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Abstract
“Helicobacter pylori, a spiral gram negative bacterium, colonizes the human stomach and duodenum and causes chronic inflammation, gastric atrophy and peptic ulcers in a sub-population of infected individuals”(Bennett, 126). The reason why H. pylori infection is an interesting topic to many scientists is because over half of the world’s population has H. pylori colonized in their gastrointestinal tract, while only a small percent ever develop disease as a result. The goal of these studies is to find out what parts of the host’s immune system cause what type of disease. Several aspects of the immune system have been studied to see their relation to H. pylori infection. Th1 cells and Th2 cells will be the major cells covered in this research paper.
Introduction

When the body is dealing with foreign organisms, its own response often plays a major role in whether or not a person will actually develop a disease. In this paper, the role of the immune system in response to H. pylori infection will be analyzed. 
“Helicobacter pylori infection is the major cause of gastroduodenal pathologies, but only a minority of infected patients develop chronic and life threatening diseases, as peptic ulcer, gastric cancer, B-cell lymphoma, or autoimmune gastritis. The type of host immune response against H. pylori is crucial for the outcome of the infection”(D’Elios, 113). 
A variety of diseases can occur depending on the host’s immune response to infection.

H. pylori leads to infection in the gastrointestinal tract.
 “In the gastrointestinal tract, only a single layer of epithelium resting on basement membrane separates the internal milieu from the environment. Through this, the host must absorb nutrients and yet exclude toxic, infectious, and antigenic material. The integrity of mucosal antigenic ‘barrier’ must therefore be protected by a variety of Immunological and nonimmunological mechanisms. Despite these protective mechanisms, the antigenic barrier is incomplete, and antigenic material does penetrate and may in some cases cause disease”(Reynolds, 455). 
We can see that the gastrointestinal tract is an area of the body that is vulnerable to infection. The epithelium layer in the intestine needs to be permeable enough to allow transfer of needed molecules, but at the same time needs to prevent antigens from entering the body. This idea may tell us that the host response to local infection in the gastrointestinal tract must be strong in order to prevent chronic illness. However if this strong response is miss directed it can lead to a greater illness. This is often what is seen with host response to H. pylori infection.
Th1 cell response to H. pylori

There are several studies on H. pylori infection, with different ideas about the role of the immune system as the cause of serious disease. The first study I will discuss involves the differentiation between predominantly Th1 responses and those with a balance of Th1 and Th2 cells. “A predominant H. pylori-specific Th1 response, characterized by high IFN-γ, TNF-α, and IL-12 production associates with peptic ulcer, whereas combined secretion of both Th1 and Th2 cytokines are present in uncomplicated gastritis”(D’Elios, 113). Th1 and Th2 are the two types of helper T-cells found in the immune system. Th1 helper T-cells release cytokines that activates macrophages and cause inflammation in the infected area, whereas Th2 cells promote B-cell differentiation in antibody producing plasma cells. 
“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. These data suggest that peptic ulcer can be regarded as a Th1-driven immunopathological response to some H. pylori antigens, whereas deregulated and exhaustive H. pylori-induced T cell-dependent B-cell activation can support the onset of low-grade B-cell lymphoma”(D’Elios, 113).

The two types of helper T-cells play a major role in the outcome of H. pylori infection. “Antigen-specific T-cell responses are essential for defence against the pathogens. T helper cells (Th) are a key part of the adaptive immune response and can express polarized patterns of cytokine secretion (type-1 or Th1 and type-2 or Th2) and different effector functions”(D’Elios, 114).  Th1 and Th2 cells have different effector functions, meaning they release different cytokines which in turn activate different kinds of functions such as activation of B-cells of macrophages. “Th1 cells produce IFN-γ, TNF-β, and IL-2, elicit macrophage activation, whereas Th2 cells produce IL-4, IL-5, and IL-13, that act as growth/differentiation factors for B cells, and inhibit several macrophage functions”(D’Elios, 114). Most T-cells however neither express a specific Th1 or Th2 profile and secret a combination of cytokines. The environment as well as genetic factors causes T-cells to differentiate into either Th1 or Th2 cells. “IL-12, IL-18 and IFNs favour Th1 development, whereas IL-4 is a powerful stimulus for Th2. […] In most infectious diseases, the type of specific immunity elicited is of crucial importance for protection, but, under certain circumstances, an inappropriate response can even contribute to the induction of immunopathology”(D’Elios, 114).

Several gastrointestinal diseases are caused by H. pylori. The diseases due to H. pylori may be a direct result of the bacteria’s functions or may be due to the hosts immune response to the bacteria. Peptic ulcers are often a result of H. pylori infection. “In peptic ulcer RT-PCR analysis of antral biopsies showed IL-12, IFN-γ, and TNF-α, but not IL-4, mRNA expression, whereas both IFN-γ and IL-4 mRNA signals were found in non-ulcer gastritis”(D’Elios, 115). The cytokines primarily found in peptic ulcers are linked to a strong Th1 response to infection. A significant correlation was made between disease and the secretion of IFN-γ, and TNF-α. During the study it was found that an H. pylri protein, CagA, is linked to a strong Th1 immuno response. 
“Among the H. pylori-reactive Th clones derived from peptic ulcer patients, half of them were specific for Cytotoxin-associated protein (CagA), whereas about one fourth of H. pylori-reactive clones from non-ulcer gastritis patients recognized the H. pylori urease. These data suggest that CagA is the immunodominant antigen of H. pylori-specific T-cell responses in the stomach of peptic ulcer patients. The reasons for this are not yet fully elucidated. CagA is injected into APC and epithelial cells by the molecular syringe assembled by products of the cag pathogenicity island, and this phenomenon might account for the preferential presentation and the high immunogenicity of this protein”(D’elios, 115). 
Another bacterial protein, VacA (Vacuolating cytotoxin), causes a weak immune response to H. pylori because it inhibits macrophage presentation of the antigen  and 2 signaling pathways of T-cell activation. 
“CagA can be expressed on bacterial surface and therefore it can preferentially evoke Th1 responses by inducing IL-12 secretion by activated macrophages. In peptic ulcer patients indeed, upon stimulation with the specific H. pylori antigen, the great majority of H. pylori-specific clones, and particularly those specific for CagA, showed a polarized Th1 profile, with high production of IFN-γ but not of IL-4. In contrast, in uncomplicated gastritis, more than a half of H. pylori-specific Th clones derived from gastric antrum showed a Th0 profile whereas polarized Th1 were one third only”(D’Elios, 115).
 Through the data put forth so far, we can see the role specific T-cell responses play in the severity of H. pylori linked diseases. The study further discusses experiments that support the idea that Th1 dominant response leads to more severe disease. “A number of independent studies agree that Th1 polarization of H. pylori-specific T-cell response is associated with more severe disease […]. Predominant activation of Th1 cells with production of IFN-γ and TNF-α, in the absence of Th2 cytokines can increase gastrin secretion and pepsinogen release”(D’Elios 115). Studies were done that inhibit Th1 response, which showed a less severe disease. 
“The concept that gastric polarized Th1 response against H. pylori contributes to the pathogenesis of peptic ulcer is indirectly supported by different observations showing that inhibition of Th1 or activation of Th2 responses result in reduction of dyspeptic symptoms. The results obtained so far suggest that gastric T-cell responses to H. pylori antigens characterized by a mixed Th1–Th2 cytokine profile are associated with lower rate of ulcer complication and that Th2 cytokines, particularly IL-4 and IL-10, are important in balancing and quenching some detrimental effects of polarized Th1 responses. In patients undergoing strong Th1 immunosuppression, such as renal transplanted patients, in spite of a high prevalence of H. pylori colonization, peptic ulcer and active inflammatory lesions were virtually absent”(D’Elios, 116).
 Patients with Th1 immunosuppression having low accounts of H. pylori related disease is strong evidence that Th1 cells play a major role in causing the disease. “Transferring T cells derived from H. pylori-infected patients into SCID mice has proven to induce gastric ulcer in those mice, demonstrating that host immunity is involved in the development of peptic ulcers […]. In H. felis-infected mice, neutralization of IFN-γ significantly reduced the severity of gastritis, strongly supporting the concept that preferential long-lasting activation of a Th1-type response contributes to development and maintenance of gastric pathology”(D’Elios, 116). This further supports the idea that Th1 cells and their cytokines lead to increased severity in H. pylori related disease. A balance of Th1 and Th2 cells will lead to proper protection by the immune system without disease.
B-cell lymphoma

H. pylori infection can also result in lymphoma.
 “Helicobacter pylori-related low-grade gastric MALT lymphoma represents the first described neoplasia susceptible to regression following antibiotic therapy resulting in H. pylori eradication […]. A prerequisite for lymphomagenesis is the development of secondary inflammatory MALT induced by H. pylori. Tumor cells of low-grade gastric MALT lymphoma (MALToma) are memory B cells still responsive to differentiation signals, such as CD40 costimulation and cytokines produced by antigen-stimulated Th cells, and dependent for their growth on the stimulation by H. pylori-specific helper T cells”(D’Elios, 117). 
Because this lymphoma is a result of H. pylori infection, the tumor cells are dependent on the bacteria’s presence in the early stages. “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 its primary site and its regression after H. pylori eradication”(D’Elios, 117). The antigen involved in the lymphoma is yet to be identified. “It is of note that the majority of H. pylori-reactive Th clones derived from low-grade MALT lymphomas proliferated to H. pylori crude extract only, but not to CagA, VacA, or urease suggesting that some still undefined but important antigens of H. pylori are involved in driving T-cell activation and related B-cell proliferation in low-grade gastric lymphoma”(D’Elios, 117). This idea shows that several H. pylori antigens play roles in causing the immune system to cause disease. 
“The reason why gastric T cells of MALToma, while delivering powerful help to B cells, are apparently deficient in mechanisms involved in the concomitant control of B-cell growth, still remains unclear. It has been shown that VacA toxin inhibits antigen processing in APC and T-cell activation, but not the exocytosis of perforin-containing granules of NK cells […].It is possible that, in some H. pylori-infected individuals, some yet undefined bacterial components affect the development or the expression in gastric T cells of regulatory cytotoxic mechanisms on B-cell proliferation, allowing exhaustive and imbalanced B-cell help and lymphomagenesis to occur”(D’Elios, 117). 
Without proper checks on B-cell proliferation by helper T-cells, the lymphoma is able to develop in individuals. 
“The effector functions of gastric H. pylori-specific T cells are different between patients with peptic ulcer and those with non-ulcer chronic gastritis, MALT lymphoma or autoimmune gastritis (Fig. 1). In some patients, due to genetic and environmental factors not yet fully elucidated, the fine tuning of protective immunity by Th2 and other regulatory T cells may be inadequate, and H. pylori drive a long lasting polarized Th1 response which contributes to worsening of the disease, and eventually leads to peptic ulcer. In a small number of infected patients, the host response to H. pylori allows the development of specific T cells which express an imbalanced induction of B-cell growth and drive exhaustive B-cell proliferation, making easier the chance of neoplastic transformation, and the onset of low-grade gastric MALT lymphoma”(D’Elios, 119). 
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Fig. 1. T-cell mediated immunopathology in peptic ulcer, gastric MALT B-cell lymphoma and autoimmune gastritis. T cells are essential for defence against infection, but inappropriate Th responses can be even harmful for the host. Long-lasting secretion of IFN-γ, TNF-α, IL-12 and other Th1 cytokines may lead to peptic ulcer by inducing functional alterations of gastric cells, and consequent gastric hyperacidity. In a minority of infected patients, gastric H. pylori-specific Th cells show deficient cytotoxic control (both perforin and Fas–Fas-ligand mediated) of B-cell growth. Such a defect, the production of cytokines with B-cell growth factor activity and the chronic delivery of costimulatory signals by Th cells, together with chronic exposure to H. pylori antigens would result in overgrowth of B cells, thus facilitating the neoplastic B-cell transformation and the onset of gastric low-grade MALT B-cell lymphoma. In susceptible individuals H. pylori induces autoimmune gastritis via the expansion of H. pylori-specific T cells that cross-react with H+,K+-ATPase epitopes. The activation of H. pylori-H+,K+-ATPase cross-reactive T cells(D’Elios, 119).

Role of regulatory cells

H. pylori infection is also involved in autoimmune diseases. “A major mechanism for self/non-self discrimination by the immune system and establishment of self tolerance is the clonal deletion of self reactive T and B cells exposed to self antigens during development in the thymus”(Bennett, 122). Specialized T-cells exist to delete self reactive T-cells. 

“It has become increasingly evident that active suppression of self-reactive T cells by regulatory T cells takes place in the periphery of normal individuals avoiding the onset of harmful autoimmunity. Several phenotypically distinct subsets of suppressor-regulatory T cells have been described based on one or more surface marker antigens and/or cytokine production profiles; for e.g., the natural CD4+CD25+ T regulatory cells (Treg) […], the IL-10 secreting Tr1 cells […] and the TGF-β secreting Th3 cells […], which functionally both in vitro and in vivo have been shown to suppress the proliferation and cytokine secretion of effector T cells”(Bennett, 122). 
Treg cells play an important role in preventing autoimmune disease, but can lead to an amplified bacterial infection. 
“A key suppressor role has recently been ascribed to the natural CD4+CD25+ regulatory T cells (Treg), the removal of which leads to the development of autoimmune disease and aggravated pathogen-induced inflammation in otherwise normal hosts. The repertoire of antigen specificities of Treg is as broad as that of naïve T cells, recognizing both self and non-self antigens, enabling Treg to control a broad range of immune responses. Although widely acknowledged to play a role in the maintenance of self-tolerance, recent studies indicate that Treg can be activated and expanded against bacterial, viral and parasite antigens in vivo. Such pathogen-specific Treg can prevent infection-induced immunopathology but may also increase the load of infection and prolong pathogen persistence by suppressing protective immune responses”(Bennett, 121).
 Experiments were done to show the role that Treg plays in suppressing an immune response in H. pylori infection, 
“In our laboratory Lundgren et al. have shown in H. pylori infected asymptomatic individuals, that the memory T cell responses to H. pylori antigens in the peripheral blood is under the control of Treg. Removal of Treg specifically from the memory T cell population increased the proliferative responses to H. pylori antigens and importantly, addition of Treg back to the memory T cells suppressed the H. pylori specific responses but failed to suppress responses to unrelated antigens. In addition, CD4+CD25high T cells (putative Treg) isolated from the gastric and duodenal mucosa of H. pylori infected asymptomatic carriers express the specific Treg marker FOXP3, supporting an important role for Treg in maintaining a balance between chronicity and development of symptoms at the site of infection”(Bennett, 126).
Conclusion

“Helicobacter pylori, a spiral gram negative bacterium, colonizes the human stomach and duodenum and causes chronic inflammation, gastric atrophy and peptic ulcers in a sub-population of infected individuals”(Bennett, 126). From the data collected, we can see that the host’s immune response plays a major role in disease due to H. pylori infection. Although a majority of people in the world have H. pylori in there gastrointestinal tract, only a small number actually ever develop disease as a result of the bacteria. Th1 cells as well as other aspects of the immune system are major players in causing the actual disease.
