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1. Introduction  

Helicobacter pylori, a pathogen infecting the gastric antrum of half of the adult population 

worldwide, is thought to be the major cause of acute and chronic gastroduodenal 

pathologies, including gastric and duodenal ulcer, gastric cancer and gastric B-cell 

lymphoma of mucosa-associated lymphoid tissue (MALT) (Marshall et al., 1994; Parsonnet 

et al., 1991; Wotherspoon et al., 1991). Despite a vigorous humoral response against H. pylori 

antigens, most of infected subjects fails to eliminate the pathogen spontaneously. As in other 

infectious diseases, besides the virulence of the pathogen, both the natural and the specific 

immune responses of the host are crucial for determining the outcome of the infection. The 

immune system has evolved different defence mechanisms against pathogens. The first 

defensive line is provided by 'natural' immunity, including phagocytes, T cell receptor 

(TCR) + T cells, natural killer (NK) cells, mast cells, neutrophils and eosinophils, as well as 

complement components and pro-inflammatory cytokines, such as interferons (IFNs), 

interleukin (IL)-1, IL-6, IL-12, IL-18 and tumor necrosis factor (TNF)-. The more specialized 

TCR + T lymphocytes provide the second defence wall. These cells account for the 

specific immunity, which results in specialized types of immune responses which allow 

vertebrates to recognize and clear (or at least control) infectious agents in different body 

compartments. Viruses growing within infected cells, are faced through the killing of their 

host cells by CD8+ cytotoxic T lymphocytes (CTL). Most of microbial components are 

endocytosed by antigen-presenting cells (APC), processed and presented preferentially to 

CD4+ T helper (Th) cells. Th cells co-operate with B cells for the production of antibodies 

which opsonize extracellular microbes and neutralize their exotoxins. This branch of the 

specific Th cell-mediated immune response is known as humoral immunity. Other 

microbes, however, survive within macrophages in spite of the unfavorable 

microenvironment and antigen-activated CD4+ Th cells are required to activate 

macrophages, whose reactive metabolites and TNF- finally lead to the destruction of the 

pathogens. This branch of the specific Th cell-mediated response is known as cell-mediated 

immunity (CMI). 

Most of successful immune responses involve both humoral and cell-mediated immunity. 

CD4+ Th cells can develop different polarized patterns of cytokine production, such as type-

1 or Th1, type-2 or Th2, type-17 or Th17 (Mosmann et al., 1986; Del Prete et al., 1991; Korn et 

al., 2009). 
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Th1 cells produce IFN-, IL-2 and TNF-, elicit macrophage activation and delayed-type 
hypersensitivity (DTH) reactions, whereas Th2 cells produce IL-4, IL-5, IL-10 and IL-13, 
which act as growth/differentiation factors for B cells, eosinophils and mast cells and inhibit 
several macrophage functions (Del Prete, 1998). A new subset of Th cells, named Th17 cells, 

producing IL-17 alone or in combination with IFN-, has been identified recently (Weaver et 
al., 2006). Th17 cells play a critical role in protection against microbial challenges, 
particularly extracellular bacteria and fungi (Bettelli et al., 2007).  
However, most of T cells do not express a polarized cytokine profile; such T cells (coded as 

Th0) represent a heterogenous population of partially differentiated effector cells consisting 

of multiple subsets which secrete different combinations of both Th1 and Th2 cytokines. The 

cytokine response at effector level can remain mixed or further differentiate into the Th1 or 

the Th2 pathway under the influence of polarizing signals from the microenvironment. 

Human Th1 and Th2 cells e.g. also differ for their responsiveness to cytokines. Both Th1 and 

Th2 cells proliferate in response to IL-2, but Th2 are more responsive to IL-4 than Th1; on 

the other hand IFN- tend to inhibit the proliferative response of Th2 cells (Del Prete et al., 

1993). Th1 and Th2 cells substantially differ for their cytolytic potential and mode of help for 

B-cell antibody synthesis. Th2 clones, usually devoid of cytolytic activity, induce IgM, IgG, 

IgA, and IgE synthesis by autologous B cells in the presence of the specific antigen, with a 

response which is proportional to the number of Th2 cells added to B cells. In contrast, Th1 

clones, most of which are cytolytic, provide B-cell help for IgM, IgG, IgA (but not IgE) 

synthesis at low T-cell/B-cell ratios. At high T-cell/B-cell ratios there is a decline in B-cell 

help related to the Th1-mediated lytic activity against antigen-presenting autologous B-cells 

(Del Prete et al., 1991b). Th1 and Th2 cells exhibit different ability to activate cells of the 

monocyte-macrophage lineage. Th1, but not Th2, help monocytes to express tissue factor 

(TF) production and procoagulant activity (PCA). In this type of Th cell-monocyte 

cooperation, both cell-to-cell contact and Th1 cytokines (namely IFN-), are required for 

optimal TF synthesis and PCA, whereas Th2-derived IL-4, IL-10 and IL-13 are strongly 

inhibitory (Del Prete et al., 1995a). 
The factors responsible for the Th cell polarization into a predominant Th profile have 
extensively been investigated. Current evidence suggests that Th1, Th2 and Th17 cells 
develop from the same Th-cell precursor under the influence of mechanisms associated 
with antigen presentation (Kamogawa et al., 1993; Korn et al. 2009). Both environmental 
and genetic factors influence the Th1 or Th2 differentiation mainly by determining the 
'leader cytokine' in the microenvironment of the responding Th-cell. IL-4 is the most 
powerful stimulus for Th2 differentiation, whereas IL-12, IL-18 and IFNs favor Th1 
development (D’Elios et al., 1999). A role has been demonstrated for the site of antigen 
presentation, the physical form of the immunogen, the type of adjuvant, and the dose of 
antigen (Constant et al., 1997). Several microbial products (particularly from intracellular 

bacteria) induce Th1-dominated responses because they stimulate IL-12 production. IFN- 

and IFN- favor the Th1 development by enhancing IL-12 secretion by macrophages and 
maintaining the expression of functional IL-12 receptors on Th cells (Szabo et al., 1995). IL-

18 sustains the expression of IL-12R, indicating that IL-12 and IL-18 synergize in 
inducing and maintaining Th1 development (Xu et al., 1998). On the other hand, IL-11 and 
PGE2 would promote Th2 cell polarization (D’Elios et al., 1999). Other microbial products 
and stimuli induce a preferential activation of Th17 responses (Codolo et al., 2008a; Korn 
et al., 2009).  
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2. Immune responses in H. pylori infection  

2.1 Innate reponses in H. pylori infection 

Most of H. pylori-infected patients are unable to clear the pathogen, leading to postulate that 

H. pylori might somehow hamper the host immune response. It has been shown that H. 

pylori may interfere with protective immunity by acting on professional APC through the 

release of its vacuolating cytotoxin (VacA), which impairs antigen processing and the 

subsequent priming of efficient immune response (Molinari et al., 1998). The failure of 

clearing H. pylori from the gastric environment almost invariably leads to chronic antral 

gastritis. Colonization of the stomach by H. pylori is consistently accompanied by 

inflammation of the gastric mucosa, which varies according to the host immune reaction 

against the pathogen. Once in the stomach, H. pylori first activates the natural immunity 

cellular compartment, represented by macrophages and neutrophils. IL-8 expression by 

gastric epithelium following contact with H. pylori plays a major role in the initial host 

response to the bacterium, since this chemokine acts as a strong chemotactic and activating 

factor for neutrophils, which in turn contribute to initiate and expand the inflammatory 

cascade (Crabtree et al., 1993). Furthermore, certain H. pylori components, such as HP-NAP, 

the lipopolysaccharide, VacA or the cytotoxin-associated protein CagA, as well as the urease 

or the heat shock proteins (HSP) are allowed to cross the damaged layer of gastric cells and 

to come in contact with macrophages. Activation of macrophages, mainly exerted by HP-

NAP, results in the release of several cytokines, including IL-12, IL-1, IL-6, TNF-, IFN- 

and chemokines, such as IL-8. Moreover, also neutrophils are able to produce IL-12 and IL-

23 in response to HP-NAP (Amedei et al, 2006). This is an important step of the natural 

history of H. pylori infection, because the local cytokine "milieu", particularly the IL-12 and 

IL-23 produced by cells of the natural immunity is crucial in driving the subsequent specific 

T-cell response into a more or less polarized Th1 pattern. Furthermore H. pylori may results 

in activation not only of TLR receptor (e.g. by HP-NAP) but also of the cytoplasmic 

nucleotide-binding oligomerization domain (NOD)1, member of the NOD-like receptors 

(NLR) family. In particular, H. pylori peptidoglycan, acting in concert with the bacterial type 

IV ‘‘syringe’’, encoded by the cag PAI, following the engagement of NOD1 in gastric 

epithelial cells, leads to the generation of protective Th1 responses (Kaparakis et al., 2007; 

Pritz et al., 2007; Watanabe et al., 2010). 

2.2 Th response in H. pylori infection 

The The pattern of cytokines produced by the immunological active cells recruited in the 

antral mucosa of H. pylori -infected patients with peptic ulcer were analyzed by RT-PCR. 

Antral biopsies from patients with ulcer showed IL-12, IFN-, and TNF- but not IL-4, 

mRNA expression, whereas virtually no mRNA encoding for cytokines was found in the 

mucosa of H. pylori -negative controls (D’Elios et al., 1997b). In the same biopsies, 

immunohistochemistry showed remarkable in vivo activation of IFN-, but not IL-4, 

producing T cells (D’Elios et al., 1997c).  

Several studies have examined the antigen specificity and the cytokines produced by the H. 

pylori-specific Th cells derived from the antral mucosa of H. pylori -infected patients. Gastric 

biopsies were pre-cultured in IL-2-conditioned medium in order to preferentially expand T 

cells activated in vivo, and T-cell blasts were cloned according to a high efficiency technique 

allowing the growth of virtually every single T cell (D’Elios et al., 1997).  
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In H. pylori infected patients the proportion of H. pylori -reactive gastric T-cells in each 
patient was variable, ranging from 2 to 33% of CD4+ clones. The majority of gastric-derived 
T cells were specific for CagA or for HP-NAP, whereas a minority were specific for VacA, 
for urease, or for HSP (D’Elios et al., 1997b; Amedei et al., 2006). Among the H. pylori -
reactive clones from low grade gastric B-cell lymphoma (MALToma), 25% were specific for 
urease, 4% for VacA, and 71% proliferated only to H. pylori lysate (D’Elios et al., 1999). These 
data suggest that in MALToma urease is an important target of the gastric T-cell response 
and that some other still undefined antigens of H. pylori may be relevant in driving Th and 
B-cell activation and proliferation.  
In peptic ulcer patients, in vitro stimulation with the appropriate H. pylori antigens induced 

the great majority of H. pylori-reactive Th clones to produce IFN- but not IL-4 (expressing 
thus a polarized Th1 profile). Under the same experimental conditions, most of H. pylori-
specific T-cell clones derived from uncomplicated chronic gastritis showed a Th0 

phenotype, producing IL-4 and/or IL-5 together with IFN- whereas only one third of H. 
pylori-specific gastric T cells was polarized towards the Th1 effectors (D’Elios et al., 1997d). 
Also in MALToma patients most of H. pylori-specific T cell clones derived from the gastric 
mucosa were able to produce both Th1 and Th2 cytokines (D’Elios et al., 1999).  
Detailed analysis of the antigen-induced B-cell help exerted in vitro by H. pylori-reactive 

gastric T-cell clones provided new information on the mechanisms possibly associated with 

the onset of low-grade B-cell lymphoma of the gastric MALT, rare complication of chronic 

H. pylori infection. Functional analysis of H. pylori-specific Th clones derived from the gastric 

antrum of infected patients showed that in vitro stimulation with the appropriate H. pylori 

antigen resulted in the expression of their helper function for B-cell proliferation and Ig 

production (D’Elios et al., 1997b). This can provide convincing explanation for the intense B-

cell activation in the lymphoid tissue associated with, or newly generated in, the antral 

mucosa during chronic H. pylori infection. Such a sustained H. pylori -induced T cell-

dependent B-cell activation is responsible for the high levels of specific antibodies found in 

the serum of H. pylori -infected patients (Rathbone et al., 1986; Crabtree et al., 1995). In 

chronic gastritis patients either with or without ulcer, the helper function to B cells exerted 

by H. pylori antigen-stimulated gastric T-cell clones was negatively regulated by the 

concomitant cytolytic killing of B cells (D’Elios et al., 1997b). In contrast, gastric T-cell clones 

from MALToma patients were surprisingly unable to down-modulate their antigen-induced 

help for B cell proliferation (D’Elios et al., 1999). Indeed, none of the gastric H. pylori-specific 

T-cell clones from MALToma was able to express perforin-mediated cytotoxicity against 

autologous B cells. Moreover, most Th clones from uncomplicated chronic gastritis induced 

Fas-Fas ligand-mediated apoptosis in target cells, whereas only a minority of H. pylori -

specific gastric clones from MALToma patients were able to induce apoptosis in target cells, 

including autologous B cells (D’Elios et al., 1999).  

There are a number of postulated mechanisms whereby H. pylori can induce mucosal injury, 

and some are certainly related to many of the H. pylori pathogenic products described 

(Telford et al., 1994; Tomb et al., 1997). Indeed in many infectious (and non-infectious) 

diseases, the type of immune response elicited is important for protection, but, under certain 

circumstances, it may also contribute to the pathogenesis of disease. A number of studies 

from different research groups seem to agree on that Th1 polarization of immune response 

to H. pylori is associated with more severe disease (D’Elios et al., 1997b; Hauer et al., 1997; 

Bamford et al., 1998; Sommer et al., 1998). Preferential activation of Th1 cells and the 
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subsequent production of their cytokines, namely IFN-and TNF-, in the absence of Th2 

cytokines can potentiate gastrin secretion and pepsinogen release, as observed in vitro in 

animal models (Weigert et al., 1996). Data from our laboratory indicate that also in humans 

TNF- and IFN- are able to dose-dependently stimulate pepsinogen release from isolated 

gastric chief cells. In this model, simultaneous addition of IL-4 was not synergic, rather 

inhibitory, on the IFN--induced pepsinogen release by chief cells, whereas it had no effect 

on the pepsinogen release induced by TNF-(D’Elios et al., 1998). Moreover Th1 cells are 

able to induce both tissue factor production by monocytes (Del Prete et al., 1995a) and the 

activation of coagulation cascade, followed by microvascular thrombosis and consequent 

alteration of epithelial cell integrity. A number of studies suggest that chronic inflammation 

(e.g. triggered by infectious agents like H. pylori) may be important in the pathogenesis of 

atherothrombosis (Elizalde et al., 1997; Danesh et al., 1997). Indirect support to the 

hypothesis that the Th1-type of gastric immune response against H. pylori contributes to the 

pathogenesis of peptic ulcer comes from the observation that in kidney graft recipients 

(undergoing strong immunosuppression) peptic ulcer and active inflammatory lesions were 

virtually absent, in spite of a higher prevalence of H. pylori colonization (Hruby et al., 1997). 

The results obtained so far clearly demonstrated that gastric T-cell response to H. pylori 

antigens characterized by a mixed Th1-Th2 cytokine profile is apparently associated with 

low rate of ulcer complication. The concept that Th2 cytokines, particularly IL-4 and IL-10, 

are important in balancing and quenching some immunopathological effects of polarized 

Th1 responses is supported by other clinical and experimental observations. Holding in 

mind the concept of Th1/Th2 balance, one may reconsider what clinicians know from a long 

time, that, during pregnancy, patients suffering of peptic ulcer significantly reduce their 

dyspeptic symptoms and tend to undergo remission for the time of pregnancy (Cappell et 

al., 2003). This might be an indirect effect of the preferential Th2 "switch" occurring in 

pregnancy, which makes the mother able to "tolerate" her offspring by inhibiting Th1 

responses, which would otherwise promote "graft" (fetus) rejection.  

In favor of a role for the immune system in influencing gastric acid secretion and the onset 
of peptic ulcer disease is the interesting observation in rats that immune cells of gastric 
mucosa, but not epithelial cells, expressed in vivo detectable mRNA for gastrin, muscarine 
and histamine receptors. Such information supports the hypothesis that the primary target 
of antiulcer drugs may primarily be the immune cells in the gastric environment (Mezey et 
al., 1992). Many studies performed in mice demonstrated that T-cell dependent immune 
response are needed for protection against H. pylori whereas antibody response is not 
strictly required for protective immunity (Ermak et al., 1998). However if the T-cell response 
induced against H. pylori is not appropriate it may even result in a damage for the host, as 
demonstrated by several reports also in animal models. Transferring T cells derived from H. 
pylori infected patients into SCID mice has proven to be effective in inducing gastric ulcer in 
those mice, thus demonstrating that host immunity is involved in the development of peptic 

ulcers (Yokota et al., 1999). In H. felis -infected mice, neutralization of IFN- significantly 
reduced the severity of gastritis, strongly supporting the concept that preferential activation 
of a Th1-type response, far from being protective, rather contributes to the development and 
maintenance of gastric immunopathology. The magnitude of H. felis -induced inflammation 
in IL-4-deficient mice was higher than in their wild-type counterparts. Moreover, infection 
with H. felis induced minimal inflammation in BALB/c mice, whose genetic background is 
prone to high IL-4 production in response to different antigens. The results of these studies 
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provide further evidence that a polarized Th1 response is associated with gastric 
inflammation and disease whereas, when a mixed Th1/Th2 response is raised, it is able to 
reduce the unbalanced proinflammatory Th1 response (Mohamadi et al., 1996). If the 
hypothesis that some local IL-4 production may result in protection from ulcer is correct, the 
so-called “African enigma” (i.e. discrepancy between high rate of H. pylori infection and low 
prevalence of peptic ulcer)(Holcombe et al., 1992) may be explained, at least in part, on the 
basis of the acquired cytokine background of African people living in endemic areas of 
helminth infection, which is known to elicit strong and persistent Th2-dominated responses. 
Theoretically, a Th2-oriented host immunological background would be a misfortune for 
efficient defence against mycobacteria, but would provide at the same time an advantage for 
developing milder responses to a pathogen like H. pylori, so widespread even in infancy. 
Thus, peptic ulcer may be regarded as the immunopathological outcome of a chronic 
inflammatory process induced by some H. pylori strains in subjects genetically and/or 
environmentally biased to develop strong Th1-polarized responses. 
Although related to H. pylori infection, low-grade gastric MALT lymphoma is a very rare 

complication and represents a model to study the interplay between chronic infection, 

immune response and lymphomagenesis. This type of lymphoma represents the first 

described neoplasia susceptible to regression following antibiotic therapy resulting in H. 

pylori eradication (Wotherspoon et al., 1993). A prerequisite for lymphomagenesis is the 

development of secondary inflammatory MALT induced by chronic H. pylori challenge 

(Isaacson, 1994). The tumor cells of low-grade gastric MALT lymphoma are memory B cells 

still responsive to differentiation signals, such as CD40 costimulation and cytokines 

produced by antigen-stimulated T helper cells, and dependent for their growth on the 

stimulation by H. pylori -specific T cells (Hussel et al., 1996; Greiner et al., 1997). In early 

phases, this tumor is sensitive to withdrawal of H. pylori -induced T-cell help, providing an 

explanation for both the tumor tendency to remain localized to the primary site and its 

regression after H. pylori eradication with antibiotics (Wotherspoon et al., 1993; Bayerdoffer 

et al., 1995). The growth of neoplastic B cells may depend on evasion from T cell-mediated 

cytotoxicity. In this regard, gastric T cells from MALT lymphoma showed both defective 

perforin-mediated cytotoxicity and poor ability to induce Fas-Fas ligand-mediated 

apoptosis, thus providing a possible explanation for their enhanced helper activity on B-cell 

proliferation. Both defects were restricted to MALT lymphoma-infiltrating T cells, since 

specific T helper cells from peripheral blood of the same patients expressed the same degree 

of either cytolytic potential or pro-apoptotic activity as T cells from chronic gastritis patients 

(D’Elios et al., 1999). The reason why gastric T cells of MALT lymphoma, while delivering 

full help to B cells, are apparently deficient in mechanisms involved in the concomitant 

control of B-cell growth, remains unclear. It has been shown that VacA toxin inhibits antigen 

processing in APC, but not the exocytosis of perforin-containing granules of NK cells 

(Molinari et al., 1998). It is possible that, in some H. pylori -infected individuals, other 

bacterial components affect the development or the expression in gastric T cells of 

regulatory cytotoxic mechanisms on B-cell proliferation, allowing exhaustive and 

inbalanced B-cell help and lymphomagenesis to occur. 

2.3 H. pylori, asthma and allergy 

The severity and incidence of asthma have increased drastically in the developed nations of 
the world over the last decades. Although the underlying reason is still unknown, clinical, 
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epidemiological and experimental evidence indicate that infectious diseases can influence 
the development of allergic disorders (Strachan et al., 1989; Roumier et al., 2008). 
Accordingly, an inverse correlation has been demonstrated between the onset of allergic 
disorders and the incidence of infections. This may be the result of an inhibition of allergic 
Th2 inflammation exerted by Th1 responses; the latter are elicited by infectious agents and 
are able to induce the production of IFN-g, IL-12, IL-18 and IL-23 (Herz et al, 2000). This 
view is supported by studies showing that development of asthma can be prevented in 
animals by administering live or killed bacteria or their components, which induce Th1 
responses (Wohlleben et al., 2006). We demonstrated that H. pylori inhibited Th2 responses 
in asthmatic patients (Amedei et al., 2006). Interestingly, on the basis of large 
epidemiological studies, a consistent negative association between H. pylori infection and the 
presence of allergic disorders, such as asthma and rhinitis, has recently been proposed 
(Chen et al., 2007). Although it is an undoubtedly interesting theory, no convincing 
molecular mechanism has been suggested to support it. 
Our studies carried out with H. pylori may help in the understanding of this complex issue. 

We have shown that the addition of the H. pylori protein HP-NAP to allergen-induced T-cell 

lines derived from allergic asthmatic patients led to a drastic increase in IFN--producing T 

cells and to a decrease in IL-4-secreting cells, thus resulting in a redirection of the immune 

response from a Th2 to a Th1 phenotype (Amedei et al., 2006). These results suggest that 

HP-NAP might be the key element responsible for the decrement of allergy frequency in H. 

pylori-infected patients. Several studies were devoted to the definition of new immune-

modulating factors able to inhibit Th2 responses and consequently, different compounds 

have been proposed for the treatment and prevention of asthma, including several TLR 

ligands mimicking the effects of microbial components, such as dsRNA, CpG-

oligodeoxynucleotides and imidazoquinolines (Hirota et al., 2002; Trujillo-Vargas et al., 

2005).  

We demonstrated that in allergic asthmatic patients, the typical Th2 responses can be 

redirected toward Th1 by HP-NAP and that the activity of HP-NAP required the 

engagement of TLR2 (Amedei et al., 2006; Codolo et al., 2008b). To address whether HP-

NAP, on the basis of its immune-modulating activity, could be beneficial for the prevention 

and treatment of bronchial asthma, it was administered via the intraperitoneal or the 

intranasal route using a mouse model of allergic asthma induced by inhaled ovalbumin 

(OVA). Groups of nine C57BL/6j, wild-type or tlr2-/- mice were treated with OVA alone, or 

with OVA plus HP-NAP administered intraperitoneally or mucosally. In both systemic and 

mucosal protocols, mice were treated with OVA according to a standardized procedure 

consisting of a first phase of sensitization with intraperitoneal OVA and a second phase of 

induction of the allergic response with aerosolized OVA on day 8, followed by repeated 

aerosol challenge with the allergen on days 15–18. Control animals were injected with 

phosphate-buffered saline (PBS) alone and then exposed to aerosolized PBS. In the systemic 

protocol, mice were treated with intraperitoneal HP-NAP on day 1, whereas in the mucosal 

protocol mice received intranasal HP-NAP on days 7 and 8 (Codolo et al., 2008b).  

After priming and repeated aerosol challenge with OVA, Th2 responses were induced in the 
mouse lung. Accordingly, following OVA treatment, eosinophils were recruited and 
activated in bronchial airways, and serum IgE levels increased. Both systemic and mucosal 
administration of HP-NAP strongly inhibited the development of airway eosinophilia and 
bronchial inflammation. Likewise, HP-NAP treatment strongly affected the cytokine release 
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in the lung, reducing the production of IL-4, IL-5 and GM-CSF. Systemic HP-NAP also 
significantly resulted in both the reduction of total serum IgE and an increase in IL-12 
plasma levels. However, no suppression of lung eosinophilia and bronchial Th2 cytokines 
was observed in tlr2-/- mice following HP-NAP treatment (Codolo et al., 2008b). This 
phenomenon can be explained by the inhibition of the allergic Th2 inflammation seen when 

Th1 responses are elicited by infectious agents able to induce the production of IFN-, IL-12 
and IL-23. HP-NAP, by acting on innate immune cells via TLR2 agonistic interaction, 
induces an IL-12- and IL-23-enriched milieu, and in such a way it represents a key factor 
able to induce a Th2-Th1 redirection. Furthermore, HP-NAP administration in vivo resulted 
in inhibition of the typical Th2-mediated bronchial inflammation of allergic bronchial 
asthma. Thus, combined, these results support the view that the increased prevalence and 
severity of asthma and allergy in Western countries may be related, at least in part, to the 
decline of H. pylori infection, which is able to induce a long-lasting Th1 background, and 
suggest that the use of a microbial product derived from H. pylori, such as as HP-NAP, may 
help the prevention and treatment of bronchial asthma and allergic diseases. At the same 
time, we do not suggest infecting people with H. pylori or leaving a H. pylori infection 
without antibiotic treatment to treat asthma and allergy. 

3. Conclusion 

Helicobacter pylori infects almost half of the population worldwide and represents the major 
cause of gastroduodenal diseases, such as duodenal and gastric ulcer, gastric 
adenocarcinoma, autoimmune gastritis, and B-cell lymphoma of mucosa-associated 
lymphoid tissue. Different bacterial and environmental factors, other concomitant infections, 
and host genetics may influence the balance between mucosal tolerance and inflammation in 
the course of H. pylori infection. Helicobacter pylori induces the activation of a complex and 
fascinating cytokine and chemokine network in the gastric mucosa. The type of innate and 
acquired immune responses provides an useful model for explaining both different types of 
protection and the pathogenetic mechanisms of several disorders elicited by H. pylori. A 

predominant H. pylori-specific Th1 response, characterized by high IFN-, TNF-, and IL-12 
production associates with peptic ulcer, whereas combined secretion of both Th1 and Th2 
cytokines are present in uncomplicated gastritis. Gastric T cells from MALT lymphoma 
exhibit abnormal help for autologous B-cell proliferation and reduced perforin- and Fas-Fas 
ligand-mediated killing of B cells. In H. pylori-infected patients with autoimmune gastritis 
cytolytic T cells infiltrating the gastric mucosa cross-recognize different epitopes of H. pylori 
proteins and H+K+ ATPase autoantigen. An inverse association between H. pylori prevalence 
and the frequencies of asthma and allergies was demonstrated, and the Neutrophil 
Activating Protein of H. pylori, according to its ability in inhibiting allergic inflammation of 
bronchial asthma, could be the factor responsible for this negative relationship. Given that 
resistance to antibiotic is increasing and the effectiveness of current therapeutic regimens is 
decreasing the design of an efficient vaccine for H. pylori will represent a novel and very 
important tool against both infection, peptic ulcer and gastric cancer. 
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