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ABSTRACT

Managementand treatment of pepticulcer disease, caused by different physiological alterations
according to its gastric localization and etiology, have changed dramatically since the discovery
of Helicobacter pylori. H. pylori, a Gram-negative microaerophylic bacterium, are associated
with a broad spectrum of digestive tract diseases such as chronic gastritis, gastric and duodenal
ulcers and gastric cancer and lymphoproliferative disorders. H. pylori infection prevalence and
clinical outcome varies according to bacterial virulence factors and host and environmental
characteristics such as age, ethnic group, genera, geography and socioeconomic conditions. Peptic
ulcer disease associated to H. pylori is a result of a chronic infection progress, and knowledge of
specific pre-ulcers alterations caused by H. pylori can help in its prevention and management. The
interplay of gastritis phenotype related to the bacterium colonization and resulting acid secretion
induction and/or impairment are key determinants in ulcer disease outcomes. In this chapter,
virulence factors of H. pylori associated to peptic ulcer disease will be discussed considering its

regional characteristics.
GENERAL ASPECTS OF HELICOBACTER PYLORI

In 1979, Robin Warren, an Australian pathologist, performing histological exams of gastric
biopsies, often observed curved microorganisms in inflammatory cells infiltrated tissue. These
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organisms were not present inside the gastric mucosa, but in the mucus covering the tissue [1].
Warren found that similar structures found in the gastric mucosa were described in the late
nineteenth century by European pathologists, but at that time the isolation of that bacterium was

not possible and this fact remained forgotten for generations of physicians and pathologists [2].

Interested in these remarks, Barry Marshall and Robin Warren tried to isolate bacteria
organisms from gastric biopsies samples. Based on the curve morphology and on Gram-
negative staining characteristics, the investigators used the isolation methodology employed for
Campylobacter species, corresponding to inoculation of the biopsy sample into selective media
and cultivation in microaerophilic conditions. In 1982 Warren and Marshall isolated for the first

time, the bacterium Helicobacter pylori, and initiated a new era in gastric microbiology [1,3].

H. pylori gastric contamination is the most common of all human infections, occurring in similar
rates in men and women [4]. The most accepted hypothesis about the mode of transmission of
this bacterium is directly from person to person through oral-oral and fecal-oral rotes [2]. H.
pylori has also been found in saliva, dental plaque and feces, indicating that oral and fecal cavities
are possibly involved in the bacterium transmission [5,6]. In addition, its presence in the gastric

juice indicates the possibility of oral-oral transmission [7].

Prevalence of H. pylori infection varies widely by geographic area, host age, race and is closely
related to socioeconomic and sanitary conditions [8-10]. A small proportion of people infected by
H. pylori develop digestive tract clinical conditions such as chronic gastritis, gastric and duodenal
ulcers and gastric cancer and lymphoproliferative disorders [11]. Symptoms resulting from
gastric disease arise in adulthood, though the acquisition of H. pylori occurs in childhood [12]. In
some individuals, presence of bacteria in the gastric mucosa induces chronic inflammation and
thus, profoundly affects gastric physiology, causing chronic gastritis which can evolve to more
severe gastric diseases as peptic ulcer [13], gastric cancer and lymphoma. Treatment of H. pylori
infection results in ulcer healing and in reduction of the risk for gastric cancer and lymphoma,
confirming its role in the etiology of these diseases [14-16].

HELICOBACTER PYLORI AND PEPTIC ULCER DISEASE

The risk of an adult infected by H. pylori to develop peptic ulcer disease is four times higher
than in an H. pylori negative individual [17]. Management and treatment of peptic ulcer disease,
caused by different physiological alterations according to its gastric localization and etiology,
has changed dramatically since the discovery of H. pylori [18]. Previous treatment with dietary
modifications, antacids, gastric acid suppression with H2-receptor antagonists and proton pump
inhibitors, were changed to antibiotic therapy for eradication of H. pylori infection. Moreover, the
eradication of H. pylori infection cure both gastric and duodenal ulcers, and the cure rates are
similar, suggesting that H. pylori is the key factor in peptic ulcer diseases independent of the ulcer
site [19].
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Since peptic ulcer disease associated to H. pylori is a result of a chronic infection progress,
knowledge of specific pre-ulcers alterations caused by H. pylori can help in its prevention and
management. Therefore, the role of H. pylori in the etiology and evolution of chronic gastritis
to peptic ulcer disease has been largely investigated. The interplay of gastritis phenotype and
acid secretion are key determinants in ulcer disease outcomes. H. pylori colonized gastric mucosa
undergoes alteration in acid secretion as a result of gastric hormone release and disruption
of neural pathways. Corpus-predominant gastritis and corpus atrophy are accompanied by
hypochlorhydria and carry the highest risk for gastric ulcer and cancer, whereas antrum-
predominant gastritis with little involvement of the corpus fundic mucosa is associated with
hyperchlorhydria and predisposes to duodenal ulcer disease [20,21].

H. pylori colonization differential pattern in the gastro-duodenal tract are associated to host
and bacterium genetic factors whose interaction results in specific physiological alterations
leading to gastric and/or duodenal ulcers [22]. As the bacterium resides in the mucosa and do not
entry gastric cells, it was adapted to produce and elicit molecules involved in survival in a high
acid environment, to adhere in gastric mucous and to escape from host immune mechanisms [23].

The acid gastric environment is microbicidal and the only bacterium adapted to survive in
gastric location is H. pylori, which present several molecular mechanisms against acid milieu.
During host co-evolution a selected molecular mechanism to locally change the acid surroundings
correspond to a urea sensitive detection system [24] associated to urease enzymes responsible
to convert urea into ammonia and bicarbonate [25]. Also, motility and chemotaxis systems
were selected in order to avoid gastric acid juice and to enable adherence to gastric mucosa,
respectively [26]. All these biological molecular strategies to survive in gastric environment and
to persistin the mucosa, involve the production of virulence factors by H. pylori, such as the urease
enzyme complex [27], a modified Lipopolysaccharide (LPS) [28]; Blood Group Antigen-Binding
Adhesion molecules (BabA) [29], Outer Membrane Inflammatory Adhesion Proteins (OipA) [30],
Cytotoxin-Associated Gene A (CagA) [31], Vacuolating Cytotoxin (VacA) [32,33], Duodenal Ulcer
Promoting Gene (DupA) [34] and factor induced by epithelium contact (IceA) [35].

H. PYLORI VIRULENCE FACTORS ASSOCIATED TO PEPTIC ULCER
DISEASE

H. pylori virulence factors are associated to genomic regions with high plasticity and diversity,
being present, absent, up-regulated or differentially expressed during bacteria growth and gastric
colonization persistence [36]. The plastic H. pylori genome present strong phylogeographic
structure attained during co-evolution process in human [37], resulting in different bacteria
strains with specific virulence factors and disease outcome according to geographic and
population distribution [38].

The urease molecular complex and vacA gene are ubiquitous in H. pylori strains corresponding
to bacteria essential virulence factors. Ammonia and bicarbonate produced by H. pylori urease
enzyme complex can directly cause damage to gastric mucosa or indirectly by toxic compounds
derived from ammonia chemical processing. Also, the urease enzyme is a strong antigen, produced
in high concentration, increasing tissue injure by local inflammatory response [39].
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The H. pylori vacA gene, correspond to an anion channel-forming cytotoxin [40] implicated in
the formation of intracellular vacuoles in epithelial cell lines [41-43]. There are three principal
polymorphic regions in vacA gene identified as Signal (s), Intermediate (i) and Middle (m),
presenting two main types (type 1 and type 2) each [4,44]. Transport of the toxin to the bacteria
membrane depends on the s type allele; s1, subdivided into s1a, s1b and s1c, are responsible for
the transport of the toxin to the bacteria membrane, and the s2 allele is defective [4, 45]. The toxin
present cell tropism for a broader range of cells when the allele is m1 [46] than is m2 type [32,
47]. The i region is intermediate between the s and m, [48] which i1 type associated to a stronger
vacuolating activity than the i2 type [49]. The more severe forms of H. pylori related disease
present association of the s1, i1, and m1 types [50]. Populations from Western countries showed
association of vacA s1 or m1 with increased risk of peptic ulcer diseases [4, 51]. In Asia, where
there is a high predominance of s1 alelle, the vacA m region mosaicism shows a variation within
East region population [52], with m1 strains being more prevalent in regions where there is a
higher prevalence of gastric cancer, suggesting that m1 strains of H. pylori are more pathogenic. In
a Brazilian population, strains harboring the vacA m1 genotype were more frequently associated
with the development of duodenal ulcer disease when compared to gastric ulcer [53].

Some strains of H. pylori harbor a type IV secretion system, derived from a transposable
element, where virulence factors, such as CagA, are encoded [54]. The complete system is
responsible to introduce the CagA toxin into the host epithelial cell [55]. CagA protein presents
a phosphorylation polymorphic repeated motif in its C-terminus, the EPIYA (composed of five
amino acids Glu-Pro-Ile-Tyr-Ala), where the tyrosine residue is phosphorylated by SFK family
kinases [56], triggering modifications in cell signaling pathways, cytoskeleton rearrangement,
and abnormal cell proliferation [57]. There are four distinct EPIYA motifs, named EPIYA-A to
EPIYA-D, distinguished by the number of motifs and flanking sequences, resulting in different
amount of phosphorylation sites [58]. In Western and in Southeast Asian countries, cagA-positive
patients are at a higher risk to develop peptic ulcer disease [59,60].

Adhesion molecules as OipA and BabA are also involved in the pathophysiology of peptic ulcer
disease. The adhesin BabA adhere to ABO/Lewis B blood group antigens located in the gastric
human mucosa, inducing expression of several inflammatory cytokines. There are two genes
encoding BabA, babA1 and babAZ genes, differing by deletion of 10 bases in the signal sequence of
babA1, which is inactive [61]. Presence of BabA encoded by babAZ2 gene is associated to increased
risk of peptic ulcer disease [62], being enhanced by the presence of cagA [63].

OipA adhesion molecule is expressed by occurrence of CT dinucleotide repeats slipped strand
mispairing in some H. pylori strains [30]. Studies using mutants of oipA gene revealed its effect
on the signaling host cell pathways through tyrosine phosphorylation and actin cytoskeleton
inducing alterations [64]. OipA protein is associated to increased mucosal inflammation by
induction of Interleukin 8 (IL-8) and to duodenal ulcer disease [65].

Persistence of H. pylori infection is also associated to the modified LPS which mimics human
Lewis blood group antigens and present a very low pyrogenic activity when compared to LPS from
others enteric bacteria [66,67]. Genes associated to the biosynthetic pathways for production
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of H. pylori LPS present bacteria population specificity and thus, could produce different gastric
disease phenotypes [68,69].

Expression of H. pylori DupA virulence factor occur in approximately half of the bacteria
strains worldwide, and is associated to increase the risk of duodenal ulcer disease by a mechanism
involving neutrophil infiltration and protection against physiological alterations associated to
corpus gastritis, including inhibition of atrophy by hypochloridria related to the development of
gastric ulcer [70,71]. Disease outcome produced by presence of DupA is independent from host
population regional characteristics [72-74].

The IceA coding gene has two allelic forms iceA1 and iceA2 [75], and expression of iceAl is
related to induction of acute antral inflammation by increasing expression of IL-8, being a marker
for peptic ulcer disease in different populations [59,76,77].

HOST RISK FACTORS ASSOCIATED TO H. PYLORI AND PEPTIC
ULCER DISEASE

H. pylori disease outcome are strongly related to bacterial virulence factors and human host
behavior and genetic background. Above, the virulence factors involved in bacterium pathogenesis
was discussed. In this section, host specificities associated to H. pylori infection and peptic ulcer
disease will be point out. Regional studies are very important to know specificities which can be
used to prevent and to manage gastric diseases caused by H. pylori.

Anumber of studies have shown the participation of non- H. pylori risk factors such as smoking,
alcohol intake and Nonsteroidal Antiinflammatory Drug (NSAID) use in the etiology of peptic
ulcer disease [78,79]. Some of these factors are also associated to an increased risk of peptic ulcer
disease related to H. pylori as NSAID intake [80].

Aging is another important factor associated to peptic ulcer disease related to H. pylori,
since development of severe gastric diseases depends on chronic and persistence of the
bacterium colonization during a long time. Several cells and regulatory hormones and genes
from immunological human system are involved in H. pylori persistent chronic infection. Thus,
genetic human variants of immunological molecular features can be associated to increased risk
for peptic ulcer disease. Description of these factors is out of the scope of this chapter and was
recently reviewed [81].

Considering the plasticity and genetic diversity of H. pylori worldwide, bacterium and human
co-evolution specificities, and host genomic variation, regional H. pylori and human population’s
investigation have to be carried out in order to improve treatment and prevention of severe
gastric diseases as peptic ulcer.
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