count in the prepyloric 
mucosa. It should be mentioned that the latter changes were observed only in patients with 
Helicobacter pylori colonization in gastric mucosa, which was in agreement with the results 
obtained by other authors (Chamouard et al., 1997; Graham et al., 1993; Kozlowski et al., 
1993, 1995; Tzaneva & Julianov, 1999).  
According to literature data, the most numerous neuroendocrine cells of gastric mucosa 
include the following cells: ECL, G, and D, since together they account for over 75% of all 
mucosal endocrine cells in the prepyloric part and corpus of the stomach (Dayal, 1992; 
Fenoglio-Preiser, 1999; Solcia et al., 1975). It can be assumed that the increasing number of 
CgA cells in the prepyloric mucosa means simultaneous increase of G cell count. Therefore, 
the results obtained in own studies may be regarded as a confirmation of the fact already 
known from papers by other authors (Chamouard et al., 1997; Graham et al., 1993; 
Kozlowski et al., 1993, 1995; Tzaneva & Julianov, 1999) and also obtained empirically (Lee et 
al., 1992) which point to participation of disturbances of interrelations between D and G 
cells in the pathomechanism of hypergastrinaemia that accompanies Helicobacter pylori 
colonization of gastric mucosa. It should be stressed that due to other causes, e.g. chronic 
atrophic gastritis in the corpus, the numbers of ECL as well as D cells in hypergastrinaemia 
increase (Borch et al., 1987; Bordi et al., 1987; Carney et al., 1983; Cattan et al., 1989; Hodges 
et al., 1981; Iacangelo et al., 1988), which is accompanied by characteristic vacuolar lesions 
observed under electron microscope in ECL cells (D’Adda et al., 1990; Rubin, 1972). 
Chromogranin A, used, as mentioned above, for identification of neuroendocrine cells, is an 
acid protein of 49 kDa mass located in secretory granules of APUD system cells (Lloyd et al., 
1984; Wiedemann & Huttner, 1989) which belongs to the family of proteins called 
granins/secretogranins. The most important members of this protein family include: 
chromogranin A, B, and secretogranin II (Lloyd et al., 1984). Chromogranin A is present in 
both endocrine and neuroendocrine cells (Cetin, 1992; Iacangelo et al., 1988). It is also 
present in most neuroendocrine tumours and, therefore, is serves as a commonly used 
marker for their identification (Wiedemann et al., 1989). At the same time, it participates in 
the biosynthesis of pancreatostatin (Iacangelo et al., 1988) which inhibits insulin and 
hydrochloric acid secretion. It is worth mentioning that Chromogranin A also binds 
intracellular calcium and catecholamines, significantly regulating intracellular homeostasis 
along this pathway (Iacangelo et al., 1988). It is distributed in neuroendocrine cell granules 
in rather close association with serotonin which is simultaneously connected with both its 
synthesis and accumulation (Tzaneva, 2001).Chromogranin A expression in a significant per 
cent of neuroendocrine cells agrees with argyrophilic reaction e.g. according to Grimelius 
(Cetin, 1992).  
From the standpoint of methodological principles of indentifying individual 
neuroendocrine cell types in humans, an extremely important and frequently forgotten fact 
is that D cells (secreting somatostatin) give no positive argyrophilic reaction according to 
Grimelius, and show no Chromogranin A expression in immunohistochemical reaction 
(Cetin, 1992; Tzaneva, 2001). However, in neuroendocrine aminergic cells the both above 
mentioned colour reactions gave positive results (Cetin, 1992). It is worth mentioning that 
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mucosa. It should be mentioned that the latter changes were observed only in patients with 
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al., 1992) which point to participation of disturbances of interrelations between D and G 
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even purely mathematical calculation of G cell number among CgA cells is more precise 
than analogous mode of ECL cell calculation since only G, D and ECn cells are present in the 
prepyloric part (Bordi et al., 2000; Dayal, 1992; Tzaneva, 2001). 
Decreased D cell count was found in duodenal ulcer with Helicobacter pylori colonization of 
gastric mucosa and in cases of hypergastrinaemia, yet sometimes also in conditions without 
hypergastrinaemia (Zverkov et al., 1996). Many authors are convinced that 
hypergastrinaemia, observed in cases of H.pylori colonization of gastric mucosa, is just 
caused  by reduction of D cell count (Haruma et al., 1995; Kozlowski et al., 1993; Kozlowski 
et al., 1995). No such hypergastrinaemia-inducing effect was observed during activation of 
gastric mucosal inflammatory processes or in biomorphotic process. As regards the course 
of Helicobacter pylori colonization, other authors (Jang & Kim, 2000) found intensification of 
both apoptosis and proliferative activity of endocrine cells, mainly G and D, correlated with 
gastritis activity and with the degree of H.pylori colonization. Not all authors (Tzaneva & 
Julianov, 1999) found lesions in CgA and D cells of gastric corpus mucosa with H.pylori 
colonization. At the same time, these authors stressed that D cells did not participate in the 
pathomechanism of hypergastrinaemia observed in this case.  
Experimental pathology demonstrates that together with deepening biomorphosis, the 
expression of G cells decreases while D and ECn cells are more numerous (Sandstrom et al., 
1999). However, these relations are not so easy to explain, what has been already reported 
by the authors cited above, due to e.g. the fact that it is not certain whether  pathogenic 
factors other than biomorphosis leading to the above described lesions in G, D and ECn 
cells, can be excluded. The own study confirmed lack of changes in the neuroendocrine cells 
status in the gastric mucosa depending on the biomorphosis.  
Studies of endocrine cells in gastric mucosa and gastrointestinal tract mucosa in general, 
require extensive continuation. However, in order to provide significant progress in medical 
knowldege, it is necessary to standardise, in the first place, the method of quantitative 
assessment of these cells and also to establish a generally accepted strictly histopathological 
classification of chronic gastritis. 

5. Presented results and conclusions 
Helicobacter pylori presence in about 50% of healthy population without any clinical 
symptoms, and in 30% also without any morphological changes in gastric mucosa, requires 
further evaluations, both clinical and pathological. Endoscopic biopsy evaluations have 
firmly indicated that there is a poor correlation between the gastric mucosal appearance and 
histological  indices of superficial and atrophic chronic gastritis. The Sydney System and its 
updated 1994 Houston status of the gastritis classification remains incompletely accepted. 
Many pathological reports on gastritis have individual, non-standard styles, which poorly 
correlates with both clinical symptoms and endoscopic lesions. As chronic gastritis is both 
overdiagnosed and underdiagnosed, a cooperation between clinicians and pathologists in 
diagnostics of a particular type of chronic gastritis is a necessity. Finally, in order  to provide 
significant progress in medical knowledge, it is necessary to standardize, in the first place, 
the clinic-pathological cooperation and the method of quantitative or semi-quantitative 
assessment of the inflammatory and epithelial (histoarchitectural structure) cells of the 
gastric mucosa and also to establish a generally accepted strictly histopathological 
classification of chronic gastritis.  
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even purely mathematical calculation of G cell number among CgA cells is more precise 
than analogous mode of ECL cell calculation since only G, D and ECn cells are present in the 
prepyloric part (Bordi et al., 2000; Dayal, 1992; Tzaneva, 2001). 
Decreased D cell count was found in duodenal ulcer with Helicobacter pylori colonization of 
gastric mucosa and in cases of hypergastrinaemia, yet sometimes also in conditions without 
hypergastrinaemia (Zverkov et al., 1996). Many authors are convinced that 
hypergastrinaemia, observed in cases of H.pylori colonization of gastric mucosa, is just 
caused  by reduction of D cell count (Haruma et al., 1995; Kozlowski et al., 1993; Kozlowski 
et al., 1995). No such hypergastrinaemia-inducing effect was observed during activation of 
gastric mucosal inflammatory processes or in biomorphotic process. As regards the course 
of Helicobacter pylori colonization, other authors (Jang & Kim, 2000) found intensification of 
both apoptosis and proliferative activity of endocrine cells, mainly G and D, correlated with 
gastritis activity and with the degree of H.pylori colonization. Not all authors (Tzaneva & 
Julianov, 1999) found lesions in CgA and D cells of gastric corpus mucosa with H.pylori 
colonization. At the same time, these authors stressed that D cells did not participate in the 
pathomechanism of hypergastrinaemia observed in this case.  
Experimental pathology demonstrates that together with deepening biomorphosis, the 
expression of G cells decreases while D and ECn cells are more numerous (Sandstrom et al., 
1999). However, these relations are not so easy to explain, what has been already reported 
by the authors cited above, due to e.g. the fact that it is not certain whether  pathogenic 
factors other than biomorphosis leading to the above described lesions in G, D and ECn 
cells, can be excluded. The own study confirmed lack of changes in the neuroendocrine cells 
status in the gastric mucosa depending on the biomorphosis.  
Studies of endocrine cells in gastric mucosa and gastrointestinal tract mucosa in general, 
require extensive continuation. However, in order to provide significant progress in medical 
knowldege, it is necessary to standardise, in the first place, the method of quantitative 
assessment of these cells and also to establish a generally accepted strictly histopathological 
classification of chronic gastritis. 

5. Presented results and conclusions 
Helicobacter pylori presence in about 50% of healthy population without any clinical 
symptoms, and in 30% also without any morphological changes in gastric mucosa, requires 
further evaluations, both clinical and pathological. Endoscopic biopsy evaluations have 
firmly indicated that there is a poor correlation between the gastric mucosal appearance and 
histological  indices of superficial and atrophic chronic gastritis. The Sydney System and its 
updated 1994 Houston status of the gastritis classification remains incompletely accepted. 
Many pathological reports on gastritis have individual, non-standard styles, which poorly 
correlates with both clinical symptoms and endoscopic lesions. As chronic gastritis is both 
overdiagnosed and underdiagnosed, a cooperation between clinicians and pathologists in 
diagnostics of a particular type of chronic gastritis is a necessity. Finally, in order  to provide 
significant progress in medical knowledge, it is necessary to standardize, in the first place, 
the clinic-pathological cooperation and the method of quantitative or semi-quantitative 
assessment of the inflammatory and epithelial (histoarchitectural structure) cells of the 
gastric mucosa and also to establish a generally accepted strictly histopathological 
classification of chronic gastritis.  
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1. Introduction 
Chronic gastritis is one of the most frequent gastric diseases. The morphometry in 
diagnostic of chronic gastritis can as appear to be a potentially significant tool. The 
evaluation of the histoarchitectural structure of the gastric mucosa and quantification of the 
various neuroendocrine cells develop the new objective methods to describe changes caused 
by chronic gastritis. The development of specimen digitalization and computer image 
processing systems offer possibilities of automatization of this process on every high level.  
Based on the endoscopic evaluation and mucosa biopsy analysis, variable numbers and 
various subtypes of the  neuroendocrine (NE) cells have been described in association with 
different types of chronic gastritis. The neuroendocrine cell population, such as 
enterochromaffin-like cells (ECL), G cells, and D cells  may occur as hyperplastic lesions,  
hypergastrinemia, hyperplasia, dysplasia, possibly type-1 gastric tumour or proliferation as 
an indirect effect of modern drugs, suppressing acid secretion (the post-
pharmacotherapeutic hypo- or achlorhydric status). The wide range of methods used for 
evaluation of NE cells density in the histological slides from counting the number of cells 
per one microscopic field to shape diversity of gastric glands are frequently discussed in the 
literature. However, there is still a lack of acknowledged evidence on the participation of NE 
cells in stomach inflammation pathology and the relation between NE cells density and type 
of chronic gastritis require further investigation. The morphometry analysis of the mucosa 
specimen supported by the computerized automatic evaluation can be frequently taken into 
account in order to reflect the mechanism of stomach inflammation. In that analysis, other 
factors such as presence of Helicobacter pylori, sex and anatomical region of biopsy should 
be included and discussed.  
In this chapter we focused on the following topics:  
• Investigation of the role of different types of NE cells in chronic gastritis. 
• Methodology of the evaluation of NE cells population in mucosa histological slides – 

different approaches and measures. 
• Statistical investigation of the observed variations in the NE cells population with 

respect to diagnosis (type of chronic gastritis), anatomical region, Helicobacter  pylori, 
sex, hyperplasia and other factors.     

• Selected aspects of the computerization of automatic quantitative evaluation and space 
distribution of the NE cells, evaluation of the shape of mucosa glands and 
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morphometry analysis, for digital images of the selected field of view and virtual slides 
of the whole mucosa specimen. 

2. General morphometric feature of chronic gastritis 
The diagnosis of chronic gastritis is a complex problem which includes the evaluation of 
different clinical and histological features. This problem drew attention of many researchers, 
however, the consensus has not been reached. Following numerous classification systems, 
since the 90's of XX century the Sydney System has been used. In 1994 it was updated and 
added certain modifications to improve the criteria of atrophy evaluation. The commonly 
used criteria, presented in the chapter "Chronic gastritis" with the quality evaluation of the 
specimens does not give specific results in many diagnostic cases. In the light of the recent 
researches, the diagnostic system will be developed and improved in near future by the 
morphometric quantitative evaluation of different aspects of the observed changes.  
Evaluation of neuroendocrine cells, which was introduced into diagnostic, provides new 
objective methods to extend the analysis of chronic gastritis. The first works are dated back 
to the 70's of XX century and focused mainly on the detection of neuroendocrine cells also in 
gastric mucosa. The gastric neuroendocrine cells represent the diffuse neuroendocrine cells 
system (DeLellis et al., 1984; Falkmer & Wilander, 1995; Lloyd, 1999; Osamura, 2002). This 
system contains also the APUD cells (Amine Precursors Uptake and Decarboxylation cells), 
first described and classified by Pearse (Pearse, 1969, 1974; DeLellis et al., 1984). All these 
cells originate from the stem cells of alimentary duct (Fenoglio-Preiser, 1999; Furth, 2002). 
Currently, according to Pears and Takor-Takor concept (Pearse & Takor-Takor, 1979) about 
40 different types of the neuroendocrine cells can be distinguished.  
The neuroendocrine cells of the gastric mucosa are normally located in the epithelium layer 
of the mucosal glands in prepyloric and oxyntic parts of stomach, sometimes in the stem 
part and never in the superficial epithelium of the glands of foveolar layer of gastric musoca 
(Dayal, 1992; Kozlowski et al., 1995; Nichols et al., 1974; Ohning et al., 1998; Portela-Gomes 
& Grimelius, 1986). The most numerous cells are ECL (entorechromaffin-like) cells, G 
(gastrinin) cells, D (somatostatin) cells and ECn (Enterochromaffin) cells. The ECL, G and D 
are more than 75 percent of neuroendocrine cells of gastric mucosa in oxyntic and pyloric 
parts (D'Adda et al., 1989; Dayal, 1992; Falkmer & Wilander, 1995; Fenoglio-Preiser , 1999). 
The ECL cells (this name was introduced by Hakanson et al. in 1967) are distributed in the 
deep 2/3 layers of gland epithelium in oxyntic and the fundus of the stomach (Bordi, 2000; 
Dayal, 1992; Falkmer & Wilander, 1995; Ohning et al., 1998; Solcia, 1988). They represent 30-
44% of all neuroendocrine cells in these locations. Considering practical aspects, 
immunohistochemical methods are more valuable in detecting these cells by e.g. 
chromogranin-A reaction (Date et al., 2000; Dayal, 1992; Falkmer & Wilander, 1995; 
Whitehead, 1995).  The G cells are localized only in the gland epithelium in pyloric part of 
gastric mucosa, mainly in the 1/3 middle region (Kozlowski et al., 1995). These cells give 
positive reaction not only with gastric stains, but also in chromogranin-A stain (Kinoshita et 
al., 1998). The D cells can be detected by anti-somatostatin reaction and ECn cells in anti-
serotonin stain. The depicted monoclonal antibodies are the most specific and useful for the 
quantitative evaluation of several neuroendocrine cells for pathological evaluation of 
gastritis. 
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2.1 Morphometry of neuroendocrine cells 
The relationship between hypergastrinemia and Helicobacter pylori colonization proved in 
the 90’s initiated a renaissance of gastric mucosa neuroendocrine cells examinations. Initially 
there were examinations of mutual relations between G and D cells, later other gastric 
mucosa endocrine cell types were taken into the consideration. Up to now there is lack of 
acknowledged evidence on the participation of cells of this type in the stomach 
inflammation pathology. The dependence of the density of the neuroendocrine cells such as 
D, EC or ECL on the type of stomach disease was confirmed in previous publications (Bordi 
et al., 2000; Falkmer & Wilander, 1995; Kozlowski et al., 1995, 2001, 2003a, 2003b). An 
interesting recently published study (Peterson et al., 2009) presents the comparison between 
G-cells morphometry performed in three different manners: G-cell counting and presented 
as a ratio between its number and 1000 epithelial cells; image analysis gives the results as a 
ratio between the brown stained area to the total cytokeratin positive area and point 
counting in the superimposed grid. As far as now, there are significant differences in the 
used methods of morphometry. As far as these methods are concerned, we focused on the 
manners based on the cell recognition. They can be distinguished from other approaches 
either with or without consideration of the histoarchitectural structure.  

2.1.1 Quantification the neuroendocrine cells in field of view  
The most basic approach of the neuroendocrine cell quantification is count cells in the field 
of view without taking into account the observed histoarchitectural structure. As described 
in the study by Green et al., 1989, the neuroendocrine cells are counted in a few fields of 
view, with 200x magnification and results can be recalculate as the mean of cell quantity per 
one field. Generally, this method requires only the recognition of immunoreactivity of each 
cell in the field of view and counting them.  
First, it should be noted that different distributions of the neuroendocrine cells in the area of 
the mucosa cross-section are observed. In the corpus of the stomach, the neuroendocrine 
cells are observed in the about 2/3 width of epithelium cross-section. Their distribution is 
approximately regular as it is presented in the Fig. 1. 
The opposite cases are observed in the antrum where there is a high concentration of the  
neuroendocrine cells in the basis of foveolar region of the mucosa in cross-section (Fig. 2).  
Accuracy of this approach is strongly influenced by the fact  that the absolute number of the 
immunoreactivity cells in the field of view relates to the specimen orientation, thickness or size. 
As it can be seen, this quantification approach required selection of the field of view located 
exactly in the region with the presence of neuroendocrine cells. In the opinion of the authors, 
the calculation of the ratio between immunopositive and immunonegative cells in the gastric 
mucosa only in the region with presence of the neuroendocrine cells should be appropriate but 
more difficult to perform as it requires the specification of this area. A subjective opinion on 
location of neuroendocrine area border will have significant influence on the results.  

2.1.2 Quantification the neuroendocrine cells in histoarchitectural structures. 
The more complex approach, comparing to the one described above, is calculation of the 
number of cells per mm2 of the area of the mucosa glandular epithelium or per one gland 
(Aruin et al., 1984; Tzaneva & Julianov, 1999; Azzoni et al., 1996). The last proposition is 
particularly interesting, yet its implementation requires recognition of separate glands in the 
microscopic image. The benefit is additional possibilities of measuring the mucosa gland 
dimensionality. 
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morphometry analysis, for digital images of the selected field of view and virtual slides 
of the whole mucosa specimen. 
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2.1 Morphometry of neuroendocrine cells 
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particularly interesting, yet its implementation requires recognition of separate glands in the 
microscopic image. The benefit is additional possibilities of measuring the mucosa gland 
dimensionality. 
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Fig. 1. The distribution of the neuroendocrine cells in the corpus mucosa (chromogranin-A, 
virtual slide). 
 

 
Fig. 2. The example the neuroendocrine cell localization in the antrum (chromogranin A, 
virtual slide) 
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It should be noted, that the obtained long cross-section shapes of the glands are very rare. 
The type of the specimen excludes efficient control over the section and as a result, the 
obtained shapes of gland sections located from epithelium to mucosa are rather round than 
ellipsoidal, as it is presented in Fig. 3. 
 

 
Fig. 3. Explanation of different shapes of glands (chromogranin-A, virtual slide). 

Efficient evaluation of the number of neuroendocrine cells in the glands can be performed  
only by counting these cells in the sections of the glands. To support this evaluation, the 
shape of gland cross-sections should be taken into account.  
This approach is connected with several problems that should be taken into account in the 
counting process. The first problem is to qualify particular glands for evaluation according 
to their cross-section. It is evident, that in the microscopic specimen some glands are cut not 
centrally by their lumen, but closely or exactly by their wall. In that glands the lumens are 
reduced to the narrow line area or only cell cluster is observed. These cases render difficult 
the recognition of the separate glands. 
The second problem is the qualification of the glands to counting set according to its space 
location. This problem is illustrated in Fig 4. 
Gland no. 1 is located half outside and half inside neuroendocrine region (black line outline)  
and its cross-section fully covers the width of this region. Gland no. 2 is fully included in the 
neuroendocrine area while gland no. 3 has only a small part located in this region and does 
not represent the full width of the measured region. For efficient counting the 
neuroendocrine cells in the separate glands, only glands no. 1 and 2 should be included.  
The calculation of the neuroendocrine cell density based on this approach can be 
implemented by calculating the number of neuroendocrine cells per recognized gland, 
qualified for evaluation, with description of gland shape. In practice, the semi-quantitative 
method can be used - the glands can be divided into four groups depending on their cross-
section shape: round, short ellipse, long ellipse and open. The criteria, presented in the 
studies (Kozlowski et al., 2009; Markiewicz et al., 2009a), are:  
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Fig. 4. Different level of inclusion of the glands in the neuroendocrine area. 

• round shape – proportion between major and minor axis lengths is close to 1 (e.g. less 
than 1.2), 

• short ellipse - proportion between major and minor axis lengths is less than 2, 
• long ellipse - proportion between major and minor axis lengths is higher than 2, 
• open – the gland cross-section shape  is open. 
The final step of the quantitative evaluation is a calculation of the number of 
neuroendocrine cells, detected in maximum 5 glands of any shapes described below. The 
recognition of the gland structures in the images gives possibility to count the ratio  between 
numbers of neuroendocrine cells and all the cells of the mucosa glandular epithelium. Also, 
various geometrical features of the gland shape can be measured in these approaches.     

2.2 Diagnostic influence of neuroendocrine cell morphometry 
The connection between neuroendocrine cells and inflammatory disorder of the stomach is the 
subject of many researches. One of the observed relations deals with G cells hyperplasia in the 
hypochlorhydria or achlorhydria. The role of the gastrin as a regulator of the proliferation of 
G, ELC and D cells and their evaluation also required the morphometry of neuroendocrine 
cells (Calatayud et al., 2010). In another study, high correlation between age, H. pylori 
colonisation and atrophy of the corpus and G-cell density (Petersson et al., 2009) was reported. 
The degree of chronic inflammation and percentage of the G-cell was also statistically 
correlated. The endocrine cell hyperplasia can be developed as a consequence of functional 
changes and is the most prominent of autoimmune chronic gastritis. In antrum the endocrine 
hyperplasia is easily detected in H&E stain, but in oxyntic mucosa the immunohistochemical 
stains give better visualization and quantification of the changes in ECL cell population. The 
most detailed criteria for diagnosis and classification of gastric ECL proliferation was 
proposed by Solcia et al., 1995. The details are presented in table 1. 
Also the changes in the number of D and G cells in atrophic gastritis were observed and 
several studies presented the therapy promoting the secretion of gastric acid and gastric 
pepsin and regulating the neuroendocrine mechanism in rats (Zhu et al., 2008; Wang et al., 
2009; Czaja et al., 2008; Todorovic et al., 2008).  However, as it was reported (Czaja et al., 
2008), changes of  serum gastrin concentration in gastric antrum in children with chronic 
gastritis are not statistically significantly connected with D and G cell densities.   
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Diagnosis Criteria regarding increased 

endocrine cells 
Common disorder 

Simple/diffuse 
hyperplasia 

>2x standard deviation 
(age/gender matched) 

ZES, primary gastrin cell 
hyperplasia 

Linear hyperplasia Linear groups of five or 
more inside the glandular 
BM 

ZES, pernicious anemia 

Micronodular hyperplasia Clusters of five or more cells 
within epithelium 
measuring <150 microns in 
diameter 

Autoimmune atrophic 
gastritis 

Adenomatoid hyperplasia Aggregates of five or more 
micronodulares in lamina 
propria 

Autoimmune atrophic 
gastritis, MEN-ZES 

Dysplasias  Autoimmune atrophic 
gastritis, MEN-ZES 

Enlarged micronodules >150 microns  
Adenomatous 
micronodules 

Collection(s) of at least five 
closely adherent 
micronodules, intervening 
BM only 

 

Fused micronodules Adenomatous nicronodules 
with no intervening BM 

 

Microinfiltrative lesions Infiltration of the lamina 
propria 

 

Carcinoids  Autoimmune atrophic 
gastritis, MEN-ZES 

Intramucosal Expansile/infiltrative 
nodules > 0.5 mm 

 

Invasive Any size tumor within 
submucosa 

 

BM, Basement membrane; ZET, Zollinger-Ellison syndrome; MEN-ZET, multiple endocrine neoplasia-
Zollinger-Ellison syndrome. 

Table 1. Classification of ECL-cell proliferations (originally from Solcia et al., 1995). 

Based on our clinical material, the authors of this chapter study the correlation between two 
types of chronic gastritis (superficial and deep) and  neuroendocrine cells such as 
Chromogranin A positive cells, D cells and EC cells, identified by immunohistochemical 
stains. The sex and antrum/oxyntic parts are taken into account in the quantitative analysis.  

3. Study of the neuroendocrine cell in chronic gastritis 
3.1 Material and methods 
The three types of primary antibodies has been applied: 
• Monoclonal Mouse Anti-Human Chromogranin A, clone DAK-A3, code M 0869 DAKO   
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• Monoclonal Mouse Anti-Serotonin, clone 5HT-H209, code M 0758 DAKO  
• Rabbit Polyclonal Anti-Human Somatostatin, code A0566 DAKO 
Density of the following types of the cells has been further evaluated: 
• Neuroendocrine cells (Chromogranin A positive cells) 
• EC cells (Serotonin positive cells) 
• D cells (Somatostatin positive cells) 
Patients from the Military Hospital in Warsaw in Poland suffering for stomach diseases 
from the 1999 to 2010 were selected.  
The slides used in further quantitative analysis should fulfil the following histological 
criteria: proper sections (automatic fixed paraffin sections, slide thickness from 3 to 5 
micrometers), the right technical quality of tissue samples and the correct histo- and 
immunohistochemical staining, lack of any mechanical injury or any artefact (fragmentation, 
hemorrhages). 
The morphometric evaluation of the specimens with the counting of the cell density in the 
field of view was performed using the acquired images of 400x magnification, at resolution 
of 768x576 pixels. Images were taken using Olympus BX50 microscope with the Olympus 
Camedia C-3030 camera and used for computer analysis.  In semi-quantitative part of the 
studies, human experts count the number of neuroendocrine cells per one gland in five 
selected fields of view in each specimen. 

3.2 Computerized image analysis 
In the last few years many computer programs for automation of quantitative analysis of 
microscopic specimen, based on the image processing, have been developed (Bartels et al., 
1996; Lezoray et al., 2000; Markiewicz et al., 2006, 2009b, 2010). In chronic gastritis the main 
task of computer automatization is the quantitative evaluation (recognition and counting) of 
the neuroendocrine cells. In last few years we proposed various approaches and programs 
used in the different types of the tissues and markers (Markiewicz et al., 2006, 2008, 2009) 
and our experience confirmed their accuracy. The developed programs used mainly the 
mathematical morphology operations, such as erosion, dilation, opening, closing or 
watershed method (Soille, 2003; Matlab, 2010). Counting neuroendocrine cells marked by 
the immunohistochemistry stains, such as chromogranin-A, serotonin, somatostatin or 
PCNA can be performed automatically by the program in a particular field of view. The 
automatization of these analyses can give an answer to the methods based on counting the 
cells in the field of view without taking into account any specific histological structures.  
For evaluation of the density of the neuroendocrine cells the authors designed the automatic 
program written in Matlab language. The correct recognition of the separated nuclei and 
reactivity of these cells is the main task in the appropriate evaluation of the distribution 
density of the selected stained endocrine cells. The primary antibodies used (Chromogranin 
A, Serotonin and Somatostatin) stains of cytoplasmic structures. In the correct stain the 
nuclei are blue and only cytoplasm in the immunopositive cell is brown. The problem of 
recognition can be solved by the following steps: extraction of the blue nuclei of the cells 
and their classification into two groups – immunopositive and immunonegative cells based 
on the neighbouring cytoplasm. However, usually in the field of view some cells are stained 
fully brown. This results from the fact that cutting plane of the tissue specimen may go 
through any possible cutting levels of the cell. Moreover, some cells in the slide are only 
viewed as a part of the cytoplasm. Additionally, the nuclei are sometimes covered by the 
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cytoplasm. According to this fact, the segmentation algorithm should posses two extraction 
lines: one for the cells with recognized blue nucleus and the second for recognition of the 
immunopositive cells without the blue nucleus.  
The input image for quantitative analysis is in the form of RGB standard file. The first step is 
the image standardization, which means the calculation of the average RGB values of the 
lighter area in the field of view and linearly transformed RGB values of all pixels in the 
image in such a way that the lighter area will be exactly white. This step eliminates the 
influence of the differences in the glass transparency, lighting and other unstable values.  
After standardization, the extraction of the blue nuclei as separate cells was performed. In 
the literature (Bartels et al., 1996; Lezoray et al., 2000; Markiewicz et al., 2006, 2008, 2009, 
2010b; Kayser et al., 2006) the basic method for solving this task is the threshold operation, 
which is defined as follows: (Soille, 2003) 

 [ ] ( )[ ] ( )
⎩
⎨
⎧ ≤≤

=
else0

0if1 2
,0 2

txf
xfT t  (1) 

were f(x) is the value of pixel of the image f in the x position and t2 is the threshold value. 
This operation was done on the greyscale images, received by means different from the 
colour image, with one threshold value. Generally, this is a very difficult task because the 
nuclei are stained at different intensity and selecting one threshold value for this operation 
is problematic, and for some images even not possible. 
In the papers (Markiewicz et al., 2008, 2009) the authors suggest a solution to this problem 
based on the threshold operation performed step by step with the increased threshold value. 
For the stomach specimen images we use the thresholding operation sequentially and apply 
an artificial neural network of Support Vector Machine (SVM) type (Vapnik, 1995; Schölkopf 
& Smola, 2002). The idea of this network is to create a hyperplane dividing the feature space 
of the input data into two separated parts with the maximum margin between them. In our 
case the input data are the pixels selected from the image.  The input vector is composed of 
three colour components in RGB standard. For learning phase these data are representative 
for three classes: blue nuclei, brown cytoplasm and light background. Because one network 
recognizes only two classes, we must build three SVM networks for recognizing pixels 
between all pairs of classes and then use the one-against-one strategy to find the winner 
(Schölkopf & Smola, 2002).  The learning data are manually selected from the sampled 
images and their quantity was 150 pixels per class. The output of the network is determined 
using the following formula:  

 bD T += xwx)(  (2) 

were w is the weight vector, x is the input vector and b is the bias. For learning process D(x) 
is defined as 1 for the first class and -1 for the alternative class in any pair of the classes. The 
learning of the network is understood as a task to find the optimal w and b values with the 
help of the quadratic programming with Lagrange multipliers kα  (Vapnik, 1995; Schölkopf 
& Smola, 2002). As a result of training we get: 
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cytoplasm. According to this fact, the segmentation algorithm should posses two extraction 
lines: one for the cells with recognized blue nucleus and the second for recognition of the 
immunopositive cells without the blue nucleus.  
The input image for quantitative analysis is in the form of RGB standard file. The first step is 
the image standardization, which means the calculation of the average RGB values of the 
lighter area in the field of view and linearly transformed RGB values of all pixels in the 
image in such a way that the lighter area will be exactly white. This step eliminates the 
influence of the differences in the glass transparency, lighting and other unstable values.  
After standardization, the extraction of the blue nuclei as separate cells was performed. In 
the literature (Bartels et al., 1996; Lezoray et al., 2000; Markiewicz et al., 2006, 2008, 2009, 
2010b; Kayser et al., 2006) the basic method for solving this task is the threshold operation, 
which is defined as follows: (Soille, 2003) 
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were f(x) is the value of pixel of the image f in the x position and t2 is the threshold value. 
This operation was done on the greyscale images, received by means different from the 
colour image, with one threshold value. Generally, this is a very difficult task because the 
nuclei are stained at different intensity and selecting one threshold value for this operation 
is problematic, and for some images even not possible. 
In the papers (Markiewicz et al., 2008, 2009) the authors suggest a solution to this problem 
based on the threshold operation performed step by step with the increased threshold value. 
For the stomach specimen images we use the thresholding operation sequentially and apply 
an artificial neural network of Support Vector Machine (SVM) type (Vapnik, 1995; Schölkopf 
& Smola, 2002). The idea of this network is to create a hyperplane dividing the feature space 
of the input data into two separated parts with the maximum margin between them. In our 
case the input data are the pixels selected from the image.  The input vector is composed of 
three colour components in RGB standard. For learning phase these data are representative 
for three classes: blue nuclei, brown cytoplasm and light background. Because one network 
recognizes only two classes, we must build three SVM networks for recognizing pixels 
between all pairs of classes and then use the one-against-one strategy to find the winner 
(Schölkopf & Smola, 2002).  The learning data are manually selected from the sampled 
images and their quantity was 150 pixels per class. The output of the network is determined 
using the following formula:  

 bD T += xwx)(  (2) 

were w is the weight vector, x is the input vector and b is the bias. For learning process D(x) 
is defined as 1 for the first class and -1 for the alternative class in any pair of the classes. The 
learning of the network is understood as a task to find the optimal w and b values with the 
help of the quadratic programming with Lagrange multipliers kα  (Vapnik, 1995; Schölkopf 
& Smola, 2002). As a result of training we get: 
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where dk is 1 or -1 and kα  is the nonzero Lagrange multiplier corresponding to the k-th 
training data. Usually most multipliers are zero and these data points do not influence the 
solution.  
After learning of the network the weights and bias are fixed. In the testing phase the input 
vectors represent the colour values of all pixels in the image. They are put to the SVM. It is 
evident that the output value D(x) will be different, depending on its relation to the 
respected class. For example, if the pixel is light blue, the D(x) signal of the SVM recognizing 
the nuclei will take 0<D(x)<1 values. For the dark blue pixels this value will be higher than 
1. Based on this relevance we use D(x) value as an indicator of the recognized class.  In the 
constructed algorithm we use sequential thresholding operation starting from the minimum 
D(x) value as a threshold. Then, this threshold is increased step by step until the maximum. 
In any step D(x) for the whole image is thresholded and the separated objects, whose area 
are in the selected range, are added to the mask of the recognized nuclei. The result of this 
process will be the mask of all blue nuclei for which the area is in the preselected range. This 
range is selected on the basis of some knowledge and the image resolution with some 
margin. This process is supported by the watershed operation for the bigger cells to divide 
them into two cells if there is a narrow space between the two or more parts of them. This 
will help in the case of the overlapping nuclei of the cells. 
The next step is the recognition of the immunopositive cells. This is performed with the use 
of the SVM and mathematical morphology operations such as closing and reconstruction. 
First, the brown cytoplasm is extracted by using the one-against-one strategy with three 
SVM networks. Next, all brown areas are closed by the structural element with the disk 
shape of the diameter of 7 pixels long. This operation outputs the mask of the brown 
cytoplasm with filled internal area of them. This filled area should be only on the internal 
side of the cytoplasm that is on the nuclei of the cell. If the immunopositive cell is touched 
with the other immunonegative cell, the second nucleus should not be selected. In practice, 
we can tolerance some errors in the case of overlapping.  
The last process of segmentation is the extraction of still unrecognized immunopositive cells 
without the distinct blue nuclei. They are created from a brown mask, received in the 
previous step of the algorithm. Any separated brown objects that did not possess the blue 
nucleus and lie in the selected range of the cell area are added to the set of the 
immunopositive cells after a watershed operation dividing the touched items.  
The final task is to count the cells according to their immunoreactivity classes. This is done 
in the form of simple counting of any separated objects in the masks of immunopositive and 
immunonegative cells, independently. Figure 5a presents a sample result of recognition in 
the Chromogranin stain. The immunopositive cells are marked “○”, the immunonegative 
“+”, in yellow and red colours respectively. The results for the serotonin and somatostatin 
stains of the same patient specimens are presented in Fig. 5b and c respectively. We 
evaluated more than 30 patients and the achieved accuracy was on the acceptable level. Less 
than 5% of the cells were unrecognized or misclassified. The developed program was 
written in Matlab language and tested with PC Centrino Duo 1.86 MHz, 2GB RAM. The 
result for one image is received in less than 1 minute. It is possible to correct the 
classification results of the cell manually by the intervention of a human expert. 
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c) 

Fig. 5. The result of cell recognition in chromogranin-A (a), serotonin (b) and somatostatin 
(c) stains. 
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Fig. 5. The result of cell recognition in chromogranin-A (a), serotonin (b) and somatostatin 
(c) stains. 
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Calculating the number of neuroendocrine cells per one gland of the gastritis mucosa is a 
more complex process. The system must recognize also separate glands, measure their 
shape and count cells according to this histological structures. Also, based on the 
computerized image processing, the selected aspects of histological evaluation of the gastric 
mucosa can be performed. That can be gland distribution in the mucosa, proportion 
between gland lumen and its size. To perform the gland extraction from the image, first the 
cell nuclei should be recognized based on the algorithm described before. The input stage is 
a binary mask composed of the immunonegative and immunopositive cells. Although the 
contours of gland cross-section are not visible (in particular as a continuous shape), the 
gland face cells created the composition of the linearly bordered objects with blue stained 
nuclei and sometimes brown stained cytoplasm (only immunopositive cells). In comparison 
with other cells, the gland face cells are located more closely to each other. In practice, only 
gland face cells created the convex structures in the image. To reconstruct the completed 
gland outlining, the spaces between these cells should be filled. This task can be 
accomplished with the help of the Hit-or-Miss transform (HMT) with anisothropic structure 
element (SE) of a 35 pixels line shape (Soille, 2003; Markiewicz et al., 2009a).  The based pixel 
of SE was a center point on the line shape, the SE foreground was formed by 3 last pixels at 
both ends; the rest of pixels of the line shape formed background. Because of the 
multipolarity and the gland contour in the image, and in the effect unconnected cell nuclei, 
the reconstruction process carried out by HMT should be performed in the series of SE 
rotation (every 5° in the scale from 0° to 175°).   
Also, this operation is repeated with 23 pixels SE for obtaining the full continuous gland 
shape. The results of the gland face reconstruction are presented in Fig. 6. Based on the area 
criteria only dominant objects composed of the gland lumen and cells surrounding them 
should be selected as a gland cross-section planes. The recognized glands can be also 
categorized based on the morphometrical criteria, mainly by their major and minor axis 
lengths. The details of this approach were presented in the paper by Markiewicz et al., 
2009a.  

3.3 Results of quantitative evaluation  
The evaluated specimens were taken from patients with the following diagnosis: 
• chronic gastritis (CHG) 
• chronic superficial gastritis (CHSG) 
The specimens were divided based on oligobiopsy anatomical region – prepyloric or oxyntic 
part of stomach. 
According to the statistical method for the ratio of immunopositive cell, the Chromogranin 
A, Serotonin and Somatostatin antibodies stain specimens should be evaluated. The images 
of them have been acquired in the manually selected regions, with the higher number of 
immunopositive cells in the center, mainly three per slide. As these cells are significanly 
more numerous in the Chromogranin A antibody stain, the regions were selected on the 
basis of this stain. In the Serotonin and Somatostatin stains we got images from too same 
regions. Based on the statistical results we found the threshold of the ratio of 
immunopositive cells for the selected antibody type. This threshold divided the set of 
patients into two groups. We evaluated the relation between this division and diagnosis 
(chronic gastritis and chronic superficial gastritis). Our suggestion on the dependence 
significance was based on the Fisher exact test (Fisher, 1922). If the returned p –value was   
 

 
The Role of Morphometry in Diagnostic of Chronic Gastritis 

 

105 

a) 

b) 

Fig. 6. The sample result of the gland cross-section plane recognition in the image.  

less than 0.05, it is justified to reject the null hypothesis on lack of statistical dependence. We 
signed these cases as positive. The cases with p –value less than 0.07 were signed as 
conditionally  positive with regard to restricted number of items in the data base.  
To same items were evaluated with cell divided into the glands of the gastric mucosa, as 
was defined.  The numbers of the positive cells in the recognized gland with respect to their 
cross-section were countered. The analysis was performed in five view fields. The returned 
value was calculated as the sum of the mean numbers of the positive cells in the four types 
of gland cross-section if they were present. Only glands with correct cutting plane were 
evaluated. If a field was fully packed with the cells in the gland light, this item was not 
useful for counting. They were divided into a set with a threshold value, similarly to the 
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A, Serotonin and Somatostatin antibodies stain specimens should be evaluated. The images 
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immunopositive cells in the center, mainly three per slide. As these cells are significanly 
more numerous in the Chromogranin A antibody stain, the regions were selected on the 
basis of this stain. In the Serotonin and Somatostatin stains we got images from too same 
regions. Based on the statistical results we found the threshold of the ratio of 
immunopositive cells for the selected antibody type. This threshold divided the set of 
patients into two groups. We evaluated the relation between this division and diagnosis 
(chronic gastritis and chronic superficial gastritis). Our suggestion on the dependence 
significance was based on the Fisher exact test (Fisher, 1922). If the returned p –value was   
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Fig. 6. The sample result of the gland cross-section plane recognition in the image.  
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previous manner. A difference between the number of items is the effect of the fact that 
some stains were too bad for automatic system but acceptable for human experts. We 
calculated the mean value for both examinations to illustrate scale of the difference in the 
cell density between types of the disease.     
The results for the whole neuroendocrine cells (Chromogranin-A positive cells) are 
presented in table 2. The ratio of the whole neuroendocrine cells in the field of view shows 
that the significant dependencies with the type of disease are when: 
 
 Ratio between NE and all cells [%] NE cell quantity calculated in the 

glands 
Type of 
specimen Type of 

disease
Threshold value 
and no of items 

Mean 
of 

ratio 

Median 
of ratio

Fisher 
test  

Threshold 
value and no 

of items 

Mean of 
cell 

number 

Fisher 
test 

All 
patients 
and both 
regions 

 < 5 % >= 5 %   p=0.0965
negative

< 5.1 >=5.1  p=0.0769 
negative CHSG 20 11 4.61 4.18 14 16 6.65 

CHG 17 22 5.12 5.04 10 30 8.94 

Only 
women, 
both 
regions  

 < 5 % >= 5 %   p=0.0105
positive

< 5.1 >=5.1  p=0.3175 
negative CHSG 12 5 4.58 4.27 8 9 7.55 

CHG 6 16 5.42 5.73 6 15 7.76 

Only 
men, both 
regions 

 <4.49% >=4.49%   p=1 
negative

< 6.4 >=6.4  p=0.1492 
negative CHSG 7 6 4.65 4.18 8 5 7.35 

CHG 10 9 4.79 3.88 6 13 10.24 
All 
patients, 
only 
prepy-
loric  

 < 5 % >= 5 %   p=0.6946
negative

< 9.6 >=9.6  p=0.4328 
negative CHSG 6 4 5.60 4.88 6 4 10.78 

CHG 8 10 5.26 5.0 7 11 12.29 

All 
patients, 
oxyntic 

 < 5.07 % >= 5.07 
%   p=0.0618

conditio
nally 
positive

< 5 >=5  p=0.0600 
condi-
tionally 
positive 

CHSG 16 5 4.14 4.18 12 8 4.58 
CHG 10 12 5 5.15 6 16 6.19 

Only 
women, 
prepyloric 

 < 5 % >= 5 %   p=0.6224
negative

< 7.8 >=7.8  p=0.3287 
negative CHSG 3 3 5.83 5.79 3 3 8.77 

CHG 3 6 5.03 5.00 2 7 10.68 
Only 
women, 
oxyntic  

 <5.07% >=5.07%   p=0.0033
positive

< 5.1 >=5.1  p=0.2203 
negative CHSG 10 2 3.96 3.71 7 4 4.66 

CHG 2 10 5.71 6.02 4 8 5.57 
Only 
men, 
prepyloric 

 < 4% >= 4%   p=0.5622
negative

<13.4 >=13.4  p=0.5638 
negative CHSG 3 1 5.25 3.89 3 1 13.8 

CHG 4 6 5.50 4.50 4 5 13.9 
Only 
men, 
oxyntic 

 <4.18% >=4.18%   p=0.3698
negative

< 5 >=5  p=0.0698 
condi-
tionally 
positive 

CHSG 3 6 4.39 4.73 6 3 4.48 

CHG 6 4 4.15 3.71 2 8 6.94 

 
Table 2. The dependence between the type of chronic gastritis and the neuroendocrine cells  
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• patient is a woman, both regions 
• region is oxyntic (conditionally) 
• patient is a woman and region is oxyntic 
However, the results of the Fisher test synonymously indicate, that only for women and 
oligobiopsy from oxyntic should be considered a significant dependence. The rest of the 
listed cases have the positive return of the test because they included them. The evaluation 
of the ratio of the neuroendocrine cells in the other cases has dubious diagnostic value or 
does not have it.  
Comparison of these results counted only in the glands epithelium of the gastric mucosa 
shows that there are significant differences. A conditionally positive relation was obtained 
in both evaluation methods only for oxyntic region and patient gender totally.  By the use of 
this type of examination of the specimens we received additional conditionally positive 
dependence for male patients and mucosa oligobiopsy from oxyntic part of the stomach. A 
significant dependence for female patients did not reach such  significance level as in the 
ratio method. However, some similar relations exist and this fact suggests that for the 
recognition of the type of gastritis diseases the ratio method is more adequate for this 
evaluation than the counting only in the glands epithelium of the gastric mucosa.       
The next results for the EC cells (serotonin positive cells) are presented in table 3. The ratio 
of the EC cells in the field of view shows that the significant dependencies with the type of 
disease are when: 
• patient is a woman, both regions 
• patient is a man, both regions 
• all patients and regions 
• patient is a woman and region is oxyntic 
However, the results of the Fisher test for all patients are not precise because there is a high 
inequality in the number of items in selected division. Additionally, there are significant 
differences in the level of the ratio between oligobiopsy region that influence the received 
results. Practically, only in the case of oxyntic region can we say that there are some disease 
dependencies, but patients must be divided in respect to their sex. For women oligobiopsy 
from oxyntic gastric mucosa can be considered as a significant dependence, for men it is not 
unequal. The results received on the set of gland shapes did not show any significant 
dependencies and for the recognition of the type of the disease they are not useful. 
The results for the last considered type of the cells D (somatostatin positive cells) are 
presented in table 4. The ratio of the D cells in the field of view shows that the significant 
dependencies with the type of disease are when: 
• patient is a woman, both regions 
• all patients and regions (conditionally) 
• patient is a woman and region is oxyntic 
The results of the Fisher test for all patients is conditionally positive and practically only 
woman can speak about dependence of the ratio of the cell D with the disease. 
Unfortunately, in our database we have too  small number of biopsies from the prepyloric 
for female patients (with correct somatostatin stain) to decide that this relation is for both 
regions. We can only think that a certain dependence is for woman patients and in the 
examination of the oxyntic region. We noted that for all types of staining the difference 
between median values for both diseases were near 100% of the level in the CHSG. This 
confirms well recognizable chronic gastritis and chronic superficial gastritis for this case.  
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previous manner. A difference between the number of items is the effect of the fact that 
some stains were too bad for automatic system but acceptable for human experts. We 
calculated the mean value for both examinations to illustrate scale of the difference in the 
cell density between types of the disease.     
The results for the whole neuroendocrine cells (Chromogranin-A positive cells) are 
presented in table 2. The ratio of the whole neuroendocrine cells in the field of view shows 
that the significant dependencies with the type of disease are when: 
 
 Ratio between NE and all cells [%] NE cell quantity calculated in the 

glands 
Type of 
specimen Type of 

disease
Threshold value 
and no of items 

Mean 
of 

ratio 

Median 
of ratio

Fisher 
test  

Threshold 
value and no 

of items 

Mean of 
cell 

number 

Fisher 
test 

All 
patients 
and both 
regions 

 < 5 % >= 5 %   p=0.0965
negative

< 5.1 >=5.1  p=0.0769 
negative CHSG 20 11 4.61 4.18 14 16 6.65 

CHG 17 22 5.12 5.04 10 30 8.94 

Only 
women, 
both 
regions  

 < 5 % >= 5 %   p=0.0105
positive

< 5.1 >=5.1  p=0.3175 
negative CHSG 12 5 4.58 4.27 8 9 7.55 

CHG 6 16 5.42 5.73 6 15 7.76 

Only 
men, both 
regions 

 <4.49% >=4.49%   p=1 
negative

< 6.4 >=6.4  p=0.1492 
negative CHSG 7 6 4.65 4.18 8 5 7.35 

CHG 10 9 4.79 3.88 6 13 10.24 
All 
patients, 
only 
prepy-
loric  

 < 5 % >= 5 %   p=0.6946
negative

< 9.6 >=9.6  p=0.4328 
negative CHSG 6 4 5.60 4.88 6 4 10.78 

CHG 8 10 5.26 5.0 7 11 12.29 

All 
patients, 
oxyntic 

 < 5.07 % >= 5.07 
%   p=0.0618

conditio
nally 
positive

< 5 >=5  p=0.0600 
condi-
tionally 
positive 

CHSG 16 5 4.14 4.18 12 8 4.58 
CHG 10 12 5 5.15 6 16 6.19 

Only 
women, 
prepyloric 

 < 5 % >= 5 %   p=0.6224
negative

< 7.8 >=7.8  p=0.3287 
negative CHSG 3 3 5.83 5.79 3 3 8.77 

CHG 3 6 5.03 5.00 2 7 10.68 
Only 
women, 
oxyntic  

 <5.07% >=5.07%   p=0.0033
positive

< 5.1 >=5.1  p=0.2203 
negative CHSG 10 2 3.96 3.71 7 4 4.66 

CHG 2 10 5.71 6.02 4 8 5.57 
Only 
men, 
prepyloric 

 < 4% >= 4%   p=0.5622
negative

<13.4 >=13.4  p=0.5638 
negative CHSG 3 1 5.25 3.89 3 1 13.8 

CHG 4 6 5.50 4.50 4 5 13.9 
Only 
men, 
oxyntic 

 <4.18% >=4.18%   p=0.3698
negative

< 5 >=5  p=0.0698 
condi-
tionally 
positive 

CHSG 3 6 4.39 4.73 6 3 4.48 

CHG 6 4 4.15 3.71 2 8 6.94 

 
Table 2. The dependence between the type of chronic gastritis and the neuroendocrine cells  
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• patient is a woman, both regions 
• region is oxyntic (conditionally) 
• patient is a woman and region is oxyntic 
However, the results of the Fisher test synonymously indicate, that only for women and 
oligobiopsy from oxyntic should be considered a significant dependence. The rest of the 
listed cases have the positive return of the test because they included them. The evaluation 
of the ratio of the neuroendocrine cells in the other cases has dubious diagnostic value or 
does not have it.  
Comparison of these results counted only in the glands epithelium of the gastric mucosa 
shows that there are significant differences. A conditionally positive relation was obtained 
in both evaluation methods only for oxyntic region and patient gender totally.  By the use of 
this type of examination of the specimens we received additional conditionally positive 
dependence for male patients and mucosa oligobiopsy from oxyntic part of the stomach. A 
significant dependence for female patients did not reach such  significance level as in the 
ratio method. However, some similar relations exist and this fact suggests that for the 
recognition of the type of gastritis diseases the ratio method is more adequate for this 
evaluation than the counting only in the glands epithelium of the gastric mucosa.       
The next results for the EC cells (serotonin positive cells) are presented in table 3. The ratio 
of the EC cells in the field of view shows that the significant dependencies with the type of 
disease are when: 
• patient is a woman, both regions 
• patient is a man, both regions 
• all patients and regions 
• patient is a woman and region is oxyntic 
However, the results of the Fisher test for all patients are not precise because there is a high 
inequality in the number of items in selected division. Additionally, there are significant 
differences in the level of the ratio between oligobiopsy region that influence the received 
results. Practically, only in the case of oxyntic region can we say that there are some disease 
dependencies, but patients must be divided in respect to their sex. For women oligobiopsy 
from oxyntic gastric mucosa can be considered as a significant dependence, for men it is not 
unequal. The results received on the set of gland shapes did not show any significant 
dependencies and for the recognition of the type of the disease they are not useful. 
The results for the last considered type of the cells D (somatostatin positive cells) are 
presented in table 4. The ratio of the D cells in the field of view shows that the significant 
dependencies with the type of disease are when: 
• patient is a woman, both regions 
• all patients and regions (conditionally) 
• patient is a woman and region is oxyntic 
The results of the Fisher test for all patients is conditionally positive and practically only 
woman can speak about dependence of the ratio of the cell D with the disease. 
Unfortunately, in our database we have too  small number of biopsies from the prepyloric 
for female patients (with correct somatostatin stain) to decide that this relation is for both 
regions. We can only think that a certain dependence is for woman patients and in the 
examination of the oxyntic region. We noted that for all types of staining the difference 
between median values for both diseases were near 100% of the level in the CHSG. This 
confirms well recognizable chronic gastritis and chronic superficial gastritis for this case.  
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Ratio between EC and all cells [%] EC cell quantity calculated in the 

glands 

Type of 
specimen Type of 

diseases
Threshold value 
and no of items 

Mean 
of ratio

Median 
of ratio 

Fisher 
test 

Threshold 
value and no 

of items 

Mean of 
cell 

number 

Fisher 
test 

All 
patients 
and both 
regions 

 < 0.4 % >= 0.4 %   
p=0.0060
positive

< 3 >=3  p= 
0.4533 

negative 
CHSG 17 17 0.83 0.60 13 15 3.58 

CHG 1 31 1.00 0.80 14 25 5.06 

Only 
women, 
both 
region s 

 < 0.4 % >= 0.4 %   
p=0.0424
positive

< 3 >=3  p= 
0.3208 

negative 
CHSG 10 8 0.82 0.38 8 7 3.44 

CHG 4 16 0.8 0.70 7 13 3.89 

Only 
men, both 
regions 

 < 1 % >= 1%   
p=0.0325
positive

< 3 >=3  
p=1 

negative CHSG 9 4 0.86 0.70 5 8 3.76 
CHG 5 13 1.23 1.26 7 12 3.62 

All 
patients, 
only 
prepyloric  

 < 1 % >= 1 %   
p=0.4153
negative

< 4 >=4  p= 
0.6828 

negative 
CHSG 5 5 1.38 1.11 5 4 5.91 

CHG 5 12 1.29 1.37 7 10 5.03 

All 
patients, 
oxyntic 

 < 0.4 % >= 0.4 %   
p=0.1180
negative

< 3 >=3  p= 
0.5308 

negative 
CHSG 12 9 0.58 0.39 12 7 2.49 
CHG 6 15 0.77 0.68 11 11 2.78 

Only 
women, 
prepyloric 

 < 1.5 % >= 1.5 %   
p=0.5805
negative

< 4 >=4  p= 
0.2929 

negative 
CHSG 3 3 1.52 1.31 3 2 5.69 
CHG 6 2 1.17 1.12 2 6 5.94 

Only 
women, 
oxyntic  

 < 0.4 % >= 0.4 %   
p=0.0391
positive

< 3 >=3  p= 
0.3811 

negative 
CHSG 9 3 0.47 0.37 8 2 2.31 
CHG 3 9 0.55 0.60 7 5 2.53 

Only 
men, 
prepyloric 

 < 1 % >= 1 %   
p=0.2028
negative

<3 >=3  
p=1 

negative CHSG 2 2 1.17 1.11 1 3 6.20 
CHG 1 8 1.40 1.37 3 6 4.23 

Only 
men, 
oxyntic 

 < 1 % >= 1 %   
p=0.3349
negative

< 5 >=5  
p=1 

negative CHSG 7 2 0.72 0.60 4 5 2.68 
CHG 4 5 1.05 1.11 4 6 3.07 

Table 3. The dependence between the type of chronic gastritis and the EC cells 

Based on the results of morphometry of the neuroendocrine cells with recognition of the 
gland cross-section shape, the analysis of the correlation between the used measurements 
and quantity of the cells in one specific gland shape can be performed. Probably, the 
evaluation of the neuroendocrine cells in short ellipse-shape or long ellipse-shape glands 
will be representative for the whole population of the cells in a specimen. The analysis of 
this linear correlation gives the r coefficient equalled 0.726 and 0.809 for the short and long  
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Ratio between D and all cells D cell quantity calculated in the 

glands 

Type of 
specimen Type of 

diseases
Threshold value 
and no of items 

Mean 
of 

ratio

Median 
of ratio 

Fisher 
test 

Threshold 
value and no 

of items 

Mean 
of cell 

nr 

Fisher 
test 

All 
patients 
and both 
regions 

 < 1.2 % >= 1.2%   p=0.0674
conditio

nally 
positive

< 3.1 >=3.1  p= 
0.0876 

negative 
CHSG 18 9 1.14 0.95 21 9 3.09 

CHG 13 19 1.51 1.33 19 21 3.50 

Only 
women, 
both 
regions  

 < 0.83% >= 0.83%   
p=0.0155
positive

< 2.1 >=2.1  p= 
0.0873 

negative 
CHSG 12 3 0.97 0.80 8 9 3.12 

CHG 6 11 1.41 1.35 4 17 3.53 

Only 
men, both 
regions 

 < 1 % >= 1%   
p=0.7063
negative

< 3.1 >=3.1  p= 
0.0751 

negative 
CHSG 5 7 1.37 1.21 10 3 3.04 
CHG 5 10 1.63 1.20 8 11 3.47 

All 
patients, 
only 
prepyloric  

 < 1 % >= 1 %   
p=0.4153
negative

< 3.1 >=3.1  p= 
0.0410 

positive 
CHSG 5 5 1.38 1.11 4 6 3.92 

CHG 5 12 1.29 1.37 1 17 4.80 

All 
patients, 
oxyntic 

 < 0.92 % >= 0.92 %   
p=0.2049
negative

< 2.1 >=2.1  p= 
0.5335 

negative 
CHSG 12 7 0.96 0.80 10 10 2.67 
CHG 8 12 1.16 1.00 8 14 2.44 

Only 
women, 
prepyloric 

 < 2.1 % >= 2.1 %   
p=0.1738
negative

< 4.4 >=4.4  p= 
0.6084 

negative 
CHSG 5 0 1.63 1.96 2 4 3.77 
CHG 2 3 2.17 2.36 5 4 4.15 

Only 
women, 
oxyntic  

 < 0.83 % >= 0.83 %   
p=0.0427
positive

< 2.1 >=2.1  p= 
0.4136 

negative 
CHSG 8 2 0.62 0.55 6 5 2.76 
CHG 4 8 1.09 1.12 4 8 2.37 

Only 
men, 
prepyloric 

 < 1.68 % >= 1.68 %   
p=0.5012
negative

<3.1 >=3.1  p= 
0.0769 

negative 
CHSG 2 1 1.47 1.52 2 2 4.15 
CHG 2 5 2.03 1.83 0 9 4.53 

Only 
men, 
oxyntic 

 < 1 % >= 1 %   
p= 1 

negative

< 3 >=3  
p=1 

negative CHSG 4 5 1.33 1.12 4 5 2.55 
CHG 4 4 1.27 1.00 5 5 2.51 

Table 4. The dependence between the type of chronic gastritis and the D cells 

ellipse-shapes respectively. Statistically, both correlations are significant (p-value less than 
0.05) with R2 equals 0.73 and 0.81 and F-statistic equals 73 and 110. The graphical 
illustrations of this correlations are presented in Fig. 7a and b. 
The presented results suggest that it is possible to perform an appropriate evaluation of the 
neuroendoctine cell quantity in the gastric mucosa taking into account only one type of the 
gland cross-section shape. The most representative aspect for this evaluation is a long ellipse 
shape of the glands. 
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Ratio between EC and all cells [%] EC cell quantity calculated in the 

glands 

Type of 
specimen Type of 

diseases
Threshold value 
and no of items 

Mean 
of ratio

Median 
of ratio 

Fisher 
test 

Threshold 
value and no 

of items 

Mean of 
cell 

number 

Fisher 
test 

All 
patients 
and both 
regions 

 < 0.4 % >= 0.4 %   
p=0.0060
positive

< 3 >=3  p= 
0.4533 

negative 
CHSG 17 17 0.83 0.60 13 15 3.58 

CHG 1 31 1.00 0.80 14 25 5.06 

Only 
women, 
both 
region s 

 < 0.4 % >= 0.4 %   
p=0.0424
positive

< 3 >=3  p= 
0.3208 

negative 
CHSG 10 8 0.82 0.38 8 7 3.44 

CHG 4 16 0.8 0.70 7 13 3.89 

Only 
men, both 
regions 

 < 1 % >= 1%   
p=0.0325
positive

< 3 >=3  
p=1 

negative CHSG 9 4 0.86 0.70 5 8 3.76 
CHG 5 13 1.23 1.26 7 12 3.62 

All 
patients, 
only 
prepyloric  

 < 1 % >= 1 %   
p=0.4153
negative

< 4 >=4  p= 
0.6828 

negative 
CHSG 5 5 1.38 1.11 5 4 5.91 

CHG 5 12 1.29 1.37 7 10 5.03 

All 
patients, 
oxyntic 

 < 0.4 % >= 0.4 %   
p=0.1180
negative

< 3 >=3  p= 
0.5308 

negative 
CHSG 12 9 0.58 0.39 12 7 2.49 
CHG 6 15 0.77 0.68 11 11 2.78 

Only 
women, 
prepyloric 

 < 1.5 % >= 1.5 %   
p=0.5805
negative

< 4 >=4  p= 
0.2929 

negative 
CHSG 3 3 1.52 1.31 3 2 5.69 
CHG 6 2 1.17 1.12 2 6 5.94 

Only 
women, 
oxyntic  

 < 0.4 % >= 0.4 %   
p=0.0391
positive

< 3 >=3  p= 
0.3811 

negative 
CHSG 9 3 0.47 0.37 8 2 2.31 
CHG 3 9 0.55 0.60 7 5 2.53 

Only 
men, 
prepyloric 

 < 1 % >= 1 %   
p=0.2028
negative

<3 >=3  
p=1 

negative CHSG 2 2 1.17 1.11 1 3 6.20 
CHG 1 8 1.40 1.37 3 6 4.23 

Only 
men, 
oxyntic 

 < 1 % >= 1 %   
p=0.3349
negative

< 5 >=5  
p=1 

negative CHSG 7 2 0.72 0.60 4 5 2.68 
CHG 4 5 1.05 1.11 4 6 3.07 

Table 3. The dependence between the type of chronic gastritis and the EC cells 

Based on the results of morphometry of the neuroendocrine cells with recognition of the 
gland cross-section shape, the analysis of the correlation between the used measurements 
and quantity of the cells in one specific gland shape can be performed. Probably, the 
evaluation of the neuroendocrine cells in short ellipse-shape or long ellipse-shape glands 
will be representative for the whole population of the cells in a specimen. The analysis of 
this linear correlation gives the r coefficient equalled 0.726 and 0.809 for the short and long  
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Ratio between D and all cells D cell quantity calculated in the 

glands 

Type of 
specimen Type of 

diseases
Threshold value 
and no of items 

Mean 
of 

ratio

Median 
of ratio 

Fisher 
test 

Threshold 
value and no 

of items 

Mean 
of cell 

nr 

Fisher 
test 

All 
patients 
and both 
regions 

 < 1.2 % >= 1.2%   p=0.0674
conditio

nally 
positive

< 3.1 >=3.1  p= 
0.0876 

negative 
CHSG 18 9 1.14 0.95 21 9 3.09 

CHG 13 19 1.51 1.33 19 21 3.50 

Only 
women, 
both 
regions  

 < 0.83% >= 0.83%   
p=0.0155
positive

< 2.1 >=2.1  p= 
0.0873 

negative 
CHSG 12 3 0.97 0.80 8 9 3.12 

CHG 6 11 1.41 1.35 4 17 3.53 

Only 
men, both 
regions 

 < 1 % >= 1%   
p=0.7063
negative

< 3.1 >=3.1  p= 
0.0751 

negative 
CHSG 5 7 1.37 1.21 10 3 3.04 
CHG 5 10 1.63 1.20 8 11 3.47 

All 
patients, 
only 
prepyloric  

 < 1 % >= 1 %   
p=0.4153
negative

< 3.1 >=3.1  p= 
0.0410 

positive 
CHSG 5 5 1.38 1.11 4 6 3.92 

CHG 5 12 1.29 1.37 1 17 4.80 

All 
patients, 
oxyntic 

 < 0.92 % >= 0.92 %   
p=0.2049
negative

< 2.1 >=2.1  p= 
0.5335 

negative 
CHSG 12 7 0.96 0.80 10 10 2.67 
CHG 8 12 1.16 1.00 8 14 2.44 

Only 
women, 
prepyloric 

 < 2.1 % >= 2.1 %   
p=0.1738
negative

< 4.4 >=4.4  p= 
0.6084 

negative 
CHSG 5 0 1.63 1.96 2 4 3.77 
CHG 2 3 2.17 2.36 5 4 4.15 

Only 
women, 
oxyntic  

 < 0.83 % >= 0.83 %   
p=0.0427
positive

< 2.1 >=2.1  p= 
0.4136 

negative 
CHSG 8 2 0.62 0.55 6 5 2.76 
CHG 4 8 1.09 1.12 4 8 2.37 

Only 
men, 
prepyloric 

 < 1.68 % >= 1.68 %   
p=0.5012
negative

<3.1 >=3.1  p= 
0.0769 

negative 
CHSG 2 1 1.47 1.52 2 2 4.15 
CHG 2 5 2.03 1.83 0 9 4.53 

Only 
men, 
oxyntic 

 < 1 % >= 1 %   
p= 1 

negative

< 3 >=3  
p=1 

negative CHSG 4 5 1.33 1.12 4 5 2.55 
CHG 4 4 1.27 1.00 5 5 2.51 

Table 4. The dependence between the type of chronic gastritis and the D cells 

ellipse-shapes respectively. Statistically, both correlations are significant (p-value less than 
0.05) with R2 equals 0.73 and 0.81 and F-statistic equals 73 and 110. The graphical 
illustrations of this correlations are presented in Fig. 7a and b. 
The presented results suggest that it is possible to perform an appropriate evaluation of the 
neuroendoctine cell quantity in the gastric mucosa taking into account only one type of the 
gland cross-section shape. The most representative aspect for this evaluation is a long ellipse 
shape of the glands. 
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a) 

 
b) 

 
Fig. 7. Correlations between number of the neuroendocrine cells in the a) short ellipse-shape 
glands, or b) long ellipse-shape glands and the total number of cells in the specimen. 

4. Conclusion 
The presented results deal with statistical results of the density of the neuroendocrine cells 
in the gastric chronic diseases. The two used methods reflect some significant dependencies 
and possibilities of using them in the medical diagnosis. They confirm the dependence of 
the density of the neuroendocrine cells such as D, EC or ECL on the type of gastric disease, 
referred to in the previous researches. We received significant differences in the results of 
the used counting methods in dependence on sex of patient and oligobiopsy region. As far 
as recognition of type of chronic gastric diseases is concerned, we found the most significant 
dependence in the total neuroendocrine cells in female patients and oligobiopsy from the 
oxyntic part of the stomach. The Fisher test value for this case was p=0.0033 in the counting 
of all the cells in the field of view. For the EC and D cells this value was p= 0.0391 and 
p=0.0427 respectively. The other positive dependence received for the other groups of 
patients were negative or if there were positive, the evaluated group included women 
patients with oxyntic oligobiopsy specimens. We think that the positive test values in these 
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cases (indicating possible recognition of disease type) were caused only by the cases of 
women oxyntic specimens. This fact confirmed the negative recognition results received for 
the other types of specimens included in this evaluated group.  
For the semi-quantitative method, based on the cell counting only in glandular epithelium 
of the stomach, the received results confirmed the significant dependence between number 
of the positive cells and type of gastritis only for D cells in the women oxyntic specimens. 
Additionally, very interesting results were obtained as regards counting all neuroendocrine 
cells in men oxyntic specimens. Contrary to the statistical counting, in this method we 
received conditionally positive test value p=0.0698. This dependence should be verified on 
the high number of patients. 
The presented algorithm for computerized image analysis combines the mathematical 
morphology operations with artificial neural network of SVM type for evaluation of the 
ratio of the positive cells in the field of view. It can be helpful for researches in checking the 
endocrine cells in gastric disease and can be easily adapted to the other cytoplasm 
immunohistoreactivity stains. In difference to the other approaches, it imitates the human 
view strategy in recognition of the separated nuclei of the cells. The received accuracy is on 
good level and fully repeatable. In the case where we cannot use this method, the other 
solution is the use of semi-quantitative method with counting made manually by human 
experts. However, this evaluation is restricted to only few cases with a less precise method 
than the automatic one. 
In the literature other approaches to counting neuroendocrine cell, based on grid graph, can 
be found (Ozkan et al., 2007). In such methods a randomly oriented parallel line-and-dot 
graph (grid) is superimposed on the analyzed image. The positive cells (marks in nuclear or 
cytoplasm staining) and negative cells coinciding with the dots on the grid 
are counted. This approach is oriented more on the statistics rather than on real cell 
recognition and in our opinion includes higher risk of counting error than full cell 
recognition process. 
The most significant dependence between the ratio of the positive cells and type of the 
gastritis was in the total neuroendocrine cells in female patients and oligobiopsy from the 
oxyntic part of the stomach. Similar relations were found in the EC and D types of the cells. 
In the other type of specimens significant relations, useful for disease types recognition, 
were not confirmed. In the semi-quantitative evaluation performed by the human expert the 
diseases recognizable in female patients and oligobiopsy from the oxyntic part of the 
stomach were confirmed only in D cell counting. The ratio method is more effective for the 
recognition of the type of the disease than semi-quantitative evaluation.  
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Fig. 7. Correlations between number of the neuroendocrine cells in the a) short ellipse-shape 
glands, or b) long ellipse-shape glands and the total number of cells in the specimen. 

4. Conclusion 
The presented results deal with statistical results of the density of the neuroendocrine cells 
in the gastric chronic diseases. The two used methods reflect some significant dependencies 
and possibilities of using them in the medical diagnosis. They confirm the dependence of 
the density of the neuroendocrine cells such as D, EC or ECL on the type of gastric disease, 
referred to in the previous researches. We received significant differences in the results of 
the used counting methods in dependence on sex of patient and oligobiopsy region. As far 
as recognition of type of chronic gastric diseases is concerned, we found the most significant 
dependence in the total neuroendocrine cells in female patients and oligobiopsy from the 
oxyntic part of the stomach. The Fisher test value for this case was p=0.0033 in the counting 
of all the cells in the field of view. For the EC and D cells this value was p= 0.0391 and 
p=0.0427 respectively. The other positive dependence received for the other groups of 
patients were negative or if there were positive, the evaluated group included women 
patients with oxyntic oligobiopsy specimens. We think that the positive test values in these 
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cases (indicating possible recognition of disease type) were caused only by the cases of 
women oxyntic specimens. This fact confirmed the negative recognition results received for 
the other types of specimens included in this evaluated group.  
For the semi-quantitative method, based on the cell counting only in glandular epithelium 
of the stomach, the received results confirmed the significant dependence between number 
of the positive cells and type of gastritis only for D cells in the women oxyntic specimens. 
Additionally, very interesting results were obtained as regards counting all neuroendocrine 
cells in men oxyntic specimens. Contrary to the statistical counting, in this method we 
received conditionally positive test value p=0.0698. This dependence should be verified on 
the high number of patients. 
The presented algorithm for computerized image analysis combines the mathematical 
morphology operations with artificial neural network of SVM type for evaluation of the 
ratio of the positive cells in the field of view. It can be helpful for researches in checking the 
endocrine cells in gastric disease and can be easily adapted to the other cytoplasm 
immunohistoreactivity stains. In difference to the other approaches, it imitates the human 
view strategy in recognition of the separated nuclei of the cells. The received accuracy is on 
good level and fully repeatable. In the case where we cannot use this method, the other 
solution is the use of semi-quantitative method with counting made manually by human 
experts. However, this evaluation is restricted to only few cases with a less precise method 
than the automatic one. 
In the literature other approaches to counting neuroendocrine cell, based on grid graph, can 
be found (Ozkan et al., 2007). In such methods a randomly oriented parallel line-and-dot 
graph (grid) is superimposed on the analyzed image. The positive cells (marks in nuclear or 
cytoplasm staining) and negative cells coinciding with the dots on the grid 
are counted. This approach is oriented more on the statistics rather than on real cell 
recognition and in our opinion includes higher risk of counting error than full cell 
recognition process. 
The most significant dependence between the ratio of the positive cells and type of the 
gastritis was in the total neuroendocrine cells in female patients and oligobiopsy from the 
oxyntic part of the stomach. Similar relations were found in the EC and D types of the cells. 
In the other type of specimens significant relations, useful for disease types recognition, 
were not confirmed. In the semi-quantitative evaluation performed by the human expert the 
diseases recognizable in female patients and oligobiopsy from the oxyntic part of the 
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1. Introduction 
Gastritis is an inflammation of the mucosa of the stomach, and has many etiologies. Gastritis 
can be classified as being acute or chronic. For the purpose of this chapter, we will focus 
only on chronic gastritis due to its relevance to gastric cancer. Among the causes of chronic 
gastritis are chronic bile reflux, stress, certain autoimmune disorders and bacterial infection, 
primarily Helicobacter pylori. Since 1870, both human and veterinary pathologists have 
described the presence of tiny curved bacteria within gastric mucosa, but the organisms 
were dismissed as irrelevant contaminants (1, 2). In 1947, when gastroscopy was first being 
used, Rudolf Schindler deemed gastritis as “one of the most debated diseases of the human 
body” and predicted that its significance would be discussed “for some time to come” (3). 
Schindler himself claimed that the “bacteriological etiology of chronic gastritis has not been 
convincingly proved in a single case” (3). In 1984, Warren and Marshall proposed that 
chronic “idiopathic” gastritis had a bacterial cause (i.e., H. pylori) (4). Their hypothesis was 
met with great skepticism. However, within a few years, the association between H. pylori 
gastritis, peptic ulcer, and gastric cancer came to be acknowledged and ultimately accepted 
(4). Subsequently, accurate morphological data were gathered by pathologic examination of 
autopsy material (5) and, later, of endoscopic biopsy specimens. As a result, distinct types 
and patterns of gastritis were recognized, which led to the conception, presentation, 
dismissal, and replacement of many different classification systems. 

2. Histological classification and grading of gastritis 
For the purpose of this chapter we decided to divided chronic gastritis in into two main 
categories, namely non-atrophic and atrophic gastritis (6). The main purpose of this 
classification is to individualize high-risk gastritis subgroup that subsequently might 
develop to gastric cancer. In the gastric mucosa, atrophy is defined as the loss of appropriate 
glands. Atrophic gastritis, resulting mainly from long-standing H. pylori infection, and is a 
major risk factor for the onset of gastric cancer. The extent and site of the atrophic changes 
significantly correlate with cancer risk (6, 7). 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 the normal mucosa into an intestinal type of mucosa (i.e. intestinal 
metaplasia) (8). The first can be assessed with the new Operative Link for Gastritis 
Assessment (OLGA) staging system for atrophy risk assessment (9) which ranks the risk of 
gastric cancer according to the extension and severity of gastric atrophy (Fig. 1 and Table 1).  
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gastric cancer according to the extension and severity of gastric atrophy (Fig. 1 and Table 1).  
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Fig. 1. Atrophy is the loss of appropriate glands. (A; H&E 10x) Antral gastric mucosa with 
accentuated atrophy because replacement by extensive intestinal metaplasia. (B; H&E 10x; 
square 20x) Fundic-corporal gastric mucosa with extensive loss of gastric glands, partially 
replaced by pseudo-pyloric metaplasia. 
 
 

 
No atrophy (0%) = score 0; mild atrophy (1–30%) = score 1 ; moderate atrophy (31–60%) = score 2; 9 
severe atrophy (>60%) = score 3. These scores (0–3) are used in the OLGA staging assessment in each 10 
compartment. Taken from Rugge et al., Dig Liver Dis 2011;43:S373-84 with permission of Elsevier. 

Table 1. The OLGA staging frame. Atrophy is scored as the percentage of atrophic glands 
and scored on a four-tiered scale.  

Cross-sectional and long-term follow-up trials conducted in various epidemiologic settings 
have consistently associated OLGA stages III and IV with a higher risk of gastric cancer vs. 
low-risk OLGA stages [ie, stages 0, I, and II]) (6). The latter can be assessed based on 
whether the metaplastic epithelium phenotype resembles large bowel epithelia (colonic-type 
intestinal metaplasia) or the small intestinal mucosa (6, 10, 11). This classification was made 
by determining the histochemical phenotype of intestinal metaplasia (IM) using high-iron 
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diamine stain. Cross-sectional descriptive studies and follow-up trials have consistently 
supported a strong association between OLGA stages and IM histochemical phenotypes, 
where IM of small intestinal type (type I) significantly prevailed in low-risk atrophic stages 
and high-risk OLGA stages were associated with IM of types II and III (6). Accordingly, 
epidemiological studies have shown that degree of severity for non-metaplastic atrophy 
influences the prevalence of IM and that the severity of IM influences the prevalence of 
dysplasia (12). These results support the concept that IM and dysplasia are linked in a 
sequential cause-effect relationship and confirm a proposed model for the pathogenesis of 
gastric cancer (11). However, risk assessment for gastric cancer development has not been 
well defined for other premalignant conditions (13). 

3. Genetics bases of gastritis  
The seminal proposal of a genetic model for tumorigenesis by Fearon & Vogelstein (14) and, 
more recently, the categorization of different cancers types into six physiological groups 
proposed by Hanahan & Weinberg (15) provide a theoretical framework for understanding 
the genetic and epigenetic bases of gastritis as well as premalignant conditions of gastric 
cancer. Thus, gastritis, and gastric cancer premalignant conditions should be understood as 
a disturbance in the balance between tumor suppressor genes and oncogenes. p53 gene (16) 
and the c-erbB2 oncogene (17, 18) were the first tumor suppressor gene and oncogene to be 
identified in gastric cancer, respectively. From these reports, a growing number of genes 
have been identified (19). However, different studies have shown that mutation and/or 
deletion is an infrequent mechanism of inactivating well stablished tumor suppressor genes 
such as E-cadherin (20, 21). Similarly, loss of heterozygosity (LOH) and microsatellite 
instability (MSI) have been frequently found in gastric cancer (19, 22, 23). However, 
mutations of the DNA mismatch repair genes, hMSH2 and hMLH1, responsible for LOH 
and MSI, are not frequently encountered (19, 24). Taken together, these observations suggest 
that genetic alterations do not completely explain the accumulation of genetic damage 
observed in gastric cancer and premalignant conditions. In this scenario, the recent 
inactivation of tumor suppressor genes by a novel epigenetic mechanisms, DNA 
methylation, has been proposed as an alternative mechanism to mutation and/or deletions 
(25). The best-documented inactivation by DNA methylation in gastric cancer is the 
silencing of DNA mismatch repair genes hMSH2 and hMLH1 (26). This inactivation is 
responsible for the development of the majority of MSI-related gastric cancers. As such, this 
inactivation leads to subsequent mutations in simple repetitive sequences within genes that 
are critical to the neoplastic process (23).  

4. Epigenetic bases of gastritis 
Epigenetic processes control the packaging and function of the human genome and 
contribute to normal development and disease (27). Epigenetic mechanisms such as DNA 
methylation, histone modifications and microRNAs (28) virtually affects all of the pathways 
in the cellular network, such as DNA repair, cell cycle, and apoptosis (25). DNA 
methylation, a process in which cytosines acquire a methyl group in 5' position only if they 
are followed by a guanine (CpG site) (28) is an early event in carcinogenesis (29-31). In 
addition, DNA metylation has been recently considered as an excellent candidate to explain 



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

116 

 

 
 

Fig. 1. Atrophy is the loss of appropriate glands. (A; H&E 10x) Antral gastric mucosa with 
accentuated atrophy because replacement by extensive intestinal metaplasia. (B; H&E 10x; 
square 20x) Fundic-corporal gastric mucosa with extensive loss of gastric glands, partially 
replaced by pseudo-pyloric metaplasia. 
 
 

 
No atrophy (0%) = score 0; mild atrophy (1–30%) = score 1 ; moderate atrophy (31–60%) = score 2; 9 
severe atrophy (>60%) = score 3. These scores (0–3) are used in the OLGA staging assessment in each 10 
compartment. Taken from Rugge et al., Dig Liver Dis 2011;43:S373-84 with permission of Elsevier. 

Table 1. The OLGA staging frame. Atrophy is scored as the percentage of atrophic glands 
and scored on a four-tiered scale.  

Cross-sectional and long-term follow-up trials conducted in various epidemiologic settings 
have consistently associated OLGA stages III and IV with a higher risk of gastric cancer vs. 
low-risk OLGA stages [ie, stages 0, I, and II]) (6). The latter can be assessed based on 
whether the metaplastic epithelium phenotype resembles large bowel epithelia (colonic-type 
intestinal metaplasia) or the small intestinal mucosa (6, 10, 11). This classification was made 
by determining the histochemical phenotype of intestinal metaplasia (IM) using high-iron 

 
Molecular Pathology of Gastritis 

 

117 

diamine stain. Cross-sectional descriptive studies and follow-up trials have consistently 
supported a strong association between OLGA stages and IM histochemical phenotypes, 
where IM of small intestinal type (type I) significantly prevailed in low-risk atrophic stages 
and high-risk OLGA stages were associated with IM of types II and III (6). Accordingly, 
epidemiological studies have shown that degree of severity for non-metaplastic atrophy 
influences the prevalence of IM and that the severity of IM influences the prevalence of 
dysplasia (12). These results support the concept that IM and dysplasia are linked in a 
sequential cause-effect relationship and confirm a proposed model for the pathogenesis of 
gastric cancer (11). However, risk assessment for gastric cancer development has not been 
well defined for other premalignant conditions (13). 

3. Genetics bases of gastritis  
The seminal proposal of a genetic model for tumorigenesis by Fearon & Vogelstein (14) and, 
more recently, the categorization of different cancers types into six physiological groups 
proposed by Hanahan & Weinberg (15) provide a theoretical framework for understanding 
the genetic and epigenetic bases of gastritis as well as premalignant conditions of gastric 
cancer. Thus, gastritis, and gastric cancer premalignant conditions should be understood as 
a disturbance in the balance between tumor suppressor genes and oncogenes. p53 gene (16) 
and the c-erbB2 oncogene (17, 18) were the first tumor suppressor gene and oncogene to be 
identified in gastric cancer, respectively. From these reports, a growing number of genes 
have been identified (19). However, different studies have shown that mutation and/or 
deletion is an infrequent mechanism of inactivating well stablished tumor suppressor genes 
such as E-cadherin (20, 21). Similarly, loss of heterozygosity (LOH) and microsatellite 
instability (MSI) have been frequently found in gastric cancer (19, 22, 23). However, 
mutations of the DNA mismatch repair genes, hMSH2 and hMLH1, responsible for LOH 
and MSI, are not frequently encountered (19, 24). Taken together, these observations suggest 
that genetic alterations do not completely explain the accumulation of genetic damage 
observed in gastric cancer and premalignant conditions. In this scenario, the recent 
inactivation of tumor suppressor genes by a novel epigenetic mechanisms, DNA 
methylation, has been proposed as an alternative mechanism to mutation and/or deletions 
(25). The best-documented inactivation by DNA methylation in gastric cancer is the 
silencing of DNA mismatch repair genes hMSH2 and hMLH1 (26). This inactivation is 
responsible for the development of the majority of MSI-related gastric cancers. As such, this 
inactivation leads to subsequent mutations in simple repetitive sequences within genes that 
are critical to the neoplastic process (23).  

4. Epigenetic bases of gastritis 
Epigenetic processes control the packaging and function of the human genome and 
contribute to normal development and disease (27). Epigenetic mechanisms such as DNA 
methylation, histone modifications and microRNAs (28) virtually affects all of the pathways 
in the cellular network, such as DNA repair, cell cycle, and apoptosis (25). DNA 
methylation, a process in which cytosines acquire a methyl group in 5' position only if they 
are followed by a guanine (CpG site) (28) is an early event in carcinogenesis (29-31). In 
addition, DNA metylation has been recently considered as an excellent candidate to explain 



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

118 

how certain environmental factors may increase the risk of cancer (32). Accordingly, an 
emerging catalog of specific tumor suppressor genes inactivated by DNA methylation in 
gastrointestinal tumors has been established (33-36). Most of these studies has been 
performed by Methylation Specific – Polymerase Chain Reaction (MS-PCR), the most 
popular assay for DNA methylation (37). In MSP sodium bisulphite is used to convert 
cytosine residues to uracil residues in single-stranded DNA under conditions whereby 5-
methylcytosine remains non-reactive. The converted DNA is amplified with specific primers 
and since all the cytosine residues remaining in the sequence represent previously 
methylated cytosines, MSP approach allows to detect DNA isolated from fewer than 100 
cells (38, 39).  

5. DNA methylation and gastritis 
There are limited reports on DNA methylation analysis in gastritis and premalignant lesions 
of gastric cancer. Kang et al (40) tested five genes (p16, hMLH1, DAP-kinase, THBS1, and 
TIMP-3) in a series of 64 carcinomas and 179 premalignant conditions (69 chronic gastritis, 
49 IM and 61 gastric adenomas) to identify two different classes of methylation patterns, 
preferential methylation of THBS-1 and TIMP-3 in chronic gastritis and IM and preferential 
methylation of hMLH1 and p16 in intestinal metaplasia, displasia and gastric cancer. These 
findings suggest that DNA methylation occur early in multistep gastric carcinogenesis and 
specific patterns of DNA methylation on specific genes ocurr along these steps (40). A 
subsequent study identified specific patterns of DNA methylation associated with aging 
after testing 11 genes in 268 premalignant gastritis (41). DNA methylation was found in 
increasingly frequency as a function of aging in five genes (DAP-kinase, E-cadherin, p14, 
THBS1 and TIMP-3), whereas the other genes (COX-2, GSTP1, MGMT, hMLH1, p16, and 
RASSF1A) were rarely methylated (41). Since E-cadherin was methylated at high frequency, 
a further study demonstrated, for the first time, that DNA methylation of promoter region 
of E-cadherin was associated with H. pylori infection. This association was independent of 
the age and or type of gastritis (42). Similarly, Maekita et al (43) analyzed the effect of H. 
pylori infection on DNA methylation of several genes (HAND1, HRASLS, LOX, p16, 
P41ARC and THBD) by quantitative methods in H. pylori negative and positive healthy 
donors and gastric cancer patients. Among healthy donors, methylation levels were up to 
300-fold higher in H. pylori positives than in H. pylori negatives (43). However, among 
gastric cancer patients, methylation levels were only up 30-fold higher, suggesting that H. 
pylori infection induces DNA methylation of several genes beyond E-cadherin (43). Chan et 
al (32) evaluate the effect or eradication of H.pylori on DNA methylation in gastric mucosa. 
Before and after the treatment DNA methylation of E-cadherin was detected in 46% and 
17% of 41 patients, respectively (Fig. 2). Histological evaluation after the treatment, showed 
chronic inactive gastritis in most of the cases. A similar results was communicated by Leung 
et al (44), although they evaluated tissues from the antrum and corpus of H. pylori-infected 
subjects at baseline and after one year of successful H. pylori eradication. These authors 
identified a significant reduction in the methylation density of the promoter region and exon 
1 of the E-cadherin gene by bisulfite DNA sequencing. Taken together, these results 
demonstrated that eradication of H. pylori infection reverses E-cadherin promoter 
hypermethylation and suggest an environmental effect on DNA methylation (32).  
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Fig. 2. CpG island methylation pattern at the E-cadherin gene in gastric mucosa from 
patients with dyspepsia. (A) Before eradication of H. pylori (week 0), methylation was 
present in patients 3, 5 and 6. (B) The methylated product was confirmed by sequencing 
using the same methylated primer. (C) After eradication of H. pylori (week 6), methylation 
was not present in any patient. (D) The methylated product was again confirmed by 
sequencing using the same methylated primer. No methylated cytosine was seen. 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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Recently, our group identified promotor DNA methylation of a novel gene, Reprimo 
(RPRM), not only in gastric mucosa but also in the plasma of gastric cancer patients (36). 
This methylated circulating cell-free DNA offers the opportunity for non-invasive detection 
of gastric cancer and premalignant gastritis. DNA methylation of promoter region of RPRM 
was initially identified by high-throughput microarray experiments that analyzed global 
changes in gene expression in pancreatic cancer cell lines treated with the demethylating 
agent 5-aza-2-deoxycitidine. Among 11 re-expressed genes, RPRM was highly re-expressed 
(45). Following this finding, the analysis of the methylation status of RPRM in clinical 
samples of pancreatic cancer identified a high frequency of DNA methylation of the 
promoter of RPRM (45). Subsequent research focused on different types of tumors (breast, 
esophagus, lymphoma, etc.) including gastric carcinoma (46). However, our study, not only 
looked into the methylation of RPRM in tumor tissues, but also in non-invasive plasma 
samples from the same patients (36). Interestingly, methylate circulating cell-free DNA of 
RPRM was found in over 90% in plasma from gastric cancer patients but less than 10% 
among asymptomatic controls (36). Thus, our results were the first to indicate that 
methylation of promoter region of RPRM might act as a potential biomarker for early 
detection of gastric cancer. RPRM is a downstream mediator of p53-induced G2 cell cycle 
arrest (47). When adenovirus expressing recombinant RPRM cDNA was infected into 
human colorectal cancer cell line DLD1, cell cycle arrest at the G2 phase was observed (47). 
However, it has been suggested that RPRM-induced cell cycle arrest is mediated by an 
indirect inhibition of Cdc2-CyclinB1 complex translocation to the nucleus (47). Recently, 
RPRM has also been proposed to be a tumor suppressor gene through in vitro colony 
formation assays (48). After RPRM transfection into the non-expressing renal cell carcinoma 
cell line SKRC39 there was a signicantly reduced number of G418 resistant colonies 
compared to the cell lines transfected with an empty vector control. However, it is unknown 
whether RPRM is a tumor suppressor in gastric cancer. A recent quantitative analysis of 
promoter DNA methylation of RPRM from Colombian residents from areas with high and 
low incidence of gastric cancer demonstrated an association with virulence factors cagA 
(including segments of the 30 end, encoding EPIYA polymorphisms) and vacA s1 and m1 
regions of H. pylori strains (Fig. 3). This data suggest that cagA and vacA virulence 
determinants are significantly associated with DNA methylation of  a specific gene, RPRM 
in high-risk gastritis (49). Thus, the posibility to detect DNA methylation of RPRM as a cell-
free DNA in plasma in combination with H.pylori strains might opening the oportunity for a 
non-invasive detection of high-risk premalignant gastritis.  

6. Integration of histological and DNA methylation features of gastritis 
Although histological assessment of gastritis to search for premalignant conditions for the 
development of gastric cancer has been proposed (6) and epigenetic markers based on DNA 
methylation are associated with this progression (50), no integrative approach has been 
explore up to date for this two disparate fields. Recently, we have integrated histological 
together with in-situ molecular features to demonstrate that overexpression of p73 was 
probably the most important marker to identified high-risk premalignant gastritis (51). In 
that work, we analyse matched tumor/non-tumor adjacent mucosa of 91 early gastric cancer 
and 148 chronic gastritis cases for histological features by the Sydney and OLGA systems 
along with eight tissue markers to identified that overexpression of p73, severe atrophy, and 
OLGA stage IV were the most relevant features to identified high-risk gastritis (Fig. 4).  
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Fig. 3. Association between the percentage of methylation of RPRM in residents areas with low 
and high incidence of gastric cancer, and virulence factors CagA, VacA s1 and m1 regions of 
H. pylori. (A) Scatter plots indicate the percent methylation of each gene analysed, measured 
from DNA from residents of low-risk (LR) and high-risk (HR) areas. Arrows indicate the 
points representing the outlier subject, whose gastric histology showed widespread intestinal 
metaplasia and focal areas of indenite dysplasia. (B) Multivariate regression models 
incorporated effects of geographic area, diagnosis, age and genotypes of the infecting H. pylori 
strain (classied as uninfected, cagA positive, vacAs1m1 and all other genotypes). Taken from 
Schneider et al., Int J Cancer 2010; 127: 2588-7 with permision from Wiley. 
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Fig. 4. Serial Analysis for Microarray from Non-tumor adjacent mucosa (NTAM) and 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 inflammation (CI-0). False discovery rate = 0. Taken from Carrasco et al., 2010 
Clin.Cancer Res 16:3253-9. 

Interestingly, further work have shown that p73 overexpression might be associated with 
hypo- or demethylation of the promoter region of p73 (52). Taken together these findings 
suggest that DNA methylation might play a role in gastritis and premalignant condition in 
both ways, inactivating or activating tumor-related genes by hypermethylation or 
demethylation of promoter region of specific genes, respectively.  

7. Conclusions 
In conclusion, specific histological features with increasing risk to progress to gastric cancer 
can be assessed by OLGA system. Specific DNA methylation changes might play a major 
role in premalignant gastritis and might be associated with H. pylori infection. These 
changes are accumulative from bening to fully malignant conditions. Induced DNA 
methylation in specific genes by H.pylori might be reversible and might be associated with 
virulence of H.pylori strains. These DNA methylated genes might be detected in plasma (i.e. 
RPRM) as a circulating cell-free DNA. Integrative analysis of histological features of 
premalignant conditions with overexpression of specific genes such as p73 by 
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1. Introduction 
Gastritis represents an inflammation of the stomach lining in response to injury. It is either 
acute or chronic, and has many underlying causes which can be diagnosed and classified 
histologically where endoscopic appearances such as redness are often misleading. Gastritis 
is seldom if ever symptomatic, but usually have important clinical sequelae, principally 
duodenal and gastric ulceration, gastric adenocarcinoma and primary gastric lymphoma 
(El-Zimaity, 2007; Thirumurthi & Lanza 2010). The three most important causes of gastritis 
are categorized as Helicobacter pylori infection, prolonged use of aspirin, non-steroidal anti 
inflammatory drugs (NSAIDs) and autoimmunity (Dohil & Hassall, 2011). 

1.1 Acute gastritis 
Acute gastritis, is usually a diffuse and intense mucosal alteration, mostly is characterized 
by a sudden onset of symptoms and rapid resolution after the underlying aetiological 
mechanisms or agents (either chemical or physical) have been corrected. The patients can 
present with an acute gastroenteritis-like illness, or other symptoms which may be 
overshadowed by their general physical condition. Broadly speaking, acute gastritis arises 
when there is an acute imbalance between mucosal injury and repair mechanisms (Fig. 1) 
and can be organized in three groups based on the aetiologies: (i) infectious gastritis (ii) 
secondary to caustic injury; and (iii) ulcero-haemorrhagic (Srivastava & Lauwers, 2007). 
 

 

 
 

Fig. 1. Acute gastritis. Erosion and complete effacement of the epithelium is observed. The 
residual glands, on the left, display regenerative changes with basophilic epithelium. 
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No correlation may be exist between microscopic inflammation (histologic gastritis) and the 
presence of gastric symptoms (eg, abdominal pain, nausea, vomiting). In fact, most patients 
with histologic evidence of acute gastritis (inflammation) are asymptomatic. The diagnosis 
is usually obtained during endoscopy performed for other reasons. Acute gastritis may 
present with an array of symptoms, the most common being nondescript epigastric 
discomfort. Other symptoms include nausea, vomiting, loss of appetite, belching, and 
bloating. Fever, chills may be present. The diagnosis of acute gastritis may be clarified from 
the patient's history and can be confirmed histologically by biopsy specimens taken at 
endoscopy. Epidemiologic studies reflect the widespread incidence of gastritis (Ford et al., 
2010). 

1.1.1 Pathophysiology 
Acute gastritis has a number of causes, including certain drugs; alcohol; bile; ischemia; 
bacterial, viral, and fungal infections; acute stress (shock); radiation; allergy, food poisoning; 
and direct trauma. The common mechanism of injury is an imbalance between the 
aggressive and the defensive factors that maintain the integrity of the gastric mucosal lining 
(mucosa) (Kasper et al., 2006). 
Acute erosive gastritis can result from the exposure to a variety of agents or factors, referred to 
as reactive gastritis. These agents/factors include nonsteroidal anti-inflammatory medications 
(NSAIDs), alcohol, cocaine, stress, radiation, bile reflux, and ischemia. The gastric mucosa 
exhibits hemorrhages, erosions, and ulcers. NSAIDs, such as aspirin, ibuprofen, and naproxen, 
are the most common agents associated with acute erosive gastritis, mostly attributed to 
therapeutic. Major injury is attributed to reduced prostaglandin synthesis. Prostaglandins 
are chemicals responsible for maintaining mechanisms that result in the protection of the 
mucosa from the injurious effects of the gastric acid.  
Bacterial infection is another cause of acute gastritis. The corkscrew-shaped bacterium called 
H. pylori is the most common cause of gastritis. Complications result from a chronic 
infection rather than from an acute infection. The prevalence of H. pylori in otherwise 
healthy individuals varies depending on age, socioeconomic class, country of origin where 
the infection is usually acquired in childhood. In the Western world, the number of people 
infected with H pylori increases with age. Evidence of H. pylori infection can be found in 
20% of individuals younger than 40 years and in 50% of individuals older than 60 years. 
Transmission is likely from person to person through the oral-fecal route or through the 
ingestion of contaminated water or food. This is why the prevalence is higher in lower 
socioeconomic classes and in developing countries.  H pylori is associated with 60% of 
gastric ulcers and 80% of duodenalulcers (Andersen, 2007). 
H. pylori gastritis typically starts as an acute gastritis in the antrum, causing intense 
inflammation, and over time, it may extend to involve the entire gastric mucosa resulting in 
chronic gastritis. The acute gastritis encountered with H. pylori is usually asymptomatic. 
The bacterium imbeds itself in the mucous layer, a protective layer that coats the gastric 
mucosa. It protects itself from the acidity of the stomach through the production of large 
amounts of urease, an enzyme that catalyzes the breakdown of urea to the alkaline ammonia 
and carbon dioxide. The alkaline ammonia neutralizes the gastric acid in the immediate 
vicinity of the bacterium conferring protection. H. pylori also has flagella that enable it to 
move and help it to penetrate the mucous layer so that it comes into contact with gastric 
epithelial cells. It also has several adhesions that help it to adhere to these cells. It produces 
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inflammation by activating a number of toxins and enzymes that activate IL-8, which 
eventually attracts polymorphs and monocytes that cause acute gastritis (Fig. 2) (Das & 
Paul, 2007). 
 

 
Fig. 2. Proposed interaction between host, environment and H. pylori infection in the 
development of gastric and doudenal ulcers. 

Antigen-presenting cells activate lymphocytes and other mononuclear cells that lead to 
chronic superficial gastritis. The infection is established within a few weeks after the primary 
exposure to H. pylori. The intense inflammation can result in the loss of gastric glands 
responsible for the production of acid and mostly referred to as atrophic gastritis consequently 
production of gastric acid drops. The virulence genotype of the microbe is an important 
determinant for the severity of the gastritis of intestinal metaplasia transformation of gastric 
epithelium which can lead to gastric cancer (Soltermann et al., 2007). 
Reactive gastropathy is the second most common diagnosis made on gastric biopsy 
specimens after H. pylori gastritis. It is now considered to represent a nonspecific response 
to a variety of other gastric irritants (Owen, 2003). 
Tuberculosis is a rare cause of gastritis and generally associated with generally associated 
pulmonary or disseminated disease (Marshall, 1993) where secondary syphilis of the 
stomach is a rare cause of gastritis (Chen et al., 2006). 
Phlegmonous gastritis is an uncommon form of gastritis (rare) caused by numerous 
bacterial agents, including streptococci, staphylococci, Proteus species, Clostridium species, 
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and Escherichia coli. Phlegmonous gastritis usually occurs in individuals who are 
debilitated. It is associated with a recent large intake of alcohol, a concomitant upper 
respiratory tract infection, and AIDS. Phlegmonous means a diffuse spreading inflammation 
of or within connective tissue. In the stomach, it implies infection of the deeper layers of the 
stomach (submucosa and muscularis).  
Viral infections can cause gastritis either localized or diffuse and cytomegalovirus (CMV) is 
a common viral cause. It is usually encountered in individuals who are 
immunocompromised, including those with cancer, immunosuppression, transplants, AIDS 
with a localized or diffuse involvement to the gastric tissuesand AIDS (Bonnet et al., 2001; 
Sepulveda & Patil, 2008). 
Fungal infections that cause gastritis include Candida albicans and histoplasmosis. Gastric 
phycomycosis is another rare lethal fungal infection. The common predisposing factor is 
immunosuppression. C albicans rarely involves the gastric mucosa and when isolated in the 
stomach, the most common locations tend to be within a gastric ulcer or an erosion bed and 
it is generally of little consequence. Disseminated histoplasmosis can involve the stomach. 
The usual presenting clinical feature is bleeding from gastric ulcers or erosions on giant 
gastric folds (Lauwers et al., 2010). 
Parasitic infections are rare causes of gastritis. Anisakidosis is caused by a nematode that 
embeds itself in the gastric mucosa along the greater curvature. Anisakidosis is acquired by 
eating contaminated sushi and other types of contaminated raw fish. It often causes severe 
abdominal pain that subsides within a few days and this nematode infection is associated 
with gastric fold swelling, erosions, and ulcers (Kim et al., 2003). 
Ulcero-hemorrhagic gastritis is most commonly seen in patients who are critically ill and it is 
believed to be secondary to ischemia related to hypotension and shock or to the release of vaso 
constrictive substances but the etiology is often unknown. The gastric mucosa reveals multiple 
petechiae, mostly in the fundus and body, or exhibits a diffusely hemorrhagic pattern. The 
gross pathology may resemble that of NSAID- or other ingestion-induced gastritis except that 
the location of injury is different. This form of gastritis can be life-threatening if the patient 
experiences hemorrhaging and may even require emergency gastrectomy (Chamberlain, 1993). 
Microscopic evidence of acute gastritis can be seen in patients with Crohn disease, though 
clinical manifestations are rare (occurring in only about 2-7% of patients with Crohn 
disease). Focally enhancing gastritis is now recognized as a condition seen in both Crohn 
disease and ulcerative colitis (Xin & Greenson, 2004). 
Eosinophilic gastritis is often seen in conjunction with eosinophilic gastroenteritis but can be 
associated with various disorders, including food allergies (eg, cow milk, soy protein), 
collagen vascular diseases, parasitic infections, gastric cancer, lymphoma, Crohn disease, 
vasculitis, drug allergies, and H. pylori infections. An eosinophilic infiltrate is seen 
involving the gastric wall or epithelium (Rothenberg, 2004). 

1.2 Chronic gastritis 
Chronic gastritis is caused mainly by Helicobacter pylori infection, and nonatrophic gastritis 
progresses to atrophic gastritis for a long period. It is characterized by the presence of 
chronic inflammatory infiltrate in the gastric mucosa (Fig. 4). H. pylori-atrophic gastritis is 
strongly associated with gastric cancers, and its diagnosis is very important. It is diagnosed 
histologically according to the Updated Sydney System, which is now widely used in the 
world (Satoh et al., 2008). Chronic gastritis can be classified on the base of the underlying 
etiologic agent (eg, Helicobacter pylori, bile reflux, nonsteroidal anti-inflammatory drugs 
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[NSAIDs], autoimmunity, allergic response) and the histopathologic pattern, which may 
suggest the etiologic agent and clinical course (eg, H pylori –associated multifocal atrophic 
gastritis). Other classifications are based on the endoscopic appearance of the gastric mucosa 
(eg, varioliform gastritis) (Rugge & Genta, 2005). 

1.2.1 Pathophysiology 
The pathophysiology of chronic gastritis complicating a systemic disease, such as hepatic 
cirrhosis, uremia, or another infection is described in the relevant disease (Boulton et al., 
2011). The pathogenesis of the most common forms of gastritis is described as follows. 
  

 

 
 

Fig. 3. Chronic gatritis showing inflammation of mucosa linning 

The host response to H. pylori and bacterial products is composed of T- and B-cell 
lymphocytes, denoting chronic gastritis, followed by infiltration of the lamina propria and 
gastric epithelium by polymorphonuclear leukocytes that eventually phagocytize the 
bacteria. The presence of polymorphonuclear leukocytes in the gastric mucosa is diagnostic 
of active gastritis. The interaction of H pylori with the surface mucosa results in the release 
of proinflammatory cytokine interleukin (IL)-8, which leads to recruitment of 
polymorphonuclear cells and may begin the entire inflammatory process. Gastric epithelial 
cells express class II molecules, which may increase the inflammatory response by 
presenting H pylori antigens, leading to further cytokine release and more inflammation. 
High levels of cytokines, particularly tumor necrosis factor-a (TNF-α) and multiple 
interleukins (eg, IL-6, IL-8, IL-10), are detected in the gastric mucosa of patients with H. 
pylori gastritis (Zalewska-Ziob et al., 2009).  
In subsequent or joining such inflammation pattern is an increase in oxidative damage due 
to high level of ROS and increased apoptosis level in human gastric mucosa (obst et al., 
2000; cover et al., 2003). Infection also leads to the expression of inducible nitric oxide 
synthase ( iNOS) in host macrophage and polymorphnuclear leukocytes (Tari et al., 2003). 
NO produced by these cells infiltrating the gastric mucosa may damage DNA. Interaction 
between NO and superoxide anion can form peroxinitrite, potent nitrating agent leading to 
apoptosis in a variety of cell types (yue et al., 2001). 
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Prostaglandins especially PGE2 in the stomach play an important role in the maintenance of 
gastric mucosal integrity via several mechanism including regulation of gastric mucosal 
blood flow, kinetic of epithelial cells, synthesis of mucous, inhibition of gastric acid secretion 
and referring to its protective potential to gastric mucosa (Takeeda et al., 2004). 
Patients having Hpylori infection demonstrate significant gastremia which is mostly 
attributed to intragastric increase of H pylori inducing corpus atrophy and G cells damage 
in the antrum part. It may be also depends on alkalinization in G cells environment caused 
by H pylori urease (walsh et al., 1976; shacter et al., 2002). 
Serum pepsinogens (1&11) are higher also and specifically in patient category having IgM 
positive as compared to others (IgM-ve). This may be attributed to a polypeptides secreted 
by HP during earlier infection which stimulates chief cells directly and promote pepsinogen 
synthesis (Takeeda et al., 2004; kist, 1991; Elseweidy et al., 2010 a;b). 
This led certain study (Kekki et al., 1991) to consider serum pepsinogen level-as a non 
endoscopic blood test in the diagnosis of atrophic gastritis, HP eradication and, a screening 
tool for high risk subjects having atrophic gastritis rather than a test for cancer itself. 
Generally known Hp infection is associated with special local and systemic immune 
response. Early after 18 days of infection IgM response is detectable while IgG, IgA response 
occurs later after 60 days of infection at which time IgG titers decline. IgG, IgA serology is 
widely used as an accurate test for the diagnosis of Hp infection but those 2 
immunoglobulins remains detectable after eradication of HP and d'not demonstrate the 
infection status (acute, chronic or previously treated infection). Therefore the use of IgM test 
would allow for direct screening of the sample and serve as a diagnostic tool for establishing 
active or recent infection (Alem et al., 2002, Elseweidy et al 2010). 
Accordingly many authors concluded that diagnosis of atrophic gastritis using test panel of 
seum gastrin 17, pepsinogen 1, HP antibodies were in good agreement with endoscopic and 
biopsy findings, considering such panel a non endoscopic diagnostic and screening tool 
(vaananen et al., 2003). 
 

 

 
Fig. 4. 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 lyning fundic gland (FG) and multiple inflammatory 
cells (double arrows) filling lamina propria (LP) (Elseweidy et al., 2010 a). 
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2. Natural products used in treating gastritis 
Phenolic compounds, which include tannins and flavonoids, are apparently related to the 
interesting anti-inflammatory, woundhealing, antioxidant and antiulcerogenic properties to 
several medicinal plants (Moleiro et al., 2009). 
Tannins are potent scavengers of peroxyl radicals and can also interact with mucus proteins, 
improving their cytoprotective effect by forming a protein lining over the gastrointestinal 
mucosa (Okuda, 2005; Moleiro et al., 2009).  
Fresh fruit and vegetables have been reported to exert multiple biological effects on the 
mucosa of the gastrointestinal tract due to their antioxidant contents (La Vecchia & Tavani, 
1998). In particular, a diet rich in vegetable is associated with a lower incidence of gastric 
tumours (Roukos et al., 2003). 
Apart from their action as radical scavengers, phenolic compounds also have several 
indirect effects; they can inhibit lipoxygenase (Laughton et al., 1991), reduce platelet 
aggregation (Ferro-Luzzi & Ghiselli, 1993) and reduce the bioavailability of food carcinogens 
(Stavric, 1994). Certain flavonoids or compounds with flavonoid-like properties have 
antiulcer activity and can prevent gastric mucosal lining lesions brought about by a number 
of ulcerogens (Alarcon de la Lastra et al., 2002). 
Certain polyphenolics can exert a preventive action on gastric injury in rats.  Research topics 
her have focussed on the antiulcer activity of polyphenol from grape seed (Saito et al.,  
1998), cacao liquor (Osakabe et al., 1998), curcuminoids and Black seed oil  (Elseweidy et al., 
2008) or from Opuntia ficus indica (Galati et al., 2003). This activity was mainly explained by 
the strong antioxidant power and/or by some other factors, such as strong protein-binding 
capacity (Saito et al., 1998), modulation of leukocyte function (Osakabe et al., 1998), mucus 
production and restoration (Galati et al., 2003).  It is believed that the antioxidant activity of 
polyphenols is an important factor to combat the potential of free radicals. 

2.1 Morinda citrifolia aqueous fruit extract 
Morinda citrifolia L. (Rubiaceae), commonly known worldwide as “Noni” or so called in 
Thai as “Yor” is regularly consumed as food, additionally as medicinal plants used in 
primary health care. The decoction or infusion of roasted mature unripe fruits is 
recommended to relieve the symptoms of nausea and vomiting, if it is not too severe. 
According to the claimed efficacies in Thai traditional textbooks, the fruit is also used for 
treatment of various gastrointestinal disorders as a carminative, appetite stimulant, and 
reliever of gum diseases, heartburn or stomachache. Nevertheless, experimental studies 
demonstrated the preventive activity of an ethyl acetate extract of the fruit against acute 
gastric lesions induced by ethanol, aspirin and pyloric ligation; and acute duodenal ulcer 
induced by cysteamine in rats (Muralidharan & Srikanth, 2009). This extract was claimed to 
exhibit potent antioxidant properties and the active components are thought to be non-polar 
lignans (Kamiya et al., 2004). Previous studies of the effect of an aqueous fruit extract on 
gastrointestinal motility reported controversial results with increase (Chuthaputti et al., 
1996) and delay (Pu et al., 2004) gastric emptying action.  
It has been claimed also that aqueous extract have anti-inflammatory (McKoy et al., 2002) 
and antioxidative activities (Ikeda et al., 2009) in several in vitro test systems. Among a 
number of major components identified in the aqueous fruit juice, scopoletin, a coumarin 
derivative, as one of the main compounds that has known pharmacological activities 
especially an ability to control the serotonin level in the body (Levand and Larson, 1979), 
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aggregation (Ferro-Luzzi & Ghiselli, 1993) and reduce the bioavailability of food carcinogens 
(Stavric, 1994). Certain flavonoids or compounds with flavonoid-like properties have 
antiulcer activity and can prevent gastric mucosal lining lesions brought about by a number 
of ulcerogens (Alarcon de la Lastra et al., 2002). 
Certain polyphenolics can exert a preventive action on gastric injury in rats.  Research topics 
her have focussed on the antiulcer activity of polyphenol from grape seed (Saito et al.,  
1998), cacao liquor (Osakabe et al., 1998), curcuminoids and Black seed oil  (Elseweidy et al., 
2008) or from Opuntia ficus indica (Galati et al., 2003). This activity was mainly explained by 
the strong antioxidant power and/or by some other factors, such as strong protein-binding 
capacity (Saito et al., 1998), modulation of leukocyte function (Osakabe et al., 1998), mucus 
production and restoration (Galati et al., 2003).  It is believed that the antioxidant activity of 
polyphenols is an important factor to combat the potential of free radicals. 

2.1 Morinda citrifolia aqueous fruit extract 
Morinda citrifolia L. (Rubiaceae), commonly known worldwide as “Noni” or so called in 
Thai as “Yor” is regularly consumed as food, additionally as medicinal plants used in 
primary health care. The decoction or infusion of roasted mature unripe fruits is 
recommended to relieve the symptoms of nausea and vomiting, if it is not too severe. 
According to the claimed efficacies in Thai traditional textbooks, the fruit is also used for 
treatment of various gastrointestinal disorders as a carminative, appetite stimulant, and 
reliever of gum diseases, heartburn or stomachache. Nevertheless, experimental studies 
demonstrated the preventive activity of an ethyl acetate extract of the fruit against acute 
gastric lesions induced by ethanol, aspirin and pyloric ligation; and acute duodenal ulcer 
induced by cysteamine in rats (Muralidharan & Srikanth, 2009). This extract was claimed to 
exhibit potent antioxidant properties and the active components are thought to be non-polar 
lignans (Kamiya et al., 2004). Previous studies of the effect of an aqueous fruit extract on 
gastrointestinal motility reported controversial results with increase (Chuthaputti et al., 
1996) and delay (Pu et al., 2004) gastric emptying action.  
It has been claimed also that aqueous extract have anti-inflammatory (McKoy et al., 2002) 
and antioxidative activities (Ikeda et al., 2009) in several in vitro test systems. Among a 
number of major components identified in the aqueous fruit juice, scopoletin, a coumarin 
derivative, as one of the main compounds that has known pharmacological activities 
especially an ability to control the serotonin level in the body (Levand and Larson, 1979), 
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together with anti-inflammatory (Deng et al., 2007; Moon et al., 2007) and antioxidative 
activities (Ikeda et al., 2009). Scopoletin is also recommended as a marker constituent for the 
quality control and pharmacokinetic study of Noni products (Samoylenko et al., 2006). 
This aqueous fruit extract as well as its biomarker: scopoletin, may be beneficial as a 
potential preventive and therapeutic agent for gastro-esophageal inflammation. This is 
mainly through its antisecretory and prokinetic activities including its ability to enhance the 
mucosal defensive mechanisms. Their efficacy was compared with a standard potent 
antisecretory proton pump inhibitor (lansoprazole) and referring to its stronger prokinetic 
efficacy in accelerating gastric emptying and intestinal transit in rats. These observed 
beneficial effects of AFE may be accounted for by one of its major active biological 
components scopoletin (Mahattanadul et al., 2011). 

2.2 Quercetin-3-O-β-D-glucuronopyranoside (QGC), isolated from Rumex Aquaticus 
herb 
It is well known that flavonoids which have anti-inflammatory, antioxidant, antiallergic, 
hepatoprotective, antithrombotic, antiviral, and anticarcinogenic activities. As reported 
before the anti-inflammatory activities of flavonoids demonstrate their candidacy as 
therapeutic agents (Lewis, 1989). The flavonoids are typical phenolic compounds that act as 
potent metal chelators, antioxidants and free radical scavengers, which modulate 
intracellular signaling caused by upstream binding partners, such as, regulatory kinases and 
receptors (Williams et al., 2004a).  
Such flavonoid is a natural flavone with various bioactivities and was found to be highly 
efficient to scavenge free radicals in cell-free systems (Rice-Evans et al., 1996), as compared 
to traditional antioxidants like vitamin C and E (Geetha et al., 2005). Gerritsen et al., (1995) 
found that flavonoids, especially an apigenin, blocked the cytokine-induced expressions of 
intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), 
and E-selectin on human endothelial cells.  
Regarding gastric secretion, the oral administration of QGC reduced gastric content 
significantly, dose-dependently, and prevented the development of reflux esophagitis. 
These results suggest that QGC has inhibitory effects on reflux esophagitis and gastritis in 
rats. Furthermore, in feline esophageal epithelial cells, QGC was found to have a protective 
effect on ethanol induced cell damage by inhibiting ROS generation, activation downstream 
of ERK (Min et al., 2009), and downstream signal transduction induced by interleukin-1 beta 
(Lee et al., 2009a). 

2.3 The aqueous decoction of mango flowers (Mangifera indica L.) 
Mangifera indica L. (Anacardiaceae) is a large tree that grows in tropical and subtropical 
regions. The Caribbean population used aqueous decoction from M. indica flowers for the 
treatment of gastritis and gastric ulcer. Phytochemical research from different parts of M. 
indica has demonstrated the presence of phenolics, triterpenes, flavonoids, phytosterols and 
polyphenols (Selles et al., 2002; Singh et al., 2004). 
Garrido et al., (2004) reported the antinociceptive and anti-inflammatory activities of 
Vimang®, an aqueous extract obtained from M. indica. They attributed these activities to 
their inhibitory influence on the prostaglandin synthesis through arachidonic acid 
metabolism additionally production of reactive oxygen species. Tordera et al., (1994) 
demonstrated the influence of several anti-inflammatory flavonoids present in M. indica on 
mast cell degranulation and arachidonic acid release in rats. 
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M. indica is also described as an antioxidant agent (Sanchez et al., 2003). Oxygen-derived 
free radicals have been postulated to play an important role in the pathogenesis of acute 
gastric mucosal injuries such as those induced by stress (Hariganesh & Prathiba, 2000), 
ethanol (Salim, 1990) and NSAIDs (Pihan et al., 1987) and scavenging of these radicals can 
stimulate the healing process.  This was illustrated before in experimental model induced by 
acetic acid and attributed mainly to their high content of flavonoids (Naito et al., 1995).  

2.4 Abarema cochliacarpos 
Several medicinal plants including species of the Brazilian Cerrado biome as well as plants 
of the “Caatinga” biome contain phenolic compounds like tannins and flavonoids that have 
anti-inflammatory, antioxidant and antiulcerogenic properties (Almeida et al., 2005; Moleiro 
et al., 2009). 
Catechins (flavan-3-ols) such as catechin, epicatechin, epigallocatechin, epicatechin gallate 
and epigallocatechin gallate, are particularly abundant in the bark of the species of 
Mimosaceae family (Santos et al., 2002). These compounds has anti-inflammatory and anti 
cholesterolemic effects additionally protective agent against cytotoxicity owing to their 
antioxidant properties (Williams et al., 2004b). 
Araujo et al. (2008) studied plants with elevated levels of phenolic compounds within 
specific groups of plants for further therapeutic applications. They concluded that Caatinga 
medicinal plants, which are known and/or used for their wound-healing or anti-
inflammatory properties, tend to have high tannin contents. Moreover, these compounds 
appear markedly elevated in some species, such as Abarema cochliacarpos, that are 
intensively used by the local communities (Monteiro et al., 2006). 
Abarema cochliacarpos is a plant native to Brazil, occurring mainly in the Atlantic Forest 
and in the Caatinga biomes. It is a tree species of the legume family Mimosaceae 
(International Union for Conservation of Nature "IUCN", 2009), which is popularly known 
as “barbatimao”. In this community, the decoction of the bark is utilized to wash external 
ulcers while its tincture, (bark immersed in white wine) “cachaca”, or ingested form is used 
against inflammation and gastric ulcers, among other uses (Silva et al., 2006). Other authors 
also observed similar applications in different traditional communities (Agra et al., 2008). 
As to pharmacologic effects, the hydroalcoholic extract from the bark of Abarema 
cochliacarpos showed antimicrobial activity. Both crude aqueous and methanol extracts also 
showed antinociceptive effects (Silva et al., 2009). Butanolic fraction of the methanolic 
extract was tested recently in a model of acute experimental trinitrobenzene sulfonic acid 
(TNBS)-induced colitis and showed anti-inflammatory effects (Silva et al., 2010a). 
It has been suggested that Abarema cochliacarpos (Gomes) Barneby & Grimes extracts 
exerts gastroprotective effects and wound healing properties in the ethanol-induced ulcer 
model. The safety and efficacy in the healing of gastric ulcers is based on its ability to 
activate the expression of COX-2, vascular-endothelial growth factor (VEGF) and stimulate 
proliferative factors like HSP-70 that re-establish the gastric mucosa integrity (Silva et al., 
2010b). 

2.5 Apple polyphenol extracts 
Eberhardt and colleagues (2000) illustrated the antiproliferative effect of apple extract in 
vitro using tumor cells and attributed such effect to the presence of phytochemicals 
(phenolic acids and flavonoids) other than ascorbic acid. Therefore, dietary antioxidants 
play a crucial role in the maintenance of gastric homeostasis by counteracting the potentially 
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together with anti-inflammatory (Deng et al., 2007; Moon et al., 2007) and antioxidative 
activities (Ikeda et al., 2009). Scopoletin is also recommended as a marker constituent for the 
quality control and pharmacokinetic study of Noni products (Samoylenko et al., 2006). 
This aqueous fruit extract as well as its biomarker: scopoletin, may be beneficial as a 
potential preventive and therapeutic agent for gastro-esophageal inflammation. This is 
mainly through its antisecretory and prokinetic activities including its ability to enhance the 
mucosal defensive mechanisms. Their efficacy was compared with a standard potent 
antisecretory proton pump inhibitor (lansoprazole) and referring to its stronger prokinetic 
efficacy in accelerating gastric emptying and intestinal transit in rats. These observed 
beneficial effects of AFE may be accounted for by one of its major active biological 
components scopoletin (Mahattanadul et al., 2011). 

2.2 Quercetin-3-O-β-D-glucuronopyranoside (QGC), isolated from Rumex Aquaticus 
herb 
It is well known that flavonoids which have anti-inflammatory, antioxidant, antiallergic, 
hepatoprotective, antithrombotic, antiviral, and anticarcinogenic activities. As reported 
before the anti-inflammatory activities of flavonoids demonstrate their candidacy as 
therapeutic agents (Lewis, 1989). The flavonoids are typical phenolic compounds that act as 
potent metal chelators, antioxidants and free radical scavengers, which modulate 
intracellular signaling caused by upstream binding partners, such as, regulatory kinases and 
receptors (Williams et al., 2004a).  
Such flavonoid is a natural flavone with various bioactivities and was found to be highly 
efficient to scavenge free radicals in cell-free systems (Rice-Evans et al., 1996), as compared 
to traditional antioxidants like vitamin C and E (Geetha et al., 2005). Gerritsen et al., (1995) 
found that flavonoids, especially an apigenin, blocked the cytokine-induced expressions of 
intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), 
and E-selectin on human endothelial cells.  
Regarding gastric secretion, the oral administration of QGC reduced gastric content 
significantly, dose-dependently, and prevented the development of reflux esophagitis. 
These results suggest that QGC has inhibitory effects on reflux esophagitis and gastritis in 
rats. Furthermore, in feline esophageal epithelial cells, QGC was found to have a protective 
effect on ethanol induced cell damage by inhibiting ROS generation, activation downstream 
of ERK (Min et al., 2009), and downstream signal transduction induced by interleukin-1 beta 
(Lee et al., 2009a). 

2.3 The aqueous decoction of mango flowers (Mangifera indica L.) 
Mangifera indica L. (Anacardiaceae) is a large tree that grows in tropical and subtropical 
regions. The Caribbean population used aqueous decoction from M. indica flowers for the 
treatment of gastritis and gastric ulcer. Phytochemical research from different parts of M. 
indica has demonstrated the presence of phenolics, triterpenes, flavonoids, phytosterols and 
polyphenols (Selles et al., 2002; Singh et al., 2004). 
Garrido et al., (2004) reported the antinociceptive and anti-inflammatory activities of 
Vimang®, an aqueous extract obtained from M. indica. They attributed these activities to 
their inhibitory influence on the prostaglandin synthesis through arachidonic acid 
metabolism additionally production of reactive oxygen species. Tordera et al., (1994) 
demonstrated the influence of several anti-inflammatory flavonoids present in M. indica on 
mast cell degranulation and arachidonic acid release in rats. 
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M. indica is also described as an antioxidant agent (Sanchez et al., 2003). Oxygen-derived 
free radicals have been postulated to play an important role in the pathogenesis of acute 
gastric mucosal injuries such as those induced by stress (Hariganesh & Prathiba, 2000), 
ethanol (Salim, 1990) and NSAIDs (Pihan et al., 1987) and scavenging of these radicals can 
stimulate the healing process.  This was illustrated before in experimental model induced by 
acetic acid and attributed mainly to their high content of flavonoids (Naito et al., 1995).  

2.4 Abarema cochliacarpos 
Several medicinal plants including species of the Brazilian Cerrado biome as well as plants 
of the “Caatinga” biome contain phenolic compounds like tannins and flavonoids that have 
anti-inflammatory, antioxidant and antiulcerogenic properties (Almeida et al., 2005; Moleiro 
et al., 2009). 
Catechins (flavan-3-ols) such as catechin, epicatechin, epigallocatechin, epicatechin gallate 
and epigallocatechin gallate, are particularly abundant in the bark of the species of 
Mimosaceae family (Santos et al., 2002). These compounds has anti-inflammatory and anti 
cholesterolemic effects additionally protective agent against cytotoxicity owing to their 
antioxidant properties (Williams et al., 2004b). 
Araujo et al. (2008) studied plants with elevated levels of phenolic compounds within 
specific groups of plants for further therapeutic applications. They concluded that Caatinga 
medicinal plants, which are known and/or used for their wound-healing or anti-
inflammatory properties, tend to have high tannin contents. Moreover, these compounds 
appear markedly elevated in some species, such as Abarema cochliacarpos, that are 
intensively used by the local communities (Monteiro et al., 2006). 
Abarema cochliacarpos is a plant native to Brazil, occurring mainly in the Atlantic Forest 
and in the Caatinga biomes. It is a tree species of the legume family Mimosaceae 
(International Union for Conservation of Nature "IUCN", 2009), which is popularly known 
as “barbatimao”. In this community, the decoction of the bark is utilized to wash external 
ulcers while its tincture, (bark immersed in white wine) “cachaca”, or ingested form is used 
against inflammation and gastric ulcers, among other uses (Silva et al., 2006). Other authors 
also observed similar applications in different traditional communities (Agra et al., 2008). 
As to pharmacologic effects, the hydroalcoholic extract from the bark of Abarema 
cochliacarpos showed antimicrobial activity. Both crude aqueous and methanol extracts also 
showed antinociceptive effects (Silva et al., 2009). Butanolic fraction of the methanolic 
extract was tested recently in a model of acute experimental trinitrobenzene sulfonic acid 
(TNBS)-induced colitis and showed anti-inflammatory effects (Silva et al., 2010a). 
It has been suggested that Abarema cochliacarpos (Gomes) Barneby & Grimes extracts 
exerts gastroprotective effects and wound healing properties in the ethanol-induced ulcer 
model. The safety and efficacy in the healing of gastric ulcers is based on its ability to 
activate the expression of COX-2, vascular-endothelial growth factor (VEGF) and stimulate 
proliferative factors like HSP-70 that re-establish the gastric mucosa integrity (Silva et al., 
2010b). 

2.5 Apple polyphenol extracts 
Eberhardt and colleagues (2000) illustrated the antiproliferative effect of apple extract in 
vitro using tumor cells and attributed such effect to the presence of phytochemicals 
(phenolic acids and flavonoids) other than ascorbic acid. Therefore, dietary antioxidants 
play a crucial role in the maintenance of gastric homeostasis by counteracting the potentially 
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mucosal damage exerted by ROS. This may explain the role of dietary antioxidants as 
scavenger of oxygen, nitrogen free radicals and breaking lipid peroxisdation reactions. 
Phenolic compounds are one of the major classes of dietary antioxidants and apple phenolic 
compounds represent 22 percent of such total (Le Marchand et al., 2000). 
In vitro and in vivo studies demonstrated the protective effect of apple juice regarding 
gastric mucosa of rat. This was markedly observed in gastric injury model induced by 
aspirin and independently of its inhibition to gastric acid. Therefore it might be of 
therapeutic benefit in prophylaxis of aspirin- related gastropathy (D' argenio et al., 2008). 
Accordingly a diet rich in apple antioxidants might exert a beneficial effect in gastric 
diseases associated with generation of reactive oxygen species (Graziani et al., 2005). 

2.6 Foeniculum vulgare (Fennel) 
Foeniculum vulgare (FVE) is a well-known umbelliferous plant. For centuries, FVE fruits 
have been used as traditional herbal medicine in Europe and China. It is native to southern 
Europe and the Mediterranean area. The seeds of this plant have been used to regulate 
menstruation, alleviate the symptoms of female climacteric syndrome, and increase libido 
(Albert-Puleo, 1980). FVE also possesses emnenagague, galactagogue and antispasmodic 
properties additionally in folk remedies for treatment of dysmenorrheal, also as diuretic and 
wound dressing in Turkish traditional medicine (Savino et al., 2005).  
It contains 1%-3% of a volatile oil, which is composed of 50%-85% of anethole and about 
20% of d-fenchone (Dadalioglu & Evrendilek, 2004). Other compunds present in FVE are d-
a-pinene, d-a-phellandrene, dipentene, methyl chavicol, feniculun, anisaldehyde, and anisic 
acid (Mimica-Dukic et al., 2003). 
Previous studies proved that anethole possesses significant antioxidant, anti-inflammatory 
and ulcer healing activity in experimental models (Freire et al., 2005). Additionally, 
flavonoids, sterols, tannins and coumarins of some plants are also known to possess 
antiulcer activity (Khalil, 2006). Therefore, the presence of flavonoids content and other 
bioactive compounds in FVE may be beneficial in ulcer therapy. Its gastro protective effect 
has been also observed before in certain gastric mucosal lesion induced by ethanol, 
attributed mostly to its antioxidant activity and reduction of lipid peroxidation cascade.  
Therefore it may be a new alternative for clinical management of gastric ulcer diseases 
and/or an antioxidant against oxidative stress (Birdane et al., 2007). 

2.7 Flavonoids isolated from Piper carpunya Ruiz & Pav 
The leaves of Piper carpunya Ruiz & Pav. (syn Piper lenticellosum C.D.C.) (Piperaceae), 
known with the popular name of “guaviduca” in Ecuador are widely used in folk medicine 
in tropical and subtropical countries of South America, as an anti-inflammatory, anti-ulcer, 
anti-diarrheal and anti-parasitical remedy as well as an ailment for skin irritations. The 
antiinflammatory activity has been confirmed in rat models like the carrageenan-induced 
paw edema and the results obtained can support its use in the traditional medicine of 
Ecuador (De las Heras et al., 1998). Recently, this plant has been shown to protect against 
gastric ulcers induced by non-steroidal anti-inflammatory drugs (NSAID) in rats (Trabadela 
et al., 2009).  
Numerous plant remedies have shown to be active against Helicobacter pylori infection, 
such as the oil extract of Chamomilla recutita (Shikov et al., 2008), the ethanolic extract of 
Cuminum cyminum L., Propolis (Nostro et al., 2005) as well as the methanolic extract of 
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Alchornea triplinervia (Spreng.) Mull. Arg., which exhibited anti-secretory, anti-
Helicobacter pylori and gastroprotective effects (Lima et al., 2008). 
Several mechanisms of action have been proposed to illustrate its anti-inflammatory effects. 
This may be explained through other properties such as anti-oxidant activity, inhibition of 
eicosanoid generating enzymes or as modulator for proinflammatory molecules. Recent 
studies have also shown that some flavonoids are modulators of proinflammatory gene 
expression (Garcia-Lafuente et al., 2009). Gastro protective activity of flavonoids may be 
through reducing gastric acid secretion and inhibition of gastric H+, K+-ATPase. One 
example is Baccharis illinita D.C., which is also used in folk medicine, and whose anti-
secretory activity is attributable to the flavonoid luteolin (Freitas et al., 2008). 
Furthermore, some flavonoids have also demonstrated inhibitory effects on Helicobacter 
pylori growth and vacuolation. Helicobacter pylori induces gastric epithelial cell apoptosis 
via secreted mediators such as the VacA cytotoxin and lipopolysacccharides which damage 
epithelial acid-secreting parietal cells (Neu et al., 2002). Several flavonoids have inhibitory 
influence on the apoptotic signaling induced by Helicobacter pylori VacA toxin (Xiao et al., 
2007). Antimicrobial compounds from plants may inhibit bacterial growth by different 
mechanisms and could therefore be useful in case of resistance state to antibiotics. In this 
way, Castillo-Juarez et al., (2007) found that the petroleum ether fraction from 
Amphipterygium adstringens (Schltdl.) Standl. had significant anti-microbial activity 
against Helicobacter pylori. From this fraction, the authors isolated a mixture of anacardic 
acids and three known triterpenes: masticadienonic acid, 3-alpha-hydroxymasticadienonic 
acid, 3-epi-oleanolic as well as the sterol ß-sitosterol. 
Previous study suggested that the flavonoids (vitexin, isovitexin, rhamnopyranosylvitexin 
and isoembigenin),  nervogenic acid and geranylbenzoate isolated from the ethanolic extract 
of Piper carpunya may contribute to the anti-myeloperoxidase activity, as well as to their 
anti-Helicobacter pylori effect. These flavonoids may also be responsible for the important 
inhibition of H+, K+-ATPase pathway, additionally the obtained phytosterols and phytol 
could be involved in these gastroprotective activities (Quilez et al., 2010). 

2.8 Quassia amara 
Quassia is a plant that grows typically in the American tropical regions (from Mexico to the 
Brazilian Amazona) below 500 m altitude, especially in the Caribbean side of Central 
America and the Pacific coast of Costa Rica and Panama. The plant prefers very humid 
environments, but it can be found in the dry forest next to a riverbank (López and Pérez, 
2008). 
Quassia amara L. is one of the most mentioned plants in ethnomedicine for the treatment of 
malaria, mainly in Surinam, Guyana and French Guyana, where tea cups are carved from 
the wood and the addition of hot water forms an infusion in them (Odonnea et al., 2007). 
There only exist a few studies on the gastrointestinal, digestive and secretagogue activity of 
Quassia amara L. extracts. The results point to an increase of bile secretion with a 
standardized extract, inhibition of ulcer induction with crude extracts, accompanied by a 
slight decrease in pH and peptic activity of gastric juice additionally  an  enhancement of 
cytoprotective factors like gastric mucus (Toma et al., 2002). 
The biological activity of Quassia amara L. has been attributed mainly to its high content of 
quassinoids. These metabolites are oxygenated triterpenes derived from euphol and are 
exclusive to the Simaroubaceae family. The most important quassinoids in Quassia amara L. 
are quassin and neoquassin. Quassin is one of the most bitter substances known, it 
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mucosal damage exerted by ROS. This may explain the role of dietary antioxidants as 
scavenger of oxygen, nitrogen free radicals and breaking lipid peroxisdation reactions. 
Phenolic compounds are one of the major classes of dietary antioxidants and apple phenolic 
compounds represent 22 percent of such total (Le Marchand et al., 2000). 
In vitro and in vivo studies demonstrated the protective effect of apple juice regarding 
gastric mucosa of rat. This was markedly observed in gastric injury model induced by 
aspirin and independently of its inhibition to gastric acid. Therefore it might be of 
therapeutic benefit in prophylaxis of aspirin- related gastropathy (D' argenio et al., 2008). 
Accordingly a diet rich in apple antioxidants might exert a beneficial effect in gastric 
diseases associated with generation of reactive oxygen species (Graziani et al., 2005). 

2.6 Foeniculum vulgare (Fennel) 
Foeniculum vulgare (FVE) is a well-known umbelliferous plant. For centuries, FVE fruits 
have been used as traditional herbal medicine in Europe and China. It is native to southern 
Europe and the Mediterranean area. The seeds of this plant have been used to regulate 
menstruation, alleviate the symptoms of female climacteric syndrome, and increase libido 
(Albert-Puleo, 1980). FVE also possesses emnenagague, galactagogue and antispasmodic 
properties additionally in folk remedies for treatment of dysmenorrheal, also as diuretic and 
wound dressing in Turkish traditional medicine (Savino et al., 2005).  
It contains 1%-3% of a volatile oil, which is composed of 50%-85% of anethole and about 
20% of d-fenchone (Dadalioglu & Evrendilek, 2004). Other compunds present in FVE are d-
a-pinene, d-a-phellandrene, dipentene, methyl chavicol, feniculun, anisaldehyde, and anisic 
acid (Mimica-Dukic et al., 2003). 
Previous studies proved that anethole possesses significant antioxidant, anti-inflammatory 
and ulcer healing activity in experimental models (Freire et al., 2005). Additionally, 
flavonoids, sterols, tannins and coumarins of some plants are also known to possess 
antiulcer activity (Khalil, 2006). Therefore, the presence of flavonoids content and other 
bioactive compounds in FVE may be beneficial in ulcer therapy. Its gastro protective effect 
has been also observed before in certain gastric mucosal lesion induced by ethanol, 
attributed mostly to its antioxidant activity and reduction of lipid peroxidation cascade.  
Therefore it may be a new alternative for clinical management of gastric ulcer diseases 
and/or an antioxidant against oxidative stress (Birdane et al., 2007). 

2.7 Flavonoids isolated from Piper carpunya Ruiz & Pav 
The leaves of Piper carpunya Ruiz & Pav. (syn Piper lenticellosum C.D.C.) (Piperaceae), 
known with the popular name of “guaviduca” in Ecuador are widely used in folk medicine 
in tropical and subtropical countries of South America, as an anti-inflammatory, anti-ulcer, 
anti-diarrheal and anti-parasitical remedy as well as an ailment for skin irritations. The 
antiinflammatory activity has been confirmed in rat models like the carrageenan-induced 
paw edema and the results obtained can support its use in the traditional medicine of 
Ecuador (De las Heras et al., 1998). Recently, this plant has been shown to protect against 
gastric ulcers induced by non-steroidal anti-inflammatory drugs (NSAID) in rats (Trabadela 
et al., 2009).  
Numerous plant remedies have shown to be active against Helicobacter pylori infection, 
such as the oil extract of Chamomilla recutita (Shikov et al., 2008), the ethanolic extract of 
Cuminum cyminum L., Propolis (Nostro et al., 2005) as well as the methanolic extract of 
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Alchornea triplinervia (Spreng.) Mull. Arg., which exhibited anti-secretory, anti-
Helicobacter pylori and gastroprotective effects (Lima et al., 2008). 
Several mechanisms of action have been proposed to illustrate its anti-inflammatory effects. 
This may be explained through other properties such as anti-oxidant activity, inhibition of 
eicosanoid generating enzymes or as modulator for proinflammatory molecules. Recent 
studies have also shown that some flavonoids are modulators of proinflammatory gene 
expression (Garcia-Lafuente et al., 2009). Gastro protective activity of flavonoids may be 
through reducing gastric acid secretion and inhibition of gastric H+, K+-ATPase. One 
example is Baccharis illinita D.C., which is also used in folk medicine, and whose anti-
secretory activity is attributable to the flavonoid luteolin (Freitas et al., 2008). 
Furthermore, some flavonoids have also demonstrated inhibitory effects on Helicobacter 
pylori growth and vacuolation. Helicobacter pylori induces gastric epithelial cell apoptosis 
via secreted mediators such as the VacA cytotoxin and lipopolysacccharides which damage 
epithelial acid-secreting parietal cells (Neu et al., 2002). Several flavonoids have inhibitory 
influence on the apoptotic signaling induced by Helicobacter pylori VacA toxin (Xiao et al., 
2007). Antimicrobial compounds from plants may inhibit bacterial growth by different 
mechanisms and could therefore be useful in case of resistance state to antibiotics. In this 
way, Castillo-Juarez et al., (2007) found that the petroleum ether fraction from 
Amphipterygium adstringens (Schltdl.) Standl. had significant anti-microbial activity 
against Helicobacter pylori. From this fraction, the authors isolated a mixture of anacardic 
acids and three known triterpenes: masticadienonic acid, 3-alpha-hydroxymasticadienonic 
acid, 3-epi-oleanolic as well as the sterol ß-sitosterol. 
Previous study suggested that the flavonoids (vitexin, isovitexin, rhamnopyranosylvitexin 
and isoembigenin),  nervogenic acid and geranylbenzoate isolated from the ethanolic extract 
of Piper carpunya may contribute to the anti-myeloperoxidase activity, as well as to their 
anti-Helicobacter pylori effect. These flavonoids may also be responsible for the important 
inhibition of H+, K+-ATPase pathway, additionally the obtained phytosterols and phytol 
could be involved in these gastroprotective activities (Quilez et al., 2010). 

2.8 Quassia amara 
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2008). 
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the wood and the addition of hot water forms an infusion in them (Odonnea et al., 2007). 
There only exist a few studies on the gastrointestinal, digestive and secretagogue activity of 
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represents 0.1% of the dried weight of wood and bark, and it is present in larger quantities 
when the plant is grown in the shade (Guo et al., 2005).  
Quassia amara L. bark standardized extracts, Lipro® and Ligas®, which were standardized 
to its quassinoid content, showed an important anti-ulcerogenic and gastroprotective 
potential in acute ulcer induction models. Their effect was related to an increase in gastric 
barrier mucus and non protein sulfhydril groups (Garcia-Barrantes & Badilla, 2011). Gastric 
barrier mucus is an important factor in gastroprotection (Kaunitz, 1999). Animals treated 
with Ligas® showed substantial mucus production. Prostaglandins I2, E2 and F2 are some 
of the main stimuli for the production of gastric and duodenal mucus (Dharmani et al., 
2005). The increase in mucus could be a signal of the role of prostaglandins in the anti-
ulcerogenic properties of the extracts. 

2.9 Gardenia jasminoides Ellis ethanol extract 
Gardenia jasminoides Ellis (GJE), has been used in traditional oriental medicine for the 
treatment of jaundice, fever, hypertension, and ulcers of a skin (Tseng et al., 1995). It has 
been reported that the crude extract of GJE fruit has biological and pharmacological 
activities. In the phytochemical studies of GJE, genipin, chlorogenic acid, rutin, and ursolic 
acid were detected in GJE extracts (He et al., 2006). Genipin is an aglycone derived from an 
iridoid glycoside called geniposide present in fruit of GJE, and is an excellent natural cross-
linker for proteins, collagen, gelatin, and chitosan cross-linking. It has been also used for 
pharmaceutical purposes, such as choleretic action for liver diseases control, and the relief of 
type 2 diabetes symptoms. Ursolic acid is a pentacyclic triterpene acid, used in cosmetics 
(Shishodia et al., 2003), and as inhibitor for various types of cancer cells by inhibiting the 
STAT3 activation pathway (Pathak et al., 2007) and human fibrosarcoma cells by reducing 
the expression of matrix metalloproteinase-9 by the glucocorticoid receptor. 
Gastric cancer is the second commonest cause of death from malignant disease worldwide 
(Neugut et al., 1996). Antioxidant compounds, such as vitamin C and E, have a key role for 
prevention and termination of development of gastric cancer (Block, 1991). It has been 
recognized that chronic infections of the gastric mucosa by Helicobater pylori (H. pylori) 
plays a pivotal role in gastric carcinogenesis. Such infection usually causes acute and chronic 
inflammation cell infiltrate, leading to an increase of reactive oxygen species (ROS), which 
are highly reactive compounds. The latter may combine with DNA in a number of 
potentially genotoxic ways, subsequently accumulated in H. pylori gastritis. Therefore it 
may be possible to prevent carcinogenesis through reduction of ROS damage to cellular 
constituents, especially DNA, additionally the eradication of H. pylori can lead to a 
reduction in ROS activity in the gastric mucosa (Drake et al., 1998). 
Lee et al., (2009b) in confirm indicated that the ethanolic extracts of GJE exerted protective 
activities against potential gastritic diseases like gastritis and gastric cancer. This action 
might be due to antioxidant activity, anti-H. pylori activity of ursolic acid and genipin that 
counteract free radicals  exerting anti-ulcer activity. 

2.10 Curcumin 
Curcumin, the polyphenolic yellowish pigment of the rhizome Curcuma longa Linn, is 
known to possess anti-inflammatory, antioxidant, wound-healing, and antiallergic activities 
(Das& Das, 2002). Several investigators have also reported the antiulcerogenic activity of the 
ethanolic extract of the rhizome of C. longa in acute gastric mucosal lesion (Rafatullah et., 
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1990), but not in chronic ulcer models. More recently, it has been considered that curcumin 
exerts a variety of pharmacological actions through inhibition of inducible nitric oxide 
synthase (iNOS) as well as its potential as radical scavenger (Elseweidy et al., 2008) Thus, 
the previously proposed mechanisms for antiulcerogenic effect of curcumin (Yano et al., 
2000), such as inhibitory effect on gastric secretion, cytoprotection, antioxidant activity and 
inhibition of mast-cell degranulation, need to be evaluated again. 
Curcumin, exerted its preventive effect on gastric lesion formation, although it possesses 
anti-inflammatory activity resulting from a blockade of all branches of the arachidonic acid 
pathway (Ammon et al., 1993). This effect is consistent with the findings reported by several 
authors that the inhibition of prostaglandins synthesis is unlikely to be the mechanism 
responsible for the inflammatory ulceration formation.  Curcumin therefore may exert this 
through its antioxidant activity and its inhibition of nuclear factor kappa B activation which 
up-regulates many genes involved in inflammation and immunity, including its potent 
suppressive effect on mast-cell degranulation (Jobin et al., 1999). Although there is a 
potential increase of gastric acid secretion with a high dose of curcumin, gastric acid 
secretion has been found to play little role in the pathogenesis of this model (Ohta et al., 
1999). 
Apparent healing – promoting effect  of curcumin was also observed in gastric ulcer model, 
induced by acetic acid with an enhancement of  mucosal layer regeneration. This effect was 
not seen in a dose-related fashion, presumably through some curative mechanisms 
differently modified by curcumin dosage. Accordingly, it is conceivable that the effect of 
curcumin occurs at least partly through its inhibition of the cytokine-mediated 
inflammatory mechanism, suppression of iNOS activity and antioxidant activity as 
mentioned above. In addition, the curative properties and ulcer healing might result from 
the elevation of epidermal growth factor and transforming growth factor-beta-1, as shown 
in acceleration of cutaneous wound healing in rats, guinea pigs and mice (Sidhu et al., 1998).  
Another study attributed such preventive and curative effects of curcumin to an increase in 
the mucosal defensive mechanism through its antioxidant property, increase in mucin 
secretion and inhibition of NO or cytokine-mediated inflammation (Mahattanadul et al., 
2006). 

2.11 Artichoke leaf extract 
Artichoke (Cynara Scolymus L.) is a plant that is widely grown in Mediterranean countries, 
including southern France and California in the United States.  In general, the dried extract 
consisting of leaves and not flowering heads of artichoke has been eluted with water in 
European countries and the main components are caffeoylquinic acid derivatives (cynarin 
and chlorogenic acid), flavonoids (luteolin and apigenin) and bitters (cynaropicrin) (Joy & 
Haber, 2007). Artichoke leaf extract has been used for hepatoprotective and cholesterol 
reducing (Aktay et al., 2000) purposes. Based on in vitro (Perez-Garcia et al., 2000) and in 
vivo (Speroni et al., 2003) studies, it is believed that artichoke leaf extract is very effective as 
an antioxidant and its  leaf extract contains cynaropicrin and chlorogenic acid as the main 
components. It is currently used in Germany and Switzerland as a remedy for indigestion.  
And its better compounds such as cynariopicrin as inflammatory agents due to its inhibitory 
influence on inflammatory mediators (Holtmann et al., 2003). 
Previous results indicated that artichoke leaf extract is effective against acute hemorrhagic 
gastritis and its beneficial effect is due to that of cynaropicrin. The gastric mucus-increasing 
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action of artichoke leaf extract may be, at least in part, related to the anti-gastritic action of 
the extract (Ishida et al., 2010). 

2.12 Pear (Pyrus communis L.) procyanidins 
Some European pear (Pyrus communis L.) cultivars have been reported to contain 
significant amounts of polyphenols, such as chlorogenic acid, flavan-3-ols and arbutin. 
procyanidins are reported to have many beneficial properties, such as potent antioxidant 
activity (Zhu et al., 2002), free radical scavenging activity (Arteel & Sies, 1999), 
antiinflammatory activity and anti-influenza viral activity (Hamauzu et al.,  2005). 
It has been shown that procyanidins extracted from pear (Winter Nelis) fruit had a very high 
mean degree of polymerization (mDP), indicating that these compounds may interact with 
mucosa proteins. Accordingly the mechanism of mucosa protection by pear procyanidins 
may be both physical and chemical. By binding strongly to the mucosa, procyanidins build a 
protective layer against injury, reducing leukocyte migration, and then exerting its local 
antioxidant protection against free radicals (Hamauzu et al., 2007). 

2.13 Sesame lignan sesamol 
Sesamol (3,4-methylenedioxyphenol), the lignan of sesame oil, is a potent antioxidant and anti-
inflammatory agent in various oxidative systems, including endotoxin and iron intoxication 
(Hsu et al., 2007). Recent study has confirmed its effect in gastric haemorrhage model and 
mucosal ulcer induced in rats by aspirin. Sesamol her significantly reduced gastric mucosal 
lipid peroxidation, nitric oxide production, gastric mucosal proinflammatory cytokines (tumor 
necrosis factor-a and interleukin 1-ß levels), and the activity of gastric mucosal 
myeloperoxidase. This was attributed to an inhibition of neutrophil infiltration, subsequent 
gastric mucosal inflammation and oxidative stress in rats (Hsu et al., 2009a). It seems likely 
that sesamol protective influence on gastric mucosal injury may be at least partially through an 
inhibition of mucosal reactive nitrogen species and subsequent lipid peroxidation.  
Inhibition of neutrophils activation and their infiltration into gastric mucosa may be 
sesamol’s anti-inflammatory and antioxidative mechanism. Neutrophil activation and 
infiltration are crucial in the pathogenesis of NSAID-induced gastric inflammation and 
oxidative stress (Souza et al., 2008). Activating neutrophils results in the expression of 
proinflammatory genes and the overproduction of proinflammatory mediators, including 
TNF-α and IL-1ß, which initiates an inflammatory response (Jaeschke & Hasegawa, 2006).  
Overproduction of proinflammatory mediators can upregulate nitric oxide production 
leading to an increase of reactive nitrogen species, lipid peroxidation, and cell damage 
(Hayes and McLellan, 1999). Similar effect for Sesamol was also observed in the gastric 
mucosa of aspirin-treated rats preventing inturn gastric injury. This may be attributed to 
certain combination between sesamol and aspirin, inhibiting inturn neutrophil infiltration, 
mucosal inflammation and oxidative stress (Hsu et al., 2009a). 
Daily consumption of sesame or sesame oil may be beneficial in protecting against gastric 
mucosal damage induced by long-term use of NSAID. Sesame lignan sesamol is one of the 
important antioxidative components in sesame in addition to some other antioxidants such 
as sesamin, sesamolin, and gamma-tocopheral (Tokusoglu et al., 2003). All of them could 
attenuate NSAID initiated gastric mucosal oxidative stress. Therefore, we suggested that 
daily consumption of sesame or sesame oil could protect against NSAID-induced gastric 
mucosal damage. However, more investigations will be needed to confirm this. 
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Also, pretreatment of sesame oil, significantly decreased acidified ethanol-induced mucosal 
ulcer formation and luminal hemorrhage. Sesame oil her reduced mucosal lipid 
peroxidation, as well as glutathione and nitric oxide production in  experimental rats model 
attenuating in turn oxidative stress and gastric mucosal injury (Hsu et al., 2009b). 

3. Conclusion  
Gastritis represents  an inflammation of the stomach lining in response to injury.It is either 
acute or chronic and has many underlying  causes ,however the most  important of them are 
Helicobacter pylori (HP) infection, Autoimmunity additionally prolonged  uptake of certain 
drugs ,specifically aspirin and nonsteroidal antiinfilammatory drugs (NSAIDs).The common 
mechanism of an injury is an imbalance between  the aggressive and defensive factors  that 
maintain the integrity of the gastric lining (mucosa). In subsequent or joining such 
inflammation pattern an increase in oxidative damage due to high level of reactive oxygen 
species (ROS) , higher gastrin, pepsinogen, expression  of inducible nitric oxide synthase 
(iNOS) leading  to corpus atrophy and G cells damage. Interaction of NO and can form 
peroxynitrite, leading finally to apoptosis in a variety of cell types. 
Tannins and flavonoids (phenolic compounds) are commonly found in several medicinal 
plants. Certain therapeutic properties mainly anti-inflammatory, wound healing, 
antioxidant and anti ulcerogenic are mostly attributed to these plant constituents. 
Tannins are potent scavengers of per oxi radicals and can interact with mucus proteins, 
improving their cytoprotective effect by forming a protein lining over the gastrointestinal 
mucosa, additionally involved in wounds treatment. Fresh fruits and vegetables have been 
reported to exert multiple biological effects on the mucosa of gastrointestinal tract due to 
their antioxidants content. Certain flavonoids or compounds with flavonoid-like properties 
have antiulcer activity, prevent gastric mucosal lesions brought about by a number of 
ulcerogens. This had been illustrated before on polyphenol from grape seed, aqueous fruit 
extract of morinda citrifolia, Quarcetin, apple extract, curcumin, black seed oil, quassin, 
artichoke and others. It is conceivable that some of these plant constituents exerted their 
effects through the inhibition of cytokine-mediated inflammatory mechanism, suppression 
of iNOS, antioxidant activities and healing of the produced ulcer. 
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1. Introduction  
Gastritis is an inflammation of the stomach lining, which is fairly common and could have 
different causes. Many kind of agents may lead the stomach into an inflamed statement; in 
first place, it could be due to non-steroidal anti-inammatory drugs (NSAID) such as aspirin, 
ibuprofen, naproxen, etc. (Fig. 1), which are used in different treatments to calm down some 
specific illness, e.g. rheumatoid arthritis; in second place, inflamation could be due to 
abrasive compounds (alcohol, acids and others) or unbalanced diets where the stomach is 
damaged by its own gastric acid; in third place, long-term physical and/or mental stress 
that result in the production of excessive amounts of stomach acid; in last place, the 
infection caused by a well-known microorganism, Helicobacter (H) pylori. When stomach 
inflammation is not treated, mainly in the latter case, the illness could end in a gastric ulcer 
or in the worst case, in gastric cancer.  
The signs and symptoms of gastritis depend on how long the problem has existed. If it 
occurs suddenly is called acute gastritis. In acute phase, superficial inflammation of the 
stomach causes the classic nausea and pain or discomfort in the upper abdomen. If it 
develops gradually is called chronic gastritis, and the symptoms might vary from those of 
acute, with a dull pain in the upper abdomen and a feeling of fullness and loss of appetite 
after a few bites of food. However, in some cases, people with chronic gastritis could not feel 
any of these symptoms. Another type is the reactive or chemical gastritis, which is defined as a 
foveolar elongation, tortuosity, and hypercellularity of the gastric surface epithelium, 
together with edema, vasodilatation, congestion of gastric lamina propria, and a paucity of 
inflammatory cells. This type of gastritis has been thought to result from duodenogastric 
bile reflux or the use of NSAIDs (Voutilainen et. al., 2002). 
Clinicians differ on classification of the less common and specific forms of gastritis, 
particularly since there are so much overlap with H. pylori in development of chronic 
gastritis and its complications. Other types of gastritis that may be diagnosed include: a) 
Acute stress gastritis, the most serious form of gastritis which usually occurs in critical ill 
patients, such as those in intensive care, where stress erosions may develop suddenly as a 
result of severe trauma or stress to the stomach lining; b) Atrophic gastritis, resulting from 
chronic gastritis which is leading to atrophy, or decrease in size and wasting away of the 
gastric lining. Gastric atrophy is the final stage of chronic gastritis and may be a precursor of 
gastric cancer; c) Superficial gastritis is a term often used to describe the initial stages of 
chronic gastritis; d) Uncommon specific forms of gastritis include granulomatous, eosiniphilic 
and lymphocytic gastritis (Sipponen & Price, 2011). 
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A recent advance in the histopathology of gastritis is the replacement of the traditional 
definition of gastric atrophy, “loss of glands”, with the new definition of gastric atrophy as 
the “loss of appropriate glands”. By this definition, intestinalized glands represent atrophy 
when the metaplastic change involves the entire length of the original glandular unit and is 
considered as metaplastic atrophy. The application of the new definition has resulted in a 
high level of agreement among gastrointestinal pathologists trained in different cultural 
contexts. As there is obvious evidence that the severity and the extent of gastric atrophy 
relate to different risk levels of gastric cancer, an international group of gastroenterologists 
and pathologists, Operative Link on Gastritis Assessment (OLGA), has developed a system of 
histologically reporting gastritis by combining the semi-quantitative scoring scale of the 
updated Sydney system (Stolte & Meining, 2001) with the new definition of gastric atrophy. 
This system expresses the extent of gastric atrophy in terms of gastritis staging (Quach et. 
al., 2011).  
Nowadays, one of the most important cases of gastritis is the infection by H. pylori strains. 
This affection was the attention focus that led to many researchers in the last years to study 
different branches of the infection process (Chenoll et. al.; 2011; Cui et. al., 2010; Ko et. al., 
2010; Wittschier et. al., 2009; Wolle & Malfertheiner, 2007). However, equal important is the 
gastritis associated to the consumption of NSAIDs since these drugs are widely used to treat 
some pains. The chronic use of NSAIDs is a common cause of gastroduodenal erosions and 
peptic ulcers resulting, in many cases, in fatal haemorrhage. Aspirin, a famous NSAID, is 
thought to cause gastric damage by both, topical irritant effects on the gastric epithelium 
and systemic effects related to suppression of mucosal prostaglandin synthesis (Fig. 1). 
Inhibition of prostaglandin synthesis reduces mucosal defenses, including mucus and 
bicarbonate secretion, blood ow, epithelial cell turnover and repair, and mucosal 
immunocyte function. NSAIDs can also interfere with the healing of preexisting lesions and 
cause a fast drop in pH within the mucus cap (Shiotani et. al., 2008). In clinical practice, a 
prostaglandin E1 derivative, misoprostol, and anti-acids, including proton pump inhibitors 
(PPIs) are routinely used for the treatment and prevention of NSAID enteropathy (Peura, 
2004). The authors previously reported the usefulness of PPIs for healing the small intestinal 
mucosal injury in experimental animal models treated with NSAID; however, there are no 
clinical data on the usefulness of PPIs in such injuries. Some studies indicated the efficacy of 
misoprostol on NSAID-induced intestinal injuries (Kuroda et. al., 2006) whereas others 
reported no effectiveness (Davies et. al., 1993). 
Among the most conventional drugs employed, PPIs such as omeprazole (OPZ) and its 
derivates are the most common although most of these drugs produce undesirable side 
effects and drug interactions (Pali-Schöll et. al., 2010, 2011). OPZ is available over-the-
counter and in inexpensive generic formulations. It is promoted as a therapy for a range of 
disease states, from mild heartburn to aggressive H. pylori gastritis (40 mg can suppress over 
80% of gastric acid secretion) being also one component of the triple-agent therapy 
(clarithromycin, amoxicillin, omeprazole) that is commonly used to eradicate H. pylori 
infection (Logan et. al., 1995). However, it is increasingly well-recognized that OPZ may also 
contribute to gastric gland toxicity, effect demonstrated by Kohler et. al. (2010) in rabbit 
gastric gland at physiologically relevant doses. Data suggest that thiol oxidation negatively 
affects intracellular proteins, which are susceptible to this chemical reaction. Authors also 
evinced that OPZ toxicity can be reversed with Vitamin C, thus providing an explanation 
for the previously observed benets of Vitamin C co-administrated with OPZ in H. pylori 
gastritis (Kohler et. al., 2010). 
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Fig. 1. Deleterious effects of NSAIDs after administration for long periods. Normal levels of 
PGE2 helps gastric mucosa in keeping its normal characteristics. The intake of NSAIDs for 
long periods blocks the PGE2 generating unbalance in the process and situations of 
cytotoxicity. These conditions lead gastric mucosa to be unhealthy and to come into gastritis 
process. 

Anti-ulcer drugs are useful co-medications to protect the gastric mucosa from damage due to 
steroidal and non-steroidal drugs. This is especially relevant during long-term pain and anti-
inflammatory therapies, e.g. in management of rheumatoid arthritis or inflammatory bowel 
disease. Inhibition or neutralization of gastric acid with so-called anti-ulcer drugs is necessary 
to treat gastritis and peptic ulcers, e.g. drugs such as PPIs, histamine type-2 receptor 
antagonist, sucralfate, or acid neutralizers like bismuth compounds (co-prescribed to protect 
the gastric mucosa). The therapy goal is to reach gastric pH levels above 4.5 (Julapalli & 
Graham, 2005) also for children (Tofil et. al., 2008) or even above 6.0 for treating bleeding 
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peptic ulcers (Pali-Schöll et. al., 2010). Avoidance of acid is needed to stop autodigestive 
processes and support mucosal healing in the extreme environment of the gastric lumen. 
The success rate of conventional eradication of triple therapy is ca. 80% but it is constantly 
decreasing worldwide, mainly due to H. pylori antibiotic resistance (Wolle & Malfertheiner, 
2007). In addition to the cost of the treatment, this kind of therapy involves taking too many 
drugs, which might cause side effects. Before the recognition of H. pylori as the main 
ethiological agent of chronic gastritis and peptic ulcer disease, research studies were focused 
on the gastroprotective, and/or anti-acid, and/or anti-inammatory effects of traditional 
medicinal plants and their mode of action (Borrelli & Izzo, 2000; Castillo-Juarez et. al., 2009). 
Nowadays, studies of natural products in gastritis therapy have become the main research 
area around the world. The novel therapies include natural compounds or their derivates 
co-administered whith conventional drugs. These biological and natural products include 
beneficial microorganisms and plants. 

2. Phytotherapy on gastric diseases 
Plant derivates had been employed by population to prevent different kind of diseases for 
centuries. The knowledge of plant properties was acquired by ancient civilization that 
passed down from generation to generation until today and it is known as “popular 
medicine or traditional medicine” (Al-Qura´n, 2009). The number of plants species around 
the world is infinite and medicinal plants are used to treat different kind of pathologies like 
infection, internal and external inflammatory process, dermatological, urinary/genital, 
parasitosis, hemorrhoids, blood pressure, diabetic problems, etc., although the main usage is 
against gastrointestinal and respiratory problems (Al-Qura´n, 2009; De la Cruz et. al., 2007; 
Neves et. al., 2009; Rehecho et. al., 2010). The principal way of administration is like 
beverages, infusion or decoction of different parts of the plants (root, stem, seed, rhizome, 
bark, leaf, flowers, fruit or mixtures). 
The surveys of popular medicine are useful to understanding the application of different 
plant species, the way of usage, administration and mainly their properties. In some cases, 
this kind of beverages could be effective against gastric mucosal inflammation (active 
chronic gastritis, erosive or not) and also against H. pylori, thus having antimicrobial activity 
besides anti-inflammatory effects. Asteraceae and Lamiaceae families are mainly used as 
gastroprotector, but at the same time they are also used against other diseases as wound 
healing, analgesic and anti-inflammatory. Most studies addressed the gastroprotector effect 
of different plants extracts in experimental models, e.g., gastritis (mucosal inflammation and 
mucosal infectious model), ulcers and even advanced processes like cancer model (De la 
Cruz et. al., 2007; Nergard et. al., 2004).  
Beverages are known in different cultures as “tea”. The tea is the extract obtained after 
maintaining raw plant materials in contact with hot water during certain time (the 
methodology could change if it is infusion or decoction, where decoction is an aggressive 
process of extraction). In this extract it is possible to find different compounds like 
polyphenols, flavonoids (glycosilated or not) and polysaccharides among others, that could 
interact with the mucosal barrier cells by changing the cell metabolism and modifying the 
cellular regulation; they could also display anti-H. pylori activity (Coşkun et. al., 2004; 
Formica & Regelson, 1995; Kahraman et. al., 2003; Lengsfeld et. al., 2004). Examples of some 
medicine plants against gastric disorders are presented in Table 1. 
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MEDICINAL PLANTS USED IN GASTRIC DISEASES AROUND THE WORLD 

Family Plant 
species 

Common
name 

Part 
used

Mode 
of 

using 

Traditional 
uses 

Country/ 
region References 

Acanthaceae Dicliptera 
peruviana 
(Lam.) Juss. 

Chuncho-
chuncho 
(Q) 

Leaves Infusion Stomachache Perú  
(Canta, 
Lima) 

De la Cruz et. 
al., 2007 

Asteraceae Ageratum 
conyzoides L. 

- Leaves Infusion/
Decoction

Purgative, gastric 
ulcers, wound 
healing 

West 
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Asia and 
South 
America 

Shirwaikar et. 
al., 2003 

Carlina acaulis 
L. 
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(I) 

Roots Decoction Stomachache Italy 
(Valvestino
) 

Vitalini et. al., 
2009 

Tagetes elliptica 
Smith 

Chinche 
(S) 

Leaves Decoction Stomachache, 
intestinal pain, 
digestive 

Perú  
(Canta, 
Lima) 

De la Cruz et. 
al., 2007 

Tagetes filifolia 
Lag. 
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Serrano 
(S) 

Aerial 
parts 

Decoction Stomachache, 
intestinal pain  

Perú 
(Ancash) 

Hammond et. 
al., 1998 
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kotschyana Sch.

- Roots Decoction
, cold 
macerate 

Gastrointestinal 
disorders, gastritis 
and 
gastroduodenal 
ulcers 

Mali Nergard et. 
al., 2004 

Brassicaceae 
 

Brassica 
carinata A. 
Braun. 

Koza (ET) Leaves - Gastritis Ethiopia 
(Sheko) 

Giday et. al., 
2010 

Brassica nigra 
(L.) 
W.D.J.Koch 
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(Sheko) 

Giday et. al., 
2010 
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ilicifolia Mart. 

Espinheir
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Croton cajucara 
Benth 

Sacaca (P) Leaves 
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et. .al., 2000 

Euphorbiacea
e 

Jatropha isabelli 
Muell. 

Yagua 
rova (G) 

Rhi-
zome 
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Decoction

Gastroprotective Paraguay, 
Argentina 

Pertino et. al., 
2007 

Geraniaceae 
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molle L. 

Erva de S. 
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Bico de 
pinga 
amor (P) 

Aerial 
parts, 
roots 

- Stomach acidity 
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cancer treatment, 
uterus 
inammation 

Portugal  
(Trás-os-
Montes) 

Neves et. al., 
2009 

Pelargonium 
sidoides DC 

Umckaloa
bo (A) 

Roots - Antimicrobial 
effects 

Southern 
Africa 

Wittschier et. 
al., 2007 

Pelargonium 
roseum 
(Andrews) 

Geranio 
(S) 

Leaves Infusion/
decoction

Digestive, 
carminative, 
 gastritis, 

Perú (Nor-
Yauyos) 

Elmann et. al. 
2010; Rehecho 
et. al., 2010 
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sidoides DC 

Umckaloa
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Roots - Antimicrobial 
effects 
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Africa 

Wittschier et. 
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MEDICINAL PLANTS USED IN GASTRIC DISEASES AROUND THE WORLD 

Family Plant 
species 

Common
name 

Part 
used

Mode 
of 

using 

Traditional 
uses 

Country/ 
region References 

W.T.Aiton amigdalitis,  
hemorrhagias of 
the gastro-
intestinal tube, 
others 

Krameriaceae Krameria 
lappacea 
(dombey) 
Burdet et B. 
Simpson 

Ratanya 
or Ratiñay 
(Q) 

Roots, 
stems 

Decoction Diarrhea, 
inflammation, 
treatment of 
stomach cancer 

Perú 
(Ancash) 

Hammond et. 
al., 1998; De la 
Cruz et. al., 
2007 

Lamiaceae  
 
 
 
 
 
 
 
 
 
Lamiaceae 
 
 

Glechoma 
hederacea L. 

Malvela, 
redondinh
a (P) 

Aerial 
parts 

- Cough, stomach 
pain, gastritis and 
acidity, diarrhoea, 
renal problems, 
others 

Portugal  
(Trás-os-
Montes) 

Neves et. al., 
2009 

Melissa 
officinalis L. 

Cidreira 
(P) 

Aerial 
parts 

- Intestinal gases 
and pain, digestion 
and bile 
stimulation, 
stomachache and 
gastritis, others. 
 

Portugal  
(Trás-os-
Montes) 

Neves et. al., 
2009 

Mentha 
piperita L. 

Hortelão, 
Piperita, 
Pimenta 
(P); Menta 
(S) 

Green 
leaves 

Infusion  Digestive and 
antiatulence to 
relieve gastritis, 
dyspepsia and 
biliar disorders, 
analgesic, rheuma, 
others 

Portugal  
(Trás-os-
Montes); 
Perú (Nor-
Yauyos) 

Neves et. al., 
2009; Rehecho 
et. al., 2010 

Minthostachys 
mollis (Kunth.) 
Griseb.  

Muña (S) Leaves Infusion Digestive, 
carminative, 
emolient ,diuretic, 
to treat diarrhea, 
gastritis and colics, 
others 

Perú  
(Nor-
Yauyos) 

Rehecho et. 
al., 2010; 
Schmidt-
Lebuhn, 2008; 
De la Cruz et. 
al., 2007 

Marrubium 
vulgare L. 

Mala 
mujer (S) 

Leaves, 
stems 

Infusion Stomachache Perú  
(Canta, 
Lima) 

De la Cruz et. 
al., 2007 

Ocimun suave 
Willd 

Olomora 
(A) 

Leaves Oil Gastric ulcers, anti-
cathartic, fever, 
stomachache 

Tropical 
Asia ; west 
and east 
Africa  

Tan et. al., 
2002 

Fabaceae  Glycyrrhiza 
glabra L. 

Liquorice 
(E) 

Roots Syrup Diuretic, gastric 
ulcer, expectorant 

Mediterran
ean region, 
Asia Minor 
and Middle 
East 

Al-Qura’n et. 
al., 2009; 
Wittschier et. 
al., 2009 

Malvaceae  Althaea rosea
(L.) Cav.  

Rose 
mallow (E); 
Alteia (P) 

Aerial 
parts, 
roots 

Infusion  Abdominal 
inflammation, 
cough, colitis and 

Jordan 
(Showbak); 
Portugal  

Al-Qura’n et. 
al., 2009; 
Neves et. al., 
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MEDICINAL PLANTS USED IN GASTRIC DISEASES AROUND THE WORLD 

Family Plant 
species 

Common
name 

Part 
used

Mode 
of 

using 

Traditional 
uses 

Country/ 
region References 

gastritis, pleura 
infection, dental 
growth and 
development, 
others 

(Trás-os-
Montes) 

2009 

Abelmoschus 
esculentus (L.) 
Moench. 

Okra Fruits Fresh 
fruits 

Cholesterol 
reduction 
hypoglycemic, 
gastric irritation 

Africa, 
Asia and 
America 

Lengsfeld et. 
al., 2004 

Papaveraceae Papaver rhoeas 
L. 

Poppy(E) Leaves, 
stems 

Decoction Antidysenteric, 
antispasmodic 

Jordan 
(Showbak) 

Al-Qura’n et. 
al., 2009;  

Piperaceae Peperomia 
galioides HBK 
var gladioides 

Congona 
(Q) 

Aerial 
parts 

Crushed/
Juice 

Wounds healing, 
juice is swallowed 
to treat gastric 
ulcers 

Perú 
(Ancash) 

Hammond et 
al., 1998 

Poaceae Cynodon 
dactylon L. 

Grama (P) Dried 
roots 

- Diuretic, 
depurative, gastric 
inflammation 

Portugal  
(Trás-os-
Montes) 

Neves et. al., 
2009 

Polygalaceae  Polígala 
paniculata 
Linneau 

Barba-de-
são-
joão,vasso
urinha 
branca or 
mimosa 
(P) 

Aerial 
parts 

- Gastrprotector , 
asthma, bonchitis, 
stomach pain, 
diarrhea, anti-
inflammatory, 
anti-spasmodic  

Brazilian 
Atlantic 
coast 

Rocha Lapa et. 
al., 2007 

Punicaceae Punica 
granatum L.  

Pomegran
ate (E) 

Fruits Fresh 
fruits 

Ulcer, hepatic 
damage, tonic 
fever, heart and 
gastric diseases, 
others 

Europe, 
Indo-
China, 
South 
Africa 

Ajaikumar et. 
al., 2005 

Rosaceae Sarcopetertum 
spinosum (L.) 
Spach. 

Thorny 
burnet (E)

Roots, 
fruits 

Soaking Renal calculi, 
antidiabetic, 
gastric diseases  

Jordan 
(Showbak) 

Al-Qura’n et. 
al., 2009;  

Scrophulariac
eae 
 

Calceolaria 
bicolor Ruiz & 
Pav. 

Zapatito 
or globo-
globo (S) 

Leaves, 
flowers

Infusion Stomachache Perú  
(Canta, 
Lima) 

De la Cruz et. 
al., 2007 

Calceolaria 
lobata Cav. 

Globo-
globo (S) 

Leaves, 
flowers

Infusion Stomachache Perú 
(Canta, 
Lima) 

De la Cruz et. 
al., 2007 

Solanaceae Hyoscyamus 
aureus L. 

Handbane 
(E) 

Aerial 
parts 

Decoction Narcotic, hypnotic, 
stomachache 

Jordan 
(Showbak) 

Al-Qura’n et. 
al., 2009  

Verbenaceae  Lippia siodides 
Cham. 

- Aerial 
parts 

Hydro-
alcoholic 
tincture 

Wounds, mycoses, 
stomachache 

Northeast 
Brazil 

Barros 
Monteiro et. 
al., 2007 

Lippia 
integrifolia 
(Gris.) Hieron.

Incayuyo 
(S) 

Aerial 
parts 

Infusion/ 
Decoction

Dyspepsia, 
diuretic, cough 
treatment, 
indigestion, 
stomachache  
 

Central 
and 
Northwest 
Argentina 

Gorzalczany 
et. al., 2008 
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MEDICINAL PLANTS USED IN GASTRIC DISEASES AROUND THE WORLD 
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Country/ 
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Roots Syrup Diuretic, gastric 
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stomachache 

Northeast 
Brazil 

Barros 
Monteiro et. 
al., 2007 

Lippia 
integrifolia 
(Gris.) Hieron.

Incayuyo 
(S) 

Aerial 
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Infusion/ 
Decoction

Dyspepsia, 
diuretic, cough 
treatment, 
indigestion, 
stomachache  
 

Central 
and 
Northwest 
Argentina 

Gorzalczany 
et. al., 2008 
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MEDICINAL PLANTS USED IN GASTRIC DISEASES AROUND THE WORLD 

Family Plant 
species 

Common
name 

Part 
used

Mode 
of 

using 

Traditional 
uses 

Country/ 
region References 

Vochyslaceae Vochysla 
tucanorum 

Pau-
tucano or 
pau-doce 
(P) 

Leaves, 
barks 

Infusion Stomach 
inflammation, 
asthma, 
pulmonary 
congestion 

South 
America 

Camargo 
Gomes et al., 
2009 

Zingiberaceae  Amomum 
subulatum 
Roxb. N. O. 

Heel 
kalan, Bari 
ilaichi (I) 

Fruits Infusion Stomacheache, 
digestive, anti-
emetic, carminative

India  Jafri et al., 
2001 

Table 1. Medicinal plants used for treatment gastric disorders according to native 
population of different areas around the world. The names of the species are given 
according to the regional language: (Q) quechua, an indigenous language from Bolivia, Perú, 
north-western of Argentina and Chile; (I) Italian; (S) Spanish; (E) English; (ET) Ethiopian; (P) 
Portuguese; and (G) Guaraní, a native language from Paraguay, south-western of Brazil and 
north-eastern of Argentina. 

2.1 Effects of phenolic compounds of medicinal plants on gastritis 
Gastritis troubles led to researchers to study the gastric mucosa in different animal model 
(rat, mouse, pig, rabbit, among others) where mucosal damage was induced by either 
chemical compounds (aspirin, HCl, ethanol, acetic acid, ibuprofen and more), stress 
(hypothermia), pylorus ligation or by microbiological agents (H. pylori). These in vivo 
experimental assays are useful to resemble gastric diseases as gastritis or ulcers, and help us 
to understand the way of action of natural compounds or complex extract of medicinal 
plants. These compounds acts at different levels, e.g., immune mucosal response, H+/K+ 
pumping block, histamine release from mast cell, mucus wall structure, or prostaglandin 
(PG), myeloperoxidase (MPO) and nitric oxide (NO) regulation. Results obtained in the 
framemark of pre-clinical studies may be extrapolated to human cases (Elseweidy et. al., 
2008; Hatsuko Baggio et. al., 2007; Wittschier et. al., 2007). 
Flavonoids are phenolic compounds widely distributed in a wide variety of edible plants 
including leafy vegetables, fruits (strawbery, apple, etc.) and beverages (tea, red wine, beer, 
etc.). They have been reported to exert multiple biological effects, including antiviral, 
antithrombotic, anti-ischemic, anti-inflammatory, antihistaminic, antioxidant and free-
radical scavenging abilities (Kahraman et. al., 2003). The phenolic compounds, widely 
distributed in plants, are the major compounds associated to human health and beneficial 
effects on gastritis, ulcer and cancer. The gastroprotective effect seems to be related to 
increase in endogenous PG, reduction in histamine secretion, scavenging oxygen-derived 
free radicals and even to gastric mucus stimulation (Rocha Lapa et. al., 2007; Tan et. al., 
2002). The importance of such effects is to assure the gastric mucosal integrity by a dynamic 
balance and homeostasis between epithelial cell renewal and cellular apoptosis. In normal 
mammalian stomach, gastric mucosal cells have a rapid rate of turnover, being entirely 
replaced within 3–5 days as the result of rapid proliferation of progenitor cells at the 
isthmus and rapid cell death at the gastric surface (Park et. al., 2004).  
However, treatment of gastric trouble with phenolic compounds is not always beneficial to 
gastritis condition. On one hand, the main effect is associated to anti-inflammatory response 

 
New Approaches in Gastritis Treatment 

 

161 

due to PG and NO inhibition; on the other hand, PG is responsible for the integrity of gastric 
mucosa through activation of a cascade of mechanisms that include inhibition of gastric acid 
secretion, stimulation of mucus-bicarbonate secretion and apoptosis, as well as modulation 
of the blood ow (Atay et. al., 2000) while NO is also involved in regulation of gastric 
motility, mucus and acid secretion (Uchida et. al., 2001). 
Different medicinal plants gave good results in gastric trouble treatments, effects that were 
related to the anti-inflammatory and antioxidant activity of phenolic compounds. As an 
example, the ethanol extract of Ageratum conyzoides L. (Asteraceae) exhibited DPPH (2,2-
diphenyl-1-picrylhydrazyl, and stable radical) scavenging activity and NO generation in a 
concentration dependent manner, displaying greater gastroprotector effect (at dose levels of 
500 and 750 mg/kg) than conventional drugs as misoprostol and famotidine, which are 
used in gastritis treatment (Shirwaikar et. al., 2003). Flavonoids including quercetin 
(3,5,7,3’,4’-pentahydroxyflavone) and catechins (belonging to the flavan-3-ols group) were 
identified in Maytenus ilicifolia Mart. (Celastraceae) named in Brazil as “espinheira santa”; 
these compounds are related to antiulcerogenic activity and/or inhibition of gastric acid 
secretion, both in vivo and in vitro models. The effective gastric protection of M. ilicifolia 
avonoid-rich fraction seems to be related to inhibition of gastric acid secretion 
(cyclooxygenase-prostaglandin system) rather than to glutathione and mucus regulation. 
The arabinogalactan fraction of this plant proved to be more effective than the avonoid-
rich fraction (Hatsuko Baggio et. al., 2007).  
Quercetin is a common flavonoid distributed in a broad variety of vegetables, fruits and 
beverages as tea, red wine, beer, etc. It is known for its vasoactive properties but it also 
prevented gastric mucosal ulcers induced in rats by the administration of ethanol. The 
flavonoid prevented the increase of MPO activity (associated to this experimental model) 
thus protecting gastric mucosa from the deleterious effects of activated neutrophil 
infiltration (Kahraman et. al., 2003). Besides, its antioxidant property may reduce the lipid 
peroxidation and protein carbonyl compounds, increasing the superoxide dismutase activity 
which may play a role on gastric inflammation (Coskun et. al., 2004; Kahraman et. al., 2003, 
as cited in Serrano et. al., 1999). A novel natural product isolated from the Scutellaria 
baicalensis Georgi (Lamiaceae) roots (traditionally used against inammation related 
diseases) is Wogonin (5,7-dihydroxy-8-methoxyavone) which displayed similar effects of 
rebamipide (a well-known drug prescribed clinically for the treatment of gastritis and 
gastric ulcer) in the prevention of alcohol stomach injury (Park et. al., 2004). The target of 
these compounds would be the araquidonic acid metabolism including suppression of 5-
lipooxigenase (LOX) and induction of ciclooxigenase-2 (COX-2), thus displaying strong anti-
inammatory activity on alcohol-related gastric disease (Cellotti & Laufer, 2001). 
Besides phenolic compounds, terpenes from essential oil (EO) were also tested with 
outstanding results. Solidagenone is a labdane diterpene synthesized in rhizomes of Solidago 
chilensis Meyen (Asteraceae); it was used to treat symptomatologies related to inflammation. 
Solidagenone and its derivative solidagen-6β-ol on the HCl/ethanol-induced gastric lesions 
in mice was assessed at 100 mg/kg, being as active as lansoprazole at 20 mg/kg, but the 
mode of action remains to be elucidated (Schmeda-Hirschmann et. al., 2002). Oral pre-
treatment of mice with EO from Lippia sidoides Cham. (Verbenaceae) caused inhibition of 
gastric lesions but did not stimulate mucus production; similar results were obtained with 
OPZ. Consequently, the gastroprotective mechanism induced by the Lippia sidoides EO 
would not be related with cytoprotection (Barros Monteiro et. al., 2007). The EO of Croton 
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sonderianus (Muell. Arg), Amomum sublatum (Jafri et. al., 2001), Nigela sativa (El-Abhar et. al., 
2002) and Croton cajucara (Hiruma-Lima et. al., 2000) also showed protective activities on 
gastric mucosa. On the other hand, Anethole, a constituent present in many essential oils 
and its derivatives 1-hydroxy-1-(4-methoxyphenyl)-propane and 1-hydroxy-1-(4-
methoxyphenyl)-2-m-chlorobenzoyl-propane seemed to have gastroprotector effect against 
ethanol-induced gastric lesions without modifying the mucus secretion (Freire et. al., 2005).  
OPZ is an effective inhibitor of leukocyte inltration, over-expression of adhesion 
molecules, IL-1a, and TNF-α production. When rats received OPZ, the lipid-peroxidation 
(expressed in terms of malondialdehyde and NO) decreased and pepsinogen secretion is 
stimulated, so its therapeutic effect could be related to its antioxidant property. On the other 
hand, authors compare the OPZ with natural compounds as curcuminoids; curcuminoids 
are isolated from dried roots of turmeric (Curcuma longa; Zingiberaceae) and when are 
administered in rats with induced gastritis the serum NO level tend to decrease compared 
to control group (without treatment). This effect could be associated to some mechanisms: 
Reduction of iNOS expression or scavenging of NO molecule. The free radicals scavenging 
properties of curcuminoids and maintaining cellular glutathione (GSH) stores in glandular 
stomach are factors acting to inhibit lipid peroxidation. Although curcuminoids signicantly 
decreased serum gastrin level, it failed to stimulate pepsinogen release from chief cells 
(Elseweidy et. al., 2008).  

2.2 Effectiveness of plants glycoside derivate compounds on H. pylori infection  
Phenolic compounds as flavonoids and their derivates have also antimicrobial effects as it 
was demonstrated in cases of H. pylori infection (Atherton, 2006; Wittschier et. al., 2007, as 
cited in Warren and Marhall, 1983). Thus, catechins the main component of green tea, may 
inhibit the H. pylori urease (Matsubara et. al., 2003) and also when it is used together with 
sucralfate in Mongolian gerbils (Takabayashi et. al., 2004). The green tea has confirmed its 
bactericidal and bacteriostatic effects in vitro assays while in vivo studies demonstrated that 
its consumption when is taken before infection prevents gastric mucosal inammation, and 
when is taken after infection diminishes the magnitude of gastritis. On the other hand, 
Castillo-Juarez et. al., (2009) studied the anti-H. pylori activity of 53 plants used in Mexican 
traditional medicine for gastrointestinal disorders. On the whole, about 77% of the assayed 
plants are active, having from moderate to strong antibacterial activity against H. pylori. 
Since some of these medicinal plants are used as condiments or food ingredients (e.g., 
Ocimum basiliscum, Persea americana, Lippia berlandieri, Teloxys graveolens), it seems that a 
frequent consumption could have a preventive effect in controlling the H. pylori population 
on infected people. 
It has been suggested that the best way to prevent H. pylori infections is to eliminate the 
pathogen from its most common habitat, the gastric mucus layer but nowadays research is 
focused on a new property of some natural compounds, i.e., the anti-H. pylori adhesion. The 
adhesive process of H. pylori is based on bacterial adhesins located on its outer cell wall, 
which are responsible for interaction with mucosal glycoproteins and epithelial mucins; in 
this way the infection is established. Certain compounds, e.g. polysaccharides, may interact 
with the bacterial adhesins before adhesin-mucin adhesion avoiding the infection process. 
Studies on the complex nature of these adhesins are reported by Evans & Evans, (2000), 
Kusters et. al. (2006), and Wittschier et. al. (2009). 
Adhesion to epithelial cells has been recognized as an essential step of the infectious process 
for virtually all bacterial pathogens and therefore many efforts are aimed to develop anti-
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adhesion therapy. Sialyllactose (NeuAc[K2-3]Gal[L1-4]Glc), an inhibitor of the sialic acid-
specifc adhesin of H. pylori, significantly reduced the load of the bacteria in monkeys 
(Burger et. al., 2000, as cited in Glaser, 1997). Accordingly, it would seem appropriate to 
target such therapy against H. pylori toward its association with the mucus before the 
pathogen adheres to the underlying epithelial cells and causes disease. However, the bulk 
production of oligosaccharides specific for the H. pylori lectins as anti-adhesion therapeutic 
agents is still a problem to be solved. As an alternative approach, dietary inhibitors might be 
the solution for certain infections, e.g. the inhibition of sialic acid-specific adhesion of H. 
pylori to human gastric mucus and to human erythrocytes by cranberry juice (Burger et. al., 
2000). Another example is the root extracts of Pelargonium sidoides DC (Geraniaceae) a 
medicinal specie used to treat acute respiratory infections, which contains a polysaccharide 
fraction, EPs 7630, with anti-adhesive activity against H. pylori (Wittschier et. al., 2007). The 
roots of Glycyrrhzia glabra L. contain a raw polysaccharide fraction mainly composed of 
arabinose, galactose, glucose and glucuronic acid, which interacts with the outer-membrane 
surface adhesins of H. pylori avoiding its adhesion to mucus (Wittschier et. al., 2009). 
Authors consider this anti-adhesive effect an advantage to prevent re-infection by H. pylori 
after antibiotic eradication therapy. 
These beneficial effects lead us to conclude that natural inhibitors of bacterial growth and 
inammation may offer alternatives to antibiotic therapy for bacterial eradication and may 
be used as supplements to conventional eradication therapy in populations at high risk for 
gastric cancer (Stoicov et. al., 2009). 

3. Lactic acid bacteria in gastritis 
Lactic acid bacteria (LAB) are a group of Gram-positive, non-sporulating bacteria that 
include species of Lactobacillus, Leuconostoc, Pediococcus and Streptococcus. Dietary LAB refers 
to those species and strains that are used in food- and feed-fermentation processes. The term 
LAB is a group of organisms that are defined by their ability to produce a common end 
product, lactic acid, from the fermentation of sugar. LABs have limited biosynthetic abilities, 
and require pre-formed amino acids, B vitamins, purines, pyrimidines and, usually, a sugar 
as a carbon and energy source. LABs occupy a range of niches, including milk, plant 
surfaces and the oral cavity, gastrointestinal tract and vagina of vertebrates. Since ancient 
times, dietary LABs have been used to ferment a range of raw materials such as milk, which 
is used to produce cheese (species of Lactococcus) and yoghurts (species of Streptococcus and 
Lactobacillus). Consumed for centuries, LABs have a long and safe association with humans 
and their food (Wells & Mercenier, 2008). 
Probiotic foods containing LAB have been proposed as a natural alternative to improve the 
general health status, preventing various gastrointestinal disorders such as gastric ulcers 
and inflammation related to H. pylori infection, gastrointestinal infections (Lebeer et. al., 
2010) or antibiotic-associated diarrhea (Chen et. al., 2009; Gill & Guarner, 2004; Penner et. al., 
2005) providing beneficial effects to the host by modulating immune functions, e.g. systemic 
cytokine production (Borchers et. al., 2009). 
Different LAB species were tested in gastritis models mainly in treatment of H. pylori 
infection. Some reports suggested that certain species of exogenous lactobacilli have 
inhibitory effects on gastric infection (Cui et. al., 2010; Ryan et. al., 2008), e.g., Lactobacillus 
(L.) reuteri ATCC 55730 displayed ability to colonize the gastrointestinal tract and at the 
same time, to generate an inmune response when it was administered to human volunteers. 
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Lactobacillus). Consumed for centuries, LABs have a long and safe association with humans 
and their food (Wells & Mercenier, 2008). 
Probiotic foods containing LAB have been proposed as a natural alternative to improve the 
general health status, preventing various gastrointestinal disorders such as gastric ulcers 
and inflammation related to H. pylori infection, gastrointestinal infections (Lebeer et. al., 
2010) or antibiotic-associated diarrhea (Chen et. al., 2009; Gill & Guarner, 2004; Penner et. al., 
2005) providing beneficial effects to the host by modulating immune functions, e.g. systemic 
cytokine production (Borchers et. al., 2009). 
Different LAB species were tested in gastritis models mainly in treatment of H. pylori 
infection. Some reports suggested that certain species of exogenous lactobacilli have 
inhibitory effects on gastric infection (Cui et. al., 2010; Ryan et. al., 2008), e.g., Lactobacillus 
(L.) reuteri ATCC 55730 displayed ability to colonize the gastrointestinal tract and at the 
same time, to generate an inmune response when it was administered to human volunteers. 
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After administration, L. reuteri was detected by uorescence in situ hybridization (FISH) in 
stomach and duodenum in some volunteers. According to these results it was suggested 
that stimulation of T-helper cells in human ileum could be a central mechanism of symbiosis 
for improving the health of the host gut (Valeur et. al., 2004). Similar results were obtained 
with a commercial product (Lacidofil®) containing L. acidophilus R0052 and L. rhamnosus 
R0011 (Johnson-Henry et. al., 2004). The probiotic mixture exhibits bactericidal activity in a 
dose-dependent manner by altering normal H. pylori morphology and thereby inhibiting its 
growth. Authors (Johnson-Henry et. al. 2004) suggested that probiotics are an attractive 
option for counteracting the effects caused by H. pylori infection for many reasons: LABs are 
able to resist acid and bile, to transiently remain under the harsh stomach conditions, and to 
competitively exclude pathogenic bacteria. In vitro studies showed that certain LAB strains 
and their cell-free cultures are able to inhibit or kill H. pylori (Michetti et. al., 1999; Sgouras 
et. al., 2005) as well as to reduce urease activity in the human gastric epithelial cells (AGS) 
by exclusion effect (Lin et. al., 2011). Likely, Ko et. al. (2010) evinced that L. casei ATCC 393-
loaded chitosan microspheres inhibited H. pylori growth in in vitro assays.  
B. bifidum CECT 7366 is also a promising microorganism against H. pylori infection. Results 
from in vitro and in vivo models (BALB/c mice) indicated that the strain partially relieves 
damage of gastric tissues caused by the pathogen and also decreases the H. pylori 
pathogenicity ratio (Chenoll et al., 2011).  
The inclusion of probiotics in a conventional therapy (triple therapy: antibiotics and PPI) for 
H. pylori eradication was also evaluated (Kim et. al., 2008). H. pylori-infected patients were 
administered with yogurt (Will yogurt) containing L. acidophilus HY2177, L. casei HY2743, 
Bifidobacterium longum HY8001 and Streptococcus thermophilus B1; at the same time, they were 
treated according to the triple therapy. As a conclusion, the addition of yogurt did not 
reduce the side-effects of the therapy but increased the H. pylori eradication rate. Similar 
results had been reported using fermented milks with L. acidophilus and L. casei (M.J. Park et. 
al., 2001). Recently, Shirasawa et. al. (2010) evinced that the probiotic strain B. bifidum BF-1 is 
able to suppress IL-8 induction by H. pylori through inhibition of the genes related to the 
NF-κB signaling pathways. Other LAB strains were also effective against H. pylori in 
gastritis cases, e.g., L. johnsonii La1 displayed a pronounced anti-inflammatory effect on H. 
pylori-associated neutrophilic and lymphocytic inltration in animal model by reducing pro-
inammatory chemokine levels in the gastric mucosa during the early stages of infection 
(Sgouras et. al., 2005). The markers for gastric inammation such as prostaglandin I/II ratio 
(Sakamoto et. al., 2001) or ornithine decarboxylase activity (Linsalata et. al., 2004) also 
decreased in patients treated with probiotics, effects that persisted for several weeks after 
cessation of the treatment. Likely, Cui et. al. (2010) demonstrated that L. fermenti (CCTCC M 
206110) and L. acidophilus LC, isolated from gastric biopsy materials of patients, could 
alleviate the gastric inflammation in H. pylori-infected BALB/c mice after oral 
administration. These results would indicate that specific lactobacilli strains may colonize 
the gastric mucosa, which may be related to their capacity to survive and develop in acidic 
environments (Cats et. al., 2003; Cui et. al., 2010; Gotteland & Cruchet, 2003; Mater et. al., 
2005; Mozzi et. al., 2009; Valeur et. al., 2004; Wang et. al., 2004).  
The effect of LAB on acute gastric lesions induced by chemical agents in experimental 
models was also reported. The administration of probiotic lactobacilli as L. gasseri OLL2716, 
L. casei GG, L. paracasei subsp. paracasei NTU 101 and L. plantarum NTU 102 to rats inhibits 
the gastric mucosa injury in HCl/ethanol-induced ulcer and pyloric ligation models (Lam 
et. al., 2007; Liu et. al., 2009; Uchida & Kurakazu, 2004). 
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Researchs on the functional properties of metabolites produced in food by LAB during 
fermentation such as exopolysaccharides (EPS) increased in recent years by assigning to 
biopolymers potential beneficial effects on human health. These effects include prebiotic 
effects (Dal Bello et. al., 2001; Korakli et. al., 2002; Salazar et. al., 2009), hypocholesterolemic 
effect (Pigeon et. al., 2002) and immunomodulatory and anti-tumor activity (Chabot et. al., 
2001; Kitazawa et. al., 1998;) as well as other immune functions such as proliferation of T-
lymphocytes (Forsén et. al., 1987), activation of macrophages and induction of cytokine 
production (Kitazawa et. al., 1991, 1996). The EPS could remain attached to the cell wall 
(capsular EPS) or be excreted into the environment in the form of slime or ropy EPS and its 
structure may vary depending, mainly, on the strain (van Hijum et. al., 2006). LABs produce 
two different kinds of EPS by using distinct biosynthetic pathways. The homo-
polysaccharide (HoPS) are synthesized by extracellular glycansucrases and contain only one 
type of sugar (generally glucose) and the hetero-polysaccharide (HePS) that are assembled 
by cell wall-bound glycosyl-transferases from intracellular sugar nucleotide precursors, 
which may be constituted by 3 to 8 different monosaccharides (de Vuyst et. al., 2001). There 
are many EPS-producing LABs, e.g., L. acidophilus, L. sakei, L. delb. subsp. bulgaricus, L. 
helveticus, L. paracasei, L. pentosus, L. plantarum, L., rhamnosus, L. reuteri, L. casei, Leuconostoc 
mesenteroides and Streptococcus thermophilus although it is a strain-dependent property 
(Mozzi et. al., 2006; Ruas-Madiedo et. al., 2002).  
It is known that the EPS of LAB have many functional properties; they have effect on the 
mucosal immune system, could avoid the H. pylori adhesion to the mucus layer, and could 
make the mucus layer stronger, among others. Despite these beneficial properties, there are 
few studies in the literature concerning the protection of gastric epithelium by EPS-
producing LAB or the role they could play in the gastric injury. Ruas-Madiedo et. al. (2006) 
suggested that the biopolymers are involved in the mechanism of competitive exclusion of 
probiotics through adherence to the mucus and Nagaoka et. al. (1994) reported anti-ulcer 
effects of the cell wall polysaccharide of bifidobacteria, lactobacilli and streptococci strains, 
which were attributed to the high rhamnose content of the polymers (> 60%).  
Rodríguez et al. (2009, 2010) reported the first evidences on the beneficial effects of both the 
EPS-producing LAB strains and the biopolymer on gastritis experimental animal models 
using acetyl salicylic acid (ASA) as gastritis inductor. Authors demonstrated the 
gastroprotector effect of fermented milk with the EPS-producing strain S. thermophilus CRL 
1190 on superficial chronic gastritis in BALB/c mice as preventive and therapeutic 
treatment. Other EPS-producing strains S. thermophilus CRL 804 and CRL 638, and L. casei 
CRL 87 were also evaluated in vivo assays but with unsuccessful results. The biopolymers 
had different physical-chemical properties: S. thermophilus CRL 1190 produced a high 
molecular mass EPS (1500 kDa) composed of D-glucose and D-galactose; S. thermophilus 
CRL 638, a high EPS (1200 kDa) composed of D-glucose, D-galactose and N-
acetilglucosamine; S. thermophilus CRL 804 produced a low EPS (95 kDa) composed of D-
galactose and L-rhamnose, and at last, L. casei CRL 87 produced a low EPS (800 kDa) 
composed of D-glucose, D-galactose and L-rhamnose. The strains CRL 1190 and CRL 87 also 
produced capsular polysaccharide in addition to the slime EPS in milk and was able to form 
ropy milk cultures similar to CRL 638, while the strain CRL 804 was negative for both the 
capsular and ropy phenotypes (Mozzi et. al., 2006).  
The fermented milk with S. thermophilus CRL 1190 (FM-1190) as well as the EPS (EPS-1190) 
suspended in milk (but not in water) was the only one effective in both the therapeutic and 
preventive treatment of chronic gastritis in animal models. Results obtained were similar to 
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After administration, L. reuteri was detected by uorescence in situ hybridization (FISH) in 
stomach and duodenum in some volunteers. According to these results it was suggested 
that stimulation of T-helper cells in human ileum could be a central mechanism of symbiosis 
for improving the health of the host gut (Valeur et. al., 2004). Similar results were obtained 
with a commercial product (Lacidofil®) containing L. acidophilus R0052 and L. rhamnosus 
R0011 (Johnson-Henry et. al., 2004). The probiotic mixture exhibits bactericidal activity in a 
dose-dependent manner by altering normal H. pylori morphology and thereby inhibiting its 
growth. Authors (Johnson-Henry et. al. 2004) suggested that probiotics are an attractive 
option for counteracting the effects caused by H. pylori infection for many reasons: LABs are 
able to resist acid and bile, to transiently remain under the harsh stomach conditions, and to 
competitively exclude pathogenic bacteria. In vitro studies showed that certain LAB strains 
and their cell-free cultures are able to inhibit or kill H. pylori (Michetti et. al., 1999; Sgouras 
et. al., 2005) as well as to reduce urease activity in the human gastric epithelial cells (AGS) 
by exclusion effect (Lin et. al., 2011). Likely, Ko et. al. (2010) evinced that L. casei ATCC 393-
loaded chitosan microspheres inhibited H. pylori growth in in vitro assays.  
B. bifidum CECT 7366 is also a promising microorganism against H. pylori infection. Results 
from in vitro and in vivo models (BALB/c mice) indicated that the strain partially relieves 
damage of gastric tissues caused by the pathogen and also decreases the H. pylori 
pathogenicity ratio (Chenoll et al., 2011).  
The inclusion of probiotics in a conventional therapy (triple therapy: antibiotics and PPI) for 
H. pylori eradication was also evaluated (Kim et. al., 2008). H. pylori-infected patients were 
administered with yogurt (Will yogurt) containing L. acidophilus HY2177, L. casei HY2743, 
Bifidobacterium longum HY8001 and Streptococcus thermophilus B1; at the same time, they were 
treated according to the triple therapy. As a conclusion, the addition of yogurt did not 
reduce the side-effects of the therapy but increased the H. pylori eradication rate. Similar 
results had been reported using fermented milks with L. acidophilus and L. casei (M.J. Park et. 
al., 2001). Recently, Shirasawa et. al. (2010) evinced that the probiotic strain B. bifidum BF-1 is 
able to suppress IL-8 induction by H. pylori through inhibition of the genes related to the 
NF-κB signaling pathways. Other LAB strains were also effective against H. pylori in 
gastritis cases, e.g., L. johnsonii La1 displayed a pronounced anti-inflammatory effect on H. 
pylori-associated neutrophilic and lymphocytic inltration in animal model by reducing pro-
inammatory chemokine levels in the gastric mucosa during the early stages of infection 
(Sgouras et. al., 2005). The markers for gastric inammation such as prostaglandin I/II ratio 
(Sakamoto et. al., 2001) or ornithine decarboxylase activity (Linsalata et. al., 2004) also 
decreased in patients treated with probiotics, effects that persisted for several weeks after 
cessation of the treatment. Likely, Cui et. al. (2010) demonstrated that L. fermenti (CCTCC M 
206110) and L. acidophilus LC, isolated from gastric biopsy materials of patients, could 
alleviate the gastric inflammation in H. pylori-infected BALB/c mice after oral 
administration. These results would indicate that specific lactobacilli strains may colonize 
the gastric mucosa, which may be related to their capacity to survive and develop in acidic 
environments (Cats et. al., 2003; Cui et. al., 2010; Gotteland & Cruchet, 2003; Mater et. al., 
2005; Mozzi et. al., 2009; Valeur et. al., 2004; Wang et. al., 2004).  
The effect of LAB on acute gastric lesions induced by chemical agents in experimental 
models was also reported. The administration of probiotic lactobacilli as L. gasseri OLL2716, 
L. casei GG, L. paracasei subsp. paracasei NTU 101 and L. plantarum NTU 102 to rats inhibits 
the gastric mucosa injury in HCl/ethanol-induced ulcer and pyloric ligation models (Lam 
et. al., 2007; Liu et. al., 2009; Uchida & Kurakazu, 2004). 
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Researchs on the functional properties of metabolites produced in food by LAB during 
fermentation such as exopolysaccharides (EPS) increased in recent years by assigning to 
biopolymers potential beneficial effects on human health. These effects include prebiotic 
effects (Dal Bello et. al., 2001; Korakli et. al., 2002; Salazar et. al., 2009), hypocholesterolemic 
effect (Pigeon et. al., 2002) and immunomodulatory and anti-tumor activity (Chabot et. al., 
2001; Kitazawa et. al., 1998;) as well as other immune functions such as proliferation of T-
lymphocytes (Forsén et. al., 1987), activation of macrophages and induction of cytokine 
production (Kitazawa et. al., 1991, 1996). The EPS could remain attached to the cell wall 
(capsular EPS) or be excreted into the environment in the form of slime or ropy EPS and its 
structure may vary depending, mainly, on the strain (van Hijum et. al., 2006). LABs produce 
two different kinds of EPS by using distinct biosynthetic pathways. The homo-
polysaccharide (HoPS) are synthesized by extracellular glycansucrases and contain only one 
type of sugar (generally glucose) and the hetero-polysaccharide (HePS) that are assembled 
by cell wall-bound glycosyl-transferases from intracellular sugar nucleotide precursors, 
which may be constituted by 3 to 8 different monosaccharides (de Vuyst et. al., 2001). There 
are many EPS-producing LABs, e.g., L. acidophilus, L. sakei, L. delb. subsp. bulgaricus, L. 
helveticus, L. paracasei, L. pentosus, L. plantarum, L., rhamnosus, L. reuteri, L. casei, Leuconostoc 
mesenteroides and Streptococcus thermophilus although it is a strain-dependent property 
(Mozzi et. al., 2006; Ruas-Madiedo et. al., 2002).  
It is known that the EPS of LAB have many functional properties; they have effect on the 
mucosal immune system, could avoid the H. pylori adhesion to the mucus layer, and could 
make the mucus layer stronger, among others. Despite these beneficial properties, there are 
few studies in the literature concerning the protection of gastric epithelium by EPS-
producing LAB or the role they could play in the gastric injury. Ruas-Madiedo et. al. (2006) 
suggested that the biopolymers are involved in the mechanism of competitive exclusion of 
probiotics through adherence to the mucus and Nagaoka et. al. (1994) reported anti-ulcer 
effects of the cell wall polysaccharide of bifidobacteria, lactobacilli and streptococci strains, 
which were attributed to the high rhamnose content of the polymers (> 60%).  
Rodríguez et al. (2009, 2010) reported the first evidences on the beneficial effects of both the 
EPS-producing LAB strains and the biopolymer on gastritis experimental animal models 
using acetyl salicylic acid (ASA) as gastritis inductor. Authors demonstrated the 
gastroprotector effect of fermented milk with the EPS-producing strain S. thermophilus CRL 
1190 on superficial chronic gastritis in BALB/c mice as preventive and therapeutic 
treatment. Other EPS-producing strains S. thermophilus CRL 804 and CRL 638, and L. casei 
CRL 87 were also evaluated in vivo assays but with unsuccessful results. The biopolymers 
had different physical-chemical properties: S. thermophilus CRL 1190 produced a high 
molecular mass EPS (1500 kDa) composed of D-glucose and D-galactose; S. thermophilus 
CRL 638, a high EPS (1200 kDa) composed of D-glucose, D-galactose and N-
acetilglucosamine; S. thermophilus CRL 804 produced a low EPS (95 kDa) composed of D-
galactose and L-rhamnose, and at last, L. casei CRL 87 produced a low EPS (800 kDa) 
composed of D-glucose, D-galactose and L-rhamnose. The strains CRL 1190 and CRL 87 also 
produced capsular polysaccharide in addition to the slime EPS in milk and was able to form 
ropy milk cultures similar to CRL 638, while the strain CRL 804 was negative for both the 
capsular and ropy phenotypes (Mozzi et. al., 2006).  
The fermented milk with S. thermophilus CRL 1190 (FM-1190) as well as the EPS (EPS-1190) 
suspended in milk (but not in water) was the only one effective in both the therapeutic and 
preventive treatment of chronic gastritis in animal models. Results obtained were similar to 
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that of OPZ but with the advantage of not having side effects. The FM-1190 also activated 
the synthesis of mucin, which in turn led to an increase in the thickness of the mucus layer 
and in the amount of mucus of the body and antrum that were decreased after ASA 
administration. The recovery of the gastric defensive systems and the mucus-bicarbonate 
layer in animals fed FM-1190 favored the recovery of the damaged gastric mucosa. These 
evidences support previous reports obtained in rats with acute gastric damage which were 
fed with probiotic lactobacilli (Nam et. al., 2005; Lam et. al., 2007).  
The fermented milk FM-1190 and the EPS-1190 were able to modulate the gastric 
inflammatory response at the immune system level (decrease in the number of cells 
producing pro-inflammatory cytokines, INF-γ and TNF-α, and increase in the number of 
cells producing regulatory cytokines, such as IL-10). These promising results, however, can 
not be ascribed to all EPS-producing LABs because of the complexity of the phenomenon. 
The fermented milk with the strain S. thermophillus CRL 804 which produced an EPS formed 
by rhamnose and galactose did not display any anti-gastritis effect in contrast to the results 
obtained by Nagaoka et. al. (1994) with cell wall polysaccharides containing rhamnose. In 
contrast to the FM-1190, the fermented milk with S. thermophilus CRL 638 generated a great 
stomach inflammation in animal model, without gastritis induction, after 7d of feeding.  
Studies of scanning electronic microscopy (SEM) confirmed a greater secretion of gastric 
mucus after oral administration of FM-1190; they also put in evidence the presence of the 
strain CRL 1190 in the stomach at least 15 days after finishing the administration of the 
fermented milk. These confirmed previous reports concerning the ability of S. thermophilus 
strains to survive the passage through the gastrointestinal tract and to exert the beneficial 
effects on various gastrointestinal disorders (Brigidi et. al., 2003; Delorme, 2008; Guarner et. 
al., 2005; Mater et. al., 2005; Vinderola & Reinheimer, 2003). Studies performed in in vitro 
gastric system evinced a partially degradation of the EPS-1190 when subjected to this harsh 
conditions (Mozzi et. al., 2009). From results from in vivo and in vitro studies, it is assumed 
that the biopolymer may still exert its beneficial properties in the stomach even partially 
degraded.  
Several studies reported that high molecular mass-polysaccharides of different sources 
(herbs, marine microalgae and fungi) have anti-ulcer, anti-inflammatory or inmuno-
stimulatory effects related to anti-secretory activity of acid and pepsin, inmuno-stimulation, 
stimulation of gastric mucus, increase in gastric prostaglandin levels and partially 
suppression of TNF-α genes (Gao et. al., 2002, 2004; Yamada, 1995; Yim et. al., 2005). 
However, the beneficial effects can not be only attributed to the size of the polymer. The 
different effect obtained with the strains CRL 1190, CRL 804 and CRL 638 evinced that the 
phenomenon is strongly strain-dependent and complex. 
Whey proteins as α-lactalbumin would also have gastroprotector effect (Matsumoto et. al., 
2001; Rosaneli et. al., 2004; Ushida et. al., 2003, 2007); so, the interaction of EPS-producing 
LAB or the EPS with milk proteins may be a key factor in gastroprotection. Studies on the 
interaction between EPS and milk proteins is complex since EPS are gradually produced 
during fermentation, and the characteristics of the proteins such as charge and 
hydrophobicity may change during fermentation and consequently the interaction between 
them. The EPSs bind water and increase the moisture in the non-fat portion, interfere with 
protein-protein interactions reducing the rigidity of the protein network, and increase the 
viscosity of the serum phase (Hassan, 2008). Similar research was carried out by Ayala-
Hernandez et. al. (2008) who studied the interaction between milk proteins and the EPS 
produced by Lactococcus lactis ssp. cremoris using SEM techniques. They observed that EPS 
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molecules clearly interact not only with caseins but also with whey proteins and play an 
active role in the formation of the aggregates. 
Considering these statements, it is assumed that in fermented milks, e.g., FM-1190, the LAB 
strains and the EPS together with the milk and whey proteins perform a stable three-
dimensional complex network, which is attached to the gastric mucosa preferably to the 
mucus layer, when it is administered to animals. Thus, the EPS could interact with the 
mucosal tissue exerting an inmunomodulador effect, thus avoiding inflammation and or 
making the mucus barrier stronger, which could also affect H. pylori adhesion. The mode of 
action of probiotic LAB strains and their EPS in gastritis has not yet been completely elucidated. 

4. Conclusion 
Gastritis is the most common illness associated to the stomach, and it is the beginning of 
different complication that led to ulcers and, in the worst case, gastric cancer. The disease is 
due to different causes as an imbalanced diet, intake of aggressive agents, or stress process 
(related to neurological condition) which is very common nowadays due to the population 
rhythm of life. However, the most aggressive case is due to H. pylori infection. Allopathic 
treatment of gastritis includes different conventional drugs acting as inhibitors of the proton 
pump and of the acid gastric production, thus helping the stomach to balance the acid 
condition when there is an inflammation, infection or injury. The increase in gastric pH is a 
necessary condition to stop autodigestive processes and support mucosal healing in the 
extreme environment of the gastric lumen; this effect is mainly required in the treatment of 
peptic ulcer. Other drugs are also used, which exert different effects on the gastric mucosa 
tissue to alleviate the inflamed condition, e.g., by stimulation of the mucus synthesis, 
inhibition of the stomach motility, or by displaying anti-H. pylori effects, among other 
properties. The disadvantages of employing these drugs for long periods, such as ranitidine, 
OPZ and derivates, and antibiotics in the case of H. pylori infection, is that many of them 
could have side effects.  
Medicinal plants and their effect in different kind of diseases, on the basis of ancient 
knowledge and supported by scientific evidences, emerge as an alternative therapy to cure 
or prevent gastric disorders. The beneficial effects are mainly related to anti-inflammatory 
activity and the ability to maintain a balance in the mucus barrier and mucosal renovation. 
Phenolic compounds, polysaccharides and derivates in different combinations are mainly 
involved in gastric protection, effect associated in some cases to modulation of the immune 
system (cytokine regulation) and mucus stimulation.  
Probiotic lactic acid bacteria and probiotic foods, which beneficial effects on the gut health 
are strongly supported by scientific evidences, also appear as a novel and promising bio-
alternative for gastritis treatment. Recent evidences indicate that some exopolysaccharide 
(EPS)-producing lactic acid bacteria are able to regulate and to revert the gastritis process 
prompted by NSAIDs, a property that is mainly related to the EPS produced by specific 
strains. The biopolymers could also interact with H. pylori and inhibit its adhesion to mucus 
barrier thus avoiding the infection process. The mode of action of probiotics and their EPS, 
which involves modulation of the immune system, increase in gastric pH, and stimulation 
of mucus production, among other cascade reactions, is under study. 
Considering the beneficial effects of these bio-treatments in gastritis processes, it would be 
advisable to include them as adjunct in conventional treatments programs to reduce the side 
effect derived from the intake of drugs during long periods.  
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that of OPZ but with the advantage of not having side effects. The FM-1190 also activated 
the synthesis of mucin, which in turn led to an increase in the thickness of the mucus layer 
and in the amount of mucus of the body and antrum that were decreased after ASA 
administration. The recovery of the gastric defensive systems and the mucus-bicarbonate 
layer in animals fed FM-1190 favored the recovery of the damaged gastric mucosa. These 
evidences support previous reports obtained in rats with acute gastric damage which were 
fed with probiotic lactobacilli (Nam et. al., 2005; Lam et. al., 2007).  
The fermented milk FM-1190 and the EPS-1190 were able to modulate the gastric 
inflammatory response at the immune system level (decrease in the number of cells 
producing pro-inflammatory cytokines, INF-γ and TNF-α, and increase in the number of 
cells producing regulatory cytokines, such as IL-10). These promising results, however, can 
not be ascribed to all EPS-producing LABs because of the complexity of the phenomenon. 
The fermented milk with the strain S. thermophillus CRL 804 which produced an EPS formed 
by rhamnose and galactose did not display any anti-gastritis effect in contrast to the results 
obtained by Nagaoka et. al. (1994) with cell wall polysaccharides containing rhamnose. In 
contrast to the FM-1190, the fermented milk with S. thermophilus CRL 638 generated a great 
stomach inflammation in animal model, without gastritis induction, after 7d of feeding.  
Studies of scanning electronic microscopy (SEM) confirmed a greater secretion of gastric 
mucus after oral administration of FM-1190; they also put in evidence the presence of the 
strain CRL 1190 in the stomach at least 15 days after finishing the administration of the 
fermented milk. These confirmed previous reports concerning the ability of S. thermophilus 
strains to survive the passage through the gastrointestinal tract and to exert the beneficial 
effects on various gastrointestinal disorders (Brigidi et. al., 2003; Delorme, 2008; Guarner et. 
al., 2005; Mater et. al., 2005; Vinderola & Reinheimer, 2003). Studies performed in in vitro 
gastric system evinced a partially degradation of the EPS-1190 when subjected to this harsh 
conditions (Mozzi et. al., 2009). From results from in vivo and in vitro studies, it is assumed 
that the biopolymer may still exert its beneficial properties in the stomach even partially 
degraded.  
Several studies reported that high molecular mass-polysaccharides of different sources 
(herbs, marine microalgae and fungi) have anti-ulcer, anti-inflammatory or inmuno-
stimulatory effects related to anti-secretory activity of acid and pepsin, inmuno-stimulation, 
stimulation of gastric mucus, increase in gastric prostaglandin levels and partially 
suppression of TNF-α genes (Gao et. al., 2002, 2004; Yamada, 1995; Yim et. al., 2005). 
However, the beneficial effects can not be only attributed to the size of the polymer. The 
different effect obtained with the strains CRL 1190, CRL 804 and CRL 638 evinced that the 
phenomenon is strongly strain-dependent and complex. 
Whey proteins as α-lactalbumin would also have gastroprotector effect (Matsumoto et. al., 
2001; Rosaneli et. al., 2004; Ushida et. al., 2003, 2007); so, the interaction of EPS-producing 
LAB or the EPS with milk proteins may be a key factor in gastroprotection. Studies on the 
interaction between EPS and milk proteins is complex since EPS are gradually produced 
during fermentation, and the characteristics of the proteins such as charge and 
hydrophobicity may change during fermentation and consequently the interaction between 
them. The EPSs bind water and increase the moisture in the non-fat portion, interfere with 
protein-protein interactions reducing the rigidity of the protein network, and increase the 
viscosity of the serum phase (Hassan, 2008). Similar research was carried out by Ayala-
Hernandez et. al. (2008) who studied the interaction between milk proteins and the EPS 
produced by Lactococcus lactis ssp. cremoris using SEM techniques. They observed that EPS 
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molecules clearly interact not only with caseins but also with whey proteins and play an 
active role in the formation of the aggregates. 
Considering these statements, it is assumed that in fermented milks, e.g., FM-1190, the LAB 
strains and the EPS together with the milk and whey proteins perform a stable three-
dimensional complex network, which is attached to the gastric mucosa preferably to the 
mucus layer, when it is administered to animals. Thus, the EPS could interact with the 
mucosal tissue exerting an inmunomodulador effect, thus avoiding inflammation and or 
making the mucus barrier stronger, which could also affect H. pylori adhesion. The mode of 
action of probiotic LAB strains and their EPS in gastritis has not yet been completely elucidated. 

4. Conclusion 
Gastritis is the most common illness associated to the stomach, and it is the beginning of 
different complication that led to ulcers and, in the worst case, gastric cancer. The disease is 
due to different causes as an imbalanced diet, intake of aggressive agents, or stress process 
(related to neurological condition) which is very common nowadays due to the population 
rhythm of life. However, the most aggressive case is due to H. pylori infection. Allopathic 
treatment of gastritis includes different conventional drugs acting as inhibitors of the proton 
pump and of the acid gastric production, thus helping the stomach to balance the acid 
condition when there is an inflammation, infection or injury. The increase in gastric pH is a 
necessary condition to stop autodigestive processes and support mucosal healing in the 
extreme environment of the gastric lumen; this effect is mainly required in the treatment of 
peptic ulcer. Other drugs are also used, which exert different effects on the gastric mucosa 
tissue to alleviate the inflamed condition, e.g., by stimulation of the mucus synthesis, 
inhibition of the stomach motility, or by displaying anti-H. pylori effects, among other 
properties. The disadvantages of employing these drugs for long periods, such as ranitidine, 
OPZ and derivates, and antibiotics in the case of H. pylori infection, is that many of them 
could have side effects.  
Medicinal plants and their effect in different kind of diseases, on the basis of ancient 
knowledge and supported by scientific evidences, emerge as an alternative therapy to cure 
or prevent gastric disorders. The beneficial effects are mainly related to anti-inflammatory 
activity and the ability to maintain a balance in the mucus barrier and mucosal renovation. 
Phenolic compounds, polysaccharides and derivates in different combinations are mainly 
involved in gastric protection, effect associated in some cases to modulation of the immune 
system (cytokine regulation) and mucus stimulation.  
Probiotic lactic acid bacteria and probiotic foods, which beneficial effects on the gut health 
are strongly supported by scientific evidences, also appear as a novel and promising bio-
alternative for gastritis treatment. Recent evidences indicate that some exopolysaccharide 
(EPS)-producing lactic acid bacteria are able to regulate and to revert the gastritis process 
prompted by NSAIDs, a property that is mainly related to the EPS produced by specific 
strains. The biopolymers could also interact with H. pylori and inhibit its adhesion to mucus 
barrier thus avoiding the infection process. The mode of action of probiotics and their EPS, 
which involves modulation of the immune system, increase in gastric pH, and stimulation 
of mucus production, among other cascade reactions, is under study. 
Considering the beneficial effects of these bio-treatments in gastritis processes, it would be 
advisable to include them as adjunct in conventional treatments programs to reduce the side 
effect derived from the intake of drugs during long periods.  
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1. Introduction 
Helicobacter pylori (HP) is recognized as a major pathogenic factor for persistent inflammation 
in the human stomach (Dooley et al., 1989; Marshall & Warren, 1984). In 1994, the International 
Agency for Research on Cancer (IARC) classified HP infection as a definite class I carcinogen 
(International Agency for Research on Cancer (IARC), 1994). HP triggers chronic inflammation 
of the infected stomach mucosa and is considered a major risk factor for gastric cancer (GC) 
and associated precursor lesions. Long-lasting inflammation in the stomach mucosa leads to a 
cascade of molecular and morphological changes, representing the gastritis-atrophy-
metaplasia-dysplasia-cancer sequence (Correa, 1992). The HP infection rate is higher in Japan 
than in Western countries, with nearly all cases of GC occurring in subjects with underlying 
HP-related chronic gastritis. HP infection is widely accepted as a major risk factor for the 
development of GC and its precursor lesions, based on extensive evidence derived from many 
studies (Blaser et al., 1995; EUROGAST Study Group, 1993; Forman et al., 1991; Hirayama et 
al., 1999; Honda et al., 1998; Huang et al., 1998; Nomura et al., 1991; Parsonnet et al., 1991; 
Shimizu et al., 1999; Sipponen et al., 1992; Sugiyama et al., 1998; Talley et al., 1991; Tokieda et 
al., 1999; Uemura et al., 2001; Watanabe et al., 1998; Zheng et al., 2004). 
However, in countries such as Japan, where the HP infection rate is high, prediction of GC 
risk based solely on the presence or absence of HP infection does not offer sufficient 
specificity. Elucidation of groups at high risk based on the natural history of GC is clearly 
necessary. The identification of useful markers of GC risk is thus hoped for. Evaluating HP-
related chronic gastritis and determining which subjects are at high risk for developing GC 
is very important, and would likely increase the efficacy of GC screening by endoscopic or 
other examinations (Enomoto et al., 2010a; Mukoubayashi et al., 2007; Ohata et al., 2005), 
and strategic approaches to metachronous multiple GC after endoscopic mucosal resection 
(EMR) or endoscopic submucosal dissection (ESD) performed as minimally invasive 
treatment for early GC (Gotoda, 2007; Kakushima & Fujishiro, 2008; Nakajima et al., 2006). 
In addition, in terms of GC prevention, it has become clear that HP-related chronic gastritis 
cannot be ignored as an origin of carcinogenesis. 
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Here, we discuss the significance of serum pepsinogen (PG) as a marker of GC risk and GC 
high-risk groups based on HP-related chronic gastritis. We also discuss the prevention for 
individuals with HP-related chronic gastritis.  

2. GC risk diagnosis based on the natural history of HP-related chronic 
gastritis 
Novel risk markers to identify GC high-risk groups based on a detailed natural history of 
HP-related chronic gastritis have long been awaited. In this section, we discuss the emerging 
significance of serum PG as a GC risk marker for more precise identification of GC high-risk 
groups. 

2.1 Serum PG test 
HP-related chronic gastritis usually starts in the antrum and expands proximally towards 
the body of the stomach (Kimura, 1972; Tatsuta et al., 1973). As several studies dealing with 
endoscopic biopsies or chromoendoscopic testing have found that progression of chronic 
atrophic gastritis (CAG) increases the risk of cancer (Meister et al., 1979; Sipponen et al., 
1985; Siurala et al., 1966; Tatsuta et al., 1993; Testoni et al., 1987), accurate and reliable 
evaluation of the extent of CAG is considered important for identifying individuals at high 
risk of cancer. However, accurately diagnosing the extent of CAG based on a few biopsy 
samples is difficult, because CAG together with intestinal metaplasia is a multifocal process. 
Furthermore, histological diagnosis of gastric atrophy depends on subjective judgment 
without a gold standard (Guarner et al., 1999; Plummer et al., 1997). A test for CAG 
progression that is more convenient, free of discomfort or risk, economical and based on 
objective parameters is needed. 
PG is the inactive precursor of pepsin, a digestive enzyme specifically produced in the 
stomach. Immunologically, two isozymes exist (Kageyama, 2003). PGI is produced by chief 
cells and mucus neck cells of the gastric fundic glands. In contrast, PGII is produced not 
only by chief cells and mucus neck cells, but also in cardiac glands, pyloric glands, and 
Brunner’s glands, with localization of producing cells in a wide range from the stomach to 
the duodenum. The majority of PG produced (about 99%) is secreted in the stomach lumen 
and functions as a digestive enzyme. However, a small amount of PG (about 1%) is also 
present in blood and can be evaluated by measuring serum PG levels. Serum PG levels are 
generally agreed to reflect the morphological and functional status of the stomach mucosa 
(Hirschowitz, 1957; Samloff et al., 1982). 
In an endoscopic study with Congo red staining, we have shown a strong correlation 
between an increase in glandular boundary, associated with diagnosed progression of 
gastric mucosal atrophy, and stepwise reductions in serum PGI levels and the PGI/PGII 
ratio (Fig. 1) (Miki et al., 1987). In other words, by measuring serum PGI and the PGI/II 
ratio, the progression of CAG, which is involved in GC carcinogenesis, can be objectively 
evaluated (Ichinose et al., 2001). In addition, during HP infection, serum PGI and PGII 
increase, and the PG I/II ratio decreases. These findings are improved after eradication 
treatment (Furuta et al., 1997) and are useful as gastric mucosal inflammatory markers. 
Several criteria are used in the serum PG test. As criteria for GC screening, the combination 
of PGI ≤70 ng/ml and PGI/II ratio ≤3.0, as a reference value by Miki et al., is widely 
accepted (PG index 1+) (Ichinose et al., 2001; Watanabe et al., 1997). Values lower than this 
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Fig. 1. Relationship between serum pepsinogen (PG)I/PGII ratio and progression of chronic 
atrophic gastritis (CAG). With atrophic changes in the gastric mucosa progressing from the 
pyloric glands to more proximally, the serum PGI/II ratio decreases, reflecting an associated 
loss of PG-producing cells. CAG, chronic atrophic gastritis; SE, standard error. 

reference value are considered PG-test positive. In addition to this reference value, to 
identify more severe CAG progression, criteria of PGI ≤50 ng/ml and PGI/II ratio ≤3.0 (PG 
index 2+), and PGI ≤30 ng/ml and PGI/II ratio ≤2.0 (PG index 3+) are also used. Since 1992, 
when PG assay kits became commercially available, a number of screening services 
provided by workplaces or community health services have adopted this serum test as a 
filter test (Hattori et al., 1995; Kitahara et al., 1999; Kodoi et al., 1995; Miki et al., 1993; Miki et 
al., 2003; Ohata et al, 2005; Yoshihara et al., 1997). However, the long-term prognosis of 
subjects with extensive CAG identified by PG filter test is not fully known. 

2.2 Detection accuracy of GC using the serum PG test 
We conducted a large-scale cohort study spanning more than 10 years in Wakayama 
Prefecture, Japan, and identified groups at high risk for GC (Ohata et al., 2004; Yanaoka et 
al., 2008a; Yanaoka et al., 2008b). Based on the results, accuracy of each criteria of the serum 
PG test for GC that occurred during the observation period was evaluated (Yanaoka et al, 
2008a). Accuracy of the criteria is shown in Table 1. For the most favorable criteria (PG 
index 1+), sensitivity was 58.7%, specificity was 73.4%, and positive predictive value was 
2.6%. Compared to a meta-analysis of PG test sensitivity (Dinis-Ribeiro et al., 2004), these 
results were poor, particularly in terms of sensitivity. 
As a reason for these poor results, the presence of GC easy to detect by barium X-ray, and 
GC easy to detect by the serum PG test, was cited (Ohata et al, 2005). In the above-
mentioned meta-analysis, many of the previously reported cases that were reviewed were 
from studies in populations in which GC screening by conventional barium X-ray had been 
conducted over a period of many years. In other words, that study reviewed results for GC 
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PGI ≤70 and PGI/II ≤3 PGI ≤50 and PGI/II ≤3 PGI ≤30 and PGI/II ≤2
[PG index 1+] [PG index 2+] [PG index 3+]

Meta-analysis of reported cases
(Dinis-Ribeiro et al., 2004)

Pooled sensitivity 77.3% 68.4% 51.9%
(95%CI) (69.8-83.8) (59.1-76.8)  (40.3-63.5)

Pooled specificity 73.2% 69.3% 84.4%
(95%CI) (72.8-73.6)  (66.6-70.0) (83.7-85.0)

Our results
(Yanaoka et al., 2008a)

Sensitivity 58.7% 49.2% 27.0%
(95%CI) (45.6-70.8) (36.5-62.0) (16.9-39.9)

Specificity 73.4% 80.5% 92.0%
(95%CI) (72.1-74.6) (79.4-81.6%) (91.3-92.8)

PG, pepsinogen. 
CI, confidential interval.

Serum PG test criteria

 
Table 1. Comparison of accuracy for each criterion in the serum PG test. 

detection just after introduction of the serum PG test, over a short period, and targeting a 
population in whom GC was difficult to detect by barium X-ray, i.e., those in whom GC was 
easy to detect by the serum PG test. On the other hand, GC cases just after introduction of 
the serum PG test were excluded from our study, and observation was over a long period of 
10 years. Accordingly, results for the detection of GC occurring during the observation 
period were more rigorously evaluated, and thus more correctly reflective of the accuracy 
for detecting GC by the serum PG test. Based on the above results, using the serum PG test 
alone for GC screening has limitations. A more elaborate system must therefore be 
developed, including for GC screening in PG test-negative cases. 

2.3 GC risk in a serum PG test-positive group 
Previous studies have examined the accuracy of the serum PG test as a filter test for 
endoscopy. Recently, as part of an investigation into the natural history of GC occurrence, 
we evaluated GC risk in populations identified by each criteria for the serum PG test 
(Yanaoka et al, 2008a). In a population of middle-aged healthy men, in an atrophy-negative 
group, the annual incidence of GC was 0.07%. In contrast, annual incidence was 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, 
showing significant stepwise increases in GC incidence with CAG progression (Fig. 2) Based 
on these results, PG test-positive groups, as assumed, are high-risk groups for GC. In other 
words, an individual who is serum PG test-positive, even if GC is not currently detectable, 
still has a high possibility of developing GC in the future. Careful monitoring with detailed 
testing is clearly indicated in such subjects. This again demonstrates the usefulness of the PG 
test as a marker of high risk for GC. 

2.4 Natural history of HP-related chronic gastritis and GC risk 
In addition to the serum PG test, the natural history of HP-related chronic gastritis and 
associations with GC risk have been examined by evaluating HP infection, as the major 
cause of onset and progression of chronic gastritis in Japan (Ohata et al, 2004; Yanaoka et al, 
2008b). HP infection is diagnosed using anti-HP antibody titers, which, like the serum PG 
test, is a blood test that is easy to perform. The stages of HP-related chronic gastritis, from 
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Fig. 2. Kaplan-Meier analysis of gastric cancer development in subjects classified using the 
criteria of the serum pepsinogen (PG) test. Among middle-aged healthy men, annual 
incidence of gastric cancer is shown for each population identified using various criteria for 
the serum PG test. Progression of chronic atrophic gastritis showed a significant stepwise 
increase in the incidence of gastric cancer. 

the onset of HP infection to development of atrophic gastritis, can be classified based on a 
combination of both serum blood tests: Group A [HP(-), PG(-)], Group B [HP(+), PG(-)], 
Group C [HP(+), PG(+)], and Group D [HP(-), PG(+)]. Group A comprised HP non-infected 
healthy subjects. Group B showed established HP infection, but without extensive CAG. 
Group C had extensive CAG. Group D had severe intestinal metaplasia due to progression 
of CAG, but HP had been spontaneously eliminated, representing so-called metaplastic 
gastritis. 
The natural history of HP-related chronic gastritis from the onset of HP infection can be 
shown to progress from each stage: A→B→C→D. Based on a follow-up study, the annual 
incidence of GC for each group using this stage classification was: 0% for Group A (no 
occurrence of GC during 10 years in this group); 0.11% for Group B (GC in 1 per 1000 
patients per year); 0.24% for Group C (GC in 1 per 400 patients per year); and 1.31% for 
Group D (GC in about 1 per 80 patients per year). Based on these data, with progression in 
stage of HP-related chronic gastritis, a stepwise increase is seen for GC incidence (Fig. 3). 
Similar results were reported by Watabe et al. (Watabe et al., 2005). During the 10-year 
follow-up study, all patients who developed GC were HP infection-positive. These results 
showed that in Japan, almost all cases of GC are associated with HP-related chronic gastritis. 
Theoretically, based on this fact, not only a GC high-risk group, but also a GC low-risk 
group (group A), can be identified. This is expected to contribute greatly to suitable and 
more intensive GC screening. 
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Group D (GC in about 1 per 80 patients per year). Based on these data, with progression in 
stage of HP-related chronic gastritis, a stepwise increase is seen for GC incidence (Fig. 3). 
Similar results were reported by Watabe et al. (Watabe et al., 2005). During the 10-year 
follow-up study, all patients who developed GC were HP infection-positive. These results 
showed that in Japan, almost all cases of GC are associated with HP-related chronic gastritis. 
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Fig. 3. Gastric cancer risk and prevention of gastric cancer based on Helicobacter pylori (HP)-
related chronic gastritis stage. This shows the stage classification for HP-related chronic 
gastritis based on the serum pepsinogen (PG) test and HP antibodies. Among middle-aged 
healthy men, the annual incidence of gastric cancer showed a significant stepwise increase 
from Group A to Group D according to stage progression. Regarding gastric cancer 
prevention based on stage, in Group B, with mild atrophy, prevention of gastric cancer 
mainly by HP eradication can be expected. In Group D, with progression of atrophy and 
metaplastic gastritis, prevention of gastric cancer mainly by administration of non-steroidal 
anti-inflammatory drugs (e.g., cyclooxygenase 2 inhibitors) can be expected. In addition, 
prevention of gastric cancer may be possible with dietary habits. 

2.5 Points in the diagnosis of GC risk using the serum PG test 
The serum PG test is clearly a highly useful test for a GC risk marker. However, the 
occurrence of GC (particularly diffuse-type GC) in PG test-negative groups (group B in the 
stage classification for HP-related chronic gastritis) cannot be ignored. In our study, even 
when using the PG test criteria considered as the most balanced in terms of test accuracy 
(PG index 1+), the fact remains that about 40% of GC cases are PG test-negative. When 
diagnosing GC risk using the serum PG test, this fact must be carefully considered. 
We therefore carefully investigated GC occurrence in a PG test-negative group. Specifically, 
to evaluate GC incidence, we subdivided the PG test-negative group into 3 groups: α group 
(serum PGI ≤70 ng/ml and PGI/II >3); β group (serum PGI >70 ng/ml and PGI/II >3), and 
γ group (serum PGI >70 ng/ml and PGI/II ≤3). The results identified a new group at high 
risk of GC, with GC incidence in the γ group (high serum PGII levels and severe 
inflammation of the gastric mucosa) reaching 0.2%, predominantly involving 
undifferentiated GC (Yanaoka et al, 2008a). This rate in the γ group, although not 
necessarily high among the PG test-negative group, still indicates a subgroup that deserves 
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particular attention. In addition, a group with high HP antibody titer (a marker that, like 
serum PGII level, reflects severity of inflammation) showed higher incidence of GC 
compared to a low-titer group (Yanaoka et al, 2008b).  
Among PG test-negative groups, in group A of the stage classification for HP-related 
chronic gastritis (PG test-negative and HP-negative), we observed no occurrence of GC over 
a 10-year follow-up period. However, some cautionary points must be considered in a 
confirmatory diagnosis of Group A status. First, with HP antibody assay kits showing low 
sensitivity, antibody titers may be negative despite prior HP infection. Second, in HP-
negative cases after eradication therapy, it should be kept in mind that “although HP is 
negative, the risk of GC is not zero.” Third, risk assessment by the serum PG test cannot be 
applied in subjects with post-gastrectomy ,with renal insufficiency, using proton pump 
inhibitors, or showing an acute gastric mucosal lesion (AGML). In addition, we have 
reported that in subjects with a PGI/II ratio ≤3.0, serum PGI ≤30 ng/ml, or serum PGII >30 
ng/ml, the risk of GC is significantly higher (Yanaoka et al, 2008b). Based on these data, 
even among group A patients, if the PGI/II ratio is ≤3.0 or serum PGI is ≤30 ng/ml, 
endoscopy should be performed once to evaluate the possible presence of CAG. 

3. Prevention of GC based on the natural history of HP-related chronic 
gastritis 
The evaluation of HP-related chronic gastritis is especially important in the analysis of GC 
prevention. However, previous studies have not assessed the extent of coexisting CAG or 
have assessed it only with endoscopic findings and/or histopathology on endoscopic 
biopsy. In this section, we discuss the strategy of GC prevention according to the evaluation 
of HP-related chronic gastritis based on the serum PG test. 

3.1 Prevention of GC by HP eradication 
Many previous studies have been conducted on the inhibition of GC by eradication therapy 
for HP, a major factor in gastric carcinogenesis. HP eradication therapy has recently been 
shown to prevent metachronous cancer after endoscopic resection of early GC (Fukase et al., 
2008). However, in several reports to date, the effects on prevention of GC have not been as 
clear-cut as the effects of HP eradication on prevention of peptic ulcers. The studies that 
found inhibitory effects on gastric carcinogenesis were often non-randomized studies with a 
short observation period of ≤5 years (Fuccio et al., 2007). Moreover, results have been mixed. 
For example, in studies of GC occurrence after HP eradication in groups with or without 
precancerous lesions (CAG or intestinal metaplasia), significant inhibition of GC in the 
without-precancerous-lesion group was reported (Take et al., 2007; Wong et al., 2004). On 
the other hand, absence of inhibition of GC, regardless of the presence or absence of 
precancerous lesions, has also been reported (You et al., 2006). In contrast, in an animal 
study using HP-infected Mongolian gerbils, inhibition of gastric carcinogenesis by HP 
eradication was clearly demonstrated (Tatematsu et al., 2007). 
These study results suggest several points. First, inhibition of gastric carcinogenesis by HP 
eradication is not complete, and even after eradication, more than a few GC cases have been 
observed. Second, the earlier during infection that eradication therapy is started, the greater 
the inhibitory effect on GC. Third, after a duration has elapsed, irreversible changes due to 
HP infection develop, representing a “point of no return”. This suggests an attenuated 
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particular attention. In addition, a group with high HP antibody titer (a marker that, like 
serum PGII level, reflects severity of inflammation) showed higher incidence of GC 
compared to a low-titer group (Yanaoka et al, 2008b).  
Among PG test-negative groups, in group A of the stage classification for HP-related 
chronic gastritis (PG test-negative and HP-negative), we observed no occurrence of GC over 
a 10-year follow-up period. However, some cautionary points must be considered in a 
confirmatory diagnosis of Group A status. First, with HP antibody assay kits showing low 
sensitivity, antibody titers may be negative despite prior HP infection. Second, in HP-
negative cases after eradication therapy, it should be kept in mind that “although HP is 
negative, the risk of GC is not zero.” Third, risk assessment by the serum PG test cannot be 
applied in subjects with post-gastrectomy ,with renal insufficiency, using proton pump 
inhibitors, or showing an acute gastric mucosal lesion (AGML). In addition, we have 
reported that in subjects with a PGI/II ratio ≤3.0, serum PGI ≤30 ng/ml, or serum PGII >30 
ng/ml, the risk of GC is significantly higher (Yanaoka et al, 2008b). Based on these data, 
even among group A patients, if the PGI/II ratio is ≤3.0 or serum PGI is ≤30 ng/ml, 
endoscopy should be performed once to evaluate the possible presence of CAG. 

3. Prevention of GC based on the natural history of HP-related chronic 
gastritis 
The evaluation of HP-related chronic gastritis is especially important in the analysis of GC 
prevention. However, previous studies have not assessed the extent of coexisting CAG or 
have assessed it only with endoscopic findings and/or histopathology on endoscopic 
biopsy. In this section, we discuss the strategy of GC prevention according to the evaluation 
of HP-related chronic gastritis based on the serum PG test. 

3.1 Prevention of GC by HP eradication 
Many previous studies have been conducted on the inhibition of GC by eradication therapy 
for HP, a major factor in gastric carcinogenesis. HP eradication therapy has recently been 
shown to prevent metachronous cancer after endoscopic resection of early GC (Fukase et al., 
2008). However, in several reports to date, the effects on prevention of GC have not been as 
clear-cut as the effects of HP eradication on prevention of peptic ulcers. The studies that 
found inhibitory effects on gastric carcinogenesis were often non-randomized studies with a 
short observation period of ≤5 years (Fuccio et al., 2007). Moreover, results have been mixed. 
For example, in studies of GC occurrence after HP eradication in groups with or without 
precancerous lesions (CAG or intestinal metaplasia), significant inhibition of GC in the 
without-precancerous-lesion group was reported (Take et al., 2007; Wong et al., 2004). On 
the other hand, absence of inhibition of GC, regardless of the presence or absence of 
precancerous lesions, has also been reported (You et al., 2006). In contrast, in an animal 
study using HP-infected Mongolian gerbils, inhibition of gastric carcinogenesis by HP 
eradication was clearly demonstrated (Tatematsu et al., 2007). 
These study results suggest several points. First, inhibition of gastric carcinogenesis by HP 
eradication is not complete, and even after eradication, more than a few GC cases have been 
observed. Second, the earlier during infection that eradication therapy is started, the greater 
the inhibitory effect on GC. Third, after a duration has elapsed, irreversible changes due to 
HP infection develop, representing a “point of no return”. This suggests an attenuated 



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

186 

eradication effect. Fourth, HP infection promotes the proliferation and growth of cancer cells 
that have already developed (promoter effect). During long-term observation, clear-cut 
inhibition of gastric carcinogenesis by HP eradication is not seen, but eradication groups 
with shorter observation periods may display apparent inhibition of GC, with slower 
growth rates, and without growth of cancer that can be clinically diagnosed. Fifth, besides 
promoter effects on GC, HP infection, as previously described in detail, is also involved in 
gastric carcinogenesis mediated through the development and progression of CAG and 
intestinal metaplasia. To achieve a reduction in GC risk by eradication, in addition to HP 
elimination, improvement of CAG and intestinal metaplasia is necessary. 
Based on these points, when evaluating the prevention of GC by HP eradication, evaluation of 
the equivalence of GC risk in the eradication group and non-eradication group (control) is 
necessary. With regard to this point, in almost all previous studies, either evaluation of CAG 
progression has been lacking, or even if evaluated, endoscopic or histopathologic findings, 
with strong subjective elements, were used. We therefore conducted a 10-year follow-up study 
in middle-aged healthy adults in whom progression of atrophic gastritis was monitored by 
serum PG (Yanaoka et al., 2009). In that study, although non-randomized, both the HP 
eradication and control groups showed equivalence with regard to CAG progression (an 
important risk factor), in addition to major risk factors for GC such as age, gender, and 
smoking. In this study, no significant inhibition of GC was observed even with HP eradication. 
However, with assessment by the PG test, evaluation in the PG test-positive (extensive 
CAG) and PG test-negative (non-extensive CAG) groups showed that HP eradication in the 
PG test-positive group did not prevent GC, whereas HP eradication in the PG test-negative  
group only achieved significant inhibition of GC (Fig. 4). These results confirm the  
 

 
Fig. 4. Kaplan-Meier analysis of the proportion of subjects free of gastric cancer in the serum 
pepsinogen (PG) test-positive group and the PG test-negative group according to 
Helicobacter pylori (HP) infection status. In the serum PG test-positive group (extensive 
chronic atrophic gastritis (CAG)), no reduction in gastric cancer incidence was observed 
with HP eradication. Only the PG test- negative group (non-extensive CAG) showed a 
reduction in gastric cancer incidence with HP eradication. 
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previously mentioned results that assumed that no significant prevention of GC by HP 
eradication was achieved due to advanced CAG. This strongly suggests that in the majority 
of PG test-positive subjects, the stomach is past the “point of no return.” The significance of 
HP eradication thus lies in achieving: 1) a decrease in GC proliferation and growth rates by 
inhibiting the GC-promoting effects of HP; 2) inhibition of carcinogenesis by halting 
progression of CAG; and 3) inhibition of inflammation-based gastric carcinogenesis 
(particularly diffuse-type GC) by healing chronic active gastritis. In fact, our study also 
showed that diffuse-type GC can be significantly inhibited by HP eradication. 

3.2 Chemoprevention of GC by NSAIDs 
Although prevention of GC by HP eradication can be expected, from a more realistic 
perspective, the effectiveness may be somewhat limited. In particular, among patients with 
advanced CAG, the chemopreventive effects of HP eradication therapy alone are unlikely to 
be sufficient. In populations where inhibition of gastric carcinogenesis cannot be achieved 
by HP eradication therapy alone, chemoprevention with the use of non-steroidal anti-
inflammatory drugs (NSAIDs) is promising as a treatment strategy. Cyclooxygenase (COX) 
is a rate-limiting enzyme of prostaglandin synthesis in the arachidonic acid cascade. Among 
COX isozymes, attention has been focused on inducible COX-2, which is expressed in 
inflammatory responses and cancer proliferation (Kujubu et al., 1991). COX-2 expression has 
been reported in many gastrointestinal cancers, including colorectal cancer (Eberhart et al., 
1994), and research has been undertaken into the prevention of carcinogenesis by COX-2 
regulation (Giardiello et al., 1993; Kawamori et al., 1998; Kune et al., 1988; Thun et al., 1991). 
With regard to COX-2 expression in the gastric mucosa, not only a high rate of COX-2 
expression in GC cells, but also COX-2 expression in precancerous lesions such as CAG, 
intestinal metaplasia, and dysplasia has been reported (Sung et al., 2000). In a study of GC 
tissue types, a high rate of COX-2 expression was found in intestinal-type GC (Saukkonen et 
al., 2001). In a study of GC according to site, cancers of the gastric cardia showed decreased 
COX-2 expression compared to cancers of other gastric areas (Ratnasinghe et al., 1999). In 
epidemiologic and animal studies, long-term use of aspirin or other NSAIDs has been 
reported to decrease GC risk in a dose-dependent manner (Duan et al., 2008; Hu et al., 2004; 
Wang et al., 2003). 
In a Mongolian gerbil model of chronic active gastritis, which closely resembles HP-related 
chronic gastritis in humans, we evaluated the effects of etodolac, a selective COX-2 inhibitor, 
after initiation with a low dose of N-methyl-N-nitrosourea, a chemical carcinogen (Magari et 
al., 2005). The results confirmed that treatment with etodolac early in HP infection 
completely inhibited gastric carcinogenesis, which usually occurs at a high rate. In this 
model, we confirmed that proliferation of gastric mucosal epithelial tissue was significantly 
inhibited by etodolac, and that the development of intestinal metaplasia, thought to be a 
precancerous lesion, was significantly inhibited. In addition, we conducted a clinical study 
of GC chemoprevention using a COX-2 inhibitor in patients with metaplastic gastritis 
(Yanaoka et al., 2010). This study, although non-randomized, included patients who had 
undergone endoscopic resection of intestinal-type GC with a background of metaplastic 
gastritis. The incidence of metachronous cancer was evaluated in etodolac and non-
treatment groups during a mean observation period of 4.2 years. The diagnosis of 
metaplastic gastritis was based on serum testing, as previously described. Regarding HP-
related chronic gastritis stage, these patients were classified as Group D [HP(-), PG(+)]. In 
this study, long-term treatment with etodolac as a selective COX-2 inhibitor effectively 
inhibited metachronous cancer development in curatively treated, early GC patients with 



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

186 

eradication effect. Fourth, HP infection promotes the proliferation and growth of cancer cells 
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previously mentioned results that assumed that no significant prevention of GC by HP 
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of PG test-positive subjects, the stomach is past the “point of no return.” The significance of 
HP eradication thus lies in achieving: 1) a decrease in GC proliferation and growth rates by 
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(particularly diffuse-type GC) by healing chronic active gastritis. In fact, our study also 
showed that diffuse-type GC can be significantly inhibited by HP eradication. 
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advanced CAG, the chemopreventive effects of HP eradication therapy alone are unlikely to 
be sufficient. In populations where inhibition of gastric carcinogenesis cannot be achieved 
by HP eradication therapy alone, chemoprevention with the use of non-steroidal anti-
inflammatory drugs (NSAIDs) is promising as a treatment strategy. Cyclooxygenase (COX) 
is a rate-limiting enzyme of prostaglandin synthesis in the arachidonic acid cascade. Among 
COX isozymes, attention has been focused on inducible COX-2, which is expressed in 
inflammatory responses and cancer proliferation (Kujubu et al., 1991). COX-2 expression has 
been reported in many gastrointestinal cancers, including colorectal cancer (Eberhart et al., 
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reported to decrease GC risk in a dose-dependent manner (Duan et al., 2008; Hu et al., 2004; 
Wang et al., 2003). 
In a Mongolian gerbil model of chronic active gastritis, which closely resembles HP-related 
chronic gastritis in humans, we evaluated the effects of etodolac, a selective COX-2 inhibitor, 
after initiation with a low dose of N-methyl-N-nitrosourea, a chemical carcinogen (Magari et 
al., 2005). The results confirmed that treatment with etodolac early in HP infection 
completely inhibited gastric carcinogenesis, which usually occurs at a high rate. In this 
model, we confirmed that proliferation of gastric mucosal epithelial tissue was significantly 
inhibited by etodolac, and that the development of intestinal metaplasia, thought to be a 
precancerous lesion, was significantly inhibited. In addition, we conducted a clinical study 
of GC chemoprevention using a COX-2 inhibitor in patients with metaplastic gastritis 
(Yanaoka et al., 2010). This study, although non-randomized, included patients who had 
undergone endoscopic resection of intestinal-type GC with a background of metaplastic 
gastritis. The incidence of metachronous cancer was evaluated in etodolac and non-
treatment groups during a mean observation period of 4.2 years. The diagnosis of 
metaplastic gastritis was based on serum testing, as previously described. Regarding HP-
related chronic gastritis stage, these patients were classified as Group D [HP(-), PG(+)]. In 
this study, long-term treatment with etodolac as a selective COX-2 inhibitor effectively 
inhibited metachronous cancer development in curatively treated, early GC patients with 
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metaplastic gastritis. These results are in line with the results of our previous animal 
experiment using HP-infected Mongolian gerbils, indicating that etodolac can prevent 
stomach carcinogenesis involving the CAG-metaplasia-dysplasia-cancer sequence. Serious 
cardiovascular events, depending on the drug, have been reported with long-term 
administration of COX-2 inhibitors. Whether etodolac is the best choice requires further 
investigation. However, particularly among patients with extensive CAG, in addition to HP 
eradication therapy, aggressive chemoprevention using NSAIDs such as selective COX-2 
inhibitors may effectively inhibit gastric carcinogenesis (Fig. 3). 

3.3 Possible GC prevention by dietary habits 
On the other hand, HP eradication therapy and chemoprevention using NSAIDs were not 
carried out in all subjects, as problems exist with adverse effects of HP eradication or 
chemoprevention, drug-resistant bacteria, and medical economics. Research into HP-related 
chronic gastritis and promoters and inhibitors of gastric carcinogenesis, and studies of 
alternative therapies, primarily in the form of functional foods, has thus been conducted. In 
the progression of HP-related chronic gastritis, besides HP virulence factors such as VacA 
and CagA (Hatakeyama, 2004), and host factors such as cytokine polymorphisms (El-Omar 
et al., 2000), environmental factors such as lifestyle and dietary habits have been shown to 
be involved. In particular, dietary factors have been highly implicated as the factors to 
which the gastric mucosa is most frequently and directly exposed. For example, high 
sodium intake increases gastric mucosal inflammation and the risk of gastric cancer (Nozaki 
et al., 2002; Shikata et al., 2006) and cigarette smoking is considered to be deeply involved in 
the transition of CAG to intestinal metaplasia and dysplasia (Kneller et al., 1992; Tredaniel et 
al., 1997), which are precancerous conditions, in a model of gastric carcinogenesis postulated 
by Correa (Correa and Houghton, 2007). On the other hand, epidemiologic and animal 
studies have found that vegetables, fruits, and green tea can inhibit gastritis and reduce 
gastric carcinogenesis (Kobayashi et al., 2002; Yu et al., 1995). 
The Japanese apricot (JA) (ume in Japanese; Prunus mume Siebold et Zucc.), in extracted or 
pickled form, has long been empirically used in Japan as a folk remedy for gastrointestinal 
infections such as gastroenteritis. In an in vitro study, Fujita et al. reported that JA extract 
displayed bactericidal activity against HP (Fujita et al., 2002). In addition, in an animal study 
using Mongolian gerbils, Otsuka et al. showed in vivo anti-HP effects of JA extract, 
demonstrating inhibition of chronic gastritis in HP-infected Mongolian gerbils (Otsuka et al., 
2005). Based on these reports, because of the presumably potent anti-HP effects of JA, we 
conducted a study on associations between regular consumption of JA and HP-related 
chronic gastritis (Enomoto et al., 2010b; Jones, 2010). As a result, we found that consumption 
of JA is effective in inhibiting HP-related active inflammation of the stomach and CAG 
progression, and that development of GC may be inhibited by JA intake. Of course, because 
dietary habits are greatly influenced by other lifestyle factors, depending on the population 
being studied, the effectiveness achieved in preventing GC may differ. However, promoting 
dietary habits that protect against GC, including JA intake, may be an ideal alternative 
strategy for GC prevention (Fig. 3). 

4. Conclusion 
In conclusion, based on the natural history of HP-related chronic gastritis from blood test 
data, including the serum PG test and HP antibodies, specific prediction of the risk of GC in 
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each individual is now possible. With this information, more effective strategies to prevent 
GC are becoming possible. These are anticipated to have clinical applications such as in 
more effective GC screening, and in establishing appropriate GC prevention. 
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metaplastic gastritis. These results are in line with the results of our previous animal 
experiment using HP-infected Mongolian gerbils, indicating that etodolac can prevent 
stomach carcinogenesis involving the CAG-metaplasia-dysplasia-cancer sequence. Serious 
cardiovascular events, depending on the drug, have been reported with long-term 
administration of COX-2 inhibitors. Whether etodolac is the best choice requires further 
investigation. However, particularly among patients with extensive CAG, in addition to HP 
eradication therapy, aggressive chemoprevention using NSAIDs such as selective COX-2 
inhibitors may effectively inhibit gastric carcinogenesis (Fig. 3). 

3.3 Possible GC prevention by dietary habits 
On the other hand, HP eradication therapy and chemoprevention using NSAIDs were not 
carried out in all subjects, as problems exist with adverse effects of HP eradication or 
chemoprevention, drug-resistant bacteria, and medical economics. Research into HP-related 
chronic gastritis and promoters and inhibitors of gastric carcinogenesis, and studies of 
alternative therapies, primarily in the form of functional foods, has thus been conducted. In 
the progression of HP-related chronic gastritis, besides HP virulence factors such as VacA 
and CagA (Hatakeyama, 2004), and host factors such as cytokine polymorphisms (El-Omar 
et al., 2000), environmental factors such as lifestyle and dietary habits have been shown to 
be involved. In particular, dietary factors have been highly implicated as the factors to 
which the gastric mucosa is most frequently and directly exposed. For example, high 
sodium intake increases gastric mucosal inflammation and the risk of gastric cancer (Nozaki 
et al., 2002; Shikata et al., 2006) and cigarette smoking is considered to be deeply involved in 
the transition of CAG to intestinal metaplasia and dysplasia (Kneller et al., 1992; Tredaniel et 
al., 1997), which are precancerous conditions, in a model of gastric carcinogenesis postulated 
by Correa (Correa and Houghton, 2007). On the other hand, epidemiologic and animal 
studies have found that vegetables, fruits, and green tea can inhibit gastritis and reduce 
gastric carcinogenesis (Kobayashi et al., 2002; Yu et al., 1995). 
The Japanese apricot (JA) (ume in Japanese; Prunus mume Siebold et Zucc.), in extracted or 
pickled form, has long been empirically used in Japan as a folk remedy for gastrointestinal 
infections such as gastroenteritis. In an in vitro study, Fujita et al. reported that JA extract 
displayed bactericidal activity against HP (Fujita et al., 2002). In addition, in an animal study 
using Mongolian gerbils, Otsuka et al. showed in vivo anti-HP effects of JA extract, 
demonstrating inhibition of chronic gastritis in HP-infected Mongolian gerbils (Otsuka et al., 
2005). Based on these reports, because of the presumably potent anti-HP effects of JA, we 
conducted a study on associations between regular consumption of JA and HP-related 
chronic gastritis (Enomoto et al., 2010b; Jones, 2010). As a result, we found that consumption 
of JA is effective in inhibiting HP-related active inflammation of the stomach and CAG 
progression, and that development of GC may be inhibited by JA intake. Of course, because 
dietary habits are greatly influenced by other lifestyle factors, depending on the population 
being studied, the effectiveness achieved in preventing GC may differ. However, promoting 
dietary habits that protect against GC, including JA intake, may be an ideal alternative 
strategy for GC prevention (Fig. 3). 

4. Conclusion 
In conclusion, based on the natural history of HP-related chronic gastritis from blood test 
data, including the serum PG test and HP antibodies, specific prediction of the risk of GC in 
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each individual is now possible. With this information, more effective strategies to prevent 
GC are becoming possible. These are anticipated to have clinical applications such as in 
more effective GC screening, and in establishing appropriate GC prevention. 
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1. Introduction 
Gastric carcinoma has been considered an aetiologically heterogeneous entity, with the role 
of its potential determinants differing with tumour location (Cavaleiro-Pinto et al., 2011; 
Helicobacter and Cancer Collaborative Group, 2001; Huang et al., 1998; Huang et al., 2003; 
Ladeiras-Lopes et al., 2008; Larsson et al., 2006; Lunet et al., 2007; Tredaniel et al., 1997; 
World Cancer Research Fund & American Institute for Cancer Research, 2007) and 
histological type (Helicobacter and Cancer Collaborative Group, 2001; Huang et al., 1998; 
Ladeiras-Lopes et al., 2008; Larsson et al., 2006; Lunet et al., 2007; World Cancer Research 
Fund & American Institute for Cancer Research, 2007). Regarding the latter, Laurén 
proposed an histo-clinical classification (Laurén, 1965) comprising two main histological 
types – diffuse and intestinal – with different frequency and distribution across populations 
(Muñoz & Asvall, 1971; Muñoz & Connelly, 1971). Most gastric carcinomas belong to the 
intestinal type, representing between 52% and 82% of all gastric cancers (Kaneko & 
Yoshimura, 2001; Laurén & Nevalainen, 1993; Wu et al., 2009). A higher incidence of 
intestinal type tumours was observed in males, blacks and older subjects, while the diffuse 
type had a similar incidence in both genders and was more frequent in younger individuals 
(Correa et al., 1973; Ekström et al., 2000). Also, there was a wide geographical variation in 
the frequency of intestinal type tumours, whereas the occurrence of diffuse 
adenocarcinomas was more uniform across regions (Laurén & Nevalainen, 1993). In 
addition, the decrease in cancer incidence among migrants from high- to low-risk areas was 
observed predominantly for tumours of the intestinal type (Correa et al., 1973). These 
findings were taken as evidence of a relatively greater impact of environmental factors in 
the aetiology of intestinal type carcinomas, while the diffuse type was considered more 
dependent on the genetic profile of the individuals (Tahara, 2004). Pelayo Correa (Correa et 
al., 1975) proposed a model for the development of the intestinal type tumours, according to 
which the precancerous lesions occur in sequential steps: chronic atrophic gastritis, 
intestinal metaplasia, and dysplasia. It provided a framework for understanding the role of 
different environmental and constitutional factors in gastric carcinogenesis, which has 
evolved with the epidemiologic findings on this topic. 
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2. Gastric carcinogenesis models 
In his initial model (Correa et al., 1975), Correa postulated that both deleterious and 
protective exposures could modulate the progression towards intestinal type cancers, by 
acting in different stages of the pathway. With the rediscovery of Helicobacter pylori in 1984 
(Marshall & Warren, 1984) and the gradual recognition of its role as a carcinogen, the model 
was redefined to accommodate the causal relation between H. pylori infection and gastric 
cancer (Correa, 1992), assuming that its effects were exerted at the early phases of gastric 
carcinogenesis (Figure 1). 
 
 
 

 
 

+ positive associations (increase the risk of gastric cancer); – negative associations (decrease the risk of 
gastric cancer). 

Fig. 1. Gastric carcinogenesis model for the carcinomas of Laurén intestinal type, according 
to the proposed by Pelayo Correa (Correa, 1992) 

The models proposed by Pelayo Correa more than 15 years ago still provide the essential 
framework for research on gastric carcinogenesis. The understanding of potentially 
alternative pathways, the more accurate definition of the endpoints for research, and the 
identification of the carcinogenesis steps where each of the gastric cancer causal components 
may act will contribute for a better understanding of cancer aetiology and support the 
development of preventive strategies. 

2.1 The effect of risk factors for gastric cancer across the carcinogenesis pathway 
The research on the determinants of gastric cancer precursors has been less extensive than 
for the cancer endpoints. In Table 1 we present a summary of the systematic reviews and 
meta-analyses of research conducted to assess the determinants of the lesions that precede 
the cancer. The contribution of these findings for improvement of the currently  
accepted gastric carcinogenesis model will be discussed in the following sections of this 
chapter. 
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Author, year 
(ref) Exposure Outcome Databases

searched 

Number 
of studies
included 

Main results 

Adamu, 2010 
(Adamu et 
al., 2010) 

H. pylori
infection 

CAG 
incidence 

MEDLINE,
EMBASE 

14 H. pylori-infected vs. 
uninfected 
RR=5.0 (95%CI: 3.1-8.3) 
 
Includes studies with follow-
up periods ranging from 5 to 
32 years

Peleteiro, 
2010 
(Peleteiro et 
al., 2010b) 

IL1RN
VNTR 
IL1B-511 
TNFA-308

CAG 
prevalence
IM 
prevalence

PubMed 15 IL1RN VNTR (22 vs. LL) 
CAG and IM: 
OR=2.27 (95%CI: 1.40-3.70) 
CAG: 
OR=1.65 (95%CI: 1.02-2.66) 
IM: 
OR=2.27 (95%CI: 1.14-4.51) 
 
IL1B-511 (TT vs. CC) 
CAG and IM: 
OR=1.34 (95%CI: 0.87-2.07) 
CAG: 
OR=1.20 (95%CI: 0.70-2.05) 
IM: 
OR=1.94 (95%CI: 1.14-3.31) 
 
TNFA-308 (AA vs. GG) 
CAG and IM: 
OR=0.93 (95%CI: 0.35-2.43) 

Dias-Neto, 
2010 
(Dias-Neto et 
al., 2010) 

Salt 
intake 

IM 
prevalence

PubMed 17 Salted/salty meat intake 
(highest vs. lowest exposure) 
OR=1.68 (95%CI: 0.98-2.90) 
 
Preference for salted/salty 
foods or use of table salt 
(highest vs. lowest exposure) 
OR=1.53 (95%CI: 0.72-3.24) 

Weck, 2008 
(Weck & 
Brenner, 
2008) 

H. pylori
infection

CAG 
prevalence 
evaluated 
by: 
- 
gastroscopy 
with 
biopsy 
- PG I only
- PG I/PG 
II ratio

MEDLINE 66 H. pylori-infected vs. 
uninfected 
Gastroscopy with biopsy: 
OR=6.4 (95%CI: 4.0-10.1) 
PG I only *: 
OR=0.9 (95%CI: 0.7-1.2) 
PG I/PG II ratio: 
OR=7.2 (95%CI: 3.1-16.8) 
Combination of PG I and PG 
I/PG II ratio: 
OR=5.7 (95%CI: 4.4-7.4) 
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Author, year 
(ref) Exposure Outcome Databases

searched 

Number 
of studies
included 

Main results 
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Author, year 
(ref) Exposure Outcome Databases

searched 

Number 
of studies
included 

Main results 

- combi-
nation of 
PG I and 
PG I/PG II 
ratio

All methods:
OR=4.7 (95%CI: 3.7-6.0) 
All methods, except PG I 
only: 
OR=6.1 (95%CI: 4.8-7.7) 

Peleteiro, 
2008 
(Peleteiro et 
al., 2008) 

H. pylori
infection
Smoking

IM 
prevalence

PubMed 22 Systematic review for 
identification of estimates 
for IM prevalence among H. 
pylori-infected subjects in 
different populations and 
ecological analysis of the 
association with smoking 
 
Pearson correlation 
coefficient = 0.45 (p=0.02) 

Rokkas, 2007 
(Rokkas et 
al., 2007) 

H. pylori
eradica-
tion 

CAG 
incidence 
IM 
incidence 

MEDLINE 8 H. pylori-eradicated vs. 
placebo 
CAG in the antrum: 
OR=0.554 (95%CI: 0.372-
0.825) 
CAG in the corpus: 
OR=0.209 (95%CI: 0.081-
0.538) 
IM in the antrum: 
OR=0.795 (95%CI: 0.587-
1.078) 
IM in the corpus: 
OR=0.891 (95%CI: 0.633-
1.253) 
 
Includes studies with 
follow-up periods ranging 
from 10 to 137 months 

CAG – chronic atrophic gastritis; RR – relative risk; VNTR – variable number tandem repeat; IM – 
intestinal metaplasia; OR – odds ratio; PG – pepsinogen. 
* the magnitude of the association depends on the method used to assess atrophy; previous studies showed 
that PG I alone had a low sensitivity for serological definition of chronic atrophic gastritis (Miki, 2006). 
† systematic reviews and meta-analyses were identified through PubMed search, from its inception to 
December 2010, under the following expression (gastritis OR chronic OR atroph* OR intestinal metaplasia 
OR dysplasia) AND (gastric OR stomach) AND (helicobacter pylori OR gene OR polymorphism OR SNPs OR 
smoking OR tobacco OR cigarette OR salt OR antioxidant OR diet OR lifestyle OR environmental OR 
behaviour) AND (meta-analysis OR "systematic review"). 

Table 1. Summary of systematic reviews and meta-analyses † addressing the role of genetic 
and environmental factors on the occurrence of gastric precancerous lesions 
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2.1.1 The role of Helicobacter pylori infection 
The association between H. pylori infection and gastric cancer is well established, with several 
meta-analyses reporting an odds ratio of approximately 2 (Figure 2). The prevalence of H. 
pylori infection is high (74% in developing and 58% in developed countries, on average) and 
nearly two-thirds of all gastric cancers occurring worldwide are attributed to it (Parkin, 2006). 
Pelayo Correa proposed that H. pylori infection acted at the early phases of the 
carcinogenesis based on the fact that the inflammatory reaction could disappear after 
clearance of the bacteria with antibiotic treatment (Correa, 1992), and this has received 
support from several lines of evidence. On the one hand, the longer the lag between the 
assessment of H. pylori infection status and the diagnosis of gastric cancer, the stronger is the 
association between infection and cancer (Helicobacter and Cancer Collaborative Group, 
2001; Huang et al., 1998), as H. pylori clearance tends to occur with the progression to the 
cancer endpoint (Gao et al., 2009; Kokkola et al., 2003). Case-control designs tend to 
underestimate the relation between infection and gastric cancer, but studies that used more 
sensitive methods to detect past infection or restricted the analysis to less advanced cases 
yielded stronger relative risk estimates (Brenner et al., 2004; Ekstrom et al., 2001; Mitchell et 
al., 2008; Peleteiro et al., 2010a). On the other hand, this is also in accordance with the 
stronger associations observed between H. pylori and precancerous lesions (Table 1) than 
with gastric cancer, as depicted in Figure 2. 
 

 
Fig. 2. Meta-analyses on the association between Helicobacter pylori infection and chronic 
atrophic gastritis, and gastric cancer (Adamu et al., 2010; Cavaleiro-Pinto et al., 2011; 
Danesh, 1999; Eslick et al., 1999; Helicobacter and Cancer Collaborative Group, 2001; Huang 
et al., 1998; Weck & Brenner, 2008; Xue et al., 2001). 

.

.

Chronic atrophic gastritis

Weck & Brenner, 2008 (prevalence)

Adamu et al., 2010 (incidence)

Gastric cancer

Huang et al., 1998

Huang et al., 1998 (cohort)

Huang et al., 1998 (case-control)

Huang et al., 1998 (intestinal type)

Huang et al., 1998 (diffuse type)

Danesh, 1999 (nested case-control)

Eslick et al., 1999 
HCCG, 2001 (nested case-control)

Xue et al., 2001 
Cavaleiro-Pinto et al., 2011 (noncardia)

ID

Study

6.10 (4.80, 7.70) 
5.00 (3.10, 8.30) 

1.92 (1.32, 2.78) 
2.24 (1.15, 4.40) 
1.81 (1.16, 2.84) 
2.49 (1.41, 4.43) 
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Author, year 
(ref) Exposure Outcome Databases
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Number 
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Main results 
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PG I and 
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OR=6.1 (95%CI: 4.8-7.7) 

Peleteiro, 
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(Peleteiro et 
al., 2008) 
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prevalence

PubMed 22 Systematic review for 
identification of estimates 
for IM prevalence among H. 
pylori-infected subjects in 
different populations and 
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association with smoking 
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coefficient = 0.45 (p=0.02) 

Rokkas, 2007 
(Rokkas et 
al., 2007) 
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2.1.1 The role of Helicobacter pylori infection 
The association between H. pylori infection and gastric cancer is well established, with several 
meta-analyses reporting an odds ratio of approximately 2 (Figure 2). The prevalence of H. 
pylori infection is high (74% in developing and 58% in developed countries, on average) and 
nearly two-thirds of all gastric cancers occurring worldwide are attributed to it (Parkin, 2006). 
Pelayo Correa proposed that H. pylori infection acted at the early phases of the 
carcinogenesis based on the fact that the inflammatory reaction could disappear after 
clearance of the bacteria with antibiotic treatment (Correa, 1992), and this has received 
support from several lines of evidence. On the one hand, the longer the lag between the 
assessment of H. pylori infection status and the diagnosis of gastric cancer, the stronger is the 
association between infection and cancer (Helicobacter and Cancer Collaborative Group, 
2001; Huang et al., 1998), as H. pylori clearance tends to occur with the progression to the 
cancer endpoint (Gao et al., 2009; Kokkola et al., 2003). Case-control designs tend to 
underestimate the relation between infection and gastric cancer, but studies that used more 
sensitive methods to detect past infection or restricted the analysis to less advanced cases 
yielded stronger relative risk estimates (Brenner et al., 2004; Ekstrom et al., 2001; Mitchell et 
al., 2008; Peleteiro et al., 2010a). On the other hand, this is also in accordance with the 
stronger associations observed between H. pylori and precancerous lesions (Table 1) than 
with gastric cancer, as depicted in Figure 2. 
 

 
Fig. 2. Meta-analyses on the association between Helicobacter pylori infection and chronic 
atrophic gastritis, and gastric cancer (Adamu et al., 2010; Cavaleiro-Pinto et al., 2011; 
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A direct correlation between H. pylori prevalence and gastric cancer rates is not observed 
when countries with different patterns of infection and gastric cancer risk are considered, 
namely because some of them present low gastric cancer incidences despite the high 
prevalences of infection, the so-called African and Asian enigmas (Holcombe, 1992; Miwa et 
al., 2002). In the latter settings, the cancer precursor lesions, especially intestinal metaplasia, 
are also less frequent than expected given the high prevalence of infection (Campbell et al., 
2001; Carrilho et al., 2009; Kalebi et al., 2007; Kidd et al., 1999; Oluwasola & Ogunbiyi, 2004), 
supporting the hypothesis that H. pylori infection acts before their development (in earlier 
steps of the carcinogenesis) and that other genetic and/or environmental exposures 
modulate the progression towards cancer (Campbell et al., 2001; Louw et al., 2001; Lunet & 
Barros, 2003; Mitchell et al., 2002). 
2.1.1.1 The impact of Helicobacter pylori eradication 
Since the recognition of the causal link between H. pylori and gastric cancer, research has 
focused on the potential of eradication of the infection as preventive tool. Some clinical trials 
concluded that H. pylori eradication reduces gastric cancer risk (Fuccio et al., 2009; Ito et al., 
2009) (Figure 3). However, one of the trials (Wong et al., 2004) analysed separately the 
subjects with and without precancerous lesions, and eradication of H. pylori infection was 
significantly associated with a decreased risk of developing gastric cancer only among the   
 

 
* this report refers to a systematic review but does not include a meta-analysis, and summary estimates 
were computed by the authors of this chapter based on the results presented for each individual study. 

Fig. 3. Meta-analyses on the association between Helicobacter pylori eradication and incidence 
of chronic atrophic gastritis, intestinal metaplasia, and gastric cancer (Fuccio et al., 2009; Ito 
et al., 2009; Rokkas et al., 2007). 
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latter, supporting the hypothesis of the effects of infection in the early stages of gastric 
carcinogenesis. This is also in accordance with the lack of association between eradication 
and cancer in a trial conducted in Colombia, which only included subjects with gastric 
precancerous lesions at baseline evaluation (Correa et al., 2000; Mera et al., 2005). 
Also, a meta-analysis from Rokkas et al. (Rokkas et al., 2007) estimated the long-term impact 
of H. pylori eradication on the incidence of gastric precancerous lesions (Table 1), with 
significant reduction in chronic atrophic gastritis risk but not for intestinal metaplasia 
(Figure 3). 
Taken together, these results support the irreversibility of intestinal metaplasia, since H. 
pylori eradication must occur before a point of no return in order to be effective. This 
represents one more piece of evidence of an early role for H. pylori infection in the gastric 
carcinogenesis, as it leads to intestinal metaplasia but must be complemented with other 
factors for progression towards cancer. 

2.1.2 The role of lifestyle factors 
Although H. pylori infection is the most important gastric cancer determinant, only a small 
proportion of infected subjects will reach this endpoint (Hsu et al., 2007; Uemura et al., 
2001), and several other potential causal components have to be considered. 
2.1.2.1 Smoking 
Stomach cancer is now considered a tobacco-related cancer, with 17% of cases among men 
and 11% among women being attributed to it in the more developed countries (IARC 
Working Group on the Evaluation of Carcinogenic Risks to Humans, 2004). Compared to 
never-smokers, current smokers have a 20% (among women) to 62% (among men) higher 
risk of gastric cancer, while gastric cancer is 16% (among women) to 34% (among men) more 
frequent in former smokers (Ladeiras-Lopes et al., 2008). This shows that the interruption of 
the exposure to tobacco contributes to a reduction in gastric cancer risk, supporting that its 
effects are exerted at the later steps of carcinogenesis. Furthermore, the risk of cancer was 
higher in subjects quitting smoking more recently (summary RR for studies with a 
mean/median follow-up time < 10 vs. ≥ 10 years: 1.39, 95%CI: 1.30-1.49 vs. 1.09, 95%CI: 0.95-
1.25, among men) (Ladeiras-Lopes et al., 2008), in accordance with the hypothesis that 
smoking acts predominantly by promoting the progression from the more advanced 
precursor lesions to cancer. 
Among lifestyle exposures, the relation between smoking and precancerous lesions, 
especially intestinal metaplasia, has been the more extensively studied, but no systematic 
reviews of studies quantifying this association are available. The individual reports that 
have been published yielded relative risk estimates ranging from 1.42 to 4.91 (Kim et al., 
2008; Mesquita et al., 2006). An ecological analysis showed a strong correlation between 
apparent tobacco consumption and the frequency of intestinal metaplasia among H. pylori-
infected subjects (Peleteiro et al., 2008), suggesting that the low cigarette consumption 
observed in developing countries may be a contributory factor for the disruption of the 
carcinogenesis pathway, precluding the progression to the more advanced lesions. This was 
also supported by another ecological analysis that showed lower gastric cancer incidence 
rates in settings with high prevalence of infection and low apparent tobacco consumption 
than in those where smoking was more frequent (Lunet & Barros, 2003). 
Taken together, these results are indicative of a role for smoking in the stages closer to 
cancer. 
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2.1.2.2 Salt 
The proposed mechanisms by which salt can cause gastric cancer are either the direct 
damage of the gastric mucosa causing excessive cell replication or an indirect effect by 
increasing of the mutagenic potential of N-nitroso compounds, which is compatible with the 
action of salt intake at the initial and late stages of gastric carcinogenesis, respectively 
(Correa, 1992). More recently, it was shown that the damage caused by salt may also 
increase gastric H. pylori colonization (Fox et al., 1999; Nozaki et al., 2002), which is also 
supportive of an early role in the pathway. 
Many methodological limitations preclude valid measurements of salt consumption (Chen 
et al., 1990), and the excretion of sodium in urine over a 24-h period is the method that 
reflects more accurately the sodium ingested from different sources (World Cancer Research 
Fund & American Institute for Cancer Research, 2007). The latter, however, was used only 
in an ecological study assessing the association between salt and intestinal metaplasia (ECP-
EURONUT, 1994). 
The summary estimates for the relation between total salt use and gastric cancer obtained in 
the World Cancer Research Fund meta-analysis correspond to a relative risk of 
approximately 2 (Figure 4). However, only 17 of the 71 studies identified trough systematic 
review were included in the meta-analysis, due to the large heterogeneity in the 
presentation of results (World Cancer Research Fund & American Institute for Cancer 
Research, 2007). 
 

 
Fig. 4. Meta-analyses on the association between salt intake and intestinal metaplasia, and 
gastric cancer (Dias-Neto et al., 2010; World Cancer Research Fund & American Institute for 
Cancer Research, 2007). 

. 

. 

Intestinal metaplasia

Dias-Neto et al., 2010 (salted/salty meat)

Dias-Neto et al., 2010 (salt preference)

Gastric cancer

WCRF, 2007 (total salt use)

ID 
Study

1.68 (0.98, 2.90)

1.53 (0.72, 3.24)

1.90 (1.59, 2.27)

RR (95% CI)

1.68 (0.98, 2.90)

1.53 (0.72, 3.24)

1.90 (1.59, 2.27)

RR (95% CI)

  1.5 1 2 5

 
Role of Genetic and Environmental Risk Factors in Gastric Carcinogenesis Pathway  

 

205 

In the meta-analysis conducted by Dias-Neto et al. (Dias-Neto et al., 2010), salted/salty meat 
intake and preference for salted/salty foods or use of table salt were associated with an 
approximately 60% increased risk of intestinal metaplasia (Figure 4), but the authors 
concluded that the large methodological heterogeneity and in the presentation of the results 
did not allow a more comprehensive quantitative synthesis or a conclusive overall 
interpretation of the findings. 
The evidence currently available on this topic precludes definite conclusions on the 
magnitude of the effects of salt consumption, overall and in different steps of carcinogenesis. 

2.1.2.3 Antioxidants 
Based on the inverse association between ingestion of fresh fruits and vegetables and gastric 
cancer observed in epidemiological studies, antioxidants such as ascorbic acid and beta-
carotene were postulated to play a protective role in the stages closer to cancer by acting as 
free-radical scavengers (Correa, 1992). This protective effect of fruits and vegetables, 
however, seems to be weaker than initially expected. The summary estimates from several 
meta-analyses on this topic are closer to 1 when derived from cohort studies, ranging from 
0.89 to 0.95 for fruits intake and from 0.89 to 0.98 for vegetables consumption (Figure 5).  
 

 
Fig. 5. Meta-analyses on the association between fruits and vegetables intake and gastric 
cancer (Lunet et al., 2005; Lunet et al., 2007; Riboli & Norat, 2003; World Cancer Research 
Fund & American Institute for Cancer Research, 2007). 
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However, a stronger protective effect was observed in studies with a follow-up of 10 or 
more years (OR=0.66, 95%CI: 0.52-0.83 for fruits and OR=0.71, 95%CI: 0.53-0.94 for 
vegetables in incidence studies) (Lunet et al., 2005), which may be seen as evidence of a 
relatively early effect of these factors in the gastric carcinogenesis pathway. Research on this 
topic having cancer precursor lesions as the outcome has seldom been conducted, with few 
studies reporting conflicting results regarding chronic atrophic gastritis and intestinal 
metaplasia (Jedrychowski et al., 1999; Kato et al., 2004; Kuwahara et al., 2000; Sierra et al., 
2008). 
Chemoprevention trials have found no evidence of a beneficial effect for antioxidant 
supplementation on gastric cancer prevention (Bjelakovic et al., 2004; Druesne-Pecollo et al., 
2010). 
Although it is plausible that naturally occurring antioxidants may inhibit the carcinogenesis 
progression, there is limited evidence on the specific steps where these factors may act. 
2.1.2.4 N-nitroso compounds 
N-nitroso compounds were hypothesized to act in gastric carcinogenesis by promoting the 
synthesis of carcinogens via nitrosation reactions (Correa, 1992). Processed meat is often an 
important source of exposure to carcinogenic N-nitroso compounds, and a meta-analysis of 
studies that quantified the association between processed meat consumption and stomach 
cancer found stronger associations for case-control studies (case-control vs. cohort: OR=1.63, 
95%CI: 1.31-2.01 vs. OR=1.24, 95%CI: 0.98-1.56) (Larsson et al., 2006). The relation between 
these exposures and cancer precursor lesions has seldom been addressed (Sobala et al., 1991; 
You et al., 1996) and the effect of these compounds in the gastric carcinogenesis pathway 
remains to be fully understood. 

2.1.3 The role of genetic factors 
The genetic profile of the individuals was not included in the first versions of the model 
proposed by Correa (Correa, 1992; Correa et al., 1975) but, along with the advent of new 
technologies and their use in epidemiological research, several studies addressing the 
association between genetic polymorphisms and gastric cancer have been conducted. In the 
aetiological model of gastric cancer, individual genetic susceptibility may be critical in a 
variety of processes relevant to gastric carcinogenesis, namely mucosal protection, 
inflammatory response, carcinogen detoxification, antioxidant protection, DNA repair and 
oncogenes and tumour suppressor genes expression. The most widely studied 
polymorphisms, and for which more promising results have been achieved, are those 
related to proinflammatory cytokines, namely within interleukin-1 (IL1) and tumour 
necrosis factor α (TNFA) gene clusters. 

2.1.3.1 Cytokine gene polymorphisms 
H. pylori infection induces both interleukin-1β (IL-1β) and tumour necrosis factor-α (TNF-α) 
production, and these cytokines inhibit gastric acid secretion, leading to the development of 
gastric precancerous lesions and cancer (El-Omar et al., 2000; Hwang et al., 2002). The IL1B 
gene codes for the IL-1β and the IL1RN gene for an anti-inflammatory cytokine, interleukin-
1 receptor antagonist (IL-1ra). Polymorphisms within the IL1B gene increase IL-1β 
expression and IL-1ra binds to the IL-1 receptors, modulating the pro-inflammatory effects 
of IL-1β. Regarding the IL1RN gene, a variable number tandem repeat (VNTR) 
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polymorphism has been detected within intron 2, and five allelic variants have been 
identified in the number of repeats varying from 2 to 6 (El-Omar, 2001; Gonzalez et al., 
2002). The ability of H. pylori to infect and remain in the human stomach induces a chronic 
inflammatory response, which may be of variable magnitude depending on the genetic 
make-up of the host. Most of the single nucleotide polymorphisms (SNPs) studied are 
situated in the gene promoter region and play important roles in modulating gene 
expression and thus the inflammatory response. 
Previous meta-analyses have shown an increased gastric cancer risk associated with 
polymorphisms in IL1RN, IL1B-511 and TNFA-308 (Figure 6). The IL1RN*22 genotype 
increases the risk of gastric precancerous lesions, suggesting a role for this polymorphism in 
the early stages of gastric carcinogenesis, while positive associations between IL1B-511 TT 
genotype and gastric precancerous lesions only became apparent when studies addressing 
intestinal metaplasia as the outcome were considered (Figure 6). These associations were  
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al., 2008; Kamangar et al., 2006; Loh et al., 2009; Peleteiro et al., 2010b; Vincenzi et al., 2008; 
Wang et al., 2007). 

. 

. 

. 

IL1RN 
Peleteiro et al., 2010 (chronic atrophic gastritis)

Peleteiro et al., 2010 (intestinal metaplasia)

Camargo et al., 2006 (gastric cancer)

Kamangar et al., 2006 (gastric cancer)

Wang et al., 2007 (gastric cancer)

Loh et al., 2009 (gastric cancer)

IL1B-511 
Peleteiro et al., 2010 (chronic atrophic gastritis)

Peleteiro et al., 2010 (intestinal metaplasia)

Camargo et al., 2006 (gastric cancer)

Kamangar et al., 2006 (gastric cancer)

Wang et al., 2007 (gastric cancer)

Vincenzi et al., 2008 (gastric cancer)

Loh et al., 2009 (gastric cancer)

TNFA-308 
Peleteiro et al., 2010 (chronic atrophic gastritis/intestinal metaplasia)

Gorouhi et al., 2008 (gastric cancer)

Loh et al., 2009 (gastric cancer)

ID 
Study 

1.65 (1.02, 2.66)

2.27 (1.14, 4.51)

1.17 (1.00, 1.37)

1.23 (0.79, 1.92)

1.20 (1.02, 1.42)

1.19 (1.09, 1.30)

1.20 (0.70, 2.05)

1.94 (1.14, 3.31)

1.21 (1.00, 1.47)

1.16 (0.95, 1.42)

1.26 (1.03, 1.55)

1.23 (1.09, 1.37)

1.10 (1.02, 1.18)

0.93 (0.35, 2.43)

1.49 (1.11, 1.99)

1.19 (1.06, 1.32)

RR (95% CI)

1.65 (1.02, 2.66)

2.27 (1.14, 4.51)

1.17 (1.00, 1.37)

1.23 (0.79, 1.92)

1.20 (1.02, 1.42)

1.19 (1.09, 1.30)

1.20 (0.70, 2.05)

1.94 (1.14, 3.31)

1.21 (1.00, 1.47)

1.16 (0.95, 1.42)

1.26 (1.03, 1.55)

1.23 (1.09, 1.37)

1.10 (1.02, 1.18)

0.93 (0.35, 2.43)

1.49 (1.11, 1.99)

1.19 (1.06, 1.32)

RR (95% CI)

  1.2 .5 1 2 5



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

206 

However, a stronger protective effect was observed in studies with a follow-up of 10 or 
more years (OR=0.66, 95%CI: 0.52-0.83 for fruits and OR=0.71, 95%CI: 0.53-0.94 for 
vegetables in incidence studies) (Lunet et al., 2005), which may be seen as evidence of a 
relatively early effect of these factors in the gastric carcinogenesis pathway. Research on this 
topic having cancer precursor lesions as the outcome has seldom been conducted, with few 
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polymorphism has been detected within intron 2, and five allelic variants have been 
identified in the number of repeats varying from 2 to 6 (El-Omar, 2001; Gonzalez et al., 
2002). The ability of H. pylori to infect and remain in the human stomach induces a chronic 
inflammatory response, which may be of variable magnitude depending on the genetic 
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situated in the gene promoter region and play important roles in modulating gene 
expression and thus the inflammatory response. 
Previous meta-analyses have shown an increased gastric cancer risk associated with 
polymorphisms in IL1RN, IL1B-511 and TNFA-308 (Figure 6). The IL1RN*22 genotype 
increases the risk of gastric precancerous lesions, suggesting a role for this polymorphism in 
the early stages of gastric carcinogenesis, while positive associations between IL1B-511 TT 
genotype and gastric precancerous lesions only became apparent when studies addressing 
intestinal metaplasia as the outcome were considered (Figure 6). These associations were  
 
 
 
 

 
 
 

Fig. 6. Meta-analyses on the association between cytokine gene polymorphisms and chronic 
atrophic gastritis, intestinal metaplasia, and gastric cancer (Camargo et al., 2006; Gorouhi et 
al., 2008; Kamangar et al., 2006; Loh et al., 2009; Peleteiro et al., 2010b; Vincenzi et al., 2008; 
Wang et al., 2007). 

. 

. 

. 

IL1RN 
Peleteiro et al., 2010 (chronic atrophic gastritis)

Peleteiro et al., 2010 (intestinal metaplasia)

Camargo et al., 2006 (gastric cancer)

Kamangar et al., 2006 (gastric cancer)

Wang et al., 2007 (gastric cancer)

Loh et al., 2009 (gastric cancer)

IL1B-511 
Peleteiro et al., 2010 (chronic atrophic gastritis)

Peleteiro et al., 2010 (intestinal metaplasia)

Camargo et al., 2006 (gastric cancer)

Kamangar et al., 2006 (gastric cancer)

Wang et al., 2007 (gastric cancer)

Vincenzi et al., 2008 (gastric cancer)

Loh et al., 2009 (gastric cancer)

TNFA-308 
Peleteiro et al., 2010 (chronic atrophic gastritis/intestinal metaplasia)

Gorouhi et al., 2008 (gastric cancer)

Loh et al., 2009 (gastric cancer)

ID 
Study 

1.65 (1.02, 2.66)

2.27 (1.14, 4.51)

1.17 (1.00, 1.37)

1.23 (0.79, 1.92)

1.20 (1.02, 1.42)

1.19 (1.09, 1.30)

1.20 (0.70, 2.05)

1.94 (1.14, 3.31)

1.21 (1.00, 1.47)

1.16 (0.95, 1.42)

1.26 (1.03, 1.55)

1.23 (1.09, 1.37)

1.10 (1.02, 1.18)

0.93 (0.35, 2.43)

1.49 (1.11, 1.99)

1.19 (1.06, 1.32)

RR (95% CI)

1.65 (1.02, 2.66)

2.27 (1.14, 4.51)

1.17 (1.00, 1.37)

1.23 (0.79, 1.92)

1.20 (1.02, 1.42)

1.19 (1.09, 1.30)

1.20 (0.70, 2.05)

1.94 (1.14, 3.31)

1.21 (1.00, 1.47)

1.16 (0.95, 1.42)

1.26 (1.03, 1.55)

1.23 (1.09, 1.37)

1.10 (1.02, 1.18)

0.93 (0.35, 2.43)

1.49 (1.11, 1.99)

1.19 (1.06, 1.32)

RR (95% CI)

  1.2 .5 1 2 5



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

208 

stronger among studies conducted in samples with high H. pylori prevalence, in accordance 
to what is known about the gene function and its potential interaction with infection. No 
overall association was found for TNFA-308 AA genotype (Figure 6). 

2.2 Other markers of gastric cancer development 
The currently available evidence shows no substantial aetiological differences between the 
main Laurén subtypes, despite the relatively small number of studies addressing the effect 
of environmental exposures on the risk of gastric cancer according to histological subtypes 
(Figures 2 and 5). This may partially reflect misclassification of the histological type, due to 
inter-observer variability, the type of specimen available for diagnosis, and the proportion 
of tumours classified as unknown (Carneiro et al., 2007). 
An additional concern is the ability for the classification proposed by Laurén to define 
aetiologically homogeneous subgroups of gastric cancer cases. The cascade of events that 
involve intestinal differentiation is mediated by CDX1 and/or CDX2 (Guo et al., 2004), and 
may result in the development of both intestinal and diffuse gastric carcinoma (Almeida et 
al., 2003). In particular, CDX2 expression is regarded as a marker of the intestinal epithelial 
phenotype, and the transdifferentiation of normal epithelia has been experimentally 
induced by changes in local environment (Marchetti et al., 2003), which supports the 
hypothesis that environmental exposures may modulate the CDX2 expression. This may be 
seen as an early marker of intestinal differentiation, that may be used as an endpoint 
occurring in the gastric carcinogenesis pathway even earlier than chronic atrophic gastritis 
or intestinal metaplasia. Research relying on these tools to define the outcomes is still scarce 
(Yuasa et al., 2009; Yuasa et al., 2005), but may be important to understand the aetiological 
heterogeneity of gastric cancer. 
Histopathological and histochemical studies allowed the identification of two main types of 
intestinal metaplasia. The complete, also designated type I, and the incomplete, comprising 
types II and III (Filipe & Jass, 1986). In the classical multistep model of the gastric 
precancerous process, incomplete follows complete intestinal metaplasia sequentially 
(Correa, 1992). However, according to the patterns of mucin expression observed within 
each intestinal metaplasia type, it has been hypothesised that the complete and incomplete 
types of intestinal metaplasia may represent two alternative pathways, rather than 
successive steps; or that type II may represent a first step in the pathway, which may evolve 
to type I or to type III (Reis et al., 1999). The evaluation of specific risk factors for these 
endpoints may clarify the gastric carcinogenesis pathways and the role of environmental 
exposures in the aetiology of cancer (Peleteiro et al., 2007; Pintalhao et al., 2010). 

3. Conclusion 
The accumulated evidence so far led to the gradual acceptance and better understanding of 
the role of H. pylori infection and smoking in gastric carcinogenesis. For other exposures, 
however, there is much less robust evidence on the magnitude of the associations or their 
role throughout carcinogenesis. This allows an update of the model proposed by Correa, 
that still provides the best framework for gastric cancer etiological research, taking into 
account the evidence generated in the last two decades (Figure 7). 
Research relying on more accurate tools to define specific gastric cancer subtypes and the 
evaluation of specific risk factors for early endpoints in the gastric carcinogenesis pathway 
may further contribute to the understanding of gastric cancer aetiology. 
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Fig. 7. Framework for the carcinogenesis pathway leading to gastric cancer, taking into 
account the model proposed by Correa (Correa, 1992) and the more robust evidence 
gathered up to 2010. 
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1. Introduction 
Helicobacter pylori (H. pylori) infection is a main risk factor for the development of gastric 
cancer (Correa et al., 1990; Sipponen & Hyvarinen, 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 
mataplasia (GIM) and dysplasia, and gastric cancer. The stepwise fashion of this infection, 
which usually continues over decades, has been defined as a sequence of histological events 
that confer an increasing risk of malignant transformation as described in Correa’s 
hypothesis (Correa & Shiao, 1994). Although it is fairly well accepted that H. pylori infection 
plays a significant role in causing gastric cancer, the exact mechanisms involved in the 
pathogenesis remain obscure. In general, GIM is believed to be a preneoplastic lesion of the 
stomach (Correa, 1995), which increases the risk of gastric adenocarcinoma, especially 
intestinal type (Correa & Shiao, 1994; Correa, 1988). It remains unclear, however, as to 
whether or not GIM is a precancerous lesion or a marker for an increased risk of malignancy 
(Filipe et al., 1994; Miehlke et al., 1998).   
Although there are many reports regarding the histological changes including metaplasia 
and dysplasia following eradication of H. pylori, the results have been conflicting (Table 1).  
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Study Materials Follow-up period 
Improvement 
  Genta RM, et al.  
  Uemura N, et al.  
  Nardone G, et al.  
    Sung JJ, et al.  
    Ohkusa T, et al.  
    Kokkola A, et al.  
    Correa P, et al.  
    Ley C, et al.  
    Mera R, et al.  
    You WC, et al.  
Unchanged 
    Witteman EM, et al.  
    Forbes GM, et al. 
    van der Hulst RW, et al. 
    Hibi K et al. 
 
    Satoh K, et al. 
    Tucci A, et al. 
    Tepes B, et al. 
    El-Omar EM, et al. 
    Kim N, et al. 
 
    Kuipers EJ, et al. 
    Tanaka A, et al. 

 
Peptic ulcer (n=8) and others (n=3) 
Gastric cancer (n=65) 
Dyspepsia (n=45) 
Volunteer (n=226) 
Dyspepsia (n=115) 
Atrophic corpus gastritis (n=22) 
Volunteer (n=226) 
Volunteer (n=248) 
Volunteer (n=394) 
Volunteer (n=3365) 
 
Dyspepsia (n=23) 
Duodenal ulcer (n=32) 
Dyspepsia & Peptic ulcer (n=106) 
Gastric ulcer (n=16) 
Duodenal ulcer (n=9) 
Atrophic gastritis (n=20) 
Fundic atrophic gastritis (n=20) 
Duodenal ulcer (n=63) 
Cancer patients’ relatives (n=40) 
Gastric ulcer (n=41) 
Duodenal ulcer (n=72) 
Reflux esophagitis (n=231) 
Atrophic gastritis (n=39) 
Early gastric cancer (n=25) 

 
1 yr 
6 mo 
1 yr 
1 yr 

12-15 mo 
2.5 yr 
72 mo 
1 yr 
12 yr 
7 yr 

 
1 yr 

85 mo 
1 yr 
6 mo 

 
12-33 mo 

3 yr 
4 yr 
1 yr 
2 yr 

 
2 yr 
1 yr 

 

Table 1. Summary of studies on changes of GIM scores after successful H. pylori eradication 

Some reported that the histologic grade of GIM had improved after eradication (Genta et al., 
1993; Uemura et al., 1997; Nardone et al., 1999; Sung et al., 2000; Ohkusa et al., 2001; Kokkola 
et al., 2002; Correa et al., 2000; Ley et al., 2004; Mera et al., 2005; You et al., 2006) but the 
others did not find any change (Witteman et al., 1995; Forbes et al., 1996; van der Hulst et al., 
1997; Hibi et al., 1997; Satoh et al., 1998; Tucci A et al., 1998; Tepes et al., 1999; El-Omar et al., 
2000 ; Kim et al., 2000 ; Kuipers et al., 2004 ; Tanaka et al., 2006). Some of the reasons for 
these discrepancies may be ethnic variations, completeness of eradication of the disease and 
the stage of the disease when treatment is initiated and short follow-up (most studies up to 1 
year) (Kokkola et al., 2002; Forbes et al., 1996; Tucci A et al., 1998; Tepes et al., 1999; Kim et 
al., 2000; Tanaka et al., 2006). Uemura et al (Uemura et al, 1997) studied the changes of GIM 
after treatment of H. pylori in the patients with intramucosal gastric cancer who underwent 
endoscopic mucosal resection (EMR). In this study, they showed that GIM score regressed at 
6 months after H. pylori eradication. To our knowledge, however, there are no studies about 
the long-term effects after H. pylori eradication on the difference of histologic changes of 
GIM between the patients with and without gastric neoplasms. 
We developed a monoclonal antibody (mAb), Das-1 (formerly known as 7E12H12, IgM 
isotype), that specifically reacts with colonic epithelium (Das et al. 1987). Using both 
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immunoperoxidase and immunofluorescence assays, we and others have demonstrated that 
the antibody specifically reacts with colonic epithelium (both goblet and non-goblet 
absorptive cells), but not with enterocytes (including goblet cells) from jejunum or ileum 
and normal epithelium from the stomach and esophagus (Das et al. 1987; Halstensen et al., 
1993). However, mAb Das-1 reacts sensitively (95%) and specifically (100%) to Barrett’s 
epithelium (BE), a pre-neoplastic condition of the esophagus, and adenocarcinoma of the 
esophagus (Das et al. 1994; Griffel et al., 2000). These data support that BE is a “colonic” or 
“incomplete” type of intestinal metaplasia (Das et al. 1994). Although normal small 
intestinal epithelium does not react with mAb Das-1, small intestinal adenoma and 
adenocarcinoma strongly react with the antibody, suggesting a phenotypic change in the 
pre-cancerous state and in carcinoma (Onuma et al., 2001). We also reported that GIM of 
colonic phenotype, such as type II or type III (incomplete type) detected by the mucin 
histochemistry (Filipe & Jass, 1986) and detected by mAb Das-1, is strongly associated with 
gastric cancer (Mirza et al., 2002). Ninety-three percent of GIM as well as gastric cancer from 
the same patients at a different area reacted with mAb Das-1, whereas GIM from patients 
without gastric cancer reacted less frequently (35%) with the antibody (p<0.0001) (Mirza et 
al., 2002). 
More recently, during screening a complimentary DNA library prepared from a human 
colon cancer cell line, T84, we isolated and cloned a novel human tropomyosin (hTM) 
isoform, termed TC22 (Lin et al. 2002). The amino acid sequence analysis of TC22 
demonstrated that it is identical to normal colon epithelial tropomyosin isoform 5 (hTM5) 
except the C-terminal peptide aminoacids 222-247 coding exon 9. Using this C terminal 
peptide, we developed a mAb, termed TC22-4, which is specific to TC22 (Lin et al. 2002). 
The expression of TC22, identified by the TC22-4 mAb, progressively increased in benign 
adenomatous polyp of colon (35%) and polyps with mild (57%) and severe dysplasia (100%) 
and in colon cancer (100%) (Lin et al., 2002). hTMs are microfilament-associated proteins 
present in all eukaryotic cells with organ-specific isoforms and distinct functions (Lees-
Miller & Helfman, 1991; Pittenger & Helfman, 1992; Lin et al, 1997), and at least 8 isoforms 
of hTM are detected in human (Lin et al, 1997; Novy et al. 1993). hTM isoform 5 (hTM5) is 
the predominant isoform in normal colon epithelium and it acts as an autoantigen in 
ulcerative colitis (UC) (Das et al., 1993; Geng et al. 1998). We and others have shown that 
patients with UC demonstrate both humoral and cellular immune responses against hTM, 
particularly against isoform 5 (hTM5) (Das et al., 1993; Geng et al. 1998; Onuma et al., 2000; 
Biancone et al., 1995 ; Sakamaki et al., 2000 ; Taniguchi et al., 2001).  
A K-ras mutation occurs relatively early in human carcinogenesis (Vogelstein et al., 1988), 
and it is detected in various types of human malignancies (Soh et al., 1993; Cooper 1995). 
Mutations of K-ras gene are found in ~10% of intestinal-type gastric cancer but they are 
rarely detected in the diffuse type (Tahara, 1993; Arber et al., 2000; Hiyama et al., 2002). 
Furthermore, a K-ras mutation has been detected in preneoplastic lesions, such as mucous 
cell hyperplasia of the pancreas, which current term is pancreatic intraepithelial neoplasia, 
grade 1, suffering from chronic inflammation and regenerative or dysplastic epithelia of 
ulcerative colitis (Yanagisawa et al., 1993; Chaubert et al. 1994). However, there have been 
only a few reports of this oncogene in H. pylori-associated chronic gastritis and GIM either 
with or without gastric cancer (Hiyama et al., 2002; Gong et al., 1999). Moreover, changes in 
K-ras mutations in GIM after H. pylori eradication have not yet been investigated.   
In addition to genetic alterations, one of the pathways by which H. pylori is linked to gastric 
carcinogenesis may be related to the disruption in the balance between gastric epithelial cell 
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Study Materials Follow-up period 
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Volunteer (n=226) 
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Volunteer (n=394) 
Volunteer (n=3365) 
 
Dyspepsia (n=23) 
Duodenal ulcer (n=32) 
Dyspepsia & Peptic ulcer (n=106) 
Gastric ulcer (n=16) 
Duodenal ulcer (n=9) 
Atrophic gastritis (n=20) 
Fundic atrophic gastritis (n=20) 
Duodenal ulcer (n=63) 
Cancer patients’ relatives (n=40) 
Gastric ulcer (n=41) 
Duodenal ulcer (n=72) 
Reflux esophagitis (n=231) 
Atrophic gastritis (n=39) 
Early gastric cancer (n=25) 

 
1 yr 
6 mo 
1 yr 
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12-15 mo 
2.5 yr 
72 mo 
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12 yr 
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1 yr 

85 mo 
1 yr 
6 mo 

 
12-33 mo 

3 yr 
4 yr 
1 yr 
2 yr 

 
2 yr 
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Table 1. Summary of studies on changes of GIM scores after successful H. pylori eradication 

Some reported that the histologic grade of GIM had improved after eradication (Genta et al., 
1993; Uemura et al., 1997; Nardone et al., 1999; Sung et al., 2000; Ohkusa et al., 2001; Kokkola 
et al., 2002; Correa et al., 2000; Ley et al., 2004; Mera et al., 2005; You et al., 2006) but the 
others did not find any change (Witteman et al., 1995; Forbes et al., 1996; van der Hulst et al., 
1997; Hibi et al., 1997; Satoh et al., 1998; Tucci A et al., 1998; Tepes et al., 1999; El-Omar et al., 
2000 ; Kim et al., 2000 ; Kuipers et al., 2004 ; Tanaka et al., 2006). Some of the reasons for 
these discrepancies may be ethnic variations, completeness of eradication of the disease and 
the stage of the disease when treatment is initiated and short follow-up (most studies up to 1 
year) (Kokkola et al., 2002; Forbes et al., 1996; Tucci A et al., 1998; Tepes et al., 1999; Kim et 
al., 2000; Tanaka et al., 2006). Uemura et al (Uemura et al, 1997) studied the changes of GIM 
after treatment of H. pylori in the patients with intramucosal gastric cancer who underwent 
endoscopic mucosal resection (EMR). In this study, they showed that GIM score regressed at 
6 months after H. pylori eradication. To our knowledge, however, there are no studies about 
the long-term effects after H. pylori eradication on the difference of histologic changes of 
GIM between the patients with and without gastric neoplasms. 
We developed a monoclonal antibody (mAb), Das-1 (formerly known as 7E12H12, IgM 
isotype), that specifically reacts with colonic epithelium (Das et al. 1987). Using both 
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immunoperoxidase and immunofluorescence assays, we and others have demonstrated that 
the antibody specifically reacts with colonic epithelium (both goblet and non-goblet 
absorptive cells), but not with enterocytes (including goblet cells) from jejunum or ileum 
and normal epithelium from the stomach and esophagus (Das et al. 1987; Halstensen et al., 
1993). However, mAb Das-1 reacts sensitively (95%) and specifically (100%) to Barrett’s 
epithelium (BE), a pre-neoplastic condition of the esophagus, and adenocarcinoma of the 
esophagus (Das et al. 1994; Griffel et al., 2000). These data support that BE is a “colonic” or 
“incomplete” type of intestinal metaplasia (Das et al. 1994). Although normal small 
intestinal epithelium does not react with mAb Das-1, small intestinal adenoma and 
adenocarcinoma strongly react with the antibody, suggesting a phenotypic change in the 
pre-cancerous state and in carcinoma (Onuma et al., 2001). We also reported that GIM of 
colonic phenotype, such as type II or type III (incomplete type) detected by the mucin 
histochemistry (Filipe & Jass, 1986) and detected by mAb Das-1, is strongly associated with 
gastric cancer (Mirza et al., 2002). Ninety-three percent of GIM as well as gastric cancer from 
the same patients at a different area reacted with mAb Das-1, whereas GIM from patients 
without gastric cancer reacted less frequently (35%) with the antibody (p<0.0001) (Mirza et 
al., 2002). 
More recently, during screening a complimentary DNA library prepared from a human 
colon cancer cell line, T84, we isolated and cloned a novel human tropomyosin (hTM) 
isoform, termed TC22 (Lin et al. 2002). The amino acid sequence analysis of TC22 
demonstrated that it is identical to normal colon epithelial tropomyosin isoform 5 (hTM5) 
except the C-terminal peptide aminoacids 222-247 coding exon 9. Using this C terminal 
peptide, we developed a mAb, termed TC22-4, which is specific to TC22 (Lin et al. 2002). 
The expression of TC22, identified by the TC22-4 mAb, progressively increased in benign 
adenomatous polyp of colon (35%) and polyps with mild (57%) and severe dysplasia (100%) 
and in colon cancer (100%) (Lin et al., 2002). hTMs are microfilament-associated proteins 
present in all eukaryotic cells with organ-specific isoforms and distinct functions (Lees-
Miller & Helfman, 1991; Pittenger & Helfman, 1992; Lin et al, 1997), and at least 8 isoforms 
of hTM are detected in human (Lin et al, 1997; Novy et al. 1993). hTM isoform 5 (hTM5) is 
the predominant isoform in normal colon epithelium and it acts as an autoantigen in 
ulcerative colitis (UC) (Das et al., 1993; Geng et al. 1998). We and others have shown that 
patients with UC demonstrate both humoral and cellular immune responses against hTM, 
particularly against isoform 5 (hTM5) (Das et al., 1993; Geng et al. 1998; Onuma et al., 2000; 
Biancone et al., 1995 ; Sakamaki et al., 2000 ; Taniguchi et al., 2001).  
A K-ras mutation occurs relatively early in human carcinogenesis (Vogelstein et al., 1988), 
and it is detected in various types of human malignancies (Soh et al., 1993; Cooper 1995). 
Mutations of K-ras gene are found in ~10% of intestinal-type gastric cancer but they are 
rarely detected in the diffuse type (Tahara, 1993; Arber et al., 2000; Hiyama et al., 2002). 
Furthermore, a K-ras mutation has been detected in preneoplastic lesions, such as mucous 
cell hyperplasia of the pancreas, which current term is pancreatic intraepithelial neoplasia, 
grade 1, suffering from chronic inflammation and regenerative or dysplastic epithelia of 
ulcerative colitis (Yanagisawa et al., 1993; Chaubert et al. 1994). However, there have been 
only a few reports of this oncogene in H. pylori-associated chronic gastritis and GIM either 
with or without gastric cancer (Hiyama et al., 2002; Gong et al., 1999). Moreover, changes in 
K-ras mutations in GIM after H. pylori eradication have not yet been investigated.   
In addition to genetic alterations, one of the pathways by which H. pylori is linked to gastric 
carcinogenesis may be related to the disruption in the balance between gastric epithelial cell 
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proliferation and apoptosis as some investigators have reported (Moss et al., 1996; Wagner 
et al. 1997; Jones et al., 1997; Hoshi et al., 1999; Leung et al. 2001). However, such previous 
studies on the cell kinetics before and after H. pylori eradication have yielded conflicting 
results. 
Epidemiological studies indicate that Asian countries have a high prevalence of H. pylori 
infection, with a correspondingly high incidence of gastric cancer. The annual incidence rate 
of gastric cancer per 100,000 population in various Asian countries, as reported by Parkin et 
al (Parkin et al., 1997), is very high in the northern parts of Asia, especially in Japan. In this 
paragraph, we illustrated around our previous studies (Watari et al., 2007; Watari et al., 
2008) in the Japanese population, (i) if the eradication of H. pylori affects subsequent (over 
the course of up to 4 years) histological grade of GIM, (ii) if mAb Das-1 reactivity that 
identifies colonic phenotype of GIM associated with gastric carcinogenesis changes after 
eradication of H. pylori, and (iii) to assess the expression of the novel tropomyosin isoform 
TC22 in GIM before and after H. pylori treatment. p53 expression was also examined, in 
parallel. Additionally, we investigated (iv) if H. pylori eradication affects K-ras mutations 
and cell kinetics including cell proliferation and apoptosis in GIM.  

2. Patients and methods  
2.1 Study 1 
Gastric biopsy samples (during 288 endoscopic procedures) from 96 H. pylori-positive 
Japanese patients were obtained prior to introduction of therapy, and, subsequently, over a 
follow-up period of up to 4 years. In all patients, biopsy specimens were taken to assess H. 
pylori infection, two from the greater curvature of the antrum and two from the greater 
curvature of the corpus of the stomach. H. pylori status was analyzed in each patient by two 
methods: Wartin-Starry staining and H. pylori culture. A patient was regarded as positive for 
H. pylori if at least one is positive, and the patient received anti-H. pylori therapy. All of the 
patients underwent upper endoscopy again after 2 to 3 months post-therapy to ensure 
successful eradication of H. pylori, and then were followed-up with yearly endoscopy, up to 
4 years (mean 2.6 yrs, range; 1 to 4). At each endoscopy, successful eradication was 
documented by the above methods. None of the patients showed positive for H. pylori 
during the follow-up period.  

2.1.1 Histology and patient classification 
GIM was defined as replacement of the gastric epithelium by intestinal type epithelium, and 
was composed of two types; the presence of absorptive enterocytes with brush border along 
with goblet cells, or columnar cells with foamy cytoplasm, lacking brush border (Filipe et al., 
1994).     
In this study, the patients with chronic gastritis with gastric ulcers or gastroduodenal ulcers 
were included. Almost half of the patients (53.9%) had gastric ulcers and the remainder had 
both gastric as well as duodenal ulcers (Take et al. 2005). The patients with duodenal ulcer 
only were excluded because most duodenal ulcers were categorized as antral predominat 
gastritis (Uemura et al., 2001) or non-atrophic gastritis (Mera et al. 2005), which has a low 
risk for gastric cancer and difference from gastric and gastroduodenal ulcers in 
pathophysiology (Uemura et al., 2001; Take et al. 2005).  
The 96 H. pylori-positive patients were divided into 3 groups on the basis of history and 
initial histology by a single experienced pathologist (P.S.A.). Group CG (n=36) had 
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histologically chronic gastritis, but no GIM. This group was considered to correspond to 
non-metaplastic multifocal atrophic gastritis according to the global diagnosis by Mera et al 
(Mera et al. 2005). Thirty of the 36 patients had peptic ulcers, comprising 34 gastric ulcers 
and 2 gastroduodenal ulcers, and 6 patients had chronic gastritis without ulcer. Group IM 
consisted of patients with chronic gastritis with GIM (n=33). Twenty-six patients had gastric 
ulcers and 7 patients had gastroduedenal ulcers. Group DYS consisted of patients with 
dysplasia (n=27). This comprised low-grade dysplasia (n=13), high grade-dysplasia (n=13), 
and cancer with microinvasion to the submucosa (n=1). All patients in Group DYS 
underwent EMR for dysplasia, and then received treatment for H. pylori.   
Serial sections (4 µm) were made and consecutive sections were used for histologic 
examination by H&E staining, mucin stainings by alcian blue and high iron diamine, pH2.5 
(AB/HID), and for immunohistochemistry, as described below. All slides were sent from 
Japan to NJ, USA, and evaluated and scored for GIM according to the updated Sydney 
system (Dixon et al., 1996; Rugge et al., 2000) by a single pathologist (P.S.A.) in NJ, who was 
unaware of the patient groups and treatment status. Scores were given numerically as 
follows: 0 for absence, and 1, 2, 3 for mild, moderate, or severe GIM. The GIM score was 
assessed in the samples obtained from the antrum, including patients with dysplasia at a 
different site of the stomach (Group DYS). 

2.1.2 Alcian blue (pH2.5)/High iron diamine (AB/HID) staining 
Serial sections were stained with AB/HID to identify neutral mucins, sialomucins, and 
sulphomucins using the standard method (Filipe et al., 1994). Briefly, slides were immersed 
in HID solution for 24 hours at room temperature. Slides were rinsed with distilled water, 
and then stained with 1% Alcian blue (pH 2.5) for 30 minutes. Three phenotypes of GIM 
were classified as described by Filipe and Jass (Filipe & Jass, 1986) namely type I (complete 
or small intestinal type), types II & III (incomplete or colonic type). When more than one 
type of GIM coexisted in a given sample, the case was classified according to the dominant 
type present in the section. 

2.1.3 Immnoperoxidase assays with mAb Das-1, TC22-4, and anti-p53 
Serial sections were stained with mAb Das-1 (mouse IgM mAb highly specific against 
Barrett’s epithelium), TC22-4 (mouse IgG1 mAb against a novel tropomyosin isoform, TC22, 
specific for colon cancer) and anti-p53 monoclonal antibody, DO7 (mouse IgG 2b, Dako, 
Carpenteria, CA) using sensitive immnoperoxidase assays as described previously (Das et 
al., 1994; Mirza et al., 2003; Lin et al., 2002). Briefly, after deparaffinization and rehydration, 
free aldehydes were reduced with 0.05% sodium borohydride for 20 min at 4C. The tissue 
sections were treated with the antigen-retrieval technique for TC22 and p53 staining. They 
were then sequentially incubated with mAb Das-1, mAb TC22-4 and DO7 for 45 min at 
room temperature (for DO7), overnight at 4C (for mAb Das-1), and 5 hr at 4C (for mAb 
TC22-4), followed by biotinylated rabbit antimouse IgM or IgG (Dako), 3% hydrogen 
peroxide, and streptoavidin peroxidase (Dako). Subsequently, the slides were treated with 
diaminobenzidine-H2O2 solution for 20 min at room temperature. Each experiment included 
positive controls for mAb Das-1, normal colon section, and colon cancer tissue sections as 
positive controls for mAb TC22-4 and anti-p53 immunostainings. As negative controls, 
jejunum (for mAb Das-1) and normal colon (for TC22-4 and p53) were used. 
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proliferation and apoptosis as some investigators have reported (Moss et al., 1996; Wagner 
et al. 1997; Jones et al., 1997; Hoshi et al., 1999; Leung et al. 2001). However, such previous 
studies on the cell kinetics before and after H. pylori eradication have yielded conflicting 
results. 
Epidemiological studies indicate that Asian countries have a high prevalence of H. pylori 
infection, with a correspondingly high incidence of gastric cancer. The annual incidence rate 
of gastric cancer per 100,000 population in various Asian countries, as reported by Parkin et 
al (Parkin et al., 1997), is very high in the northern parts of Asia, especially in Japan. In this 
paragraph, we illustrated around our previous studies (Watari et al., 2007; Watari et al., 
2008) in the Japanese population, (i) if the eradication of H. pylori affects subsequent (over 
the course of up to 4 years) histological grade of GIM, (ii) if mAb Das-1 reactivity that 
identifies colonic phenotype of GIM associated with gastric carcinogenesis changes after 
eradication of H. pylori, and (iii) to assess the expression of the novel tropomyosin isoform 
TC22 in GIM before and after H. pylori treatment. p53 expression was also examined, in 
parallel. Additionally, we investigated (iv) if H. pylori eradication affects K-ras mutations 
and cell kinetics including cell proliferation and apoptosis in GIM.  

2. Patients and methods  
2.1 Study 1 
Gastric biopsy samples (during 288 endoscopic procedures) from 96 H. pylori-positive 
Japanese patients were obtained prior to introduction of therapy, and, subsequently, over a 
follow-up period of up to 4 years. In all patients, biopsy specimens were taken to assess H. 
pylori infection, two from the greater curvature of the antrum and two from the greater 
curvature of the corpus of the stomach. H. pylori status was analyzed in each patient by two 
methods: Wartin-Starry staining and H. pylori culture. A patient was regarded as positive for 
H. pylori if at least one is positive, and the patient received anti-H. pylori therapy. All of the 
patients underwent upper endoscopy again after 2 to 3 months post-therapy to ensure 
successful eradication of H. pylori, and then were followed-up with yearly endoscopy, up to 
4 years (mean 2.6 yrs, range; 1 to 4). At each endoscopy, successful eradication was 
documented by the above methods. None of the patients showed positive for H. pylori 
during the follow-up period.  

2.1.1 Histology and patient classification 
GIM was defined as replacement of the gastric epithelium by intestinal type epithelium, and 
was composed of two types; the presence of absorptive enterocytes with brush border along 
with goblet cells, or columnar cells with foamy cytoplasm, lacking brush border (Filipe et al., 
1994).     
In this study, the patients with chronic gastritis with gastric ulcers or gastroduodenal ulcers 
were included. Almost half of the patients (53.9%) had gastric ulcers and the remainder had 
both gastric as well as duodenal ulcers (Take et al. 2005). The patients with duodenal ulcer 
only were excluded because most duodenal ulcers were categorized as antral predominat 
gastritis (Uemura et al., 2001) or non-atrophic gastritis (Mera et al. 2005), which has a low 
risk for gastric cancer and difference from gastric and gastroduodenal ulcers in 
pathophysiology (Uemura et al., 2001; Take et al. 2005).  
The 96 H. pylori-positive patients were divided into 3 groups on the basis of history and 
initial histology by a single experienced pathologist (P.S.A.). Group CG (n=36) had 
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histologically chronic gastritis, but no GIM. This group was considered to correspond to 
non-metaplastic multifocal atrophic gastritis according to the global diagnosis by Mera et al 
(Mera et al. 2005). Thirty of the 36 patients had peptic ulcers, comprising 34 gastric ulcers 
and 2 gastroduodenal ulcers, and 6 patients had chronic gastritis without ulcer. Group IM 
consisted of patients with chronic gastritis with GIM (n=33). Twenty-six patients had gastric 
ulcers and 7 patients had gastroduedenal ulcers. Group DYS consisted of patients with 
dysplasia (n=27). This comprised low-grade dysplasia (n=13), high grade-dysplasia (n=13), 
and cancer with microinvasion to the submucosa (n=1). All patients in Group DYS 
underwent EMR for dysplasia, and then received treatment for H. pylori.   
Serial sections (4 µm) were made and consecutive sections were used for histologic 
examination by H&E staining, mucin stainings by alcian blue and high iron diamine, pH2.5 
(AB/HID), and for immunohistochemistry, as described below. All slides were sent from 
Japan to NJ, USA, and evaluated and scored for GIM according to the updated Sydney 
system (Dixon et al., 1996; Rugge et al., 2000) by a single pathologist (P.S.A.) in NJ, who was 
unaware of the patient groups and treatment status. Scores were given numerically as 
follows: 0 for absence, and 1, 2, 3 for mild, moderate, or severe GIM. The GIM score was 
assessed in the samples obtained from the antrum, including patients with dysplasia at a 
different site of the stomach (Group DYS). 

2.1.2 Alcian blue (pH2.5)/High iron diamine (AB/HID) staining 
Serial sections were stained with AB/HID to identify neutral mucins, sialomucins, and 
sulphomucins using the standard method (Filipe et al., 1994). Briefly, slides were immersed 
in HID solution for 24 hours at room temperature. Slides were rinsed with distilled water, 
and then stained with 1% Alcian blue (pH 2.5) for 30 minutes. Three phenotypes of GIM 
were classified as described by Filipe and Jass (Filipe & Jass, 1986) namely type I (complete 
or small intestinal type), types II & III (incomplete or colonic type). When more than one 
type of GIM coexisted in a given sample, the case was classified according to the dominant 
type present in the section. 

2.1.3 Immnoperoxidase assays with mAb Das-1, TC22-4, and anti-p53 
Serial sections were stained with mAb Das-1 (mouse IgM mAb highly specific against 
Barrett’s epithelium), TC22-4 (mouse IgG1 mAb against a novel tropomyosin isoform, TC22, 
specific for colon cancer) and anti-p53 monoclonal antibody, DO7 (mouse IgG 2b, Dako, 
Carpenteria, CA) using sensitive immnoperoxidase assays as described previously (Das et 
al., 1994; Mirza et al., 2003; Lin et al., 2002). Briefly, after deparaffinization and rehydration, 
free aldehydes were reduced with 0.05% sodium borohydride for 20 min at 4C. The tissue 
sections were treated with the antigen-retrieval technique for TC22 and p53 staining. They 
were then sequentially incubated with mAb Das-1, mAb TC22-4 and DO7 for 45 min at 
room temperature (for DO7), overnight at 4C (for mAb Das-1), and 5 hr at 4C (for mAb 
TC22-4), followed by biotinylated rabbit antimouse IgM or IgG (Dako), 3% hydrogen 
peroxide, and streptoavidin peroxidase (Dako). Subsequently, the slides were treated with 
diaminobenzidine-H2O2 solution for 20 min at room temperature. Each experiment included 
positive controls for mAb Das-1, normal colon section, and colon cancer tissue sections as 
positive controls for mAb TC22-4 and anti-p53 immunostainings. As negative controls, 
jejunum (for mAb Das-1) and normal colon (for TC22-4 and p53) were used. 
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2.2 Study 2 
We enrolled 64 patients with successful H. pylori treatment who had atrophic gastritis (n=39) 
and intestinal-type mucosal gastric cancer after EMR (n=25). Following successful 
eradication, all patients were followed up by endoscopy for 1 year. All these patients 
histologically showed GIM in gastric biopsy samples both before and after H. pylori 
eradication. In order to improve the accuracy regarding the genetic alterations, the number 
of samples was increased. Twenty-eight intestinal-type early gastric cancer cases that had 
undergone a surgical resection were randomly selected from the histopathology files of 
Asahikawa Medical University Hospital during the same period and thus were added to 
this study.  
Finally, the patients in this study included, Group IM (n=39): chronic gastritis cases with 
GIM, and Group DYS (n=53): intestinal-type early gastric cancer, further divided into Group 
DYS-1 (n=25): EMR cases diagnosed as mucosal cancer and Group DYS-2 (n=28): surgical 
resection cases, consisting of 10 mucosal cancers and 18 submucosal invasive cancers. All 
patients in Group DYS-1 underwent EMR for their mucosal cancer lesions, and thereafter 
received treatment for H. pylori. 

2.2.1 DNA preparation and detection of K-ras mutations  
Four tissue sections, each measuring 10 µm in thickness, were serially cut from paraffin 
embedded tissue blocks. DNA was extracted from only GIM (Fig. 1). In this procedure of 
DNA extraction, the tissue specimens were precisely microdissected under microscopic 
visualization, using a PixCell laser capture microdissection system (Arcturus Engineering, 
Mountain View, CA) to avoid any DNA contamination of inflammatory or stromal cell 
nuclei. DNA was then extracted from the microdissected tissue specimen by proteinase K 
treatment, followed by phenol-chloroform extraction.    
 

 
Fig. 1. Metaplastic glands were isolated by a laser capture microdissection. (A) H&E stained 
section, (B) The same section, after the removal of metaplastic glands. 

The detection of point mutations in codon 12 of the K-ras gene was performed by enriched 
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) as 
previously described with minor modifications (Levi et al., 1991; Sanger et al., 1997). The 
DNA from the K-ras sequence of exon 1 was amplified by a first PCR using the mismatched 
primers as previously described (Levi et al., 1991). After restriction enzyme digestion using 
MvaI (Toyobo Company, Tokyo, Japan), PCR was performed in a 20µl reaction mixture 
using Ampli-Taq Gold DNA polymerase (Perkin Elmer Applied Biosystems Division, Foster 
City, CA) according to the manufacturer's manual. In a second PCR and after another round 
of MvaI digestion, wild type fragments were cleaved to yield 29 and 106 base pair (bp) 
products, whereas mutant fragments yielded 135 bp. Electrophoresis of the digested sample 
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on 3% agarose gel confirmed the mutation band. SW480, a colon cancer cell line, and HT29 
were used as a positive and negative control for K-ras codon 12, respectively (Fig. 2). 

2.2.2 Sequencing analysis  
The mutant fragments identified by enriched PCR-RFLP were confirmed by direct sequencing. 
The sequence of codon 12 was determined by automated fluorescent DNA sequencing using 
the dideoxy chain termination method (Sanger et al., 1997). PCR products were used for the 
cycle sequencing. The products were purified using Centricon-100 (Amicon Inc, Beverly, MA) 
following the manufacturer’s protocol and then were sequenced using the Dye Terminator 
Cycle Sequencing Ready Reaction (Perkin Elmer Applied Biosystems Division, Foster City, 
CA) according to the manufacturer’s instructions as reported previously (Watari et al., 2002). 
The sequencing reaction products were analyzed on ABI PRISM GeluxeTM (Perkin Elmer) on 
an ABI PRISM 310 DNA sequencer (Perkin Elmer). 
 

 
Fig. 2. A K-ras mutation in codon 12 was detected by enriched PCR-restriction fragment 
length polymorphism in gastric intestinal metaplasia (GIM) from patients with and without 
gastric cancer. The arrows indicate the positions of the mutant (135bp) and wild-type 
(106bp) bands. Lane 1: GIM from patient with gastric cancer; lanes 2-4: GIM from patients 
without gastric cancer; lane 5: SW480 as positive control; lane 6: HT29 as negative control. 

2.2.3 Detection of proliferation and apoptosis 
Dewaxed paraffin sections were examined by the avidin-biotin peroxidase complex (ABC, 
Vector Laboratories, Burlingame, CA) method using the primary antibody for Ki-67 antigen 
of proliferating cells (mouse IgG, Invitrogen, Calsbad, CA, USA). The slides were treated 
with the antigen-retrieval technique based on microwave oven heating. 
Apoptotic cells in situ were detected by the terminal deoxynucleotidyl transferase-mediated 
dUTP nick-end labeling (TUNEL) method as previously described (Gavrieli et al., 1992). The 
slides were dewaxed and rehydrated through a graded alcohol series. The tissue specimens 
were digested with 20 µg/ml proteinase K (Boehringer, Mannheim, Germany) for 30 min at 
37C. After treating with a 2% H2O2 solution, the sections were preincubated with 100 mM 
potassium cacodylate, 2 mM cobalt chloride, 0.2 mM dithiothreitol, pH 7.2 for 3 min, and 
then were incubated with the same buffer containing 0.3U/µl terminal deoxynucleotidyl 
transferase (TdT, GIBCO BRL Gaithersburg, MD) and 0.04 nmol/µl biotinylated dUTP 
(Boehringer, Mannheim, Germany) in a humid chamber at 37C for 1 hr. The slides were 
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2.2 Study 2 
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Fig. 1. Metaplastic glands were isolated by a laser capture microdissection. (A) H&E stained 
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products, whereas mutant fragments yielded 135 bp. Electrophoresis of the digested sample 
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on 3% agarose gel confirmed the mutation band. SW480, a colon cancer cell line, and HT29 
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rinsed in 30mM sodium citrate, 300 mM sodium chloride for 30 minutes at RT, and washed 
in phosphate-buffered saline (PBS). After blocking with 10% rabbit serum for 10 min and 
rinsing briefly in PBS, sections were incubated with ABC for 30 min at RT. Labeled cells 
were visualized with diaminobenzidine. The sections were then counterstained with 
hematoxylin. In GIM in each case, a minimum of 300 cells from some fields randomly 
selected were counted and the fractions (%) of cells that showed positive nuclear staining for 
Ki-67 antigen (Fig. 3A) and TUNEL (Fig. 3B) were considered to be the proliferative indices 
(PI) and the apoptotic indices (AI), respectively. The PI and AI were determined 
independently by a single physician (J.W.).  
 

 
Fig. 3. Ki-67 staining and TUNEL in a representative case of gastric intestinal metaplasia 
(GIM). (A) Proliferating cells were found predominantly in the lower portion of GIM. (B) 
Apoptotic cells (arrows), detected by the TUNEL method were seen. 

2.3 Consent and ethical approval 
Regarding the above studied, written informed consent was obtained from the patients, and 
the Ethics Committee of Asahikawa Medical University gave their approval for this study. 

2.4 Statistical analysis  
All data are presented as means ± SEM. Statistical analyses were assessed by the Student t 
test, by Mann-Whitney U test, by the Kruskal-Wallis test, by chi-square test and by Fisher’s 
exact test. The Wilcoxon signed-rank test was used in the comparison of parameters before 
and after treatment in the same patient. Statistical significance was defined as p<0.05. 

3. Results 
3.1 Study 1 
3.1.1 Histologic score at initial diagnosis 
Patients in Group CG had evidence of chronic gastritis, but did not have GIM. At the initial 
diagnosis, GIM scores in Group DYS were significantly higher than those in Group IM 
(p<0.05) and Group CG (p<0.0001) (Fig. 4).  
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Fig. 4. Initial histologic GIM scores and changes in the score in patients followed up over 4 
years after H. pylori eradication. GIM scores were significantly higher in Group DYS than in 
Group IM before eradication (p<0.05). At initial stage, none of the patients in Group CG had 
GIM, although all had gastritis. GIM scores in Groups IM and DYS were higher than those 
in Group CG at 1 year after treatment (p<0.05 and p<0.0005, respectively), as well as at 2 to 4 
years. After eradication of H. pylori in both Groups IM and DYS there were slow minor 
declines of GIM scores that were not statistically significant. However, GIM score in patients 
from Group CG increased even if H. pylori was eliminated, and this difference was 
statistically significant (p=0.001, Kruskal-Wallis test). The GIM score in Group CG was 
significantly lower than in Groups IM and DYS at the 1-year follow-up evaluation, as well as 
at the end of 4 years. 

3.1.2 Reactivity against mAb Das-1, TC22-4 and anti-p53 before treatment 
In Group CG, with chronic gastritis without GIM, there was no immunoreactivity with any 
of the gastric mucosal samples against mAb Das-1, TC22-4 and anti-p53 (Fig. 5). In Group 
IM patients, the immunoreactivity against mAb Das-1 was 39% (13 of 33) and against TC22-
4 it was 36% (12 of 33). The reactivity against anti-p53 was 3% (1 of 33). The reactivity of 
mAb Das-1 is diffuse cytoplasmic with higher intensity at the periphery of cells and is 
present in both goblet cells and non-goblet cells in the GIM areas (Fig. 6E). The TC22 
reactivity is seen as intracellular cytoplasmic dot-like staining in a punctate manner (Fig. 
6F), and p53 staining is detected in scattered cells mainly in the nuclei of the glands (Fig. 
6N). In patients from Group DYS, the reactivity of mAb Das-1, TC22-4 and anti-53 in GIM 
areas away from dysplastic areas was 63% (17 of 27), 48% (13 of 27) and 15% (4 of 27), 
respectively. Twenty-four of 27 (89%) of patients showed positive reactivity with mAb Das-1 
at the dysplastic areas (Fig. 5). If the dysplastic area is positive with mAb Das-1, GIM areas 
away from the dysplastic areas of the same patients were also positive. Of the 13 patients 
who were positive with TC22-4 in the GIM areas, 11 of these 13 (85%) patients’ dysplastic 
areas also showed reactivity to TC22-4. The mAb Das-1 reactivity showed progressive 
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increase between Group IM and Group DYS (Fig. 5). TC22 expression, although numerically 
higher in Group DYS than in Group IM (48% vs. 36%), was not statistically significant. 
However, in the same patients following eradication, as described below, there was a 
significant decline of immunoreactivity. p53 expression in the GIM areas in the 2 groups (IM 
and DYS) were 3% vs. 15% respectively. Anti-p53 reactivity was much higher in the 
dysplastic areas in Group DYS (59%, 16 of 27) (Fig. 5). 

 

 
 

Fig. 5. Reactivity of GIM to mAb Das-1, TC22-4 and anti-p53 in patients from Groups CG, 
IM, and DYS before treatment. In Group CG, no reactivity to mAb Das-1, TC22-4 and anti-
p53 was found in the normal mucosa or in gastritis area without GIM. The 
immunoreactivity of mAb Das-1 to GIM from Group C was higher (63%) than Group IM 
(39%) (p=0.069). In the GIM areas from Group DYS, mAb TC22-4 reactivity (48%) was 
higher than that from Group IM (36%). However, in the dysplastic areas of Group DYS, the 
mAb Das-1 reactivity was the highest (89%). Each of the dysplastic areas and GIM mucosa 
away from this mucosal cancer area from the same patients reacted with mAb Das-1. Anti-
p53 reactivity was absent in normal and inflamed mucosa as well as in GIM areas from 
Groups CG and IM (3%), except in Group DYS where 4 of 27 (15%) showed reactivity at the 
GIM areas. However, 59% of dysplastic areas reacted with anti-p53. 

3.1.3 Changes of the GIM score after eradication of H. pylori during prospective 
follow-ups 
GIM scores before and after treatment of H. pylori in each group are shown in Fig. 4. 
Although initially none of the patients in Group CG had GIM, during the follow-up period, 
8 patients at 1 year and 6 additional patients developed GIM during subsequent 4 years 
(p=0.001, Kruskal-Wallis test). Furthermore, GIM scores were higher in Group IM and DYS 
than in Group CG at 1 year after treatment (p<0.05 and p<0.0005, respectively). At 2-4 years 
after treatment, GIM scores continued to increase in Group CG and there was a significant 
difference in GIM score between Group CG and Group IM (p<0.05) as well as Group DYS 
(p<0.01) at 4 years. This difference suggests chronicity of the metaplastic process over a long 
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time. Although in Group DYS there was some decline of GIM score over 4 years, it was not 
significant. The histologic scores in Group IM remained essentially unchanged (Fig. 4).   

3.1.4 Changes in the GIM phenotypes on the basis of mucin histochemistry before 
and after treatment for H. pylori 
Patients from Group CG did not have GIM before treatment, however, 14 patients (39%) 
developed GIM during the 4 years of follow-up and GIM in these patients consisted of type 
I (complete type) in 8 (57%) and type II or III (incomplete type) in 6 (43%) patients (Table 2). 
In Group IM, type I and type II/III were found in 22 (67%) and in 11 (33%) patients 
respectively before treatment for eradication of H. pylori. On the contrary, in Group DYS, the 
majority (59%) (16 out of 27) of GIM belonged to type II/III (incomplete type) compared to 
type I (41%, 11 of 27), prior to treatment. The incidence of incomplete type of GIM was 
significantly (p<0.05) higher in Group DYS than in Group IM. In Group IM, of the 22 
patients initially classified as type I GIM, 7 (32%) had “progressed” to type II/III, while in 
two no GIM was found after treatment and three of the 11 patients initially classified with 
type II/III had “regressed” to type I GIM. Similarly, in Group DYS, 5 of the 11 patients 
(46%) with type I GIM changed to type II/III, and in one, no GIM was found following 
treatment. Three of 16 patients (19%) initially classified as type II/III GIM regressed to type I 
and one had no GIM after eradication (Table 2).  

3.1.5 Reactivity to mAb Das-1, TC22-4 and anti-p53 in GIM during the follow-up period  
mAb Das-1 did not react with any of the 36 samples in Group CG who had chronic gastritis 
without GIM prior to treatment (Fig. 5). Of the 39% of patients in Group CG who developed 
GIM during the 4 year follow-up period subsequent to the eradication of H. pylori, 43% (6 of 
14) showed reactivity to mAb Das-1, similar to the incomplete (type II/III) determined by 
immunohistochemistry. Fig. 6A and 6B are an example from a patient in Group CG showing 
chronic gastritis in pretreatment biopsy (Fig. 6A) and subsequent development of GIM (Fig. 
6B) despite eradication following triple therapy. However, no mAb Das-1 reactivity to GIM 
was found in this patient (Fig. 6C). The H&E staining, and mAb Das-1 reactivities of serial 
sections of the biopsy specimen from a patient in Group IM are shown in Fig. 6D and E, 
respectively. Fig. 6G and H show serial sections from the biopsy specimen from a patient in 
Group DYS (GIM area) stained by H&E and mAb Das-1 respectively. The mAb Das-1 
reactivity is restricted to the glandular epithelium in the GIM areas (Fig. 6E and 6H). Both 
the non-goblet metaplastic cells and goblet cells reacted with mAb Das-1, and normal gastric 
mucosa did not react. Fig. 6J and 6K show serial sections from a patient in Group DYS with 
cancer stained by H&E and mAb Das-1 respectively. Cancer cells invading microscopically 
into the sub-mucosa can be seen. The reactivity with mAb Das-1 against the dysplastic 
glands is more diffuse and intense (Fig. 6K).     
There were 30 patients (13 in Group IM and 17 in Group DYS) that reacted to mAb Das-1 
before treatment. When the immunoreactivity in the biopsy tissue from the same patients 
were compared before and after treatment, in 40% of the patients the reactivity disappeared 
(p<0.0001) after eradication of H. pylori (Table 3, Fig. 6I), despite the presence of GIM. The 
disappearance of the reactivity was seen in both Group IM and Group DYS.  
The reactivity of mAb TC22-4 is restricted to GIM areas both in goblet and non-goblet cells. 
The reactivity is dense globular dot like staining mainly along the apical areas (Fig. 6F).  In 
Group DYS, the GIM areas and cancer areas also showed similar staining with TC22-4, as in 
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increase between Group IM and Group DYS (Fig. 5). TC22 expression, although numerically 
higher in Group DYS than in Group IM (48% vs. 36%), was not statistically significant. 
However, in the same patients following eradication, as described below, there was a 
significant decline of immunoreactivity. p53 expression in the GIM areas in the 2 groups (IM 
and DYS) were 3% vs. 15% respectively. Anti-p53 reactivity was much higher in the 
dysplastic areas in Group DYS (59%, 16 of 27) (Fig. 5). 
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time. Although in Group DYS there was some decline of GIM score over 4 years, it was not 
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  Pretreatment Posteradiucation 
  Types Number Types Number 
Group CG (n=36) No GIM  I 8 

II/III 6 
Total   14 
Group IM (n=33) I 22 I 13 
  II/III 7 
Total   20 a 
  II/III c 11 I 3 
  II/III 8 
Total   11 
Group 
DYS (n=27) I 11  I 5 

   II/III 5 
Total   10 b 
  II/III 16 I 3 
  II/III 12 
Total   15 b 

a GIM disappeared in 2 patients after eradication. 
b GIM disappeared in 2 patients after eradication. 
c P<0.05 in the incidence of type II/III GIM between Group IM and Group DYS in pretreatment. 

Table 2. Types of GIM on the basis of mucin histochemistry  

 

 Pretreatment Posteradiucation  
 Positive Positive Negative P 
Groups IM + DYS 30 (100%) 17 (57%) 12 (40%) <0.0001 
Group IM 13 (100%) 7 (54%) 5 (38%) <0.01 
Group DYS 17 (100%) 10 (59%) 7 (41%) <0.007 

Table 3. Changes in the immunoreactivity of mAb Das-1-positive GIM after H. pylori 
eradication in the same patients 

Figure 6F. Twelve of 33 patients (36%) in Group IM were positive prior to treatment, and 
following treatment the reactivity declined to 6 of 29 (21%) (Fig. 6M). There was no 
difference in TC22 reactivity before and after treatment. Seven patients in Group IM and 10 
patients in Group DYS were positive for both mAb Das-1 and TC22-4 reactivity. Following 
eradication of H. pylori, the immunoreactivity for both the markers disappeared in 5 of the 7 
patients in Group IM (p<0.05).  However, in only 3 of 10 patients in Group DYS was the 
reactivity absent. This was not significant (Table 4).  
 

 Pretreatment Posteradiucation  
 Positive Positive Negative P 
Groups IM + DYS 17 (100%) 9 (53%) 8 (40%) <0.005 
Group IM 7 (100%) 2 (29%) 5 (38%) <0.05 
Group DYS 10 (100%) 7 (70%) 3 (41%) NS 

Table 4. Changes in the immunoreactivity of TC22-4-positive GIM after H. pylori eradication 
in the same patients 
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Fig. 6. Representative sections of H&E and immunoperoxidase staining with mAb Das-1, 
TC22-4, and anti-p53. (A and B) Example of a patient from group CG whose gastric mucosa 
only had mild gastritis, (A) without any GIM before treatment (magnification, 200X), but (B) 
GIM clearly developed after eradication (magnification, 200X). (C) However, GIM did not 
react with mAb Das-1 after treatment (magnification, 200X). In a patient from group IM, 
serial sections from the initial biopsy specimen before eradication show (D) GIM (H&E 
magnification, 200X) that reacted with both (E) mAb Das-1 (magnification, 200X) and (F) 
TC22-4 (magnification, 400X). Serial sections of the biopsy tissue from a patient from group 
DYS before treatment show (G) GIM (H&E magnification, 200X) and (H) reactivity to mAb 
Das-1 (magnification, 200X). A serial section of the same tissue also reacted with TC22-4 
(figure not shown). (I) The reactivity to mAb Das-1 (magnification, 200X) disappeared in 
two fifths of the patients from both groups IM and DYS (Table 3) after H. pylori treatment 
(p<0.0001). (J and K) Representative pictures of the serial tissue sections from a patient in the 
severe dysplasia group (group DYS) stained with (J) H&E and (K) mAb Das-1. (J) Cancerous 
glands, with microinvasion into the submucosa, seen in H&E staining (magnification, 100X), 
and all of these tissue strongly reacted with (K) mAb Das-1 (magnification, 100X). (L) GIM 
in a patient from group IM after eradication of H. pylori. (M) TC22 reactivity disappeared in 
this patient (H&E magnification, 200X). (N) GIM from a patient from group DYS stained 
with anti-p53. p53 protein staining is shown in scattered cells (arrows), mainly in the nuclei 
of the glands. 
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The p53-positive nuclear staining was mainly detected in the dispersed cells mostly at the 
GIM glands located at the deeper plane (Fig. 6N, arrows). In Group IM, p53 expression was 
observed in only one of 33 patients before treatment, and its expression was noted in one 
additional patient during the follow-up period after treatment. In Group DYS, in the GIM 
areas, 4 of 27 (15%) had p53 expression at initial examination. During the follow-up period, 
additional patients, 7 of 25 (28%), exhibited p53 expression. However, in the dysplastic areas 
in Group DYS, p53 expression was high (16 of 27, 59%). The p53 expression did not change 
in these patients during the follow-up period. All of the patients in Group DYS who were 
anti-p53 positive, also had mAb Das-1 reactivity and TC22 expression (both GIM and 
dysplastic areas). 

3.2 Study 2 
3.2.1 K-ras codon 12 mutations in GIM  
The mutant K-ras in codon 12 was detected in 18 (46.2%) of 39 GIM in Group IM and 1 
(1.9%) of 53 GIM areas away from cancer in Group DYS before eradication, and 2 (3.8%) of 
53 cancers, respectively. One case who had a K-ras mutation in Group DYS belonged to 
Group DYS-1. One of the 2 cancers which were positive for K-ras mutations was also 
positive in parallel with the GIM areas. Group IM showed a significantly more frequent 
incidence of K-ras codon 12 point mutations than Group DYS (p<0.005). Moreover, the 
incidence (46.2%) of the K-ras gene alterations significantly decreased to 12.8% (5 of 39) after 
treatment in Group IM but not in Group DYS. Of the lesions with K-ras mutations in Group 
IM before treatment, GGT (Gly) showed AGT (Ser) transition in 9 (50.0%), GAT (Asp) 
transition in 6 (33.3%) and TGT (Cys) transversion in 3 (16.7%). Following treatment, four 
(75.0%) showed a transition to AGT (Ser) and 1 (25.0%) showed a transition to GAT (Asp). 
Hence, mutation patterns showed convergence to Ser transformation by H. pylori treatment. 
The mutation pattern in the patient from Group DYS-1 was AGT (Ser). After eradication, the 
patterns of AGT (Ser) disappeared and one subject who had previously been negative for K-
ras mutation showed a positive finding for the K-ras mutation of GAT (Asp). The cancer 
showed two patterns: GCT (Ala) in 1 and GTT (Val) in 1 (Table 5). 
 

 Helicobacter pylori eradication 
  Before n  After n 
Group IM AGT (Ser) 9  AGT (Ser) 4 
 GAT (Asp) 6  GAT (Asp) 1 
 TGT (Cys) 3    
Group DYS-1 AGT (Ser) 1  GAT (Asp) 1 
Cancer areas GCT (Ala) 1    
  GTT (Val) 1    

Table 5. Patterns of K-ras mutation in gastric intestinal metaplasia 

3.2.2 Cell kinetics of GIM 
PI and AI in IM before H. pylori eradication were 36.71% and 0.27% in Group IM, 45.69% 
and 0.52% in Group DYS, respectively. PI in Group DYS was significantly higher than that 
in Group IM (p<0.05). AI also showed a similar tendency, but the difference did not reach 
statistical significance. Regarding the cell kinetics after treatment in each group, PI and AI 
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were 40.43% and 0.47% in Group IM, 42.32% and 0.83% in Group DYS, respectively. 
Although there were no significant changes in the PI before and after H. pylori eradication, 
the level of AI increased after H. pylori eradication in both groups (p<0.05 in Group IM) 
(Table 6). 
 
 PI AI AI/PI ratio 
 H. pylori eradication H. pylori eradication H. pylori eradication 
  Before After Before After Before After 

Group IM 36.71 ± 2.71* 40.43 ± 2.71 0.27 ± 0.07 0.47 ± 0.10 0.020 ± 
0.012 

0.013 ± 
0.004 

Group DYS 45.69 ± 2.65* 42.32 ± 3.20 0.52 ± 0.16 0.83 ± 0.30 0.010 ± 
0.003 

0.021 ± 
0.001 

* p<0.05, Numbers are mean ± standard error. PI, proliferative indices; AI, apoptotic indices; H. pylori, 
Helicobacter pylori 

Table 6. Comparison of cell kinetics before and after Helicobacter pylori eradication 

 

 Neutrophils Mononucler cells Intestinal metaplasia 

 H pylori eradication H pylori eradication H pylori eradication 

 Before After Before After Before After 

Group IM 0.65 ± 0.10 a 0.03 ± 0.03 a 1.54 ± 0.11 c,d 1.03 ± 0.10 c 1.4 ± 0.6 f 1.3 ± 0.8 

Group DYS 0.40 ± 0.13 0.20 ± 0.09 1.15 ± 0.17 d 1.00 ± 0.10 2.1 ± 0.9 f 1.9 ± 0.9 

a,c,d p<0.0001, c p<0.005, d p<0.05, e p<0.005, f p<0.05, Numbers are mean ± standard error. H. pylori, 
Helicobacter pylori 

Table 7. Comparison of scores for histological findings before and after Helicobacter pylori 
eradication 

3.2.3 Inflammation and GIM scores 
The grade of inflammation and GIM before and after treatment was shown in Table 7. All 
GIMs investigated in the current study were diagnosed as incomplete type without 
dysplastic glands. At 1 year after successful H. pylori eradication, the median score of 
inflammation such as neutrophils and mononuclear cells significantly improved in Group A 
(p<0.0001 and p<0.005, respectively), but it did not change in Group B. The score of 
mononuclear cells was significantly higher in Group IM than in Group DYS (p<0.05), 
although no significant difference was observed in the neutrophils between the two groups. 
The GIM scores were also significantly higher in Group DYS than in Group IM before H. 
pylori therapy (p<0.05). After 1 yr of follow-up, however, the GIM score remained 
unchanged in comparison to their pretreatment values in both Groups IM and DYS.   

4. Discussion 
4.1 Study 1 
In this study, we show that H. pylori eradication did not significantly improve GIM 
histologically, but changed the cellular phenotype, as evidenced by the significant reduction 
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were 40.43% and 0.47% in Group IM, 42.32% and 0.83% in Group DYS, respectively. 
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of reactivity against monoclonal antibody, mAb Das-1, indicating a reduction of colonic 
phenotype (incomplete type) of metaplasia over the course of subsequent follow-up, up to 4 
years. This was further supported by prospectively following the same patients who were 
initially positive. We further demonstrate that eradication of H. pylori might reverse TC22 
expression at the earlier stage (Group IM). However, once dysplasia/cancer has developed 
in the background mucosa (Group DYS), both cellular phenotype, as detected by mAb Das-1 
and neoplastic marker TC22, did not show significant change following H. pylori 
eradication. These data support the conclusion reported by some investigators that at a 
certain stage of progression of GIM there is a “Point of no return” (Wong et al., 2004; 
Wright, 1998). 
GIM is considered to be a pre-cancerous lesion of the stomach (Uemura et al., 2001; Correa 
& Shiao, 1994; Wong et al., 2004), especially when it is incomplete or colonic type (type II & 
type III) metaplasia (Filipe & Jass, 1986; Mirza et al., 2003). There are an equal number of 
studies showing either improvement or no change in the incidence of gastric cancer 
following eradication of H. pylori (Table 1). However, a large population based study 
showed decrease in cancer incidence following eradication of H. pylori (You et al., 2006; Take 
et al., 2005; Wong et al., 2004). The reasons for these discrepancies are the limited number of 
patients in some of the series, short follow-up, and also unawareness of the stage when the 
treatment was initiated. Our results support the reports that showed that 2 years following 
H. pylori eradication there was no significant histologic improvement in GIM (Forbes et al. 
1996; Tucci et al., 1998; Tepes et al., 1999; Kim et al., 2000; Kuipers et al., 2004), although two 
other reports showed improvement (Kokkola et al., 2002; Correa et al., 2000). It was 
suggested that effective anti-H. pylori treatment might interfere with the pre-cancerous 
process, mostly by increasing the rate of regression of GIM (Correa et al., 2000). Our study 
demonstrates that this “regression” may be related to the change of cellular phenotype. 
Taking into account previous studies and our finding, it, therefore, appears that eradication 
of the bacteria may not influence the course of the histologic process (Farinati et al., 1998). 
We further demonstrate that even after eradication of H. pylori, in 14 of 36 patients (39%) 
who at initial diagnosis had gastritis without GIM (Group CG), developed GIM 
subsequently during the 4 years of follow-up evaluation. However, it appears that these 
GIMs are mostly of complete type (type I) of metaplasia that have a low risk for gastric 
carcinoma (Filipe et al. 1986; Mirza et al., 2003; Wong et al., 2004). Wong et al suggested that 
eradication of H. pylori should be done prior to the development of GIM in order to prevent 
gastric cancer (Wong et al., 2004). Our data further support that once the dysplastic process 
has occurred, eradication of H. pylori may not be helpful in changing the course (Sakaki et 
al., 2002; Asaka et al., 2002). Some investigators showed that older subjects are more likely to 
demonstrate progression in GIM in persistent H. pylori infection than younger patients 
(Sung et al., 2000; Sakaki et al., 2002; Asaka et al., 2002). Indeed, the average age of the 
patients in Group DYS was significantly higher than from Group CG and IM (p<0.005 and 
p<0.05, respectively), indicating that GIM in Group DYS was in an advanced stage among 
the three groups. The mean age of the patients in Group IM was in between the mean ages 
of Group CG and Group DYS. Furthermore, the GIM score in Group DYS is significantly 
higher than Group IM (p<0.05). Hence, our findings support the postulation that GIM grade 
ensues sequentially over a period of a decade (Uemura et al., 2001; Correa et al., 1990).  
We previously reported a highly significant (p<0.0001) reactivity of mAb Das-1 against GIM 
adjacent to gastric cancer when compared to GIM from non-cancer patients (Mirza et al., 
2003). We further reported that the reactivity of mAb Das-1 in other precancerous 
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conditions, such as Barrett’s epithelium was highly sensitive and specific (100%) (Das et al., 
1994). In the small intestine, although mAb Das-1 does not react with normal epithelium, 
mAb Das-1 reactivity was evident in most of the small intestinal adenoma and 
adenocarcinoma (Onuma et al., 2001). All of these studies suggest a colonic or incomplete 
phenotype of metaplasia in the pre-cancerous conditions of the esophagus, stomach and 
small intestine. The present study shows that the immunoreactivity to mAb Das-1 was 
higher in the GIM in patients from Group DYS compared to those from Group IM (p<0.05) 
at the initial diagnosis before H. pylori eradication. Furthermore, mAb Das-1 reacted with 
GIM areas away from the dysplastic areas from each of the patients whose dysplastic areas 
were positive with mAb Das-1. Twelve out of 30 patients (40%) with GIM from Groups IM 
and DYS who were positive to mAb Das-1 before treatment, lost the reactivity (p<0.0001) 
after eradication of H. pylori, suggesting the reversibility of the process if H. pylori is 
eradicated. Thus, the patients with H. pylori infection with GIM that showed the reactivity 
for mAb Das-1 (incomplete type of metaplasia) may benefit from eradication for future 
development of cancer. This observation may be clinically useful for surveillance. 
TC22 is a neoplastic marker. It is expressed by transformed cells but not by normal epithelial 
cells (Lin et al., 2002). In the present study, TC22-4 reactivity in GIM did not significantly 
change after eradication in both Group IM and DYS. Thus, the reactivity of Das-1 against 
GIM may suggest an early stage of neoplastic process compared with that of TC22-4. In a 
pilot study, we also observed that the frequency of mAb TC22-4 reactivity in gastric cancer 
was 86% (19/22) (Das-Bhattacharya et al., 2001). In each of these 19 patients, the GIM area 
away from the cancer area was also positive for TC22. Therefore, eradication of H. pylori at 
this stage may not be beneficial to avoid cancer development.  
Mutation of the tumor suppressor gene p53 has been described in gastric carcinogenesis. 
Some GIM shows p53 mutations and its overexpression (El-Zimaity et al., 2001; Shiao et al., 
1994; Imatani et al., 1996 ; Hamamoto et al., 1997; Jones et al., 1997), and accumulation of p53 
is detected in gastric mucosa infected with H. pylori (Hibi et al., 1997; Satoh  et al., 2001). Of 
interest, it was reported that p53 overexpression decreased after eradication of H. pylori 
(Hibi et al., 1997; Jones et al., 1997). Some of the discrepancies may be due to various 
reagents, and in some reports, p53 positivity index was used by calculating p53-positive 
cells in gastric glands (Hibi et al., 1997; Jones et al., 1997). p53 expression in our patients 
with GIM was very low, 3% in Group IM, and only 15% in Group DYS, and there was no 
regression following treatment. In the patients from Group DYS before treatment, the 
incidence (15%) of p53 expression was significantly lower than that of mAb TC22-4 
reactivity in GIM areas (48%). In the paired samples of tissue with dysplasia/cancer, the 
overexpression of p53 increased from 15% in the GIM areas to 59% in the dysplastic areas. 
However, TC22 expression was essentially the same. Thus, p53 protein accumulation seems 
to be a late event, whereas TC22-4 expression is an earlier event, as also reported in colonic 
neoplasm (Lin et al., 2002).  
As many investigators pointed out, it will certainly need a much longer follow-up period, 
more than 4 yrs., in order to evaluate the effect of eradication for the cancer prevention. 
However, the end-point of the current study was to assess the changes in the expression of 
biomarkers in GIM, one associated with cell phenotype and the other associated with 
epithelial neoplasia, but not the development of gastric cancer after H. pylori treatment. 
Indeed, we recently found that cell kinetics and genetic alterations, i.e. microsatellite 
instability and K-ras mutations in GIM, play a role in the early events leading to gastric 
carcinogenesis, and H. pylori eradication settled these genetic events during only the one-
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of reactivity against monoclonal antibody, mAb Das-1, indicating a reduction of colonic 
phenotype (incomplete type) of metaplasia over the course of subsequent follow-up, up to 4 
years. This was further supported by prospectively following the same patients who were 
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and neoplastic marker TC22, did not show significant change following H. pylori 
eradication. These data support the conclusion reported by some investigators that at a 
certain stage of progression of GIM there is a “Point of no return” (Wong et al., 2004; 
Wright, 1998). 
GIM is considered to be a pre-cancerous lesion of the stomach (Uemura et al., 2001; Correa 
& Shiao, 1994; Wong et al., 2004), especially when it is incomplete or colonic type (type II & 
type III) metaplasia (Filipe & Jass, 1986; Mirza et al., 2003). There are an equal number of 
studies showing either improvement or no change in the incidence of gastric cancer 
following eradication of H. pylori (Table 1). However, a large population based study 
showed decrease in cancer incidence following eradication of H. pylori (You et al., 2006; Take 
et al., 2005; Wong et al., 2004). The reasons for these discrepancies are the limited number of 
patients in some of the series, short follow-up, and also unawareness of the stage when the 
treatment was initiated. Our results support the reports that showed that 2 years following 
H. pylori eradication there was no significant histologic improvement in GIM (Forbes et al. 
1996; Tucci et al., 1998; Tepes et al., 1999; Kim et al., 2000; Kuipers et al., 2004), although two 
other reports showed improvement (Kokkola et al., 2002; Correa et al., 2000). It was 
suggested that effective anti-H. pylori treatment might interfere with the pre-cancerous 
process, mostly by increasing the rate of regression of GIM (Correa et al., 2000). Our study 
demonstrates that this “regression” may be related to the change of cellular phenotype. 
Taking into account previous studies and our finding, it, therefore, appears that eradication 
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subsequently during the 4 years of follow-up evaluation. However, it appears that these 
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the three groups. The mean age of the patients in Group IM was in between the mean ages 
of Group CG and Group DYS. Furthermore, the GIM score in Group DYS is significantly 
higher than Group IM (p<0.05). Hence, our findings support the postulation that GIM grade 
ensues sequentially over a period of a decade (Uemura et al., 2001; Correa et al., 1990).  
We previously reported a highly significant (p<0.0001) reactivity of mAb Das-1 against GIM 
adjacent to gastric cancer when compared to GIM from non-cancer patients (Mirza et al., 
2003). We further reported that the reactivity of mAb Das-1 in other precancerous 

Effects of Helicobacter pylori Infection on the Histology, Cellular Phenotype, K-ras Mutations, and  
Cell Kinetics in Gastric Intestinal Metaplasia in Patients with Chronic Gastritis and Gastric Cancer 

 

233 

conditions, such as Barrett’s epithelium was highly sensitive and specific (100%) (Das et al., 
1994). In the small intestine, although mAb Das-1 does not react with normal epithelium, 
mAb Das-1 reactivity was evident in most of the small intestinal adenoma and 
adenocarcinoma (Onuma et al., 2001). All of these studies suggest a colonic or incomplete 
phenotype of metaplasia in the pre-cancerous conditions of the esophagus, stomach and 
small intestine. The present study shows that the immunoreactivity to mAb Das-1 was 
higher in the GIM in patients from Group DYS compared to those from Group IM (p<0.05) 
at the initial diagnosis before H. pylori eradication. Furthermore, mAb Das-1 reacted with 
GIM areas away from the dysplastic areas from each of the patients whose dysplastic areas 
were positive with mAb Das-1. Twelve out of 30 patients (40%) with GIM from Groups IM 
and DYS who were positive to mAb Das-1 before treatment, lost the reactivity (p<0.0001) 
after eradication of H. pylori, suggesting the reversibility of the process if H. pylori is 
eradicated. Thus, the patients with H. pylori infection with GIM that showed the reactivity 
for mAb Das-1 (incomplete type of metaplasia) may benefit from eradication for future 
development of cancer. This observation may be clinically useful for surveillance. 
TC22 is a neoplastic marker. It is expressed by transformed cells but not by normal epithelial 
cells (Lin et al., 2002). In the present study, TC22-4 reactivity in GIM did not significantly 
change after eradication in both Group IM and DYS. Thus, the reactivity of Das-1 against 
GIM may suggest an early stage of neoplastic process compared with that of TC22-4. In a 
pilot study, we also observed that the frequency of mAb TC22-4 reactivity in gastric cancer 
was 86% (19/22) (Das-Bhattacharya et al., 2001). In each of these 19 patients, the GIM area 
away from the cancer area was also positive for TC22. Therefore, eradication of H. pylori at 
this stage may not be beneficial to avoid cancer development.  
Mutation of the tumor suppressor gene p53 has been described in gastric carcinogenesis. 
Some GIM shows p53 mutations and its overexpression (El-Zimaity et al., 2001; Shiao et al., 
1994; Imatani et al., 1996 ; Hamamoto et al., 1997; Jones et al., 1997), and accumulation of p53 
is detected in gastric mucosa infected with H. pylori (Hibi et al., 1997; Satoh  et al., 2001). Of 
interest, it was reported that p53 overexpression decreased after eradication of H. pylori 
(Hibi et al., 1997; Jones et al., 1997). Some of the discrepancies may be due to various 
reagents, and in some reports, p53 positivity index was used by calculating p53-positive 
cells in gastric glands (Hibi et al., 1997; Jones et al., 1997). p53 expression in our patients 
with GIM was very low, 3% in Group IM, and only 15% in Group DYS, and there was no 
regression following treatment. In the patients from Group DYS before treatment, the 
incidence (15%) of p53 expression was significantly lower than that of mAb TC22-4 
reactivity in GIM areas (48%). In the paired samples of tissue with dysplasia/cancer, the 
overexpression of p53 increased from 15% in the GIM areas to 59% in the dysplastic areas. 
However, TC22 expression was essentially the same. Thus, p53 protein accumulation seems 
to be a late event, whereas TC22-4 expression is an earlier event, as also reported in colonic 
neoplasm (Lin et al., 2002).  
As many investigators pointed out, it will certainly need a much longer follow-up period, 
more than 4 yrs., in order to evaluate the effect of eradication for the cancer prevention. 
However, the end-point of the current study was to assess the changes in the expression of 
biomarkers in GIM, one associated with cell phenotype and the other associated with 
epithelial neoplasia, but not the development of gastric cancer after H. pylori treatment. 
Indeed, we recently found that cell kinetics and genetic alterations, i.e. microsatellite 
instability and K-ras mutations in GIM, play a role in the early events leading to gastric 
carcinogenesis, and H. pylori eradication settled these genetic events during only the one-
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year post-treatment period (Tanaka et al. 2006; Watari et al. 2008). Thus, we believe that the 
follow-up period, up to 4 yrs in this study, is enough to investigate the changes in cellular 
phenotype and neoplastic biomarkers related to carcinogenesis after H. pylori eradication. 
Taking our present and previous data (Tanaka et al. 2006; Watari et al. 2008) together, 
eradication of H. pylori may inhibit this intracellular dysfunction; thereby may inhibit 
carcinogenesis.   
The data presented in the current study based on careful initial stratification of patients by 
an independent expert pathologist without the knowledge of clinical information, and 
prospective follow-up for 4 years, provide important information about the cellular changes 
in the GIM using the two novel biomarkers. Strategies to identify individuals who are at a 
“high risk” for gastric cancer screening are very much needed. Immunostaining with mAb 
Das-1 and TC22-4, that can easily be performed along with routine histology, may be 
clinically useful in this regard. 

4.2 Study 2 
The mutant K-ras was detected in only 3.8% of the cancer, and this finding was consistent 
with the findings of previous reports (Tahara et al. 1993; Arber et al., 2000; Hiyama et al., 
2002). On the other hand, we found a significantly higher frequency of K-ras mutations in 
GIM (46.2%) in patients with chronic gastritis in comparison those with gastric cancer (1.9%) 
with H. pylori infection. Furthermore, we also observed that K-ras mutations significantly 
decreased to 12.8% after H. pylori eradication. Regarding the K-ras mutation types in Group 
IM, various patterns such as G to A (Ser and Asp) transitions and G to T (Cys) transversion 
were seen before treatment. It is interesting to note that after H. pylori eradication, most 
individuals (80.0%, 4 of 5) showed transition to AGT (Ser) while other mutation patterns 
such as TGT (Cys) and GAT (Asp) disappeared. In our data, since the number of cases that 
could be investigated based on the changes in the K-ras mutation patterns was small, 
statistical significance could therefore not be applied to them. These results indicate, 
however, that K-ras mutations in GIM with GAT and TGT types may thus be early and 
unstable in gastric carcinogenesis because they disappeared after H. pylori treatment. AGT 
(Ser) still remained in most cases treated with H. pylori in our study. Gong et al. reported the 
G to A transition (Ser) to be important for the progression of gastric mucosal cells to a more 
advanced premalignant stage (Gong et al., 1999). Lee et al. also showed a similar result, so 
that frequent G to A transversions were detected in gastric cancers (Lee et al., 1995). Taking 
both our results and other data into consideration, mutations with AGT (Ser) were thus 
considered to more likely be advantageous in K-ras gene alterations. Hiyama et al. reported 
interesting data in which K-ras mutations were detected in 3.0% in the background mucosa 
without cancer and in 10.9% in those with cancer, thus indicating a significant difference. In 
addition, most (70%) of the patterns of K-ras mutations detected in chronic gastritis patients 
were G to C transitions (GCT, Ala) (Hiyama et al., 2002). However, their data do not show 
K-ras gene alterations in only GIM, and thus their findings are different from those of our 
investigation. In the current study, we used a laser capture microdissection system to extract 
DNA from GIM. This method allows the procurement of relatively pure metaplastic cell 
populations from the complex heterogeneous cell mixtures (Bonner et al., 1997). Therefore, it 
is considered that the specificity of genetic alterations in DNA extracted selectively from 
GIM (Dillon et al., 2001). Our results may suggest that the mutations with AGT (Ser) is 
important in gastric tumorigenesis, but not in others. We investigated here on K-ras 
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oncogene alterations in GIM using only one biopsy sample obtained from the antrum. It will 
be necessary to study whether the patients with mutations have the same mutation in 
multiple GIM foci in each patient in order to confirm more clearly the role of K-ras mutation 
in GIM.   
H. pylori eradication dramatically improved the inflammation scores, i.e. neutrophils and 
mononuclear cells, but not the degree of GIM, thus confirming the findings of previous 
studies in which the effect of H. pylori eradication therapy led to an improvement in the 
severity of inflammation (Witteman et al., 1995; van der Hulst et al., 1997). However, no 
significant improvement in the inflammation scores was found in patients with gastric 
cancer (Group DYS). Although the reason cannot be clearly explained, one possibility for 
this finding may be the small number patients investigated in comparison to those of Group 
IM. Interestingly, the score of mononuclear cells in Group IM showed a significantly higher 
level than that in Group DYS at the pretreatment assessment although no significant 
differences in the neutrophil scores were observed between Groups IM and DYS. Recently, 
Brembeck et al have reported a fascinating data that they generated a novel mouse model in 
which the cytokeratin 19 promotor, specifically active in pancreatic ductal cells, is fused to 
mutant K-ras (Brembeck et al., 2003). These results showed dramatic evidence of 
lymphocytic infiltration around the periductal area, in both the interlobular and intralobular 
pancreas of transgenic mice, which may thus act as an adaptive immune response to 
activated ras-mediated signaling. Taking both our findings and previous results into 
consideration, a frequent K-ras mutation in GIM may therefore be associated with evidence 
of lymphocyte infiltration but not with gastric carcinogenesis, even though the K-ras gene is 
considered to be an oncogene.   
In the present study, we first found the cellular proliferation of GIM to significantly be up-
regulated in patients with gastric cancer more than in those without gastric cancer. As for 
apoptosis, there was a similar tendency even though no significant difference was seen. This 
finding supports the report of Shiotani et al that GIM results in proliferation-dominant cell 
kinetics may be one of the components of gastric carcinogenesis (Shiotani et al., 2005). 
Commonly, an imbalance of cell proliferation and apoptosis is known to play a role in 
cancer development, and tumor progression should be thus be considered in the context of 
both proliferative activity and cell loss (Wyllie, 1996). One of the pathways by which H. 
pylori is linked to gastric carcinogenesis may be related to the disruption of the cell kinetics. 
Uemura et al. reported that H. pylori eradication inhibited the development of new cancers 
in patients who underwent EMR for 2 years after EMR, while 9% of the patients who were 
not treated with this treatment developed new early stage gastric cancers after 3 years of 
follow-up (Uemura et al., 1997). From the standpoint of this clinical report by Uemura et al 
and our results, the increase of apoptosis in GIM by the clearance of H. pylori may be 
associated with the prevention of cancer development. To our knowledge, there has only 
been one study that has assessed the cell kinetics in H. pylori-associated GIM in patients with 
gastritis both before and after H. pylori eradication, although the sample size investigated in 
that study was small (14 cases) (Leung et al., 2001). They demonstrated a remarkable 
reduction in proliferation whereas the degree of apoptosis remained unaltered in GIM by 
treatment, by which the clearance of H. pylori may retard gastric carcinogenesis. However, 
we failed to detect such an association in the current study. This discrepancy seems to be 
derived from a few factors: namely, the difference in the sample number and the sampling 
error. As mentioned in the results, the severity of GIM was significantly higher in patients 
with cancer (Group DYS-1) than in those with chronic gastritis (Group IM) prior to 
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year post-treatment period (Tanaka et al. 2006; Watari et al. 2008). Thus, we believe that the 
follow-up period, up to 4 yrs in this study, is enough to investigate the changes in cellular 
phenotype and neoplastic biomarkers related to carcinogenesis after H. pylori eradication. 
Taking our present and previous data (Tanaka et al. 2006; Watari et al. 2008) together, 
eradication of H. pylori may inhibit this intracellular dysfunction; thereby may inhibit 
carcinogenesis.   
The data presented in the current study based on careful initial stratification of patients by 
an independent expert pathologist without the knowledge of clinical information, and 
prospective follow-up for 4 years, provide important information about the cellular changes 
in the GIM using the two novel biomarkers. Strategies to identify individuals who are at a 
“high risk” for gastric cancer screening are very much needed. Immunostaining with mAb 
Das-1 and TC22-4, that can easily be performed along with routine histology, may be 
clinically useful in this regard. 

4.2 Study 2 
The mutant K-ras was detected in only 3.8% of the cancer, and this finding was consistent 
with the findings of previous reports (Tahara et al. 1993; Arber et al., 2000; Hiyama et al., 
2002). On the other hand, we found a significantly higher frequency of K-ras mutations in 
GIM (46.2%) in patients with chronic gastritis in comparison those with gastric cancer (1.9%) 
with H. pylori infection. Furthermore, we also observed that K-ras mutations significantly 
decreased to 12.8% after H. pylori eradication. Regarding the K-ras mutation types in Group 
IM, various patterns such as G to A (Ser and Asp) transitions and G to T (Cys) transversion 
were seen before treatment. It is interesting to note that after H. pylori eradication, most 
individuals (80.0%, 4 of 5) showed transition to AGT (Ser) while other mutation patterns 
such as TGT (Cys) and GAT (Asp) disappeared. In our data, since the number of cases that 
could be investigated based on the changes in the K-ras mutation patterns was small, 
statistical significance could therefore not be applied to them. These results indicate, 
however, that K-ras mutations in GIM with GAT and TGT types may thus be early and 
unstable in gastric carcinogenesis because they disappeared after H. pylori treatment. AGT 
(Ser) still remained in most cases treated with H. pylori in our study. Gong et al. reported the 
G to A transition (Ser) to be important for the progression of gastric mucosal cells to a more 
advanced premalignant stage (Gong et al., 1999). Lee et al. also showed a similar result, so 
that frequent G to A transversions were detected in gastric cancers (Lee et al., 1995). Taking 
both our results and other data into consideration, mutations with AGT (Ser) were thus 
considered to more likely be advantageous in K-ras gene alterations. Hiyama et al. reported 
interesting data in which K-ras mutations were detected in 3.0% in the background mucosa 
without cancer and in 10.9% in those with cancer, thus indicating a significant difference. In 
addition, most (70%) of the patterns of K-ras mutations detected in chronic gastritis patients 
were G to C transitions (GCT, Ala) (Hiyama et al., 2002). However, their data do not show 
K-ras gene alterations in only GIM, and thus their findings are different from those of our 
investigation. In the current study, we used a laser capture microdissection system to extract 
DNA from GIM. This method allows the procurement of relatively pure metaplastic cell 
populations from the complex heterogeneous cell mixtures (Bonner et al., 1997). Therefore, it 
is considered that the specificity of genetic alterations in DNA extracted selectively from 
GIM (Dillon et al., 2001). Our results may suggest that the mutations with AGT (Ser) is 
important in gastric tumorigenesis, but not in others. We investigated here on K-ras 
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oncogene alterations in GIM using only one biopsy sample obtained from the antrum. It will 
be necessary to study whether the patients with mutations have the same mutation in 
multiple GIM foci in each patient in order to confirm more clearly the role of K-ras mutation 
in GIM.   
H. pylori eradication dramatically improved the inflammation scores, i.e. neutrophils and 
mononuclear cells, but not the degree of GIM, thus confirming the findings of previous 
studies in which the effect of H. pylori eradication therapy led to an improvement in the 
severity of inflammation (Witteman et al., 1995; van der Hulst et al., 1997). However, no 
significant improvement in the inflammation scores was found in patients with gastric 
cancer (Group DYS). Although the reason cannot be clearly explained, one possibility for 
this finding may be the small number patients investigated in comparison to those of Group 
IM. Interestingly, the score of mononuclear cells in Group IM showed a significantly higher 
level than that in Group DYS at the pretreatment assessment although no significant 
differences in the neutrophil scores were observed between Groups IM and DYS. Recently, 
Brembeck et al have reported a fascinating data that they generated a novel mouse model in 
which the cytokeratin 19 promotor, specifically active in pancreatic ductal cells, is fused to 
mutant K-ras (Brembeck et al., 2003). These results showed dramatic evidence of 
lymphocytic infiltration around the periductal area, in both the interlobular and intralobular 
pancreas of transgenic mice, which may thus act as an adaptive immune response to 
activated ras-mediated signaling. Taking both our findings and previous results into 
consideration, a frequent K-ras mutation in GIM may therefore be associated with evidence 
of lymphocyte infiltration but not with gastric carcinogenesis, even though the K-ras gene is 
considered to be an oncogene.   
In the present study, we first found the cellular proliferation of GIM to significantly be up-
regulated in patients with gastric cancer more than in those without gastric cancer. As for 
apoptosis, there was a similar tendency even though no significant difference was seen. This 
finding supports the report of Shiotani et al that GIM results in proliferation-dominant cell 
kinetics may be one of the components of gastric carcinogenesis (Shiotani et al., 2005). 
Commonly, an imbalance of cell proliferation and apoptosis is known to play a role in 
cancer development, and tumor progression should be thus be considered in the context of 
both proliferative activity and cell loss (Wyllie, 1996). One of the pathways by which H. 
pylori is linked to gastric carcinogenesis may be related to the disruption of the cell kinetics. 
Uemura et al. reported that H. pylori eradication inhibited the development of new cancers 
in patients who underwent EMR for 2 years after EMR, while 9% of the patients who were 
not treated with this treatment developed new early stage gastric cancers after 3 years of 
follow-up (Uemura et al., 1997). From the standpoint of this clinical report by Uemura et al 
and our results, the increase of apoptosis in GIM by the clearance of H. pylori may be 
associated with the prevention of cancer development. To our knowledge, there has only 
been one study that has assessed the cell kinetics in H. pylori-associated GIM in patients with 
gastritis both before and after H. pylori eradication, although the sample size investigated in 
that study was small (14 cases) (Leung et al., 2001). They demonstrated a remarkable 
reduction in proliferation whereas the degree of apoptosis remained unaltered in GIM by 
treatment, by which the clearance of H. pylori may retard gastric carcinogenesis. However, 
we failed to detect such an association in the current study. This discrepancy seems to be 
derived from a few factors: namely, the difference in the sample number and the sampling 
error. As mentioned in the results, the severity of GIM was significantly higher in patients 
with cancer (Group DYS-1) than in those with chronic gastritis (Group IM) prior to 
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treatment. Hence, an evaluation of the cell kinetics in GIM from the Group IM cases was 
therefore particularly difficult.  
We recently found microsatellite instability (MSI) as a genetic alteration in H. pylori-related 
GIM to play a role in the early events leading to gastric carcinogenesis. H. pylori eradication 
reduced MSI during the one-year post-treatment period (Tanaka et al., 2006). In this 
prospective study, however, our current results suggest that K-ras codon 12 mutations in 
GIM may not be associated with gastric carcinogenesis. There are early events in K-ras 
mutations, which are influenced by inflammation-related H. pylori infection, and some 
mutations such as AGT (Ser) may thus be selected by eradication. Furthermore, these 
unstable K-ras mutations in GIM may be related to the lymphocyte infiltration caused by H. 
pylori infection. If H. pylori is eradicated before the development of stable mutations, then 
the risk of gastric cancer will likely be prevented. Furthermore, apoptosis in GIM showed 
the increase based on the treatment. Our 1-year prospective study may explain that the 
prevention of gastric cancer by H. pylori therapy is not associated with an improvement of 
K-ras mutations and the degree of GIM, but up-regulation in apoptosis control in GIM 
contributes to retard gastric carcinogenesis.  

5. Conclusions 
H. pylori eradication does not reduce the histologic GIM score, but changes the cellular 
phenotype of GIM. This change of phenotype may be an important factor in the reduction of 
cancer incidence after eradication of H. pylori. Furthermore, K-ras mutations in GIM do not 
always play a role in gastric carcinogenesis but cell kinetics, especially apoptosis, in GIM 
may contribute it. 
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treatment. Hence, an evaluation of the cell kinetics in GIM from the Group IM cases was 
therefore particularly difficult.  
We recently found microsatellite instability (MSI) as a genetic alteration in H. pylori-related 
GIM to play a role in the early events leading to gastric carcinogenesis. H. pylori eradication 
reduced MSI during the one-year post-treatment period (Tanaka et al., 2006). In this 
prospective study, however, our current results suggest that K-ras codon 12 mutations in 
GIM may not be associated with gastric carcinogenesis. There are early events in K-ras 
mutations, which are influenced by inflammation-related H. pylori infection, and some 
mutations such as AGT (Ser) may thus be selected by eradication. Furthermore, these 
unstable K-ras mutations in GIM may be related to the lymphocyte infiltration caused by H. 
pylori infection. If H. pylori is eradicated before the development of stable mutations, then 
the risk of gastric cancer will likely be prevented. Furthermore, apoptosis in GIM showed 
the increase based on the treatment. Our 1-year prospective study may explain that the 
prevention of gastric cancer by H. pylori therapy is not associated with an improvement of 
K-ras mutations and the degree of GIM, but up-regulation in apoptosis control in GIM 
contributes to retard gastric carcinogenesis.  

5. Conclusions 
H. pylori eradication does not reduce the histologic GIM score, but changes the cellular 
phenotype of GIM. This change of phenotype may be an important factor in the reduction of 
cancer incidence after eradication of H. pylori. Furthermore, K-ras mutations in GIM do not 
always play a role in gastric carcinogenesis but cell kinetics, especially apoptosis, in GIM 
may contribute it. 
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1. Introduction 
Helicobacter pylori is now recognized as being a causative factor of gastroduodenal diseases 
such as chronic gastritis, gastric ulcer, duodenal ulcer, gastric cancer and gastric low-grade 
mucosa-associated lymphoma tissue (MALT). Long-term persistent inflammation, injury 
and reconstitution of gastric mucosa, and immunological reactions against the infected H. 
pylori are thought to be the causes of lesion formation. Various causative factors of H. pylori 
for inflammation and injury of gastric mucosa have been proposed. The most studied 
bacterial pathogenic factors are vacuolating toxin (VacA) produced by H. pylori, ammonium 
ion generated by H. pylori urease, and monochloramines formed from hypochlorite 
produced by phagocytic cells and the ammonium ion (Hofman et al., 2004; Xia & Talley, 
2001). These agents cause directly injury to the host gastric mucosa. Proinflammatory 
cytokines, such as interleukin (IL)-1, tumor necrosis factor-α (TNF-α), IL-6 and IL-8, are also 
induced by H. pylori. H. pylori activates the transcription factor NF-κB, which has a key role 
on inducing various inflammatory reaction including cytokine production, through type IV 
secretion system (Glocker et al., 1998). The type IV secretion system consisits of proteins 
encoded by genes located on cag pathogenicity island. 
In addition, lipopolysaccharide (LPS) is believed to contribute to the pathogenicity of this 
bacterium. LPS is a major component of Gram-negative bacterial outer membrane. It is 
known as an endotoxin and is a strong inducer of inflammatory reaction. H. pylori LPS, 
however, has much lower endotoxic activity than that of other typical Gram-negative 
bacteria, such as member of the Enterobacteriaceae family (Matsuyama et al., 2001; Muotiala 
et al., 1992; Nielsen et al., 1994; Perez-Perez et al., 1995; Semeraro et al., 1996). Strong 
endotoxin at infection sites, such as the systemic circulation system and digestive tract, 
should lead to sepsis, namely systemic inflammatory response syndrome (SIRS), and severe 
local inflammation, respectively.  The weak endotoxic activity is considered to be important 
for chronic infection. Weakly endotoxic LPSs are also reported for Chlamydia/Chlamydophila 
(Heine et al., 2003) and Porphyromonas gingivalis (Ogawa et al., 2000). These bacteria 
commonly infected humans chronically. 
Typical LPS acts as a pathogen-associated molecular pattern (PAMP). PAMPs are 
recognized by pattern recognition receptors (PRRs) of which the most studies are the Toll-
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recognized by pattern recognition receptors (PRRs) of which the most studies are the Toll-



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

244 

like receptors (TLRs). Typical highly endotoxic LPS are recognized by the 
TLR4/MD2/CD14 complex, whereas the TLR that recognizes the weakly exdotoxic H. pylori 
LPS is controversial as discussed below. Bacterial flagella also act as a PAMP, and they are 
recognized by TLR5. Like the LPS, H. pylori flagella also show less activity as a TLR5 agonist 
(Andersen-Nissen et al., 2005). The PAMPs of H. pylori, therefore, share low potency as TLR 
agonists, namely they are weak inducers of inflammation. 
In addition to low endotoxic activity, H. pylori LPS has several unique features, for example 
structures that mimic host Lewis blood group antigens (Moran, 2008). In this review, the 
chemical characteristics, biological activities, and role in gastric carcinogenesis of H. pylori 
LPS will be described. In particular we will focus on our recent research into LPS as a 
pathogenic factor for carcinogenesis. 

2. General architecture of H. pylori LPS 
Like other typical bacterial LPS, H. pylori LPS consists of three region, namely lipid A, core 
oligosaccharide and O-polysaccharide (Fig. 1). The weakly endotoxic activity is due to the 
chemical structure of lipid A portion. In H. pylori LPS, the carbohydrate portion of lipid A 
consists of a glucosaminyl-β-1-6-glucosamine disaccharide backbone, as well as the typical 
lipid A. Whereas the lipid A of typical LPS derived from E. coli contains six fatty acid 
residues with relatively short carbon chain, such as C14 and C12, H. pylori lipid A contains 
three to five fatty acids with long carbon chain of C18 and C16 (Moran et al., 1997; Suda et 
al., 1997). Netea et al. (2002) describe that the molecular shapes, such as conical, cylindrical 
and intermediate, of lipid A are different between the highly endotoxic typical LPS and the 
weakly endotoxic LPS. The diversity of molecular shapes may cause the difference of 
endotoxic activity and usage of TLRs. Remodeling of lipid A structures occur in H. pylori by 
the action of phosphatase, ethanolamine phosphate transferase, 3-deoxy-D-manno-
octulosonic acid (KDO) hydrolase and deacylase (Tran et al., 2005). Hildebrandt & McGee 
(2009) report structural modifications of lipid A occur in an exogenous cholesterol-
dependent manner. Thus lipid A structures may vary among strains or change depending 
on culture conditions. 
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The core oligosaccharide region of H. pylori LPS has a characteristic structure among H. 
pylori strains, however, the detailed structure is distinct from the typical LPS (Aspinall et al., 
1997; Monteiro, 2001). It contains KDO and heptose residues similar to typical gram-
negative bacterial LPS. There is some heterogeneity among H. pylori strains. For example, 
heptose oligomer (heptan) or glucose oligomer (glucan) is found in some strains. 
One of the important features of H. pylori LPS is the O-polysaccharide region that bears the 
mimicking structures of the host carbohydrate antigens, Lewis antigens (Moran, 2008). It is 
interesting that Campylobacter species, which also belongs to spirillum, also shares host 
carbohydrate structures in gangliosides, such as GM1 and GQ1b (Yuki, 1999). Host Lewis 
antigens are recognized as a tumor antigen. Lex is also known as CD15, which is a marker 
for neutrophils. The existence of Lewis antigens, such as Lex, Ley, Lea and Leb, varies among 
H. pylori strains. Lewis antigns are considered to contribute to escape from a host immune 
response and to induction of an autoimmune response. The O-polysaccharide of most H. 
pylori strains consists of a lactosamine (galacotosyl-β1-4-N-acetyl-glucosamine) unit as the 
backbone chain. L-Fucose residues are partially substituted in the backbone chain and form 
a polymeric Lex structure. In addition, a high level of variability occurs in the non-reducing 
terminal end of the O-polysaccharide chain. For example, β1-3- or β1-4-linked galactose and 
α1-3- or α1-4-linked fucose can substitute on the N-acetyl-glucosamine residue, and α1-2-
linked fucose can occur on the galactose residue. The variable substitutions form various 
Lewis antigen structures (Fig. 2). 
 

 
 

 
 
 

Fig. 2. Structures of Lewis antigens 
Abbreviations. Fuc: L-fucose, Gal: D-galactose, GlcNAc: N-acetyl-D-glucosamine.  

3. Biological roles of Lewis antigens H. pylori LPS 
As described above, H. pylori Lewis antigens mimic host antigens and can thus modulate 
various host physiological responses, especially immunological reactions.  
The O-polysaccharide, in particular the polymeric Lex structure, has been shown to 
contribute to adhesion of H. pylori to human antral gastric mucosa. Galectin-3 is a gastric 
receptor for H. pylori Lex antigen (Fowler et al., 2006). Lewis antigens can interact with other 
host lectins. Interaction with two particular C-type lectins is important for the modulation of 
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The O-polysaccharide, in particular the polymeric Lex structure, has been shown to 
contribute to adhesion of H. pylori to human antral gastric mucosa. Galectin-3 is a gastric 
receptor for H. pylori Lex antigen (Fowler et al., 2006). Lewis antigens can interact with other 
host lectins. Interaction with two particular C-type lectins is important for the modulation of 
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immunological responses. One is Dendritic Cell Specific ICAM-3 Grabbing Non-integrin 
(DC-SIGN; CD209). Whereas Lewis antigen-negative H. pylori cells predominantly promotes 
a strong Th1 cell response, Lewis antigen-bearing cells interact with DC-SIGN on dendritic 
cells and induce IL-10, which promotes a Th2 response in a mouse infection model 
(Bergman et al., 2004). The other C-type lectin that interact with H. pylori LPS is surfactant 
protein D (SP-D) (Khamri et al., 2005; Murray et al., 2002). SP-D is involved in antibody-
independent clearance of bacteria. Levels of SP-D are increased in gastric mucosa with H. 
pylori-associated antral gastritis compared to normal gastric mucosa. The fucose residues of 
the O-polysaccharide chain are shown to be important for the recognition of SP-D. On the 
other hand, our recent study showed that D-galactose residue of H. pylori LPS is involved in 
interaction with SP-D as described below. 
Another important issue is formation of anti-Lewis antigen autoantibodies. Anti-Ley 
autoantibodies have been implicated in the pathogenesis of atrophic gastritis. The anti-Ley 
autoantiboides are found both in patients with atrophic gastritis and gastric cancer 
(Heneghan et al., 2001; Negrini et al., 1996). A candidate for the target of the autoantibodies 
is the β-chain of the H+,K+-ATPase, which is a proton pump (Appelmelk et al., 1996). Anti-
Lex autoantibodies are also found in H. pylori-infected patients (Heneghan et al., 2001; 
Negrini et al., 1996). Anti-Lex antibodies have been shown to activate neutrophils and 
enhance their adhesion to endothelium (Stockl et al., 1993) which could lead to 
inflammation and tissue damage. However, these antibodies induced by H. pylori do not 
react with synthetic Lewis antigens (Amano et al., 1997; Heneghan et al., 2001).  The actual 
specificity of the anti-Lewis antigen antibodies has not been clear yet. 

4. Antigenic epitopes of H. pylori LPS 
Whereas anti-Lewis antigen autoantibodies have been shown to be raised in response to H. 
pylori infection and to contribute to generation of diseases, we did not found significantly 
increased levels of any anti-Lewis antigen antibodies in H. pylori-infected gastroduodenal 
disease patients, H. pylori-positive individuals, and H. pylori-negative individuals (Amano et 
al., 1997). The reactivity of human antisera to H. pylori LPS derived from various strains was 
examined and a classification of H. pylori LPS has been proposed based on the antigenicity 
of O-polysaccharides to humans, namely highly-antigenic-epitope-carrying LPS and 
weakly-antigenic-epitope-carrying LPS (Yokota et al., 1998; Yokota et al., 2000b). The two 
epitopes were clearly characterized by examining serum absorption by LPS (Fig. 3). All H. 
pylori strains carrying the O-polysaccharide chain (namely, smooth strains) isolated in Japan 
have either one or the other epitope, but not both. The existence of these epitopes does not 
relate to that of the Lewis antigen structures. Most (over 95%) of H. pylori-infected 
individuals, including gastroduodenal patients and asymptomatic individuals, have a high 
titer of antibodies against the anti-highly-antigenic epitope in their sera. It is therefore 
proposed that the highly-antigenic epitope-carrying LPS are applicable to diagnosis of H. 
pylori infection (Amano et al., 1998) (Table 1). As an advantage, the LPS antigen is more 
stable against heat, drying and humidity than protein antigens. On the other hand, about 
half of H. pylori-infected individuals have antibodies against the weakly-antigenic epitope at 
a lower titer than those against the highly-antigenic epitope. The antibody titer against the 
weakly-antigenic epitope is significantly higher in gastroduodenal patients than in 
asymptomatic individuals with H. pylori infection (Yokota et al., 2000a). The antibodies 
against the weakly-antigenic epitope could relate to chronic and active infection of H. pylori.  
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Human serum containing: No. of sera 
  anti-highly antigenic epitope antibody only 31 (52.5%) 
  anti-weakly antigenic epitope antibody only 4 (6.8%) 
  both antibodies 24 (40.7%) 

Table 1. Frequency of anti-H. pylori LPS epitope antibodies in 59 sera derived from H. pylori-
infected individuals. 

 
 

 
 

Fig. 3. Reactivity of human serum containing antibodies against both highly-antigenic 
epitope and weakly-antigenic epitope in H. pylori LPS determined by Western blotting and 
absorption with LPS. 
Serum from one individual containing antibodies against both epitopes was absorbed with 
the indicated LPS at 37 C for 1 h, and used in Western blotting. LPS derived from strains 
GU2 and DU2 are highly-antigenic epitope-containing. LPS derived from strains CA2 and 
CA6 are weakly-antigenic epitope-containing. 

5. Usage of TLRs by H. pylori LPS 
TLR usage by H. pylori LPS remains controversial. An important issue to consider in these 
kinds of studies is the presence of contaminants with endotoxin-like activities, for example 
lipopeptides of H. pylori and other bacterial LPS, in the H. pylori LPS preparations. The 
extremely low level activity of H. pylori LPS means that very low level contamination cannot 
be ignored. Alternatively, as described above, structural heterogeneity exists in H. pylori 
lipid A and therefore different TLR usage could depend on lipid A structural variation. 
Whereas the weakly endotoxic activity of H. pylori LPS is widely accepted, TLR usage has 
been controversial with some researchers reporting that H. pylori LPS transduces signaling 
via the TLR4/MD2/CD14 complex like a typical LPS and others reporting signaling 
transduction via TLR2 as summarized in Table 2. Another report describes antagonistic 
activity of H. pylori LPS derived from some strains to TLR4-mediated typical LPS signaling 
(Lepper et al., 2005). 
Strains having the highly-antigenic epitope-carrying LPS are frequently found in those 
derived from patients with chronic gastritis. Strains having the weakly-antigenic epitope-
carrying LPS are predominantly found in those derived from patients with gastric cancer 
(Yokota et al., 2000b; Yokota et al., 1997) (Fig. 4).  
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examined and a classification of H. pylori LPS has been proposed based on the antigenicity 
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have either one or the other epitope, but not both. The existence of these epitopes does not 
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titer of antibodies against the anti-highly-antigenic epitope in their sera. It is therefore 
proposed that the highly-antigenic epitope-carrying LPS are applicable to diagnosis of H. 
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stable against heat, drying and humidity than protein antigens. On the other hand, about 
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a lower titer than those against the highly-antigenic epitope. The antibody titer against the 
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be ignored. Alternatively, as described above, structural heterogeneity exists in H. pylori 
lipid A and therefore different TLR usage could depend on lipid A structural variation. 
Whereas the weakly endotoxic activity of H. pylori LPS is widely accepted, TLR usage has 
been controversial with some researchers reporting that H. pylori LPS transduces signaling 
via the TLR4/MD2/CD14 complex like a typical LPS and others reporting signaling 
transduction via TLR2 as summarized in Table 2. Another report describes antagonistic 
activity of H. pylori LPS derived from some strains to TLR4-mediated typical LPS signaling 
(Lepper et al., 2005). 
Strains having the highly-antigenic epitope-carrying LPS are frequently found in those 
derived from patients with chronic gastritis. Strains having the weakly-antigenic epitope-
carrying LPS are predominantly found in those derived from patients with gastric cancer 
(Yokota et al., 2000b; Yokota et al., 1997) (Fig. 4).  
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Report Usage 
of TLR 

H. pylori 
strain 

Purification method 
of LPS 

Experimental evidences 

Kawahara 
et al,( 2001) 

TLR4 Various 
strains 

Hot phenol water/  
ultracentrifugation 

Using primary gastric mucosa cells 
derived from guinea pig. 
The cells are negative for TLR2. 

Ogawa et 
al. (2000), 
(2003) 

TLR4 206-1 Synthetic lipid A Using human peripheral blood 
mononuclear cells. 
The activities are neutralized by 
anti-TLR4 antibodies. 

Ishihara et 
al. (2004) 

TLR2 26695 Reextraction 
method described 
by (Hirschfeld et al., 
2000)

Luciferase reporter gene assay using 
HEK293 cells transfected with TLRs. 

Lepper et 
al. (2005) 

TLR2 Various 
strains 

Reextraction 
method described 
by (Hirschfeld et al., 
2000) 

Luciferase reporter gene assay using 
HEK293 and COS cells transfected 
with TLRs. 
LPS derived from some strains 
shares activity that antagonized 
TLR4.

Yokota et 
al. (2007) 

TLR2 Various 
clinical 
isolates 

Reextraction 
(treatment with 
proteinase K and 
lipoprotein lipases 
/ HICa) 

Luciferase reporter gene assay using 
HEK293 cells transfected with TLRs. 
Effect of the expression of dominant 
negative mutants of TLRs. 

Chochi et 
al. (2008) 

TLR4 A clinical 
isolate 

Not described 
(donated from 
Ohtsuka Co.) 

Using 4 gastric cancer cell lines. 
The activities are neutralized by 
anti-TLR4 antibodies. 

Smith et al. 
(2011) 

TLR2 3 reference 
strains and 
4 clinical 
strains 

Hot phenol 
water/proteinase K 
and nuclease 
treatment /  
ultracentrifugation

Using HEK293 cells transfected with 
TLR2. 
Using TLR2-negative gastric cell line 
AGS. 

 

 

 

 

 

 
Table 2. Interaction between H. pylori LPS and TLRs. 
aHIC: hydrophobic interaction chromatography. 
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Fig. 4. Antigenicity and antigenic type of H. pylori isolated from various clinical sources. 
Antigenicity index is expressed as the mean values of ELISA reading for 15 randomly 
selected serum samples from H. pylori-infected individuals.  Red open circle: Strains with 
LPS carrying the highly-antigenic epitope.  Blue close circle: Strains with LPS carrying the 
weakly-antigenic epitope.  Triangle: Rough strains. 

6. Novel biological activities of H. pylori LPS 
While a consensus has gotten on that H. pylori LPS share low toxicity as an endotoxin, some 
important biological activities have been observed. Chochi et al. (2008) reported that both H. 
pylori and E. coli LPS enhance the proliferation rate of gastric cancer cell lines. However, 
they also showed that H. pylori LPS, but not E. coli LPS, attenuates the cytotoxicity of 
mononuclear cells against gastric cancer cells, and downregulates perforin production in 
CD56+ natural killer cells cocultured with gastric cancer cells. Both the mitogenic activity, in 
common with E. coli, and the H. pylori-specific decrease in cytotoxicity of natural killer cells 
are likely to promote tumorigenesis. Grebowska et al. report that H. pylori LPS suppress 
phagocytic activity of human peripheral blood granulocytes (Grebowska et al., 2008) and H. 
pylori LPS-chased macrophages have low activity of lymphocyte proliferation (Grebowska et 
al., 2010).   They speculate that these activities contribute to chronic infection of H pylori. 
Slomiany et al. reported that H. pylori LPS disrupts gastric mucin synthesis, increases 
caspase-3 activity, causes apoptosis, and upregulates endothelin-1 and TNF-α via p38 and 
ERK MAP kinase cascade activation (Slomiany et al., 1999; Slomiany & Slomiany, 2002). 
Furthermore, it inhibits glycation and sulfation in gastric mucin biosynthesis (Slomiany et 
al., 1992). Kawahara et al. (2001) reported that the LPS of H. pylori, as well as that of E. coli, 
upregulates mitogen oxidase 1 (Mox1), which leads to the generation of superoxide anions.   
Young et al. (1992) report that it stimulates gastric mucosal pepsinogen secretion. These are 
likely to lead to injury of gastric mucosa. 
We found that pretreatment of gastric epithelial cell lines with H. pylori LPS enhanced the 
expression of TLR4 and also the responsiveness to E. coli LPS (Fig. 5-C) (Yokota et al., 2010). 
These gastric epithelial cell lines express markedly low levels of TLR4. H. pylori LPS  
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While a consensus has gotten on that H. pylori LPS share low toxicity as an endotoxin, some 
important biological activities have been observed. Chochi et al. (2008) reported that both H. 
pylori and E. coli LPS enhance the proliferation rate of gastric cancer cell lines. However, 
they also showed that H. pylori LPS, but not E. coli LPS, attenuates the cytotoxicity of 
mononuclear cells against gastric cancer cells, and downregulates perforin production in 
CD56+ natural killer cells cocultured with gastric cancer cells. Both the mitogenic activity, in 
common with E. coli, and the H. pylori-specific decrease in cytotoxicity of natural killer cells 
are likely to promote tumorigenesis. Grebowska et al. report that H. pylori LPS suppress 
phagocytic activity of human peripheral blood granulocytes (Grebowska et al., 2008) and H. 
pylori LPS-chased macrophages have low activity of lymphocyte proliferation (Grebowska et 
al., 2010).   They speculate that these activities contribute to chronic infection of H pylori. 
Slomiany et al. reported that H. pylori LPS disrupts gastric mucin synthesis, increases 
caspase-3 activity, causes apoptosis, and upregulates endothelin-1 and TNF-α via p38 and 
ERK MAP kinase cascade activation (Slomiany et al., 1999; Slomiany & Slomiany, 2002). 
Furthermore, it inhibits glycation and sulfation in gastric mucin biosynthesis (Slomiany et 
al., 1992). Kawahara et al. (2001) reported that the LPS of H. pylori, as well as that of E. coli, 
upregulates mitogen oxidase 1 (Mox1), which leads to the generation of superoxide anions.   
Young et al. (1992) report that it stimulates gastric mucosal pepsinogen secretion. These are 
likely to lead to injury of gastric mucosa. 
We found that pretreatment of gastric epithelial cell lines with H. pylori LPS enhanced the 
expression of TLR4 and also the responsiveness to E. coli LPS (Fig. 5-C) (Yokota et al., 2010). 
These gastric epithelial cell lines express markedly low levels of TLR4. H. pylori LPS  
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Fig. 5. A. Pretreatment with H. pylori LPS enhanced E. coli LPS-induced IL-8 production. 
Gastric cancer cell line MKN28 was treated with H. pylori LPS (100 ng/ml) for 24 h, then 
treated with E. coli LPS (1000 ng/ml) for 24 h, and IL-8 in the culture supernatants was 
measured by ELISA. LPS derived from GU2 and DU2 H. pylori strains is highly-antigenic 
epitope-carrying. LPS derived from CA2 and CA6 strains is weakly-antigenic LPS-carrying. 
LPS derived from CG10 strain is rough-type. 
B. TLR4 promoter activity with H. pylori CA2 LPS treatment determined by the luciferase 
reporter assay. Luciferase gene-conjugated promoters with a series of  mutations introduced 
in the transcription factor binding motifs indicated were used. NF-Y binding motif is 
indicated to be important for transcriptional induction of TLR4 by H. pylori LPS. 
C. Enhancement of TLR4 expression by H. pylori LPS and effect of inhibitors for MAP 
kinases. MKN28 cells were treated with H. pylori CA2 LPS (100 ng/ml) for 24 h, and then 
TLR4 on the cell surface was analyzed by flow cytometry. 
D. Enhancement of gastric epithelial cell growth by H. pylori LPS and effect of MAP kinase 
inhibitors. MKN28 cells were treated with H. pylori CA2 LPS (100 ng/ml) for 18 h, and then 
cell proliferation rate was measured by the uptake of 5-ethinyl-2’-deoxyuridine into DNA. 
MAP kinase inhibitors used were PD98059 (MEK1/2 inhibitor; 50 μM), FR180204 (ERK1/2 
inhibitor; 5 μM), SB202190 (p38 inhibitor; 5 μM), and SP600125 (JNK inhibitor; 10 μM). 
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Fig. 6. Proposed action of H. pylori LPS on gastric epithelial cells. 
H. pylori LPS upregulates TLR4 and augments cell proliferation via TLR2 and the MEK1/2-
ERK1/2 MAP kinase pathway in gastric epithelial cells. These activities are likely to enhance 
the inflammatory response, by increasing the activity of highly endotoxic typical LPS 
derived from other bacteria, and tumorigenesis. 

recognized by TLR2, preferentially as a TLR2/TLR1 complex, activated MEK-ERK MAP 
kinase cascade and the transcription factor NF-Y, and upregulated transcription of the TLR4 
gene (Fig. 5-B). In consistent with the in vitro observation, Asahi et al. (2007) indicate that 
higher expression of TLR4 is observed in biopsy specimens in the antral and corpus mucosa 
from H. pylori-infected patients than H. pylori-negative individuals. Backhed et al. (2003) 
report that primary gastric antral cells do not express TLR4, in contrast, several epithelial 
cell lines derived form gastric cancer do. The upregulated TLR4 in the gastric epithelial cells 
causes more efficient transduction of inflammatory signals by typical LPS, such as LPS 
derived from Enterobacteriaceae (Fig. 5-A).  
In concordance with the report of Chochi et al. (2008), H. pylori LPS was shown to 
upregulate the cell growth rate of gastric epithelial cell lines (Yokota et al., 2010) (Fig. 5-D). 
Activation of the MEK-ERK MAP kinase pathway via TLR2 activates NF-Y, and the NF-Y 
transcriptionally activates various cell cycle regulation genes, such as cyclin A1, cyclin B2, 
and E2F1. However, there are some contradictions between our report (Yokota et al., 2010) 
and the report of Chochi et al. (2008). We found that the mitogenic activity was H. pylori-
specific. With respect to TLR usage, Chochi et al. (2008) showed that anti-TLR4 antibody can 
neutralize the activity; however, we found that downregulation of TLR2 expression by 
siRNA diminished the activity (Yokota et al., 2010). 
The novel activities of H. pylori LPS reported by us (Yokota et al., 2010) (Fig. 6) are more 
potent in weakly-antigenic epitope-carrying LPS frequently isolated from gastric cancer, 
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gene (Fig. 5-B). In consistent with the in vitro observation, Asahi et al. (2007) indicate that 
higher expression of TLR4 is observed in biopsy specimens in the antral and corpus mucosa 
from H. pylori-infected patients than H. pylori-negative individuals. Backhed et al. (2003) 
report that primary gastric antral cells do not express TLR4, in contrast, several epithelial 
cell lines derived form gastric cancer do. The upregulated TLR4 in the gastric epithelial cells 
causes more efficient transduction of inflammatory signals by typical LPS, such as LPS 
derived from Enterobacteriaceae (Fig. 5-A).  
In concordance with the report of Chochi et al. (2008), H. pylori LPS was shown to 
upregulate the cell growth rate of gastric epithelial cell lines (Yokota et al., 2010) (Fig. 5-D). 
Activation of the MEK-ERK MAP kinase pathway via TLR2 activates NF-Y, and the NF-Y 
transcriptionally activates various cell cycle regulation genes, such as cyclin A1, cyclin B2, 
and E2F1. However, there are some contradictions between our report (Yokota et al., 2010) 
and the report of Chochi et al. (2008). We found that the mitogenic activity was H. pylori-
specific. With respect to TLR usage, Chochi et al. (2008) showed that anti-TLR4 antibody can 
neutralize the activity; however, we found that downregulation of TLR2 expression by 
siRNA diminished the activity (Yokota et al., 2010). 
The novel activities of H. pylori LPS reported by us (Yokota et al., 2010) (Fig. 6) are more 
potent in weakly-antigenic epitope-carrying LPS frequently isolated from gastric cancer, 
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than in highly-antigenic LPS-carrying strains. The weakly-antigenic LPS-carrying H. pylori 
strains are suggested to be more potent inducers of gastric cancer. The potent activities of 
the weakly-antigenic LPS may be due to interaction of H. pylori LPS  with host SP-D. A 
recent study indicates that SP-D enhances E. coli LPS-induced proinflammatory cytokine 
production upregulated by H. pylori LPS pretreatment (Yokota et al. unpublished results). 
SP-D interacts more strongly with weakly-antigenic epitope-carrying LPS than highly-
antigenic epitope-carrying LPS. The β-linked N-acetyl-glucosamine residue is suggested to 
be important for the highly-antigenic epitope, and digestion of the residue by a β-N-acetyl-
glucosamindase abolished the reactivity with anti-highly antigenic epitope antibody and 
appeared reactivity with anti-weakly antigenic epiotpe antibodies (Yokota et al., 
unpublished results). The β-galacotose residue is implicated in the weakly antigenic epitope 
and interaction with SP-D. 

7. Concluding remarks 
We propose the existence of two antigenic epitopes in H. pylori LPS. One of these, the 
weakly-antigenic epiotpe-carrying LPS, appears to occur frequently in strains derived from 
gastric cancer patients, as compared with chronic gastritis patients. The anti-weakly-
antigenic epitope antibody titers are higher in gastroduodenal patients than in 
asymptomatic H. pylori-infected individuals. The weakly-antigenic epitope-carrying LPS has 
stronger biological activity than the highly-antigenic epitope-carrying LPS. From these lines 
of evidence, strains carrying highly-antigenic epitope may change to strains carrying 
weakly-antigenic epitope during infection periods and disease progression status (Fig. 7). 
This phenotypic change leads to an escape strategy for H. pylori from host immune response  
 

 

 
Fig. 7. Relationship between changes of antigenic epitopes of H. pylori LPS, serum antibody 
titers to H. pylori LPS epitopes, and infection periods. 
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and to an increase in virulence. It is not clear whether the phenotypic change occurs by 
antigenic change of one strain or by microbial substitution. But the presence or not of a β-N-
acetyl-glucosamine residue of the polysaccharide chain of LPS appears to determine the 
antigenic conversion. Molecular studies of biosynthesis of LPS, for example 
glycosyltransferase expressions, are now required to elucidate these changes. 
We propose that H. pylori LPS enhances the inflammatory reaction induced by other 
bacterial LPS and upregulates the growth rate of epithelial cells via activation of the 
MEK1/2-ERK1/2 MAP kinase cascade. A putative role for H. pylori LPS as a pathogenic 
factor is shown in Fig. 8. In an H. pylori-uninfected gastric mucosa, Gram-negative bacteria 
invading orally do not cause a strong inflammatory response in gastric mucosa because the 
expression levels of TLR4 are low in gastric epithelial cells. On infection with H. pylori, H. 
pylori LPS upregulates TLR4 via TLR2 signaling in gastric epithelial cells. The upregulation 
of TLR4 leads to increased susceptibility of epithelial cells to typical LPS derived from other 
bacteria. Although the acids of gastric juice kill orally invading bacteria, LPS should be still 
stable. H. pylori LPS itself showed extremely weak endotoxic activity and therefore does not 
cause acute and systemic inflammatory reaction, such as sepsis. This strategy enables H. 
pylori to escape the host immune system and establish chronic infection. On the other hand, 
H. pylori LPS sets the stage for inflammatory response and tumorigenesis in the gastric 
mucosa during chronic infection, in other words, colonization. 
 
 

 
 
 

Fig. 8. Hypothesis for a pathogenic role of weakly-endotoxic H. pylori LPS in gastric mucosa. 
Uninfected state: Expression of TLR4 on the epithelial cells in gastric mucosa is low. So LPS 
derived from orally invaded bacteria does not induce a strong inflammatory response. 
H. pylori-infected state: H. pylori LPS itself causes low-level direct inflammation and tissue 
injury. At the same time, H. pylori LPS induces TLR4 expression on the epithelial cells in 
gastric mucosa, and therefore LPS with high endotoxic activity derived from orally invading 
bacteria causes higher level inflammation than in the H. pylori-uninfected state. 
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acetyl-glucosamine residue of the polysaccharide chain of LPS appears to determine the 
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1. Introduction 
 The first isolation of Helicobacter pylori (H. pylori) in 1980s by Marshall and Warren 
(Marshall & Warren, 1984) ushered in a new era in gastric microbiology, and, in conjunction 
with increased interest in the pathogenesis of gastroduodenal diseases, has led to important 
breakthroughs in medical care (Dunn et al., 1997).  
H. pylori is a spiral-shaped gram-negative flagellate bacterium that demonstrates bluntly 
rounded ends in gastric biopsy specimens (Goodwin et al., 1987). H. pylori organisms are 2.5 
to 5.0 µm long and 0.5 to 1.0 µm wide, with four to six polar sheathed flagellas, which are 
essential for bacterial motility (Goodwin & Armstrong, 1990).  
H. pylori was the first pathogenic microorganism that had its genome sequenced in two 
different strains. In 1997, H. pylori strain 26695 was firstly isolated from an English patient 
with chronic gastritis and then sequenced. It had a circular chromosome composed of 
1.667.867 base pairs (Tomb et al., 1997). In 1999, strain J99 was isolated from an American 
patient with duodenal ulcer and then sequenced. This presented a similar, overall genomic 
organization, gene order and prediction of proteomes when compared to strain 26695 (Alm 
et al., 1999). In 2006, a chronic atrophic gastritis strain, HPAG1, was isolated and sequenced 
from a Swedish old patient (Oh et al., 2006). More recently, strain G27 was isolated from an 
Italian patient and had a similar size to the other three strains (Baltrus et al., 2009). Finally, 
other strains were sequenced, such as Shi470, B128 and 98-10 (McClain et al., 2009; Thiberge 
et al., 2010).  
The finding of strain-specific genes from the comparison of the sequenced strains is in 
agreement with the earlier studies which demonstrated the high diversity of the H. pylori 
genome (Akopyanz et al., 1992; Han et al., 2003). Consequently, this high level of genetic 
diversity can be an important factor in its adaptation to the host stomach and also for the 
clinical outcome of the infection, an aspect that remains unclear. However, it is thought to 
involve an interplay between the virulence of the infecting strain, host genetics and 
environmental factors (Kabir, 2009) and experience with other bacterial pathogens suggests 
that H. pylori-specific factors may exist that influence the microorganism pathogenicity.  
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with chronic gastritis and then sequenced. It had a circular chromosome composed of 
1.667.867 base pairs (Tomb et al., 1997). In 1999, strain J99 was isolated from an American 
patient with duodenal ulcer and then sequenced. This presented a similar, overall genomic 
organization, gene order and prediction of proteomes when compared to strain 26695 (Alm 
et al., 1999). In 2006, a chronic atrophic gastritis strain, HPAG1, was isolated and sequenced 
from a Swedish old patient (Oh et al., 2006). More recently, strain G27 was isolated from an 
Italian patient and had a similar size to the other three strains (Baltrus et al., 2009). Finally, 
other strains were sequenced, such as Shi470, B128 and 98-10 (McClain et al., 2009; Thiberge 
et al., 2010).  
The finding of strain-specific genes from the comparison of the sequenced strains is in 
agreement with the earlier studies which demonstrated the high diversity of the H. pylori 
genome (Akopyanz et al., 1992; Han et al., 2003). Consequently, this high level of genetic 
diversity can be an important factor in its adaptation to the host stomach and also for the 
clinical outcome of the infection, an aspect that remains unclear. However, it is thought to 
involve an interplay between the virulence of the infecting strain, host genetics and 
environmental factors (Kabir, 2009) and experience with other bacterial pathogens suggests 
that H. pylori-specific factors may exist that influence the microorganism pathogenicity.  
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According to Yamaoka (2008), many putative virulence genes of H. pylori have been 
reported to determine clinical outcomes, and these are generally classified into three 
categories. The first one contains strain-specific genes, which are present in only some H. 
pylori strains. Among them, the best studied is the cag pathogenicity island (PAI), which 
encodes a bacterial type IV secretory apparatus (Censini et al., 1996). The second group is 
the phase-variable genes which the gene status can be changed during growth or in 
different conditions. Based on the comparison of the three first sequenced genomes of H. 
pylori, six genes encoding outer-membrane proteins (oipA, sabA, sabB, babB, babC and 
hopZ) are thought to undergo phase variation (Tomb et al., 1997; Alm et al., 1999; Oh et al., 
2006). The last group of genes is with variable structures and genotypes depending on the 
strain, as example the vacA gene. Besides, the structure of many genes differs between 
Western strains and East Asian strains, and the structural differences in some genes are 
reported to influence virulence (Lu et al., 2007; Yamaoka, 2008). So, in this chapter, among 
virulence factors are described and analysed urease, vacA, cagA, cagT and dupA genes.  
H. pylori urease is a potent stimulus of mononuclear phagocyte activation and inflammatory 
cytokine production (Harris et al., 1996). It appears to function as both a colonization factor 
and a virulence factor (Dun et al., 1997). The urease C gene, or glmM gene (Foxall et al., 
1992), a particular region of the urease gene, is specific to H. pylori and can be used for 
primary identification of the microorganism (Moore et al., 1993). The urease gene can also be 
used to prove the heterogeneity of H. pylori strains. For instance, its heterogeneity can be 
seen by the diversity of patterns obtained by a restriction fragment length polymorphism 
(RFLP) of urease C and urease B genes, which is able to differentiate many strains presented 
in diverse pathologies, such as chronic gastritis and peptic ulcer, caused by this bacterium 
(Roesler et al., 2009).  
Other of the major determinants of H. pylori virulence is VacA (vacuolating cytotoxin), a 
toxin that induces cytoplasmic vacuolation in gastric cells (Figura et al., 1989), membrane 
channel formation, apoptosis and immunomodulation (Atherton et al., 1995; Cover & 
Blanke, 2005). The vacA gene is present in all strains and comprises of two variable parts. 
The s-region encodes the signal peptide and is located at the 5´end of the gene which exists 
as an s1 or s2 allele, while the m-region (middle) occurs as an m1 or m2 allele (van Door et 
al. 1998). The production of vacuolating cytotoxin is related to the mosaic combination of s 
and m allelic types and has been associated to specific genotypes with different outcomes 
(Telford et al., 1994; van Door et al., 1998).   
The cytotoxin-associated gene (cag) pathogenicity island (PAI) is approximately a 40-kb 
cluster of genes in the H. pylori chromosome and can be divided into two regions, cag I and 
cag II (Censini et al., 1996), according to a novel insertion sequence. This gene encodes a 
type IV secretion system, which delivers CagA into the cytosol of gastric epithelial cells 
through a rigid needle structure covered by CagY, a VirB10-homologous protein and CagT, 
a VirB7-homologous protein, at the base (Covacci & Rappuoli, 2000; Rohde et al., 2003). H. 
pylori cagA positive strains are associated with higher grades of inflammation and a 
significantly increased risk of developing gastric cancer (Parsonnet et al., 1997). 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 (Rohde et al., 2003).  
Finally, the duodenal ulcer promoting gene (dupA) was the first putative disease specific 
marker whose association was described using H. pylori strains obtained in both Asian 
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(Japan and Korea) and Western (Colombia) regions (Lu et al., 2005). dupA gene is suggested 
to be a vir homologue and encompasses the sequences jhp0917 and jhp0918, as described in 
strain J99. This gene is associated with interleukin-8 induction (Schmidt et al., 2009) and is  
possibly part of a yet unidentified type IV secretion system (Lu et al., 2005). The original 
description of dupA reported that its presence was inversely related to mucosal atrophy and 
gastric cancer (Zhang et al., 2008, Yamaoka, 2008).  
H. pylori is an universal distribution bacterium which affects more than half of the world 
population, and is considered an important public health problem. Even though its 
transmission pathways are not completely clarified (Rothenbacher et al., 1998), infection by 
H. pylori is usually acquired during childhood and is characterized as being chronic, with 
greater prevalence in developing countries in all ages (Kodaira et al., 2002).  
Colonization with H. pylori is not actually a disease but a condition that affects the relative 
risk of developing various clinical disorders of the upper gastrointestinal tract (Kusters et 
al., 2006) and, possibly, extradigestive disorders (Gasbarrini et al., 1999; Figura et al., 2010). 
In the first case, H. pylori infection is responsible for the development of chronic gastritis, 
peptic ulcers, mucosa associated lymphoid tissue (MALT lymphoma) and gastric 
adenocarcinoma (Ahmed & Sechi, 2005). Regarding to extradigestive diseases, H. pylori 
infection has been associated with iron-deficiency anemia (Capurso et al., 2001), idiopathic 
thrombocytopenic purpura (Pellicano et al., 2009; Arnold et al., 2009), cardiovascular 
diseases (Franceschi et al., 2009), hepatobiliary diseases (Isaeva et al., 2009; Pirouz et al., 
2009) and amongst others.  
Especially with regards to gastric cancer, the interest in H. pylori as a cause of this illness 
began after the pioneering discoveries of Marshall and Warren. Prior to the discovery of the 
organism, it was known 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 (Herrera & 
Parsonnet, 2009). Therefore, on the basis of numerous epidemiological studies, H. pylori 
infection has been shown to be associated with an increased risk of gastric adenocarcinoma 
development (Parsonnet et al., 1997; Sugiyama & Asaka, 2004). Evidence that the presence of 
H. pylori increases the risk of developing gastric cancer through atrophy and intestinal 
metaplasia has also been reported (Asaka et al., 1994; Kuipers, 1995), suggesting that H. 
pylori positive patients developed these conditions in a greater proportion than control 
subjects. Besides, research conducted in animal models (Zhou et al., 2004) demonstrated that 
the eradication of the bacteria could reduce the incidence of gastric cancer in mice that 
developed the disease by inoculation of strains of H. pylori and administration of low doses 
of carcinogenic agents. These findings suggest that eradication of these bacteria during 
precancerous lesions of the disease significantly can reduce the incidence of gastric cancer 
also in humans (Sugiyama & Asaka, 2004). Consequently, in 1994 the International Agency 
for Research on Cancer, World Health Organization, concluded that H. pylori has a causal 
link with gastric carcinogenesis and was defined as type I carcinogen, a definite cause of 
cancer in humans (IARC, 1994).  
Gastric cancer continues to be a major global health problem (Malfertheiner et al., 2010) and, 
despite the decreasing incidence and mortality rates observed worldwide over the last 50 
years, it still ranks as a leading cause of cancer-related deaths in many parts of the world 
(Nardone et al., 2004). As symptoms are often absent or nonspecific in patients with the 
early stages of the disease, gastric cancer is usually diagnosed in an advanced stage, when 
curative options are limited. With exceptions in countries that have developed screening 
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programs for early diagnoses, most patients reach treatment with cancers already in 
advanced stages (Hohenberger & Gretschel, 2003). Consequently, gastric cancer carries a 
poor prognosis, with an overall five-year survival rate of less than 20% (Bowles & Benjamin, 
2001). 
The vast majority of gastric cancers are adenocarcinomas, which can be prevalently divided 
into two types, the intestinal and the diffuse (Lauren, 1965), which corresponds, 
respectively, to the well-differentiated type and to the poorly-differentiated type, in the 
Japanese classification (Sugiyama & Asaka, 2004). In contrast to the diffuse type (Figure 1), 
often associated with familial distribution and developed in the stomach following chronic 
inflammation, especially in the cardia (Nardone et al., 2004), intestinal type 
adenocarcinomas (Figure 2) are generally thought to be preceded by a sequence of precursor 
lesions (Correa, 1975). 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 (Figure 3) (Correa & 
Houghton, 2007). In respect to localization in the stomach, premalignant lesions are most 
frequently localized in the antrum in the transitional zone between the antrum and corpus 
(de Vries et al., 2007). 
Unlike patients with advanced gastric cancer, patients diagnosed in an early stage of the 
disease present an excellent prognostic, in which a five-year survival rate is more than 90%. 
This disorder is defined as the adenocarcinoma that is confined to the mucosa or 
submucosa, irrespective of lymph-node invasion (Everett & Axon, 1998). Many early gastric 
cancers are believed to go through a life cycle consisting of ulcerations, followed by healing, 
then reulceration, and some tumours remain at this early stage for years even without 
treatment (Everett & Axon, 1998). Nevertheless, some early tumours rapidly became 
advanced and it is one of the principal questions concerning gastric carcinogenesis  
(Figure 4). 
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Fig. 3. Sequence of precursor lesions of the intestinal type adenocarcinoma development 

 

 
Fig. 4. Early gastric cancer: healing, maintenance or progression. 

Have H. pylori virulence factors influenced this alteration? Why any tumour remains at an 
early stage for years even without treatment, or why they are able to heal by themselves, we 
do not know. Obviously, gastric carcinogenesis involves the interaction of the etiologic 
agent (H. pylori), the host characteristics and the external environment (Kabir, 2009), and, in 
this relationship, it should be considered the different strains of H. pylori and their virulence 
factors, important keys in the role of gastric carcinogenesis. Consequently, with the aim to 
try and understand better the mechanism of gastric carcinogenesis, especially concerning 
about the act of H. pylori , in which present studies have identified and analysed possible 
and essential differences among H. pylori strains derived from patients with early and 
advanced distal intestinal type gastric adenocarcinoma. Molecular biology techniques were 
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used in order to amplify genes of this bacterium that act as virulence factors, comparing the 
results obtained in the two severities of illness. 

2. Clinical samples, methods and results 
2.1 Clinical samples 
Clinical isolates of H. pylori used in this study were obtained from the Laboratory of 
Pathology of the Centre of Diagnosis of Digestive Diseases, Faculty of Medical Sciences, 
State University of Campinas (UNICAMP), São Paulo, Brazil. Eighty nine paraffin wax-
embedded specimens of gastric tissue were analysed from a total of 89 patients: 31 of these 
were diagnosed with early distal type intestinal gastric adenocarcinoma (group one) and 58 
with advanced distal type intestinal gastric adenocarcinoma (group two). The mean ages of 
group one were 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 analysis. Samples from gastric tissues obtained 
by endoscopic biopsy of patients with chronic gastritis and peptic ulcers were used as a 
control for all the reactions performed in this study. Primer pairs were chosen in order to 
amplify final products with similar length (base pairs) and, with this aim, only for the cagA 
gene, we used the nested PCR. Finally, all the stages of this study were approved by the 
Ethics Committee of the Faculty of Medical Sciences, State University of Campinas 
(UNICAMP). 

2.2 Methods  
2.2.1 DNA extraction 
Paraffin wax-embedded tissue DNA extraction was performed by carrying out the pre-
extraction 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 (Goelz et al., 1985). Quantification 
of the extracted DNA and polymerase chain reaction (PCR) for human betaglobin gene 
(Saiki et al., 1988) were carried out in order to guarantee the quality of this research. 

2.2.2 PCR for urease C, vacA (regions s and m), cagA, cagT and dupA (regions 
jhp0917 and jhp0918) genes 
Primer pairs for all the genes are described in Table 1, as well as the length of the fragments 
amplified for each reaction: urease C (Lage et al., 1995), vacA s1/s2 (Atherton et al., 1997), 
vacA m1/m2 (Atherton et al., 1999; Thomazini et al., 2006), cagA (Faundez et al., 2002), cagT 
(Mattar et al., 2007) and dupA jhp0917 and jhp0918 (Lu et al., 2005). 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% agarose gel 
stained by ethidium bromide with a 0.5 X 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 
obtained were classified in vacA s1m1, s2m1, s1m2 or s2m2, cagA positive or negative, cagT 
positive or negative, dupA jhp0917 positive or negative and dupA jhp0918 positive or 
negative; dupA gene was considered positive when its two regions were positive 
simultaneously.  
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Gene Strand Primer sequence (5´ - 3´) Length (bp) 
Betaglobin + ACACAACTGTGTTCACTAGC 110 
 - CAACTTCATCCACGTTTCACC  
Urease C + AAGCTTTTAGGGGTGTTAGGGGTTT 294 
 - AAGCTTACTTTCTAACACTAACGC  
vacA s (s1/s2) + ATGGAAATACAACAAACACAC  S1,259; s2: 286 
 - CTGCTTGAATGCGCCAAAC  
vacA m1 + GGTCAAAATGCGGTCATGG 290 
 - CCATTGGTACCTGTAGAAAC  
vacA m2 + ATGCTTTAATATCGTTGAGA 198 
 - GAA CAT GTT TTA GTG AAA GC  
cagA (1st PCR) + GATAACAGGCAAGCTTTTGAGAGGG

A 
393 

 - CCATGAATTTTTGATCCGTTCGG  
cagA (nested) + GATAACAGGCAAGCTTTTGAGG 349 
 - CTGCAAAAGATTGTTTGGCAGA  
cagT + CCATGTTTATACGCCTGTGT 301 
 - CATCACCACACCCTTTTGAT  
dupA (jhp0917) + TGGTTTCTACTGACAGAGCGC 307 
 - AACACGCTGACAGGACAATCTCCC  
dupA (jhp0918) + CCTATATCGCTAACGCGCGCTC 276 
 - AAGCTGAAGCGTTTGTAACG  

Table 1. Sequence of synthetic oligonucleotide primers used to characterization of H. pylori 
strains  

2.2.3 Statistical analysis 
After all amplification reactions, the results were analysed by a chi-square test at the 
Statistical Service of the Faculty of Medical Sciences at UNICAMP. 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 confidence interval of 95% were 
also observed. Tables with absolute frequencies (n) and percentages (%) were made in order 
to determine genotypes combinations. Then, Exact Fischer´s Test was used in order to 
compare the genotypes combinations between early and advanced gastric cancer. 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 
bacterium DNA (Table 2; Figure 5). For the vacA gene, with regard to region s, of 31 
samples from patients with early gastric cancer, 71.0% (22 cases) were s1 and 29.0% (9 cases) 
s2. Fifty eight samples from patients with advanced gastric cancer, 70.7% (41 cases) were s1 
and 29.3% (17 cases) s2 (p = 0.978) (Table 2; Figure 6). In conclusion, 63 (70.8%) samples 
were diagnosed with vacA subtype s1 and 26 (29.2%) samples were with subtype vacA s2. 
Related to the vacA gene subunit m, no positive results were observed for the vacA gene 
subunit m2. From all 89 samples, 31 patients with early gastric cancer and 58 patients with 
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used as standard. 
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advanced gastric cancer were m1 positive (Table 2; Figure 7). Following this analysis, 
samples were classified into s1m1 or s2m1. For patients with early gastric cancer, 71.0% (22 
cases) were s1m1 and 29.0% (9 cases) were s2m1. From 58 samples of patients with 
advanced gastric cancer, 70.7% (41 cases) were s1m1 and 29.3% (17 cases) s2m1 (table 3). 
Results were not statistically significant (p = 0.978). In conclusion, 63 (70.8%) samples were 
vacA s1m1 and 26 (29.2%) were vacA s2m1 (Table 2).  
Analyzing the cagA gene, from patients with early gastric cancer, 61.3% (19 cases) were 
positive and from patients with advanced gastric cancer, 82.8% (48 cases) were positive (p = 
0.025), with an odds ratio of 3.032, 95% confidence interval (1.123-8.185) (Table 2; Figure 8). 
In the group as a whole, there were 67 positive cases (75.3%) for the cagA gene. On the other 
hand, analyzing the cagT gene of H. pylori, from patients with early gastric adenocarcinoma 
54.8% (17 cases) were positive and in patients with advanced gastric adenocarcinoma, 65.5% 
(38 cases) were positive (p = 0.323) (Table 2; Figure 9). In the group there were 55 positive 
cases (61.8%) for the cagT gene. 
Results of dupA jhp0917 in patients with early gastric cancer, 35.5% (11 cases) presented 
positive results and in patients with advanced gastric cancer, 39.7% (23 cases) presented 
positive (p = 0.700) (Table 2; Figure 10). In the group as a whole, there were 34 positive 
cases (38.2%) and 55 negative cases (61.8%) for jhp0917.  Tests of dupA jhp0918 in patients 
with early gastric cancer, 51.6% (16 cases) had positive results and In patients with advanced 
gastric cancer, 55.2% (32 cases) were positive (p = 0.748) (Table 2; Figure 11). The p  
value obtained was 0.748, which was not statistically significant. In the group there were 48 
cases (53.9%) that were positive for dupA jhp0918 gene and 41 cases (46.1%) that were 
negative. 
 
Classification Early gastric 

cancer 
Advanced gastric 

cancer Total p value 

urease C 31 (100.0%) 58 (100.0%) 89 (100.0%)  
s1 22 (71.0%) 41 (70.7%) 63 (70.8%)  
s2 9 (29.0%) 17 (29.3%) 26 (29.2%) p = 0.978 
m1 31 (100.0%) 58 (100.0%) 89 (100.0%)  
m2 0 (0.0%) 0 (0.0%) 0 (0.0%)  
s1m1 22 (71.0%) 41 (70.7%) 63 (70.8%)  
s2m1 9 (29.0%) 17 (29.3%) 26 (29.2%) p = 0.978 
cagA positive 19 (61.3%) 48 (82.8%) 67 (75.3%)  
cagA negative 12 (38.7%) 10 (17.2%) 22 (24.7%) p = 0.025* 
cagT positive 17 (54.8%) 38 (65.5%) 55 (61.8%)  
cagT negative 14 (45.2%) 20 (34.5%) 34 (38.2%) p = 0.323 
dupA jhp0917 positive 11 (35.5%) 23 (39.7%) 34 (38.2%)  
dupA jhp0917 negative  20 (64.5%) 35 (60.3%) 55 (61.8%) P = 0.700 
dupA jhp0918 positive 16 (51.6%) 32 (55.2%) 48 (53.9%)  
dupA jhp0918 negative 15 (48.4%) 26 (44.8%) 41 (46.1%) P = 0.748 
Total 31 (100.0%) 58 (100.0%) 89 (100.0%)  
* cagA gene (p = 0.025), OR = 3.032 (95% CI, 1.123-8.185) 

Table 2. General results obtained after reactions for urease C, vacA (s/m), cagA, cagT and 
dupA jhp0917 and jhp0918 genes of Helicobacter pylori 

Virulence Factors of Helicobacter pylori and Their Relationship  
with the Development of Early and Advanced Distal Intestinal Type Gastric Adenocarcinoma 

 

267 

 

 
     L    C+  01   02   03   C- 

 

Fig. 5. Amplification of the urease C gene of H. pylori (294 bp); L, ladder 100 bp; C+, positive 
control; 01 to 03, positive samples; C-, negative control. 
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Fig. 6. Amplification of the vacA region s gene of H. pylori (s1, 259 bp; s2, 286 bp); L, ladder 
100 bp; C+s1, positive control for vacA s1; C+s2, positive control for vacA s2; 01 and 03, 
positive samples for s1; 02 and 04, positive samples for s2; C-, negative control. 
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Fig. 7. Amplification of the vacA m1 region of H. pylori (290 bp). L, ladder 100 bp; C+ m1, 
positive control for vacA m1; 01 to 04, positive samples; C-, negative control.  
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advanced gastric cancer were m1 positive (Table 2; Figure 7). Following this analysis, 
samples were classified into s1m1 or s2m1. For patients with early gastric cancer, 71.0% (22 
cases) were s1m1 and 29.0% (9 cases) were s2m1. From 58 samples of patients with 
advanced gastric cancer, 70.7% (41 cases) were s1m1 and 29.3% (17 cases) s2m1 (table 3). 
Results were not statistically significant (p = 0.978). In conclusion, 63 (70.8%) samples were 
vacA s1m1 and 26 (29.2%) were vacA s2m1 (Table 2).  
Analyzing the cagA gene, from patients with early gastric cancer, 61.3% (19 cases) were 
positive and from patients with advanced gastric cancer, 82.8% (48 cases) were positive (p = 
0.025), with an odds ratio of 3.032, 95% confidence interval (1.123-8.185) (Table 2; Figure 8). 
In the group as a whole, there were 67 positive cases (75.3%) for the cagA gene. On the other 
hand, analyzing the cagT gene of H. pylori, from patients with early gastric adenocarcinoma 
54.8% (17 cases) were positive and in patients with advanced gastric adenocarcinoma, 65.5% 
(38 cases) were positive (p = 0.323) (Table 2; Figure 9). In the group there were 55 positive 
cases (61.8%) for the cagT gene. 
Results of dupA jhp0917 in patients with early gastric cancer, 35.5% (11 cases) presented 
positive results and in patients with advanced gastric cancer, 39.7% (23 cases) presented 
positive (p = 0.700) (Table 2; Figure 10). In the group as a whole, there were 34 positive 
cases (38.2%) and 55 negative cases (61.8%) for jhp0917.  Tests of dupA jhp0918 in patients 
with early gastric cancer, 51.6% (16 cases) had positive results and In patients with advanced 
gastric cancer, 55.2% (32 cases) were positive (p = 0.748) (Table 2; Figure 11). The p  
value obtained was 0.748, which was not statistically significant. In the group there were 48 
cases (53.9%) that were positive for dupA jhp0918 gene and 41 cases (46.1%) that were 
negative. 
 
Classification Early gastric 

cancer 
Advanced gastric 

cancer Total p value 

urease C 31 (100.0%) 58 (100.0%) 89 (100.0%)  
s1 22 (71.0%) 41 (70.7%) 63 (70.8%)  
s2 9 (29.0%) 17 (29.3%) 26 (29.2%) p = 0.978 
m1 31 (100.0%) 58 (100.0%) 89 (100.0%)  
m2 0 (0.0%) 0 (0.0%) 0 (0.0%)  
s1m1 22 (71.0%) 41 (70.7%) 63 (70.8%)  
s2m1 9 (29.0%) 17 (29.3%) 26 (29.2%) p = 0.978 
cagA positive 19 (61.3%) 48 (82.8%) 67 (75.3%)  
cagA negative 12 (38.7%) 10 (17.2%) 22 (24.7%) p = 0.025* 
cagT positive 17 (54.8%) 38 (65.5%) 55 (61.8%)  
cagT negative 14 (45.2%) 20 (34.5%) 34 (38.2%) p = 0.323 
dupA jhp0917 positive 11 (35.5%) 23 (39.7%) 34 (38.2%)  
dupA jhp0917 negative  20 (64.5%) 35 (60.3%) 55 (61.8%) P = 0.700 
dupA jhp0918 positive 16 (51.6%) 32 (55.2%) 48 (53.9%)  
dupA jhp0918 negative 15 (48.4%) 26 (44.8%) 41 (46.1%) P = 0.748 
Total 31 (100.0%) 58 (100.0%) 89 (100.0%)  
* cagA gene (p = 0.025), OR = 3.032 (95% CI, 1.123-8.185) 

Table 2. General results obtained after reactions for urease C, vacA (s/m), cagA, cagT and 
dupA jhp0917 and jhp0918 genes of Helicobacter pylori 
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Fig. 5. Amplification of the urease C gene of H. pylori (294 bp); L, ladder 100 bp; C+, positive 
control; 01 to 03, positive samples; C-, negative control. 
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100 bp; C+s1, positive control for vacA s1; C+s2, positive control for vacA s2; 01 and 03, 
positive samples for s1; 02 and 04, positive samples for s2; C-, negative control. 
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Fig. 7. Amplification of the vacA m1 region of H. pylori (290 bp). L, ladder 100 bp; C+ m1, 
positive control for vacA m1; 01 to 04, positive samples; C-, negative control.  
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Fig. 8. Amplification of cagA gene of H. pylori (349 bp). L, ladder 100 bp; C+, positive 
control; 01 to 05, positive samples; C-, negative control.  
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Fig. 9. Amplification of cagT gene of H. pylori (301 bp). L, ladder 100 bp; C+, positive control; 
01 to 05, positive samples; C-, negative control. 
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Fig. 10. Amplification of dupA jhp0917 gene of H. pylori (307 bp). L, ladder 100 bp; C+, 
positive control; 01 to 04, positive samples; C-, negative control. 
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Fig. 11. Amplification of dupA jhp0918 gene of H. pylori (276 bp). L, ladder 100 bp; C+, 
positive control; 01 to 03, positive samples; C-, negative control. 

After this analysis, tables with absolute frequencies (n) and percentages (%) were made in 
order to compare the genotypes combinations. vacA s1m1, cagA positive, cagT positive and 
dupA negative were, individually, the most frequent genotypes (Table 3). In order to 
specify better the results obtained, the dupA gene was considered positive when its two 
continuous regions (jhp0917 and jhp0918) were positive simultaneously. So, the 
combinations of genotypes were made and then compared between the two groups of 
patients, with early and advanced gastric cancer (Tables 4 and 5, respectively). The most 
prevalent genotype for all the samples, in both groups of patients, was vacA s1m1, cagA 
positive, cagT positive and dupA negative. The percentage was 29.21%. About the 
comparison of genotypes combinations between the two groups of samples, there was not a 
significant difference (p = 0.116).  
 
 

Genomic region Frequence 
(n) 

Percentage 
(%) 

vacA s/m gene s1m1 63 70.79 
s2m1 26 29.21 

cagA gene positive 67 75.28 
negative 22 24.72 

cagT gene positive 55 61.80 
negative 34 38.20 

dupA jhp0917 gene positive 34 38.20 
negative 55 61.80 

dupA jhp0918 gene positive 48 53.93 
negative 41 46.07 

dupA jhp0917/0918 gene 
  

positive 28 31.46 
negative 61 68.54 

Table 3. Descriptive analysis of genomic regions of H. pylori 
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control; 01 to 05, positive samples; C-, negative control.  
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Fig. 9. Amplification of cagT gene of H. pylori (301 bp). L, ladder 100 bp; C+, positive control; 
01 to 05, positive samples; C-, negative control. 
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Fig. 10. Amplification of dupA jhp0917 gene of H. pylori (307 bp). L, ladder 100 bp; C+, 
positive control; 01 to 04, positive samples; C-, negative control. 
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Fig. 11. Amplification of dupA jhp0918 gene of H. pylori (276 bp). L, ladder 100 bp; C+, 
positive control; 01 to 03, positive samples; C-, negative control. 
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dupA negative were, individually, the most frequent genotypes (Table 3). In order to 
specify better the results obtained, the dupA gene was considered positive when its two 
continuous regions (jhp0917 and jhp0918) were positive simultaneously. So, the 
combinations of genotypes were made and then compared between the two groups of 
patients, with early and advanced gastric cancer (Tables 4 and 5, respectively). The most 
prevalent genotype for all the samples, in both groups of patients, was vacA s1m1, cagA 
positive, cagT positive and dupA negative. The percentage was 29.21%. About the 
comparison of genotypes combinations between the two groups of samples, there was not a 
significant difference (p = 0.116).  
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vacA s/m gene s1m1 63 70.79 
s2m1 26 29.21 

cagA gene positive 67 75.28 
negative 22 24.72 

cagT gene positive 55 61.80 
negative 34 38.20 

dupA jhp0917 gene positive 34 38.20 
negative 55 61.80 

dupA jhp0918 gene positive 48 53.93 
negative 41 46.07 
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Genotypes combinations: 
vacA s/m, cagA, cagT, dupA (jhp0917/0918) 

Frequency 
(n) 

Percentage 
(%) 

s1m1   neg   neg   neg 8 8.99 
s1m1   neg   neg   pos 1 1.12 
s2m1   neg   neg   neg 3 3.37 
s2m1   neg   neg   pos 2 2.25 
s1m1   neg   pos   neg  3 3.37 
s1m1   neg   pos   pos 1 1.12 
s2m1   neg   pos   neg 2 2.25 
s2m1   neg   pos   pos 2 2.25 
s1m1   pos   neg   neg 9 10.11 
s1m1   pos   neg   pos 6 6.74 
s2m1   pos   neg   neg 4 4.49 
s2m1   pos   neg   pos 1 1.12 
s1m1   pos   pos   neg 26 29.21 
s1m1   pos   pos   pos 9 10.11 
s2m1   pos   pos   neg 6 6.74 
s2m1   pos   pos   pos 6 6.74 

Table 4. Genotype combinations, according to the results obtained for vacA s/m, cagA, cagT 
and dupA (jhp0917/0918) genes of H. pylori 

 
Genotype combinations: 
vacA s/m, cagA, cagT, dupA (jhp0917/0918) 

Early gastric 
câncer 

Advanced 
gastric cancer Total 

s1m1   neg   neg   neg 4
12.90

4
6.90 8 

s1m1   neg   neg   pos 1
3.23

0
0.00 1 

s2m1   neg   neg   neg 1
3.23

2
3.45 3 

s2m1   neg   neg   pos 0
0.00

2
3.45 2 

s1m1   neg   pos   neg 2
6.45

1
1.72 3 

s1m1   neg   pos   pos 1
3.23

0
0.00 1 

s2m1   neg   pos   neg 2
6.45

0
0.00 2 

s2m1   neg   pos   pos 1
3.23

1
1.72 2 

s1m1   pos   neg   neg 3
9.68

6
10.34 9 

s1m1   pos   neg   pos 2
6.45

4
6.90 6 

s2m1   pos   neg   neg 2
6.45

2
3.45 4 
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Genotype combinations: 
vacA s/m, cagA, cagT, dupA (jhp0917/0918) 

Early gastric 
câncer 

Advanced 
gastric cancer Total 

s2m1   pos   neg   pos 1 
3.23 

0 
0.00 1 

s1m1   pos   pos   neg 5 
16.13 

21 
36.21 26 

s1m1   pos   pos   pos 4 
12.90 

5 
8.62 9 

s2m1   pos   pos   neg 2 
6.45 

4 
6.90 6 

s2m1   pos   pos   pos 0 
0.00 

6 
10.34 6 

Total 31 58 89 
p = 0.116 

Table 5. Comparison of genotypes combinations between early and advanced gastric cancer. 

3. Conclusions 
The understanding of gastric carcinogenesis has advanced considerably in recent decades, 
especially as regards to the role of Helicobacter pylori in the progression of chronic gastritis in 
precancerous lesions and cancer (de Vries et al., 2007). The risk of development of gastric 
cancer is also related to genetic characteristics of the host and environmental factors, which, 
associated with specific bacterial strain characteristics, influence the severity of the chronic 
inflammatory response (Peek et al., 1999). 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 (Blaser & Atherton, 
2004). This leads to the conclusion that some strains are more virulent than others (Kusters 
et al., 2006), expressing, in different manners, specific bacterial products. 
In the present study, we compared the H. pylori strains obtained from patients with early 
and advanced distal type intestinal gastric adenocarcinoma with the aim to identify possible 
differences among strains present in one or other case, using the polymerase chain reaction 
(PCR) for several bacterial genome regions. The primary detection of H. pylori in the samples 
was performed using the urease C region, present in all strains. After this, PCR was used for 
amplifying two genes from the cagPAI (cagA and cagT), the vacA gene (regions s and m) 
and the dupA gene (jhp0917/0918). 
Strains with an s1-type signalling-sequence allele produce functional VacA toxin, whereas 
those with an s2-type signalling sequence have little cytotoxic activity (Peek & Blaser, 2002). 
Moreover, mosaic s1m1 strains are more toxic than s1m2 strains and are associated with 
more severe forms of gastritis, atrophy and intestinal metaplasia (Björkholm et al., 2003). 
The presence of s1 m1 vacA alleles is also strongly correlated with the expression of the cag-
PAI (Covacci et al., 1993; Tummuru et al., 1993). Although located on a different loci of the 
H. pylori chromosome, cagA is strongly linked with VacA cytotoxic activity (Hocker & 
Hohenberger, 2003) and strains expressing the combination of these alleles and cag-PAI 
show enhanced epithelial cell injury (Ghiara et al., 1995). In our study, for patients with 
advanced gastric cancer, we found prevalent cagA positive (82.8%) and vacA s1m1 (70.7%) 
strains, corroborating the results of other studies (Miehlke et al., 2000; Leanza et al., 2004), 
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Genotypes combinations: 
vacA s/m, cagA, cagT, dupA (jhp0917/0918) 

Frequency 
(n) 

Percentage 
(%) 

s1m1   neg   neg   neg 8 8.99 
s1m1   neg   neg   pos 1 1.12 
s2m1   neg   neg   neg 3 3.37 
s2m1   neg   neg   pos 2 2.25 
s1m1   neg   pos   neg  3 3.37 
s1m1   neg   pos   pos 1 1.12 
s2m1   neg   pos   neg 2 2.25 
s2m1   neg   pos   pos 2 2.25 
s1m1   pos   neg   neg 9 10.11 
s1m1   pos   neg   pos 6 6.74 
s2m1   pos   neg   neg 4 4.49 
s2m1   pos   neg   pos 1 1.12 
s1m1   pos   pos   neg 26 29.21 
s1m1   pos   pos   pos 9 10.11 
s2m1   pos   pos   neg 6 6.74 
s2m1   pos   pos   pos 6 6.74 

Table 4. Genotype combinations, according to the results obtained for vacA s/m, cagA, cagT 
and dupA (jhp0917/0918) genes of H. pylori 
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4
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Genotype combinations: 
vacA s/m, cagA, cagT, dupA (jhp0917/0918) 

Early gastric 
câncer 

Advanced 
gastric cancer Total 

s2m1   pos   neg   pos 1 
3.23 

0 
0.00 1 

s1m1   pos   pos   neg 5 
16.13 

21 
36.21 26 

s1m1   pos   pos   pos 4 
12.90 

5 
8.62 9 

s2m1   pos   pos   neg 2 
6.45 

4 
6.90 6 

s2m1   pos   pos   pos 0 
0.00 

6 
10.34 6 

Total 31 58 89 
p = 0.116 

Table 5. Comparison of genotypes combinations between early and advanced gastric cancer. 

3. Conclusions 
The understanding of gastric carcinogenesis has advanced considerably in recent decades, 
especially as regards to the role of Helicobacter pylori in the progression of chronic gastritis in 
precancerous lesions and cancer (de Vries et al., 2007). The risk of development of gastric 
cancer is also related to genetic characteristics of the host and environmental factors, which, 
associated with specific bacterial strain characteristics, influence the severity of the chronic 
inflammatory response (Peek et al., 1999). 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 (Blaser & Atherton, 
2004). This leads to the conclusion that some strains are more virulent than others (Kusters 
et al., 2006), expressing, in different manners, specific bacterial products. 
In the present study, we compared the H. pylori strains obtained from patients with early 
and advanced distal type intestinal gastric adenocarcinoma with the aim to identify possible 
differences among strains present in one or other case, using the polymerase chain reaction 
(PCR) for several bacterial genome regions. The primary detection of H. pylori in the samples 
was performed using the urease C region, present in all strains. After this, PCR was used for 
amplifying two genes from the cagPAI (cagA and cagT), the vacA gene (regions s and m) 
and the dupA gene (jhp0917/0918). 
Strains with an s1-type signalling-sequence allele produce functional VacA toxin, whereas 
those with an s2-type signalling sequence have little cytotoxic activity (Peek & Blaser, 2002). 
Moreover, mosaic s1m1 strains are more toxic than s1m2 strains and are associated with 
more severe forms of gastritis, atrophy and intestinal metaplasia (Björkholm et al., 2003). 
The presence of s1 m1 vacA alleles is also strongly correlated with the expression of the cag-
PAI (Covacci et al., 1993; Tummuru et al., 1993). Although located on a different loci of the 
H. pylori chromosome, cagA is strongly linked with VacA cytotoxic activity (Hocker & 
Hohenberger, 2003) and strains expressing the combination of these alleles and cag-PAI 
show enhanced epithelial cell injury (Ghiara et al., 1995). In our study, for patients with 
advanced gastric cancer, we found prevalent cagA positive (82.8%) and vacA s1m1 (70.7%) 
strains, corroborating the results of other studies (Miehlke et al., 2000; Leanza et al., 2004), 
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and demonstrating that this combination can result in more virulent strains. These results 
are also similar to those obtained in China (Qiao et al., 2003), where H. pylori strains were 
cagA positive in 95% of samples in the gastric cancer group and the expression of type s1 
vacA was more than type s2. Nevertheless, with respect to type m, the expression of type 
m1 was equal to type m2, even in the gastric cancer group. In our study we did not find a 
positive result for m2.      
With regards to early gastric cancer patients, unless we found strains with the same 
characteristics to those of advanced gastric cancer, some samples (cagA positive for 61.3% of 
samples and vacA s1m1 for 71.0% of samples), were positive for cagA and vacA s2m1 
(29.0%), which may contribute for the maintenance of the early stage of disease. In addition, 
one possible explanation would be that the strains found in early lesions, in relation to the 
cagA gene, could be different which respects to their EPYIA motifs (polymorfisms of the 
cagA gene) (Nguyen et al., 2009; Truong et al., 2009), leading to the maintenance of early 
stage disease, without its progression to advanced lesions.  
As regards to the cagA gene, in an isolate 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 (El-Omar et al., 2000). Some studies have shown that patients with 
strains that express CagA are three times more likely to develop gastric cancer [Parsonnet et 
al., 1997; Huang et al., 2003) than those infected with cagA negative strains (Husson et al., 
1995; Yamaoka et al., 1999). 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 (OR = 3.032, 95%CI). Besides, studies conducted in Western countries 
(Crabtree et al., 1994; Blaser et al., 1995) and in Asian countries (Mizushima et al., 2001) 
reported that most patients with gastric cancer are infected with H. pylori cagA positive 
strains.   
Like the cagA gene, the cagT also belongs to the cag pathogenicity island and it is assumed 
that it is related to the type IV secretion system, responsible for binding to cell receptors and 
inducing the release of interleukin-8 and also by ejecting the CagA protein (Rohde et al., 
2003). 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 (Mattar et al., 2007). In 
this study, values were not found to be statistically 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 a significant result, showing that this gene, like cagA, or acting 
together with cagA, may be related to gastric cancer development.  
Finally, for the dupA gene, which was originally considered a marker for duodenal ulcer 
disease and a protective factor against gastric cancer in strains isolated from Japan, Korea 
and Colombia (Lu et al., 2005), we did not find any statistically significant difference 
between the two studied groups. Thus, although the dupA gene can not be considered as a 
marker for duodenal ulcer disease, the presence of this gene was found in few samples of 
patients with gastric cancer, suggesting that it is not an important gene for the development 
of this disease, by itself. Conversely, dupA genotyping of samples obtained from four 
populations (Argent et al., 2008), from Belgium, South Africa, China and the United States of 
America, showed no association of this gene with duodenal ulcer, but suggested an 
association with gastric cancer. Another study carried out in Brazilian patients (Gomes et al., 
2008) also did not find any association between dupA and either of the two diseases. Finally, 
in India, a study demonstrated a significant association of dupA gene with duodenal ulcer 
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disease in the population (Arachchi et al., 2007). These different results demonstrate that 
further studies are required to elucidate the roles of dupA gene in the development of 
gastric diseases.  
There are a number of studies that have investigated the virulence factors of H. pylori 
strains, but a gene marker for gastric cancer disease has not yet been found. Our study has 
demonstrated an interaction between some virulence factors found in gastric tissue samples 
obtained by early and advanced distal type intestinal gastric adenocarcinoma and a 
significant statistically value for cagA gene, which is more present in patients with 
advanced cancer. In the group gastric cancer as a whole, we found a prevalence of cagA 
positive, cagT positive, vacA s1m1 strains genotypes and a low number of dupA positive 
samples. Between the two groups, there were no statistically differences about the most 
prevalent combination of genotypes. In conclusion, the identification of a disease specific H. 
pylori virulence factor could be useful in clinical practice, helping to identify patients 
infected with strains that are able to develop a serious disease, such as gastric cancer.      
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1. Introduction 
Gastric cancer (GC) has high incidence (> 1.000.000 new cases/year) and mortality rate in 
several countries and is still one of the most frequent and lethal (> 600.000 dead/year) 
neoplasia with an average survival of five years (less than 20%) (Pisani et al., 1990; Lands et 
al., 1998). It is already well known that infection of gastric antrum mucosal with the 
bacterium Helicobacter pylori is the cause of the chronic inflammation that leads to intestinal-
type gastric cancer in the majority of the cases. The H. pylori infection is widespread but only 
a small number of the total population of infected individuals might eventually develop 
adenocarcinoma (around 3/10,000 individuals per year or 2.1% for lifetime infection) 
(Correa & Piazuelo, 2008). Risk factors influencing the outcome of H. pylori–associated 
pathology include bacterial cytotoxic heterogeneity, diet, and geographic differences. The 
phenomenon of decreased gastric cancer incidence in Africa compared with other regions 
where H. pylori is endemic (Holcombe, 1992) is probably due to the different diet of these 
populations compared to the western countries. This discrepancy has been partially 
attributed to helminth co-infection that likely modifies the characteristic proinflammatory 
type 1 T-helper 1 cell response, to a T-helper 2–predominant response (Whary et al., 2005), 
typified by the release of non-inflammatory cytokines and reduced incidence of H. pylori–
associated glandular atrophy, an early marker of cancer development. The identification of 
novel genes regulated by H. pylori in vivo, particularly those contributing to these early 
stages of gastric cancer, would facilitate improved understanding of the differential 
susceptibility to this pathogen. The different susceptibility among individuals to H. pylori 
infection is still not yet defined. Some works, however, suggested that the polymorphisms 
in host genetic factors like the proinflammatory cytokines interleukin-1, interleukin-8, and 
tumor necrosis factor may play a relevant role (El-Omar et al., 2003). 
The evolution of intestinal tumours is characterized by a progression of several sequential 
steps that starts with gastritis and then progresses to mucosal atrophy (atrophic gastritis), 
intestinal metaplasia, dysplasia and carcinoma with subsequent metastatic dissemination 
(Correa, 1992, 1995). The diffuse-type has instead a poorer prognosis and develops through 
unknown genetic and morphological events from normal gastric epithelium. No preceding 
steps have been identified in the pathogenesis of diffuse carcinoma other than the chronic 
gastritis. The pathogenesis of gastric cancer remains poorly understood although it is 
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tumor necrosis factor may play a relevant role (El-Omar et al., 2003). 
The evolution of intestinal tumours is characterized by a progression of several sequential 
steps that starts with gastritis and then progresses to mucosal atrophy (atrophic gastritis), 
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(Correa, 1992, 1995). The diffuse-type has instead a poorer prognosis and develops through 
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steps have been identified in the pathogenesis of diffuse carcinoma other than the chronic 
gastritis. The pathogenesis of gastric cancer remains poorly understood although it is 
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evident that several environmental factors, such as H. pylori infection can be one of the 
causes leading to this disease. 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 (Correa, 
1995; Goldstone et al., 1996; Nabewera & Logan, 1999). Generally, this condition is 
associated to different degrees of atrophy and alterations of the secretor function that, in the 
long term, became associated to gastric carcinoma (Forman et al., 1991; Parsonnet et al., 
1997; Watanabe et al., 1998). 
Diffuse adenocarcinoma shows an increased propensity for intra and transmural spread and 
is therefore associated with a poorer prognosis. Unfortunately, the histological classification 
of an individual gastric adenocarcinoma is not clear-cut with a tumour often comprising a 
mixture of intestinal and diffuse tissue types. Under these considerations, we think that 
there is an urgent necessity to dispose of an efficient tool for the detection of early stage 
gastric cancer like the identification of highly sensitive and specific biomarkers that will aid 
disease diagnosis and ensure early clinical intervention, thereby preventing mortality and 
reducing morbidity (Boussioutas & Taupin, 2001). Since most of GC (around 73%) is 
developed at antrum/pylorus, proteins secreted by antrum/pylorus mucosa might play a 
critical role in maintaining normal gastric mucosa structure and function. 

2. Expression of gastrokine 1 in normal and malignant tissues 
From a comparative proteomic analysis of human specimens of gastric mucosa from 
patients with and without H. pylori infection, we have shown the differential expression of 
several up- and down-regulated proteins (Rippa et al., 2007). One of these proteins, 
gastrokine 1 (GKN1), a novel stomach-specific protein also known as 18 kDa antrum 
mucosa protein (AMP-18 or foveolin) (Oien et al., 2004), was highly expressed in normal 
tissues and markedly down-regulated in samples derived from H. pylori infected patients 
(Nardone et al, 2007). To elucidate the biological function of GKN1, we have characterized 
its expression in normal and malignant gastric tissues also by immunohistochemical 
technique. The etiology of most gastric cancers is multifactorial and the pathogenesis is 
believed to involve a multi-step process in which the normal gastric epithelium evolves 
through intermediate pre-malignant lesions (intestinal metaplasia and dysplasia) leading to 
adenocarcinoma. These investigations were based on the hypothesis that GKN1 expression 
in pre-malignant gastric tissues and in gastric carcinomas is altered in terms of quantity 
(reduced amount or complete absence of the protein), quality (altered protein size), and 
distribution (abnormal cell-type and/or subcellular localization) compared to normal gastric 
tissues.  

2.1 The gastrokine family 
GKN1 belongs to a family of genes encoding stomach-specific secreted proteins consisting of 
3 known members: gastrokine 1 (GKN1) (Martin et al., 2003), gastrokine 2 (GKN2) (Du et al., 
2003), and gastrokine 3 (GKN3) (Menheniott et al., 2010). Although their mode of action 
remains unclear, the recent demonstration of a GKN2/trefoil factor (TFF1) heterodimer in 
gastric mucus suggests that gastrokines may regulate the extracellular function of TFFs 
(Westley et al., 2005). 
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2.2 Gastrokine 1 
GKN1 (also named as AMP18), a member of BRICHOS superfamily, is secreted by antrum 
mucosa (Oien et al., 2004). GKN1 gene of about 6 kb was reported to be located at 2p13 and 
contains 6 exons (Martin et al., 2003). Bioinformatics analysis suggested the secretory signal 
peptide with 20-amino acids presented at the N-terminal and the processed protein 
consisted of 165-amino acids after cleavage. Despite several asparagine residues in the N-
terminal domain, none seems to be the consensus site of traditional glycosylation (Martin et 
al., 2003). The GKN1 gene encodes a small protein of 185 amino acids containing a N-
terminal signal peptide (Yoshikawa et al., 2000). The BRICHOS domain consists of about 100 
amino acids and it has been found in several unrelated proteins associated with major 
human diseases (Sanchez-Pulido et al., 2002) like BRI2, related to familial British and Danish 
dementia; chondromodulin-I (ChM-I), linked to chondrosarcoma; surfactant protein C (SP-
C), associated with respiratory distress syndrome; and gastrokine 1 (also known as CA11, 
AMP18 & foveolin) (Shiozaki et al., 2001; Martin et al., 2003), linked to gastric cancer 
(Sanchez-Pulido et al., 2002; Shiozaki et al., 2001). Evaluation of GKN1 expression at mRNA 
and protein level, by RT-PCR and immunhistochemistry (IHC), was found only in stomach, 
gastric antrum, but not in esophagus, duodenum, or intestine (Oien et al., 2004). 

2.3 Evaluation of GKN1 expression levels  
The evaluation of GKN1 expression in normal and malignant cells was performed according 
the following strategy. 

2.3.1 Patients enrolment and clinical characterization 
In this study a population of 28 patients with gastric cancer (20 intestinal and 8 diffuse 
types) was enrolled. Interview focusing on diet and lifestyle habits, family history and other 
toxic environmental factors was performed. A family history positive for gastric cancer was 
also carefully verified. The biopsy specimens were taken during an upper video-endoscopy 
in the gastric body or collected immediately after surgical resection and soon delivered for 
diagnosis and tissue sampling. Specimens were used for culture test, histological and 
immunohistochemical tests and for molecular approach. 
Gastric biopsy specimens were collected from normal subjects and patients with erosive 
gastritis, peptic ulcer or gastric cancer, either infected or not infected with H. pylori. None of 
the subjects had taken antibiotics, proton pump inhibitors or nonsteroidal antinflammatory 
drugs during the preceding 3 months. At least 65 gastric biopsy specimens were taken 
during upper endoscopy: one pinch was used to measure the urease activity (rapid urease 
test), and one pinch was used for a histological examination of H. pylori infection using 
hematoxylin-eosin stain. Three pinches and four pinches were used respectively for protein 
and RNA extraction. 36 patients (55%) showed to be negative for H. pylori infection and 
among these, 31 had normal mucosa while the remaining 5 had minimal infiltration of 
lymphomonocytes in the lamina propria. H. pylori infection was detected in 29/65 patients 
suffering from active gastritis (25 mild-moderate and 4 severe); 10 patients showed mild  
or moderate atrophy that was associated in 4 cases with focal antral complete IM.  
Anti-H. pylori and anti CagA IgG antibodies were not detected in any of the H. pylori-
negative subjects but were found in 29 (100%) and 21 (72%) H. pylori-positive patients, 
respectively. 



 
Gastritis and Gastric Cancer – New Insights in Gastroprotection, Diagnosis and Treatments 

 

282 

evident that several environmental factors, such as H. pylori infection can be one of the 
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2.3.2 Proteomic analysis 
In order to identify proteins differently expressed in human gastric mucosa without and 
with H. pylori infection, proteins extracted from biological specimens were analyzed by 2D 
electrophoresis in the pH range 3-10. Protein samples (100 μg) were focused on IPG strips 
and then separated by 12% SDS-PAGE. Proteins were stained with Comassie Brilliant Blue 
G-250. Comassie-stained protein spots were excised from 2-D gels and treated with 10 ng/μl 
of trypsin and digested overnight at 37°C according to Schevechencko et al., 1996. The 
peptide mixture obtained was then analyzed using a MALDI-TOF mass spectrometer 
Voyager DETM PRO (Applied Biosystems), operating in positive-ion reflectron mode. 
Protein identification was achieved using MALDI mass spectral data for a data-base search 
against the NCBInr database using the Mascot search algorithm, a parameter representing 
the reliability of protein identification (see also http://www.matrixscience.com/) (Nardone 
et al., 2007). 
Figure 1, shows the protein profiles observed in human gastric mucosa specimens. GKN1 
was identified by MALDI-TOF analysis of tryptic fragments (Rippa et al., 2007). On 2D gels, 
the GKN1 protein spot was found in all samples from H. pylori non-infected patients and it 
was generally drastically reduced in several samples of H. pylori infected tissues. The amino 
acid sequence of GKN1 isolated from gel covered about 38% of the entire protein sequence. 
Mature GKN1 did not contain the first 20 amino acid leader peptide as confirmed by the 
amino acid sequence of the N-terminal performed by Edman’s degradation. As expected 
from the isoelectric point of the mature protein (pI = 5.32), the migrating position of GKN1 
on the 2D gel was toward acidic pH. 
 

 
Fig. 1. Bidimensional gel electrophoresis of proteins extracted from gastric endoscopic 
mucosal samples. A) H. pylori-negative sample, B) H. pylori-positive sample. The first-
dimension (isoelectric focusing, IEF) was performed using the Ettan IPGphor (Amersham 
Biosciences) equipped with 7 cm strip holders. 

To analyze more quickly the expression levels of GKN1 in our collection of samples from 
patients with and without H. pylori infection (45 cases), we first tried to use mono-
dimensional SDS-PAGE followed by staining of the gel with comassie blue. Figure 2 shows 
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the position of the GKN1 stained band after electrophoresis at around 18 kDa however this 
approach resulted only qualitative and not quantitative.  
 

 
Fig. 2. Monodimensional gel electrophoresis of proteins extracted from gastric endoscopic 
mucosal samples. SDS-PAGE (14%) of proteins extracted from gastric endoscopic mucosal 
samples from H. pylori-negative patient (Lanes 1, 3, 5) and H. pylori-positive patient (Lanes 2, 
4, 6). M, size markers. 

2.3.3 Western blotting analysis of GKN1 expression 
To detect more precisely the GKN1 expression levels, we adopted the Western blot 
procedure using a specific anti-GKN1 antibody (Abnova) raised against the intact protein. 
The analysis was carried out starting from three biopsies. Specimens were mixed with 
proteases inhibitor (Roche), homogenized and equivalent amounts of protein (10 µg) were 
separated by electrophoresis on sodium dodecyl sulfate-12% polyacrylamide gels. After 
electrophoresis, the proteins were electroblotted to a nitrocellulose membrane (Immobilon 
PQS). GKN1 protein was identified using a specific rabbit polyclonal antibody (Abnova, 
diluted 1/50000). Visualization was obtained with an ECL kit (Pirce). 
As reported in Figure 3, the reduction in expression levels of GKN1 was not always 
observed in all patients with H. pylori associated gastritis but only in about 20% of samples. 
The evaluation has been based on the expression levels of β-tubulin. In all cases, the 
reduction of GKN1 levels was about two times that of non-infected samples. Densitometric 
evaluation of the bands showed a lower level in H. pylori-positive patients compared to the 
H. pylori-negative subjects (average: 0.19 ± 0.02 vs 0.44 ± 0.07, p < 0.005). This finding is in 
agreement to what observed also in another proteomic analysis regarding other 
proteins/enzymes differentially expressed by H. pylori infection (Baek et al., 2004).  
We also analyzed the expression of GKN1 in human specimens derived from patients with 
gastric cancer. With respect to the non-tumoral area, it was observed that GKN1 expression 
was consistently down regulated or absent in tumoral area (Nardone et al., 2008). The 28 
patients with Gastric Cancer (GC) (20 intestinal and 8 diffuse) showed the following 
characteristics: the intestinal type was well differentiated in 4, moderately differentiated in 8 
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Fig. 3. Western blot analysis of human gastric mucosa samples. About 10 μg of protein 
extracts from samples of gastric mucosa from non-infected patient (-) and patients with H. 
pylori infection (+) were separated on SDS-PAGE and blotted against commercial antibody 
anti-GKN1 (A) and anti-β-tubulin (B) (control).  

and poorly differentiated in the remaining 8 cases, while four were in the early stage and the 
remaining 16 in the advanced stage. Diffuse type GC was poorly differentiated and 
advanced in all cases. The non tumoural areas of intestinal type GC showed a variable 
degree of gastric atrophy with diffuse IM, instead, the peritumoural areas of diffuse type GC 
showed a variable degree of non-dysplastic inflammation. H. pylori infection was not 
revealed in all cases of tumoural areas. It is interesting to point out, however, that H. pylori 
infection was detected, in the peritumoral areas, in 6 cases (4 early and 2 advanced). Anti-H. 
pylori IgG antibodies were detected in 16/20 patients with intestinal histotype GC and in 6 
out of 8 with diffuse type GC. Anti-CagA antibodies were detectable in 17/28 cases (14 
intestinal and 3 diffuse histotype). Using Western blot (WB) analysis, GKN1 protein 
expression was not detected in any of the tumoural areas but was revealed instead in non-
tumoural areas (Fig. 4).  
 

 
Fig. 4 Western blot analysis of GKN1 expression in human gastric specimens. About 20 μg of 
protein extracts from samples tumoral area (T) and non-tumoral area (NT) were separated 
on SDS-PAGE and blotted against commercial antibody anti-GKN1 (A) and anti--β-actin  
(B) (control).  

2.3.4 Immunohistochemical analysis of GKN1 expression 
The Immunohistochemical evaluation of GKN1 on surgical specimens was performed on 7-
micron sections of frozen unfixed gastric tissues. The percentages of immunoreactive cells 
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was scored as follows: 0-5% = negative; 5-25% = low staining; 25-50% = moderate staining; 
>50% = intense staining. The results obtained, summarized in Fig. 5 showed the absence of 
GKN1 in tumor tissues (our actual collection of about 30 cases). In fact, the GKN1 staining 
was intense in normal gastric tissues, low or completely negative in intestinal metaplasia 
and gastric cancer, respectively (Fig. 5) (Rippa et al., unpublished results).  
 
 

 
Fig. 5. Representative immunohistochemical images of surgical specimens from: A) Normal 
gastric tissue (LSAB, orig. magn. X200); B) Intestinal metaplasia (LSAB, orig. magn. x100); C) 
Intestinal type gastric cancer (LSAB, orig. magn. X200). 

In addition, the hystopathological aspect of the tumor specimens correlated to the GKN1 
expression with tumor subtype. This observation suggested that GKN1 could play an 
important role in normal gastric function thus and strongly suggested that GKN1 could be a 
biomarker for gastric cancer (Yoshihara et al., 2006; Moss et al., 2008). 

3. Functional role of GKN1  
Regarding the functional role of GKN1, there are two questions that are still to be clarified. 
The first important question is whether GKN1 is secreted from gastric cells. Although data 
from bioinformatics analysis and the presence in the protein of a leader peptide sequence, 
there is not a conclusive answer to this point. If GKN1 is secreted from the gastric mucosa 
cells, other questions will raise up concerning the sequence of the secreted protein and how 
it interacts with its target cells. The second question is whether and how the GKN1 protein 
modulates the behavior of gastric cells. To this aim, we started to elucidate the role of the 
protein in the processes of proliferation and signalling transduction analyzing the 
expression of GKN1 in gastric carcinoma cells and its effects on apoptosis. 

3.1 Over-expression of GKN1 in gastric cancer cell lines 
The knowledge about the biological function of GKN1 is not completely clarified. What is 
known at the moment is that GKN1 appears to be important in maintaining mucosal 
integrity and could play a role in cell proliferation and differentiation. In fact, GKN1 might 
have a protective effect by increasing accumulation of specific tight and adherens junction 
proteins and also protecting their loss after injury (Walsh-Reitz et al., 2005). The presence in 
GKN1 of the BRICHOS domain might explain its protective role. In fact, the BRICHOS is 
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present also in another gastric protein GKN2, known also TFIZ1, because of its homology to 
GKN1. This protein is involved in the binding of tumor suppressor proteins such as the 
trefoil protein 1 (TFF1). Such interaction could be important in the regulation of the integrity 
of the mucosa (Bruce et al., 2005; Otto et al., 2006; Baus-Loncar et al., 2007).  
The strong down-regulation of GKN1 expression in patients with H. pylori infection 
(Nardone et al., 2007) its absence in gastric cancer (Nardone et al., 2008; Moss et al., 2008) 
and its absence in human gastric cancer cell lines (AGS and MKN28) (Motoyama et al., 1986; 
Segal et al., 1996; Oien et al., 2004) are factors that suggest the participation of GKN1 in the 
host response to H. pylori and suggest also that GNN1 can act as gastric tumor suppressor 
gene (Du et al., 2003). Regarding this point, since GKN1 is highly down-regulated or absent 
in gastric cancer, one possible explanation of its disappearance could be linked to epigenetic 
events or loss of heterozygosity, as it was observed for other tumor suppressor genes such 
as TFF1 (Carvalho et al., 2002). However, as recently reported by Yoon et al., 2010, no 
significative mutations nor methylation in the GKN1 gene in gastric tumors were found, 
thus the down-regulation of GKN1 it is likely not depending by epigenetic events. 
Toback et al., (2003) proposed that GKN1 could have some mitogenic effects on intestinal 
epithelial cells (IEC) as compared with EGF 5. Shiozaki et al., 2001, instead found that this 
protein was able to inhibit proliferation of a human carcinoma cancer cell line (MKN28) cells 
after transfection. From this finding it emerges that it is important to define the role of 
GKN1 in the modulation of inflammatory damage or tumorigenesis in the gastric mucosa. 
Attempts to reduce cancer survival rates include strategies directed towards the 
identification of specific targets inducing apoptosis in tumor cells. 

3.1.1 Evaluation of transient expression of GKN1 in gastric cancer cell 
AGS or MKN28 cancer cells (Motoyama, et al., 1986) were transfected with the eukaryotic 
expression vectors pcDNA 3.1 containing the entire GKN1 cDNA. Cells were grown in 5% 
CO2 at 37° in DMEM (Dulbecco’s modified Eagle’s medium) and transfected using 
lipophectamine 2000. After transfection, cell growth and apoptosis was evaluated by 
cytofluorimetry.  
The overexpression of GKN1 in MKN28 or AGS cells, with respect to control cells, reduced 
cell growth (Rippa et al., 2010). A similar effect was also reported by Shiozaki et al., 2001, 
who observed a reduction in MKN28 colony formation in cells transfected with CA11 gene 
with respect to control cells. Also GKN3, the new gastrokine found in mammals, strongly 
attenuated the growth of GKN3-overexpressing MKN28 cells (Menheniott et al., 2010). 
Because tissue repair is determined by many signals coming from the local environment, 
central to this process is the commitment of gastric cells to undergo apoptosis, survive, or 
proliferate, following inflammation. Therefore, gastric epithelial cell apoptosis could be 
influenced by GKN1 during the inflammatory process. The Fas-Fas ligand (FasL) system has 
been recognized as the major pathway for the induction of apoptosis in a variety of human 
normal and neoplastic cells (Itoh & Nagata, 1993; Suda et al., 1993; Nagata 1996). The Fas 
antigen (CD95, APO-1) belongs to a conserved family of membrane receptors known as the 
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of GKN1 could activate Fas, normally expressed at extremely low levels at least in MKN28 
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Fas expression was also analyzed by confocal microscopy. As shown in Fig. 7, compared to 
the control cells, cells treated with lipophectamine and cells transfected with GKN1 showed, 
exposure of the permeabilized transfected cells to anti-GKN1 antibody showed a gain in the 
fluorescent signal that indicated mainly a cytoplasmic distribution of GKN1 protein 
whereas, the exposure of the transfected cells to anti-Fas antibody showed with respect to 
untransfected cells a gain in the fluorescent signal that was localized mainly at the level of 
cell membrane. 
Therefore, the increase of Fas expression observed in cells transfected with GKN1 appeared 
to be specific as also demonstrated by the increase of the Fas mRNA transcription evaluated 
by RT-PCR (not shown). Fas-mediated apoptosis in gastric cells was also described upon 
infection by H. pylori, however in this case other apoptotic factors are involved as well. 
These include TRIAL and its receptor subtypes (Yang, et al. 2003; Martin et al., 2004). 
Because the binding of Fas ligand (FasL) to the Fas antigen results in the transduction of a 
cytolytic signal into the cell followed by apoptosis, cells overexpressing GKN1 showed an 
increase in apoptosis that is mainly due to the exposure of the MKN28 cells to FasL with 
respect to that observed in the absence of FasL. In addition, when FasL binds to Fas, 
intracellular death caspases are activated, resulting in apoptotic demise of the cell (Chen et 
al., 1999). Also in cells transfected with GKN1, we observed the proteolytic activation of 
caspase-3, normally present as a 32 kDa inactive precursor (Zou et al., 1997), as evaluated by 
Western blot and fluorimetric assay, was observed thus indicating that GKN1-transfected 
cells were signaled to die (Nicholson et al., 1995; Schlegel et al., 1996; Wang et al., 1996).  
 

 

 
 
 

Fig. 8. Western blot of caspase-3. Evaluation of caspase-3 activation in AGS cells before (A) 
and after (A) 48 h transfection with GKN1 and exposure to FasL.  
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In addition, Yoon et al., 2011, found that transfection of GKN1 in AGS cells showed 
activation of apoptosis related proteins, including cleaved caspase 3, caspase 8 and PARP. 
The GKN1-induced apoptosis is suppressed by the presence of caspase-3 and caspase-8 
inhibitors. 

4. Conclusion 
We have evaluated the expression of GKN1 in normal and unhealthy tissues and found that 
the GKN1, both at protein and mRNA levels, is down-regulated in human specimens from 
H. pylori infected gastric mucosa or absent in gastric GC tissues or cells. GKN1 is instead 
normally present in normal tissues and cells or in the peritumoral area of GC. Also the 
immunohistochemical analysis of human specimens (normal tissues, intestinal metaplasia, 
GC) showed a progressive decrease of GKN1 expression thus suggesting that GKN1 could 
be a good biomarker candidate for gastric cancer progression. 
In addition, our studies on the overexpression of the protein in gastric cancer cell lines 
showed that GKN1 could act as modulator of apoptosis and suggested a possible role of 
GKN1 as a tumor suppressor gene. The modulation of apoptotic signals by GKN1 during 
the early stages of acute gastric injury may have a profound influence on tissue repair and 
be instrumental in determining the individual host response. 
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