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Abstract  

Helicobacter pylori is regarded as the most important risk factor for peptic ulcer 

disease and gastric cancer. In Kurdistan region, northern Iraq, gastric cancer is 

rare (5/100,000). To investigate some possible reasons for this, the prevalence 

of H. pylori infection, gastric mucosal histopathological changes in H. pylori 

infected subjects, and virulence factor genotypes (especially dupA) of 

colonising strains were studied. The immune response to H. pylori infection, 

focusing on genes associated with T-helper (Th) and regulatory T-cell (Treg) 

cells, was also investigated.    

It was found that 79% of 163 adults and 37% of 120 children were seropositive 

for H. pylori (p<0.0001). For infected people, gastric lymphocyte infiltration 

was more prominent in the antrum (p=0.01).   

71% of Iraqi H. pylori strains were positive for cagA and its presence was 

significantly associated with peptic ulcer disease (PUD) (p<0.01). cagA genes 

encoding four or more tyrosine phosphorylation motifs could not be found in 

any of the Iraqi strains. Isolates possessing the i1 form of vacA were 

significantly associated with GU (p<0.02). 32% of Iraqi H. pylori isolates were 

dupA-positive and presence of this gene was associated with PUD (p<0.01).   

The levels of IFN , IL-12 p35, IL-10, IL-4 and FOXP3 mRNA were found to be 

elevated in gastric mucosal samples from H. pylori-infected patients compared 

to those from H. pylori-negative patients (median increase 7-fold p=0.001; 17-

fold p=0.002; 1320-fold p=0.001; 1184-fold p=0.001; and 3-fold p=0.01, 

respectively), indicating a predominant IL-4 and IL-10 (Th2) response. 

Interestingly, IFN

 

mRNA levels were 16-fold higher in tissues taken from 17 

infected smokers than found in tissues taken from 18 infected non-smokers 

(p=0.009). IL-4 mRNA levels in tissues from 20 infected females were 40-fold 

higher than in tissues from 15 males (p=0.005).  
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Nucleotide sequencing of the dupA 3' region from 32 strains showed that dupA 

commonly had additional single base insertions or deletions that either truncated 

or extended the open reading frame (ORF). We have therefore classified dupA 

into two main groups: the common extended ORF within jhp0917-19 (dupA1), 

and dupA with an early stop codon to truncate the ORF (dupA2). ELISA 

performed on supernatants from H. pylori-infected gastric epithelial cell lines 

found no significant differences in IL-8 production between strains that 

possessed or lacked dupA.  In comparison to wild-type H. pylori, disruption of 

dupA significantly reduced IL-12, IFN , TNF and IL-8 production by 

peripheral blood mononuclear cells (PBMCs) in 2/4 strains.  For the remaining 

2 strains, where gene sequencing revealed a frame shift resulting in truncated 

dupA in the wild-type, the level of these cytokines was unchanged by dupA 

mutation.  

H. pylori infection is common in Kurdistan region and acquired at a young age. 

The low cancer rate may be partially explained by a predominant lymphocyte 

infiltration in the antrum rather than the corpus, which has been reported to be 

associated with reduced risk of gastric adenocarcinoma. An absence of the more 

toxic cagA genotype with four or more tyrosine phosphorylation motifs in the 

Iraqi strains, and the predominance of Th2 cytokine expression rather than a 

more pro-inflammatory Th1 response to H. pylori could also contribute to a 

reduced incidence of cancer. dupA1 appears to play an important role in 

promoting the inflammatory response of leukocytes to H. pylori.         
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1. Introduction
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1.1 Overview 

Helicobacter pylori is a spiral shaped, Gram-negative rod with 5-7 flagella at one 

end. This bacterium is sensitive to oxygen, and requires a microaerobic atmosphere, 

i.e., about 5% O2 and 5-10% CO2. Bacteria of the Helicobacter genus are very 

similar to those of the Campylobacter genus. Both are motile, catalase positive and 

have curved cell bodies (Andersen and Wadström, 2001). H. pylori causes gastritis 

and peptic ulcers (Marshall and Warren, 1984, Marshall and Warren, 2001, 

Whitfield, 2003). Consequently, there has been a pivotal move in mainstream ulcer 

treatment from the widespread use of acid-reducing drugs (which heal ulcers but do 

not prevent their recurrence) to the "treatment" of gastritis and ulcers with potent 

antibiotics which eradicate H. pylori (Walsh and Peterson, 1995).    

Helicobacter pylori was originally called Campylobacter pyloridis, but after 

correction to the Latin grammar  the organism was renamed as C. pylori. In 1989, 

DNA sequencing data showed that the bacterium did not belong to the 

Campylobacter genus. Hence, it was placed in its own genus, Helicobacter 

(Marshall and Warren, 2001). The name pylori originates from the Latin word 

pylorus, which means gatekeeper, and refers to the pyloric valve between the 

stomach and duodenum.   

The inside of the stomach is exposed to litres of gastric juice every day. Gastric 

juice is composed of digestive enzymes and concentrated hydrochloric acid. 

Bacteria, viruses, and other microorganisms are destroyed in this deadly bath of 

chemicals. It was thought that the stomach was sterile, but the discovery of H. 

pylori changed this idea. Acid resistance is crucial in the gastric niche, and more 
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than 300 genes are acid regulated or acid affected (McGowan et al., 2003). Also 

large amounts of a potent, multi-subunit urease enzyme are produced by H. pylori. 

This converts urea to ammonia and CO2 leading to neutralisation of the surrounding 

environment (Melchers et al., 1998), the bacteria is surrounded by a layer of 

ammonia that neutralises hydrogen ions before lowering the intracellular pH to 

above acidic levels (Melchers et al., 1998). This allows H. pylori to survive in 

gastric acid so that it is able to colonise the gastric mucosa (Marshall et al., 1990).  

H. pylori induces an infiltrate of T lymphocytes, plasma cells, mononuclear 

phagocytes, and neutrophils and stimulates the expression of proinflammatory 

cytokines, such as tumour necrosis factor-

 

(TNF- ), interleukin-1

 

(IL-1 ), 

interferon gamma (IFN ), IL-4 and IL-8 (Atherton, 2006, Bergman et al., 2004, 

Crabtree et al., 1995, Mohammadi et al., 1997, Sawai et al., 1999, Smythies et al., 

2000, Yamamoto et al., 2004, Yamaoka et al., 2006). Despite a specific humoral 

and cellular immune response, the infection shows lifelong persistence in a 

majority of cases (Atherton, 2006). The inability to eliminate H. pylori may be due 

to bacterial virulence determinants and immune evasive strategies as well as an 

inappropriate host immune response. Gastric pathology appears closely associated 

with H. pylori virulence genes (Atherton, 2006, Kidd et al., 2001a, Kidd et al., 

2001b, Qiao et al., 2003). The two most important virulence factors are encoded by 

the vacuolating cytotoxin gene (vacA) and the cytotoxin associated gene (cag) 

pathogenicity island (PAI) (Atherton, 2006, Atherton, 1998).    
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1.2 Epidemiology and Transmission 

H. pylori colonises all human populations worldwide (Cover et al., 2001). The 

socioeconomic status, geographic area and age are important factors and play a 

crucial role in the risk of colonisation and disease development. Initial colonisation 

is thought to occur during early childhood, particularly in developing countries 

(Cover et al., 2001).  

Although the infection is almost ubiquitous in Third world countries, in developed 

countries H. pylori infects 30 50% of adults (Atherton, 2006, Cover et al., 2001). 

The decrease in H. pylori infection rate associated with industrialization and 

improvements in socioeconomic levels is due to the improvements in sanitation, 

and reduced crowding. The higher prevalence of H. pylori in individuals over 40 

years of age is considered to be due to a birth cohort effect rather than a continuous 

risk of being infected (Atherton, 2006, Blaser et al., 2007, Cover et al., 2001).  

No significant reservoirs of H. pylori exists outside the human stomach (Blaser and 

Atherton, 2004), since it has a rather small genome which does not support all 

metabolic pathways necessary for a nonparasitic life style (Alm et al., 1999, Blaser 

and Atherton, 2004, Cover et al., 2001, Tomb et al., 1997). Person to person contact 

involving ingestion of H. pylori from saliva, vomitus, faeces or recently 

contaminated foods would be the most likely mode of transmission (Blaser and 

Atherton, 2004, De Schryver et al., 2006, Delport and van der Merwe, 2007, 

Lehours and Yilmaz, 2007, Perry et al., 2006). Serological and DNA fingerprinting 

analyses have shown that person to person transmission occurs mainly within 

families i.e. vertical transmission instead of horizontal transmission (Drumm et al., 
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1990, Nguyen et al., 2006). In support of this, the same strain is frequently shared 

between mothers and their children, but less frequently between spouses. 

Interestingly, transmission is less common between fathers and their children (Han 

et al., 2000, Kivi et al., 2003).                   
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1.3 Infection and Gastric Diseases 

1.3.1 Gastritis 

Healthy stomach mucosa contains very few inflammatory cells. However, when H. 

pylori colonises the stomach, polymorphonuclear cells and neutrophils migrate to 

the area resulting in an acute inflammatory response (Atherton, 2006). 

Hypochlohydira, or reduced gastric acidity, results from the acute infection. If these 

initial responses fail to clear the infection, neutrophils, T cells, B cells and 

macrophages accumulate in the gastric mucosa (Brandt et al., 2005, Tham et al., 

2001), which is a characteristic histological picture of chronic active gastritis 

(Atherton, 2006). Most strains of H. pylori persist lifelong if not eradicated with 

antibiotics and all cause gastric inflammation (Atherton, 2006). The vast majority 

of patients stay asymptomatic without further progression. However, 15% of 

infections result in peptic ulceration and 0.5% 2% in gastric adenocarcinoma 

(Atherton, 2006, Dixon, 2000, Everett et al., 2002, Goldstone et al., 1996, Graham, 

1997, Hida et al., 1999). Three factors interact together to determine whether 

subjects develop such diseases; the virulence of the infecting H. pylori  strain, the 

type and the extent of the host immune response to infection, and modulating 

cofactors such as smoking and diet (Atherton, 2006, Graham, 1997).   

1.3.2 Gastric Ulcer 

Gastric ulceration (GU) is associated with a pan-gastritic inflammation pattern and 

reduced or normal acid production (Atherton, 2006, Dixon, 2001, Dixon, 2000). 

GU develops most commonly at the transitional zone between antrum and body on 

the lesser gastric curve. H. pylori is found in 80% of patients with gastric ulcer 

(Atherton, 2006, Dixon, 2001, Dixon, 2000). In individuals with normal or high 
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acid secretion, H. pylori does not normally colonise the corpus because of the low 

pH. However, when there is low acid secretion, the colonisation will be 

consistently spread throughout gastric mucosa (Dixon, 2001, Dixon, 2000). 

Colonisation by H. pylori leads to progressive inflammatory cell infiltration, and 

rising exfoliation of the epithelial cells. These changes lead to ineffective mucin 

and bicarbonate production, which weakens the mucus barrier and the tissue 

becomes more susceptible to ulceration (Atherton, 2006, Dixon, 2001, Dixon, 

2000).   

1.3.3 Duodenal Ulcer 

Duodenal ulcer (DU) is associated with dense H. pylori infection and severe 

inflammation but only when inflammation is largely confined to the antrum, 

probably as a result of increased basal acid output and a heightened parietal cell 

response to stimulation. H. pylori is found in 95% of patients with duodenal ulcers 

(Atherton, 2006, Dixon, 2001, Dixon, 2000, Fikret et al., 2001). Excessive acid 

secretion into the duodenal lumen promotes the migration of gastric mucosa into 

the duodenum a condition which is called gastric metaplasia (Fikret et al., 2001). 

The appearance of gastric epithelial cells in the duodenum allows colonisation by 

H. pylori, which will establish a chronic inflammatory response (Fikret et al., 

2001). The inflammation process and bacterial effect on the epithelial cells render 

the duodenal mucosa sensitive to gastric acidity, and thus predisposes it to 

ulceration (Atherton, 2006, Dixon, 2001, Dixon, 2000, Fikret et al., 2001).    
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1.3.4 Gastric Cancer 

Gastric adenocarcinoma is the second highest cause of cancer deaths worldwide 

(Atherton, 2006, GLOBOCAN, 2002). A possible explanation is the high 

prevalence of H. pylori infection (Correa, 2003, Correa et al., 1990, GLOBOCAN, 

2002, Meining et al., 1998). Distal gastric adenocarcinoma (Correa, 2003, Correa et 

al., 1990, GLOBOCAN, 2002), which is H. pylori associated, is more common 

than the proximal form. In addition, H. pylori causes MALToma or B cell mucosa-

associated lymphoid tissue (MALT) (Du and Atherton, 2006) lymphoma of the 

stomach (Bandipalliam, 2006, Iida et al., 2007, Moss and Malfertheiner, 2007). 

Gastric cancer arises as an outcome of long term gastric mucosal infection and 

chronic inflammation (Asaka et al., 1997, Blaser et al., 2007, Egi et al., 2007, 

Goldstone et al., 1996). Atrophic gastritis, intestinal metaplasia and dysplasia are 

preceding conditions of gastric cancer (Fikret et al., 2001). The difference in 

prevalence of infection versus incidence in gastric cancer (approx. 1%) suggests a 

multifactorial etiology such as differences in bacterial strains, host genotypes, and 

environmental conditions (Atherton, 2006, Peek and Blaser, 2002). In particular, 

strains that carry the cag PAI and virulent types of the vacuolating cytotoxin gene 

(vacA) are significantly associated with disease (reviewed in (Atherton, 2006)). 

Individual differences in host responses are also of major importance, and 

polymorphism in the pro-inflammatory cytokine interleukin IL-1 was the first 

described host risk factor for H. pylori associated gastric cancer (El-Omar et al., 

2000, El-Omar et al., 2001). IL-1 is the most powerful inhibitor of gastric acid 

secretion known, and individuals who are colonised by H. pylori and possess high 

expression alleles of IL-1 run an increased risk of developing hypochlorhydria, 
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gastric atrophy and gastric adenocarcinoma (El-Omar et al., 2000, El-Omar et al., 

2001).   

On the other hand, there is some evidence against the association of H. pylori with 

gastric cancer. The strongest evidence comes from the unexplained African and 

Asian enigma where there is high H. pylori infection rate and low gastric cancer 

rate (Holcombe, 1992, Singh and Ghoshal, 2006). In a study conducted in two 

regions in China where there is high and low prevalence of gastric cancer, the 

prevalence of H. pylori infection was similar (Hu et al., 1995).  Similarly, studies in 

some countries, Italy (Palli et al., 1993) and Costa Rica (Sierra et al., 1992), did not 

show a higher prevalence of infection among people living in regions with a high 

prevalence of gastric cancer.   

Thus, both host and bacterial factors contribute to development of disease. Immune 

response to H. pylori also plays a major role.  This will be discussed later. 

Furthermore, different environmental factors such as high salt intake and 

inadequate consumption of fruits and vegetables containing vitamin C has been 

regarded as risk a factor for development of gastric cancer (Asaka et al., 1997, 

Correa et al., 1998).       
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1.4 Histological Changes 

1.4.1 Overview 

Acute gastritis due to H. pylori is rarely seen in biopsy material because the 

infection is usually either asymptomatic or accompanied by minor gastrointestinal 

discomfort. The histological features include conspicuous pit abscesses and 

exudation of neutrophils into the surface epithelium (Owen, 2004). This is 

accompanied by marked epithelial degeneration and regeneration, which may be 

syncytial in type. The mucosa shows a dense infiltrate of chronic inflammatory 

cells, in which plasma cells are especially prominent. Lymphoid follicles with 

germinal centres are usually seen, particularly in the deeper portion of the mucosa. 

This finding is virtually pathognomonic for the presence of H. pylori (Owen, 2004). 

The surface and pit lining epithelium is infiltrated by neutrophils, which may be so 

prominent that pit abscesses are formed. This neutrophil infiltration is termed 

active gastritis and is seen predominantly in areas where the Helicobacter 

organisms are most abundant and most readily identified (Owen, 2004). The 

Modified Sydney system is used for the classification of gastritis (Misiewicz, 

1991). This system introduces a semiquantitative grading system from 0 to 3, 

according to the severity, for H. pylori, neutrophil granulocyte, mononuclear 

cellular infiltration, atrophy and intestinal metaplasia. There are some limitations to 

this system such as difficulties of its usage in routine and every day reporting in a 

busy histopathology laboratory (Guarner et al., 1999). However, the system has 

been found useful and reproducible for treatment protocols and research purposes 

(Guarner et al., 1999).  
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In North America and Western Europe, most individuals with H. pylori infection 

have an active superficial gastritis, largely confined to the antrum, in which 

organisms are easily identified (diffuse antral gastritis or DAG) (Meining et al., 

1998). This type of gastritis may result in duodenal ulcer formation, probably as a 

result of increased basal acid output and a heightened parietal cell response to 

stimulation (Dixon, 2000, Meining et al., 1998, Sotoudeh et al., 2008). It may also 

cause non ulcer dyspepsia, although this association is controversial (Atherton, 

2006). In contrast, individuals in underdeveloped countries typically have an 

atrophic gastritis (multifocal atrophic gastritis), which is patchy in distribution and 

involves botH pyloric and fundal mucosa (Meining et al., 1998, Sotoudeh et al., 

2008). H.  pylori organisms may be sparser in this form of gastritis, which is 

associated with gastric ulcer and gastric carcinoma (Egi et al., 2007, Meining et al., 

1998, Sotoudeh et al., 2008). The reasons for this geographic difference are 

unclear. One possibility is that individuals in Third World countries acquire the 

infection at an earlier age: progression from non atrophic superficial gastritis to an 

atrophic gastritis simply relates to the duration of infection or the increased 

susceptibility of children s stomachs to sustain damage (Asaka et al., 1998, 

Atherton, 2006). Another plausible explanation is that additional, but as yet 

unspecified, dietary factors may be required to mediate damage leading to atrophy 

and intestinal metaplasia (Atherton, 2006).   

Treatment of H. pylori gastritis with appropriate antibiotics will usually result in 

rapid elimination of organisms and abolition of the neutrophilic infiltrate. Chronic 

inflammation, however, may persist for several years before disappearing (Kubben 

et al., 2007, Malfertheiner et al., 2006, Romero-Gallo et al., 2008).  
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1.4.2 Intestinal Metaplasia 

Intestinal metaplasia is defined as transformation of gastric epithelial cells into 

goblet cells, which normally line the surface of colonic tissue (Fikret et al., 2001). 

These changes appear most often as a consequence of continuous regeneration of 

tissue and abnormal stimulation of growth during chronic inflammation (Fikret et 

al., 2001). Both atrophic gastritis and intestinal metaplasia occur during long term 

(decades of) H. pylori infection and both are considered to be risk factors for 

development of cancer (Asaka et al., 1998, Fikret et al., 2001).  

1.4.3 Atrophic Gastritis 

Gradual loss of gastric glandular tissue as a consequence of long term mucosal 

destruction is called atrophic gastritis (Asaka et al., 1997, Atherton, 2006). The 

tissue damage may involve progressive loss of all specific mucosal cells including 

the acid producing parietal cells, pepsinogen producing chief cells and mucus 

producing gland cells (Asaka et al., 1997, Atherton, 2006, Sipponen, 1998, Tham et 

al., 2001). When these cell types have shrunk, the protective mucus layer will 

gradually disappear and acid secretion will cease (Atherton, 2006, Sipponen, 1998). 

Such pathological changes increase the risk of gastric ulceration and development 

of gastric adenocarcinoma (Fikret et al., 2001). However, this protects against 

duodenal ulcers because of low acid secretion (Atherton, 2006).     
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1.5 Virulence Factors 

1.5.1 The cag PAI and cagA gene  

The cytotoxin associated gene A (CagA) protein, which is encoded by the cagA 

gene, is a highly immunogenic protein. H. pylori strains possessing cagA are 

associated with a significantly increased risk for the development of atrophic 

gastritis, peptic ulcer diseases and gastric cancer (Atherton, 1998, Atherton, 1999, 

Atherton, 2000, Peek et al., 1997, Rokkas et al., 1999). The cagA gene is situated at 

one end of a 40 kb DNA insertion called the cag PAI and may have been acquired 

from a non-Helicobacter origin (Atherton, 2000, Censini et al., 1996). The cag PAI 

contains approximately 30 genes which are multicistronic. The difference in the 

ability of H. pylori strains to trigger chemokines from gastric mucosa depends upon 

the expression of genes within the cag PAI (Atherton, 2000, Censini et al., 1996, 

Tomb et al., 1997) .   

Many of the genes in the PAI are thought to encode components of a bacterial type 

IV secretion system (T4SS) (Censini et al., 1996). Recent studies have shown that 

CagA is directly introduced into epithelial cells via the type IV secretion system, 

becomes phosphorylated on tyrosine residues by host cell Src family kinases and 

then stimulates cell signalling pathways (Censini et al., 1996, Stein et al., 2000). 

This, in vitro, leads to clear changes in cell shape resulting in what is called the 

hummingbird phenotype (elongated cell with long processes) (Bourzac et al., 

2007, Kurashima et al., 2008, Ren et al., 2006, Segal et al., 1999, Tsutsumi et al., 

2003). Such cytoskeletal changes might be induced via the activation of the 

hepatocyte growth factor receptor c-Met which is an oncogene (Churin et al., 

2003).  Furthermore, it was recently shown that phosphorylated CagA forms a 
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physical complex with SHP-2 phosphatase which is known to have a positive role 

in mitogenic signal transduction, and deregulates its enzymatic activity (Higashi et 

al., 2002b). Deregulation of SHP-2 by CagA may stimulate abnormal proliferation 

and movement of gastric epithelial cells through the activation of c-Fos and c-Jun 

(Meyer-ter-Vehn et al., 2000). In addition, the phosphorylation of CagA has a 

negative feedback loop by which the activated CagA inhibits Src kinase preventing 

unregulated signalling (Atherton, 2006, Stein et al., 2002). It is worth mentioning 

that un-phosphorylated CagA can disrupt the apical junctional complex between 

gastric epithelium cells possibly facilitating the acquisition of nutrients (Amieva et 

al., 2003).     

According to the sequence constituting the SHP-2 binding site, CagA proteins can 

be sub-categorised into Western (C motif) and East Asian (D motif) types. The East 

Asian type CagA possesses stronger SHP-2 binding and transforming activities 

than the Western-type CagA (Azuma et al., 2004).  CagA is translocated into 

epithelial cells where it becomes phosphorylated on tyrosine residues in EPIYA 

tyrosine phosphorylation motifs (TPMs). EPIYA motifs are frequently repeated 

within the variable region of the protein (Higashi et al., 2005, Naito et al., 2006). 

Strains possessing CagA with greater numbers of these repeats have been more 

closely associated with gastric carcinogenesis (Argent et al., 2004, Zhang et al., 

2005). Phosphorylated CagA leads to epithelial cell elongation, which is dependent 

on the number of variable-region EPIYA motifs (Argent et al., 2004, Zhang et al., 

2005). Thus, determination of the degree of CagA phosphorylation and the number 

of EPIYA motifs appears to be more important than detection of cagA alone 

(Argent et al., 2004, Argent et al., 2005, Zhang et al., 2005).  
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The C-X-C chemokine family, which comprises the polymorphonuclear cells 

(PMNL) chemo-attractant IL-8, is an important factor in the immunopathogenesis 

of gastritis (Crabtree et al., 1995, Hofman et al., 2000). High levels of gastric IL-8 

are found in patients infected with cagA positive strains of H. pylori (Crabtree et 

al., 1995). Initial studies revealed that inactivation of 14 genes in the cag PAI 

reduced IL-8 secretion in epithelial cells (Crabtree et al., 1995), whereas the cagA 

gene seemed to be irrelevant (Crabtree et al., 1995, Sharma et al., 1998). However, 

a recent paper demonstrated that cagA could play a role in the induction of IL-8 

secretion via a Ras-Raf-Mek-Erk-NF-kB signalling pathway in a SHP-2 and c-Met 

independent manner (Brandt et al., 2005). Another paper has shown that the T4SS 

facilitates the translocation of peptidoglycan into the host cell cytosol where it 

activates NOD1 which in turn activates the expression of IL-8 (Viala et al., 2004).  

1.5.2 Vacuolating Cytotoxin  

The vacuolating cytotoxin (VacA) is another H. pylori virulence factor (Atherton, 

1998). VacA can induce apoptosis in epithelial cells, affect B lymphocyte antigen 

presentation, inhibit the activation and proliferation of T lymphocytes, and 

modulate the T cell-mediated cytokine response (Gebert et al., 2004). The toxin 

also induces the formation of large cytoplasmic vacuoles in epithelial cells (Cover, 

1996). To a large extent, the function of this cytotoxin depends upon pH. At neutral 

pH, VacA congregates into large, water-soluble oligomeric complexes comprising 

12 or 14 identical monomers (Cover et al., 1997). When exposed to acidic or 

alkaline pH, these oligomeric complexes disassemble into component monomers 

(Cover et al., 1997). Acid activated VacA can be integrated into lipid bilayers and 



 

18

 
the plasma membrane of eukaryotic cells to form anion and urea selective 

membrane channels (Czajkowsky et al., 1999). This urea permease activity may 

help acid survival through supplying a substrate for urease (Atherton, 2006).  

Moreover, a recent study has demonstrated that VacA increased the permeability of 

the epithelial barrier, probably by acting at the tight junction level (Papini et al., 

1998). However, VacA is not involved in H. pylori induced polymorphic nuclear 

lymphocytes (PMNL) migration across a tight epithelial barrier (Hofman et al., 

2000).    

Unlike cagA, almost all H. pylori strains posses the vacuolating cytotoxin gene 

(vacA) (Atherton, 2006). vacA is translated into a prepro-protein which is an 

autotransporter that undergoes N- and C-terminal cleavage during its secretion. The 

mature secreted VacA toxin comprises 2 subunits; p37 and p58, linked via a 

flexible loop region. It has a molecular mass of 88 kDa and consists of about 821 

amino acids (Reyrat et al., 2000). Vacuole formation in HeLa cells can be induced 

by transfecting these cells with vacA-containing plasmids. Expression of the amino-

terminal 422 amino acids, comprising the p37 domain and a part of the p58 domain, 

is sufficient to induce vacuole formation (de Bernard et al., 1998, Ye et al., 1999). 

Rabbit antiserum induced against a recombinant peptide containing amino acids 

476 to 803 of VacA inhibits the binding of VacA to cells and neutralizes toxin 

activity (Ye et al., 1999). These data suggest that a carboxy-terminal VacA p58 

domain performs binding of the toxin to cells and an amino-terminal domain 

mediates the intracellular activity of VacA (Nguyen et al., 2001, Ye et al., 1999).   
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The vacA gene contains at least two variable parts, the signal and middle regions. 

For the signal region, two sequence families, called s1 and s2, have been identified 

in different isolates. Among s1 strains, subtypes s1a, s1b, and s1c have been 

identified (van Doorn et al., 1998). Subtypes s1a and s1b differ in five amino acids 

(Ala18Val, Val20Ala, Val24Ile, Ile26Ala/Ser, and Thr27Ile). Subtype s1c differs 

from subtype s1a at two positions (Ala22Leu and Gln30Lys) and from s1b at seven 

positions (Ala18Val, Val20Ala, Ala22Leu, Ile24Val, Ala/Ser26Ile, Ile27Thr, and 

Glu/Gln30Lys) (van Doorn et al., 1998).  Two alleles, m1 and m2, of the mid-

region of the vacA gene have been described, and the m2 cytotoxin is inactive in 

the in vitro HeLa cell assay.   

Vacuolating cytotoxin activity is related to the mosaic structure of vacA. In general, 

type s1/m1 and s1/m2 strains produce high and moderate levels of toxin activity, 

respectively, whereas s2/m2 strains produce no vaculating activity (Atherton et al., 

1995). A 12-amino-acid hydrophilic amino-terminal segment, present in type s2 but 

absent from type s1 VacA proteins, slows the capacity of VacA to form membrane 

channels and abolishes vacuolation. Some type s1/m2 VacA toxins show cytotoxic 

activity toward selected cell types, including RK-13, but relatively little activity for 

HeLa or AGS cells (Atherton et al., 1995, Letley et al., 1999, van Doorn et al., 

1998). Heterogeneity among vacA alleles may be an important factor in 

understanding variations in clinical manifestations among H. pylori -infected 

subjects. Several studies have demonstrated that gastric infection with H. pylori  

strains containing type s1 vacA alleles are associated with a higher risk for 

development of peptic ulcer disease than infection with strains containing type s2 

vacA alleles (Atherton et al., 1995). This relation is not seen in Asia as an Asian 
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strains are vacA type s1 (Atherton et al., 1995, Han et al., 1998, Ito et al., 1997, Pan 

et al., 1998). Thus in these countries, s1 cannot be used as a marker for the presence 

of peptic ulcer disease because the prevalence of the s1 genotype is uniformly high.  

Rhead and colleagues have described a novel determinant of VacA toxicity,  called 

the intermediate or i-region (Joanne et al., 2007). They showed that two allelic 

variants of this region existed, i1, and i2. Furthermore, only s1/m2 strains varied in 

i-type; s1/m1 and s2/m2 strains were exclusively i1 and i2 respectively. This novel 

region determines vacuolating activity among these s1/m2 strains. More 

importantly, a significant correlation has been established between the i1 region 

and gastric cancer (Joanne et al., 2007). In contrast to Rhead et al., no disease 

association between vacA i genotypes and outcome was found in East Asian and 

Southeast Asian countries (Ogiwara et al., 2008). More studies, from other 

countries, are needed to determine whether this region is a true virulence 

determinant.           



 

21

                     

Figure 1. 1 Polymorphisms in VacA.  

The vacA gene varies most markedly in the signal region (encoding the signal 

peptide), which may be type s1 or s2, and in the mid-region (encoding part of the 

p58 binding subunit). This may be type m1 or m2. Three types of toxin are 

commonly found: s1/m1, s1/m2, and s2/m2 (the s2/m1 combination occurs but is 

rare). (Atherton 2006).    
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1.5.3 Blood Group Antigen Binding Adhesin A 

The BabA adhesin of H. pylori is an outer membrane protein that attaches to the 

fucosylated Lewis b histo-blood group antigen on the surface of gastric epithelial 

cells (Boren et al., 1993, Ilver, 1998). Within the gastric mucosa, H. pylori lies 

within the mucus layer and may also bind to gastric epithelial cells. Adherence to 

the epithelium is assumed to help protect the bacteria from gastric acidity, as well 

as from displacement due to peristalsis (Rad et al., 2002). Lewis b-dependent 

attachment of H. pylori to gastric epithelial cells is associated with increased 

severity of inflammation, development of parietal cell autoantibodies, and parietal 

cell loss (Rad et al., 2002). Two genes encoding BabA have been cloned: babA1 

and babA2, but only the babA2 gene is functionally active. Only about half of the 

H. pylori strains tested produced a detectable BabA protein (Bjornham et al., 2005, 

Hennig et al., 2004, Pride et al., 2001). Among H. pylori strains that produce a 

detectable BabA protein, there is considerable variation in binding to Lewis b 

(Bjornham et al., 2005).  In a study conducted in Brazil, a strong relationship 

between babA2 and duodenal ulcer or gastric carcinoma was detected, even after 

adjusting for confounding factors, such as age, gender, and cagA status (Kim et al., 

2001, Oliveira et al., 2003). Studies in Western countries have also revealed a 

strong relationship between babA2-positive status and duodenal ulcer and gastric 

carcinoma (Gerhard, 1999). However, in Asian countries, most of the circulating H. 

pylori strains are babA2 positive, whether or not they were isolated from 

asymptomatic or diseased patients (Kim et al., 2001, Lai et al., 2002, Mizushima et 

al., 2001). In addition to these differences between Western and Eastern countries, 

the prevalence of babA2-positive H. pylori strains varies among Western 

populations, being much lower in subjects from Portugal (Oleastro et al., 2003) 
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than in those from Germany (Gerhard, 1999), or the United States (Backstrom et 

al., 2004). Triple positive phenotype strains (babA2, cagA, and vacAs1) are 

associated with a high prevalence of ulcer and adenocarcinoma (Gerhard, 1999, 

Hennig et al., 2004, Kim et al., 2001, Oliveira et al., 2003).   

1.5.4 Outer Inflammatory Protein A 

The H. pylori outer inflammatory protein, OipA, is a virulence factor associated 

with increased IL-8 secretion and augmented inflammation in vitro as well as the 

clinically important presentation of peptic ulcer (Yamaoka et al., 2000, Yamaoka et 

al., 2006) although some have failed to show this association (Akanuma et al., 

2002). The gene oipA is found in all strains, although, variable numbers of 

dinucleotide repeats in its 5´ region mean that an active protein may or may not be 

produced; this adaptation system is called phase variation and is based on the 

slipped-strand repair mechanism. Switch on status is functional and off status 

is non-functional. Such status may affect bacterial characteristics such as virulence. 

Strains possessing the cag pathogenicity island typically also have OipA with 

functional status on (Kudo et al., 2004). PCR-based sequencing of the signal 

region of the gene is sometimes used to imply the presence of a functional OipA 

protein (Kudo et al., 2004). However, sequencing of the 5´ region of the gene does 

not guarantee that no mutations are present downstream that would prevent 

production of the protein, so detection of OipA expression by western blot analysis 

should also be performed.     
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1.5.5 Duodenal Ulcer Promoting Gene A (dupA)  

Recently, duodenal ulcer promoting gene A, dupA, has been identified and shown 

to play a role in provoking IL-8 secretion (Lu et al., 2005a). The dupA gene is 

located in a region of the bacterial genome that encodes surface proteins and it is a 

VirB4 homologue (Lu et al., 2005a). Lu et al. showed that the presence of dupA 

was significantly associated with duodenal ulceration, but negatively associated 

with gastric cancer, in populations from South Korea, Japan, and Colombia. They 

also showed that it increased IL-8 secretion (Lu et al., 2005a). A population from 

northern India also demonstrated a significant association between the presence of 

dupA and duodenal ulceration, although no patients with gastric cancer were 

included in the study (Arachchi et al., 2007). In contrast, in a population from 

Brazil, no significant association between dupA prevalence and ulceration or cancer 

was found (Gomes et al., 2007). It was recently found, however, that dupA was not 

significantly associated with duodenal ulceration in populations from Belgium, 

South Africa, China, and the USA, but was significantly associated with gastric 

cancer development (Argent et al., 2007). This association with duodenal ulceration 

in some populations and gastric cancer in others is similar to the association of the 

cag PaI with disease. The cag PaI is thought to induce increased gastric 

inflammation largely through increasing IL-8 secretion from epithelial cells 

(Crabtree et al., 1995). Finally, an association between dupA-negative strains of H. 

pylori and pre-malignant lesions was found in Iran (Douraghi et al., 2008). The 

variation in the results calls for additional studies of dupA to evaluate the role of 

this gene in disease processes.   
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1.6 Genomic Diversity 

H. pylori has a wide genetic diversity amongst isolates from different subjects. It is 

extremely difficult to find two isolates, from unrelated individual, with identical 

genomic fingerprints by methods such as random amplification of polymorphic 

DNA (RAPD) (Akopyanz et al., 1992). Additionally, genomic comparison of 

different strains has shown that 7% of the genes are specific for each strain (Alm et 

al., 1999). Such a diversity is conferred by many mechanisms, including point 

mutations, chromosomal rearrangements, strain specific restriction modification 

systems, horizontal gene transfer between strains, impaired DNA repair 

mechanisms, and an exceedingly high frequency of recombination (Blaser and 

Berg, 2001, Falush, 2001, Suerbaum and Josenhans, 2007). The recombination rate 

in H. pylori is the highest among all bacteria that have been studied so far 

(Suerbaum and Josenhans, 2007).   

H. pylori is naturally competent for transformation, which allows uptake of free 

DNA released from nearby strains in the local environment when they die. Foreign 

DNA fragments undergo recombination for integration into the chromosome. comB 

is believed to play an important role in the process of natural transformation 

(Hofreuter et al., 2001). Uptake of foreign DNA and subsequent homologous 

recombination results in genetic diversity. Interestingly, the average size of 

recombined fragments in H. pylori (about 400 bp) is much smaller than in other 

bacteria (Falush, 2001).   

The development of variation within the H. pylori population, followed by 

continuous selection for sub-clones with improved fitness for individual hosts over 
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years or even decades of infection, has led to an exceedingly diverse and most host 

adapted bacterial species.  

According to their geographical distinction, H. pylori  can be divided into four 

populations; hpAfrica 1, which is subclassified into hspWAfrica and hspSAfrica, 

hpAfrica 2, hpEastAsia, which is subdivided into hspAmernid, hspEAsia and 

hspMaori, and hpEurope. These modern populations derive their gene pools from 

five ancestral populations; Africa1, Africa2, EastAsia, Europe1 (AE1), and 

Europe2 (AE2). Human migration throughout history played the major role in 

subsequent spread (Falush et al., 2003).     

The vacA s1a or s1b genotypes are predominant in strains from Western countries, 

whereas s1c is highly prevalent in strains from East Asia (van Doorn et al., 1999). 

The vacA m1a and m2a genotypes are predominant in strains from Western 

countries, whereas the m1c genotype is predominant in strains from South Asia, 

and the m1b and m2b genotypes are predominant in strains from East Asia (van 

Doorn et al., 1999). Overall, strains from Western countries predominantly possess 

cagA, vacA s1a, s1b, or s2 and m1a or m2a genotypes (van Doorn et al., 1999). 

Strains from South Asia predominantly possess cagA and vacA s1a/m1c genotypes, 

whereas strains from East Asia predominantly possessed cagA, vacA s1c/m1b, or 

m2b genotypes (van Doorn et al., 1999). These variations in the global distribution 

of the cagA and vacA genotypes may explain the diversity of reports associating the 

cagA and vacA genotypes with the clinical outcome from different geographic 

regions (Atherton, 2006). Other preliminary studies have supported the finding that 

vacA s2 strains are rarely associated with ulcers but have also found that such 
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strains are uncommon in many populations (Atherton, 2006, Atherton et al., 1997). 

More than 80% of Africans are infected with H. pylori, (Holcombe, 1992). In 

Ethiopia, for example, the vacA gene was detected in all H. pylori strains and the 

vacA genotype s1/m1 was found in 48% of the strains and 79% were cagA positive 

(Asrat et al., 2004).  In spite of this, gastric cancer rates are lower than might be 

predicted based on this high prevalence which may indicating the presence of an 

enigma in this region (Holcombe, 1992).                  



 

28

 
1.7 Immune Response 

1.7.1 T Helper cells 1 (Th1) and 2 (Th2) 

The Th-0 naïve cells may be differentiated into certain Th subsets (Th1, Th2, Th17, 

Treg) depending on the cytokine environment where antigen presentation occurs. 

Th cells are an important regulator of the immune system, for example they control 

inflammation and B-cell memory. Usually Th2 cells are responsible for dealing 

with extracellular bacterial and parasite infections, whereas intracellular infections, 

including viruses, are dealt with by Th1 cells.  Th1 cells, whose maturation is 

stimulated by interleukin-12 (IL-12), predominantly secrete interferon gamma 

(IFN ) and IL-2, whilst Th2 cells, which may be stimulated by IL-10, secrete IL-4, 

IL-5, IL-9, and IL-13 (Atherton, 2006, Bergman et al., 2004, Robinson et al., 2008, 

Smythies et al., 2000). Th1 and Th2 cells cross-regulate one another. IFN secreted 

by Th1 cells directly suppresses IL-4 production, and thus inhibits the 

differentiation of naïve  Th cells into Th2 cells (Gajewski and Fitch, 1988). In 

contrast, IL-4 inhibits the secretion of IFN and blocks the activity of Th1 cells 

(Ohmori and Hamilton, 1997).  

In H. pylori infection, although both Th1 and Th2 arms of the immune response are 

provoked, gastric mucosal cytokine profiles suggest that the Th1 response 

predominates (Andersen and Wadström, 2001, Atherton, 1998, Whitfield, 2003) 

Th1 cells are induced by the actions of IL-12 during antigen presentation to the 

naive T-cell.  H. pylori neutrophil-activating protein (HP-NAP) was shown to play 

an important role in stimulating IL-12 production from neutrophils and monocytes, 

biasing the immune response towards Th1 (Amedei et al., 2006). Studies in animal 

models and supportive data in humans show that a strong Th1 response increases 
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the severity of gastritis and cancer risk (Akhiani et al., 2002, Bamford et al., 1998, 

Blaser, 1992). In IFN

 
knock-out mice a lesser inflammatory response to H. pylori 

was found in comparison to wild-type mice, indicating the importance of IFN

 
for 

exacerbating gastritis (Akhiani et al., 2002). With H. pylori induced Th2 responses 

there is milder gastritis; a higher H. pylori colonisation density and lower risk of 

gastric cancer (Atherton, 2006) (Figure 1.1).   

H. pylori induces a strong T-cell mediated immune response yet it is ineffective in 

clearance. Atherton argued that such an intense immune response is deleterious to 

the bacteria and it might cause elimination of infecting micro-organisms in mice 

(Atherton, 2006, Kotloff, 1996). However in humans H. pylori  appears to 

downregulate the Th responses to avoid clearance (Atherton, 2006). This balance 

between the up and the downregulation of Th1 may be achieved via several 

mechanisms. Firstly, it was found that Lewis antigen can bind to the dendritic cell 

specific intracellular adhesion molecule-3 (ICAM3) binding nonintegrin (DC-

SIGN) lectin on gastric dendritic cells; this binding halts Th1 cell development. 

However, not all H. pylori carry Lewis antigens, therefore, it is expected that Lewis 

negative variants induce stronger Th1 response than Lewis positive variants 

(Atherton, 2006, Bergman et al., 2004, Rad et al., 2002) . Secondly, Th1 

polarisation can be diminished through H. pylori stimulated cyclooxygenase-2 

production by mononuclear cells (Byrne et al., 2003, Meyer et al., 2003, Wight et 

al., 2001). Thirdly, H. pylori can stimulate a regulatory T cells (Treg) response 

(Lundgren A et al., 2003). In the presence of the Treg cells, lower levels of IFN 

are secreted by memory Th cells in H. pylori infected subjects than those from H. 

pylori uninfected people (Atherton, 2006, Lundgren A et al., 2003). Finally, 
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external factors can play a role in downregulating the Th1 response. It has been 

shown that the coinfection of mice with Helicobacter felis, a Helicobacter species 

which has wider host range than H. pylori (Lee et al., 1990, Lee et al., 1988, 

Lockard and Boler, 1970), and helminths, leads to increased H. felis density, but 

reduced Th1 cytokine levels (Fox JG et al., 2000). On the other hand, the immune 

response in mice co-infected with H. felis and Toxoplasma gondii was pushed 

towards a Th1 biased response. Gastric mucosal IFN and IL-12 levels were 

significantly elevated and IL-10 expression was substantially reduced (Stoicov et 

al., 2004).   

There are reported variations in the immune response to H. pylori infection in 

different human populations. The immune response to H. pylori infection in an 

African population was predominantly Th2 and differed from that observed in 

subjects from Europe which was mainly Th1 (Mitchell et al., 2002). Other 

researchers have shown evidence of a Th2 response especially in children 

(Campbell et al., 2004). In addition, previous studies have shown that the Th2 

response is stronger in women (Ansar et al., 1985).          
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Figure 1. 2 The central role of the Th cell response to H. pylori infection.  

Th1, Th2, and regulatory T cells are activated, but the balance of the response 

varies between people owing to unknown factors. Studies in animal models and 

supportive data in humans show that a strong Th1 response increases severity of 

gastritis and cancer risk. Both H. pylori and the host downregulate this Th1 

response. This potentially benefits H. pylori by allowing more dense colonization 

and benefits the host by downregulating mucosal inflammation. (Atherton 2006).         



 

32

 
1.7.2 Regulatory T cells (Treg) 

The immune system can distinguish between self and non-self antigens, preserving 

self-tolerance and preventing a damaging immune attack on the body s cells and 

tissues. This is achieved via several mechanisms. Firstly, potentially dangerous 

self-reactive T and B cells are clonally removed at primitive stages of their 

development or inactivated when encountering self-antigens. Secondly, a 

population of self-reactive CD4+ T cells, called regulatory T cells (Tregs), 

participate in the maintenance of peripheral self-tolerance by blocking the 

activation and expansion of damaging self-reactive T cells. Treg cells constitute 5

10% of CD4+ T cells and the vast majority of such naturally occurring CD4+ cells 

constitutively express high levels of CD25 (Hori et al., 2003, Sakaguchi, 2000, 

Sakaguchi et al., 1995, Sakaguchi et al., 2001).   

It has been shown that Treg cells are able to suppress the proliferation and cytokine 

production of both CD4 and CD8 T cells via a cell-cell contact-dependent 

mechanism and/or the secretion of anti-inflammatory cytokines such as IL-10 and 

transforming growth factor  (TGF ) (Sakaguchi et al., 2001). Additionally, the in 

vitro suppressive activity of Treg cells can be induced by several different types of 

antigens, including dietary, self, and foreign antigens (Taams et al., 2002). 

Furthermore, Treg cells have been demonstrated to be responsible for maintaining 

tolerance to food antigens (Lundin et al., 1999, Zhang et al., 2001) and to the 

normal intestinal flora (Singh et al., 2001). Experiments on mice have shown that 

the removal of this population of cells leads to spontaneous development of various 

autoimmune diseases in otherwise normal mice (Sakaguchi et al., 1995). This 

uncontrolled immune reaction has been noticed in humans as well. the best 
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example is IPEX (immune dysregulation, polyendocrinopathy, enteropathy, X-

linked syndrome) (Gambineri et al., 2003). The FOXP3 gene encodes a 

transcriptional repressor and acts as the master regulator in the development and 

function of Treg cells (Bennett et al., 2001, Brunkow et al., 2001, Chatila et al., 

2000, Fontenot et al., 2003, Hori et al., 2003, Khattri et al., 2003, Wildin et al., 

2001). Furthermore, transfusion of CD25+CD4+ T cells prepared from normal mice 

can prevent autoimmune disease in FOXP3-defective mice (Fontenot et al., 2003). 

Walker and colleagues argued that the discovery of FOXP3/FOXP3 as a marker for 

natural CD25+CD4+ cells made it possible to determine the origin and the 

developmental pathway of these cells (Walker et al., 2003). Unfortunately, FOXP3 

expression can be induced in non-Treg cells so it is not a completely specific and 

stable marker, however it is widely regarded as the best marker available at this 

time (Fontenot et al., 2003, Hori et al., 2003).   

Treg responses increase with age. Two theories explain the origin of CD25+CD4+ 

cells. One is that naive T cells can differentiate to CD25+CD4+ cells upon T-cells 

receptor stimulation, in a manner similar to that of Th1 and Th2 cells (Apostolou et 

al., 2002, Thorstenson and Khoruts, 2001). Another theory is that some of the 

functionally mature regulatory T cells produced by the thymus are CD25

 

or lose 

CD25 expression with retention of their suppressive function. In rodents, such 

CD25

 

cells become CD25+ when activated (Annacker et al., 2000, Gavin et al., 

2002) (Stephens and Mason, 2000).   

It was recently shown that Treg cells reduce H. pylori-induced gastritis in mice and 

humans (Couper et al., 2008, Grencis et al., 1991, Raghavan et al., 2003). These 
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cells can also halt the induction of colon cancer in mouse models by inhibiting the 

inflammatory response to H. hepaticus (Erdman et al., 2003). The induction of Treg 

cells may halt the process of disease progression by suppression of the damaging 

immune and inflammatory response. On the other hand, this suppression may allow 

bacterial persistence and the effectiveness of immunosurveillance against tumour 

cells may be diminished. In support of this, a relationship between Treg cells and 

the progression of  tumours was shown (Karanikas et al., 2008, Karube et al., 2004, 

Miller et al., 2006, Rao et al., 2006) and high levels of  these cells are regarded as a 

poor prognostic sign in cancer patients (Liu et al., 2008). Furthermore, Treg activity 

is a marker of tumour progression and metastasis in breast carcinoma (Gupta et al., 

2007).   

1.7.3 T helper cells-17 (Th17) 

Recently, a novel pathway of inflammation characterized by excessive production 

of IL-17 has been described in a variety of chronic inflammatory diseases such as 

multiple sclerosis (Weaver et al., 2007). Th17 cells differentiate and grow in the 

presence of a combination of TGF 1 and IL-6, together with IL-23 secreted from 

antigen presenting cells (Caruso et al., 2007, Di Sabatino et al., 2008). These CD4+ 

cells have been designated Th17 based on their production of IL-17 which is not 

produced by Th1 or Th2 cells. In addition, Th17 cells produce a range of other 

factors known to drive inflammatory responses, including tumor necrosis factor- 

(TNF ), IL-6, and granulocyte-macrophage colony-stimulating factor (GM-CSF) 

(Kolls and Linden, 2004, Park et al., 2005, Steinman, 2007, Weaver et al., 2007). In 

a study conducted using human cells, it was shown that Th17 cells share major 

trafficking receptors with both polarized effector T cells and FOXP3+ regulatory T 
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cells (Lim et al., 2008).  The key contribution of the Th17 cell subset to immune 

responses against H. pylori remains undefined (Caruso et al., 2007). However, 

Kullberg et al. recently showed, in two models of H. hepaticus triggered T cell-

dependent colitis, that IL-23 drives both IFN and IL-17 responses that together 

synergize to trigger severe intestinal inflammation (Kullberg et al., 2006). In 

another experiment, it was shown that IL-23 is over-expressed in H. pylori-infected 

gastric mucosa where it could contribute to sustaining IL-17 production (Caruso et 

al., 2008).  In addition, it was shown that IL-23 enhances IFN synthesis in normal 

gastric lamina propria mononuclear cell (LPMC), and that anti-IL-23/p19 

diminishes the production of IFN in LPMC of H. pylori-infected patients (Caruso 

et al., 2008). More studies are needed to explore the role of Th17 in the disease 

development process in H. pylori infected patients.    

1.7.4 Interferon gamma and Interleukin-4  

Interferon gamma (IFN ) is a naturally occurring protein produced by Th1 cells to 

regulate and boost the immune system via its cellular axis (Atherton, 2006). H. 

pylori infection stimulates Th1 cells to produce IFN which in turn plays an 

important role in the disease process (Sommer et al., 2001, Yamamoto et al., 2004).  

H. pylori infected mice with defects in IFN expression (IFN null mice) develop 

less severe gastric inflammation and have higher bacterial colonization densities 

(Sommer et al., 2001, Yamamoto et al., 2004). The infusion of IFN alone can 

induce gastric inflammation and atrophy. However, the influence of this cytokine is 

enhanced with Helicobacter co-infection (Cui G, 2003). This implies that IFN 

plays a role in increased severity of H. pylori-induced gastric inflammation and 

also reduces bacterial colonization. In addition, IFN modulates the severity of 
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gastric inflammation indirectly via macrophage activation and also may down-

regulate the expression of anti-inflammatory factors such as transforming growth 

factor  (TGF ) (Strober et al., 1997, Yamamoto et al., 2004).   

Interleukin-4 (IL-4) is a protein produced by activated Th2 cells to promote 

antibody production. H. pylori-infected IL-4-/- mice developed more severe gastric 

inflammation than did H. pylori-infected wild-type mice implying that the Th 

balance was tipped towards Th1 in the absence of IL-4 leading to increased 

inflammation (Smythies et al., 2000). Similarly, H. felis-infected IL-4 null mice 

developed significantly more severe gastritis than did H. felis-infected wild-type 

mice (Mohammadi et al., 1997). These data suggested that IL-4 plays a role in 

down-regulating gastric inflammation.   

Gastrin, which is a hormone that stimulates gastric acid secretion, is stimulated by 

IFN . In contrast, the expression of somatostatin, a hormone that inhibits gastric 

acid secretion, is activated by IL-4 and inhibited by IFN and TNF (Beales et al., 

1997, Zavros et al., 2003). Hence, a Th1 response is expected to exacerbate gastrin 

production, whereas expression of IL-4 (a Th2 response) is expected to result in 

increased somatostatin production and reduced gastrin secretion.   

1.7.5 Interleukin-8  

Interleukin-8 (IL-8) is a powerful chemotactic factor for neutrophils and 

lymphocytes. This chemokine is secreted by antigen presenting cells and 

endothelial cells (Utgaard et al., 1998, Wolff et al., 1998).  IL-8 promotes the 

adhesion of neutrophils to vascular endothelial cells. Then neutrophils migrate and 
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enter the infected and inflamed tissue. When H. pylori comes into contact with 

epithelial cells, these cells start to produce cytokines such as IL-8 (Nozawa et al., 

2002).   The cag PaI is known to induce high levels of IL-8 secretion from the 

gastric epithelium (Censini et al., 1996, Crabtree et al., 1995, Keates et al., 1997). 

OipA has also been shown to contribute to IL-8 secretion (Yamaoka et al., 2002a, 

Yamaoka et al., 2002b, Yamaoka et al., 2000, Yamaoka et al., 2006), although 

some have failed to show this association (Akanuma et al., 2002). Recently, dupA 

has been suggested to be an IL-8 inducer (Lu et al., 2005a). Polymorphisms that 

increase expression of the IL-8 gene have been found to be associated with 

increased risk of duodenal ulcer and nasopharyngeal carcinoma (Ben Nasr et al., 

2007, Gyulai et al., 2004).  

1.7.6 Interleukin-12 (IL-12) 

Interleukin-12 (IL-12) is a heterodimeric cytokine produced by antigen presenting 

cells in response to intracellular pathogen infection. It helps in the differentiation of 

naïve T cells into Th1 cells, triggering the production of IFN . Together IFN and 

IL-12 not only induce the differentiation of Thl cells but also inhibit Th2 responses 

(Kubin et al., 1994, Ozmen et al., 1994, Trinchieri, 2003). In addition, vaccine-

induced protective immunity is IL-12 dependent (Akhiani et al., 2002). IL-12 is 

formed from two subunits: the p35 (also found in IL-6) and p40 (also found in IL-

23) subunits are encoded by IL-12A and IL-12B genes. The production of both 

subunits is required to form a biologically active heterodimer (p70) (D'Andrea et 

al., 1992, Harrington et al., 2006, Trinchieri, 2003). In addition, an association was 

found between IL-12 polymorphisms leading to increased expression and gastric 

cancer risk, but not with intestinal metaplasia (Navaglia et al., 2005). 
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Dendritic cells are a group of specialised antigen-presenting leukocytes that 

perform essential functions in the development of immune responses. These cells 

are found in the skin, lymphoid tissue and mucosa including the gastrointestinal 

mucosa. They represent the first line of the immune system that interacts with H. 

pylori, a reaction that elicits IL-12 secretion (Cutler et al., 2001, Wick, 2002, Yrlid 

and Wick, 2002). IL-12 upregulation in the gastric mucosa is associated with cag 

PAI-positive strains and leads to a Th1-biased response (Hida et al., 1999). A Th1 

oriented response has been implicated in perpetuating the inflammatory changes 

that lead to disease (Bergman et al., 2004, Smythies et al., 2000, Trinchieri, 2003).   

1.7.7 Interleukin-10  

Interleukin-10 (IL-10), formerly known as cytokine synthesis inhibitory factor, 

inhibits the synthesis of IFN , IL-2 (which stimulates the differentiation of naïve T 

cells into Th1), IL-3 (which supports growth and differentiation of T cells from the 

bone marrow) and TNF (which is involved in systemic inflammation and is a 

member of a group of cytokines that all stimulate the acute phase reaction). IL-10 

has  also been shown to have angiogenic activities (Keates et al., 2007). It is mainly 

secreted by Th2, monocytes and mast cells. However, it was recently shown that 

Th17, Treg and Th1 cells also can secret IL-10 (Couper et al., 2008, Steinman, 

2007). Additionally, IL-10 can downregulate the expression of the major 

histocompatibility complex molecules (Bogdan et al., 1991, D Andrea et al., 1993, 

de Waal Malefyt et al., 1991a, de Waal Malefyt et al., 1991b, Fiorentino et al., 

1991), thus interfering with antigen presentation.   
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Antibodies blocking IL-10 production enhance the production of IFN by PBMCs 

in response to microbial antigens (Carvalho et al., 1994, Flores Villanueva et al., 

1994). Additionally, H. felis-infected IL-10 knock-out mice develop a very severe 

gastritis (Berg et al., 1998). Furthermore, The inflammatory response in mice 

deficient in IL-10 is enough to clear H. pylori successfully and rapidly (Chen 

Wangxue  et al., 2001). Hence, IL-10 may promote the colonisation of H. pylori. 

Finally, IL-10 polymorphisms which cause lower than normal expression levels 

were associated with an increased risk of intestinal metaplasia (Zambon et al., 

2005).   

1.7.8 The Antibody Response to H. pylori Infection 

Antibodies are protein (immunoglobulin) molecules produced by plasma cells and 

are responsible for humoral immunity. Antibodies are made from different classes 

of immunoglobulins. In mammals there are five antibody classes known as IgA, 

IgD, IgE, IgG and IgM. H. pylori provokes the induction of specific antibody 

response that consists mainly of IgA and IgG (Bontkes et al., 1992). There is some 

argument in the literature about the role of IgA in the diagnosis of H. pylori. While 

Bhat et al. showed that the mucosal CagA-specific IgA antibodies are produced 

during the acute phase of gastric inflammation (Bhat et al., 2005, Kullavanijaya et 

al., 2004) and are of poor sensitivity, Matsukura et al. showed that the tissue H. 

pylori IgA antibody assay is useful for detection of local immunity against H. 

pylori in the stomach and during follow-up after treatment (Matsukura et al., 1995). 

Nearly all infected individuals (>90%) exhibit H. pylori-specific IgG antibodies 

(Blaser, 1992) and these can be used for diagnosis of infection (Lenzi et al., 2006). 

It was shown that the main human IgG subclasses antibodies associated with H. 



 

40

 
pylori infection are IgG2 and IgG1 (Bontkes et al., 1992) which are considered 

markers of a Thl and Th2 immune response, respectively (Mitchell et al., 2002, 

Vorobjova et al., 2006).  The association between IgG subclasses and Th subset is 

stronger in mice than humans (Mosmann and Coffman, 1989, Yan et al., 2000).   

1.7.9 Sex Hormones and the Immune System 

As sex hormones differ between genders, many researchers have studied the effect 

of sex hormones on the immune response.  It has been shown that women produce 

a stronger Th2 cellular and humoral immune response and suffer from a higher 

incidence of Th2-associated autoimmune diseases e.g. multiple sclerosis (Ansar et 

al., 1985). Faas et al. argued that the production of IL-4 is significantly higher in 

the luteal phase of the menstrual cycle as compared with the follicular phase (Faas 

et al., 2000). In another study, no differences in the percentage of lymphocyte 

subtypes during the menstrual cycle could be found (Bouman et al., 2005). 

However, post-menopausal women showed a reduction of the number of total 

lymphocytes in comparison to fertile women implying a role for progesterone and 

oestrogen (Giglio et al., 1994, Yang et al., 2000).  In addition, T cell cytokine 

profiles could be modulated by pregnancy hormones: a high dose of progesterone 

present during pregnancy induces the production of IL-4 and biases the immune 

response towards a Th2 response (Zenclussen, 2006).  Recently it was shown that 

there is an increase in the number of Tregs during pregnancy and failure in this 

augmentation could result in immunological rejection of the foetus. This could be 

prevented by adoptively transferring CD4+/CD25+ Treg cells from normal 

pregnant mice into abortion-prone animals (Zenclussen, 2005).  
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Bouman et al. concluded that there are no major effects of sex hormones on 

lymphocyte IFN secretion, and no differences in the production of IFN by male 

lymphocytes as compared to female lymphocytes. There was also no variation in 

the production of IFN during different phases of the menstrual cycle (Bouman et 

al., 2005). On the other hand, it is agreed that T lymphocyte counts are lower in 

males as compared to females which, perhaps is due to the increased testosterone 

concentrations, as this is associated with apoptosis in T cells (McMurray et al., 

2001). In another study it was shown that oestrogen regulates the expression of 

IFN (Fox et al., 1991).  

To summarise, differences in hormone profiles might affect the immune responses, 

changing their behaviour towards microorganisms and might skew the immune 

response in a manner resulting in a better or worse prognosis.   

1.7.10 Smoking and Immune System 

It was shown that smokers are more prone to peptic ulceration and gastric cancer 

than non-smokers (Ko and Cho, 2000, Maity et al., 2003, Sonnenberg, 1988, 

Walker and Taylor, 1979). Probably, smoking is associated with those diseases 

because it modulates the immune system. In an in vitro study it was shown that 

tobacco exposed lymphocytes have reduced proliferative capacities, which might 

affect the ability of the production of protective immunoglobulins against oral 

pathogens (Barbour et al., 1997). In addition, smoking is considered as the most 

powerful independent risk factor for invasive pneumococcal disease amongst 

immunocompetent subjects suggesting that smoking might modulate defence 

mechanisms of the lung (Nuorti et al., 2000). In a case control study, the effect of 
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smoking on natural killer cells, serum and saliva immunoglobulin level was 

studied. It was shown that there was a significant increase in NK cells activity 

against cultured melanoma cells in subjects who ceased smoking. Serum IgG and 

IgM levels increased significantly in those who gave up smoking, but not IgA. In 

saliva, the level of IgA and IgG rose significantly in subjects who stopped smoking. 

These changes could not be observed in those who continued to smoke. In this 

study, the mechanism behind those changes was not studied (Hersey et al., 1983). 

Furthermore, in a study conducted using lung biopsies from patients with 

obstructive airway diseases, it was shown that the activation of the transcription 

factor signal transducer and activator of transcription (STAT)-4, which is critical 

for the differentiation of Th1 and the production of IFN , is associated with 

smoking (Di Stefano et al., 2004). The importance of this research comes from the 

fact that IFN is associates with gastric metaplasia and atrophy both of which are 

premalignant conditions. In another study, smoking was proven to lower CD8 cell 

counts in smokers (Fatima et al., 1991). Furthermore, epidemiological associations 

have been shown between smoking and gastric cancer. However, it is not clear why 

smoking might increase the risk of cancer.   

These findings suggest that there is an association of smoking with an increased 

incidence of certain malignant diseases probably through modulating the immune 

system.     
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1.8 Rationale and Aims 

The gastric cancer rate in Iraq and especially in Kurdistan region is very low 

(GLOBOCAN, 2002) (Figure 1.3). In support of this, examination of the medical 

records for the period 2005-2006 at two general hospitals, Sulaimanyia hospital and 

Azadi hospital (hospitals servicing 2 million people), showed that only 

approximately 40 gastric cancers were diagnosed during that period in both 

hospitals. No studies have been conducted in this. The most obvious explanation 

could be low H. pylori prevalence, and this was investigated first. In addition, H. 

pylori infections are usually acquired in childhood, resulting in pangastritis in 

adulthood which is associated with mucosal atrophy and intestinal metaplasia 

which are precancerous conditions (Asaka et al., 1997, Atherton, 2006). It was 

therefore next hypothesised that the H. pylori acquisition might occur later in life.  

This might explain why a high prevalence may be associated with a low cancer 

incidence. Pangastritis and corpus-predominant gastritis are associated with 

increased risk of gastric cancer (Asaka et al., 1998, Asaka et al., 1997, Atherton, 

2006, Blaser et al., 2007, Meining et al., 1998).  Nothing is known about the 

distribution of H. pylori-associated inflammation in Iraqi patients in Kurdistan 

region, or its severity. Antral-predominant gastritis could explain the low cancer 

rate. Thus, we assessed the degree and distribution of inflammation in the stomachs 

of Iraqi people in this region.  

H. pylori strains differ, and possession of specific virulence factors greatly 

increases the risk of disease. The best recognised of these are the cag pathogenicity 

island and active forms of the vacuolating cytotoxin VacA. dupA is a recently 

described gene shown to be associated with duodenal ulceration and protective 
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against gastric cancer (Lu et al., 2005a). In Iraq, no studies have yet been conducted 

to determine the prevalence of virulence factors of H. pylori, and their association 

with disease and histological findings. One objective of this project was therefore 

to investigate virulence factors of strains in a sample of patients undergoing upper 

GI endoscopy and any association with disease, and histopathological changes.   

As described earlier, H. pylori induced inflammation and Th1 responses are 

thought to be central to the pathogenesis of H. pylori associated diseases. 

Environmental factors are known to influence the balance of the T-helper response. 

It was hypothesised that a Th2 response might predominate in Kurdistan region 

thus explaining the low gastric cancer incidence. Thus another aim of this project 

was to study the immune response to H. pylori and its association with virulence 

factors, clinical outcomes and other factors such as smoking and gender.  
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Figure 1. 3  Map showing worldwide gastric cancer rates (per 100,000)
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2. Study of Age-Specific Helicobacter pylori Seropositivity Rates 

and H. pylori-Gastritis Patterns in Kurdistan region, Iraq. 
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Abstract 

Introduction: In Iraq and especially Kurdistan region, gastric cancer is rare 

(5/100,000). To look for reasons for this, we investigated whether Helicobacter 

pylori infection was uncommon, whether it occurred late in life and whether 

infected adults had the antral-predominant pattern of gastritis which does not 

predispose to cancer. Methods: We determined age-specific H. pylori 

seropositivity rates by ELISA in 283 subjects from Dohuk city in Kurdistan and 

evaluated histopathological changes by Sydney system scoring in gastric biopsies 

taken from 30 H. pylori-infected adult subjects without peptic ulcers. Results: 79% 

of 163 adults were infected with H. pylori, while 37% of 120 children were 

seropositive (p<0.0001). The prevalence in children of various age group was 

<6months:0%; 6-24months:27%; 2-18years:58%. Amongst adults, the 

seroprevalence was similar across age groups and between sexes. For infected 

people, gastric lymphocyte infiltration was more prominent in the antrum (p=0.01). 

Neutrophil infiltration was mild. Histological evidence of mucosal atrophy was 

seen in only 1/30 antral and 1/30 corpus samples, and in these it was grade 1 (mild). 

Conclusion: H. pylori infection is common in Kurdistan and acquired at a young 

age. However, in adults, lymphocyte infiltration is more predominant in the antrum 

than the corpus. Furthermore, neutrophil infiltration is mild and gastric mucosal 

atrophy is rare. The mild pathology may help explain the low cancer rate in 

Kurdistan region. Further work is needed to understand why infection results in an 

antral-predominant gastritis with little atrophy.          
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2.1 Introduction 

Helicobacter pylori is regarded as the most important risk factor for peptic ulcer 

disease and gastric cancer (Blaser et al., 1995, Correa, 1995, Correa, 2003). In 

Kurdistan region, northern Iraq, gastric cancer is rare (GLOBOCAN, 2002). 

Despite the geographical proximity of Iraq, Turkey and Iran the incidence of gastric 

cancer differs hugely amongst these countries; 5/105, 8.9 to 14.1/105 and 38 to 

69/105, respectively (GLOBOCAN, 2002, Nouraie et al., 2004, Sadjadi et al., 2003, 

Sadjadi et al., 2005, Yavari et al., 2006). One possible explanation for these 

differences would be similar differences in prevalence of H. pylori infection. 

However, data from Turkey and Iran do not support this idea: in Eastern Turkey, 

64% of the population were found to be seropositive for H. pylori (Ayse SelimoGlu 

et al., 2002) whereas in Iran, H. pylori seroprevalence was only 33% (Nassrolahei 

and Khalilian, 2004). In another study from Iran, H. pylori seropositivity was 48% 

in Ardebil province and 31% in Yazd province (Mikaeli et al., 1999). Gastric 

cancer is more common in Ardebil than Yazd, so here differences in H. pylori 

prevalence may be contributing to the difference. The prevalence of H. pylori in 

Kurdistan region is unknown.   

Diagnosis of H. pylori can be achieved by taking biopsies at endoscopy. However, 

this procedure is invasive and might not give accurate results if colonisation is 

patchy (Ormand and Talley., 1990). Furthermore, it does not suit population-based 

studies. For screening of populations, serodiagnosis remains the method of choice 

for measuring the prevalence of infection (Dooley et al., 1989). Systemic humoral 

immunoglobulin G (IgG) immune responses to the organism are developed by  

humans infected with H. pylori (Perez-Perez et al., 1988, Talley et al., 1991a, 
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Veenendaal et al., 1991). Serological tests are useful tools for the diagnosis of H. 

pylori infection because all H. pylori-infected patients produce an antibody 

response which can be detected in the serum (Perez-Perez et al., 1988). The 

technique of choice is currently ELISA because it is a simple, quick, and low-cost 

(Perez-Perez et al., 1988).  

Previous reports have shown that patients infected at a younger age have an 

increased risk of later developing gastric cancer (Asaka et al., 1998, Asaka et al., 

1997, Atherton, 2006, Blaser et al., 2007, Sepulveda et al., 2002). Early acquisition 

is associated with pangastritis in adulthood followed by gradual mucosal atrophy, 

intestinal metaplasia, dysplasia and gastric cancer (Asaka et al., 1998, Asaka et al., 

1997, Atherton, 2006, Blaser et al., 2007, Meining et al., 1998, Sepulveda et al., 

2002). Consistent with this, in Iran, H. pylori infection was shown to be 

significantly more prevalent amongst individuals of less than 20 years of age in 

areas with high incidence of gastric cancer compared with areas of low cancer 

incidence (Mikaeli et al., 1999). If infection occurred later in life in Iraq, this could 

potentially explain the low cancer rate. We investigated H. pylori prevalence in 

different age groups in children and in adults.  

Pangastritis and corpus-predominant gastritis are associated with increased risk of 

gastric mucosal atrophy and increased risk of cancer (Asaka et al., 1998, Asaka et 

al., 1997, Atherton, 2006, Blaser et al., 2007, Meining et al., 1998).  Nothing is 

known about the distribution of H. pylori-associated inflammation in Iraqi patients, 

or its severity. Potentially, the low cancer rate in Kurdistan region could be 
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explained by antral-predominant gastritis being the common pattern and/or by 

inflammation being mild.   

Thus, we now aimed to assess H. pylori seroprevalence in children and adults in 

Kurdistan region in northern Iraq and the degree and distribution of inflammation 

in the stomachs of Iraqi people.   
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2.2 Materials and Methods    

2.2.1 Patient-Derived Samples 

Serum samples from 283 subjects including 120 children and 163 adults admitted 

to the surgical and pediatric wards for conditions other than gastrointestinal 

disorders were used in the study.   

Gastric biopsies were obtained from dyspeptic patients undergoing routine upper 

gastrointestinal endoscopy in Azadi hospital/ Dohuk city, Kurdistan region, Iraq 

and found not to have peptic ulcer disease. A total of 35 H. pylori-infected adults 

(age: 17-70 years) underwent upper gastrointestinal endoscopy using a GIF XQ 40 

endoscope (Olympus Optical Company, Tokyo, Japan) under topical lignocaine 

anaesthesia. During gastroscopy, two biopsies from the antrum and two from the 

corpus were taken and fixed in 10 ml buffered 10% formalin for histopathological 

examinations.  

The study protocol was approved by the Ethics and Research Committees of the 

hospital, and all patients gave informed consent to the study.  

2.2.2 Culture 

Each biopsy specimen was spread on both sheep blood and Dent agar plates, then 

incubated under microaerobic conditions generated by a Campypack (Becton, 

Dickinson and company) in an anaerobic jar at 37°C for 2 to 4 days. The organisms 

were identified as H. pylori by colony morphology; Gram stain; and urease activity. 

Cultures were harvested and stored in 1 ml nutrient broth containing 15% glycerol 

at - 80°C. 
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2.2.3 Antigen Preparation for ELISA 

A lysate of 5 Iraqi stains (all of which were cagA-positive) was prepared. The 

lysate was prepared by sonicating a suspension of a pool of the 5 Iraqi strains in 

PBS. This procedure was performed on ice using 6 cycles of 30 seconds, followed 

by 30 seconds cooling. The protein concentration was determined using a modified 

Lowry protein assay kit (Bio-Rad).   

2.2.5 Serum IgG subset ELISA  

As described previously (Robinson et al., 1997), Wells of a 96-well ELISA plate 

(NUNC maxisorp) were coated with 50 µl H. pylori sonicate antigen diluted to 

3ng/ml in 0.1M carbonate/bicarbonate coating buffer (pH 9.6). The plates were 

then incubated overnight at 4°C. 100 µl of blocking solution (3% bovine serum 

albumin in PBS-Tween) was added to each well. Sera were tested in a twofold 

dilution series, including replicate wells of a 1/50 dilution of a pool of negative 

control sera from 4 uninfected donors on every plate.  50 µl of diluted (1/50,000) 

anti-human IgG-HRP (Sigma A8667) was added before development using Tetra 

methylbenzidene substrate (eBioscience). The optical density of the samples was 

measured using a microplate reader (Labsystems iEMS Reader MF) at a 

wavelength of 450nm with a reference wavelength of 650nm.  Then, curves of 

dilution against mean OD for each sample were plotted (Figure 2.1).  

2.2.4 Validation of the ELISA 

To validate our results, a commercial kit (Biohit Plc) was used to do the ELISA for 

25 randomly selected samples as per manufacturer s instructions. 
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2.2.6 Histological Examination 

Paraffin-embedded biopsies were cut (4 µm thick) and stained with hematoxylin 

and eosin (Anim et al., 2000). The histological findings from the sections were 

scored according to the updated Sydney system of classification and grading of 

gastritis(Price, 1999). Slides were examined microscopically (Olympus Optical 

Company, Tokyo, Japan) using X40 magnification by a single pathologist. These 

slides were graded for the following features: H. pylori density, neutrophilic 

activity, lymphocytic infiltration, and glandular atrophy. A visual analogue scale 

was used to assess the severity of the inflammatory changes and grading was done 

as follows: l: mild, 2: moderate and 3: severe.  

2.2.7 Statistics 

Data were analyzed using the Minitab 15 software program. The Chi squared test 

was performed to study the difference in positivity rate between age groups. The 

Mann-Whitney test was used for the comparison of histopathological data. 

Spearman s test was used to study the relationship between age and 

histopathological changes. Differences were considered statistically significant at a 

p-value of less than 0.05.        
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2.3 Results

 
2.3.1 ELISA Assay Validation

 
Current commercial ELISA kits are based on antigens extracted from diverse H. 

pylori strains but we were unsure whether these included strains from the Middle 

East. Since our study involved assaying serum samples from Iraq, we decided to 

develop our own ELISA and use antigens prepared from strains in the local 

community.  In addition, commercial kits measure anti-H. pylori IgG from one 

dilution of serum and compare this with a standard curve. We therefore designed an 

assay based upon a serial dilution method to give an antibody titre. This approach 

provides information on the level and the specificity of the response.   

The assay cutoff score for positivity was determined by calculating the mean 

response of 5 sets of H. pylori negative sera (negative by CLO test) at 1/50 dilution 

plus 3 standard deviations. Any titre above that was regarded as seropositive 

(Figure 2.1). For the commercial kit, the cutoff scores for a positive result were 

based on the recommended values provided by the manufacturers. The values 

which were seropositive by the commercial kit were all positive by our ELISA and 

the values which were negative by the commercial kit were all negative by our 

ELISA, giving accuracy for our ELISA of 100%, when the commercial kit was 

used as gold standard (Figure 2.2).  

In further support of our ELISA, we found that the distribution of anti-H. pylori 

IgG titres was bimodal. One group had values less than 500; this included all those 

who were H. pylori negative by the commercial kit. No patient had a titre between 
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500 and 2000. The titres of all the others were more than 2000, including all those 

that were seropositive by the commercial kit (Figure 2.2 and 2.3).   

2.3.2 Sero-prevalence

  

The prevalence of H. pylori in children of different ages varied (age: percentage, 

6months:0%; 6-24months:27%; 2-18years:58%) with an overall prevalence of H. 

pylori in children of 37% (44/120). 79% (128/163) of adults were infected with H. 

pylori, a significantly higher proportion than children (p<0.0001). The prevalence 

of H. pylori increased markedly with age with the maximum colonization (81.5%) 

occurring in adults (18-40years) (Figure 2.4). 63% (97/153) of males were infected 

with H. pylori, while 58% (76/130) of females were H. pylori-seropositive (p=ns).   

2.3.3 Histological Analysis

 

Samples for histopathology were obtained from 35 adult subjects with dyspepsia 

and without peptic ulceration. Samples taken from one subject were considered 

inadequate for histopathology. Four subjects were negative for H. pylori. These 30 

H. pylori-positive samples were available for detailed histopathology.   

Pathological changes were observed in biopsies from 29/30 patients; biopsies from 

1/30 were histologically normal despite H. pylori being cultured. Amongst the 29 

patients with inflammation in gastric biopsies, lymphocyte infiltration was more 

prominent in the antrum (Mann Whitney U test p=0.01, Table 2.1). There was no 

significant difference in H. pylori density, neutrophil infiltration, or mucosal 

atrophy between antrum and corpus (Table 2.1). However, neutrophil infiltration 

was mild, and was virtually absent (score 0) in 41% antral biopsies and 59% corpus 
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biopsies. Furthermore, histological evidence of mucosal atrophy was seen in only 

1/30 antral biopsies (patient age=40 years) and 1/30 corpus biopsies (patient 

age=64 years); in both cases it was mild. No association could be found between 

age and histopathological changes including atrophy and metaplasia.               
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Table 2. 1 H. pylori-associated gastritis in biopsies taken from gastric antrum and body. * Significant p value measured by Mann Whitney U test    

Antrum Corpus  
Variables 

Score 0 Score 1 Score 2 Score 3 Score 0 Score 1 Score 2 Score 3 p-value 

Lymphocyte infiltration (n) 
0 10 14 5 0 20 7 2 0.0164* 

Activity of inflammation (n) 
12 15 2 0 17 11 1 0 0.191 

Intestinal metaplasia (n) 
27 1 1 0 26 3 0 0 0.6883 

Atrophy (n) 
28 1 0 0 28 1 0 0 1 
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Figure 2. 1 An example of multiple dilution series showing the optical density measured by 

anti-human IgG ELISA and the corresponding dilution factor of 5 subjects.  

The dilution titre for patient 3 was 4000 and for patient 4 was 4500.  The average ODs for 

patient 1, 2 and 5 were around 100.  The broken line indicates the OD cutoff (the mean 

response of 5 sets of H. pylori negative sera at 1/50 dilution plus 3 standard deviations).             
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Figure 2.  2 Correlation between the multi-serum dilution titres of anti-human IgG and 

the titres of the commercial kit for 25 Kurdish Iraqi subjects   
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Figure 2.  3 Histogram showing the distribution of anti-H. pylori IgG in Kurdish 

Iraqi subjects. 

The titre of all H. pylori-negative subjects is < 500 ng/ml. Notice that there is a 

window between titres for H. pylori-negative patients and H. pylori-positive 

patients.        
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Figure 2.  4 The seropositivity of Helicobacter pylori infection in relation to age.              
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2.4 Discussion 

Although H. pylori organisms have been isolated worldwide, they are more 

frequently recovered from patients in developing countries (Atherton, 2006). Our 

cross-sectional population-based serosurvey demonstrated that the prevalence of H. 

pylori infection among hospitalised patients in Dohuk city was 61%. The 

seropositivity was not related to gender. In agreement with other studies (Al-

Moagel et al., 1990, Staat et al., 1996) a significant increase in the seroprevalence 

of H. pylori infection among asymptomatic children by age was found. The 

prevalence of H. pylori infection in Kurdistan region, Iraq is higher than reported in 

Iran (33%) (Nassrolahei and Khalilian, 2004) where the gastric cancer rate is very 

high and lower than Turkey (64.4%) where the gastric cancer rate is intermediate 

(GLOBOCAN, 2002). Thus, there is not a simple positive association between H. 

pylori and gastric cancer rate in these three countries, and the lower gastric cancer 

rate in Iraq is not due to low prevalence of H. pylori.  

Asaka et al. argued that acquiring H. pylori infection at an early age usually results 

in pangastritis in adulthood. This pattern of gastritis in adults is often associated 

with mucosal atrophy - a precancerous condition (Asaka et al., 1997, Atherton, 

2006). In support of this, early acquisition of H. pylori in childhood is a recognised 

risk factor for the development of gastric cancer (Asaka et al., 1997, Atherton, 

2006, Blaser et al., 2007).  The acquisition of H. pylori occurs in early childhood in 

most developing countries (Neale and Logan, 1995). According to our IgG based 

ELISA, none of the under 6 month children were found to be seropositive. These 

might be false negative results as the immune system in children of this age is not 

fully mature. However, 27% of the subjects aged 6 months-2 years were 
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seropositive in our assay and so appear to have acquired the infection. 

Unfortunately, we do not have individual ages of children in the 2-18 year age 

group, so we cannot comment further on the most common period of infections 

between these ages. However, it is clear from our results that at least a quarter of 

children are infected very early in life, and most infections in Kurdistan occur 

during childhood. Thus our study suggests that the low cancer rate in Kurdistan is 

unlikely to be because H. pylori is acquired late in life.  

Greater inflammation of the gastric corpus compared with the antrum results in a 

greater risk of development of gastric adenocarcinoma (Meining et al., 1998). In a 

study conducted in Iran, where the gastric cancer rate is very high (GLOBOCAN, 

2002), it was found that mononuclear cell infiltration was  similar throughout the 

stomach; on average, patients had pangastritis (Sotoudeh et al., 2008). In Kurdistan 

region, Iraq, we have shown that there is antral-predominant mononuclear cell 

infiltration. This could partially contribute to the difference in cancer rate between 

these two countries. Furthermore, in Iran, histological evidence of mucosal atrophy 

was seen in 39% and 22% of antral and corpus samples, respectively (Malekzadeh 

et al., 2004). In another study conducted in another province in Iran (where only 

antral biopsies were examined) atrophic changes was found in 25% (Hashemi et al., 

2006). In another study conducted in Turkey, it was found that  43% of the H. 

pylori-infected subjects had atrophic gastritis (Fikret et al., 2001). In our study, 

glandular atrophy was found in only one (3%) specimen taken from antrum and one 

from the corpus. Thus despite the early acquisition of H. pylori, the presence of 

atrophy appears rare in this region of Iraq. We speculate that this might contribute 

to the low cancer rate. Why gastric mucosal atrophy is uncommon in Kurdistan 
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needs further study. However, our results raise the possibility that it may in part be 

due to the antral-predominant infiltration pattern seen in H. pylori infected Kurdish 

people.   

Our study has limitations; in particular the sample size used for our histopathology 

study is small. However, because of the low rate of atrophy and intestinal 

metaplasia it is unlikely to be misleading.    

To conclude, H. pylori infection is common in Kurdistan and acquired at young 

age. However, in adults lymphocyte infiltration is more predominant in the antrum 

than the corpus (an antral predominant gastritis). Furthermore, gastric mucosal 

atrophy is uncommon.  This may help explain the low cancer rate in Kurdistan, 

particularly when compared with Iran.  Further work is now needed to study 

bacterial virulence factors, host genetics and environmental factors in this region of 

Iraq, to understand why infection results in an antral predominant gastritis with 

little atrophy.            
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3. Differences in Virulence Markers between Helicobacter pylori

 

Strains from Kurdistan Region (Iraq) and Iran: Potential 

Importance for Regional Differences in H. pylori-associated 

Disease. 
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Abstract 

Helicobacter pylori causes peptic ulceration and gastric adenocarcinoma; the latter 

is common in Iran but not Iraq. We hypothesised that more virulent H. pylori 

strains may be found in Iran than Iraq and so compared established and newly-

described virulence factors in strains from these countries. We studied 59 

unselected dyspeptic patients from Iran and 49 from Kurdistan region, Iraq. cagA 

was found in similar proportions of strains (Iran 76% vs Iraq 71%) and was 

significantly associated with peptic ulcer disease (PUD) in Kurdistan region, Iraq 

(p<0.01) but not Iran. cagA alleles encoding four or more tyrosine phosphorylation 

motifs were found in 12% Iranian but no Iraqi (Kurdish) strains (p=0.02). There 

were no significant differences in vacA signal, mid or intermediate region types 

between Iranian and Iraqi strains. In Iran, vacA genotypes showed no specific 

peptic ulcer associations, but in Kurdistan vacA i1 strains were associated with 

gastric ulcer (p<0.02), mimicking their previously demonstrated association with 

gastric cancer in Iran. dupA was found in similar proportions of Iranian and Iraqi 

strains (38% vs 32%) and was associated with peptic ulceration in Iraqi (p<0.01) 

but not Iranian patients. H. pylori strains from Iraq and Iran possess virulence 

factors similar to those in western countries. The presence of cagA with more 

phosphorylation motifs in Iranian strains may contribute to the higher incidence of 

gastric cancer. However, the association between strain virulence markers and 

disease in Iraq but not Iran suggests that other host and environmental factors may 

be more important in the disease-prone Iranian population. 
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3.1 Introduction 

Helicobacter pylori is a spiral-shaped, Gram-negative bacillus which causes 

gastritis and peptic ulceration (Marshall and Warren, 1984, Marshall and Warren, 

2001, Whitfield, 2003). Its treatment has become pivotal in the management of 

peptic ulcer disease.  H. pylori infection is also an important risk factor for gastric 

adenocarcinoma, the second highest cause of cancer deaths worldwide.  Gastric 

cancer is thought to have a multifactorial etiology, and bacterial strain type, host 

genotype, and environmental conditions, are all thought to contribute (Peek and 

Blaser, 2002). Despite the geographical proximity of Iraq and Iran the incidence of 

gastric cancer differs hughly between these countries; in Iran it ranges from 38-

69/105 (GLOBOCAN, 2002, Nouraie et al., 2004, Sadjadi et al., 2003, Sadjadi et 

al., 2005, Yavari et al., 2006) compared to 5/105 in Iraq (GLOBOCAN, 2002). We 

hypothesised that this difference may be due to differences in virulence of 

circulating H. pylori strains and so set out to type strains from these countries for 

virulence. We considered both well-established and more recently-described 

virulence determinants.  

Many strains of H. pylori produce the CagA protein, encoded by the cagA gene 

within the cag pathogenicity island (PAI). H. pylori strains possessing cagA are 

associated with a significantly increased risk for the development of atrophic 

gastritis, peptic ulcer disease (PUD) and gastric cancer (Rokkas et al., 1999, Tomb 

et al., 1997). The cag PAI encodes a type IV secretion system that facilitates the 

translocation of CagA into the host epithelial cytosol where it becomes tyrosine 

phosphorylated at specific phosphorylation motifs by Src family kinases (Selbach 

et al., 2002, Stein et al., 2002). Phosphorylated CagA forms a physical complex 
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with SHP-2 phosphatase and stimulates cell signalling pathways, cytoskeletal 

changes and abnormal cell proliferation (Tsutsumi et al., 2003). Based on the amino 

acid sequence of the SHP-2 binding site, CagA proteins can be sub-categorised into 

Western and East Asian types. Both have type A and B phosphorylation motifs 

(usually one of each) but western types have additional C motifs (1-3) and the East 

Asian type has no C motifs but a D motif. The East Asian type CagA possesses 

stronger SHP-2 binding and transforming activities than the Western-type CagA 

(Higashi et al., 2002a). Western-type CagA has a variable number of type C 

phosphorylation motifs, and the extent of cytoskeletal changes induced by CagA is 

dependent on this. Strains possessing CagA with greater numbers of type C 

phosphorylation motifs are more closely associated with gastric carcinogenesis 

(Azuma et al., 2002). Thus, determination of the degree of CagA phosphorylation 

or the number of phosphorylation motifs appears to be more important than 

detection of cagA alone (Argent et al., 2004, Argent et al., 2005)   

The vacuolating cytotoxin (VacA) is a well-established H. pylori virulence factor 

which has multiple effects including vacuolation of cultured epithelial cells, 

inducing apoptosis, increasing permability of epithelial monolayers, forming pores 

in cells and suppressing immune cell function (Atherton, 2006, Iwamoto et al., 

1999). The vacA gene is polymorphic within its signal, intermediate and mid 

regions. For the signal region, two distinct allelic sequences have been recognised, 

s1 and s2. For the mid region, alleles can be categorised into two classes, m1 or m2. 

The vacA genotype is associated with in vitro cytotoxin activity (s1> s2 and m1> 

m2) (Atherton, 2006).  Rhead et al  have recently described a novel determinant of 

VacA toxcity, the intermediate or i-region  (Joanne et al., 2007). They showed that 
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two allelic variants of this region exist, i1 and i2. Furthermore, they showed that 

only s1/m2 strains varied in i-type; s1/m1 and s2/m2 strains were exclusively i1 and 

i2, respectively. This novel region determines vacuolating activity among these 

s1/m2 strains. Most importantly, a significant correlation was found between i1 

type vacA and gastric cancer in Iran  (Joanne et al., 2007).  

The duodenal ulcer promoting gene A (dupA) is a recently described virulence 

factor which comprises both jhp0917 and jhp0918 (Lu et al., 2005a). Lu et al. 

found a significant relationship between dupA and DU, and the presence of dupA 

was related to neutrophil infiltration and a high level of IL-8 production by 

epithelial cells. Surprisingly, possession of this gene appeared protective against 

gastric adenocarcinoma (Lu et al., 2005a).   

The object of this study was to type the virulence of unselected strains from 

dyspeptic patients in Iran and Iraq (Kurdistan region). We aimed to compare 

virulence of strains from these neighbouring countries with very different gastric 

cancer incidences and to assess the association of virulence markers with peptic 

ulcer disease in each country.   
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3.2 Materials and Methods 

3.2.1 Patient-derived Samples 

Gastric biopsies were obtained from 49 and 59 unselected H. pylori+ patients from 

Iraq and Iran respectively undergoing routine upper GI endoscopy to investigate 

dyspepsia. Mean age ± standard deviation of Iraqi patients was 35±17 years and of 

Iranian patients was 40±14 years.  All Iraqi patients were from the 5 districts of 

Dohuk city, Kurdistan region. The majority (48/59, 81%) of Iranian patients were 

from Tehran city; others were referred from different regions in Iran. Endoscopic 

diagnoses were: duodenal ulcer (DU) Iraq 15, Iran 8; gastric ulcer (GU) 5, 9; no 

ulcer (NUD) 29, 42. During gastroscopy, biopsy samples were taken and either 

placed in 1 ml of isosensitest broth (Oxoid, Basingstoke UK) containing 15% (v/v) 

glycerol and stored in liquid nitrogen or cultured immediately for H. pylori. In 

some cases, following prolonged storage and shipping to the UK, re-culture was not 

possible. In these cases, DNA was extracted directly from the biopsy specimens 

and used for PCR-based H. pylori typing.  

The study protocol was approved by the Ethics and Research Committees of the 

individual hospitals and all patients gave informed consent to the study. 

    

3.2.2 Culture 

Each biopsy specimen was spread onto horse blood or Dent agar plates, then 

incubated under microaerobic conditions generated by a CampyPak (Becton 

Dickinson, Baltimore, USA) in an anaerobic jar at 37°C for 2 to 4 days. The 

organisms were identified as H. pylori by colony morphology, Gram stain, and 
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urease activity. Cultures were harvested as sweeps rather than single colonies and 

stored in isosensitest broth containing 15% (v/v) glycerol at -80°C.  

3.2.3 DNA Isolation from Bacteria 

Two methods were used to extract genomic DNA. DNeasy tissue kits (QIAGENE) 

was used to extract DNA from biopsies following the manufacturer instructions.   

In the second method, genomic DNA was prepared from confluent blood agar plate 

cultures. Bacteria were harvested and suspended in 500 µl PBS. The suspension 

was then centrifuged at 13000g for 5 min. The supernatant was discarded and the 

pellet was resuspended in TE buffer (10 mM Tris-HCl, pH 8.0, and 1 mM EDTA). 

Then 500 µl GES (60g guanidine HCl, 20ml EDTA, pH 8.0, and 10% 5 ml 

sarcosyl)  was added and the mixture was incubated at room temperature for 5 min. 

Following the addition of 250 µl of ice cold 7M ammonium acetate, the mixture 

was incubated on ice for 5 min. This was followed by adding 600 µl chloroform 

and the mixture was centrifuged at 13000g for 5-10 min. The top aqueous layer 

containing DNA was removed into a fresh tube using cut end tips. Chloroform step 

was performed twice, and the DNA precipitated from the aqueous phase with 0.54 

volume of propan-2-ol. The DNA- propan-2-ol mixture was centrifuged at 13000g 

for 5 min. The supernatant was discarded and the pellet washed twice with 70% 

500µl ethanol. The pellet was resuspended in 100µl TE buffer, and stored at 4°C.     
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3.2.4 Genotyping of H. pylori 

Thermal cycling for amplifying cagA was  95 °C for 30 s, 50 °C for 1 min , and 72 

°C for 2 min, for a total of 35 cycles. PCR amplification of cagA used previously 

described primers cag2 (5 GGAACCCTAGTCGGTAATG 3 ) and cag4 (5 

ATCTTTGAGCTTGTCTATCG 3 ) to amplify about 500-bp product from the 

middle of cagA (PAI) (Rudi et al., 1998).  PCR amplification of the cag PAI empty 

site was performed as previously described (Akopyants et al., 1998). In the empty 

site PCR, primers anneal to sequences adjacent to the cag PAI insertion site in the 

genome and only allow amplification of a DNA fragment of the expected size in 

the absence of a complete or partial cag PAI at this locus. Determination of the 

number of CagA phosphorylation motifs, and the types of motifs, was carried out 

by using the forward primer cag2 and the reverse primers cagA-P1C, cagA-P2CG, 

cagA-P2TA (the B motif is polymorphic: the two reverse primers are designed to 

recognise all types described to date), and cagA-P3E as previously described 

(Argent et al., 2005) (Figure 3.2).  

For vacA signal and middle region, thermal cycle conditions were 30 s at 95°C, 60 

s at 56°C, and 90 s at 72°C were performed for 35 cycles. Primers used for the 

middle region were vagF (5 CAATCTGTCCAATCAAGCGAG 3 ), and vagR (5 

GCGTCTAAATAATTCCAAGG 3 ).  For the signal region, A3436 (5 

ATGGAAATACAACAAACACAC 3 ) and C1226 (5 

CTGCTTGAATGCGCCAAAC 3 ) primers were used

 

(Atherton et al., 1995).   

The PCR conditions for vacA i region were as follows: the template mixtures were 

amplified 35 cycles with primers VacF1 (5 GTTGGGATTGGGGGAATGCCG 3 ) 
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and C1R (5 TTAATTTAACGCTGTTTGAAG 3 ) for i1 region and VacF1 and 

C2R (5 GATCAACGCTCTGATTTGA 3 ) for i2 region, at 95 °C for 30 s, 53 °C 

for 1 min, and 72°C for 30 s  (Joanne et al., 2007).  

The dupA was amplified by using standard protocols with the following block 

cycler conditions:  35 cycles, each consisting of denaturation at 95°C for 30 s, 

annealing at 50°C for 1 min, and elongation at 72°C for 2 min. 4 primers were used 

DupAF113 (5 GACGATTGAGCGATGGGAATAT 3 ), DupAR1083 (5 

CTGAGAAGCCTTATTATCTTGTTGG 3 ), DupAF1202 (5 

TAAAATCACAAGGGGAAAAGATC 3 )

 

and DupA918R (5 

AAGCTGAAGCGTTTGTAACG 3 ) (Argent et al., 2007, Lu et al., 2005a) (Figure 

3.2).  

Amplification of above mentioned genes started with an initial denaturation at 95°C 

for 30 s and a final elongation step of 5 min at 72°C. Reactions were performed in 

25 µl volume. 1 µl of H. pylori genomic DNA, 1 µl primer, 0.5 µl of Taq DNA 

polymerase, 0.5 µl dNTP, and 2.5 10X PCR buffer.  

5µl of the PCR products were electrophoresed in 1.5% agarose gels for others for 

40 minutes at 80 V in 1X TAE buffer. All gels were stained with ethidium bromide 

(1 mg/l) and photographed under UV light. 1 kb DNA ladder (Gibco, Paisley, UK) 

was used as a size marker (M) in all gels.   
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The resulting H. pylori strains vacA genotypes compared with 8823 (s1/i1/m1) and 

Tx30a (s2/i2/m2) lab strains. For cagA and dupA, 8823 and J99 were used as a 

positive control respectively.   

3.2.5 Data Analysis 

Statistical analysis of data was performed by using logistic regression, chi-square 

test and Fisher s exact test with significance set at a p value of < 0.05. Genotypes 

with mixed status for vacA were excluded from the calculations of association.  



 

75

         

Figure 3. 1 Characterisation of one Kurdish Iraqi (A) and one Iranian (B) strain for 

cagA variable-region tyrosine phosphorylation motifs.  

Genomic DNA samples from H. pylori strains were used to PCR amplify the cagA 

variable-region EPIYA motifs, using the forward primer cag2 and the reverse 

primers cagA-P1C (A motif), cagA-P2CG and cagA-P2TA (B motif), or cagA-P3E 

(C motif). No Iraqi strain was found to have more than 3 phosphorylation  motifs.                         
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Figure 3. 2 Characterisation of Kurdish Iraqi (A) and Iranian (B) strains for dupA 

using PCR. Image shows results of PCR typing of dupA using primers DupAF113 

and DupAR1083. 
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3.3 Results

 
3.3.1 Prevalence of cagA+ Strains among Dyspeptic Iranian and 

Iraqi (Kurdish) Populations 

 

First, whether the prevalence of cagA+ strains was similar or different between 

Iraqi (Kurdish) and Iranian populations was assessed. Among unselected Iranian 

and Iraqi patients with dyspepsia, cagA+ strains were present in 76% (45/59) and 

71% (35/49) H. pylori strains respectively (Table 3.1). To exclude bias from 

disease association, we also compared subgroups without peptic ulceration: cagA 

was found in a higher proportion of Iranian than Iraqi strains (76% vs 55%) 

although this did not quite achieve formal statistical significance (p=0.06). In both 

countries, all cagA positive strains also typed positive for cagE. Amongst 14 cagA-

negative Iraqi strains, 7 were cag PAI empty site-positive (implying that the whole 

cag Pathogenicity Island was absent) and 7 were empty site negative (implying that 

there was still a partial cag PaI at this locus). Among 14 cagA-negative Iranian 

strains, 9 were cag PAI empty site-negative. Thus overall, the cag PAI appeared to 

be incompletely deleted in 16 strains.    

No significant association was found between cagA status and clinical outcome in 

Iranian patients, but a significant correlation was found between cagA and peptic 

ulcer diseases (p< 0.01, OR 16.4) in Iraqi patients (Table 3.1). Considering 

duodenal and gastric ulcer separately in the Iraqi population, 14/15 (93%) patients 

with DU had cagA-positive strains, compared with 16/29 (55%) with no ulcer (p< 

0.02). All Iraqi GU patients had cagA-positive strains (p= not significant compared 

with no ulcer, perhaps due to the low number of GU patients).    
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3.3.2 CagA Phosphorylation Motif Numbers 

 
Next, cagA polymorphisms was studied, and in particular the number of CagA 

phosphorylation motifs, which we assessed using our recently-described PCR-

based typing system (Argent et al., 2005). Among cagA+ strains, 12% (7/49) from 

Iran carried a cagA variable region >550bp (when amplified using primers cag2 and 

cag4) indicating the presence of more than 3 CagA phosphorylation motifs. This 

was a significantly higher proportion than found in Iraq, where all strains possessed 

cagA with a variable region size of 550bp indicating the presence of CagA with 3 

phosphorylation motifs (p= 0.02) (Table 3.1). In the analysis confined to patients 

without ulcers, 22% (7/32) cagA+ Iranian strains had >3 phosphorylation sites 

compared with no Iraqi strains.  Previous studies in other populations have linked 

multiple CagA phosphorylation motif numbers with increased cancer risk but not 

with increased ulcer risk (Azuma et al., 2002, Kidd et al., 1999): in agreement with 

this, no strains with > 3 phosphorylation motifs were found in the ulcer group in 

Iran (Table 3.1).   

3.3.3 vacA Polymorphism 

 

Then, vacA polymorphisms in Iranian and Iraqi strains were studied, examining 

both established s and m genotypes, and also the recently described polymorphic i 

region type. Since individual H. pylori isolates possess only a single copy of vacA, 

the presence of more than one vacA s, i, or m genotype in a DNA sample indicates 

colonisation by two or more strains with different vacA genotypes (Atherton et al., 

1995). In Iraqi isolates, a single vacA signal region was observed in all samples, but 

8/49 (16%) of the specimens examined possessed both mid region types, and 9/49 

(18%) possessed both i region genotypes. In Iranian samples, all isolates possessed 
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a single signal region type, but 2/59 (3%) carried both m region types and 7/59 

(12%) possessed both i region types. There was no difference in the prevalence of 

strains with different vacA genotypes in the unselected dyspeptic populations from 

Iran and Iraq, whether strains with multiple genotypes were excluded (planned 

analysis, Table 3.2) or classified as the more pathogenic or the less pathogenic type 

(exploratory analyses).  

Next, the associations between vacA allelic variation and peptic ulceration within 

the Iranian and Iraqi populations were studied. For Iranian strains, no significant 

associations were found. For Iraqi strains, no significant association was found for 

duodenal ulceration, but 80% (4/5) strains isolated from gastric ulcer patients were 

of the vacA i1 genotype, significantly more than the 13% (4/29) strains from 

patients without ulcers (p< 0.02). This subgroup analysis, although exploratory, is 

interesting, given the described association between vacA i1 genotype and gastric 

cancer and the similarities in epidemiology and pathogenesis between gastric ulcer 

and gastric cancer.  Associations were not seen between gastric ulceration and vacA 

s and m type, again supporting the recent finding that vacA i type is a better marker 

of strain virulence (Joanne et al., 2007)  

3.3.4 dupA Status

 

Thirdly, I examined strains for the recently-described putative virulence gene dupA. 

Similar proportions of Iranian and Iraqi strains possessed dupA (Table 3.1). Among 

Iranian patients, no association between dupA and clinical outcome was found. 

However, among Iraqi patients, 55% (11/20) peptic ulcer patients carried dupA+ 

strains, significantly more than the 17% (5/29) non-ulcer patients  (p< 0.01, OR 6.2, 
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Table 1). When I looked at DU and GU separately, 60% (9/15) H. pylori isolates 

from DU patients were dupA-positive (p< 0.01 vs non-ulcer patients) and 40% (2/5) 

H. pylori isolates from GU patients were dupA-positive (p= not significant vs non-

ulcer patients, but note small number of GU patients).   

3.3.5 Associations between Virulence Factors, Particularly for cagA

 

Phosphorylation Motif Number 

 

Next, associations between virulence factors in strains from Iran and Iraq were 

assessed. As in virtually all strain populations worldwide, I found cagA+ strains 

were more likely to be vacA s1 than s2: in Iran, 37/45 (82%) cagA+ strains were 

vacA s1 versus 5/14 (36%) cagA-negative strains (p< 0.005); in Iraq, all cagA+ 

strains typed s1 compared with 10/14 (71%) of cagA-negative strains (p<0.005). 

No significant associations were found between cagA status and other vacA 

polymorphisms or between cagA status and dupA status. As strains with larger 

cagA are thought to be more pathogenic than those with smaller cagA, I examined 

the association between the size of cagA and other virulence factors among Iranian 

strains. This analysis was not possible for Iraqi strains as all had the same number 

(3) of CagA phosphorylation motifs. Seven of 45 (15%) cagA+ Iranian strains 

carried a larger size cagA (with more than 3 phosphorylation motifs). In the 

association analysis with vacA genotypes, patients with mixed genotypes were 

excluded. The small numbers of strains studied meant that most associations were 

not statistically significant, but for the vacA m region, 6/7 (86%) strains with >3 

motifs were type m1, significantly more than the 10/37 (27%) with 3 motifs only 

(p= 0.01). Lastly I examined the association between size of cagA and dupA status: 
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6/7 (86%) strains with >3 motifs were dupA+, significantly more than the 14/38 

(36%) with 3 motifs only (p= 0.03). 
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% (No.) positive for   

  

cagA positive   > 3 cagA phosphorylation motifs strains   dupA positive 

  

PUD                              NPUD Total PUD      NPUD  

 

Total  PUD                                NPUD     Total  

       

Iraq 95%(19/20)a 55% (16/29) 71% (35/49) 0% (0/20) 0% (0/29) 0% (0/49) 55%(11/20)a 17%(5/29) 32%(6/49) 
Iran 76%(13/17) 76%(32/42) 76%(45/59) 0%(0/17) 17%(7/42) 12%(7/59)b 35%(6/17) 40%(17/42) 39%(23/59) 

  

a P < 0.05 for comparison between PUD and NPUD 

b The presence of cagA alleles with > 3 phosphorylation motifs was significantly higher among Iranian than Iraqi strains (p< 0.01)  

Abbreviations: PUD, peptic ulcer disease, NPUD, no peptic ulcer disease.   

Table 3. 1 cagA status, cagA phosphorylation motif number and dupA status among H. pylori strains from unselected Iranian and Kurdish 
Iraqi patients with dyspepsia. 
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Table 3. 2 Distribution of vacA allelic types among H. pylori strains isolated from unselected dyspeptic patients from Iraq (Kurdistan region)  

and Iran   

s1/i1/m1 s1/i1/m2 s1/i2/m1 s1/i2/m2 s2/i2/m2 mixed 

Iraq 8/49(16.3%) 2/49(4.1%) 1/49(2.0%) 20/49(40.8%) 4/49(8.2%) 14/49(28.5%) 

Iran 15/59(25.4%) 4/59(6.7%) 1/59(1.7%) 16/59(27.1%) 16/59(27.1%) 7/59(11.9%) 
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3.4 Discussion 

H. pylori virulence factors are important to study in populations, as they contribute 

to disease risk. For example, in Japan, where gastric cancer is common, more than 

90% of H. pylori strains are cagA positive (Maeda et al., 1998). The gastric cancer 

rate in Iraq is lower than that in Iran; I hypothesised that difference in virulence 

factors of H. pylori strains between these two countries may partially explain this 

difference. I found no difference in prevalence of cagA+ strains between unselected 

dyspeptic populations from these countries, although among patients without ulcers 

cagA+ strains were 21% more prevalent in Iran (p= 0.06). Furthermore, Iranian 

patients with cagA+ strains were more likely to have the more pathogenic forms of 

cagA encoding 4 or more tyrosine phosphorylation sites, and among patients 

without ulcers this difference was 27%. Taking these results together, this 

represents a considerable difference in potential cagA-associated pathogenicity 

which could contribute to the differences in gastric cancer rates seen between these 

communities: both cagA status and the number of cagA phosphorylation motifs 

have been linked with cancer prevalence in a number of populations (Argent et al., 

2004, Higashi et al., 2002a). However, I found no significant differences between 

Iranian and Iraqi populations in vacA types, and in particular in the i region type 

which has recently been linked with gastric cancer risk in Iran (Joanne et al., 2007). 

Also I found no difference in dupA status, which I studied because dupA has been 

reported to have a negative association with gastric cancer (Lu et al., 2005a) 

although recent data from us dispute this (Argent et al., 2007).   
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In the present report, I have shown that 71% and 76% of H. pylori strains isolated 

from Iraqi and Iranian samples respectively were cagA positive. This figure is 

closer to Western countries and Turkey than East or South East Asia (Arents, 2001, 

Kersulyte et al., 2000, Saribasak H, 2004, Stephens et al., 1998). Thus it appears 

that the high cancer rate in Iran is not due to the presence of East Asian type strains 

in that country.  

I looked within the Iranian and Iraqi populations for associations between virulence 

factors and peptic ulcer disease. Among Iraqi strains, but not Iranian strains, I 

observed an association between cagA positive status and PUD. Reports from a 

neighbouring country, Turkey, have shown similar results to Iraq (Saribasak H, 

2004). No Iraqi strains had cagA with >3 phosphorylation motifs so I could not 

examine for disease associations here. The situation in Iran was interesting: no 

strains with >3 phosphorylation motifs were found in patients with peptic ulcer. 

This may imply that the presence of > 3 phosphorylation motifs is protective 

against ulcers rather than specifically predisposing to cancer, as previously reported 

(Argent et al., 2004, Higashi et al., 2002a). For vacA polymorphisms I found no 

association between vacA i region and clinical outcome in Iranian samples. 

However, in Kurdish Iraqi specimens, a novel association was found between vacA 

i1 strains and gastric ulcer. This is not unexpected as gastric ulcer and gastric 

cancer are epidemiologically similar. However, our results need confirmation in 

other populations as only small number of gastric ulcer patients were enrolled in 

this study. For dupA, a significant link with PUD was present in the Iraqi 

population, but no association was found in Iranians. Thus overall, I showed that 

the Iraqi population was similar to western populations in terms of the association 
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of many virulence factors with ulcer disease. In contrast, these associations were 

not seen in the Iranian population. This may imply that factors other than bacterial 

virulence are most important for ulcer risk in Iran.  

Many previous reports have shown clustering of active virulence factors within H. 

pylori strains, for example associations between cagA+ status and the vacA s1 

genotype (Xiang et al., 1995). In agreement with these reports, I found a significant 

correlation between cagA+ status and vacA s1 genotype in Iran and Iraq. In 

addition, I showed a significant association between greater number of cagA 

phosphorylation motifs and both the vacA m1 genotype and dupA+ status. This 

further supports the concept of clustering of virulence factors, such that the 

majority of H. pylori strains possess either many or few, and that it is favourable for 

H. pylori to be either strongly pathogenic or non-pathogenic.   

To summarise, virulence factors of both Iraqi and Iranian H. pylori strains appear 

more closely related to Western countries than to Asian countries. Iranian strains 

appear more virulent, but the difference appears unlikely completely to explain the 

difference in disease prevalence between these countries. This suggests that 

unidentified strain, host and environmental factors may contribute to these 

differences. In the absence of East Asian type cagA and almost universally virulent 

strains (as found in Japan and parts of China) the very high gastric cancer rate in 

Iran remains largely unexplained. Similarly, the cancer rates in Iraq appear lower 

than would be expected from the circulating H. pylori strain types - an enigma 

similar to that reported (controversially) in Africa (Holcombe, 1992).   
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4. The Gastric Mucosal Cytokines Response in Kurdish Iraqi 

Patients, and Particularly T helper Differentiation. 
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Abstract  

Introduction: H. pylori induces adaptive immunity, but the balance of the T-helper 

(Th) response varies between individuals; a more pro-inflammatory T-helper 

1(Th1) response has been associated with the development of gastric 

adenocarcinoma. In Kurdistan region, Iraq, the incidence of gastric cancer is 

unusually low. Thus we now studied the T-helper response in patients from Iraq by 

measuring the Th subset-associated cytokines in gastric biopsy samples and IgG1/ 

IgG2 responses. We also investigated associations of smoking and gender with Th 

responses because being a smoker is linked to an increased risk of peptic ulcer and 

gastric cancer, and gastric cancer is more common in men. We have checked these 

associations in an independent population from the UK.   

Materials and Methods: Gastric biopsies were collected from 44 (35 H. pylori-

infected) and 27 (14 H. pylori-infected) Kurdish Iraqi and UK patients, 

respectively. Real-time PCR was performed to quantify the mRNA levels of IFN

 

and interleukin-12 p35 (IL-12) (typically Th1 cytokines), IL-4 and IL-10 (Th2 

cytokines), and FOXP3 (Treg response). Serum IgG subclasses were measured by 

ELISA to confirm Th subset data.  

 Results: For Iraqi samples, the levels of IFN ,

 

IL-12 p35, IL-10, IL-4 and FOXP3 

mRNA was found to be elevated in gastric mucosal samples from H. pylori-

infected patients compared to those from H. pylori-negative patients (median 

increase 7-fold p=0.001; 17-fold p=0.002; 1320-fold p=0.001; 1184-fold p=0.001; 

and 3-fold p=0.01, respectively, confirming a predominant IL-4 and IL-10 (Th2) 

response). Interestingly, IFN

 

mRNA levels (Th1) were 16-fold higher in tissues 

taken from 17 smokers than found in tissues taken from 18 non-smokers (p=0.009), 

and IL-4 mRNA levels (Th2) found in tissues taken from 20 females were 40-fold 

higher than found in tissues taken from 15 males (p=0.005). To confirm our results, 

we studied serum IgG subclass responses to H. pylori. The results showed that there 

was a 4-fold decrease in the H. pylori-specific IgG1:IgG2 levels in smokers 

compared to non-smokers (p=0.0013), consistent with a biased Th1 response 

amongst smokers, although no associations were found with gender. To further 

address whether smoking enhances a Th1 response, the effect of smoking on gastric 
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IFN

 
mRNA levels was studied in an independent population from the UK. Levels 

of IFN

 
mRNA were 6-fold higher in gastric biopsies from 5 smokers than from 9 

non-smokers (p=0.02).   

Conclusion: The predominant Th2 response to H. pylori in Kurdistan, Iraq may 

contribute to the low cancer incidence. The association between a Th1 response to 

H. pylori and smoking suggests that smoking may promote a pro-inflammatory Th1 

response and we speculate that this may help explain the association between 

smoking and gastric cancer.                    
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4.1 Introduction  

Helicobacter pylori infection causes peptic ulceration and gastric adenocarcinoma. 

In Iraq, despite the early acquisition of H. pylori infection (Hussein et al., 2008b), 

gastric cancer is rare (GLOBOCAN, 2002). Three factors interact to determine the 

clinical outcome of H. pylori infection; the virulence of the infecting H. pylori  

strain, the type and extent of the host immune response to infection, and modulating 

cofactors such as smoking, gender and diet (Atherton, 2006). Virulence factors of 

Iraqi H. pylori strains appear more closely related to Western countries and unlikely 

to explain the low cancer rate completely (Hussein et al., 2008c).   

H. pylori strains can induce both arms of adaptive immunity: local and systemic 

antibody production and cell-mediated responses (Atherton, 2006). T-helper 1 

(Th1), Th2 and regulatory T (Treg) cells are activated by H. pylori (Robinson et al., 

2008, Robinson et al., 2005). Studies in animal models and supportive data in 

humans show that a strong Th1 response increases the severity of gastritis and the 

risk of gastric cancer (Akhiani et al., 2002, Bamford et al., 1998, Blaser, 1992). In 

contrast, a Th-2 response is associated with mild gastritis and a lower risk of gastric 

cancer (Atherton, 2006, Robinson et al., 2005). Observational data from humans 

show that gastric T cells in gastric ulcer patients are more polarized to Th1 than in 

duodenal ulcer patients, suggesting that a distinct immune response to H. pylori 

may be associated with different disease outcomes (Itoh et al., 2005).   

Regulatory T-cells (Tregs) are thought to be important in suppressing deleterious 

immune and inflammatory responses (Bamford et al., 1998, Mohammadi et al., 

1996). Tregs are reduced in patients with peptic ulceration. FOXP3 is a marker for 
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Tregs: it encodes a transcriptional repressor and acts as a master regulator in their 

development and function (Hori et al., 2003, Robinson et al., 2008).  Th-1 cells, 

whose differentiation is triggered by interleukin-12 (IL-12) secretion, 

predominantly secrete interferon gamma (IFN ) and IL-2, while Th-2 cells, whose 

differentiation is stimulated by IL-10 secretion, secrete IL-4, IL-5, IL-9, and IL-13 

(Atherton, 2006, Bergman et al., 2004, Robinson et al., 2008, Smythies et al., 

2000). 90% of H. pylori-infected individuals develop H. pylori-specific IgG 

antibodies particularly IgG1 and IgG2 (Blaser, 1992, Bontkes et al., 1992). While 

Th1 responses are associated with reduced IgG1 and/or increased IgG2, the 

association of Th2 with IgG responses is weak in human (Mitchell et al., 2001, 

Vorobjova et al., 2006).   

As well as determining the nature of the Th cytokine responses in gastric biopsies 

from Kurdish patients, we were interested in the potential drivers of that response. 

The main potential drivers that we were able to study were bacterial virulence 

factors (in particular the major virulence factors CagA and VacA) and 

environmental factors (particularly smoking and gender (Atherton, 2006, Stoicov et 

al., 2004, Walker and Taylor, 1979)). Little is known about the relationship 

between virulence factors and Th differentiation. In a recent study in vivo in 

humans we showed no association between H. pylori virulence factors and specific 

Th responses (Robinson et al., 2008). However, in vitro studies have shown that 

VacA can supress T cell proliferation (Schmees et al., 2006, Sundrud et al., 2004).   

Smoking is a risk factor for a wide range of diseases including lung and prostate 

cancer (Batty et al., 2008). In addition, it has been shown that smokers are more 
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prone to peptic ulceration and gastric cancer than non-smokers (Ko and Cho, 2000, 

Maity et al., 2003, Sonnenberg, 1988, Walker and Taylor, 1979). One possibility is 

that, smoking is associated with these diseases because it modulates the immune 

system. In an in vitro, study it was shown that tobacco-exposed lymphocytes have 

reduced proliferative capacity (Barbour et al., 1997). In a study conducted using 

lung biopsies, smoking was associated with increased expression of IFN

 

(Di 

Stefano et al., 2004). Thus we hypothesised that smoking might be associated with 

Th1 responses.   

As sex hormones differ between genders, many researchers have studied the effect 

of sex hormones on the immune response.  It has been shown that women produce 

a stronger Th2 cellular and humoral immune response and suffer from a higher 

incidence of Th2-associated autoimmune diseases e.g. multiple sclerosis (Ansar et 

al., 1985). Faas et al. argued that the production of IL-4 is significantly higher in 

the luteal phase of the menstrual cycle as compared with the follicular phase (Faas 

et al., 2000). On the other hand, it is agreed that T lymphocyte counts are lower in 

males than in females. This may be due to increased testosterone concentrations, as 

testosterone is associated with apoptosis in T cells (McMurray et al., 2001). Hence, 

we hypothesised that female gender might be associated with Th2 responses to H. 

pylori in the stomach.   

Thus we studied Th1/Th2 responses in H. pylori-infected subjects in Kurdistan 

region in northern Iraq and factors that might affect such responses. We found that 

smoking was associated with a Th1 response. Because of the importance of this we 
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confirmed our results by another methodology (IgG subclass ELISA) and in a 

different (UK) population.  
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4.2 Materials and Methods 

4.2.1 Patients and Serum Samples 

Gastric biopsies were obtained from 44 Kurdish Iraqi patients (35 were H. pylori+: 

duodenal ulcer (DU) 11; gastric ulcer (GU) 5; no ulcer (NUD) 19, all non-infected 

were NUD) and 27 UK patients (14 H. pylori+: GU 3; DU 3 and NUD 8, all non-

infected were NUD) undergoing routine upper GI endoscopy to investigate 

dyspepsia with approval from Hospitals Ethics Committees. Mean age ± standard 

deviation of the patients from Iraq was 37±18 years and from the UK was 56±11. 

During gastroscopy, 2 biopsy samples were taken from the antrum and either 

placed in 1 ml of isosensitest broth (Oxoid, Basingstoke, UK) containing 15% (v/v) 

glycerol and stored in liquid nitrogen or placed in RNAlater solution and preserved 

for mRNA analysis. DNA was extracted directly from the biopsy specimens and 

used for PCR-based H. pylori typing. At the time of endoscopic examination 15 ml 

of blood was drawn from each Iraqi patient. Serum was separated and samples were 

stored at -20 °C until use in the IgG subclass enzyme linked immunosorbent assay 

(ELISA).  

4.2.2  cDNA Synthesis 

Total RNA was extracted and purified from gastric biopsies using the total RNA 

Isolation System (Qiagen, Crawley, UK). RNA in the samples was quantified using 

a Nanodrop ND-1000 spectrophotometer (Nanodrop Technologies Wilmington, 

DE, USA). The synthesis of cDNA from 50 ng RNA was conducted by using 

SuperScript II reverse transcriptase (Invitrogen) with oligo(dT) primer (Invitrogen) 

as per the manufacturer s instructions.   
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4.2.3 Real Time PCR 

RT-PCR was performed on a Rotor-Gene 3000 (Corbett Research, Mortlake, 

Sydney, Australia) by using the DyNAmo HS SYBR green qPCR kit (GRI, 

Braintree, Essex, UK). A reaction volume of 20 µl was used. No-template controls 

were included in each cycle and a melting curve analysis was performed to ensure 

the specificity of primers (Figure 4.1). To ensure that products were not amplified 

from contaminated genomic DNA, first stage RT-PCR samples produced in the 

absence of reverse transcriptase from each RNA template were tested in parallel. 

Samples were run in duplicate and results were analysed according to the method 

described by Pffafl (Pfaffl, 2001).  Relative expression levels of the gene of interest 

IL-4, IL-10, IFN , FOXP3 (Lundgren A et al., 2003, Robinson et al., 2008)  and IL-

12 p35 were determined by normalising against a housekeeping gene (GAPDH) 

(Walker et al., 2003), and then comparing this value to the normalised level in 

cDNA made from a pooled RNA preparation from 5 H. pylori-negative patients to 

obtain a fold difference.  A commercial pooled human cDNA standard (BD 

Biosciences, San Diego, CA) was included as a positive control in all assays. 

Amplification of IL-4, IL-10, IFN  and FOXP3 was carried out over 45 cycles of 15 

seconds at 95oC, 30 seconds at 61oC and 30 seconds at 72oC. IL-12 amplification 

was carried out over 45 cycles of 15 seconds at 95oC, 30 seconds at 62oC and 30 

seconds at 72oC. Commercial primers were used for human IFN (SuperArray RT, 

Tebu-Bio, Peterborough, UK). Other PCR primer sequences are shown in Table 

4.1.    
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Table 4. 1 Primer sequences and efficiencies for real-time PCR 

Gene Forward primer 5 -3

 

Reverse primer 5 -3

 

Efficiency 
GAPDH(Walker et al., 2003) CCACATCGCTCAGACACCAT GGCAACAATATCCACTTTACCAGAGT 1.72 
FOXP3 (Lundgren A et al., 2003)

 

CAGCACATTCCCAGAGTTCCT GCGTGTGAACCAGTGGTAGAT 2.07 
IL-4 (Robinson et al., 2008) GCCCTGCAGAAGGTTTCCTT AACAGCCTCACAGAGCAGAAGAC 1.73 
IL-10 GCTGGAGGACTTTAAGGGTTACCT CTTGATGTCTGGGTCTTGGTTCT 1.94 
IL-12 p35 CTGAGGAGAGTCTGCCCATTG TGGGTGGGTCAGGTTTGATG 3.18 
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Figure 4. 1 Pffafl equation and examples of melt and amplification curves produced by 

IL-4 RT-PCR rotor.  

This plot shows the intensity of fluorescence at different temperatures. Product of the 

same size show a fluorescence peak at the same temperature.  (A) Pffafl equation (B) 

melting temperature for IL-4, (C) amplification for IL-4. Small arrows indicate CT 

values (Cycle number at which the set threshold crosses). Norm. Fluoro: Normalised 

Fluorescence; deg: C° degree. 
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4.2.4 Efficiency Calculation 

To calculate relative expression levels of the gene of interest relative to the level of 

housekeeping gene transcript using the Pfaffl method (Pfaffl, 2001), the reaction 

efficiency of each PCR was calculated (Table 4.1).  The PCR efficiencies were 

calculated by serially diluting the positive control cDNA  (BD Biosciences, Oxford, 

UK) and calculating the gradient from plots of dilution against CT value, which is 

the cycle number at which the threshold was crossed.  Examples of plots calculated 

are shown in figure 4.2.                       
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Figure 4. 2 Efficiency runs for IL-10 (A) and IL-12 (B) PCRs.  

The PCR efficiencies were calculated by serially diluting the positive control 

cDNA  (BD Biosciences, Oxford, UK) and calculating the gradient from plots of 

dilution against CT value, which is the cycle number at which the threshold was 

crossed.  The efficiency of IL-10 reaction was 1.94 (R2=0.98) and the efficiency of 

IL-12 reaction was 3.2 (R2=0.96).        
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4.2.5 Antigen Preparation for ELISA 

A lysate of 5 Iraqi stains (all of which are cagA-positive) was prepared. The optical 

density of 5 separate bacterial suspensions was equalized and samples were then 

pooled together. Then, the lysate was prepared by sonicating a suspension of a pool 

of the 5 Iraqi strains in PBS. This procedure was performed on ice at 10 amplitude 

microns in six cycles of 30 seconds, followed by 30 seconds cooling. The protein 

concentration was determined using a modified Lowry protein assay kit (Bio-Rad) 

and BSA as a standard curve.   

4.2.6 Serum IgG Subclass ELISA  

A multiple serum dilution series ELISA method based on that of Robinson et al 

(Robinson et al., 1997) was used to quantify anti-H. pylori IgG. Wells of a 96 well 

plate (NUNC maxisorp, Roskilde, Denmark) were coated with 50 µl H. pylori 

sonicate antigen diluted to 10µg/ml in 0.1M carbonate/bicarbonate coating buffer 

(pH 9.6). The plates were then incubated overnight at 4°C. After washing with 

PBS-Tween (PBS with 0.05% Tween 20), 100 µl of blocking solution (3% BSA in 

PBS-Tween) was added to each well and the plates were incubated for one hour at 

room temperature. After washing as previously described, 50 µl serum samples 

were added in duplicate in a doubling dilution series of up to 1/12800. The diluent 

used was 1% BSA in PBS-Tween. Plates were then incubated for 90 minutes at 

room temperature then washed three times followed by two one minute soaks in 

PBS-Tween. 50 l per well of diluted (1/3,000) anti-human IgG1-biotin conjugate 

(Sigma Aldrich, St. Louis, MO, USA) in PBS/Tween or diluted (1/100000) anti-

human IgG2-biotin conjugate (Sigma Aldrich, St. Louis, MO, USA) was added to 

the wells and they were incubated for a further 90 minutes. The plates were then 
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washed three times followed by two one minute soaks in PBS-Tween then 50 l 

diluted streptavidin peroxidise (1/1000) (Sigma Aldrich, St. Louis, MO, USA) was 

added and the plates were incubated for 30 minutes. The plates were washed three 

times followed by two one minute soaks in PBS-Tween then 100 µl of Tetra 

methylbenzidene substrate (eBioscience) was added to each well. After incubation 

for 15 min, the reaction was stopped by adding 50µl of 2M H2SO4. The optical 

density of the samples was measured using a microplate reader (Labsystems iEMS 

Reader MF, Helsinki, Finland) at a wavelength of 450nm with a reference 

wavelength of 650nm.  Then, curves of dilution against mean OD for each sample 

were plotted.  

A pool of negative control sera from 4 uninfected donors was applied to 5 replicate 

wells at a 1/50 dilution on each plate. The average of these wells was used as a cut 

off point to calculate the end point titre for each sample. No serum, no secondary 

antibody or no streptavidin horseradish peroxidase were included as assay controls, 

where diluent was used instead.          
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4.2.7 Statistics 

Data were analyzed using the Minitab 15 software program. Boxes represent the 

range of the first and third quartiles, the median values are shown as horizontal 

lines within the bars and the whiskers depict the lowest and highest observations 

within 1.5 times the first to third inter-quartiles ranges. Statistical tests of unpaired 

data were carried out using the the Mann-Whitney U-test. A significant difference 

was taken at p 0.05 unless otherwise stated.   
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4.3 Results

 
4.3.1 Gastric Immune Response in Kurdish Iraqi Samples

 
H. pylori can induce Th1, Th2 and regulatory T cell responses (Robinson et al., 

2008). We investigated the likely responses in the stomachs of Iraqi patients by 

performing real-time PCR on mucosal biopsy specimens. In infected compared to 

uninfected biopsies, there were significantly increased levels of IFN , a Th1 

cytokine, (median± standard error, H. pylori+: 8.6±63; H. pylori-: 1.2±0.1, median 

increase 7-fold, p=0.001) (Figure 4.3A). To confirm the Th1 biased responses, 

levels of IL-12p35 mRNA, were studied in H. pylori-infected and non-infected 

samples. A 17-fold increase was observed in H. pylori-infected specimens (H. 

pylori+: 30.9±9; H. pylori-: 1.8±0.3 p=0.002) (Figure 4.3B). Next to assess whether 

there was a higher or a lower Th2 response, we measured levels of IL-4 mRNA, a 

Th2 cytokine in infected and uninfected biopsies. Levels of IL-4 mRNA were also 

consistently higher in H. pylori-infected patients than uninfected patients, but 

differences were more marked (H. pylori+: 153±177; H. pylori-: 0.26±0.1, 1320-

fold, p=0.001) (Figure 4.3C).  To confirm the Th2 biased responses, IL-10 mRNA 

levels, which may also be associated with a Th2 response, were measured. A 1184-

fold elevation in IL-10 mRNA level was found in H. pylori-positive samples (H. 

pylori+: 54±39; H. pylori-: 0.04±0.28 p=0.001) (Figure 4.3D). Individual specimen 

samples showed a mixed Th subclass response. However, in most specimens a 

well-polarized Th response was found (Figure 4.4).   

Because IL-10 is secreted by Tregs as well as Th2 cells, we examined a separate 

Treg marker (FOXP3 mRNA levels) in gastric mucosa.  The levels of FOXP3 

mRNA were found to be elevated in samples from H. pylori-infected patients 
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compared to those from H. pylori-negative patients but only by 3-fold (H. pylori+: 

3.7±1.7; H. pylori-: 1±0.1 p=0.01) (Figure 4.3E). This suggests that the main source 

of IL-10 in gastric mucosa may be Th2 cells.                  
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Figure 4. 3 Relative IFN , IL-12p35, IL-4, IL-10 and FOXP3 mRNA levels in gastric biopsies from 35 H. pylori-positive Kurdish Iraqi and 9 H. pylori-

negative subjects. * Outlier value.  
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Figure 4. 4 IL-4 and IFN

 

mRNA level in gastric biopsies taken from 35 H. pylori-

positive Kurdish Iraqi patients. Lines represent the results obtained from individual 

biopsies. Some patients showed extremely polarised T-helper responses.             

0

50

100

150

200

250

300

350

400

450

500

IL-4                                                                             IFNg

R
el

at
iv

e
 E

xp
re

ss
io

n
 L

ev
el

IL-4 IFN-gamma

0

50

100

150

200

250

300

350

400

450

500

IL-4                                                                             IFNg

R
el

at
iv

e
 E

xp
re

ss
io

n
 L

ev
el

IL-4 IFN-gamma



 

107

 
4.3.2 Association between Gastric Cytokines and Clinical Outcome

 
To test whether expression levels of specific cytokines correlated with the 

development of GU, DU, and NUD, data are re-stratified according to these clinical 

outcomes. No significant associations were found between disease status and 

expression of any of the genes we studied. However, IFN mRNA was numerically 

increased by 10-fold amongst the DU samples (median DU: 65; GU: 15; NUD: 6 

p=0.19).  

4.3.3 Relationship between Gastric Cytokines and H. pylori

 

Virulence Factors

 

Having shown that there is a well-polarised immune response in most of the 

samples, we next examined whether the immune responses were associated with 

bacterial virulence factors. Thus we re-stratified our data according to cagA and 

vacA status. The levels of IFN

 

mRNA were 2-fold higher in tissues infected with 

cagA+ strains compared to cagA- samples but the difference was not significant 

(median cagA+: 12.6; cagA- : 6.3 p=ns). In addition, the levels of IL-12 mRNA 

were 5-fold higher in tissues infected with cagA+ strains compared with cagA- 

samples, but still this was not significant (cagA+: 20.8; cagA- : 3.9 p=ns) (Figure 

4.5). No differences were found in the levels of IL-4, IL-10 and FOXP3 mRNA 

between tissues infected with cagA+ and cagA- H. pylori. No significant 

associations were found between vacA signal, mid and intermediate region type 

mucosal levels of any of the cytokines mRNAs studied (Figure 4.6).  
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Figure 4. 5 Relative FOXP3 mRNA levels in gastric biopsies from H. pylori-infected Kurdish Iraqi patients in relation to different virulence factors.  

Real-time quantitative PCR analysis of FOXP3 gene expression relative to GAPDH expression in 35 H. pylori-infected patients.  No significant 

difference (NS) was found between cagA-positive versus cagA-negative infected patients (A), or vacA i1 versus vacA i2  infected patients (B). * 

Outlier. 
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Figure 4. 6  Relative IFN  mRNA levels in gastric biopsies from H. pylori-infected Kurdish Iraqi patients in relation to different virulence factors.  

Real-time quantitative PCR analysis of IFN

 

gene expression relative to GAPDH expression in 35 H. pylori-infected patients.  No significant difference 

(NS) was found between cagA-positive versus cagA-negative infected patients (A) or vacA i1 versus vacA i2  infected patients (B). * Outlier. 
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4.3.4 Effect of Smoking and Gender on Gastric Cytokines

 
As virulence factors could not explain the bias in immune responses, we decided to 

study other factors that might affect the immune responses: smoking and gender. 

IFN

 
mRNA levels were 16-fold higher in tissues taken from 17 smokers than 

found in tissues taken from 18 non-smokers (smokers: 111±524; non-smokers: 

5.3±5.8 p=0.01) (Figure 4.7A). Levels of IL-12 mRNA were 6.6-fold higher in 

smokers than non-smokers (p=0.07) (Figure 4.8). These results suggest a 

correlation between Th1 responses and smoking.   

Next we assessed whether Th1 cytokine was associated with male sex. We found 

no association for IFN or for IL-12. However, IL-4 mRNA levels found in tissues 

taken from 20 females were 40-fold higher than IL-4 mRNA levels found in tissues 

taken from 15 males (p=0.005) (Figure 4.9A). Additionally, we found the levels of 

IL-10 mRNA were 89-fold higher in female than male (p=0.01) (Figure 4.10). 

FOXP3 mRNA was not found to be associated with either smoking or gender.            
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4.3.5 IgG subsets ELISA

 
To confirm the correlation between smoking and gender and the immune response 

using another technique, serum IgG subclass responses to H. pylori were examined. 

Th1 responses are associated with reduced IgG1 and increased IgG2 (Mitchell et 

al., 2001). We found a 4-fold decrease in the H. pylori-specific IgG1:IgG2 ratio in 

smokers compared to non-smokers (smokers: 0.3±0.2; non-smokers: 1.4±0.5 

p=0.0013) confirming a predominant Th1 responses (Figure 4.11). No relationship 

between gender and IgG subclass could be found. To explore these results the 

relationship between IgG subclass and gastric cytokines was studied. As expected, 

a significant inverse relationship was found between IgG1:IgG2 ratio and IFN

 

mRNA levels (p=0.047 Rs=-0.34). No correlation between IgG subclass and Th2 

cytokines could be established.              
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4.3.6 Effect of Smoking and Gender in the UK

 
Finally, we addressed whether our results were confined to our Iraqi population or 

found more generally. We had a small amount of cDNA available from gastric 

biopsies of patients from the UK. Thus we decided to do RT-PCR for IFN

 
and IL-

4 mRNA. In agreement with the Iraqi data, we found that IFN

 

mRNA levels were 

6-fold higher in tissues taken from 5 smokers than found in tissues taken from 9 

non-smokers (p=0.02) (Figure 3B). IL-4 mRNA levels were similar between these 

groups. With regard to gender, no differences in IFN

 

or IL-4 mRNA levels were 

found between 7 males and 7 females (Figure 4B).                 
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Figure 4. 7  Relative IFN mRNA levels in gastric biopsies from 17 H. pylori-infected smokers and 18 non-smokers in Kurdistan region, Iraq 

and 5 smokers and 9 non-smokers in the UK.  * Outlier value.  
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Figure 4. 8 IL-12p35 mRNA level in gastric biopsies taken from Kurdish Iraqi 

patients, 17 smokers and 18 non-smokers. * Outlier.  
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Figure 4. 9 Relative IL-4 mRNA levels in gastric biopsies from 15 H. pylori-infected males and 20 females in Kurdistan region, Iraq  and 7 

males and 7 females in the UK patients. * Outlier. ns= no significant difference. 
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Figure 4. 10  IL-10 mRNA level in gastric biopsies taken from Iraqi patients, 20 

females and 15 males. * Outlier.            
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Figure 4. 11 Anti-H. pylori serum IgG1 and IgG2 responses of 17 smokers and 18 non-

smokers amongst the group of infected Iraqi patients.             
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4.4 Discussion  

In this study, the levels of FOXP3, IFN , IL-12, IL-4 and IL-10 expression were 

significantly higher in infected than uninfected Kurdish Iraqi patients. This agrees with 

Robinson et al. who found a mixed T-helper immune response against H. pylori 

(Robinson et al., 2008),  and D Elios et al. (D'Elios et al., 2003). Surprisingly, the 

increase in Th1 and Th2 cytokines was not similar. We found a 7-fold increase in IFN

 

and 17-fold increase in IL-12p35 mRNA levels compared to 1320-fold increase in IL-4 

and 1184-fold increased IL-10 mRNA levels suggesting a predominant Th2 responses. 

As FOXP3 mRNA levels increased by 3-fold only, the IL-10 is likely to be secreted 

mainly from Th2 cells rather than Tregs. A study conducted in the UK suggested a 

more balanced Th1/Th2 responses in this country: in infected compared to uninfected 

tissues, there were significantly increased levels of IFN  (119-fold) and IL-4 (231-fold) 

mRNA (Robinson et al., 2008). This provides some evidence that Th2 cell responses 

might be the main responses to H. pylori infection in Kurdistan region, Iraq. This 

agrees with a study conducted in Africa where Th2 responses were found to 

predominate. In Africa, like Iraq, gastric cancer is thought to be rare (Mitchell et al., 

2002).   

Several studies have addressed the role of the balance between induction of 

proinflammatory cytokines and stimulation of anti-inflammatory cytokines in disease 

outcome. However, results are conflicting. Hida et al. showed that there was increased 

expression of IL-12 mRNA in the majority of patients with duodenal ulcer (Hida et al., 

1999). In contrast, Itoh et al. showed that the Th response in GU patients was more 
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polarized towards Th1 than in DU patients (Itoh et al., 1999). In our study, no 

significant correlation was found between Th subset response and peptic ulcer disease.  

However, the levels of IFN

 
mRNA were 10-fold higher in DU than non-peptic ulcer 

disease, implying that a true association could have been missed in our study due to the 

small number of patients we used (a type II error).  

The trend in most patients in our study was towards a strongly polarised Th response to 

either Th1 or Th2 and this led us to examine factors which may drive Th 

differentiation. First we looked at the bacterial virulence factors CagA and VacA. 

Trends were toward higher levels of both IFN

 

and IL-12 mRNA in tissues infected 

with cagA+ than cagA- strains, suggesting a possible role for CagA in the polarization 

of Th responses. This seems reasonable because of the epidemiological relationship 

between CagA and gastric diseases (Stephens et al., 1998). Neither our study nor the 

UK study showed significant correlations between VacA and Th cell polarization.  

The association between smoking and increased risk of gastric cancer is well 

established, but the mechanism underlying this is unclear. In an epidemiological study 

conducted in Portugal, smoking was shown to be associated with gastric intestinal 

metaplasia, a precancerous condition (Peleteiro et al., 2007). In other studies, 

epidemiological evidence linking smoking and gastric cancer has been described (De 

Stefani et al., 1998, Gonzalez et al., 2003). We hypothesised that smoking may be 

associated with a more pro-inflammatory Th1 response, potentially explaining these 

associations. In accordance with this hypothesis, we found that levels of IFN

 

mRNA 
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were higher in smokers than non-smokers in Kurdistan region, Iraq. These results were 

confirmed by studying IgG subclasses in sera taken from Kurdish Iraqi subjects. To 

confirm our results in a different population, we studied the levels IFN

 

mRNA in UK 

patients, and again found that the levels of IFN

 

mRNA were higher in smokers than 

non-smokers. We speculate that smoking may direct the immune response toward Th1 

biased immunity and increase IFN and other proinflammatory Th1 cytokines that may 

predispose to pre-malignant pathology including atrophy and metaplasia.   

A strong association between sex hormones and Th differentiation has been found in 

several studies (Ansar et al., 1985). In a study conducted in female gerbils, estradiol 

treatment increased the intensity of inflammation in response to H. pylori infection, 

whereas progesterone decreased it (Saqui-Salces et al., 2006). In a study conducted in 

mice, estradiol exerted a protective effect against H. pylori-induced gastric cancer 

(Ohtani et al., 2007).  In another study conducted in Japan, interleukin-10 production 

from human PBMCs was significantly higher in women than in men (Ono et al., 2005). 

In our study, the levels of IL-4 and IL-10 mRNA expression were higher in Iraqi 

females than males. However, IgG subclass ELISAs could not confirm these results. 

This might be because Th2 responses have only a small effect on IgG subclass levels 

(Fox JG et al., 2000, Mitchell et al., 2002). Also, the association of gender with 

cytokine mRNA expression was not confirmed in our UK population. However, this 

might have been an artefact due to the small sample size. More studies are needed to 

explore the correlation between female gender and predominant Th2 response.    
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This study has several limitations: in particular the sample size. However, this is likely 

to hide true positive associations rather than produce false positives. Additionally, 

when using RT-PCR to investigate immune responses, the levels of cytokine mRNA 

are measured, but this does not always accurately reflect levels of cytokine protein 

expression and does not define the cellular sources of the cytokines. However, the 

absolute levels of cytokines, especially IFN , are likely to be the crucial determinant 

for the disease process. For example, intestinal metaplasia developed in the stomach of  

mice transfused with IFN , even without H. pylori infection (Cui G, 2003). In addition, 

Robinson et al. have shown previously that cytokine RT-PCR and flow cytometry 

(which is an accurate method for determining numbers of Th1 and Th2 cells present) 

largely agree when performed on gastric biopsy specimens (Robinson et al., 2008). In 

our study, we did not depend completely upon RT-PCR: our smoking results were 

confirmed by studying the levels of IgG subclasses in serum.  

To conclude, low Th1 responses may contribute the low cancer rate in Kurdistan 

region, Iraq. The association between high Th1 response and smoking suggests that 

smoking may promote a pro-inflammatory Th1 response: such a response is known to 

induce precancerous gastric atrophy and metaplasia. Our study is robust in supporting 

the association by two separate methodologies and in two distinct populations. The 

association between female gender and a higher IL-4 (Th2) response in Kurdistan 

region, Iraq may help to explain the lower gastric cancer incidence in women.  

However, these results need further confirmation.  
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5. Helicobacter pylori dupA is Naturally Polymorphic and Induces 

Cytokine Secretion from Peripheral Blood Mononuclear Cells but not 

from Gastric Epithelial Cells
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Abstract 

The duodenal ulcer promoting gene (dupA) is a recently discovered Helicobacter 

pylori virulence factor, shown to stimulate with interleukin-8 (IL-8) secretion by 

epithelial cells and to be associated with duodenal ulcer. Nucleotide sequencing of the 

dupA 3' region from 32 strains showed that dupA commonly had additional single base 

insertions or deletions that either truncated or extended the open reading frame. We 

have therefore classified dupA into two main groups: the common extended ORF 

within jhp0917-19 (dupA1), and dupA with an early stop codon to truncate the ORF 

(dupA2). We aimed to study effects of DupA polymorphisms on inflammatory 

responses, examining cytokine responses of epithelial cells and blood mononuclear 

cells.  Four pairs of parental (2 dupA1 strains and 2 dupA2 strains) and dupA mutant H. 

pylori strains, all possessing a functional cag pathogenicity island, were co-cultured 

with human gastric epithelial cell lines (AGS, ST16, MKN45, and MKN28) and 

peripheral blood mononuclear cells (PBMCs) from 5 H. pylori-negative healthy 

donors. IL-8, IL-12, IL-4, IL-10, interferon- (IFN ), and tumour necrosis factor- 

(TNF ) concentrations in co-culture supernatants were assayed by ELISA. cagE and 

dupA double mutants were constructed in two strains and tested in co-culture. RT-PCR 

was performed to measure the level of IL-12 and IL-10 mRNA in biopsies taken from 

patients infected with dupA-positive H. pylori (n=13) and dupA-negative H. pylori 

(n=22).  Whereas strains possessing cagE induced significantly more IL-8 secretion 

from gastric epithelial cells than those lacking this locus, there was no significant 

difference between strains that possessed or lacked dupA irrespective of its 

polymorphisms.  While disrupting dupA1 significantly reduced IL-12, IFN , TNF and 

IL-8 production by PBMCs, disrupting dupA2 showed no effect on cytokine secretion.  

cagE mutation had no effect upon cytokine production by PBMCs. There were trends 

towards higher levels of IL-12 and IFN

 

mRNA in biopsies taken from patients 

infected with dupA-positive H. pylori, although these differences were not statistically 

significant. I therefore hypothesise that dupA1 is a major determinant of H. pylori-

induced mononuclear cell-associated inflammation.   
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5.1 Introduction 

Helicobacter pylori infects approximately half the world's population and is the major 

cause of gastric and duodenal ulceration and gastric adenocarcinoma. H. pylori strains 

possessing the cag pathogenicity island (PaI) induce high levels of pro-inflammatory 

interleukin (IL)-8 secretion in vitro and also in the stomach in vivo (Atherton et al., 

1995, Censini et al., 1996, Crabtree and Lindley, 1994, Keates et al., 1997). The cag 

PaI encodes a type IV secretion system that facilitates the translocation of CagA and 

soluble components of the H. pylori cell wall peptidoglycan into the host cell cytosol 

(Asahi et al., 2000, Odenbreit et al., 2000, Segal et al., 1999, Stein et al., 2000, Viala et 

al., 2004). Both translocated molecules activate signalling pathways that result in the 

activation of NF- B and the secretion of IL-8 from the cell (Brandt et al., 2005, Viala 

et al., 2004). Although the cag PaI is the major pro-inflammatory H. pylori virulence 

factor, OipA has also been shown to contribute to IL-8 secretion (Kudo et al., 2005, Lu 

et al., 2005b, Yamaoka et al., 2002a, Yamaoka et al., 2000, Yamaoka et al., 2006), 

although some have failed to show this (Akanuma et al., 2002, Ando et al., 2002, 

Brandt et al., 2005, Dossumbekova et al., 2006, Odenbreit et al., 2002).   

More recently, a novel virulence gene, dupA, has been identified that may also play a 

role in IL-8 secretion (Lu et al., 2005a). dupA has homology to virB4 and comprises 

two overlapping genes (jhp0917 and jhp0918) in genome sequence strain J99, but Lu 

et al. (Lu et al., 2005a) showed that dupA formed a single open reading frame (ORF) in 

H. pylori strain C142, and 23 other strains, due to a single nucleotide insertion (at 

position 1386), and they showed that the presence of dupA was significantly associated 
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with duodenal ulceration, but negatively associated with gastric cancer in populations 

from South Korea, Japan, and Colombia, and appeared to increase IL-8 secretion by 

epithelial cells. Populations from northern India and Iraq also exhibited a significant 

association between the presence of dupA and duodenal ulceration, although no 

patients with gastric cancer were included in these studies (Arachchi et al., 2007, 

Hussein et al., 2008a), whereas populations from Brazil and Iran had no significant 

association between dupA prevalence and ulceration or cancer (Gomes et al., 2008, 

Hussein et al., 2008a). We have recently found, however, that dupA was not 

significantly associated with duodenal ulceration in populations from Belgium, South 

Africa, China, and the USA, but was significantly associated with gastric cancer 

development (Argent et al., 2007). This association with duodenal ulceration in some 

populations and gastric cancer in others is similar to the association of the cag PaI with 

disease The cag PaI is thought to induce increased gastric inflammation largely 

through increasing IL-8 secretion from epithelial cells.   

High levels of chemokines (IL-8, GRO alpha, ENA-78, RANTES, MCP-1) (Hida et 

al., 1999, Shimoyama et al., 1998) have been detected in the H. pylori infected gastric 

mucosa along with pro-inflammatory cytokines such as TNF , IL-1 , IL-6, IL-7, IL-

12 and IL-18 (Bauditz et al., 1999, Dzierzanowska-Fangrat et al., 2008, Yamaoka et 

al., 1995, Yamaoka et al., 1997). Increased levels of many of these factors are 

predicted to increase the risk of disease (El-Omar et al., 2003, Macarthur et al., 2004). 

Anti-inflammatory cytokines such as IL-10 and transforming growth factor- have also 

been detected (Hida et al., 1999, Lindholm et al., 1998). H. pylori has been shown to 
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disrupt the tight junctions of gastric epithelial cells in vitro, possibly through 

intraepithelial injection of CagA protein (Amieva et al., 2003). Such effects in vivo 

would open the paracellular route for bacterial penetration deep into the mucosa. 

Recent investigations by Necchi et al., suggested that H. pylori penetrates normal, 

metaplastic, and neoplastic gastric epithelium in vivo, intracellularly or interstitially to 

generate a strong immune-inflammatory response and promote gastric carcinogenesis 

(Necchi et al., 2007). Such reports indicate that studying the interaction of H. pylori 

with epithelial cells is only part of the story. The responses of immune and 

inflammatory cells should also be investigated when studying the role of H. pylori 

virulence factors. This prompted us to study the sequence of dupA in detail, determine 

the influence of dupA on the immune response, studying the responses of gastric 

epithelial cell lines and leukocytes in vitro as well as examining cytokine expression in 

gastric biopsies of donors infected with dupA+ and dupA- H. pylori strains.    
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5.2 Materials and Methods 

All chemicals and reagents were obtained from Sigma-Aldrich (Poole, Dorset, UK) 

unless otherwise stated.  

5.2.1 Patients  

Biopsy specimens were donated by patients undergoing upper gastro-intestinal 

endoscopy at Azadi teaching hospital Dohuk, Kurdistan region, Iraq with approval 

from Hospitals Ethics Committee (35 H. pylori-infected patients: 13 infected with 

dupA+ strains and 22 infected with dupA- strains). The mean age ± standard deviation 

of the patients from Iraq was 37±18 years. During gastroscopy, 2 biopsy samples were 

taken from the antrum. One was placed in 1 ml of isosensitest broth (Oxoid, 

Basingstoke, UK) containing 15% (v/v) glycerol and stored in liquid nitrogen for 

future isolation of H. pylori. The other was placed in RNAlater solution, and preserved 

for mRNA analysis. DNA was extracted directly from the biopsy specimens using a 

DNeasy Blood and Tissue Kit (QIAGEN, Crawley, West Sussex, UK) and used for 

PCR-based H. pylori typing as previously described (Hussein et al., 2008a).   

5.2.2 Culture of H. pylori 

Each biopsy specimen was spread on both sheep blood and Dent agar plates, then 

incubated under microaerobic conditions generated by a Campypack (Becton, 

Dickinson and company) in an anaerobic jar at 37°C for 2 to 4 days. The organisms 

were identified as H. pylori by colony morphology; Gram stain; and urease activity. 
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Cultures were harvested and stored in 1 ml nutrient broth containing 15% glycerol at - 

80°C.  

5.2.3 Culture of Escherichia coli 

Single colonies of DH5 (White et al., 1988) were inoculated into Luria-Bertani (LB) 

(Oxoid) media supplemented with appropriate antibiotics where necessary. Broths 

were then incubated overnight at 37ºC with shaking at 200 rpm. The bacteria were then 

used for plasmid minipreps.  

5.2.4 PCR Amplification and Nucleotide Sequencing of dupA 

(performed by Richard Argent) 

Initially, the full-length dupA gene (based on the nucleotide sequence from H. pylori 

strain C142 - GenBank accession number AB196363) was PCR amplified from the 8 

strains used to construct isogenic mutants (strains 93-67, 93-68, A101, AB21, AB31, 

AB43, J178 and J123), using primers dupA-WXF (5'-

GATATACCATGGATGAGTTCYRTAYTAACAGAC) and DAR1. The amplified 

genes were sequenced on both strands using BigDye1.1 on a Perkin-Elmer ABI Prism 

3130 fluorescent DNA analyser. It was apparent from the sequence analyses that some 

dupA genes had single nucleotide insertions close to the 3' end of the gene that 

extended the open reading frame. Therefore, a reverse primer was designed within 

jhp0919 to include the next predicted stop codon, based on the nucleotide sequence 

from H. pylori strain J99. This reverse primer, JHP0919R2 (5'-

GCCCACCAGTTGCAAAAACAAATGAAC) was successfully used with primer 
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dupA918F (Argent et al., 2007) to PCR amplify the extended region. Nucleotide 

sequencing of additional strains was performed following PCR amplification of the 

"extended" dupA gene using primers dupA-WXF and JHP0919R2.  

5.2.5 Construction of Mutants 

According to the sequence results, seven strains (J123 with a complete 1839 bp 

ORF similar to strain C142 as used by Lu et al. (Lu et al., 2005a); AB21, AB31, 

AB43 and 93-68 with a complete ORF extending into jhp0919; 93-67 and A101 

with a stop codon in jhp0917 truncating the ORF) were chosen for the construction 

of isogenic dupA insertion mutants (Figure 5.1). Five of these possessed a 

functional cag PaI (strains 93-67, J123, A101, AB21, and AB31) and two lacked 

this locus (AB43 and 93-68). I also constructed isogenic cagE insertion mutants in 

dupA-deficient mutants of strain 93-67 and AB31.   

1 kb of dupA was amplified from H. pylori strain 93-67 using primers DAF1 (5'-

GACGATCTATTGAATTTATACGCTG) and DAR1 (5'-

TTAAATACTCTTCCTTATAAGTTTCTTGG) and PCR products were purified 

and cloned into pGemT-Easy (Promega, Southampton, UK) to form pGEM®-9367. 

pGEM®-9367 was transformed into the DH5

 

strain of E. coli. This was followed 

by extracting the plasmid  and inverse PCR was used to engineer XhoI and XmaI 

sites into dupA using primers NHDA2R (5'-

CTATATCCCGGGAGCTTGAAAATTGAAAAAGTG) and NHDA3F (5'-

CAATACCTCGAGGCTAATACAGATGGTGGT). The chloramphenicol 
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resistance cassette from pBSC103 (Wang and Taylor, 1990) was excised using 

XhoI and XmaI and ligated into the dupA genes via the same sites to create plasmid 

pCDA723 (disrupted dupA from strain 93-67). Restriction products were run on 

agarose gels and the 4kb fragment containing dupA and the 1kb catR fragment were 

extracted and purified. H. pylori strains were transformed with plasmids by natural 

transformation and allelic exchange mutants were selected by marker rescue on 

blood agar plates (Oxoid) containing 30 g/ml chloramphenicol. Disruption of 

dupA and confirmation of double crossover were determined by restriction 

digestion and determination of product size (Figure 5.2).   

5.2.6 Gel Extraction and Purification of PCR Product 

A QIAEX II Agarose Gel Extraction Kit (QIAGEN, Crawley, UK) was used for 

extraction of PCR products from 1.5% agarose gel, according to the manufacturer s 

instructions. A QIAquick PCR Purification Kit (QIAGEN, Crawley, UK) was used for 

the purification of the PCR product, according to the manufacturer s instructions. PCR 

fragments were purified from primers, nucleotides, polymerases, and salts by binding 

the DNA to a silica-gel membrane in the presence of high salt while contaminants pass 

through the column.      
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5.2.7 Ligation of DNA Fragments 

PCR products were cloned into vector DNA (pGEM -T Easy vector) at an 

approximate molar ratio of 3:1 insert to vector DNA. Reactions were carried out in a 

final volume of 20 l in the presence of 3U T4 DNA ligase and buffer containing 

adenosine-5 triphosphate (ATP). Ligation reactions were incubated overnight at 4 C.  

5.2.8 Isolation of Plasmid DNA 

A QIAprep Spin Miniprep Kit (QIAGEN, Crawley, UK) was used to extract plasmid 

DNA following the manufacturer s instructions. Plasmid DNA was purified from 5 ml 

overnight cultures of E. coli in LB medium by binding the DNA to a membrane, 

washing to remove contaminants and eluting in water.  

5.2.9 Growth Curves 

H. pylori strains were cultured for 48 h on blood agar plates and the growth of 2-3 

plates harvested then resuspended in 3 ml Brucella broth (Sigma). The cell pellets were 

equalised according to an optical density (OD) of 0.1 at 600nm.  A 75 cm2 tissue 

culture flask containing 50 ml sterile Brucella broth was then inoculated with 500 l of 

the bacterial suspension and incubated at 37 C in a microaerobic environment within a 

MACS-VA500 workstation. At various time points a 1 ml sample was taken from the 

flask and the OD measured at 600 nm.     
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5.2.10 Eukaryotic Cell Culture 

AGS and ST16 cell lines were grown in nutrient mixture F12 Ham (Invitrogen, 

Paisley, UK) containing 10 % (v/v) foetal bovine serum (FBS). MKN45 cells were 

grown in RPMI1640 medium, supplemented with 10% FBS, and 200mM l-

glutamine (Invitrogen). MKN28 cells were grown in DMEM/Ham's F12 mixture, 

with 10% FBS and 200mM l-glutamine. All cell lines were cultured at 37 C in a 5 

% CO2 humidified atmosphere.   

5.2.11 Peripheral Blood Mononuclear Cell (PBMC) Isolation 

20 ml blood samples from 5 H. pylori-negative volunteers were collected into 

K3EDTA vacutainer tubes (Greiner Bio-One GmbH, Kremsmunster, Austria). PBMCs 

were immediately purified by density gradient centrifugation using Histopaque 1077 

and cultured in RPMI1640 medium supplemented with 10% FBS and 200mM l-

glutamine.  

5.2.12 Co-culture of Cells with H. pylori 

As described previously, AGS, ST16, MKN45, MKN28 cells (Reyes-Leon et al., 

2007) were seeded into multi-well tissue culture plates and grown to 80-90% 

confluence. PBMCs were plated at 2 x 106 cells per well in 24-well plates. H. pylori 

strains, grown on blood agar for 24 h, were harvested into 5 ml cell culture media 

and the OD standardized to 0.1 at 600nm. H. pylori was added to cultures at a 

bacteria:cell ratio of 100:1 for AGS, ST16, MKN45 and MKN28 cells and 20:1 for 

PBMCs. Co-culture assays were performed in 5 replicates per condition. 
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Supernatants were removed after 6 and 48 hours of culture for assay of cytokines 

by ELISA.  

5.2.13 Cytokine ELISA 

Cytokine responses in co-culture supernatants was measured using human IL-8 (R&D 

Systems DuoSet), IL-10, TNF , IFN

 

(eBioscience) and IL-12 (Autogen Bioclear) 

ELISA kits. All samples were assayed in 5 replicates at a 1/2 dilution with a standard 

curve on each plate. Assay sensitivity was determined as the mean plus three times the 

standard deviation of six control wells containing no cytokine. The optical densities 

were measured using a microplate reader at 450nm and 620nm. The cytokine 

concentration in each sample was calculated by reference to the standard curve.  

5.2.14 cDNA Synthesis 

Total RNA was extracted and purified from gastric biopsies using the QIAGEN kit 

(QIAGEN, Crawley, UK). Samples were quantified using a Nanodrop ND-1000 

spectrophotometer (Nanodrop Technologies Wilmington, DE, USA). The synthesis of 

cDNA from 50 ng RNA was conducted by using SuperScript II reverse transcriptase 

(Invitrogen) with oligo(dt) primer as per the manufacturer s instruction.   

5.2.15 Real Time PCR 

RT-PCR was performed on a Rotor-Gene 3000 (Corbett Research) by using the 

DyNAmo HS SYBR green qPCR kit (GRI). A volume of 20 µl was used for the 

amplification reaction. No-template controls were included in each cycle and a melting 
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curve analysis was performed to ensure the specificity of primers. To ensure that 

products were not amplified from contaminated genomic DNA, first stage RT-PCR 

samples produced in the absence of reverse transcriptase from each RNA template 

were tested in parallel. Samples were run in duplicate and results were analysed 

according to the method described by Pffafl (Pfaffl, 2001).  Relative expression levels 

of the gene of interest IL-4, IL-10, IFN , (Lundgren A et al., 2003, Robinson et al., 

2008) and IL-12 were determined by normalising against a housekeeping gene 

(GAPDH) (Walker et al., 2003), and then comparing this value to the normalised level 

to cDNA made from a pooled RNA preparation from 5 H. pylori-negative patients to 

obtain a fold difference.  A commercial pooled human cDNA standard (BD 

Biosciences) was included as a positive control in all assays. Amplification of IL-4, IL-

10 and IFN

 

was carried out over 45 cycles of 15 seconds at 95oC, 30 seconds at 61oC 

and 30 seconds at 72oC. IL-12 amplification was carried out over 45 cycles of 15 

seconds at 95oC, 30 seconds at 62oC and 30 seconds at 72oC. Commercial primers 

were used for human IFN (SuperArray RT, Tebu-Bio, Peterborough, UK). Other PCR 

primer sequences are shown in Table 4.1. Efficiencies of the IL-12 and IL-10 RT-PCR 

were tested using serial dilutions of a commercial human cDNA preparation (BD 

Biosciences).  

5.2.16 Statistics 

Data were analyzed using the Minitab 15 software program. A Student s t test was 

used to compare the growth rate between wild-type and parental strains of H. pylori 

and to compare the cytokines responses in co-culture supernatant.  Statistical tests of 
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unpaired data were carried out using the Mann-Whitney U-test. Box and whisker plots 

are shown, where boxes represent the range of the first and third quartiles, the median 

values are shown as horizontal lines within the bars and the whiskers depict the lowest 

and highest observations within 1.5 times the first to third inter-quartiles ranges. A 

significant difference was taken at p 0.05 unless otherwise stated.                    
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Figure 5. 1 Construction of dupA mutation. 
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Figure 5. 2 Characterisation of H. pylori mutant using PCR and restriction enzymes  

1. Wild-type AB31: dupA amplification using dupA flanking primers (amplifying 

most of the dupA 1800bp) 

2. Mutant-type AB31: dupA amplification using dupA flanking (amplifying most of 

the dupA and  chloramphenicol cassette 2800bp) 

3. Mutant type AB31: chloramphenicol cassette amplification using one primer 

located within chloramphenicol cassette (Wang and Taylor, 1990) and the other 

located out side the Chloramphenicol cassette (amplifying chloramphenicol cassette 

and part of dupA  2000bp) 

4. Wild-type AB31: chloramphenicol cassette amplification using chloramphenicol 

cassette flanking primers (No product) 

5.  Mutant-type AB31: dupA amplification using dupA flanking primers (amplifying 

most of the dupA and  chloramphenicol cassette 2800bp) 

6. Mutant-type AB31: dupA amplification product after 2 hours incubation with XhoI 

and XmaI restriction enzymes showing the cut chloramphenicol cassette ( 1000bp)  
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5.3 Results

 
5.3.1 Natural Polymorphisms within dupA

 

Lu et al. (Lu et al., 2005a) showed that dupA comprised two overlapping genes 

(jhp0917 and jhp0918) in genome sequence strain J99, due to a single nucleotide 

deletion. This base (at position 1386) was present in strain C142, and in 23 other dupA 

genes sequenced by them, producing a continuous ORF of 1839 bp. We sequenced the 

entire dupA gene from eight further H. pylori clinical isolates (A101, J178, 93-67, 

J123, AB21, AB31, 93-68 and AB43) to determine if they possessed a 1839 bp gene 

dupA, and not two overlapping genes. We found that all strains indeed possessed a 

cytosine or thymidine at position 1386.   

Surprisingly we found that the most common form of dupA (4/8 strains) incorporated 

nucleotide insertions (relative to strain C142) that extended the coding region beyond 

1839 bp (Figure 5.3). All 8 strains had a variation at the 3' end of dupA that was not 

present in dupA from strains C142.  The regions from nucleotide position 1738 to 

position 1800 were altered due to an adenine insertion (within a polyadenine stretch), 

and changed the deduced amino acid sequence from ICKNYFIFLIAMLVIEKSSMI 

(present in dupA from strains C142) to DLQELLYILDSNAGNRKILND in all 8 

strains we sequenced. To determine the position of the stop codon in our extended 

dupA genes, the 3' region of dupA and the 5' region of the adjacent gene jhp0919 was 

PCR amplified using primers DupA918F and JHP0919R2, and sequenced. This 

showed that the extended dupA was predicted to terminate after 1884 bp, 5 bp after the 
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start codon of jhp0919. Of the 8 dupA genes sequenced, three had single nucleotide 

deletions that introduced early stop codons.    

Nucleotide sequencing of the dupA 3' region of 26 other strains from Belgium, South 

Africa, China, and USA (Argent et al., 2007), showed that 21 strains possessed the 

extended form of the dupA gene. Three strains (J133, GC5, and GC77) probably 

comprised two separate jhp0917 and jhp0918 genes, and two strains (32385 and J188) 

had truncated dupA genes of 1500 bp and 1635 bp, respectively. Taking into account 

all sequenced strains, the most common form of dupA (25/34 sequences in total) is the 

extended form. I have therefore classified dupA into two main groups: the common 

extended ORF within jhp0917-19 (dupA1), and dupA with an early stop codon to 

truncate the ORF (dupA2). I consider that strains C142 (as used by Lu et al.(Lu et al., 

2005a)) and J123, with a shorter dupA ORF in jhp0917-18 could be a less common 

subgroup of dupA1.           
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Figure 5. 3 Schematic representation of dupA gene.  

Gene sequencing revealed a frame shift resulting in truncated dupA in the J178, 

J99, 93-67 and A101 strains, C142 and J123 carry the complete open reading frame 

and AB31 and AB12 carry the extended complete open reading frame. * indicates 

strain from which dupA mutant was derived, § indicates cagE also mutated, 

indicate the presence of stop codon  
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5.3.2 Growth Comparisons of Wild-type and dupA Mutant H. pylori

 
Strains

 

To exclude any difference in growth rate between wild-type and mutant strains, the 

growth rate was compared. Student s t test showed no significant difference in the 

growth rate between any wild-type and mutant strain (Figures 5.4 shows an example 

for strain AB31).  

5.3.3 Interleukin-8 Secretion from Gastric Epithelial Cells

  

5.3.3.1 Impact of dupA on Gastric Epithelial Cell IL-8 Responses

  

(Richard Argent contributed partly to this part)

 

To assess quantitative effects of dupA and its polymorphisms on epithelial cell IL-8 

production, parental and dupA mutants of strains 93-68, AB43, 93-67, AB21, AB31 

and J123 were co-cultured with AGS cells before IL-8 quantification (Figure 5.5 

A). No significant differences were observed between the paired wild-types and 

isogenic mutants. In order to test this more thoroughly, strains AB21, AB31 and 

J123 were co-cultured with the gastric epithelial cell lines ST16 and also MKN45 

(as used by Lu et al. (Lu et al., 2005a)) (Figures 5.5 B and 5.5 C). A slight 

significant reduction in IL-8 was induced by the dupA mutant of J123 but this was 

only after 6 hours culture with ST16 cells (1.2-fold reduction; p=0.004). No 

difference was found after 48 hours with these cells, or at either time-point with 

MKN45 cells. No significant differences were observed with AB21 or AB31 

strains.  



 

142

 
These results conflicted with those published by Lu et al. (Lu et al., 2005a), who 

found a significant reduction in IL-8 release by MKN45 cells incubated with a 

dupA-deficient mutant of strain C142. In order to more thoroughly test this in our 

hands, a second set of dupA mutants derived from strains 93-67, A101, AB21 and 

AB31 were compared with the isogenic parental strains in co-cultures with MKN45 

and AGS cell lines as before, but also MKN28 gastric epithelial cells (Figures 5.5 

D-F). As before, for all pairs of H. pylori strains (wild-type and dupA mutant), the 

presence of dupA did not have any effect on IL-8 production by these gastric 

epithelial cell lines.       
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Figure 5. 4 Comparison of the growth rate of wild-type AB31 and its dupA isogenic 

mutant strain. Each point represents the mean of 3 reading.  Error bars indicate 

standard deviation. OD: Optical Density.           
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Figure 5. 5 Mean levels of IL-8 secretion from AGS (A & D), ST16 (B), MKN45 (C & E), 

and MKN28 (F) cells co-cultured with H. pylori strains (93-68, 93-67 AB43, AB21, AB31, 

J123, and A101) and their isogenic dupA mutants for 6 and 48 hours.  

Data from 6 hours cultures is depicted as wild-type: plain white bar; isogenic dupA mutant: 

dotted white bar, and 48 hours as wild-type: solid black bar; isogenic dupA mutant: dotted 

black bar. The concentrations of IL-8 in the medium were determined by ELISA. Grey bars 

represent results obtained from cells cultured without H. pylori (6 hours: plain bar; 48 

hours: dotted bar). Error bars indicate standard deviations.  
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5.3.3.2 Impact of the cag PaI on Gastric Epithelial Cell IL-8 

Responses

 

As a control, and to prove that I could detect differences in IL-8 responses if they were 

present, I compared the effect of dupA mutation on IL-8 release by epithelial cells with 

disruption of the cag PaI. To do this we constructed cagE mutants in AB31 and 93-67 

wild-type and dupA mutant strains (double and single gene knock-outs) and incubated 

them with AGS cells for 48 hours. The dupA mutants elicited the same level of IL-8 as 

the wild-type strains but, as expected, cagE mutation dramatically reduced the 

production of this chemokine (AB31: Wild-type: 4475 800 pg/ml; dupA mutant: 

4079.1 159.8 pg/ml; cagE mutant 1041.7 106 pg/ml; dupA and cagE double knock-

out 1162 130.9 pg/ml, 93-67: wild-type: 3945.8 136 pg/ml; dupA mutant: 

3995.8 271 pg/ml; cagE mutant: 988 111 pg/ml; dupA and cagE knock-out 1050 62 

pg/ml) (p<0.01 for all) (Figure 5.6).            
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Figure 5. 6  IL-8 secretion from AGS cells at 48 hours.  

Cells were co-cultured with H. pylori strains: wild-type (plain black bars), isogenic 

dupA mutants (dotted black bars), isogenic cagE mutants (vertically striped bar) 

and isogenic double (cagE and dupA) mutants (horizontally striped bar) for 48 

hours before the concentration of IL-8 in the medium was determined by ELISA. 

Error bars indicate standard deviation.         

0

1000

2000

3000

4000

5000

6000

7000

8000

AB31 93-67 Cells Only

IL
-8

 p
g

/m
l

p<0.01

p<0.01 p<0.01

p<0.01

0

1000

2000

3000

4000

5000

6000

7000

8000

AB31 93-67 Cells Only

IL
-8

 p
g

/m
l

p<0.01

p<0.01 p<0.01

p<0.01



 

147

 
5.3.4 Effect of dupA on Inflammatory Cytokine Responses of 

Mononuclear Cells

  

5.3.4.1 Effect of dupA on H. pylori-induced IL-12 Release

 

It has been reported that dupA is associated with increased risk of H. pylori-induced 

disease and that dupA+ strains induce increased inflammatory cell infiltration into the 

gastric mucosa (Arachchi et al., 2007, Hussein et al., 2008c, Lu et al., 2005a). I 

therefore hypothesised that dupA might interact with other categories of cells to 

stimulate higher levels of inflammation. There have been several recent reports 

concerning the penetration of H. pylori through the epithelium into underlying tissues 

(Aspholm et al., 2006, Necchi et al., 2007, Robinson et al., 2008) and effects of the 

bacteria and their virulence factors on immune and inflammatory cells are well-known 

(Amieva et al., 2003, Sundrud et al., 2004). I therefore investigated the effect of dupA 

on innate immune responses of human mononuclear cells, comparing inflammatory 

cytokine responses of PBMCs from five uninfected normal donors to dupA mutant and 

wild-type strains.    

Co-culturing PBMCs with H. pylori strains and their isogenic dupA mutants for six 

hours resulted in minimal IL-12 production and consequently no significant differences 

were found between any of the strains and mutants. The IL-12 response of PBMCs 

cultured for 48 hours with wild-type strains carrying the extended ORF (dupA1) was 

significantly higher (Strain: mean±sd, AB31: 405.8±15.7 pg/ml, AB21: 447±42 pg/ml) 

than that induced by wild-type H. pylori carrying the truncated form (dupA2), (93-67 

244±21 pg/ml, A101 271±60 pg/ml; p<0.01) (Figure 5.7). In addition, the mutants 
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derived from AB21 and AB31 induced only approximately half the IL-12 

concentrations stimulated by the corresponding wild-types after 48 hours (AB31: wild-

type 405.8±15 pg/ml; mutant 197±63 pg/ml; p=0.002, AB21: wild-type 447±42 pg/ml; 

mutant 162±7 pg/ml; p=0.001). No significant difference in IL-12 secretion was 

observed between dupA2 wild-type and isogenic mutant strains, however (93-67: wild-

type 244±21 pg/ml; mutant 235±41 pg/ml, A101: wild-type 271±60 pg/ml; mutant 

271±65 pg/ml) (Figure 5.7).   

5.3.4.2 Comparative Effects of dupA and the cag PaI on PBMC IL-12 

Responses

 

To examine the strength of the effects on inflammation of dupA in comparison to 

the cag PaI, I incubated PBMCs with cagE and dupA single and double mutants 

that had been prepared from AB31 and 93-67 wild-type strains. Although it was 

clear that dupA mutation dramatically reduced the IL-12 response, unlike the results 

from co-cultures with gastric epithelial cells, disruption of cagE had no discernible 

effect on the level of IL-12 production (AB31: Wild-type: 481.7 58 pg/ml; dupA 

mutant: 293 99 pg/ml; cagE mutant 471.4 38 pg/ml; dupA and cagE double 

knock-out 281.8 37 pg/ml, 93-67: wild-type: 286 33.7 pg/ml; dupA mutant: 

289.7 21.7 pg/ml; cagE mutant: 288.5 21.7 pg/ml; dupA and cagE knock-out 

270 12 pg/ml) (p<0.05 for all) (Figure 5.8).    
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Figure 5. 7 IL-12 sectretion from PBMCs at 48 hours.  

PBMCs were co-cultured with wild-type H. pylori strains (plain black bars) and 

their isogenic dupA mutants (dotted black bars) for 48 h.  The dotted grey bar 

represents results obtained from cells only. Error bars indicate standard 

deviation. ns: no significant difference.  
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Figure 5. 8 IL-12 production from PBMCs at 48 hours.  

PBMCs were co-cultured with H. pylori strains (e.g. AB31 in this figure): wild-

type (plain black bars), isogenic dupA mutants (dotted black bars), isogenic cagE 

mutants (vertically striped bar) and isogenic double (cagE and dupA) mutants 

(horizontally striped bar) for 48 hours before the concentration of IL-8 in the 

medium was determined by ELISA. Error bars indicate standard deviation. ns: no 

significant difference.  
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5.3.4.3 Effect of dupA on the Production of Other Pro-inflammatory 

Cytokines by PBMCs 

 

To confirm the IL-12 results, other cytokines (IFN , TNF and IL-8) associated with 

Th-1 responses and inflammation were examined in PBMC cultures with strains AB31 

and AB21 (dupA1).  The level of IFN was significantly higher in response to wild-

type compared to dupA mutant strains (AB31: wild-type 96.9±8.6 pg/ml; mutant 

71.9±6.9 pg/ml; p=0.007, AB21: wild-type 95.5±3.7 pg/ml; mutant 87.5±2.7 pg/ml; 

p=0.003) (Figure 5.9 A).  Also in agreement with the IL-12 results, the level of TNF 

was significantly higher in response to wild-type compared to dupA mutant strains 

(AB31: wild-type 1384.3± 24.5 pg/ml; mutant 1329.1± 30.3 pg/ml; p=0.02, AB21: 

wild-type 1802.3±30.7 pg/ml; mutant 1677±74.4 pg/ml; p=0.009) (Figure 5.9 B). 

Similarly, a significant reduction in the IL-8 response to AB31 and AB21 strain 

mutants was also found (AB31: wild-type 3043.2± 102 pg/ml; mutant 2815.6±46 

pg/ml; p=0.02, AB21: wild-type 3756.4± 109 pg/ml; mutant 3518±43 pg/ml; p=0.02) 

(Figure 5.9 C). The differences in IL-8, TNF  and IFN  responses attributable to dupA 

were less dramatic than observed for IL-12, but the trends were the same.  No 

significant differences were found when the wild-types and mutants derived from 93-

67 and A101 strains were compared for IFN , TNF and IL-8.  

Further assays were performed to investigate IL-10 and IL-4 responses as these 

reportedly correlate with reduced inflammation and disease in vivo (Fox JG et al., 

2000, Robinson et al., 2008). No significant differences were observed with any of the 

strains, however (Figure 5.9 D&E).    
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5.3.5 Associations of dupA Status with Inflammatory Cytokine 

Expression in vivo.

 

To investigate whether the enhanced inflammatory responses induced by dupA1 strains 

in vitro could be supported by observational in vivo data, real-time RT-PCR analyses 

were carried out on human gastric biopsy tissues (13 dupA+, 22 dupA-). In 

confirmation of the in vitro data, trends were found showing that in dupA+ H. pylori-

infected gastric tissue, the levels of IL-12 and IFN mRNA were higher than in tissues 

infected with dupA- H. pylori (Figure 5.10). These differences (1.2- and 1.6-fold 

respectively) did not achieve statistical significance, but I do not have information on 

the dupA sequence types from these samples. In dupA- H. pylori-infected compared to 

dupA+ H. pylori-infected tissues, there were 11 and 10-fold increased levels of IL-10 

(p=ns) and IL-4 mRNA (p=0.06), respectively (Figure 5.10).    
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Figure 5. 9 Cytokines production from PBMC cells at 48 hours.  

PBMC cells were co-cultured with H. pylori strains (AB31 and AB21). IFN (A), TNF (B), IL-8 (C), IL-10 (D) and IL-4 (E) were measured 

by ELISA after co-culturing PBMCs with AB31 and AB21 H. pylori strains possessing dupA (plain black bars) and their isogenic dupA mutants 

( dotted black bars) for 48 hours. Dotted grey bars represent results obtained from cells only. Error bars indicate standard deviation. ns: no 

significant difference.
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Figure 5. 10 Relative IL-12 (A), IFN

 

(B), IL-10 (C) and IL-4 (D) mRNA levels in gastric biopsies from 13 dupA+ H. pylori -infected 

tissues and 22 dupA- H. pylori-infected tissues. No significant differences were found * Outlier 
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5.4 Discussion 

dupA is a recently described virulence factor associated with an increased risk for 

DU and reduced risk for gastric atrophy and cancer (Lu et al., 2005a). Studies from 

different parts of the world have confirmed or disputed these disease associations 

(Arachchi et al., 2007, Argent et al., 2007, Gomes et al., 2007, Hussein et al., 

2008a, Lu et al., 2005a). Nucleotide sequencing of dupA revealed that this gene is 

naturally polymorphic and dupA polymorphisms might explain the regional dispute 

in results. Currently it is unknown which forms of the gene are expressed, which 

probably confounds such disease association studies. From our sequencing work 

and examination of published dupA sequence data I found that the most common 

form of the gene (dupA1) was extended to encompass jhp0917, jhp0918, and small 

part of jhp0919.  

Co-culture of H. pylori strains with epithelial cell lines showed that there was no 

difference in the production of IL-8 induced by wild-type and the isogenic dupA 

mutant strains. This was tested rigorously using four different cell lines and seven 

panels of isogenic mutants, and by two independent members of our team. The 

mutant derived from J123 strain (with the same form of dupA as C142, used by Lu 

et al. (Lu et al., 2005a) previously) induced slightly less IL-8 than the parental 

strain but this was only observed with ST16 cells at the 6-hour time-point. The 

results with all other strains and cell lines did not detect a difference in IL-8 

response due to the presence or absence of dupA, which is in conflict with the data 

of Lu et al. (Lu et al., 2005a). To validate our assays I performed comparisons of 

parental strains with cagE-deficient mutants and clearly showed that the cag PaI 
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stimulates IL-8 release from epithelial cells (as shown by many others (Brandt et 

al., 2005, Fischer et al., 2001, Viala et al., 2004)).   

Many of the strains used in this study had a different form of dupA from that in 

C142 (used by Lu et al. (Lu et al., 2005a) to demonstrate associations with IL-8 

secretion), which may explain the difference in our results, but our sequence data 

analyses showed that this is not a common dupA type. AB31 and AB21 strains 

(dupA1) had a variation at the 3' end of dupA that was not present in dupA from 

strains C142 or J99. The regions from nucleotide position 1738 to position 1800 

were altered due to an adenine insertion (within a polyadenine stretch), and 

changed the deduced amino acid sequence from ICKNYFIFLIAMLVIEKSSMI 

(present in dupA from strains C142 and J99) to DLQELLYILDSNAGNRKILND in 

our strains. In support of our findings, Schmidt et al. (Schmidt et al., 2008) recently 

reported that, in a study of responses of AGS cells to clinical isolates from 

Malaysia and Singapore, the presence of dupA was not associated with elevated  

IL-8 release.   

dupA+ strains have been reported to be associated with increased risk of gastro-

duodenal disease. Ulceration and carcinogenesis are processes that are driven by 

inflammation (reviewed in (Atherton, 2006)) and increased levels of inflammatory 

cell infiltration have been reported with dupA+ strain infections (Lu et al., 2005a). I 

therefore examined the effects of dupA on leukocytes, which are another major 

source of inflammatory cytokines and chemokines in the infected gastric mucosa. 

Interestingly it was found that wild-type strains carrying dupA1 had a greater effect 

on the production of IL-12 by PBMCs than wild-type strains carrying the truncated 
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form of dupA (dupA2). Mutation of dupA1 in strains AB31 and AB21 resulted in a 

significant reduction in IL-12 production compared to the parental strains. For other 

strains carrying dupA2, I could not find any differences in IL-12 induction which 

implies that the dupA1 form of the gene is responsible for increasing levels of 

inflammation and disease. To confirm that presence of a dupA1 gene is associated 

with increased stimulation of proinflammatory cytokines, the levels of IFN , IL-8 

and TNF were measured. It was found that the levels of these cytokines were also 

higher in response to wild-type compared with dupA isogenic mutant strains.   

Correlations between virulence factors and immune responses have previously been 

investigated. Although the role of the cag PaI in inducing IL-8 from epithelial cells 

is clear, its importance in inducing inflammatory responses from inflammatory cells 

remains inconclusive. In a study conducted in China, it was shown that CagA+ 

strains were associated with the development of a T-helper 1 (Th1) human 

peripheral blood T-cell response (Wang et al., 2007).  Such a response has been 

shown to be linked with premalignant gastric mucosal pathology and disease 

(Atherton, 2006, Cui G, 2003).  Guiney et al. (Guiney et al., 2003) showed that 

mutagenesis of cagE reduced the IL-12 response of dendritic cells in vitro. In 

another study however, no relationship could be established between cagA 

expression and IL-12 production by monocytic cell lines (Odenbreit et al., 2001). 

Using PBMCs (consisting mainly of lymphocytes and monocytes) in this report I 

showed that dupA1 plays an important role in stimulating IL-12 production whilst 

the cag PaI had no significant effect. H. pylori is able to simulate the immune 

response, and experiments in mice indicate that the quality of the T-helper response 

is critically important for eradication/persistence of the infection and 



 

158

 
induction/prevention of H. pylori-mediated pathology (Akhiani et al., 2002, Lucas 

et al., 2001). This report puts forward the hypothesis that dupA plays an important 

role in increasing gastric inflammation and pathology by acting upon infiltrating 

leukocytes rather than epithelial cells, and increases the risk of disease by 

stimulating the development of a more pronounced Th1 immune response.   

In support of this hypothesis, mucosal IL-12 and IFN

 

mRNA levels were higher in 

gastric biopsy specimens obtained from patients infected with jhp0917-0918 dupA+ 

strains compared with those with dupA- strains. This trend did not achieve 

statistical significance however, probably because sequence data were not available 

to determine the polymorphic forms of dupA.  The levels of IL-10 and IL-4 mRNA 

were lower in biopsy specimens taken from patients infected with dupA+ than 

dupA- strains, indicating the presence of fewer Th2 and regulatory T-cells which 

suppress Th1-mediated immune and inflammatory responses. In this study, a clear 

trend towards a higher inflammatory Th1 and a lower Th2 response in dupA+ H. 

pylori infected tissues could be seen. Together, these findings suggest that a 

functional dupA gene plays an important role in enhancing inflammation possibly 

by skewing the immune response towards a Th1 response.   

There are still many unknowns to be addressed concerning dupA. Almost all studies 

have so far merely compared disease incidence with dupA presence or absence by 

PCR genotyping, but our data have shown the gene to be highly polymorphic. To 

date it remains unknown which forms of the gene are expressed and active, 

although in this study I could only find a pro-inflammatory phenotype with dupA1+ 

strains. The next step for our research will therefore be to generate an antibody 
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against recombinant DupA, as to our knowledge no one else has successfully 

prepared a specific antiserum (Yamaoka, personal communication). With DupA-

specific serum I will then be able to assess which forms of the dupA gene are 

expressed as protein, and begin to address our hypothesis that dupA1 is expressed 

and active whereas dupA2 is not. I can also investigate the shorter dupA1 forms, as 

found in C142 and J123. Such advances will allow us to further investigate 

associations between dupA status and gastric mucosal inflammatory cytokine 

responses in vivo.  

We have not yet determined the mechanism by which DupA stimulates immune 

and inflammatory cells to secrete higher levels of cytokines. Bioinformatic analyses 

show that it has a high degree of homology with virB4-homologue ATPases such as 

cagE and comB, suggesting that it may be a component of an additional type IV 

secretion system. As such it is a possibility that dupA is a marker for the delivery of 

some other inflammatory factor to cells, which would make sense as dupA is not 

predicted to be secreted or surface exposed. As a first step in this direction, lysates 

from wild-type and dupA-deficient mutants must now be tested on PBMCs to 

ascertain whether live bacteria and therefore an active ATPase function is necessary 

to mediate pro-inflammatory effects. Further investigations are also necessary to 

determine which cell types within PBMCs are induced by DupA to secrete more 

IL-12. Since this factor is not secreted by lymphocytes we propose that monocytes 

are likely to be the source. Future experiments will use flow cytometry to determine 

this, and the effects of dupA+ strains and mutants on purified cell populations will 

then be determined.  
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In conclusion, we propose that the dupA gene is polymorphic and expression of the 

dupA1 form may skew the differentiation of T-helper cells towards a Th1 response. 

This activity of dupA on inflammatory cells probably plays an important role in 

guiding the immune response to H. pylori infection, the level of inflammation and 

thus disease development.                      
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6. Final Conclusion and Recommendations 
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6. Conclusions and Recommendations  

Interestingly, in Kurdistan region, Iraq, despite a high prevalence of H. pylori 

infection, the prevalence of more serious H. pylori related disease and in particular 

gastric cancer is reported to be extremely low (GLOBOCAN, 2002). Indeed, 

examination of the medical records for the period 2005-2006 at the Sulaimanyia 

hospital (a hospital servicing 1million people in Sulaimaniya city) and Azadi 

hospital (a hospital servicing 800,000 people in Dohuk city)  showed that only 

approximately 40 gastric cancers were diagnosed during that period in both cities. 

No cancer patient from Iraq was involved in this study because it was extremely 

difficult to find patients with gastric cancer. This did not affect my study because I 

am interested in H. pylori infection related factors which might contribute to the 

low cancer rate in this community.  

First, I investigated the age-specific prevalence of H. pylori infection in Kurdistan 

region, Iraq. I showed that the seroprevalence of H. pylori in children of various 

age group was <6months:0%; 6-24months:27%; 2-18years:58%. Overall, 78.5% of 

adults were infected with H. pylori and 36.6% of children were seropositive. The 

seropositivity increases with age; however, this might be an age-cohort effect. In 

addition, individual ages of children in the 2-18 year age group were not available, 

so the age at which infection was acquired could not be determined.  This is 

important as the risk of cancer increases with early acquisition of H. pylori 

infection and acquiring the infection later in life could contribute to a lower cancer 

risk.  Future work could determine the age at which the infection is acquired by 

studying the prevalence of H. pylori infection in this age group (2-18 years) in 

detail.  
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It has previously been shown that the early acquisition of H. pylori infection in 

childhood resulted in pangastritis in adulthood. This pattern of gastritis is usually 

associated with mucosal atrophy and intestinal metaplasia in adulthood both of 

which are precancerous conditions (Asaka et al., 1997, Atherton, 2006). Therefore, 

acquiring the infection at an early age is a recognised risk factor for the 

development of gastric cancer (Asaka et al., 1997, Atherton, 2006, Blaser et al., 

2007). Additionally, antral predominant gastritis is usually associated with 

duodenal ulcer. In this project, histological changes in the anturm and the corpus 

were studied. There was no significant difference in H. pylori density, neutrophilic 

activity, intestinal metaplasia and mucosal atrophy between samples from antrum 

and corpus. Detailed scoring of gastric histopathology showed antral predominance 

of lymphocytic infiltration.  This may, partially, help explain the low cancer risk in 

this population. However, due to the small sample size, it is impossible to conclude 

that the histology is representative of the overall population. To improve this, future 

work should focus on studying the hispotopathological changes in a larger 

representative sample.   

The predominant H. pylori strains circulating in different geographic locations vary 

with regard to virulence genes (Atherton, 2006). An association of the cagA-

positive, vacA s1 genotype with peptic ulcer disease (PUD) and gastric cancer has 

been reported in Western countries (Atherton, 2006). It was previously shown that 

strains with CagA proteins possessing greater numbers of EPIYA repeats increase 

phosphorylation of the protein, increase the extent of hummingbird phenotype 

formation, and are more likely to be associated with the development of gastric 
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cancer (Azuma et al., 2002, Higashi et al., 2002a, Higashi et al., 2005, Naito et al., 

2006). Additionally, a recently described vacA i1 genotype has been shown to be 

associated with adenocarcinoma (Lu et al., 2005a). Furthermore, a strong 

association between dupA and duodenal ulcer has been reported (Lu et al., 2005a). 

Whether Iraqi strains possessed such genotypes was investigated and correlated 

with disease outcome and histological findings. The incidence of gastric cancer in 

Iraq appears lower than in Iran (GLOBOCAN, 2002). Therefore, virulence 

determinants of both Iraqi (Kurdish) and Iranian strains were studied and 

compared.   

Strains from Iraq and Iran possessing cagA were found in 71% and 76% of the 

samples analysed, respectively. cagA presence was significantly associated with 

peptic ulcer disease incidence in Iraq but not in Iran. This might be because cagA is 

ubiquitous in Iran, and therefore not a good disease indicator. The presence of cagA 

alleles with more than 3 phosphorylation motifs was significantly higher amongst 

Iranian strains than those from Iraq. The presence of cagA with more 

phosphorylation motifs in Iran may help explain the higher cancer incidence rate in 

that country. There was no association between vacA signal and mid region and 

PUD in either population. A significant association between i1 genotype and 

incidence of GU was seen amongst samples from Iraq but not Iran. Recalling the 

correlation between vacA i region and gastric cancer, a relationship with GU 

appears logical because of the epidemiological association between gastric cancer 

and gastric ulcer.  Furthermore, 33% and 38% of Iraqi and Iranian strains, 

respectively, were positive for dupA. Whilst a significant association between 

infection with dupA-positive strains and DU was observed for Iraqi patients, there 
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was no association among the Iranian subjects.  The question of why dupA is 

associated with diseases in Iraq but not Iran could not be answered because our 

knowledge about this gene is limited.   

This chapter has several limitations that can be addressed in future work. Perhaps 

most importantly we studied dyspeptic patients rather than a random community 

sample of H. pylori strains and this may have introduced bias. The reason we did 

this is that strain genotyping requires upper GI endoscopy, and so is difficult to 

perform on randomly selected asymptomatic individuals. We argue that the 

prevalence of virulent strains in the dyspeptic group without ulcer disease is likely 

to be similar to asymptomatic community members: the association between H. 

pylori infection and non-ulcer dyspepsia is controversial, and if present at all is 

weak, so any association with virulence factors is likely to be weaker still. 

Secondly, our study is not large. However, this is likely to hide true positive 

associations rather than produce false positives, and is most unlikely to have 

produced the multiple associations of virulence factors with disease that we have 

demonstrated. Thirdly, we have genotyped strains for virulence rather than 

performing virulence phenotyping. Many studies have shown good but imperfect 

associations between genotype and phenotype, but any error is likely to be in 

favour of designating a strain as virulent when in fact it is avirulent. For example, a 

seemingly virulent cagA+ strain may not be able to translocate CagA into epithelial 

cells (if it has a mutation elsewhere in the cag PAI which inactivates the type IV 

secretion system) and so may be avirulent. In contrast, a seemingly avirulent cagA 

negative strain will never be able to translocate CagA (as it lacks it) and so such a 

strain will never be virulent. Thus any errors from genotyping rather than 
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phenotyping are also likely to be conservative. Taken together these study 

deficiencies should encourage others to perform better studies to repeat and extend 

our investigation, but they do not negate our findings.  

The immune responses against H. pylori in Kurdistan region, Iraq were studied. 

The levels of FOXP3, IL-4, IL-10, IL-12 and IFN

 

mRNA were found to be 

elevated in samples from infected patients compared to those from H. pylori-

negative patients. However, the increase in Th2 cytokine levels was more marked 

than for Th1 cytokines. Th2 responses are associated with mild gastritis and low 

cancer risk (Atherton, 2006). Therefore, this might help explain the cancer low rate 

in Kurdistan region, Iraq. The association between female gender and a higher IL-4 

(Th2) response may help to explain the lower gastric cancer incidence in women, 

although more studies are needed to investigate this relationship. A novel 

association between a high Th1 response and smoking was found suggesting that 

smoking may promote a pro-inflammatory Th1 response; such a response is known 

to induce precancerous gastric atrophy and metaplasia (Atherton, 2006). 

Unfortunately, no data about smoking status in Iraq was available. When using RT-

PCR to investigate immune responses, the levels of cytokine mRNA are measured, 

but this does not always accurately reflect levels of cytokine protein expression and 

cannot show the cellular sources of cytokines. However, the levels of cytokines, 

especially IFN , are the crucial determinant for the disease process. For example, in 

a US study intestinal metaplasia developed in the stomach of  mice transfused with 

IFN ,

 

even without H. pylori infection (Cui G, 2003). In addition, Robinson et al. 

used both RT-PCR and flow cytometry, which is regarded as the gold-standard

 

method for determining numbers of Th1 and Th2 cells present. The results from 
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RT-PCR  matched the results from flow cytometry (Robinson et al., 2008).  

Furthermore, whenever possible, we confirmed our results by studying the levels of 

IgG subclasses and their correlation with gastric cytokines. The association 

between smoking and Th responses is important. To take this work further, animal 

work might be helpful. However, current animal models of H. pylori infection are 

imperfect.  In addition, burning cigarettes contains more than 400 chemical 

compounds. Testing which compound is responsible for promoting the Th-1 

response would be extremely difficult. In addition, any human work in the future 

should consider using more samples from different regions of the world.   

dupA is a very recently described H. pylori virulence factor (Lu et al., 2005a) and 

little is known about this gene. Lu et al. suggested that its possession is protective 

against cancer (Lu et al., 2005a) while Argent et al. showed a significant 

correlation between possess of the gene and gastric cancer (Argent et al., 2007). 

Based upon its sequence, dupA can be classified into two main categories: truncated 

dupA and dupA with a full open reading frame. It was found that disruption of dupA 

had no significant effect upon the level of interleukin-8 secretion from gastric 

epithelial cells. However, knockout of dupA with a complete open reading frame 

reduced IL-12, IFN , TNF and IL-8 production by PBMCs significantly. This 

indicates that dupA might skew the immune response towards a Th-1 response. It 

was hypothesized that a functional dupA gene might be an important virulence 

factor in relation to the risk of clinically significant outcomes of H. pylori infection. 

dupA was associated with duodenal ulcer amongst Kurdish Iraqi subjects. However, 

these results raised question about which dupA polymorphism is common in this 

country.  Hence, the presence of dupA is not enough and any study of the 
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correlation between dupA and clinical outcome should be accompanied by 

sequencing the gene. Raising antibodies against the DupA protein is recommended 

which would provide information on which form of this gene is expressed. In 

addition, determining which cells are reacting with dupA, using FACS, would be 

crucially important for the understanding of the disease development process and 

the role of immune response in this process. Finally, studying the signalling 

pathway would give an insight into understanding the mechanism of action of the 

DupA protein.    

Lessons taken from this study and other studies (Atherton, 2006, Holcombe, 1992, 

Peek and Blaser, 2002, Singh and Ghoshal, 2006, Tham et al., 2001) show that H. 

pylori infection alone is not the only independent factor for the development of 

gastric cancer. Many studies conducted around the world (Archimandritis et al., 

1993, Fukuda et al., 1995, Rudi et al., 1995, Talley et al., 1991b, Webb et al., 1996) 

imply that the role of H. pylori in the carcinogenesis is trivial in these countries. H. 

pylori virulence factors, smoking, gender, host genetic, environmental, and dietary 

factors play a major role in determining whether or not a person infected with H. 

pylori will develop gastric atrophy, intestinal metaplasia and gastric cancer. Each 

factor influences other factors in a way either increases or decreases the risk index. 

This has a crucial importance in preventive strategies of H. pylori-induced diseases. 

In the near future we may be able to conclude, for each H. pylori-infected subject, 

the risk of developing gastric cancer can be estimated using mathematical 

modelling of risk index. Based on this, he or she might be advised to take 

eradication therapy. If the index is low, patients might not be offered any antibiotic 

treatment. This is important economically and also might help reduce antibiotic 
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resistance. In addition, H. pylori infection has been suggested to protect from many 

diseases such as oesophageal carcinoma and allergies (Chen and Blaser, 2007, 

Sharma and Vakil, 2003, Wu et al., 2005).  Thus, if patients could be shown to be 

of low risk of gastro-duodenal diseases, it may be beneficial not to treat H. pylori. 

Furthermore, if the index is high for all the population then rigorous development 

of a vaccination program on a population basis is justified, and all individuals with 

H. pylori related chronic gastritis should undergo eradication treatment.                               



 

170

                  

7. References 

                         



 

171

 
AKANUMA, M., MAEDA, S., OGURA, K., MITSUNO, Y., HIRATA, Y., 

IKENOUE, T., OTSUKA, M., WATANABE, T., YAMAJI, Y., YOSHIDA, 
H., KAWABE, T., SHIRATORI, Y. & OMATA, M. (2002) The evaluation of 
putative virulence factors of Helicobacter pylori for gastroduodenal disease by 
use of a short-term Mongolian gerbil infection model. J Infect Dis, 185, 341-7. 

AKHIANI, A. A., PAPPO, J., KABOK, Z., SCHON, K., GAO, W., FRANZEN, L. E. 
& LYCKE, N. (2002) Protection against Helicobacter pylori infection 
following immunization is IL-12-dependent and mediated by Th1 cells. J 
Immunol, 169, 6977-84. 

AKOPYANTS, N. S., CLIFTON, S. W., KERSULYTE, D., CRABTREE, J. E., 
YOUREE, B. E., REECE, C. A., BUKANOV, N. O., DRAZEK, E. S., ROE, 
B. A. & BERG, D. E. (1998) Analyses of the cag pathogenicity island of 
Helicobacter pylori. Mol Microbiol, 28, 37-53. 

AKOPYANZ, N., BUKANOV, N. O., WESTBLOM, T. U., KRESOVICH, S. & 
BERG, D. E. (1992) DNA diversity among clinical isolates of Helicobacter 
pylori detected by PCR-based RAPD fingerprinting. Nucleic Acids Res, 20, 
5137-42. 

AL-MOAGEL, M. A., EVANS, D. G., ABDULGHANI, M. E., ADAM, E., EVANS, 
D. J., JR., MALATY, H. M. & GRAHAM, D. Y. (1990) Prevalence of 
Helicobacter (formerly Campylobacter) pylori infection in Saudia Arabia, and 
comparison of those with and without upper gastrointestinal symptoms. Am J 
Gastroenterol, 85, 944-8. 

ALM, R. A., LING, L. S., MOIR, D. T., KING, B. L., BROWN, E. D., DOIG, P. C., 
SMITH, D. R., NOONAN, B., GUILD, B. C., DEJONGE, B. L., CARMEL, 
G., TUMMINO, P. J., CARUSO, A., URIA-NICKELSEN, M., MILLS, D. 
M., IVES, C., GIBSON, R., MERBERG, D., MILLS, S. D., JIANG, Q., 
TAYLOR, D. E., VOVIS, G. F. & TRUST, T. J. (1999) Genomic-sequence 
comparison of two unrelated isolates of the human gastric pathogen 
Helicobacter pylori. Nature, 397, 176-80. 

AMEDEI, A., CAPPON, A., CODOLO, G., CABRELLE, A., POLENGHI, A., 
BENAGIANO, M., TASCA, E., AZZURRI, A., D'ELIOS, M. M., DEL 
PRETE, G. & DE BERNARD, M. (2006) The neutrophil-activating protein of 
Helicobacter pylori promotes Th1 immune responses. J Clin Invest, 116, 
1092-101. 

AMIEVA, M. R., VOGELMANN, R., COVACCI, A., TOMPKINS, L. S., NELSON, 
W. J. & FALKOW, S. (2003) Disruption of the epithelial apical-junctional 
complex by Helicobacter pylori CagA. Science, 300, 1430-4. 

ANDERSEN, L. P. & WADSTRÖM, T. 2001. Bacteriology and culture. In 
Helicobacter pylori: Physiology and Genetics, edited by MOBLEY, H. L. T., , 
MENDZ, G. L.,  & HAZELL, S. L., pp. 27-38. Washington, DC: ASM press.  

ANDO, T., PEEK, R. M., JR., LEE, Y. C., KRISHNA, U., KUSUGAMI, K. & 
BLASER, M. J. (2002) Host cell responses to genotypically similar 
Helicobacter pylori isolates from United States and Japan. Clin Diagn Lab 
Immunol, 9, 167-75. 

ANIM, J. T., AL-SOBKIE, N., PRASAD, A., JOHN, B., SHARMA, P. N. & AL-
HAMAR, I. (2000) Assessment of different methods for staining Helicobacter 
pylori in endoscopic gastric biopsies. Acta Histochem, 102, 129-37. 

ANNACKER, O., BURLEN-DEFRANOUX, O., PIMENTA-ARAUJO, R., 
CUMANO, A. & BANDEIRA, A. (2000) Regulatory CD4 T cells control the 



 

172

 
size of the peripheral activated/memory CD4 T cell compartment. J Immunol, 
164, 3573-80. 

ANSAR, A., PENHALE, W. & TALAL, N. (1985) Sex Hormones, Immune 
Responses, and Autoimmune Diseases. Mechanisms of Sex Hormone Action. 
Am J Pathol, 121, 531 551. 

APOSTOLOU, I., SARUKHAN, A., KLEIN, L. & VON BOEHMER, H. (2002) 
Origin of regulatory T cells with known specificity for antigen. Nat Immunol, 
3, 756-63. 

ARACHCHI, H. S., KALRA, V., LAL, B., BHATIA, V., BABA, C. S., 
CHAKRAVARTHY, S., ROHATGI, S., SARMA, P. M., MISHRA, V., DAS, 
B. & AHUJA, V. (2007) Prevalence of duodenal ulcer-promoting gene (dupA) 
of Helicobacter pylori in patients with duodenal ulcer in North Indian 
population. Helicobacter, 12, 591-7. 

ARCHIMANDRITIS, A., BITSIKAS, J., TJIVRAS, M., ANASTASAKOU, E., 
TSAVARIS, N., KALOGERAS, D., DAVARIS, P. & FERTAKIS, A. (1993) 
Non-cardia gastric adenocarcinoma and Helicobacter pylori infection. Ital J 
Gastroenterol, 25, 368-71. 

ARENTS, N. L., A. A. VAN ZWET, J. C. THIJS, A. M. KOOISTRA-SMID, K. R. 
VAN SLOCHTEREN, J. E. DEGENER, J. H. KLEIBEUKER, AND L. J. 
VAN DOORN (2001) The importance of vacA, cagA, and iceA genotypes of 
Helicobacter pylori infection in peptic ulcer disease and gastroesophageal 
reflux disease. Am. J. Gastroenterol, 96, 2603 2608. 

ARGENT, R. H., BURETTE, A., MIENDJE DEYI, V. Y. & ATHERTON, J. C. 
(2007) The presence of dupA in Helicobacter pylori is not significantly 
associated with duodenal ulceration in Belgium, South Africa, China, or North 
America. Clin Infect Dis, 45, 1204-6. 

ARGENT, R. H., KIDD, M., OWEN, R. J., THOMAS, R. J., LIMB, M. C. & 
ATHERTON, J. C. (2004) Determinants and consequences of different levels 
of CagA phosphorylation for clinical isolates of Helicobacter pylori. 
Gastroenterology, 127, 514-523. 

ARGENT, R. H., ZHANG, Y. & ATHERTON, J. C. (2005) Simple method for 
determination of the number of Helicobacter pylori CagA variable-region 
EPIYA tyrosine phosphorylation motifs by PCR. J Clin Microbiol, 43, 791-
795. 

ASAHI, M., AZUMA, T., ITO, S., ITO, Y., SUTO, H., NAGAI, Y., TSUBOKAWA, 
M., TOHYAMA, Y., MAEDA, S., OMATA, M., SUZUKI, T. & 
SASAKAWA, C. (2000) Helicobacter pylori CagA protein can be tyrosine 
phosphorylated in gastric epithelial cells. J Exp Med, 191, 593-602. 

ASAKA, M., KUDO, M., KATO, M., SUGIYAMA, T. & TAKEDA, H. (1998) 
Review article: Long-term Helicobacter pylori infection--from gastritis to 
gastric cancer. Aliment Pharmacol Ther, 1, 9-15. 

ASAKA, M., TAKEDA, H., SUGIYAMA, T. & KATO, M. (1997) What role does 
Helicobacter pylori play in gastric cancer? Gastroenterology, 113, S56-S60. 

ASPHOLM, M., OLFAT, F. O., NORDEN, J., SONDEN, B., LUNDBERG, C., 
SJOSTROM, R., ALTRAJA, S., ODENBREIT, S., HAAS, R., WADSTROM, 
T., ENGSTRAND, L., SEMINO-MORA, C., LIU, H., DUBOIS, A., 
TENEBERG, S., ARNQVIST, A. & BOREN, T. (2006) SabA is the H. pylori 
hemagglutinin and is polymorphic in binding to sialylated glycans. PLoS 
Pathog, 2, e110. 



 

173

 
ASRAT, D., NILSSON, I., MENGISTU, Y., KASSA, E., ASHENAFI, S., 

AYENEW, K., WADSTROM, T. & ABU-AL-SOUD, W. (2004) Prevalence 
of Helicobacter pylori vacA and cagA genotypes in Ethiopian dyspeptic 
patients. J Clin Microbiol, 42, 2682-4. 

ATHERTON, J. (2006) The Pathogenesis of  H. pylori Induced Gastro-Duodenal 
Diseases. Annual Review of Pathology: Mechanisms of Disease, 1, 63-96. 

ATHERTON, J. C. (1998) H. pylori virulence factors. Br Med Bull, 54, 105-120. 
ATHERTON, J. C. (1999) CagA, the cag pathogenicity island and Helicobacter 

pylori virulence. Gut, 44, 307-8. 
ATHERTON, J. C. (2000) CagA: a role at last. Gut, 47, 330-1. 
ATHERTON, J. C., CAO, P., PEEK, R. M., JR., TUMMURU, M. K., BLASER, M. 

J. & COVER, T. L. (1995) Mosaicism in vacuolating cytotoxin alleles of 
Helicobacter pylori. Association of specific vacA types with cytotoxin 
production and peptic ulceration. J Biol Chem, 270, 17771-17777. 

ATHERTON, J. C., PEEK, R. M., JR., THAM, K. T., COVER, T. L. & BLASER, M. 
J. (1997) Clinical and pathological importance of heterogeneity in vacA, the 
vacuolating cytotoxin gene of Helicobacter pylori. Gastroenterology, 112, 92-
9. 

AYSE SELIMOGLU, M., ERTEKIN, V. & INANDI, T. (2002) Seroepidemiology of 
Helicobacter pylori infection in children living in eastern Turkey. Pediatrics 
International, 44, 666-669. 

AZUMA, T., A. , YAMAKAWA, S., YAMAZAKI, K., FUKUTA, M., OHTANI, Y., 
ITO, M. D., Y. YAMAZAKI & KURIYAMA., M. (2002) Correlation 
between variation of the 3' region of the cagA gene in Helicobacter pylori and 
disease outcome in Japan. J. Infect. Dis., 186, 1621 1630. 

AZUMA, T., YAMAZAKI, S., YAMAKAWA, A., OHTANI, M., MURAMATSU, 
A., SUTO, H., ITO, Y., DOJO, M., YAMAZAKI, Y., KURIYAMA, M., 
KEIDA, Y., HIGASHI, H. & HATAKEYAMA, M. (2004) Association 
between diversity in the Src homology 2 domain--containing tyrosine 
phosphatase binding site of Helicobacter pylori CagA protein and gastric 
atrophy and cancer. J Infect Dis, 189, 820-7. 

BACKSTROM, A., LUNDBERG, C., KERSULYTE, D., BERG, D. E., BOREN, T. 
& ARNQVIST, A. (2004) Metastability of Helicobacter pylori bab adhesin 
genes and dynamics in Lewis b antigen binding. Proc Natl Acad Sci U S A, 
101, 16923-8. 

BAMFORD, K. B., FAN, X., CROWE, S. E., LEARY, J. F., GOURLEY, W. K., 
LUTHRA, G. K., BROOKS, E. G., GRAHAM, D. Y., REYES, V. E. & 
ERNST, P. B. (1998) Lymphocytes in the human gastric mucosa during 
Helicobacter pylori have a T helper cell 1 phenotype. Gastroenterology, 114, 
482-92. 

BANDIPALLIAM, P. (2006) MALT lymphomas--a closer look in the genomics era. 
South Med J, 99, 1322-4. 

BARBOUR, S. E., NAKASHIMA, K., ZHANG, J. B., TANGADA, S., HAHN, C. L., 
SCHENKEIN, H. A. & TEW, J. G. (1997) Tobacco and smoking: 
environmental factors that modify the host response (immune system) and 
have an impact on periodontal health. Crit Rev Oral Biol Med, 8, 437-460. 

BATTY, G. D., KIVIMAKI, M., GRAY, L., SMITH, G. D., MARMOT, M. G. & 
SHIPLEY, M. J. (2008) Cigarette smoking and site-specific cancer mortality: 
testing uncertain associations using extended follow-up of the original 
Whitehall study. Ann Oncol. 



 

174

 
BAUDITZ, ORTNER, BIERBAUM, NIEDOBITEK, LOCHS & SCHREIBER 

(1999) Production of IL-12 in gastritis relates to infection with Helicobacter 
pylori. Clinical & Experimental Immunology, 117, 316-323. 

BEALES, I., CALAM, J., POST, L., SRINIVASAN, S., YAMADA, T. & 
DELVALLE, J. (1997) Effect of transforming growth factor alpha and 
interleukin 8 on somatostatin release from canine fundic D cells. 
Gastroenterology, 112, 136-43. 

BEN NASR, H., CHAHED, K., MESTIRI, S., BOUAOUINA, N., SNOUSSI, K. & 
CHOUCHANE, L. (2007) Association of IL-8 (-251)T/A polymorphism with 
susceptibility to and aggressiveness of nasopharyngeal carcinoma. Hum 
Immunol, 68, 761-9. 

BENNETT, C. L., CHRISTIE, J., RAMSDELL, F., BRUNKOW, M. E., 
FERGUSON, P. J., WHITESELL, L., KELLY, T. E., SAULSBURY, F. T., 
CHANCE, P. F. & OCHS, H. D. (2001) The immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked syndrome (IPEX) is caused by 
mutations of FOXP3. Nat Genet, 27, 20-1. 

BERG, D. J., LYNCH, N. A., LYNCH, R. G. & LAURICELLA, D. M. (1998) Rapid 
development of severe hyperplastic gastritis with gastric epithelial 
dedifferentiation in Helicobacter felis-infected IL-10(-/-) mice. Am J Pathol, 
152, 1377-86. 

BERGMAN, M. P., ENGERING, A., SMITS, H. H., VAN VLIET, S. J., VAN 
BODEGRAVEN, A. A., WIRTH, H. P., KAPSENBERG, M. L., 
VANDENBROUCKE-GRAULS, C. M., VAN KOOYK, Y. & APPELMELK, 
B. J. (2004) Helicobacter pylori modulates the T helper cell 1/T helper cell 2 
balance through phase-variable interaction between lipopolysaccharide and 
DC-SIGN. J Exp Med, 200, 979-90. 

BHAT, N., GAENSBAUER, J., PEEK, R. M., BLOCH, K., THAM, K. T., BLASER, 
M. J. & PEREZ-PEREZ, G. (2005) Local and systemic immune and 
inflammatory responses to Helicobacter pylori strains. Clin Diagn Lab 
Immunol, 12, 1393-400. 

BJORNHAM, O., FALLMAN, E., AXNER, O., OHLSSON, J., NILSSON, U. J., 
BOREN, T. & SCHEDIN, S. (2005) Measurements of the binding force 
between the Helicobacter pylori adhesin BabA and the Lewis b blood group 
antigen using optical tweezers. J Biomed Opt, 10, 44024. 

BLASER, M. J. (1992) Hypotheses on the pathogenesis and natural history of 
Helicobacter pylori-induced inflammation. Gastroenterology, 102, 720-7. 

BLASER, M. J. & ATHERTON, J. C. (2004) Helicobacter pylori persistence: 
biology and disease. J Clin Invest, 113, 321-33. 

BLASER, M. J. & BERG, D. E. (2001) Helicobacter pylori genetic diversity and risk 
of human disease. J Clin Invest, 107, 767-73. 

BLASER, M. J., NOMURA, A., LEE, J., STEMMERMAN, G. N. & PEREZ-PEREZ, 
G. I. (2007) Early-life family structure and microbially induced cancer risk. 
PLoS Med, 4, e7. 

BLASER, M. J., PEREZ-PEREZ, G. I., KLEANTHOUS, H., COVER, T. L., PEEK, 
R. M., CHYOU, P. H., STEMMERMANN, G. N. & NOMURA, A. (1995) 
Infection with Helicobacter pylori strains possessing cagA is associated with 
an increased risk of developing adenocarcinoma of the stomach. Cancer Res, 
55, 2111-5. 

BOGDAN, C., VODOVOTZ, Y. & NATHAN, C. (1991) Macrophage deactivation 
by interleukin 10. J. Exp. Med, 174, 1549 1555. 



 

175

 
BONTKES, H. J., VEENENDAAL, R. A., PENA, A. S., GOEDHARD, J. G., VAN 

DUIJN, W., KUIPER, J., MEIJER, J. L. & LAMERS, C. B. (1992) IgG 
subclass response to Helicobacter pylori in patients with chronic active 
gastritis and duodenal ulcer. Scand J Gastroenterol, 27, 129-33. 

BOREN, T., FALK, P., ROTH, K. A., LARSON, G. & NORMARK, S. (1993) 
Attachment of Helicobacter pylori to human gastric epithelium mediated by 
blood group antigens. Science, 262, 1892-5. 

BOUMAN, A., HEINEMAN, M. J. & FAAS, M. M. (2005) Sex hormones and the 
immune response in humans. Hum Reprod Update, 11, 411-23. 

BOURZAC, K. M., BOTHAM, C. M. & GUILLEMIN, K. (2007) Helicobacter pylori 
CagA induces AGS cell elongation through a cell retraction defect that is 
independent of Cdc42, Rac1, and Arp2/3. Infect Immun, 75, 1203-13. 

BRANDT, S., KWOK, T., HARTIG, R., KONIG, W. & BACKERT, S. (2005) NF-
kappaB activation and potentiation of proinflammatory responses by the 
Helicobacter pylori CagA protein. Proc Natl Acad Sci U S A, 102, 9300-5. 

BRUNKOW, M. E., JEFFERY, E. W., HJERRILD, K. A., PAEPER, B., CLARK, L. 
B., YASAYKO, S. A., WILKINSON, J. E., GALAS, D., ZIEGLER, S. F. & 
RAMSDELL, F. (2001) Disruption of a new forkhead/winged-helix protein, 
scurfin, results in the fatal lymphoproliferative disorder of the scurfy mouse. 
Nat Genet, 27, 68-73. 

BYRNE, M. F., MURPHY, J. F., CORCORAN, P. A., ATHERTON, J. C., 
SHEEHAN, K. M., COX, D., MURRAY, F. E. & FITZGERALD, D. J. 
(2003) Helicobacter pylori induces cyclooxygenase-1 and cyclooxygenase-2 
expression in vascular endothelial cells. Scand J Gastroenterol, 38, 1023-30. 

CAMPBELL, D. I., PEARCE, M. S., PARKER, L. & THOMAS, J. E. (2004) IgG 
subclass responses in childhood Helicobacter pylori duodenal ulcer: evidence 
of T-helper cell type 2 responses. Helicobacter, 9, 289-92. 

CARUSO, R., FINA, D., PAOLUZI, O. A., DEL VECCHIO BLANCO, G., STOLFI, 
C., RIZZO, A., CAPRIOLI, F., SARRA, M., ANDREI, F., FANTINI, M. C., 
MACDONALD, T. T., PALLONE, F. & MONTELEONE, G. (2008) IL-23-
mediated regulation of IL-17 production in Helicobacter pylori-infected 
gastric mucosa. Eur J Immunol, 38, 470-8. 

CARUSO, R., PALLONE, F. & MONTELEONE, G. (2007) Emerging role of IL-
23/IL-17 axis in H pylori-associated pathology. World J Gastroenterol, 13, 
5547-51. 

CARVALHO, E. M., O. BACELLAR, C. BROWNELL, T. REGIS, R. L. 
COFFMAN & REED, S. (1994) Restoration of IFN-gamma production and 
lymphocyte proliferation in visceral leishmaniasis. J. Immunol, 152, 5949
5956. 

CENSINI, S., LANGE, C., XIANG, Z., CRABTREE, J. E., GHIARA, P., 
BORODOVSKY, M., RAPPUOLI, R. & COVACCI, A. (1996) cag, a 
pathogenicity island of Helicobacter pylori, encodes type I-specific and 
disease-associated virulence factors. Proc Natl Acad Sci U S A, 93, 14648-53. 

CHATILA, T. A., BLAESER, F., HO, N., LEDERMAN, H. M., 
VOULGAROPOULOS, C., HELMS, C. & BOWCOCK, A. M. (2000) JM2, 
encoding a fork head-related protein, is mutated in X-linked autoimmunity-
allergic disregulation syndrome. J Clin Invest, 106, R75-81. 

CHEN WANGXUE , D. SHU   & CHADWICK, V. S. (2001) Reduced colonization 
of gastric mucosa by Helicobacter pylori in mice deficient in interleukin-10. 
Journal of Gastroenterology and Hepatology 16, 377. 



 

176

 
CHEN, Y. & BLASER, M. J. (2007) Inverse associations of Helicobacter pylori with 

asthma and allergy. Arch Intern Med, 167, 821-7. 
CHURIN, Y., AL-GHOUL, L., KEPP, O., MEYER, T. F., BIRCHMEIER, W. & 

NAUMANN, M. (2003) Helicobacter pylori CagA protein targets the c-Met 
receptor and enhances the motogenic response. J Cell Biol, 161, 249-55. 

CORREA, P. (1995) Helicobacter pylori and gastric carcinogenesis. Am J Surg 
Pathol, 19 Suppl 1, S37-S43. 

CORREA, P. (2003) Helicobacter pylori infection and gastric cancer. Cancer 
Epidemiol Biomarkers Prev, 12, S238-S241. 

CORREA, P., FOX, J., FONTHAM, E., RUIZ, B., LIN, Y. P., ZAVALA, D., 
TAYLOR, N., MACKINLEY, D., DE LIMA, E., PORTILLA, H. & ET AL. 
(1990) Helicobacter pylori and gastric carcinoma. Serum antibody prevalence 
in populations with contrasting cancer risks. Cancer, 66, 2569-74. 

CORREA, P., MALCOM, G., SCHMIDT, B., FONTHAM, E., RUIZ, B., BRAVO, J. 
C., BRAVO, L. E., ZARAMA, G. & REALPE, J. L. (1998) Review article: 
Antioxidant micronutrients and gastric cancer. Aliment Pharmacol Ther, 12 
Suppl 1, 73-82. 

COUPER, K. N., BLOUNT, D. G., WILSON, M. S., HAFALLA, J. C., BELKAID, 
Y., KAMANAKA, M., FLAVELL, R. A., DE SOUZA, J. B. & RILEY, E. M. 
(2008) IL-10 from CD4CD25Foxp3CD127 adaptive regulatory T cells 
modulates parasite clearance and pathology during malaria infection. PLoS 
Pathog, 4, e1000004. 

COVER, T. L. (1996) The vacuolating cytotoxin of Helicobacter pylori. Mol. 
Microbiol. , 20, 241 246. 

COVER, T. L., BERG, D. E., BLASER, M. J. & MOBLEY, H. L. T. 2001. 
Helicobacter pylori pathogenesis. In Principles of Bacterial Pathogenesis, 

edited by GROISMAN, E. A., pp. 509-558. San Diego: Academic Press.  

COVER, T. L., HANSON, P. I. & HEUSER, J. E. (1997) Acid-induced dissociation 
of VacA, the Helicobacter pylori vacuolating cytotoxin, reveals its pattern of 
assembly. J Cell Biol, 138, 759-69. 

CRABTREE, J. E., COVACCI, A., FARMERY, S. M., XIANG, Z., TOMPKINS, D. 
S., PERRY, S., LINDLEY, I. J. & RAPPUOLI, R. (1995) Helicobacter pylori 
induced interleukin-8 expression in gastric epithelial cells is associated with 
CagA positive phenotype. J Clin Pathol, 48, 41-5. 

CRABTREE, J. E. & LINDLEY, I. J. (1994) Mucosal interleukin-8 and Helicobacter 
pylori-associated gastroduodenal disease. Eur J Gastroenterol Hepatol, 6 
Suppl 1, S33-8. 

CUI G, H. J., FINKEL N, CARLSON J,WANG TC (2003) IFN-gamma infusion 
induces gastric atrophy, metaplasia and dysplasia in the absence of 
Helicobacter pylori infection - a role for the immune response in Helicobacter 
disease. Gastroenterology, 2003, A19. 

CUTLER, C. W., JOTWANI, R. & PULENDRAN, B. (2001) Dendritic cells: 
immune saviors or Achilles' heel? Infect Immun, 69, 4703-8. 

CZAJKOWSKY, D. M., IWAMOTO, H., COVER, T. L. & SHAO, Z. (1999) The 
vacuolating toxin from Helicobacter pylori forms hexameric pores in lipid 
bilayers at low pH. Proc Natl Acad Sci U S A, 96, 2001-6. 

D'ANDREA, A., RENGARAJU, M., VALIANTE, N. M., CHEHIMI, J., KUBIN, M., 
ASTE, M., CHAN, S. H., KOBAYASHI, M., YOUNG, D., NICKBARG, E. 
& ET AL. (1992) Production of natural killer cell stimulatory factor 



 

177

 
(interleukin 12) by peripheral blood mononuclear cells. J Exp Med, 176, 1387-
98. 

D'ELIOS, M. M., AMEDEI, A. & DEL PRETE, G. (2003) Helicobacter pylori 
antigen-specific T-cell responses at gastric level in chronic gastritis, peptic 
ulcer, gastric cancer and low-grade mucosa-associated lymphoid tissue 
(MALT) lymphoma. Microbes Infect, 5, 723-30. 

D ANDREA, A., M. ASTE-AMEZAGA, N. M. VALIANTE, X. MA, M. KUBIN & 
TRINCHIERI, G. (1993) Interleukin 10 (IL-10) inhibits human lymphocyte 
interferon-gamma production by suppressing natural killer cell stimulatory 
factor/ IL-12 synthesis in accessory cells. J. Exp. Med, 178, 1041 1048. 

DE BERNARD, M., BURRONI, D., PAPINI, E., RAPPUOLI, R., TELFORD, J. & 
MONTECUCCO, C. (1998) Identification of the Helicobacter pylori VacA 
toxin domain active in the cell cytosol. Infect Immun, 66, 6014-6. 

DE SCHRYVER, A., VAN WINCKEL, M., CORNELIS, K., MOENS, G., 
DEVLIES, G. & DE BACKER, G. (2006) Helicobacter pylori infection: 
further evidence for the role of feco-oral transmission. Helicobacter, 11, 523-
8. 

DE STEFANI, E., BOFFETTA, P., CARZOGLIO, J., MENDILAHARSU, S. & 
DENEO-PELLEGRINI, H. (1998) Tobacco Smoking and Alcohol Drinking as 
Risk Factors for Stomach Cancer: a Case-Control Study in Uruguay. Cancer 
Causes and Control, 9, 321-329. 

DE WAAL MALEFYT, R., J. ABRAMS, B. BENNETT, C. FIGDOR & VRIES, J. E. 
D. (1991a) IL-10 inhibits cytokine synthesis by human monocytes: an 
autoregulatory role of IL-10 produced by monocytes. J. Exp. Med, 174, 1209
1220. 

DE WAAL MALEFYT, R., J. HAANEN, H. SPITS, M. RONCARLO, A. TE 
VELDE, C. FIGDOR, K. JOHNSON, R. KASTELEIN, H. YSSEL & VRIES, 
J. E. D. (1991b) Interleukin-10 (IL-10) and viral IL-10 strongly reduce 
antigen-specific human T cell proliferation by diminishing the antigen-
presenting capacity of monocytes via downregulation of class II major 
histocompatibility complex expression. J. Exp. Med, 174, 915 924. 

DELPORT, W. & VAN DER MERWE, S. W. (2007) The transmission of 
Helicobacter pylori: the effects of analysis method and study population on 
inference. Best Pract Res Clin Gastroenterol, 21, 215-36. 

DI SABATINO, A., PICKARD, K. M., RAMPTON, D., KRUIDENIER, L., 
ROVEDATTI, L., LEAKEY, N. A., CORAZZA, G. R., MONTELEONE, G. 
& MACDONALD, T. T. (2008) Blockade of transforming growth factor beta 
upregulates T-box transcription factor T-bet, and increases T helper cell type 1 
cytokine and matrix metalloproteinase-3 production in the human gut mucosa. 
Gut, 57, 605-12. 

DI STEFANO, A., CARAMORI, G., CAPELLI, A., GNEMMI, I., RICCIARDOLO, 
F. L., OATES, T., DONNER, C. F., CHUNG, K. F., BARNES, P. J. & 
ADCOCK, I. M. (2004) STAT4 activation in smokers and patients with 
chronic obstructive pulmonary disease. Eur Respir J, 24, 78-85. 

DIXON, M. 2001. Pathology of Gastritis and Peptic Ulceration. In Helicobacter 
pylori: Physiology and Genetics, edited by MOBLEY, H. L. T., MENDZ, G. 
L. & HAZELL, S. L., pp. 459-469. Washington, DC: DC: ASM press.  

DIXON, M. F. (2000) Patterns of inflammation linked to ulcer disease. Baillieres Best 
Pract Res Clin Gastroenterol, 14, 27-40. 



 

178

 
DOOLEY, C. P., COHEN, H., FITZGIBBONS, P. L., BAUER, M., APPLEMAN, M. 

D., PEREZ-PEREZ, G. I. & BLASER, M. J. (1989) Prevalence of 
Helicobacter pylori infection and histologic gastritis in asymptomatic persons. 
N Engl J Med, 321, 1562-1566. 

DOSSUMBEKOVA, A., PRINZ, C., MAGES, J., LANG, R., KUSTERS, J. G., VAN 
VLIET, A. H., REINDL, W., BACKERT, S., SAUR, D., SCHMID, R. M. & 
RAD, R. (2006) Helicobacter pylori HopH (OipA) and Bacterial 
Pathogenicity: Genetic and Functional Genomic Analysis of hopH Gene 
Polymorphisms. J Infect Dis, 194, 1346-55. 

DOURAGHI, M., MOHAMMADI, M., OGHALAIE, A., ABDIRAD, A., 
MOHAGHEGHI, M. A., HOSSEINI, M. E., ZERAATI, H., GHASEMI, A., 
ESMAIELI, M. & MOHAJERANI, N. (2008) dupA as a risk determinant in 
Helicobacter pylori infection. J Med Microbiol, 57, 554-62. 

DRUMM, B., PEREZ-PEREZ, G. I., BLASER, M. J. & SHERMAN, P. M. (1990) 
Intrafamilial clustering of Helicobacter pylori infection. N Engl J Med, 322, 
359-63. 

DU, M. Q. & ATHERTON, J. C. (2006) Molecular subtyping of gastric MALT 
lymphomas: implications for prognosis and management. Gut, 55, 886-93. 

DZIERZANOWSKA-FANGRAT, K., MICHALKIEWICZ, J., CIELECKA-
KUSZYK, J., NOWAK, M., CELINSKA-CEDRO, D., ROZYNEK, E., 
DZIERZANOWSKA, D. & CRABTREE, J. E. (2008) Enhanced gastric IL-18 
mRNA expression in Helicobacter pylori-infected children is associated with 
macrophage infiltration, IL-8, and IL-1 beta mRNA expression. Eur J 
Gastroenterol Hepatol, 20, 314-9. 

EGI, Y., ITO, M., TANAKA, S., IMAGAWA, S., TAKATA, S., YOSHIHARA, M., 
HARUMA, K. & CHAYAMA, K. (2007) Role of Helicobacter pylori 
Infection and Chronic Inflammation in Gastric Cancer in the Cardia. Jpn. J. 
Clin. Oncol., hym029. 

EL-OMAR, E. M., CARRINGTON, M., CHOW, W. H., MCCOLL, K. E., BREAM, 
J. H., YOUNG, H. A., HERRERA, J., LISSOWSKA, J., YUAN, C. C., 
ROTHMAN, N., LANYON, G., MARTIN, M., FRAUMENI, J. F., JR. & 
RABKIN, C. S. (2000) Interleukin-1 polymorphisms associated with increased 
risk of gastric cancer. Nature, 404, 398-402. 

EL-OMAR, E. M., CARRINGTON, M., CHOW, W. H., MCCOLL, K. E., BREAM, 
J. H., YOUNG, H. A., HERRERA, J., LISSOWSKA, J., YUAN, C. C., 
ROTHMAN, N., LANYON, G., MARTIN, M., FRAUMENI, J. F., JR. & 
RABKIN, C. S. (2001) The role of interleukin-1 polymorphisms in the 
pathogenesis of gastric cancer. Nature, 412, 99. 

EL-OMAR, E. M., RABKIN, C. S., GAMMON, M. D., VAUGHAN, T. L., RISCH, 
H. A., SCHOENBERG, J. B., STANFORD, J. L., MAYNE, S. T., 
GOEDERT, J., BLOT, W. J., FRAUMENI, J. F., JR. & CHOW, W. H. (2003) 
Increased risk of noncardia gastric cancer associated with proinflammatory 
cytokine gene polymorphisms. Gastroenterology, 124, 1193-201. 

ERDMAN, S. E., POUTAHIDIS, T., TOMCZAK, M., ROGERS, A. B., CORMIER, 
K., PLANK, B., HORWITZ, B. H. & FOX, J. G. (2003) CD4+ CD25+ 
Regulatory T Lymphocytes Inhibit Microbially Induced Colon Cancer in 
Rag2-Deficient Mice. Am J Pathol, 162, 691-702. 

EVERETT, S. M., WHITE, K. L., DRAKE, I. M., SCHORAH, C. J., CALVERT, R. 
J., SKINNER, C., STRINGER, M. D., MILLER, D., DIXON, M. F., 
CHALMERS, D. M. & AXON, A. T. (2002) The effect of Helicobacter pylori 



 

179

 
infection on levels of DNA damage in gastric epithelial cells. Helicobacter, 7, 
271-80. 

FAAS, M., BOUMAN, A., MOESA, H., HEINEMAN, M. J., DE LEIJ, L. & 
SCHUILING, G. (2000) The immune response during the luteal phase of the 
ovarian cycle: a Th2-type response? Fertil Steril, 74, 1008-13. 

FALUSH, D., KRAFT, C., TAYLOR, N. S., CORREA, P., FOX, J. G., ACHTMAN, 
M. & SUERBAUM, S (2001) Recombination and mutation during long-term 
gastric colonisation by Helicobacter pylori: estimates of clock rates, 
recombination size, and minimal age. Proc Natl Acad Sci U S A, 98, 15056-
15061. 

FALUSH, D., WIRTH, T., LINZ, B., PRITCHARD, J. K., STEPHENS, M., KIDD, 
M., BLASER, M. J., GRAHAM, D. Y., VACHER, S., PEREZ-PEREZ, G. I., 
YAMAOKA, Y., MEGRAUD, F., OTTO, K., REICHARD, U., 
KATZOWITSCH, E., WANG, X., ACHTMAN, M. & SUERBAUM, S. 
(2003) Traces of human migrations in Helicobacter pylori populations. 
Science, 299, 1582-5. 

FATIMA, M., FLANDERS, W., BORING, J., ANNEST, J. & DESTEFANO, F. 
(1991) The associations of race, cigarette smoking, and smoking cessation to 
measures of the immune system in middle-aged men. Clin Immunol 
Immunopathol, 59(2), 187-200. 

FIKRET, D., KAYA, Ö., SUNA, E., VAHAP, O., MUSTAFA, A. & EBNEM, A. 
(2001) Relationship between atrophic gastritis, intestinal metaplasia, dysplasia 
and Helicobacter pylori infection. The Turkish J Gastro, 12, 169-170. 

FIORENTINO, D. F., A. ZLOTNIK, T. R. MOSMANN, M. HOWARD & 
O GARRA., A. (1991) IL-10 inhibits cytokine production by activated 
macrophages. J. Immunol, 147, 3815 3822. 

FISCHER, W., PULS, J., BUHRDORF, R., GEBERT, B., ODENBREIT, S. & 
HAAS, R. (2001) Systematic mutagenesis of the Helicobacter pylori cag 
pathogenicity island: essential genes for CagA translocation in host cells and 
induction of interleukin-8. Mol Microbiol, 42, 1337-48. 

FLORES VILLANUEVA, P. O., H. REISER & STADECKER., M. J. (1994) 
Regulation of T helper cell responses in experimental murine schistosomiasis 
by IL-10. Effect on expression of B7 and B7-2 costimulatory molecules by 
macrophages. J. Immunol, 153, 5190 5199. 

FONTENOT, J. D., GAVIN, M. A. & RUDENSKY, A. Y. (2003) Foxp3 programs 
the development and function of CD4+CD25+ regulatory T cells. Nat 
Immunol, 4, 330-6. 

FOX, H. S., BOND, B. L. & PARSLOW, T. G. (1991) Estrogen regulates the IFN-
gamma promoter. J Immunol, 146, 4362-7. 

FOX JG, BECK P, DANGLER CA, WHARY MT, WANG TC, SHI, HN & ., N.-A. 
C. (2000) Concurrent enteric helminth infection modulates inflammation and 
gastric immune responses and reduces helicobacter-induced gastric atrophy. 
Nat Med, 6, 536 542. 

FUKUDA, H., SAITO, D., HAYASHI, S., HISAI, H., ONO, H., YOSHIDA, S., 
OGURO, Y., NODA, T., SATO, T., KATOH, M. & ET AL. (1995) 
Helicobacter pylori infection, serum pepsinogen level and gastric cancer: a 
case-control study in Japan. Jpn J Cancer Res, 86, 64-71. 

GAJEWSKI, T. F. & FITCH, F. W. (1988) Anti-proliferative effect of IFN-gamma in 
immune regulation. I. IFN-gamma inhibits the proliferation of Th2 but not Th1 
murine helper T lymphocyte clones. J Immunol, 140, 4245-52. 



 

180

 
GAMBINERI, E., TORGERSON, T. R. & OCHS, H. D. (2003) Immune 

dysregulation, polyendocrinopathy, enteropathy, and X-linked inheritance 
(IPEX), a syndrome of systemic autoimmunity caused by mutations of 
FOXP3, a critical regulator of T-cell homeostasis. Curr Opin Rheumatol, 15, 
430-5. 

GAVIN, M. A., CLARKE, S. R., NEGROU, E., GALLEGOS, A. & RUDENSKY, A. 
(2002) Homeostasis and anergy of CD4(+)CD25(+) suppressor T cells in vivo. 
Nat Immunol, 3, 33-41. 

GEBERT, B., FISCHER, W. & HAAS, R. (2004) The Helicobacter pylori 
vacuolating cytotoxin: from cellular vacuolation to immunosuppressive 
activities. Rev Physiol Biochem Pharmacol, 152, 205-20. 

GERHARD, M., N. LEHN, N. NEUMAYER, T. BOREN, R. RAD, W. SCHEPP, S. 
MIEHLKE, M. CLASSEN, AND C. PRINZ (1999) Clinical relevance of the 
Helicobacter pylori gene for blood-group antigen-binding adhesin. Proc. Natl. 
Acad. Sci. USA, 96, 12778 12783. 

GIGLIO, T., IMRO, M. A., FILACI, G., SCUDELETTI, M., PUPPO, F., DE 
CECCO, L., INDIVERI, F. & COSTANTINI, S. (1994) Immune cell 
circulating subsets are affected by gonadal function. Life Sci, 54, 1305-12. 

GLOBOCAN, I. A. R. C. (2002) Cancer Map: Male Stomach Cancer, Age-
Standardized Incidence Rate per 100,000.http://www-dep.iarc.fr/. Accessed on 
30/May/2007. 

GOLDSTONE, A. R., QUIRKE, P. & DIXON, M. F. (1996) Helicobacter pylori 
infection and gastric cancer. J Pathol, 179, 129-37. 

GOMES, L. I., ROCHA, G. A., ROCHA, A. M., SOARES, T. F., OLIVEIRA, C. A., 
BITTENCOURT, P. F. & QUEIROZ, D. M. (2007) Lack of association 
between Helicobacter pylori infection with dupA-positive strains and 
gastroduodenal diseases in Brazilian patients. Int J Med Microbiol. 

GOMES, L. I., ROCHA, G. A., ROCHA, A. M., SOARES, T. F., OLIVEIRA, C. A., 
BITTENCOURT, P. F. & QUEIROZ, D. M. (2008) Lack of association 
between Helicobacter pylori infection with dupA-positive strains and 
gastroduodenal diseases in Brazilian patients. Int J Med Microbiol, 298, 223-
30. 

GONZALEZ, C. A., PERA, G., AGUDO, A., PALLI, D., KROGH, V., VINEIS, P., 
TUMINO, R., PANICO, S., BERGLUND, G., SIMAN, H., NYREN, O., 
AGREN, A., MARTINEZ, C., DORRONSORO, M., BARRICARTE, A., 
TORMO, M. J., QUIROS, J. R., ALLEN, N., BINGHAM, S., DAY, N., 
MILLER, A., NAGEL, G., BOEING, H., OVERVAD, K., TJONNELAND, 
A., BUENO-DE-MESQUITA, H. B., BOSHUIZEN, H. C., PEETERS, P., 
NUMANS, M., CLAVEL-CHAPELON, F., HELEN, I., AGAPITOS, E., 
LUND, E., FAHEY, M., SARACCI, R., KAAKS, R. & RIBOLI, E. (2003) 
Smoking and the risk of gastric cancer in the European Prospective 
Investigation Into Cancer and Nutrition (EPIC). Int J Cancer, 107, 629-34. 

GRAHAM, D. Y. (1997) Helicobacter pylori infection in the pathogenesis of 
duodenal ulcer and gastric cancer: a model. Gastroenterology, 113, 1983-91. 

GRENCIS, R. K., HULTNER, L. & ELSE, K. J. (1991) Host protective immunity to 
Trichinella spiralis in mice: activation of Th cell subsets and lymphokine 
secretion in mice expressing different response phenotypes. Immunology, 74, 
329-32. 

GUARNER, J., HERRERA-GOEPFERT, R., MOHAR, A., SANCHEZ, L., 
HALPERIN, D., LEY, C. & PARSONNET, J. (1999) Interobserver variability 

http://www-dep.iarc.fr/


 

181

 
in application of the revised Sydney classification for gastritis. Hum Pathol, 
30, 1431-4. 

GUINEY, D. G., HASEGAWA, P. & COLE, S. P. (2003) Helicobacter pylori 
Preferentially Induces Interleukin 12 (IL-12) Rather than IL-6 or IL-10 in 
Human Dendritic Cells. Infect. Immun., 71, 4163-4166. 

GUPTA, S., JOSHI, K., WIG, J. D. & ARORA, S. K. (2007) Intratumoral FOXP3 
expression in infiltrating breast carcinoma: Its association with 
clinicopathologic parameters and angiogenesis. Acta Oncol, 46, 792-7. 

GYULAI, Z., KLAUSZ, G., TISZAI, A., LENART, Z., KASA, I. T., LONOVICS, J. 
& MANDI, Y. (2004) Genetic polymorphism of interleukin-8 (IL-8) is 
associated with Helicobacter pylori-induced duodenal ulcer. Eur Cytokine 
Netw, 15, 353-8. 

HAN, S. R., SCHREIBER, H. J., BHAKDI, S., LOOS, M. & MAEURER, M. J. 
(1998) vacA genotypes and genetic diversity in clinical isolates of 
Helicobacter pylori. Clin Diagn Lab Immunol, 5, 139-45. 

HAN, S. R., ZSCHAUSCH, H. C., MEYER, H. G., SCHNEIDER, T., LOOS, M., 
BHAKDI, S. & MAEURER, M. J. (2000) Helicobacter pylori: clonal 
population structure and restricted transmission within families revealed by 
molecular typing. J Clin Microbiol, 38, 3646-51. 

HARRINGTON, L. E., MANGAN, P. R. & WEAVER, C. T. (2006) Expanding the 
effector CD4 T-cell repertoire: the Th17 lineage. Curr Opin Immunol, 18, 349-
56. 

HASHEMI, M., RAHNAVARDI, M., BIKDELI, B. & DEHGHANI, Z. M. (2006) H. 
pylori infection among 1000 southern Iranian dyspeptic patients. World J 
Gastroenterol 12(34), 5479-5482. 

HENNIG, E. E., MERNAUGH, R., EDL, J., CAO, P. & COVER, T. L. (2004) 
Heterogeneity among Helicobacter pylori strains in expression of the outer 
membrane protein BabA. Infect Immun, 72, 3429-35. 

HERSEY, P., PRENDERGAST, D. & EDWARDS, D. (1983) Effects of cigarette 
smoking on the immune system. Follow-up studies in normal subjects after 
cessation of smoking. Med J Aust, 2(9), 425-429. 

HIDA, N., T. SHIMOYAMA, J., P. NEVILLE, M. F. DIXON, A. T. R. AXON, 
SHIMOYAMA, S. & CRABTREE, J. E. (1999) Increased expression of IL-10 
and IL-12 (p40) mRNA in Helicobacter pylori infected gastric mucosa: 
relation to bacterial cag status and peptic ulceration. J. Clin. Pathol, 52, 658-
664. 

HIGASHI, H., TSUTSUMI, R., FUJITA, A., YAMAZAKI, S., ASAKA, M., 
AZUMA, T. & HATAKEYAMA, M. (2002a) Biological activity of the 
Helicobacter pylori virulence factor CagA is determined by variation in the 
tyrosine phosphorylation sites. Proc Natl Acad Sci USA, 99, 14428-14433. 

HIGASHI, H., TSUTSUMI, R., MUTO, S., SUGIYAMA, T., AZUMA, T., ASAKA, 
M. & HATAKEYAMA, M. (2002b) SHP-2 tyrosine phosphatase as an 
intracellular target of Helicobacter pylori CagA protein. Science, 295, 683-6. 

HIGASHI, H., YOKOYAMA, K., FUJII, Y., REN, S., YUASA, H., SAADAT, I., 
MURATA-KAMIYA, N., AZUMA, T. & HATAKEYAMA, M. (2005) 
EPIYA motif is a membrane-targeting signal of Helicobacter pylori virulence 
factor CagA in mammalian cells. J Biol Chem, 280, 23130-7. 

HOFMAN, V., RICCI, V., GALMICHE, A., BREST, P., AUBERGER, P., ROSSI, 
B., BOQUET, P. & HOFMAN, P. (2000) Effect of Helicobacter pylori on 
polymorphonuclear leukocyte migration across polarized T84 epithelial cell 



 

182

 
monolayers: role of vacuolating toxin VacA and cag pathogenicity island. 
Infect Immun, 68, 5225-33. 

HOFREUTER, D., ODENBREIT, S. & HAAS, R. (2001) Natural transformation 
competence in Helicobacter pylori is mediated by the basic components of a 
type IV secretion system. Mol Microbiol, 41, 379-91. 

HOLCOMBE, C. (1992) Helicobacter pylori: the African enigma. Gut, 33, 429-431. 
HORI, S., NOMURA, T. & SAKAGUCHI, S. (2003) Control of regulatory T cell 

development by the transcription factor Foxp3. Science, 299, 1057-61. 
HU, P. J., LI, Y. Y., LIN, H. L., ZHOU, S. M., DU, G., CHEN, M. H., MITCHELL, 

H. M. & HAZELL, S. L. (1995) Gastric atrophy and regional variation in 
upper gastrointestinal disease. Am J Gastroenterol, 90, 1102-6. 

HUSSEIN, N. R., MOHAMMADI, M., TALEBKHAN, Y., DORAGHI, M., 
LETLEY, D. P., MUHAMMAD, M. K., ARGENT, R. H. & ATHERTON, J. 
C. (2008a) Differences in virulence markers between Helicobacter pylori 
strains from Iraq and those from Iran: potential importance of regional 
differences in H. pylori-associated disease. J Clin Microbiol, 46, 1774-9. 

HUSSEIN, N. R., ROBINSON, K. & ATHERTON, J. C. (2008b) A study of Age-
Specific Helicobacter pylori Seropositivity Rates in Iraq. Helicobacter. . 

HUSSEIN, N. R., ROBINSON, K. & ATHERTON, J. C. (2008c) A study of age-
specific Helicobacter pylori seropositivity rates in Iraq. Helicobacter, 13, 306-
7. 

IIDA, T., IWAHASHI, M., NAKAMURA, M., NAKAMORI, M., YOKOYAMA, S., 
TANI, M., AKAMATSU, H., NAKAMINE, H. & YAMAUE, H. (2007) 
Primary hepatic low-grade B-cell lymphoma of MALT-type associated with 
Helicobacter pylori infection. Hepatogastroenterology, 54, 1898-901. 

ILVER, D., A. ARNQVIST, J. OGREN, I. M. FRICK, D. KERSULYTE, E. T. 
INCECIK, D. E. BERG, A. COVACCI, L. ENGSTRAND, AND T. BOREN 
(1998) Helicobacter pylori adhesin binding fucosylated histo-blood group 
antigens revealed by retagging. Science, 279, 373 377. 

ITO, Y., AZUMA, T., ITO, S., MIYAJI, H., HIRAI, M., YAMAZAKI, Y., SATO, F., 
KATO, T., KOHLI, Y. & KURIYAMA, M. (1997) Analysis and typing of the 
vacA gene from cagA-positive strains of Helicobacter pylori isolated in Japan. 
J Clin Microbiol, 35, 1710-4. 

ITOH, T., SENO, H., KITA, T., CHIBA, T. & WAKATSUKI, Y. (2005) Th response 
to Helicobacter pylori differs between patients with gastric ulcer and duodenal 
ulcer. Scandinavian Journal of Gastroenterology, 40, 641 - 647. 

ITOH, T., WAKATSUKI, Y., YOSHIDA, M., USUI, T., MATSUNAGA, Y., 
KANEKO, S., CHIBA, T. & KITA, T. (1999) The vast majority of gastric T 
cells are polarized to produce T helper 1 type cytokines upon antigenic 
stimulation despite the absence of Helicobacter pylori infection. J 
Gastroenterol, 34, 560-70. 

IWAMOTO, H., CZAJKOWSKY, D. M., COVER, T. L., SZABO, G. & SHAO, Z. 
(1999) VacA from Helicobacter pylori: a hexameric chloride channel. FEBS 
Lett, 450, 101-104. 

JOANNE, L. R., DARREN, P. L., MARJAN, M., NAWFAL, H., MOHAMMAD, A. 
M., MAHMOUD ESHAGH, H. & JOHN, C. A. (2007) A New Helicobacter 
pylori Vacuolating Cytotoxin Determinant, the Intermediate Region, Is 
Associated With Gastric Cancer. Gastroenterology, 133, 926-936. 

KARANIKAS, V., SPELETAS, M., ZAMANAKOU, M., KALALA, F., LOULES, 
G., KERENIDI, T., BARDA, A. K., GOURGOULIANIS, K. I. & 



 

183

 
GERMENIS, A. E. (2008) Foxp3 expression in human cancer cells. J Transl 
Med, 6, 19. 

KARUBE, K., OHSHIMA, K., TSUCHIYA, T., YAMAGUCHI, T., KAWANO, R., 
SUZUMIYA, J., UTSUNOMIYA, A., HARADA, M. & KIKUCHI, M. (2004) 
Expression of FoxP3, a key molecule in CD4CD25 regulatory T cells, in adult 
T-cell leukaemia/lymphoma cells. Br J Haematol, 126, 81-4. 

KEATES, S., HITTI, Y. S., UPTON, M. & KELLY, C. P. (1997) Helicobacter pylori 
infection activates NF-kappa B in gastric epithelial cells. Gastroenterology, 
113, 1099-109. 

KEATES, S., KEATES, A. C., KATCHAR, K., PEEK, R. M., JR. & KELLY, C. P. 
(2007) Helicobacter pylori induces up-regulation of the epidermal growth 
factor receptor in AGS gastric epithelial cells. J Infect Dis, 196, 95-103. 

KERSULYTE, D., MUKHOPADHYAY, A. K., VELAPATINO, B., SU, W., PAN, 
Z., GARCIA, C., HERNANDEZ, V., VALDEZ, Y., MISTRY, R. S., 
GILMAN, R. H., YUAN, Y., GAO, H., ALARCON, T., LOPEZ-BREA, M., 
BALAKRISH NAIR, G., CHOWDHURY, A., DATTA, S., SHIRAI, M., 
NAKAZAWA, T., ALLY, R., SEGAL, I., WONG, B. C., LAM, S. K., 
OLFAT, F. O., BOREN, T., ENGSTRAND, L., TORRES, O., SCHNEIDER, 
R., THOMAS, J. E., CZINN, S. & BERG, D. E. (2000) Differences in 
genotypes of Helicobacter pylori from different human populations. J 
Bacteriol, 182, 3210-3218. 

KHATTRI, R., COX, T., YASAYKO, S. A. & RAMSDELL, F. (2003) An essential 
role for Scurfin in CD4+CD25+ T regulatory cells. Nat Immunol, 4, 337-42. 

KIDD, M., ATHERTON, J. C., LASTOVICA, A. J. & LOUW, J. A. (2001a) 
Clustering of South African Helicobacter pylori isolates from peptic ulcer 
disease patients is demonstrated by repetitive extragenic palindromic-PCR 
fingerprinting. J Clin Microbiol, 39, 1833-9. 

KIDD, M., LASTOVICA, A. J., ATHERTON, J. C. & LOUW, J. A. (1999) 
Heterogeneity in the Helicobacter pylori vacA and cagA genes: association 
with gastroduodenal disease in South Africa? Gut, 45, 499-502. 

KIDD, M., LASTOVICA, A. J., ATHERTON, J. C. & LOUW, J. A. (2001b) 
Conservation of the cag pathogenicity island is associated with vacA alleles 
and gastroduodenal disease in South African Helicobacter pylori isolates. Gut, 
49, 11-7. 

KIM, S. Y., WOO, C. W., LEE, Y. M., SON, B. R., KIM, J. W., CHAE, H. B., 
YOUN, S. J. & PARK, S. M. (2001) Genotyping CagA, VacA subtype, IceA1, 
and BabA of Helicobacter pylori isolates from Korean patients, and their 
association with gastroduodenal diseases. J Korean Med Sci, 16, 579-84. 

KIVI, M., TINDBERG, Y., SORBERG, M., CASSWALL, T. H., BEFRITS, R., 
HELLSTROM, P. M., BENGTSSON, C., ENGSTRAND, L. & 
GRANSTROM, M. (2003) Concordance of Helicobacter pylori strains within 
families. J Clin Microbiol, 41, 5604-8. 

KO, J. K. & CHO, C. H. (2000) Alcohol drinking and cigarette smoking: a "partner" 
for gastric ulceration. Zhonghua Yi Xue Za Zhi (Taipei), 63, 845-54. 

KOLLS, J. K. & LINDEN, A. (2004) Interleukin-17 family members and 
inflammation. Immunity, 21, 467-76. 

KOTLOFF, K. L. (1996) Helicobacter pylori and gastroduodenal disorders: new 
approaches for prevention, diagnosis and treatment. Vaccine, 14, 1174-5. 

KUBBEN, F. J., SIER, C. F., SCHRAM, M. T., WITTE, A. M., VEENENDAAL, R. 
A., VAN DUIJN, W., VERHEIJEN, J. H., HANEMAAIJER, R., LAMERS, 



 

184

 
C. B. & VERSPAGET, H. W. (2007) Eradication of Helicobacter pylori 
infection favourably affects altered gastric mucosal MMP-9 levels. 
Helicobacter, 12, 498-504. 

KUBIN, M., CHOW, J. M. & TRINCHIERI, G. (1994) Differential regulation of 
interleukin-12 (IL-12), tumor necrosis factor alpha, and IL-1 beta production 
in human myeloid leukemia cell lines and peripheral blood mononuclear cells. 
Blood, 83, 1847-55. 

KUDO, T., LU, H., WU, J. Y., GRAHAM, D. Y., CASOLA, A. & YAMAOKA, Y. 
(2005) Regulation of RANTES promoter activation in gastric epithelial cells 
infected with Helicobacter pylori. Infect Immun, 73, 7602-12. 

KUDO, T., NURGALIEVA, Z. Z., CONNER, M. E., CRAWFORD, S., 
ODENBREIT, S., HAAS, R., GRAHAM, D. Y. & YAMAOKA, Y. (2004) 
Correlation between Helicobacter pylori OipA protein expression and oipA 
gene switch status. J Clin Microbiol, 42, 2279-81. 

KULLAVANIJAYA, P., THONG-NGAM, D., HANVIVATVONG, O., 
NUNTHAPISUD, P., TANGKIJVANICH, P. & SUWANAGOOL, P. (2004) 
Analysis of eight different methods for the detection of Helicobacter pylori 
infection in patients with dyspepsia. J Gastroenterol Hepatol, 19, 1392-6. 

KULLBERG, M. C., JANKOVIC, D., FENG, C. G., HUE, S., GORELICK, P. L., 
MCKENZIE, B. S., CUA, D. J., POWRIE, F., CHEEVER, A. W., MALOY, 
K. J. & SHER, A. (2006) IL-23 plays a key role in Helicobacter hepaticus-
induced T cell-dependent colitis. J Exp Med, 203, 2485-94. 

KURASHIMA, Y., MURATA-KAMIYA, N., KIKUCHI, K., HIGASHI, H., 
AZUMA, T., KONDO, S. & HATAKEYAMA, M. (2008) Deregulation of 
beta-catenin signal by Helicobacter pylori CagA requires the CagA-
multimerization sequence. Int J Cancer, 122, 823-31. 

LAI, C. H., KUO, C. H., CHEN, Y. C., CHAO, F. Y., POON, S. K., CHANG, C. S. 
& WANG, W. C. (2002) High prevalence of cagA- and babA2-positive 
Helicobacter pylori clinical isolates in Taiwan. J Clin Microbiol, 40, 3860-2. 

LEE, A., FOX, J. G., OTTO, G. & MURPHY, J. (1990) A small animal model of 
human Helicobacter pylori active chronic gastritis. Gastroenterology, 99, 
1315-23. 

LEE, A., HAZELL, S. L., O'ROURKE, J. & KOUPRACH, S. (1988) Isolation of a 
spiral-shaped bacterium from the cat stomach. Infect Immun, 56, 2843-50. 

LEHOURS, P. & YILMAZ, O. (2007) Epidemiology of Helicobacter pylori 
infection. Helicobacter, 12 Suppl 1, 1-3. 

LENZI, C., PALAZZUOLI, A., GIORDANO, N., ALEGENTE, G., GONNELLI, C., 
CAMPAGNA, M. S., SANTUCCI, A., SOZZI, M., PAPAKOSTAS, P., 
ROLLO, F., NUTI, R. & FIGURA, N. (2006) H pylori infection and systemic 
antibodies to CagA and heat shock protein 60 in patients with coronary heart 
disease. World J Gastroenterol, 12, 7815-20. 

LETLEY, D. P., LASTOVICA, A., LOUW, J. A., HAWKEY, C. J. & ATHERTON, 
J. C. (1999) Allelic diversity of the Helicobacter pylori vacuolating cytotoxin 
gene in South Africa: rarity of the vacA s1a genotype and natural occurrence 
of an s2/m1 allele. J Clin Microbiol, 37, 1203-5. 

LIM, H. W., LEE, J., HILLSAMER, P. & KIM, C. H. (2008) Human Th17 cells share 
major trafficking receptors with both polarized effector T cells and FOXP3+ 
regulatory T cells. J Immunol, 180, 122-9. 



 

185

 
LINDHOLM, C., QUIDING-JARBRINK, M., LONROTH, H., HAMLET, A. & 

SVENNERHOLM, A. M. (1998) Local cytokine response in Helicobacter 
pylori-infected subjects. Infect Immun, 66, 5964-71. 

LIU, L., WU, G., YAO, J. X., DING, Q. & HUANG, S. A. (2008) CD4+CD25high 
regulatory cells in peripheral blood of cancer patients. Neuro Endocrinol Lett, 
29, 240-5. 

LOCKARD, V. G. & BOLER, R. K. (1970) Ultrastructure of a spiraled 
microorganism in the gastric mucosa of dogs. Am J Vet Res, 31, 1453-62. 

LU, H., HSU, P. I., GRAHAM, D. Y. & YAMAOKA, Y. (2005a) Duodenal ulcer 
promoting gene of Helicobacter pylori. Gastroenterology, 128, 833-848. 

LU, H., WU, J. Y., KUDO, T., OHNO, T., GRAHAM, D. Y. & YAMAOKA, Y. 
(2005b) Regulation of interleukin-6 promoter activation in gastric epithelial 
cells infected with Helicobacter pylori. Mol Biol Cell, 16, 4954-66. 

LUCAS, B., BUMANN, D., WALDUCK, A., KOESLING, J., DEVELIOGLU, L., 
MEYER, T. F. & AEBISCHER, T. (2001) Adoptive transfer of CD4+ T cells 
specific for subunit A of Helicobacter pylori urease reduces H. pylori stomach 
colonization in mice in the absence of interleukin-4 (IL-4)/IL-13 receptor 
signaling. Infect Immun, 69, 1714-21. 

LUNDGREN A, SURI-PAYER E, ENARSSON K, SVENNERHOLM A M & BS, L. 
(2003) Helicobacter pylon-specific CD4(+) CD25(high) regulatory T cells 
suppress memory T-cell responses to H. pylori in infected individuals. Infect. 
Immun., 71, 1755 62. 

LUNDIN, B. S., KARLSSON, M. R., SVENSSON, L. A., HANSON, L. A., 
DAHLGREN, U. I. & TELEMO, E. (1999) Active suppression in orally 
tolerized rats coincides with in situ transforming growth factor-beta (TGF-
beta) expression in the draining lymph nodes. Clin Exp Immunol, 116, 181-7. 

MACARTHUR, M., HOLD, G. L. & EL-OMAR, E. M. (2004) Inflammation and 
Cancer II. Role of chronic inflammation and cytokine gene polymorphisms in 
the pathogenesis of gastrointestinal malignancy. Am J Physiol Gastrointest 
Liver Physiol, 286, G515-20. 

MAEDA, S., OGURA, K., YOSHIDA, H., KANAI, F., IKENOUE, T., KATO, N., 
SHIRATORI, Y. & OMATA, M. (1998) Major virulence factors, VacA and 
CagA, are commonly positive in Helicobacter pylori isolates in Japan. Gut, 
42, 338-343. 

MAITY, P., BISWAS, K., ROY, S., BANERJEE, R. K. & BANDYOPADHYAY, U. 
(2003) Smoking and the pathogenesis of gastroduodenal ulcer--recent 
mechanistic update. Mol Cell Biochem, 253, 329-38. 

MALEKZADEH, R., SOTOUDEH, M., DERAKHSHAN, M. H., MIKAELI, J., 
YAZDANBOD, A., MERAT, S., YOONESSI, A., TAVANGAR, M., ABEDI, 
B. A., SOTOUDEHMANESH, R., POURSHAMS, A., ASGARI, A. A., 
DOULATSHAHI, S., ALIZADEH, B. Z., ARSHI, S., MADJIDPOOR, A., 
MIR MOOMEN, S. & FLEISCHER, D. E. (2004) Prevalence of gastric 
precancerous lesions in Ardabil, a high incidence province for gastric 
adenocarcinoma in the northwest of Iran. J Clin Pathol, 57, 37-42. 

MALFERTHEINER, P., FRY, L. C. & MONKEMULLER, K. (2006) Can gastric 
cancer be prevented by Helicobacter pylori eradication? Best Pract Res Clin 
Gastroenterol, 20, 709-19. 

MARSHALL, B. J., BARRETT, L. J., PRAKASH, C., MCCALLUM, R. W. & 
GUERRANT, R. L. (1990) Urea protects Helicobacter (Campylobacter) pylori 
from the bactericidal effect of acid. Gastroenterology, 99, 697-702. 



 

186

 
MARSHALL, B. J. & WARREN, J. R. (1984) Unidentified curved bacilli in the 

stomach of patients with gastritis and peptic ulceration. Lancet, 1, 1311-1315. 
MARSHALL, B. J. & WARREN, J. R. 2001. One hundred years of discovery and 

rediscovery of Helicobacter pylori and its association with peptic ulcer 
disease. In Helicobacter pylori: Physiology and Genetics, edited by 
MOBLEY, H. L. T., MENDZ, G. L. & HAZELL., S. L., pp. 19-24. 
Washington, DC: ASM press.  

MATSUKURA, N., ONDA, M., TOKUNAGA, A., KATO, S., KYONO, S. & 
YAMASHITA, K. (1995) Tissue IgA antibody against Helicobacter pylori in 
patients with gastroduodenal diseases: comparison with bacterial culture, 
serum IgG antibody, and [13C]Urea breath test. J Clin Gastroenterol, 21 
Suppl 1, S146-50. 

MCGOWAN, C. C., NECHEVA, A. S., FORSYTH, M. H., COVER, T. L. & 
BLASER, M. J. (2003) Promoter analysis of Helicobacter pylori genes with 
enhanced expression at low pH. Mol Microbiol, 48, 1225-39. 

MCMURRAY, R. W., SUWANNAROJ, S., NDEBELE, K. & JENKINS, J. K. 
(2001) Differential effects of sex steroids on T and B cells: modulation of cell 
cycle phase distribution, apoptosis and bcl-2 protein levels. Pathobiology, 69, 
44-58. 

MEINING, A., BAYERDORFFER, E., MULLER, P., MIEHLKE, S., LEHN, N., 
HOLZEL, D., HATZ, R. & STOLTE, M. (1998) Gastric carcinoma risk index 
in patients infected with Helicobacter pylori. Virchows Arch, 432, 311-4. 

MELCHERS, K., HERRMANN, L., MAUCH, F., BAYLE, D., HEUERMANN, D., 
WEITZENEGGER, T., SCHUHMACHER, A., SACHS, G., HAAS, R., 
BODE, G., BENSCH, K. & SCHAFER, K. P. (1998) Properties and function 
of the P type ion pumps cloned from Helicobacter pylori. Acta Physiol Scand 
Suppl, 643, 123-35. 

MEYER-TER-VEHN, T., COVACCI, A., KIST, M. & PAHL, H. L. (2000) 
Helicobacter pylori activates mitogen-activated protein kinase cascades and 
induces expression of the proto-oncogenes c-fos and c-jun. J Biol Chem, 275, 
16064-72. 

MEYER, F., RAMANUJAM, K. S., GOBERT, A. P., JAMES, S. P. & WILSON, K. 
T. (2003) Cutting edge: cyclooxygenase-2 activation suppresses Th1 
polarization in response to Helicobacter pylori. J Immunol, 171, 3913-7. 

MIKAELI, J., MALEKZADEH, R., ALIZADEH, B. Z., MOGADDAM, S. N., 
M.VALIZADEH, KHONCHEH, R. & MASSARRAT, S. (1999) Prevalence 
of Helicobacter pylori in Two Iranian Provinces with High and Low Incidence 
of Gastric Carcinoma. The Journal of Faculty of Medicine, Tehran University 
of Medical Sciences, 2, 34-38. 

MILLER, A. M., LUNDBERG, K., OZENCI, V., BANHAM, A. H., HELLSTROM, 
M., EGEVAD, L. & PISA, P. (2006) CD4+CD25high T cells are enriched in 
the tumor and peripheral blood of prostate cancer patients. J Immunol, 177, 
7398-405. 

MISIEWICZ, J. J. (1991) The Sydney System: a new classification of gastritis. 
Introduction. J Gastroenterol Hepatol, 6, 207-8. 

MITCHELL, H. M., ALLY, R., WADEE, A., WISEMAN, M. & SEGAL, I. (2002) 
Major differences in the IgG subclass response to Helicobacter pylori in the 
first and third worlds. Scand J Gastroenterol, 37, 517-22. 



 

187

 
MITCHELL, H. M., MASCORD, K., HAZELL, S. L. & DASKALOPOULOS, G. 

(2001) Association between the IgG subclass response, inflammation and 
disease status in Helicobacter pylori infection. Scand J Gastroenterol, 36, 
149-55. 

MIZUSHIMA, T., SUGIYAMA, T., KOMATSU, Y., ISHIZUKA, J., KATO, M. & 
ASAKA, M. (2001) Clinical relevance of the babA2 genotype of Helicobacter 
pylori in Japanese clinical isolates. J Clin Microbiol, 39, 2463-5. 

MOHAMMADI, M., CZINN, S., REDLINE, R. & NEDRUD, J. (1996) Helicobacter-
specific cell-mediated immune responses display a predominant Th1 
phenotype and promote a delayed-type hypersensitivity response in the 
stomachs of mice. J Immunol, 156, 4729-38. 

MOHAMMADI, M., NEDRUD, J., REDLINE, R., LYCKE, N. & CZINN, S. J. 
(1997) Murine CD4 T-cell response to Helicobacter infection: TH1 cells 
enhance gastritis and TH2 cells reduce bacterial load. Gastroenterology, 113, 
1848-57. 

MOSMANN, T. R. & COFFMAN, R. L. (1989) TH1 and TH2 Cells: Different 
Patterns of Lymphokine Secretion Lead to Different Functional Properties. 
Annual Review of Immunology, 7, 145-173. 

MOSS, S. F. & MALFERTHEINER, P. (2007) Helicobacter and gastric 
malignancies. Helicobacter, 12 Suppl 1, 23-30. 

NAITO, M., YAMAZAKI, T., TSUTSUMI, R., HIGASHI, H., ONOE, K., 
YAMAZAKI, S., AZUMA, T. & HATAKEYAMA, M. (2006) Influence of 
EPIYA-repeat polymorphism on the phosphorylation-dependent biological 
activity of Helicobacter pylori CagA. Gastroenterology, 130, 1181-90. 

NASSROLAHEI, M. & KHALILIAN, A. (2004) Seropositivity of antibodies against 
Helicobacter pylori and hepatitis A virus in Iran. Ann Saudi Med, 24, 61-64. 

NAVAGLIA, F., BASSO, D., ZAMBON, C. F., PONZANO, E., CAENAZZO, L., 
GALLO, N., FALDA, A., BELLUCO, C., FOGAR, P., GRECO, E., DI 
MARIO, F., RUGGE, M. & PLEBANI, M. (2005) Interleukin 12 gene 
polymorphisms enhance gastric cancer risk in H pylori infected individuals. J 
Med Genet, 42, 503-510. 

NEALE, K. R. & LOGAN, R. P. (1995) The epidemiology and transmission of 
Helicobacter pylori infection in children. Aliment Pharmacol Ther, 9 Suppl 2, 
77-84. 

NECCHI, V., CANDUSSO, M. E., TAVA, F., LUINETTI, O., VENTURA, U., 
FIOCCA, R., RICCI, V. & SOLCIA, E. (2007) Intracellular, intercellular, and 
stromal invasion of gastric mucosa, preneoplastic lesions, and cancer by 
Helicobacter pylori. Gastroenterology, 132, 1009-23. 

NGUYEN, V. B., NGUYEN, G. K., PHUNG, D. C., OKRAINEC, K., RAYMOND, 
J., DUPOND, C., KREMP, O., KALACH, N. & VIDAL-TRECAN, G. (2006) 
Intra-familial transmission of Helicobacter pylori infection in children of 
households with multiple generations in Vietnam. Eur J Epidemiol, 21, 459-
63. 

NGUYEN, V. Q., CAPRIOLI, R. M. & COVER, T. L. (2001) Carboxy-terminal 
proteolytic processing of Helicobacter pylori vacuolating toxin. Infect Immun, 
69, 543-6. 

NOURAIE, M., POURSHAMS, A., KAMANGAR, F., SOTOUDEH, M., 
DERAKHSHAN, M. H., AKBARI, M. R., FAKHERI, H., ZAHEDI, M. J., 
CALDWELL, K., ABNET, C. C., TAYLOR, P. R., MALEKZADEH, R. & 



 

188

 
DAWSEY, S. M. (2004) Ecologic study of serum selenium and upper 
gastrointestinal cancers in Iran. World J Gastroenterol, 10(17), 2544-2546. 

NOZAWA, Y., NISHIHARA, K., PEEK, R. M., NAKANO, M., UJI, T., AJIOKA, 
H., MATSUURA, N. & MIYAKE, H. (2002) Identification of a signaling 
cascade for interleukin-8 production by Helicobacter pylori in human gastric 
epithelial cells. Biochem Pharmacol, 64, 21-30. 

NUORTI, J. P., BUTLER, J. C., FARLEY, M. M., HARRISON, L. H., MCGEER, 
A., KOLCZAK, M. S., BREIMAN, R. F. & THE ACTIVE BACTERIAL 
CORE SURVEILLANCE, T. (2000) Cigarette Smoking and Invasive 
Pneumococcal Disease. N Engl J Med, 342, 681-689. 

ODENBREIT, S., GEBERT, B., PULS, J., FISCHER, W. & HAAS, R. (2001) 
Interaction of Helicobacter pylori with professional phagocytes: role of the 
cag pathogenicity island and translocation, phosphorylation and processing of 
CagA. Cell Microbiol, 3, 21-31. 

ODENBREIT, S., KAVERMANN, H., PULS, J. & HAAS, R. (2002) CagA tyrosine 
phosphorylation and interleukin-8 induction by Helicobacter pylori are 
independent from alpAB, HopZ and bab group outer membrane proteins. Int J 
Med Microbiol, 292, 257-66. 

ODENBREIT, S., PULS, J., SEDLMAIER, B., GERLAND, E., FISCHER, W. & 
HAAS, R. (2000) Translocation of Helicobacter pylori CagA into gastric 
epithelial cells by type IV secretion. Science, 287, 1497-500. 

OGIWARA, H., GRAHAM, D. Y. & YAMAOKA, Y. (2008) vacA i-region 
subtyping. Gastroenterology, 134, 1267; author reply 1268. 

OHMORI, Y. & HAMILTON, T. A. (1997) IL-4-induced STAT6 suppresses IFN-
gamma-stimulated STAT1-dependent transcription in mouse macrophages. J 
Immunol, 159, 5474-82. 

OHTANI, M., GARCIA, A., ROGERS, A. B., GE, Z., TAYLOR, N. S., XU, S., 
WATANABE, K., MARINI, R. P., WHARY, M. T., WANG, T. C. & FOX, J. 
G. (2007) Protective role of 17 -estradiol against the development of 
Helicobacter pylori-induced gastric cancer in INS-GAS mice. Carcinogenesis, 
28, 2597-604. 

OLEASTRO, M., GERHARD, M., LOPES, A. I., RAMALHO, P., CABRAL, J., 
SOUSA GUERREIRO, A. & MONTEIRO, L. (2003) Helicobacter pylori 
virulence genotypes in Portuguese children and adults with gastroduodenal 
pathology. Eur J Clin Microbiol Infect Dis, 22, 85-91. 

OLIVEIRA, A. G., SANTOS, A., GUERRA, J. B., ROCHA, G. A., ROCHA, A. M., 
OLIVEIRA, C. A., CABRAL, M. M., NOGUEIRA, A. M. & QUEIROZ, D. 
M. (2003) babA2- and cagA-positive Helicobacter pylori strains are 
associated with duodenal ulcer and gastric carcinoma in Brazil. J Clin 
Microbiol, 41, 3964-6. 

ONO, S., TSUJIMOTO, H., HIRAKI, S., TAKAHATA, R., KINOSHITA, M. & 
MOCHIZUKI, H. (2005) Sex differences in cytokine production and surface 
antigen expression of peripheral blood mononuclear cells after surgery. Am J 
Surg, 190, 439-44. 

ORMAND, J. E. & TALLEY., N. J. (1990) Helicobacter pylori: controversies and an 
approach to management. Mayo Clin. Proc, 65, 414-426. 

OWEN, D. 2004. The Stomach. In In Sternbergs Diagnostic Surgical Pathology, 
edited by MILLS STACEY E, C. D., GREENSON JOEL K, AND 
OBERMAN HAROLD A. , pp. 1435-1475. Philadelphia: Lippincott  
Williams& Wilkins. 



 

189

  
OZMEN, L., PERICIN, M., HAKIMI, J., CHIZZONITE, R. A., WYSOCKA, M., 

TRINCHIERI, G., GATELY, M. & GAROTTA, G. (1994) Interleukin 12, 
interferon gamma, and tumor necrosis factor alpha are the key cytokines of the 
generalized Shwartzman reaction. J Exp Med, 180, 907-15. 

PALLI, D., DECARLI, A., CIPRIANI, F., SITAS, F., FORMAN, D., AMADORI, D., 
AVELLINI, C., GIACOSA, A., MANCA, P., RUSSO, A. & ET AL. (1993) 
Helicobacter pylori antibodies in areas of Italy at varying gastric cancer risk. 
Cancer Epidemiol Biomarkers Prev, 2, 37-40. 

PAN, Z. J., BERG, D. E., VAN DER HULST, R. W., SU, W. W., RAUDONIKIENE, 
A., XIAO, S. D., DANKERT, J., TYTGAT, G. N. & VAN DER ENDE, A. 
(1998) Prevalence of vacuolating cytotoxin production and distribution of 
distinct vacA alleles in Helicobacter pylori from China. J Infect Dis, 178, 220-
6. 

PAPINI, E., SATIN, B., NORAIS, N., DE BERNARD, M., TELFORD, J. L., 
RAPPUOLI, R. & MONTECUCCO, C. (1998) Selective increase of the 
permeability of polarized epithelial cell monolayers by Helicobacter pylori 
vacuolating toxin. J Clin Invest, 102, 813-20. 

PARK, H., LI, Z., YANG, X. O., CHANG, S. H., NURIEVA, R., WANG, Y. H., 
WANG, Y., HOOD, L., ZHU, Z., TIAN, Q. & DONG, C. (2005) A distinct 
lineage of CD4 T cells regulates tissue inflammation by producing interleukin 
17. Nat Immunol, 6, 1133-41. 

PEEK, R. M., JR. & BLASER, M. J. (2002) Helicobacter pylori and gastrointestinal 
tract adenocarcinomas. Nat Rev Cancer, 2, 28-37. 

PEEK, R. M., JR., MOSS, S. F., THAM, K. T., PEREZ-PEREZ, G. I., WANG, S., 
MILLER, G. G., ATHERTON, J. C., HOLT, P. R. & BLASER, M. J. (1997) 
Helicobacter pylori cagA+ strains and dissociation of gastric epithelial cell 
proliferation from apoptosis. J Natl Cancer Inst, 89, 863-8. 

PELETEIRO, B., LUNET, N., FIGUEIREDO, C., CARNEIRO, F., DAVID, L. & 
BARROS, H. (2007) Smoking, Helicobacter pylori virulence, and type of 
intestinal metaplasia in Portuguese males. Cancer Epidemiol Biomarkers Prev, 
16, 322-6. 

PEREZ-PEREZ, G. I., DWORKIN, B. M., CHODOS, J. E. & BLASER, M. J. (1988) 
Campylobacter pylori antibodies in humans. Ann Intern Med, 109, 11-7. 

PERRY, S., DE LA LUZ SANCHEZ, M., YANG, S., HAGGERTY, T. D., HURST, 
P., PEREZ-PEREZ, G. & PARSONNET, J. (2006) Gastroenteritis and 
transmission of Helicobacter pylori infection in households. Emerg Infect Dis, 
12, 1701-8. 

PFAFFL, M. W. (2001) A new mathematical model for relative quantification in real-
time RT-PCR. Nucleic Acids Res, 29, e45. 

PRICE, A. B. (1999) Classification of gastritis, yesterday, today and tomorrow. Verh 
Dtsch Ges Pathol, 83, 52-55. 

PRIDE, D. T., MEINERSMANN, R. J. & BLASER, M. J. (2001) Allelic Variation 
within Helicobacter pylori babA and babB. Infect Immun, 69, 1160-71. 

QIAO, W., HU, J. L., XIAO, B., WU, K. C., PENG, D. R., ATHERTON, J. C. & 
XUE, H. (2003) cagA and vacA genotype of Helicobacter pylori associated 
with gastric diseases in Xi'an area. World J Gastroenterol, 9, 1762-6. 

RAD, R., GERHARD, M., LANG, R., SCHONIGER, M., ROSCH, T., SCHEPP, W., 
BECKER, I., WAGNER, H. & PRINZ, C. (2002) The Helicobacter pylori 



 

190

 
blood group antigen-binding adhesin facilitates bacterial colonization and 
augments a nonspecific immune response. J Immunol, 168, 3033-41. 

RAGHAVAN, S., FREDRIKSSON, M., SVENNERHOLM, A. M., HOLMGREN, J. 
& SURI-PAYER, E. (2003) Absence of CD4+CD25+ regulatory T cells is 
associated with a loss of regulation leading to increased pathology in 
Helicobacter pylori-infected mice. Clin Exp Immunol, 132, 393-400. 

RAO, V. P., POUTAHIDIS, T., GE, Z., NAMBIAR, P. R., BOUSSAHMAIN, C., 
WANG, Y. Y., HORWITZ, B. H., FOX, J. G. & ERDMAN, S. E. (2006) 
Innate immune inflammatory response against enteric bacteria Helicobacter 
hepaticus induces mammary adenocarcinoma in mice. Cancer Res, 66, 7395-
400. 

REN, S., HIGASHI, H., LU, H., AZUMA, T. & HATAKEYAMA, M. (2006) 
Structural basis and functional consequence of Helicobacter pylori CagA 
multimerization in cells. J Biol Chem, 281, 32344-52. 

REYES-LEON, A., ATHERTON, J. C., ARGENT, R. H., PUENTE, J. L. & 
TORRES, J. (2007) Heterogeneity in the activity of Mexican Helicobacter 
pylori strains in gastric epithelial cells and its association with diversity in the 
cagA gene. Infect Immun, 75, 3445-54. 

REYRAT, J. M., RAPPUOLI, R. & TELFORD, J. L. (2000) A structural overview of 
the Helicobacter cytotoxin. Int J Med Microbiol, 290, 375-9. 

ROBINSON, K., CHAMBERLAIN, L. M., SCHOFIELD, K. M., WELLS, J. M. & 
LE PAGE, R. W. (1997) Oral vaccination of mice against tetanus with 
recombinant Lactococcus lactis. Nat Biotechnol, 15, 653-7. 

ROBINSON, K., KENEFECK, R., PIDGEON, E., SHAKIB, S., PATEL, S., 
POLSON, R., ZAITOUN, A. M. & ATHERTON, J. C. (2008) Helicobacter 
pylori-induced peptic ulcer disease is associated with inadequate regulatory T-
cell responses. Gut. 

ROBINSON, K., LOUGHLIN, M. F., POTTER, R. & JENKS, P. J. (2005) Host 
adaptation and immune modulation are mediated by homologous 
recombination in Helicobacter pylori. J Infect Dis, 191, 579-87. 

ROKKAS, T., LADAS, S., LIATSOS, C., PETRIDOU, E., PAPATHEODOROU, G., 
THEOCHARIS, S., KARAMERIS, A. & RAPTIS, S. (1999) Relationship of 
Helicobacter pylori CagA status to gastric cell proliferation and apoptosis. Dig 
Dis Sci, 44, 487-493. 

ROMERO-GALLO, J., HARRIS, E. J., KRISHNA, U., WASHINGTON, M. K., 
PEREZ-PEREZ, G. I. & PEEK, R. M., JR. (2008) Effect of Helicobacter 
pylori eradication on gastric carcinogenesis. Lab Invest. 

RUDI, J., KOLB, C., MAIWALD, M., KUCK, D., SIEG, A., GALLE, P. R. & 
STREMMEL, W. (1998) Diversity of Helicobacter pylori vacA and cagA 
genes and relationship to VacA and CagA protein expression, cytotoxin 
production, and associated diseases. J Clin Microbiol, 36, 944-948. 

RUDI, J., MULLER, M., VON HERBAY, A., ZUNA, I., RAEDSCH, R., 
STREMMEL, W. & RATH, U. (1995) Lack of association of Helicobacter 
pylori seroprevalence and gastric cancer in a population with low gastric 
cancer incidence. Scand J Gastroenterol, 30, 958-63. 

SADJADI, A., MALEKZADEH, R., DERAKHSHAN, M. H., SEPEHR, A., 
NOURAIE, M., SOTOUDEH, M., YAZDANBOD, A., SHOKOOHI, B., 
MASHAYEKHI, A., ARSHI, S., MAJIDPOUR, A., BABAEI, M., MOSAVI, 
A., MOHAGHEGHI, M. A. & ALIMOHAMMADIAN, M. (2003) Cancer 



 

191

 
occurrence in Ardabil: results of a population-based cancer registry from Iran. 
Int J Cancer, 107, 113-118. 

SADJADI, A., NOURAIE, M., MOHAGHEGHI, M. A., MOUSAVI-JARRAHI, A., 
MALEKEZADEH, R. & PARKIN, D. M. (2005) Cancer occurrence in Iran in 
2002, an international perspective. Asian Pac J Cancer Prev, 6, 359-363. 

SAKAGUCHI, S. (2000) Regulatory T cells: key controllers of immunologic self-
tolerance. Cell, 101, 455-8. 

SAKAGUCHI, S., SAKAGUCHI, N., ASANO, M., ITOH, M. & TODA, M. (1995) 
Immunologic self-tolerance maintained by activated T cells expressing IL-2 
receptor alpha-chains (CD25). Breakdown of a single mechanism of self-
tolerance causes various autoimmune diseases. J Immunol, 155, 1151-64. 

SAKAGUCHI, S., SAKAGUCHI, N., SHIMIZU, J., YAMAZAKI, S., SAKIHAMA, 
T., ITOH, M., KUNIYASU, Y., NOMURA, T., TODA, M. & TAKAHASHI, 
T. (2001) Immunologic tolerance maintained by CD25+ CD4+ regulatory T 
cells: their common role in controlling autoimmunity, tumor immunity, and 
transplantation tolerance. Immunol Rev, 182, 18-32. 

SAQUI-SALCES, M., ROCHA-GUTIERREZ, B. L., BARRIOS-PAYAN, J. A., 
RUIZ-PALACIOS, G., CAMACHO-ARROYO, I. & GAMBOA-
DOMINGUEZ, A. (2006) Effects of estradiol and progesterone on gastric 
mucosal response to early Helicobacter pylori infection in female gerbils. 
Helicobacter, 11, 123-30. 

SARIBASAK H, S. B., YAMAOKA Y, SANDER E (2004) Analysis of Helicobacter 
pylori genotypes and correlation with clinical outcome in Turkey. J Clin 
Microbiol, 42, 1648 1651. 

SAWAI, N., KITA, M., KODAMA, T., TANAHASHI, T., YAMAOKA, Y., 
TAGAWA, Y., IWAKURA, Y. & IMANISHI, J. (1999) Role of gamma 
interferon in Helicobacter pylori-induced gastric inflammatory responses in a 
mouse model. Infect Immun, 67, 279-85. 

SCHMEES, C., GERHARD, M., TREPTAU, T., VOLAND, P., SCHWENDY, S., 
RAD, R. & PRINZ, C. (2006) VacA-associated inhibition of T-cell function: 
reviewed and reconsidered. Helicobacter, 11, 144-6. 

SCHMIDT, H.-M. A., ANDRES, S., ENGSTRAND, L., GOH, K. L., FOCK, K. M. 
& MITCHELL, H. M. (2008) cagE not dupA plays an important role in IL-8 
secretion in vitro. Secndary cagE not dupA plays an important role in IL-8 
secretion in vitro. Helsingor, Denmark. 

SEGAL, E. D., CHA, J., LO, J., FALKOW, S. & TOMPKINS, L. S. (1999) Altered 
states: involvement of phosphorylated CagA in the induction of host cellular 
growth changes by Helicobacter pylori. Proc Natl Acad Sci U S A, 96, 14559-
64. 

SELBACH, M., MOESE, S., HAUCK, C. R., MEYER, T. F. & BACKERT, S. (2002) 
Src is the kinase of the Helicobacter pylori CagA protein in vitro and in vivo. 
J Biol Chem, 277, 6775-6778. 

SEPULVEDA, A. R., PETERSON, L. E., SHELTON, J., GUTIERREZ, O. & 
GRAHAM, D. Y. (2002) Histological patterns of gastritis in H. pylori-infected 
individuals with a family history of gastric cancer. The American Journal of 
Gastroenterology, 97, 1365-1370. 

SHARMA, P. & VAKIL, N. (2003) Review article: Helicobacter pylori and reflux 
disease. Aliment Pharmacol Ther, 17, 297-305. 

SHARMA, S. A., TUMMURU, M. K., BLASER, M. J. & KERR, L. D. (1998) 
Activation of IL-8 gene expression by Helicobacter pylori is regulated by 



 

192

 
transcription factor nuclear factor-kappa B in gastric epithelial cells. J 
Immunol, 160, 2401-7. 

SHIMOYAMA, T., EVERETT, S. M., DIXON, M. F., AXON, A. T. & CRABTREE, 
J. E. (1998) Chemokine mRNA expression in gastric mucosa is associated 
with Helicobacter pylori cagA positivity and severity of gastritis. J Clin 
Pathol, 51, 765-70. 

SIERRA, R., MUNOZ, N., PENA, A. S., BIEMOND, I., VAN DUIJN, W., 
LAMERS, C. B., TEUCHMANN, S., HERNANDEZ, S. & CORREA, P. 
(1992) Antibodies to Helicobacter pylori and pepsinogen levels in children 
from Costa Rica: comparison of two areas with different risks for stomach 
cancer. Cancer Epidemiol Biomarkers Prev, 1, 449-54. 

SINGH, B., READ, S., ASSEMAN, C., MALMSTROM, V., MOTTET, C., 
STEPHENS, L. A., STEPANKOVA, R., TLASKALOVA, H. & POWRIE, F. 
(2001) Control of intestinal inflammation by regulatory T cells. Immunol Rev, 
182, 190-200. 

SINGH, K. & GHOSHAL, U. C. (2006) Causal role of Helicobacter pylori infection 
in gastric cancer: an Asian enigma. World J Gastroenterol, 12, 1346-51. 

SIPPONEN, P. (1998) Pathogenesis of the transformation from gastritis to 
malignancy. Aliment. Pharmacol. Ther, 12, 61-71. 

SMYTHIES, L. E., WAITES, K. B., LINDSEY, J. R., HARRIS, P. R., GHIARA, P. 
& SMITH, P. D. (2000) Helicobacter pylori-induced mucosal inflammation is 
Th1 mediated and exacerbated in IL-4, but not IFN-gamma, gene-deficient 
mice. J Immunol, 165, 1022-9. 

SOMMER, F., FALLER, G., ROLLINGHOFF, M., KIRCHNER, T., MAK, T. W. & 
LOHOFF, M. (2001) Lack of gastritis and of an adaptive immune response in 
interferon regulatory factor-1-deficient mice infected with Helicobacter pylori. 
Eur J Immunol, 31, 396-402. 

SONNENBERG, A. (1988) Factors which influence the incidence and course of 
peptic ulcer. Scand J Gastroenterol Suppl, 155, 119-40. 

SOTOUDEH, M., DERAKHSHAN, M. H., ABEDI-ARDAKANI, B., NOURAIE, 
M., YAZDANBOD, A., TAVANGAR, S. M., MIKAELI, J., MERAT, S. & 
MALEKZADEH, R. (2008) Critical role of Helicobacter pylori in the pattern 
of gastritis and carditis in residents of an area with high prevalence of gastric 
cardia cancer. Dig Dis Sci, 53, 27 33. 

STAAT, M. A., KRUSZON-MORAN, D., MCQUILLAN, G. M. & KASLOW, R. A. 
(1996) A population-based serologic survey of Helicobacter pylori infection in 
children and adolescents in the United States. J Infect Dis, 174, 1120-3. 

STEIN, M., BAGNOLI, F., HALENBECK, R., RAPPUOLI, R., FANTL, W. J. & 
COVACCI, A. (2002) c-Src/Lyn kinases activate Helicobacter pylori CagA 
through tyrosine phosphorylation of the EPIYA motifs. Mol Microbiol, 43, 
971-980. 

STEIN, M., RAPPUOLI, R. & COVACCI, A. (2000) Tyrosine phosphorylation of the 
Helicobacter pylori CagA antigen after cag-driven host cell translocation. 
Proc Natl Acad Sci U S A, 97, 1263-8. 

STEINMAN, L. (2007) A brief history of T(H)17, the first major revision in the 
T(H)1/T(H)2 hypothesis of T cell-mediated tissue damage. Nat Med, 13, 139-
45. 

STEPHENS, J. C., STEWART, J. A., FOLWELL, A. M. & RATHBONE, B. J. 
(1998) Helicobacter pylori cagA status, vacA genotypes and ulcer disease. Eur 
J Gastroenterol Hepatol, 10, 381-384. 



 

193

 
STEPHENS, L. A. & MASON, D. (2000) CD25 is a marker for CD4+ thymocytes 

that prevent autoimmune diabetes in rats, but peripheral T cells with this 
function are found in both CD25+ and CD25- subpopulations. J Immunol, 165, 
3105-10. 

STOICOV, C., WHARY, M., ROGERS, A. B., LEE, F. S., KLUCEVSEK, K., LI, H., 
CAI, X., SAFFARI, R., GE, Z., KHAN, I. A., COMBE, C., LUSTER, A., 
FOX, J. G. & HOUGHTON, J. (2004) Coinfection modulates inflammatory 
responses and clinical outcome of Helicobacter felis and Toxoplasma gondii 
infections. J Immunol, 173, 3329-36. 

STROBER, W., KELSALL, B., FUSS, I., MARTH, T., LUDVIKSSON, B., 
EHRHARDT, R. & NEURATH, M. (1997) Reciprocal IFN-gamma and TGF-
beta responses regulate the occurrence of mucosal inflammation. Immunol 
Today, 18, 61-4. 

SUERBAUM, S. & JOSENHANS, C. (2007) Helicobacter pylori evolution and 
phenotypic diversification in a changing host. Nat Rev Microbiol, 5, 441-52. 

SUNDRUD, M. S., TORRES, V. J., UNUTMAZ, D. & COVER, T. L. (2004) 
Inhibition of primary human T cell proliferation by Helicobacter pylori 
vacuolating toxin (VacA) is independent of VacA effects on IL-2 secretion. 
Proc Natl Acad Sci U S A, 101, 7727-32. 

TAAMS, L. S., VUKMANOVIC-STEJIC, M., SMITH, J., DUNNE, P. J., 
FLETCHER, J. M., PLUNKETT, F. J., EBELING, S. B., LOMBARDI, G., 
RUSTIN, M. H., BIJLSMA, J. W., LAFEBER, F. P., SALMON, M. & 
AKBAR, A. N. (2002) Antigen-specific T cell suppression by human 
CD4+CD25+ regulatory T cells. Eur J Immunol, 32, 1621-30. 

TALLEY, N. J., NEWELL, D. G., ORMAND, J. E., CARPENTER, H. A., WILSON, 
W. R., ZINSMEISTER, A. R., PEREZ-PEREZ, G. I. & BLASER, M. J. 
(1991a) Serodiagnosis of Helicobacter pylori: comparison of enzyme-linked 
immunosorbent assays. J. Clin. Microbiol., 29, 1635-1639. 

TALLEY, N. J., ZINSMEISTER, A. R., WEAVER, A., DIMAGNO, E. P., 
CARPENTER, H. A., PEREZ-PEREZ, G. I. & BLASER, M. J. (1991b) 
Gastric adenocarcinoma and Helicobacter pylori infection. J Natl Cancer Inst, 
83, 1734-9. 

THAM, K. T., PEEK, R. M., JR., ATHERTON, J. C., COVER, T. L., PEREZ-
PEREZ, G. I., SHYR, Y. & BLASER, M. J. (2001) Helicobacter pylori 
genotypes, host factors, and gastric mucosal histopathology in peptic ulcer 
disease. Hum Pathol, 32, 264-73. 

THORSTENSON, K. M. & KHORUTS, A. (2001) Generation of anergic and 
potentially immunoregulatory CD25+CD4 T cells in vivo after induction of 
peripheral tolerance with intravenous or oral antigen. J Immunol, 167, 188-95. 

TOMB, J. F., WHITE, O., KERLAVAGE, A. R., CLAYTON, R. A., SUTTON, G. 
G., FLEISCHMANN, R. D., KETCHUM, K. A., KLENK, H. P., GILL, S., 
DOUGHERTY, B. A., NELSON, K., QUACKENBUSH, J., ZHOU, L., 
KIRKNESS, E. F., PETERSON, S., LOFTUS, B., RICHARDSON, D., 
DODSON, R., KHALAK, H. G., GLODEK, A., MCKENNEY, K., 
FITZEGERALD, L. M., LEE, N., ADAMS, M. D., HICKEY, E. K., BERG, 
D. E., GOCAYNE, J. D., UTTERBACK, T. R., PETERSON, J. D., KELLEY, 
J. M., COTTON, M. D., WEIDMAN, J. M., FUJII, C., BOWMAN, C., 
WATTHEY, L., WALLIN, E., HAYES, W. S., BORODOVSKY, M., KARP, 
P. D., SMITH, H. O., FRASER, C. M. & VENTER, J. C. (1997) The complete 



 

194

 
genome sequence of the gastric pathogen Helicobacter pylori. Nature, 388, 
539-547. 

TRINCHIERI, G. (2003) Interleukin-12 and the regulation of innate resistance and 
adaptive immunity. Nat Rev Immunol, 3, 133-46. 

TSUTSUMI, R., HIGASHI, H., HIGUCHI, M., OKADA, M. & HATAKEYAMA, 
M. (2003) Attenuation of Helicobacter pylori CagA x SHP-2 signaling by 
interaction between CagA and C-terminal Src kinase. J Biol Chem, 278, 3664-
3670. 

UTGAARD, J. O., JAHNSEN, F. L., BAKKA, A., BRANDTZAEG, P. & 
HARALDSEN, G. (1998) Rapid Secretion of Prestored Interleukin 8 from 
Weibel-Palade Bodies of Microvascular Endothelial Cells. J. Exp. Med., 188, 
1751-1756. 

VAN DOORN, L. J., FIGUEIREDO, C., MEGRAUD, F., PENA, S., MIDOLO, P., 
QUEIROZ, D. M., CARNEIRO, F., VANDERBORGHT, B., PEGADO, M. 
D., SANNA, R., DE BOER, W., SCHNEEBERGER, P. M., CORREA, P., 
NG, E. K., ATHERTON, J., BLASER, M. J. & QUINT, W. G. (1999) 
Geographic distribution of vacA allelic types of Helicobacter pylori. 
Gastroenterology, 116, 823-30. 

VAN DOORN, L. J., FIGUEIREDO, C., SANNA, R., PENA, S., MIDOLO, P., NG, 
E. K., ATHERTON, J. C., BLASER, M. J. & QUINT, W. G. (1998) 
Expanding allelic diversity of Helicobacter pylori vacA. J Clin Microbiol, 36, 
2597-2603. 

VEENENDAAL, R. A., PENA, A. S., MEIJER, J. L., ENDTZ, H. P., VAN DER 
EST, M. M., VAN DUIJN, W., EULDERINK, F., KREUNING, J. & 
LAMERS, C. B. (1991) Long term serological surveillance after treatment of 
Helicobacter pylori infection. Gut, 32, 1291-1294. 

VIALA, J., CHAPUT, C., BONECA, I. G., CARDONA, A., GIRARDIN, S. E., 
MORAN, A. P., ATHMAN, R., MEMET, S., HUERRE, M. R., COYLE, A. 
J., DISTEFANO, P. S., SANSONETTI, P. J., LABIGNE, A., BERTIN, J., 
PHILPOTT, D. J. & FERRERO, R. L. (2004) Nod1 responds to peptidoglycan 
delivered by the Helicobacter pylori cag pathogenicity island. Nat Immunol, 5, 
1166-74. 

VOROBJOVA, T., REN, Z., DUNKLEY, M., CLANCY, R., MAAROOS, H.-I., 
LABOTKIN, R., KULL, K. & UIBO, R. (2006) Response of IgG1 and IgG2 
subclasses to Helicobacter pylori in subjects with chronic inflammation of the 
gastric mucosa, atrophy and gastric cancer in a country with high Helicobacter 
pylori infection prevalence. APMIS, 114, 372-380. 

WALKER, M. R., KASPROWICZ, D. J., GERSUK, V. H., BENARD, A., VAN 
LANDEGHEN, M., BUCKNER, J. H. & ZIEGLER, S. F. (2003) Induction of 
FoxP3 and acquisition of T regulatory activity by stimulated human 
CD4+CD25- T cells. J Clin Invest, 112, 1437-43. 

WALKER, V. & TAYLOR, W. H. (1979) Cigarette smoking, chronic peptic 
ulceration, and pepsin 1 secretion. Gut, 20, 971-6. 

WALSH, J. H. & PETERSON, W. L. (1995) The treatment of Helicobacter pylori 
infection in the management of peptic ulcer disease. N Engl J Med, 333, 984-
91. 

WANG, S. K., ZHU, H. F., HE, B. S., ZHANG, Z. Y., CHEN, Z. T., WANG, Z. Z. & 
WU, G. L. (2007) CagA+ H pylori infection is associated with polarization of 
T helper cell immune responses in gastric carcinogenesis. World J 
Gastroenterol, 13, 2923-31. 



 

195

 
WANG, Y. & TAYLOR, D. E. (1990) Chloramphenicol resistance in Campylobacter 

coli: nucleotide sequence, expression, and cloning vector construction. Gene, 
94, 23-8. 

WEAVER, C. T., HATTON, R. D., MANGAN, P. R. & HARRINGTON, L. E. 
(2007) IL-17 family cytokines and the expanding diversity of effector T cell 
lineages. Annu Rev Immunol, 25, 821-52. 

WEBB, P. M., YU, M. C., FORMAN, D., HENDERSON, B. E., NEWELL, D. G., 
YUAN, J. M., GAO, Y. T. & ROSS, R. K. (1996) An apparent lack of 
association between Helicobacter pylori infection and risk of gastric cancer in 
China. Int J Cancer, 67, 603-7. 

WHITE, W. B., COLEMAN, J. P. & HYLEMON, P. B. (1988) Molecular cloning of 
a gene encoding a 45,000-dalton polypeptide associated with bile acid 7-
dehydroxylation in Eubacterium sp. strain VPI 12708. J Bacteriol, 170, 611-6. 

WHITFIELD, J. (2003) The ulcer bug: Gut reaction. Nature, 423, 583-584. 
WICK, M. J. (2002) The role of dendritic cells during Salmonella infection. Curr 

Opin Immunol, 14, 437-43. 
WIGHT, N. J., GOTTESDIENER, K., GARLICK, N. M., ATHERTON, C. T., 

NOVAK, S., GERTZ, B. J., CALDER, N. A., COTE, J., WONG, P., 
DALLOB, A. & HAWKEY, C. J. (2001) Rofecoxib, a COX-2 inhibitor, does 
not inhibit human gastric mucosal prostaglandin production. 
Gastroenterology, 120, 867-73. 

WILDIN, R. S., RAMSDELL, F., PEAKE, J., FARAVELLI, F., CASANOVA, J. L., 
BUIST, N., LEVY-LAHAD, E., MAZZELLA, M., GOULET, O., PERRONI, 
L., BRICARELLI, F. D., BYRNE, G., MCEUEN, M., PROLL, S., 
APPLEBY, M. & BRUNKOW, M. E. (2001) X-linked neonatal diabetes 
mellitus, enteropathy and endocrinopathy syndrome is the human equivalent 
of mouse scurfy. Nat Genet, 27, 18-20. 

WOLFF, B., BURNS, A. R., MIDDLETON, J. & ROT, A. (1998) Endothelial Cell 
"Memory" of Inflammatory Stimulation: Human Venular Endothelial Cells 
Store Interleukin 8 in Weibel-Palade Bodies. J. Exp. Med., 188, 1757-1762. 

WU, D. C., WU, I. C., LEE, J. M., HSU, H. K., KAO, E. L., CHOU, S. H. & WU, M. 
T. (2005) Helicobacter pylori infection: a protective factor for esophageal 
squamous cell carcinoma in a Taiwanese population. Am J Gastroenterol, 100, 
588-93. 

XIANG, Z., CENSINI, S., BAYELI, P. F., TELFORD, J. L., FIGURA, N., 
RAPPUOLI, R. & COVACCI, A. (1995) Analysis of expression of CagA and 
VacA virulence factors in 43 strains of Helicobacter pylori reveals that clinical 
isolates can be divided into two major types and that CagA is not necessary for 
expression of the vacuolating cytotoxin. Infect Immun, 63, 94-98. 

YAMAMOTO, T., KITA, M., OHNO, T., IWAKURA, Y., SEKIKAWA, K. & 
IMANISHI, J. (2004) Role of tumor necrosis factor-alpha and interferon-
gamma in Helicobacter pylori infection. Microbiol Immunol, 48, 647-54. 

YAMAOKA, Y., KIKUCHI, S., EL-ZIMAITY, H. M., GUTIERREZ, O., OSATO, 
M. S. & GRAHAM, D. Y. (2002a) Importance of Helicobacter pylori oipA in 
clinical presentation, gastric inflammation, and mucosal interleukin 8 
production. Gastroenterology, 123, 414-24. 

YAMAOKA, Y., KITA, M., KODAMA, T., IMAMURA, S., OHNO, T., SAWAI, N., 
ISHIMARU, A., IMANISHI, J. & GRAHAM, D. Y. (2002b) Helicobacter 
pylori infection in mice: Role of outer membrane proteins in colonization and 
inflammation. Gastroenterology, 123, 1992-2004. 



 

196

 
YAMAOKA, Y., KITA, M., KODAMA, T., SAWAI, N., KASHIMA, K. & 

IMANISHI, J. (1995) Expression of cytokine mRNA in gastric mucosa with 
Helicobacter pylori infection. Scand J Gastroenterol, 30, 1153-9. 

YAMAOKA, Y., KITA, M., KODAMA, T., SAWAI, N., KASHIMA, K. & 
IMANISHI, J. (1997) Induction of various cytokines and development of 
severe mucosal inflammation by cagA gene positive Helicobacter pylori 
strains. Gut, 41, 442-51. 

YAMAOKA, Y., KWON, D. H. & GRAHAM, D. Y. (2000) A M(r) 34,000 
proinflammatory outer membrane protein (oipA) of Helicobacter pylori. Proc 
Natl Acad Sci U S A, 97, 7533-8. 

YAMAOKA, Y., OJO, O., FUJIMOTO, S., ODENBREIT, S., HAAS, R., 
GUTIERREZ, O., EL-ZIMAITY, H. M., REDDY, R., ARNQVIST, A. & 
GRAHAM, D. Y. (2006) Helicobacter pylori outer membrane proteins and 
gastroduodenal disease. Gut, 55, 775-81. 

YAN, X. M., GUO, J., PICHURIN, P., TANAKA, K., JAUME, J. C., RAPOPORT, 
B. & MCLACHLAN, S. M. (2000) Cytokines, IgG subclasses and 
costimulation in a mouse model of thyroid autoimmunity induced by injection 
of fibroblasts co-expressing MHC class II and thyroid autoantigens. Clinical & 
Experimental Immunology, 122, 170-179. 

YANG, J., CHEN, C. D., WU, M. Y., CHAO, K. H., YANG, Y. S. & HO, H. N. 
(2000) Hormone replacement therapy reverses the decrease in natural killer 
cytotoxicity but does not reverse the decreases in the T-cell subpopulation or 
interferon-gamma production in postmenopausal women. Fertil Steril, 74, 
261-267. 

YAVARI, P., HISLOP, T. G., BAJDIK, C., SADJADI, A., NOURAIE, M., BABAI, 
M. & MALEKZADEH, R. (2006) Comparison of cancer incidence in Iran and 
Iranian immigrants to British Columbia, Canada. Asian Pac J Cancer Prev, 7, 
86-90. 

YE, D., WILLHITE, D. C. & BLANKE, S. R. (1999) Identification of the minimal 
intracellular vacuolating domain of the Helicobacter pylori vacuolating toxin. 
J Biol Chem, 274, 9277-82. 

YRLID, U. & WICK, M. J. (2002) Antigen presentation capacity and cytokine 
production by murine splenic dendritic cell subsets upon Salmonella 
encounter. J Immunol, 169, 108-16. 

ZAMBON, C. F., BASSO, D., NAVAGLIA, F., BELLUCO, C., FALDA, A., 
FOGAR, P., GRECO, E., GALLO, N., RUGGE, M., DI MARIO, F. & 
PLEBANI, M. (2005) Pro- and anti-inflammatory cytokines gene 
polymorphisms and Helicobacter pylori infection: interactions influence 
outcome. Cytokine, 29, 141-52. 

ZAVROS, Y., RATHINAVELU, S., KAO, J. Y., TODISCO, A., DEL VALLE, J., 
WEINSTOCK, J. V., LOW, M. J. & MERCHANT, J. L. (2003) Treatment of 
Helicobacter gastritis with IL-4 requires somatostatin. Proc Natl Acad Sci U S 
A, 100, 12944-9. 

ZENCLUSSEN, A. C. (2005) CD4(+)CD25+ T regulatory cells in murine pregnancy. 
J Reprod Immunol, 65, 101-10. 

ZENCLUSSEN, A. C. (2006) Regulatory T cells in pregnancy. Springer Semin 
Immunopathol, 28, 31-9. 

ZHANG, X., IZIKSON, L., LIU, L. & WEINER, H. L. (2001) Activation of 
CD25(+)CD4(+) regulatory T cells by oral antigen administration. J Immunol, 
167, 4245-53. 



 

197

 
ZHANG, Y., ARGENT, R. H., LETLEY, D. P., THOMAS, R. J. & ATHERTON, J. 

C. (2005) Tyrosine phosphorylation of CagA from Chinese Helicobacter 
pylori isolates in AGS gastric epithelial cells. J Clin Microbiol, 43, 786-790.                                 



 

198

            

8.  Appendix

 











































































The Saudi Journal of
Gastroenterology

125
Volume 15, Number 2
Rabi' Al-Thani 1430 H 

April 2009

1Institute of Infection,
Immunity and Infl ammation, 
Centre for Biomolecular 
Sciences, University of 
Nottingham, Nottingham, and 
Wolfson Digestive Diseases 
Centre, Queen's Medical Centre, 
University of Nottingham, 
Nottingham, UK, 2Azadi 
Teaching Hospital, College of 
Medicine University of Dohuk, 
Kurdistan, Iraq

Address for correspondence:Address for correspondence: 
Dr. Nawfal R. Hussein,
Institute of Infection, Immunity 
and Infl ammation, CBS, 
University of Nottingham, NG7 
2RD, UK.
E-mail: nawfal.hussein@
nottingham.ac.uk

DOI: DOI: 10.4103/1319-3767.48971

OriginalOriginal  ArticleArticle

A Study of Helicobacter Pylori-associated Gastritis Patterns in 
Iraq and Their Association with Strain Virulence

Nawfal R. Hussein1,2, Sarbar M. Napaki2, John C. Atherton1

ABSTRACT 

Background/Aim: Helicobacter pylori (H. pylori) infection causes peptic ulceration and gastric adenocarcinoma. 
In Iraq, gastric cancer is rare. We investigated whether infected adults had the antral-predominant pattern 
of H. pylori-associated gastritis, which does not predispose to cancer. Materials and Methods: We evaluated 
histopathological changes by the Sydney scoring system in gastric biopsies taken from 30 H. pylori-infected 
adults and studied the correlation of these changes with the virulence factors. The Mann–Whitney test was 
used for the comparison of histopathological data. The presence or absence of each pathological index was 
evaluated with respect to the possession of virulence factors by the infecting H. pylori strain using the χ2 
test. Results: Gastric lymphocyte infi ltration was more prominent in the antrum (P = 0.01). Neutrophil 
infi ltration was mild and gastric mucosal atrophy was rare. No relationship was found between virulence 
factors and histopathological changes. Conclusions: The mild pathology and antral-predominant gastritis 
help explain the low cancer rate in Iraq.
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Helicobacter pylori infection causes peptic ulceration 
and gastric adenocarcinoma. In Iraq, despite the early 
acquisition of H. pylori infection,[1] gastric cancer is unusually 
rare.[2] Despite the geographical proximity of Iraq, Turkey 
and Iran, the incidence of gastric cancer differs hugely 
among these countries, being ≤ 5/105, 8.9�14.1/105 and 
38�69/105, respectively.[2] Virulence factors of Iraqi H. pylori 
strains appear more closely related to Western countries and 
unlikely to explain the low cancer rate completely.[3] Nothing 
is known about the distribution of H. pylori-associated 
inflammation in Iraqi patients or its severity. Thus, we now 
aim to assess the degree and distribution of inflammation in 
the stomachs of Iraqi people and the relationship between 
H. pylori virulence factors (vacA, cagA and dupA) and 
histopathological changes.

MATERIALS AND METHODS

The study protocol was approved by the ethical committee 
of the University teaching hospital where biopsies were 
collected. Samples for histopathology were obtained 
from 30 adult subjects with dyspepsia and without peptic 
ulceration. Two biopsies from the antrum and two from 

the corpus were taken and fixed in 10 mL buffered 10% 
formalin for histopathological examinations. The histological 
findings from the sections were scored according to the 
updated Sydney system of classification and grading of 
gastritis.[4] These slides were graded for the following 
features: H. pylori density, neutrophilic activity, lymphocytic 
infiltration and glandular atrophy. A visual analogue scale 
was used to assess the severity of the inflammatory changes 
and grading was performed as follows: l, mild; 2, moderate; 
3, severe. All biopsies had Alcian blue (pH 2.5) to confirm 
the presence of metaplasia. Because our main aim was to 
determine the pattern of gastritis, we did not use any special 
stain to demonstrate H. pylori and we did not include H. 
pylori density in any further analysis.

Polymerase chain reaction-based genotyping of H. pylori 
isolates was performed on DNA extracted from bacteria or 
directly from biopsies.[3]

The Mann�Whitney test was used for the comparison 
of histopathological data. The presence or absence of 
each pathological index was evaluated with respect to the 
possession of virulence factors by the infecting H. pylori 
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strain using the χ2 test.

RESULTS

Pathological changes were observed in biopsies from 29/30 
patients. The biopsies from 1/30 were histologically normal 
despite H. pylori being cultured. Among the 29 patients with 
inflammation in gastric biopsies, lymphocyte infiltration was 
more prominent in the antrum (Mann�Whitney U test, P 
= 0.01). There was no significant difference in neutrophil 
infiltration or mucosal atrophy between the antrum and 
the corpus. However, neutrophil infiltration was mild and 
was virtually absent (score 0) in 41% of the antral biopsies 
and 59% of the corpus biopsies. Furthermore, histological 

evidence of mucosal atrophy was seen in only 1/30 antral 
biopsies (patient age = 40 years) and 1/30 corpus biopsies 
(patient age = 64 years). In both the cases, it was mild. 
Intestinal metaplasia was found in 2/30 (6.8%) and 3/30 
(10%) biopsies taken from the antrum and the body, 
respectively [Table 1].

The virulence factors of Iraqi H. pylori strains and 
their relationship with clinical outcome were studied 
previously.[3] In this study, we aimed to explore the 
relationship between individual virulence determinants and 
gastric histopathological changes in the gastric antrum and 
corpus. 66.6% (20/30) and 30% (9/30) of Iraqi strains typed 
positive for cagA and dupA, respectively. The distribution 
of vacA allelic types among H. pylori strains is shown in 
Table 2. For the vacA s, i and m regions individually, 28/30 
(93.3%) isolates were the type s1, 8/30 (26.6%) isolates were 
the type i1 and 15/30 (23.3%) isolates were the type m1. To 
test whether the presence of specific genotype correlated 
with histopathological changes in the antrum and the corpus, 
our data were restratified according to the histological 
changes. No significant associations were found between 
vacA, cagA and dupA and histopathological scoring.

DISCUSSION

H. pylori is a risk factor for gastric cancer and gastric 
lymphoma.[5] Around the world, despite the high frequency 
of H. pylori infection, the incidence of gastric cancer is 
discordant.[5] The annual incidence rate of gastric cancer is 

very high in Japan and China, but H. pylori seropositivity 
is low.[5] In contrast, in India, seropositivity of H. pylori 
is very high but the annual incidence of gastric cancer is 
low.[5] One possible explanation is the difference in the 
gastritis pattern as pangastritis and corpus-predominant 
gastritis are associated with an increased risk of gastric 
mucosal atrophy and increased risk of cancer.[6,7] In two 
studies conducted in Japan and Iran, where there is a high 
gastric cancer rate, it was shown that H. pylori infection was 
strongly associated with chronic gastritis and that histological 
corpus gastritis was found with a high frequency.[8,9] On the 
other hand, in India and UAE, where the gastric cancer rate 
is low, the distribution pattern of gastritis was found to be 
antral-predominant.[10,11] Potentially, the low cancer rate in 
Iraq could be explained by antral-predominant gastritis being 
the common pattern and/or by inflammation being mild. In 
a study conducted in Iran, a neighbouring country to Iraq 
where the gastric cancer rate is very high,[2] it was found that 
mononuclear cell infiltration was similar throughout the 
stomach. On an average, patients had pangastritis.[9] In Iraq, 
we have shown that there is antral-predominant mononuclear 
cell infiltration. These findings are in agreement with the 
results from Kenya, an African country with a very low gastric 
cancer rate, where there is antral-predominant gastritis with 
significant discordance in the severity of graded variables 
between antral and corpus biopsies.[12] Furthermore, in Iran, 
histological evidence of mucosal atrophy was seen in 39% 
and 22% of the antral and corpus samples, respectively.[13] In 
another study conducted in Turkey, it was found that 43% 
of the H. pylori-infected subjects had atrophic gastritis.[14] 
In our study, glandular atrophy was found in only one (3%) 
specimen taken from the antrum and one from the corpus. 
Thus, despite the early acquisition of H. pylori,[1] the presence 
of atrophy appears rare in Iraq. We speculate that this antral-
predominant gastritis and low glandular atrophy rate in Iraq 
might contribute to the low cancer rate.

Studies from North America revealed that infection with 

Hussein, et al. 

Table 1: H. pylori-associated gastritis in biopsies taken from the gastric antrum and corpus
Variables                            Antrum                                           Corpus   P-value
 Score 0 Score 1 Score 2 Score 3 Score 0 Score 1 Score 2 Score 3 
Lymphocyte infi ltration (n) 0 10 14 5 0 20 7 2 0.016*
Neutrophil infi ltration (n) 12 15 2 0 17 11 1 0 0.19
Intestinal metaplasia (n) 27 1 1 0 26 3 0 0 0.68
Atrophy (n) 28 1 0 0 28 1 0 0 1

*Signifi cant P-value measured by the Mann–Whitney U test.

Table 2: Distribution of the vacA allelic types in Iraqi 
strains
 s1/i1/m1  s1/i1/m2 s1/i2/m1 s1/i2/m2 s2/i2/m2
n (%) 7/30  1/30 8/30 12/30 2/30
 (23.3)  (3)  (26.6)  (40)  (6)
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cagA-positive H. pylori strains increases the risk of atrophic 
gastritis and gastric cancer.[15] However, this was not confirmed 
in several studies in Asian populations.[16] European studies 
showed a strong significance of the vacA m1 genotype with 
respect to epithelial damage, neutrophilic and lymphocytic 
infiltrates, atrophic gastritis and intestinal metaplasia. In 
addition, it was shown that severe damage to the gastric 
epithelium is associated with vacA s1/m1 mosaicism.[17] In 
India, it was shown that the s1a/m1 and s1a/m2 H. pylori vacA 
genotypes are significantly associated with severe chronic 
gastritis and gastric epithelial cell apoptosis than s2/m2.[18] 
In this paper, we aimed to study the correlation between 
individual virulence markers and histopathological changes 
in Iraq. In contrast to other studies,[17-19] no correlation 
between virulence factors and histopathological changes 
could be observed. In a study conducted in India, risk factors 
for gastric diseases were assessed in two populations with 
different incidences of gastric disease. It was shown that 
diet was the primary factor relating to the differences in the 
prevalence of duodenal ulcer. In Iraq, virulence factors of 
H. pylori were studied but these could not explain the low 
cancer rate. Probably studying other risk factors such as diet 
and smoking may help explain the mild pathology.

Our study has limitations, in particular that the sample size 
is small. However, because of the low rate of atrophy, it is 
unlikely to be misleading. Why gastric mucosal atrophy is 
uncommon in Iraq needs further study. However, our results 
raise the possibility that it may, in part, be due to the antral-
predominant infiltration pattern seen in H. pylori-infected 
Iraqi population. 
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