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Abstract 
 

The isolation of Helicobacter pylori by Marshall and Warren (1983) has brought to 

the medical and scientific communities a new understanding of the pathogenesis of the 

diseases that affect the digestive tract. Since then, H. pylori infection has been associated 

with the development of acute and chronic gastritis, peptic ulcer disease, gastric MALT 

lymphoma and gastric adenocarcinoma.  

H. pylori is a spiral-shaped gram-negative flagellate bacterium that has a high 

genetic diversity, which is 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 among the virulence of the infecting strain, host 

genetics and environmental factors. 

Many 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, which encodes a bacterial type IV secretion 

system. The second group is the phase-variable genes which the gene status can be 
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changed during growth or in different conditions. 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.  

Especially regarding gastritis, prior to the identification of H. pylori as the major 

cause of it, the decline in the ability to secrete gastric acid due to atrophic change of 

gastric mucosa was considered a consequence of aging. Gastric acid was considered the 

main etiological factor of gastrointestinal diseases, particularly peptic ulcers. Chronic 

gastritis is an inflammatory condition of the gastric mucosa that can affect different 

regions of the stomach and show different degrees of mucosal injury. H. pylori causes 

mucosal damage both by directly affecting epithelial cells and by inducing an 

inflammatory response. Nevertheless, most people colonized by the bacteria do not 

develop clinical manifestations of disease. 

The aim of this chapter is to review the principal H. pylori virulence factors and to 

relate the older and the last discoveries about them to gastritis, trying to understand why 

some individuals develop gastritis while others have the progression of the gastric tissue 

injuries, which can even lead to the development of gastric cancer.  

 

 

1. Introduction 
 

1.1. Helicobacter Pylori 
 

Helicobacter pylori is an universal distribution bacterium which affects more than half of 

the world population, and is considered an important public health problem [Goodwin et al., 

1997]. Even though its transmission pathways are not completely clarified [Rothenbacher et 

al., 1998], the infection appears to be usually acquired during childhood and is characterized 

as being chronic, with greater prevalence in developing countries in all ages [Kodaira et al., 

2002].  

H. pylori is a spiral-shaped Gram-negative flagellate bacterium [Goodwin and 

Armstrong, 1990] that characteristically displays a great genetic variability [Prouzet-Mauléon 

et al., 2005; Roesler et al., 2009]. H. pylori populations are highly diverse and constantly 

change their genome, mainly due to point mutations, substitutions, insertions and/or deletions 

of their genome. Moreover, mixed infections are frequent and lead to exchange of DNA 

fragments between different strains in a single host [Blaser and Berg, 2001; Suerbaum and 

Michetti, 2002: Peek and Blaser, 2002].  

H. pylori was the first pathogenic microorganism that had its genome sequenced in two 

different strains. H. pylori strain 26695 was firstly isolated from an English patient with 

chronic gastritis and possesses a circular chromosome composed of 1.667.867 base pairs 

[Tomb et al., 1997]. Strain J99 was isolated from an North American patient with duodenal 

ulcer and 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, HPGA1, was isolated and sequenced from a older Swedish subject [Oh et al., 

2006] and, more recently, strain G27 was isolated from an Italian individual and had a similar 

size to the other three strains [Baltrus et al., 2009]. Finally, other strains have been isolated 

and sequenced, such as Shi470, B128 and 98-10 [McClain et al., 2009; Thiberge et al., 2010].  

Colonization with H. pylori is not a disease in itself but a condition that affects the 

relative risk of developing various clinical disorders of the upper gastrointestinal tract and 
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possibly the hepatobiliary tract [Kusters et al., 2006]. Consequently, since the successful 

isolation of H. pylori by Marshall and Warren [Marshall and Warren, 1984], H. pylori 

infection has been recognized to have a causal role in gastritis, peptic ulcer disease, mucosa 

associated lymphoid tissue (MALT lymphoma) and gastric adenocarcinoma [Dunn et al., 

1997; Dev and Lambert, 1998; Ahmed and Sechi, 2005]. In 1994, the bacterium was 

classified as a group I carcinogen by the International Agency for Research on Cancer and is 

regarded as a primary factor for gastric cancer development [IARC, 1994].  

However, although H. pylori is definitely responsible for these diseases, only less than 

10% of people colonized with this bacterium portray disease symptoms. It suggests that host 

and bacterial factors also contribute to differences in H. pylori pathogenicity [Megraud, 2001; 

Ahmed and Sechi, 2005].  

Besides, recently, in studies that are expressly aimed at demonstrating how H. pylori may 

cause gastric mucosal damage and, at the same time, elude the immunological response 

evoked by the host [Figura et al., 2010], H. pylori infection has been associated with 

extradigestive diseases, such as iron-deficiency anemia (Capurso et al., 2001), idiopathic 

thrombocytopenic purpura (Pelicano et al., 2009; Arnold et al., 2009), cardiovascular diseases 

(Franceschi et al., 2009), hepatobiliary diseases (Isaeva et al., 2009; Pirouz et al., 2009), 

among others.  

 

 

1.2. Gastritis 
 

Gastritis is an inflammatory condition of the gastric mucosa that can affect different 

regions of the stomach and show different degrees of mucosal injury. Many kinds of agents 

may lead the stomach into an inflamed state. For instance, it could be due to non-steroidal 

anti-inflammatory drugs (NSAIDs) such as aspirin, naproxen and ibuprofen, usually used in 

some specific illness such as rheumatoid arthritis; due to abrasive compounds or unbalanced 

diets where the stomach is damaged by its own gastric acid; due to a long-term physical 

and/or mental stress that result in the production of excessive amounts of gastric acid; and, 

finally, due to Helicobacter pylori (H. pylori) infection. Besides, infections such as 

cytomegalovirus, chronic idiopathic inflammatory and autoimmune disorders such as Crohn´s 

disease and pernicious anemia and chemical damage due to alcohol abuse are other causes of 

gastritis.  

 

 

1.3. The Sydney System Classification of Gastritis 
 

Because of existing confusing terminology and conceptual differences of the various 

classifications of gastritis, a standardization and a simplification of the classification systems 

in order to organize the divergent views and all existing experimental data was necessary.  

In 1990, on the basis of new etiological facts on gastritis that had been collected, a new 

system of classification was presented at the World Congress of Gastroenterology, held in 

Sydney, Australia [Misiewicz et al., 1990]. The named ―System Sydney‖ allowed for the first 

time statements to be made on the etiology, topography and morphology of gastritis. In 1994, 

the updated Sydney System was worked out in at the H. pylori congress held in Houston, TX, 

United States [Stolte and Meining, 2001]. 
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The Sydney System for the classification of gastritis emphasized the importance of 

combining topographical, morphological and etiological information into a schema that 

would help to generate reproducible and clinically useful diagnoses (histological data) [Dixon 

et al., 1996]. The topographical information demonstrates the distribution of gastritis (antrum, 

corpus or all the stomach); morphological information describe some details (as 

inflammation, activity, atrophy, intestinal metaplasia etc.) and the graduation of the intensity 

of these stages (tenuous, moderate, accentuated); and, finally, etiological information 

demonstrates if there is some etiologic factor (as H. pylori, or autoimmunity) [Misiewicz et 

al., 1990].  

In respect to endoscopic information, the endoscopy carried out to investigate 

gastroenterological diseases should always include taking biopsy specimens. For this purpose, 

the original Sydney System considered two biopsies each from the antrum and corpus 

obtained during gastroscopy to be adequate [Price, 1991], whereas in the updated Sydney 

System, an additional biopsy taken from the incisura angularis is recommended [Dixon et al., 

1996].  

Obviously, there is some information that continues to be associated with considerable 

interobserver variability, such as the grading of atrophy [El-Zimaity et al., 1996]. Just as 

problematic is the grading of intestinal metaplasia, because the examination of only two 

biopsies each from the corpus and antrum, and a single biopsy from the angle is associated 

with the danger of sampling error. Nonetheless, a point of particular importance in the Sydney 

System is that the overall agreement on the etiopathogenetic diagnosis of gastritis is good to 

very good, thus making this diagnosis readily reproducible worldwide [Satoh et al., 2008; 

Stolte and Meining, 2001].  

 

 

1.4. H. pylori-Induced Forms of Gastritis 
 

In fact, the history of chronic gastritis can be divided into two phases: before and after the 

isolation of H. pylori [Marshall and Warren, 1984]. Until then, lack of knowledge of its 

biological nature has resulted in non-interest of most clinicians and gastroenterologists, who 

considered the chronic gastritis not as an etiopathogenic factor, but a result of an event or a 

consequence of gastric diseases. Many researchers considered that gastric mucosa was always 

swollen (infiltrated with mononuclear inflammatory cells), similar to the lining of the distal 

intestine and, consequently, this condition was not used to having a great importance in the 

clinical practice and diagnostic. Consequently, nowadays, there is no doubt that H. pylori 

infection is responsible for the majority of cases of gastritis [Dixon et al., 1996; Kusters et al., 

2006].  

Colonization with H. pylori virtually leads to infiltration of the gastric mucosa in both 

antrum and corpus with neutrophilic and mononuclear cells. Gastritis can be classified as an 

acute or chronic gastritis and it can involve all parts of the stomach or just the fundus, corpus 

or antrum.  

The chronic active gastritis is the primary condition related to H. pylori colonization, and 

other H. pylori-associated disorders, in particular, resulting from this chronic inflammatory 

process [Kusters et al., 2006], as atrophic gastritis, causing an elevated risk of gastric cancer 

[Bornschein and Malfertheiner, 2011]. 
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1.4.1. Acute Gastritis  

The acute phase of colonization with H. pylori may be associated with transient non-

specific dyspeptic symptoms, such as fullness, nausea, and vomiting, and with some 

considerable inflammation of both the proximal and distal stomach mucosa, or pangastritis. 

This phase is often associated with hypochlorhydria, which can last for months [Kusters et al., 

2006]. It is unclear whether this initial colonization can be followed by spontaneous clearance 

and resolution of gastritis and, if so, how often it occurs. Follow-up studies of young children 

suggested that infection may spontaneously disappear in some patients in this age group 

[Granstrom et al., 1997; Malaty et al., 1999; Perez-Perez, 2003]. This condition has not been 

observed in adults other than under specific circumstances, such as the development of 

atrophic gastritis. Consequently, some individuals are prone to H. pylori colonization while 

others may be able to prevent colonization or clear an established infection [Kusters et al., 

2006].  

 

1.4.2. Chronic Gastritis 

When colonization does become persistent – chronic gastritis, a close correlation exists 

between the level of acid secretion and distribution of gastritis. This correlation results from 

the counteractive effects of acid on bacterial growth versus those of bacterial growth and 

associated mucosal inflammation on acid secretion and regulation. This interaction is crucial 

in the determination of outcomes of H. pylori infection.  

Chronic gastritis due to H. pylori infection may be separated into distinct, clinically 

relevant phenotypes [Rubin et al., 1997]. Non-atrophic pangastritis occurs in the majority of 

H. pylori-infected individuals with no predisposition to peptic ulcer disease or gastric atrophy. 

Prominent mucosal inflammation in chronic active gastritis often is evident in the antrum 

(antral-predominant gastritis), predisposing to hyperacidity and duodenal ulcer disease. In 

contrast, multifocal atrophic pangastritis and atrophic corpus-predominant gastritis result 

from long-standing infections and are characterized by glandular atrophy, intestinal 

metaplasia and sparse inflammatory cells [Versalovic, 2003]. Both forms of atrophic gastritits 

and the presence of intestinal metaplasia are associated with an increased risk of gastric 

adenocarcinomas development [Uemura et al., 2001].  

Virulence factors of bacterium strains are important factors here because depending on 

them, in conjunction with host characteristics and environment, some individuals may 

develop severe diseases as peptic ulcer and gastric cancer. 

 

 

1.5. Peptic Ulcer Disease 
 

Gastritis may also play a role in the pathogenesis of peptic ulcer disease by impairing the 

resistance of the gastric mucosa and consequently increasing the risk of ulcer [Abdel-Wahab 

et al., 1996].  

Gastric or duodenal ulcers (commonly referred to as peptic ulcers) are defined as mucosal 

defects with a diameter of at least 0.5 cm penetrating through the muscularis mucosa. Gastric 

ulcers mostly occur along the lesser curvature of the stomach, in particular, at the transition 

from corpus to antrum mucosa [Van Zanten et al., 1999]. Duodenal ulcers usually occur in the 

duodenal bulb, which is the area most exposed to gastric acid [Kusters et al., 2006]. Both 

gastric and duodenal ulcer diseases are strongly related to H. pylori infection, especially with 
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virulent strains [Atherton and Blaser, 2009] and approximately 95% of duodenal ulcers and 

85% of gastric ulcers occurred in the presence of H. pylori infection [Kuipers et al., 1995].  

Ulcer development in the presence of H. pylori is influenced by a variety of host and 

bacterial factors and ulcers mostly occurring at sites where mucosal inflammation is most 

severe [Van Zanten et al., 1999]. However, pathogenesis of duodenal and gastric ulcers 

differs.  

Duodenal ulcers arise on a background of H. pylori-induced antral-predominant gastritis, 

and this causes hypergastrinemia and high levels of acid production from the healthy gastric 

corpus following a meal or hormonal stimulation [Blaser and Atherton, 2004]. The duodenum 

develops gastric metaplasia, presumably in response to high acid load, and unlike the normal 

duodenal mucosa, can be colonized by H. pylori, with consequent inflammation and 

ulceration [Khulusi et al., 1996]. In contrast, gastric ulcers are associated with H. pylori-

induced pan- or corpus-predominant gastritis, with normal or reduced acid levels, and ulcers 

usually arise at the junction of the antral and corpus mucosa, an area of intense inflammation 

[Atherton and Blaser, 2009].  

Eradication of H. pylori dramatically changes the natural course of ulcer disease and 

almost completely prevents ulcer recurrence [Rauws and Tytgat, 1990; Treiber and Lambert, 

1998]; after therapy it can occur due to persistent or renewed H. pylori infection, use of 

NSAIDs or idiopathic ulcer disease [Kusters et al., 2006].  

 

 

1.6. Gastric Cancer 
 

The interest in H. pylori as a cause of gastric cancer began after the pioneering 

discoveries of Marshall and Warren (1984). Prior to the isolation of the organism, it was 

know that gastric adenocarcinomas typically arose in areas of gastritis. When the relationship 

between H. pylori and chronic gastritis was established, investigators began to take interest in 

the causal role of the bacterium in gastric cancer [Herrera and Parsonnet, 2009]. Therefore, on 

the basis of numerous epidemiological studies, H. pylori infection has shown to be associated 

with an increased risk of gastric adenocarcinoma development [Parsonnet et al., 1997; 

Sugiyama and 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 bacterium could 

reduce the incidence of gastric cancer in mice that developed the disease by the inoculation of 

strains of H. pylori and administration of low doses of carcinogenic agents. These findings 

suggest that the eradication of these bacteria during precancerous lesions of the disease can 

significantly reduce the incidence of gastric cancer in humans [Sugiyama and Asaka, 2004]. 

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 non-specific 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 

programs for early diagnoses, most patients reach treatment with cancers already in advanced 
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stages [Hohenberger and Gretschel, 2003]. Consequently, gastric cancer carries a poor 

prognosis, with an overall five-year survival rate of less than 20% [Bowles and 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 and Asaka, 2004]. In contrast to the diffuse type often 

associated with familial distribution and developed in the stomach following chronic 

inflammation, especially in the cardia [Nardone et al., 2004], intestinal type adenocarcinomas 

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 (figure 01), intestinal 

metaplasia and dysplasia to gastric cancer (figure 02) [Correa and Houghton, 2007], that are 

most frequently localized in the antrum [de Vries et al., 2007]. 

 

 

Figure 01. Atrophic gastritis (www.gastrocentro.unicamp.br). 

 

Figure 02. Precursor lesions of gastric cancer. 
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Figure 03. Early gastric adenocarcinoma (www.gastrocentro.unicamp.br). 

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 and Axon, 1998].  

Many early gastric cancers are believed to go through a life cycle consisting of 

ulcerations, followed by healing, then reulceration, and some tumors remain at this early stage 

for years even without treatment [Everett and Axon, 1998]. Nevertheless, some early tumors 

rapidly became advanced and it is one of the principal questions concerning gastric 

carcinogenesis. Probably, with the host characteristics and the environment, the different 

strains of H. pylori and their virulence factors are important keys in the role of gastric 

carcinogenesis [Kabir, 2009].  

 

 

1.7. H. pylori Virulence Factors 
 

Many virulence genes of H. pylori have been reported to determine clinical outcomes, 

and these are generally classified into three categories [Yamaoka, 2008]. 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, which encodes a bacterial type IV secretion 

system [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. Examples of these genes, 

which are thought to undergo phase variation are oipA, sabA, sabB, babB, babC and hopZ 

[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, for 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].  
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Among microbial virulence factors identified, the H. pylori cytotoxin-associated gene A 

(cagA), its related pathogenicity island (cagPAI), vacuolating toxin A (VacA), factors 

involved in adherence of H. pylori to gastric epithelial cells, and duodenal ulcer promoting 

gene A (dupA) have been linked to enhanced pathogenicity of the bacterium.  

 

1.7.1. Cytotoxin-Associated Gene Pathogenicity Island (cagPAI) 

The best characterized H. pylori virulence marker is the cytotoxin-associated gene 

pathogenicity island (cagPAI), a 40 kb region of chromosomal DNA encoding approximately 

31 genes that forms a type IV secretion system. It can be divided into two regions, cag I and 

cag II, according to a novel insertion sequence [Censini et al., 1996]. This secretion system 

forms a pilus that delivers CagA, an oncoprotein, 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 and Rappuoli, 2000; Rohde et al., 2003].  

CagA is rapidly phosphorylated by host Src-kinases and subsequently has the potential to 

change intracellular signal transduction and to disrupt epithelial cell junctions. Once injected 

in the host cell, CagA is phosphorylated at certain glutamate-isoleucine-tyrosine-alanine 

(EPIYA) motifs. Due to variations in the surrounding amino acid sequence, four distinct 

EPIYA-motifs are described (EPIYA-A, -B, -C, -D) [Higashi et al., 2005; Naito et al., 2006] 

and the prevalence of these motifs varies by region. They further influence the CagA-induced 

immune response as well as the related cancer risk [Basso et al., 2008].  

H. pylori cagA positive strains are associated with higher grades of inflammation and a 

significantly increased risk of developing both diffuse and intestinal types of gastric cancer, 

being important in the development of the precancerous lesions that occur in the latter [Blaser 

et al., 2005; Parsonnet et al., 1997; Wang et al., 2007].  

Other important gene present in the cagPAI is the cagT gene that 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 interleukin-8 secretion and eject CagA [Rohde et al., 

2003]. The cagT gene has also been associated with higher degrees of inflammation, being 

encountered in H. pylori strains from patients with early and advanced gastric adeno-

carcinoma [Roesler et al., 2011].  

 

1.7.2. Vacuolating Cytotoxin Gene (vacA) 

VacA is the second most extensively studied H. pylori virulence factor and virtually all 

strains have a functional vacA gene. VacA protein induces vacuolation and multiple cellular 

activities, including membrane-channel formation, cytochrome c release from mitochondria 

leading to apoptosis and binding to cell-membrane receptors followed by the initiation of pro-

inflammatory response [Cover and Blanke, 2005; Atherton, 2006; Kusters et al., 2006]. VacA 

can also specifically inhibit T-cell activation and proliferation [Gebert et al., 2003] and some 

studies have also indicated that VacA and CagA can even inhibit at least some of each other´s 

signaling pathways [Mimuro et al., 2007; Oldani et al., 2009].  

vacA varies among H. pylori strains in three major regions, a 5´ region, encoding the 

signal peptide and mature protein N-terminus (s1 or s2), and intermediate region, encoding 

part of the p33 subunit (i1 or i2); and a middle region, encoding part of the p55 epithelial cell-

binding subunit (m1 or m2) [Atherton et al., 1995; Rhead et al., 2007]. The production of 

VacA is related to the mosaic combination of these allelic types and has been associated with 

different outcomes [Telford et al., 1994; van Door et al., 1998]. For instance, the s1/i1/m1 
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form of VacA is fully active, and the s2/i2/m2 form is inactive, but intermediate forms exist 

and are also common in many human populations [Letley et al., 2003]. Moreover, mosaic 

s1/m1 strains are more toxic than s1/m2 strains and are associated with more severe forms of 

gastritis, atrophy and intestinal metaplasia [Björkholm et al., 2003]. The presence of s1/m1 

alleles is also strongly correlated with the expression of the cagPAI [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 and Hohenberger, 2003] and strains expressing the 

combination of these alleles and cagPAI show enhanced epithelial cell injury [Ghiara et al., 

1995], being associated with the development of gastric adenocarcinoma [Miehlke et al., 

2000; Leanza et al., 2004; Roesler et al., 2011].  

 

1.7.3. Outer Membrane Proteins (OMPs) 

The adherence of H. pylori to the gastric mucosa is widely assumed to play an important 

role in the initial colonization and long-term persistence in the human gastric mucosa 

[Yamaoka, 2008]. Among the several adhesins of H. pylori identified, some have well-known 

receptors to establish successful colonization, whereas for others, the receptor molecules are 

unknown.  

Having a higher bacterial load adhered to the gastric epithelium after successful 

colonization enables the organism with a greater chance to evade the host immunity and 

promote disease that leads to worse clinical outcomes. Colonization may be the important 

first step in H. pylori infection and thereby comprise a novel target for control [Sheu et al., 

2010].  

Sequence analysis have revealed that an unusually right percentage of the H. pylori 

genome (4%) is predicted to encode outer membrane proteins (OMPs) [Tomb et al., 1997], 

which may function as adhesins and contribute to pathogenesis [Hessey et al., 1990]. Analysis 

of three completed H. pylori genomes (strains 26695, J99 and HPGA1) has confirmed the 

presence of five major OMPs families and, among them, members of the large Hop 

(Helicobacter outer membrane protein) family were the first characterized OMPs in H. pylori 

[Yamaoka, 2008].  

Several OMPs in the Hop family have been reported to act as adhesion molecules 

including the blood group antigen binding adhesion (BabA), sialic acid binding adhesion 

(SabA), adherence-associated lipoprotein (AlpA and AlpB), outer membrane inflammatory 

protein (OipA), and HopZ [Yamaoka, 2008].  

For instance, one OMP that is associated with disease outcome is OipA, which 

expression is regulated by slipped strand mispairing with a CT-rich dinucleotide repeat region 

located in the 5´ region of the gene [Yamaoka et al., 2002; Dossumbekova et al., 2006]. 

Recent reports have suggested that OipA co-regulates proinflammatory cytokine expression 

and mediates adherence of H. pylori to gastric epithelial cells [Kudo et al., 2004; Yamaoka et 

al., 2006]. OipA functions as an adhesin and is reported to be involved in the attachment of H. 

pylori to gastric epithelial cells in vitro [Yamaoka et al., 2006; Dossumbekova et al., 2006]. 

Besides, some studies have suggested that OipA induces inflammation and actin dynamics via 

phosphorylation of multiple signaling pathways, most of them also involved in cagPAI/cagA-

related pathways [Yamaoka, 2010], suggesting its importance in more virulent bacterium 

strains. 



Gastritis 79 

Other important OMP is BabA, an adhesin that interacts with the blood-group antigen 

Lewis on gastric epithelial cells [Guruge et al., 1998]. The product of BabA1, which, except 

for the lack of a ten-nucleotide sequence, is identical to BabA2 but cannot interact with Lewis 

to enhance H. pylori colonization to such epithelium [Israel and Peek, 2001]. Initial studies 

indicated that H. pylori BabA2 positive strains are associated with an increased risk of peptic 

ulcers and distal gastric adenocarcinoma, whereas BabA2-negative strains are more often 

associated with uncomplicated forms of gastritis [Prinz et al., 2001].  

Finally, SabA appears to be particularly important for facilitating upward migration of 

the bacterium to the surface epithelium in the presence of chronic inflammation. SabA is 

encoded by the sabA gene and its expression correlates inversely with the acidic status of the 

stomach [Yamaoka et al., 2006]. Some studies have suggested that SabA may induce more 

severe gastric inflammation and facilitate higher Lewis antigen expression [Sheu et al., 2010].  

 

1.7.4. Duodenal Ulcer Promoting Gene (dupA) 

The duodenal ulcer promoting gene (dupA), located in the plasticity region of H. pylori 

genome, was the first putative specific marker whose association was described using strains 

obtained from both Asian (Japan and Korea) and Western (Colombia) regions and it is 

thought to be a virB4 homologue [Lu et al., 2005]. dupA gene encompasses two continuous 

sequences, jhp0917 and jhp0918, as described in strain J99. The jhp0917 gene encodes a 

protein of 475 amino acids, but lacks a region homologous to the C-terminus of virB4, while 

the jhp0918 gene encodes a product of 140 amino acids that is homologous to the missing 

virB4 region [Yamaoka, 2008]. 

Originally, it was reported that the presence of jhp0917-jhp0918 (dupA gene) was a 

marker for the development of duodenal ulcer disease and for protection against mucosal 

atrophy and gastric adenocarcinoma [Lu et al., 2005].  

The function of dupA gene is not fully understood. It is possible that this gene acts in 

combination with other vir homologues in the plasticity region to form a type IV secretion 

system similar to the cagPAI [Yamaoka, 2008]. Besides, it has been associated with increased 

interleukin-8 production from the antral gastric mucosa in vivo as well as from the gastric 

epithelial cells in vitro.  

The gene presence is thought to be also involved in DNA uptake/DNA transfer and 

protein transfer, and in vitro experiments using dupA-deleted and –complemented mutants 

which show that the absence of dupA gene was associated with increased susceptibility to low 

pH [Lu et al., 2005].  

Some studies [Arachchi et al., 2007; Zhang et al., 2008] corroborated with the results 

obtained by Lu et al. (2005). However, studies from various countries have demonstrated that 

dupA gene is not a specific marker for duodenal ulcer disease and that positive dupA strains 

have been encountered since in patients with chronic gastritis to patients with gastric 

adenocarcinoma [Argent et al., 2007; Gomes et al., 2008; Pacheco et al., 2008; Schmidt et al., 

2009; Roesler et al., 2011], showing that intra- and inter-regional differences exist in the 

distribution of this gene. 

In other cases, no association has been found between dupA gene and gastroduodenal 

diseases [Douraghi et al., 2008, Gomes et al., 2008] or the dupA gene was distributed almost 

equally among the four groups of studied diseases (gastric ulcer, duodenal ulcer, non-cardia 

gastric cancer and chronic gastritis), which there was no link between dupA status and type of 

gastroduodenal disease [Nguyen et al., 2010].  
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So, there must be diversity in gene content that can contribute to bacterial adaptation to 

genetically different ethnic groups that make up the human population [Gressman et al., 

2005].  

 

Conclusion 
 

H. pylori is characterized by a high level of genetic diversity which can be important for 

the adaptation to the host stomach and for the clinical outcome of the infection.  

Chronic gastritis induced by H. pylori enhances the risk for a diverse spectrum of 

diseases including duodenal and gastric ulceration and gastric cancer. However, the 

propensity to develop disease may depend on host characteristics, particular bacterial factors, 

or to the specific interactions between host and microbe, besides the environment. The 

presence of H. pylori increases the risk of developing gastric cancer through atrophy and 

intestinal metaplasia and its infection is associated both to intestinal type and diffuse type of 

gastric adenocarcinomas.  

The identification of particular H. pylori genes, including cagA, vacA, oipA, babA, sabA 

and dupA, among others, have been very important both for clinician and researchers because 

the presence of these genes may be associated with enhanced virulence and probably 

pathogenicity. A more virulent bacterial potential could be an interaction of the bacterial 

genomic virulence with environmental and host factors that are yet to be defined.  

Several pathways exist to engage the bacteria in the gastric epithelium and, consequently, 

multiple targets are necessary to develop treatment strategies, especially in order to prevent 

the gastric cancer development, a disease that still remains as a leading cause of cancer-

related deaths in many parts of the world.  

Although much has been learned in the last decades about the gastric diseases and their 

association with H. pylori infection, the future will undoubtly open novel insights for the 

better understanding of the molecular development of them, and, consequently, adequate the 

best therapies for the eradication of bacterium, based on the virulence factors of specific 

infectious strains.  
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