
M. SZCZEPANIK

INTERPLAY BETWEEN HELICOBACTER PYLORI AND THE IMMUNE
SYSTEM. CLINICAL IMPLICATIONS

Department of Human Developmental Biology, Jagiellonian University Medical College,
Krakow, Poland

Helicobacter pylori (H. pylori) is a gram-negative bacteria infecting more than 50%
of human population. H. pylori selectively colonizes gastric mucosa and represents
the major cause of gastroduodenal pathologies, such as gastric ulcer, autoimmune
gastritis, gastric cancer and B cell lymphoma of mucosa associated lymphoid tissue
(MALT). In this review interplay between H. pylori and both innate and adaptive
immune responses is discussed. The second part of this article presents current
knowledge about the relationship between H. pylori infection and neoplasia. 
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INTRODUCTION

Our bodies are constantly exposed to different microorganisms that are
present in the environment. However, contact with pathogenic microorganisms
rarely results in infection. This is because our bodies are protected by both innate
and adaptive immune mechanisms. 

The innate immune system consists of many cells such as: macrophages,
dendritic cells, mast cells, neutrophils, eosinophils and NK cells. The cells of the
innate immune system become activated during inflammation, which is virtually
always a sign of infection with pathogenic microbes (1). The main goal of these
cells is to get rid of the infection. It is worthy to underline that innate responses
depend on host recognition of highly conserved structures called “pathogen-
associated molecular patterns” (PAMPs), present in microorganisms (2). PAMPs
are recognized by structures known as “pathogen recognition receptors” (PRR)
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(2). The two major currently recognized groups of such receptors in humans are
toll-like receptors (TLRs) and nucleotide-binding oligomerization domain
(NOD)-containing proteins (3). Whereas TLRs are associated with the plasma
membrane or, in some case, with lysosomal and/or endosomal vesicles, both
NOD1 and NOD2 are expressed in the cytosol (4). 

However, in certain types of infection, the innate immune system is not able
to deal with the infection and then adaptive immune response is required. In such
infections, the innate immune system can instruct the adaptive immune system
about the nature of the pathogen via expression of CD80 and CD86 co-
stimulatory molecules on dendritic cells and creation of cytokine milieu. 

There are two major classes of adaptive immune responses. The first class of
adaptive immune response is mediated by MHC II restricted antigen-specific 
T-cell receptor (TCR) αβ+ CD4+ (delayed-type hypersensitivity, DTH) that belong
to the population of Th1 cells or by MHC I restricted CD8+ (T-cell-mediated
cytotoxicity) lymphocytes and are induced by intracellular pathogens (5). In
effector phase of DTH, the Th1 lymphocytes release proinflammatory cytokines
like IFN-γ which induce local tissue cells to produce chemokines that recruit and
activate an infiltrate of bone marrow-derived leukocytes (6). CD8 T cytotoxic (Tc)
cells kill infected host cells via released perforin and granzymes and by triggering
FasL dependent apoptosis. 

The second type of adaptive immune response is the humoral immune
response mediated by antibodies produced by B lymphocytes (1). In this type of
immune response B cells receive support from Th2 lymphocytes that release IL-
4, IL-5, IL-6 and IL-13. The main function of the humoral response is to destroy
extracellular microorganisms and prevent the spread of infection. For complete
health every living being must be continuously protected from infection and
tumors by their immune system. At the same time there must be some
mechanisms protecting the organism from development of inappropriate immune
responses that are harmful to ones own body (allergy, autoimmunity) and those
that help to silent the inflammatory responses and allow their resolution. This
points to the importance of the balance of the immune response and its strict
control by regulatory mechanisms. 

It is commonly accepted that self-tolerance is based on two major
mechanisms: clonal deletion in the thymus and anergy in the periphery (7, 8).
However, at present there is a strong evidence that these two mechanisms
responsible for self-tolerance are additionally supported by the action of T
suppressor (Ts) cells also called T regulatory (Treg) cells. 

At present it is well accepted that regulatory cells that inhibit immune
response belong to a big family of cells that include different T cell populations.
First population of Treg cells belongs to naturally occurring CD4+ CD25+

lymphocytes that develop directly from CD4+ T cell precursors during positive
selection as a result of their interaction with thymic epithelial cells (9). Second
group of CD4+ Treg cells known as induced Tregs comprise Tr1 and Th3 cell
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populations (10). Last two groups of T cells with suppressor activity belong to
CD8+ and NKT cell populations (11). 

Pathogenesis of H. pylori
Helicobacter pylori (H. pylori) is transmitted from person to person by the

oral-oral and fecal-oral route (12). H. pylori infection is usually acquired in
childhood and may persist for life of the patient (13). As described in previous
articles of this issue, the infection rates vary in different parts of the world with
average rates of 40-50% in western countries and 80-90% in Asia and Far East
countries. Most (about 80%) of the infected humans are designated as
asymptomatic, whereas in 10-15% of patients, H. pylori infection leads to peptic
ulcer, gastritis, cancer or gastric lymphoma of mucosal-associated lymphoid
tissue (MALT) (14-16). Immunopathology of H. pylori is summarized in Fig. 1.

The following factors play the crucial role in H. pylori pathogenicity: cag-
associated pathogenicity island (cag PAI), vacuolation cytotoxin (VacA), CagA
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protein and neutrophil-activating protein (NAP). The cag PAI encodes proteins
that are thought to mediate functions analogous to those of type IV secretion
system present in certain bacteria. The H. pylori cag PAI mediates the
translocation of the effector protein, CagA into gastric epithelial cells (17). VacA
causes massive vacuolar degradation of epithelial cells in vitro and epithelial
erosions in vivo (18). It was recently demonstrated that CagA is involved in
disruption of the apical-epithelial junction (19) whereas, NAP plays an important
role in recruitment and activation of inflammatory cells in the lamina propria (20).

It is worthy to underline that H. pylori has achieved a balance in which the
immune system is stimulated sufficiently to cause inflammation and epithelial cell
damage at the site of infection, perhaps as means to survive in the nutrient-poor
environment between the epithelium and the mucus layer, while modulating the
response to prevent elimination of the bacteria (21). The interaction between H.
pylori and host immune system will be discussed in further paragraphs of the review.

THE ROLE OF INNATE IMMUNE SYSTEM IN H. PYLORI INFECTION
Influence of H. pylori on gastric epithelial cells

When microorganism invades the human body, the first barrier they meet and
have to cross to establish an infection are epithelial cells lining the
gastrointestinal, urogenital or respiratory tract. Epithelial cells of the gastric
mucosa are the first cells that recognize H. pylori that infect stomach through the
glicolipid recepts located at the surface of epithelial cells and adhesions produced
by the bacterium. It is commonly accepted that PRR, like TLRs and NOD1 and
NOD2, belong to microbial sensors in innate immunity. There are some reports
showing that gastric epithelial cells are equipped to express TLR 2, TLR4, TLR5
and TLR9 (22). However, as shown by others gastric epithelial cells do not
express TLRs and it is in line with their lack of response to H. pylori LPS or
flagellin that are TLR 4 and TLR5 ligands, respectively. Another PRR, NOD1 is
expressed in gastric epithelial cells and seems to be involved in initiation of
inflammatory response during H. pylori infection. Indeed, it was shown that
cagPAI-positive bacteria induce NF-κB and synthesis of neutrophil-attracting
chemokine IL-8 (CXCL8) in gastric epithelial cells (23). This finding is
supported by experiments employing NOD1-deficient mice that have impaired
control of H. pylori densities in the stomach (23).

In summary, presented information suggests that recognition of H. pylori by
some of PRR e.g. NOD1 can cause release of IL-8 and other proinflammatory
cytokines by gastric epithelial cells what subsequently initiates inflammatory
response. 

Neutrophils, macrophages and dendritic cells and their response to H. pylori
As mentioned above gastric epithelial cells in response to H. pylori produce

IL-8, which is a very potent neutrophil chemotactic factor (23). Additionally,
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NAP a cytosolic protein is released by bacterial lysis and interacts directly with
neutrophils and monocytes to activate their inflammatory function (24). NAP
activates both neutrophils and monocytes to produce reactive oxygen species
(ROS) by activating the plasma membrane NADPH. On the other hand, H. pylori
to neutralize negative effects of ROS produces enzymes e.g. catalase and
superoxide dismutase involved in ROS scavenging (25). H. pylori also activates
inducible nitric oxide synthase (iNOS) and production of bactericidal agent such
as nitric oxide (NO) in macrophages (26). It is worthy to mention that NO
produced in large quantities, apart from its antimicrobial activity, may also lead
to gastric epithelial cell injury (27) and apoptosis (28) what contributes to H.
pylori pathogenesis. It is important to know that H. pylori that induces synthesis
of NO can also inhibit its production by synthesis of an arginase that compete
with iNOS for their substrate (21). This mechanism can protect H. pylori from
deleterious effects of NO. It may be suggested that H. pylori maintains a delicate
balance between activating inflammatory responses and protecting itself from the
negative consequences (21). This balance between inflammation and its
inhibition may perhaps contribute to H. pylori survival in the nutrient-poor
environment between the epithelium and the mucus layer (21). It is commonly
known that macrophages are equipped with TLRs to sense microbes. However,
many studies showed that peritoneal macrophages from TLR2-/-, TLT4-/- or
Myd88-/- mice produce similar levels of IL-6 in response to H. pylori as those
observed in wild type mice (29). These data are in keeping with the finding that
H. pylori LPS is about 1000 times less effective than E. coli LPS in inducing
proinflammatory cytokine production in macrophages (30). It is suggested that
other factors than TLR ligands e.g. H. pylori HSP60 may participate in
macrophage activation during H. pylori infection (29). 

Dendritic cells represent an important population of antigen presenting cells
that can be found in the gastrointestinal mucosa. These cells express various
TLRs that recognize many structures on pathogenic microbes. However, it is
interesting that rapid maturation of dendritic cells in response to intact H. pylori
is independent of H. pylori LPS (31). It is suggested that dendritic cell activation
and IL-12 production might be the result of cagPAI expression and stimulation
(32). Subsequently IL-12 producing dendritic cells become able to influence the
development of adaptive immunity towards Th1 mediated response. 

Adaptive immune response to H. pylori

In many experiments it was shown that protection from H. pylori infection is
mediated by T lymphocytes, whereas humoral response does not seem to be
essential in anti H. pylori response because protection could be induced in antibody-
deficient mice (33). Studies in MHC class I-deficient mice have shown that
protective immunity could be induced but not in animals lacking MHC II (34, 35).
These findings suggest that CD4 T lymphocytes are involved in anti H. pylori

19



immune response, whereas MHC class I restricted CD8 T cells are not essential.
Further experiments showed the presence of IL-12 (36) and IL-18 (37) in the gastric
mucosa. Both of these cytokines are responsible for directing gastric T lymphocytes
to Th1 mediated response. Experimental data in animal model showing that H.
pylori preferentially triggers Th1 response are supported by clinical observations.
In peptic ulcer RT-PCR analysis of antral biopsies showed IL-12, IFN-γ and TNF-
α but not IL-4, mRNA expression (38). The antigen specificity experiments showed
that CagA is the immuno-dominant antigen of H. pylori specific for T cell responses
in the stomach of peptic ulcer patients (39). It should be mentioned that preferential
Th1 mediated response to H. pylori infection is not fully protective, as infection
may persist for life. Moreover, gastric Th1 lymphocytes can damage the epithelium
directly or indirectly by producing cytokines that induce inflammation (40).
Predominant activation of Th1 lymphocytes that release IFN-γ and TNF-α, in the
absence of Th2 cytokines, can increase release of gastrin that stimulates H+ and
pepsinogen secretion from oxyntic glands (39, 41). The hypothesis that Th1 cells
play an important role in the pathogenesis of peptic ulcer is supported by
observations showing that suppression of Th1 response or activation of Th2 cells
result in amelioration of clinical symptoms. It was shown that treatment of mice
with IFN-γ induced gastritis with enhanced levels of gastrin and reduced levels of
somatostatin, whereas Th2 releases cytokine IL-4, suppressing the release of
gastrin, through a mechanism that required release of somatostatin from D cells,
and reduced colonization with H. pylori in chronically infected mice (19, 42).
Additionally, it was found that another Th2 cytokine IL-10 reduces the degree of
gastritis induced by H. pylori (43). Summing up, it was shown that elevated levels
of mRNA for interleukin-12p40 (IL-12p40), gamma interferon (IFN-γ), tumor
necrosis factor alpha (TNF-α), and inducible nitric oxide synthase (iNOS) were
associated with gastroprotection in mice immunized with H. pylori, but Th2
cytokines (IL-4, IL-5, IL-10, and IL-13) and chemokines (KC, MIP-2, and MCP-1)
expression was not associated with such protection (44). Therefore, it may be
assumed that never-ending Th1-driven inflammation would result in
immunopathology e.g. autoimmune gastritis (45) whereas, a polarized Th2
response would not be beneficial for the host because it does not provoke the
protection (39). Only an efficient H. pylori – specific Th1 response appropriately
tuned by Th2 cells would lead to protection. 

Recent studies show that T cells involved in protection from H. pylori are under
control of CD4+ CD25+ Treg cells. It has been shown in humans that H. pylori
infection impairs H. pylori-specific memory CD4+ T cells through antigen-
specific CD4+ CD25+ Treg cells and it might be involved in the persistence of
infection (46). It is also speculated that Tregs in asymptomatic individuals keep the
pathology mild enough to avoid symptoms. Indeed, it was shown that removal of
Tregs from the memory T cell population increased the proliferative responses to
H. pylori antigens and importantly, addition of Tregs back to the memory T cells
suppressed the H. pylori specific response (47). Further work has shown that
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CD4+ CD25+ Treg cells isolated from the gastric and duodenal mucosa of H.
pylori infected asymptomatic patients express the specific Treg marker FOXP3,
suggesting an important role for Tregs in maintaining a balance between chronicity
and development of symptoms at the site of infection (47, 48). In summary,
protective function of Tregs against severe gastritis in H. pylori infection is not
achieved without costs. Recently, it was shown that the protective effect of Tregs
against gastritis was associated with more extensive bacterial colonization (48).
Interplay between H. pylori and the immune system is presented in Fig. 2.

The relationship between H. pylori infection and neoplasia
Humans infected with H. pylori develop gastritis that can persist for decades.

A biological consequence of long-term infection accompanied by inflammation is
increased risk of developing of gastric cancer (49). It should be stressed, however,
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that only a small percentage (1-2%) of H. pylori infected humans ever develop
neoplasia, and show an increased cancer risk involves specific interactions
between pathogen and host, which, in turn, are dependent on strain-specific
bacterial factors and inflammatory responses governed by host genetic diversity
(50). It was already shown that all H. pylori strains cause gastritis but only
CagA+ expressing strains augment the risk of severe gastritis, atrophic gastritis
and gastric cancer (51). It is suggested that increased risk of developing
adenocarcinoma in patents infected with cag+ strains is related to their strong
ability to induce IL-8 production by gastric epithelial cells and subsequent
neutrophil infiltration of gastric mucosa and development of inflammatory
response (52). 

More recently, it was shown in animal model that there is a relationship
between host immune response and the pathogenesis of gastric cancer. It was
found that immune deficient mice such as RAG2-/- or SCID that do not possess
either T or B lymphocytes develop high levels of colonization when infected
with H. pylori, whereas, very little epithelial damage or preneoplastic changes
have been found (53). Further experiments showed that B cell deficient mice
develop severe atrophy and metaplasia, whereas T cell deficient mice are
protected from changes induced by H. pylori infection, suggesting a role for T
cells in disease initiation and progression (54). Experiments employing different
strains of mice showed that animals prone to develop Th1 immunity after H.
pylori inoculation are more susceptible to atrophy and metaplasia, whereas mice
that have prominent Th2 polarized response are resistant to atrophy and
metaplasia (55). These data suggest that cytokine imbalance might be
responsible for disease progression and may decide about the disease outcome
after H. pylori infection. Accordingly, factors involved in regulating cytokines
may confer susceptibility to or protection against H. pylori-associated diseases
(56). It was observed that a single nucleotide polymorphism in the coding of
promoter regions of cytokine or cytokine receptor may affect cytokine synthesis,
causing either high or low production of a given cytokine. Therefore, variant
cytokine alleles might contribute to individual differences in inflammatory
responses and account for heterogenous outcomes after infection (56). Such a
correlation was shown in gastric carcinoma in which IL-1β polymorphism
confer a 2 fold increased risk for gastric adenocarcinoma after H. pylori
infection (57). Polymorphism in other cytokine genes also increase the risk of
gastric carcinoma after H. pylori infection. Proinflammatory polymorphism in
the promotor region of TNF-α, (58), IL8 (59) and polymorphism linked to
decreased synthesis of anti-inflammatory cytokine IL-10 (60) are risk factors for
the development of gastric cancer. At present it is accepted that an increased risk
for gastric carcinoma with carriage of multiple cytokine polymorphisms in IL-
1β, IL1RN, IL-10 and TNF-α in the context of H. pylori infection is associated
with a proinflammatory phenotype and therefore an increased risk for DNA
damage and, ultimately, gastric carcinoma (50, 56, 61).
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Another neoplastic disease strongly linked with H. pylori infection is MALT
lymphoma. This assumption was made on the basis of observation that H. pylori
infection significantly increased the risk for gastric MALT lymphoma because the
vast majority of gastric MALT lymphoma patients were infected with H. pylori
(62). Moreover, eradication of H. pylori with antibiotics alone resulted in
regression of gastric MALT lymphoma in 75% cases (63) and most of the patients
showed long-term clinical remission (64). Gastric MALT lymphoma results from
the uncontrolled polyclonal expansion of a subset of memory B cells. The B cells
of MALT lymphoma share phenotype of marginal zone B cells (CD20+, CD21+,
CD35+, IgM+ and IgD-) (65). MALT lymphoma B cells proliferate in response to
CD40 costimulation and cytokines produced by H. pylori activated T helper cells
(66). On the other hand, the surface immunoglobulin on gastric MALT lymphoma
B cells does not recognize H. pylori, but instead recognize various autoantigens,
suggesting that malignant cells are transformed from autoreactive B lymphocytes
(56, 67). Further work showed that both Th1 and Th2 type cytokines are
necessary for the development of MALT lymphoma (68). In vitro studies showed
that H. pylori stimulation of T cells induced H. pylori-specific Th clones derived
from gastric MALT lymphoma to express strong help for B cell activation and
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proliferation. In contrast, in patients with gastritis without MALT lymphoma the
helper function of gastric T cells was negatively regulated by the concomitant
cytolytic killing of B cells (69). The mechanism of MALT lymphoma
development is summarized in Fig. 3. None of the T cell clones isolated from
MALT lymphoma patients was able to express perforin-mediated cytotoxicity
against autologous B cells and Fas-FasL mediated apoptosis in target cells was
defective as well (70). The reason why gastric T cells from MALT lymphoma
possess strong helper activity and are defective in mechanisms negatively
controlling B cell growth still remains unclear. 

Acknowledgements: This work was supported by grants from the Polish Committee of Scientific
research (KBN, Warsaw) No. 3 PO 5B 091 25, 2 PO 5A 157 28 and 2PO 5A 208 29. 

The author is indebted to Dr. W. Ptak for his advice and encouragement. 

REFERENCES

1. Janeway CJ, Medzhitov R. Innate immune recognition. Annu Rev Immunol 2002; 20: 197-216.
2. Takeda K, Akira S. Toll receptors and pathogen resistance. Cell Microbiol 2003; 5: 143-153.
3. Eckmann L. Sensor molecules in intestinal innate immunity against bacterial infections. Curr

Opin Gastroenterol 2006; 22: 95-101.
4. Strober W, Murray PJ, Kitani A,. et al. Signalling pathways and molecular interactions of NOD1

and NOD2. Nat Rev Immunol 2006; 6: 9-20.
5. Janeway CJ, Travers P, Walport M, Shlomchik M. Immunobiology. The immune system in

health and disease. Elsevier Science Ltd/Grand Publishing, London 2004.
6. Szczepanik M, Akahira-Azuma M, Bryniarski K, et al. B-1 B cells mediate required early T

cell recruitment to elicit protein-induced delayed-type hypersensitivity. J Immunol 2003;
171: 6225-6235.

7. Schwartz RH. A cell culture model for T lymphocyte clonal anergy. Science 1990; 248: 1349-1356.
8. Green DR., Webb DR. Saying the ‘S’ word in public. Immunol Today 1993; 14: 523-525.
9. Jonuleit H, Schmitt E. The regulatory T cell family: distinct subsets and their interrelations. J

Immunol 2003; 171; 6323-6327.
10. Fehervari Z, Sakaguchi S. CD4+ Tregs and immune control. J Clin Invest 2004; 114: 1209-1217.
11. Jiang H., Chess L. An integrated view of suppressor T cell subsets in immunoregulation. J Clin

Invest 2004; 114: 1198-1208.
12. Farthing MJG. Helicobacter pylori infection: an overview. Brit Med Bull 1998; 54: 1-6.
13. Covacci A, Telford JL, Del Giudice G, et al. Helicobacter pylori virulence and genetic

geography. Science 1999; 284: 1328-1333.
14. Blaser MJ. Helicobacter pylori and gastric diseases. 1998; BMJ 316: 1507-1510.
15. D’Elios MM., Appelmelk BJ, Amedei A, et al. 2004; Trends Mol Med 2004; 10: 316-323.
16. Isaacson PG, Du MQ. MALT lymphoma: from morphology to molecules. Nat Rev Cancer

2004; 4: 644-653.
17. Odenbreit S, Püls J, Sedlmaier B, et al. Translocation of Helicobacter pylori CagA into gastric

epithelial cells by type IV secretion. Science 2000; 287: 1497-1500.
18. Szabo I, Brutsche S, Tombola F, et al. Formation of anion-selective channels in the cell plasma

membrane by the toxin VacA of Helicobacter pylori is required for its biological activity. 1999;
EMBO J 1999; 18: 5517-5527.

24



19. Del Giudice G, Michetti P. Inflammation, immunity and vaccines for Helicobacter pylori.
Helicobacter 2004; 9: 23-28.

20. Dundon WG, Nishioka H, Polenghi A, et al. The neutrophil-activating protein of Helicobacter
pylori. Int J Med Microbiol 2002; 91: 545-550.

21. Baldari CT, Lanzavecchia A, Telford JL, et al. Immune subversion of Helicobacter pylori.
Trends Immunol 2005; 26: 199-207.

22. Lee SK, Josenhans C. Helicobacter pylori and the innate immune system. Int J Med Microbiol
2005; 295: 325-334.

23. Viala J, Chaput C, Boneca IG, et al. Nod1 responds to peptidoglycan derived by the
Helicobacter pylori cag pathogenicity island. Nat Immunol 2004; 5: 1166-1174.

24. Montecucco C, de Bernard M. Molecular and cellular mechanisms of action of the vacuolating
cytotoxin (VacA) and neutrophil-activating protein (HP-NAP) virulence factors of Helicobacter
pylori. Microbes Infect 2003; 5: 715-721.

25. McGee DJ, Mobley HL. Mechanisms of Helicobacter pylori infection: bacterial factors. Curr
Top Microbiol Immunol 1999; 241: 155-180.

26. Willson KT, Ramanujam KS, Mobley HL, et al. Helicobacter pylori stimulates inducible nitric
oxide synthase expressionand activity in a murine macrophage cell line. Gastroenterology
1996; 111: 1524-1533.

27. Lamarque D, Moran AP, Szepes Z, et al. Cytotoxicity associated with induction of nitric oxide
synthase in rat duodenal epithelial cells in vitro by lipopolisaccharide of Helicobacter pylori:
inhibition of superoxide dismutase. Br J Pharmacol 2000; 130: 1531-1539.

28. Mannick EE, Bravo LE, Zarama G, et al. Inducible nitric oxide synthase, nitrotyrosine, and
apoptosis In Helicobacter pylori gastritis: effect of antibiotics and antioxidants. Cancer Res
1996; 56: 3238-3243.

29. Gobert AP, Bambou JC, Werts C, et al. Helicobacter pylori heat shock protein 60 mediates
interleukin-6 production by macrophages via a toll-like receptor (TLR)-2-, TLR-4-, and
myeloid differentiation factor 88-independent mechanisms. J Biol Chem 2004; 279: 245-250.

30. Ferrero RL. Innate immune recognition of the extracellular mucosal pathogen, Helicobacter
pylori. Moll Immunol 2005; 42(8): 879-885.

31. Moran AP. Helicobacter pylori lipopolisaccharide-mediated gastric and extragastric pathology.
J Physiol Pharmacol 1999; 50: 787-805.

32. Guiney DG, Hasegawa P, Cole SP. Helicobacter pylori preferentially induces interleukin 12 (IL-
12) rather than IL-6 or IL-10 in human dendritic cells. Infect Immun 2003; 71: 4163-4166.

33. Ermak TH, Giannasca PJ. Nichols R, et al. Immunization of mice with urease vaccine affords
protection against Helicobacter pylori infection in the absence of antibodies and is mediated by
MHC class II-restricted responses. J Exp Med 1998;188: 2277-2288. 

34. Bogstedt AK, Nava S, Wadstrom T, et al. Helicobacter pylori infections in IgA deficiency: lack
of role for the secretory immune system. Clin Exp Immunol 1996; 105: 202-204.

35. Pappo J, Torey D, Castriotta L, et al. Helicobacter pylori infection in immunized mice lacking
major histocompatibility complex class I and class II functions. Infect Immun 1999; 67: 337-341.

36. Haeberle H, Kubin M, Bamford KB, et al. Induction of IL-12 and selection of Th1 cells in the
gastric mucosa in response to H. pylori. Infect Immun 1997; 65: 4229-4235.

37. Tomita T, Jackson AM, Hida N, et al. Expression of interleukin-18, a Th1 cytokine, in human
gastric mucosa is increased in Helicobacter pylori infection. J Infect Dis 2001; 183: 620-627.

38. D’Elios MM, Manghetti M, De Carli M, et al. Th1 effector cells specific for Helicobacter pylori
in the gastric antrum of patients with peptic ulcer disease. J Immunol 1997; 158: 962-967.

39. D’Elios MM, Amedei AA, Benagiano M, et al. Helicobacter pylori, T cells and cytokines: the
“dangerous liaisons”. Immunol Med Microbiol 2005; 44: 113-119.

25



40. Ernst B.E. Pappo J. T-cell-mediated mucosal immunity in the absence of antibody: lessons from
Helicobacter pylori infection. Acta Odontol Scand 2001; 59: 216-221.

41. Weigert N, Schaffer K, Schusdziarra V, et al. Gastrin secretion from primary cultures of rabbit
antral G cells: stimulation by inflammatory cytokines. 1996; Gastroenterology 110: 147-154.

42. Zavros Y., Rathinavelu S, Kao JY, et al. Treatment of Helicobacter gastritis with IL-4 requires
somatostatin. Proc Natl Acad Sci USA 2003; 100: 12944-12949.

43. Ismail HF, Fick P, Zhang J, et al. Depletion of neutrophils in IL-10 (-/-) mice delays clearance
of gastric infection and decreases the Th1 immune response to Helicobacter. J Immunol 2003;
170: 4782-3789.

44. Garhart CA, Heinzel FP, Czinn SJ, et al. Vaccine-Induced Reduction of Helicobacter pylori
Colonization in Mice Is Interleukin-12 Dependent but Gamma Interferon and Inducible Nitric
Oxide Synthase Independent. Infect Immun 2003; 71: 910-921.

45. Amedei A, Bergman MP, Appelmelk BJ, et al. Molecular mimicry between Helicobacter pylori
antigens and H+, K+ - ATPase in human gastric autoimmunity. J Exp Med 2003; 198: 1147-1156.

46. Lundgren A, Suri-Payer E, Enarsson K, et al. Helicobacter pylori-specific CD4+ CD25high

regulatory T cells suppress memory T-cell responses to Helicobacter pylori in infected
individuals. Infect Immun 2003; 71: 1755-1762.

47. Raghavan S, Holmgren J. CD4+ CD25+ suppressor T cells regulate pathohen induced
inflammation and disease. Immunol Med Microbiol 2005; 44: 121-127.

48. Raghavan S, Fredriksson M, Svennerholm AM, et al. 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 2003; 132: 393-400.

49. Wu AH, Crabtree JE, Bernstein L, et al. Role of Helicobacter pylori CagA+ strains and risk of
adenocarcinoma of the stomach and esophagus. Int J Cancer 2003; 1003: 815-821.

50. Peek RM Jr, Crabtree JE. Helicobacter infection and gastric neoplasia. J Pathol 2006; 208:
233-248.

51. Blaser MJ, Perez-Perez GI, Kleanthous H, et al. Infection with Helicobacter pylori strains
possessing cagA is associated with an increased risk of developing adenocarcinoma of the
stomach. Cancer Res 1995; 55: 2111-2115.

52. Crabtree JE, Covacci A, Farmery S, et al. Helicobacter pylori induced interleukin-8 expression in
gastric epithelial cells is associated with CagA positive phenotype. J Clin Pathol 1995; 48: 41-45.

53. Houghton J, Wang TC. Helicobacter pylori and gastric cancer: a new paradigm for
inflammation-associated epithelial cancer. Gastroenterology 2005; 128:1567-1578.

54. Eaton KA, Mefford M, Thevenot T, et al. The role of T cell subsets and cytokines in the
pathogenesis of Helicobacter pylori gastritis in mice. J Immunol 2001; 166: 7456-7461.

55. Sutton P, Kolesnikow T, Danon S, et al. Dominant nonresponsiveness to Helicobacter pylori
infection is associated with production of IL-10 but nnot γ-interferon. Infect Immun 2000; 68:
4802-4804.

56. Farihna P, Gascoyne RD. Helicobacter pylori and MALT lymphoma. Gastroenterology 2005;
128: 1579-1605.

57. Machado J, Pharoah P, Sousa S, et al. Interleukin 1B and interleukin 1RN polymorphism are
associated with increased risk of gastric carcinoma. Gastroenterology 2001; 121: 823-829.

58. Machado J, Figueiredo C, Canedo P, et al. A proinflammatory genetic profile increases the risk
for chronic atrophic gastritis and gastric carcinoma. Gastroenterology 2003; 125: 364-371.

59. Ohyauchi M, Imatani A, Yonechi M, et al. A polymorphism interleukin 8-251 A?T influences
the susceptibility of Helicobacter pylori related diseases in the Japanese population. Gut 2005;
54: 330-335.

26



60. El-Omar EM, Rabkin CS, Gammon MD, et al. Increased risk of noncardia gastric cancer
associated with proinflammatory cytokine gene polymorphisms. Gastroenterology 2003; 124:
1193-1201.

61. El-Omar EM, Carrington M, Chow WH, et al. Interleukin-1 polymorphism associated with
increased risk of gastric cancer. Nature 2000; 404: 398-402.

62. Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR, et al. Helicobacter pylori-associated gastritis
and primary B-cell gastric lymphoma. Lancet 1991; 338: 1175-1176.

63. Wotherspoon AC, Doglioni C, Diss TC. et al. Regression of primary low-grade B-cell gastric
lymphoma of mucosa-associated lymphoid tissue type after eradication of Helicobacter pylori.
Lancet 1193; 324: 575-577.

64. Isaacson PG, Diss YC, Wotherspoon AC, et al. Long-term follow-up of gastric MALT
lymphoma treated by eradication of H. pylori with antibiotics. Gastroenterology 1999; 117:
750-751.

65. Spencer J, Finn T, Pulford KA, et al. The human gut contains a novel population of B
lymphocytes which resemble marginal zone cells. Clin Exp Immunol 1985; 62: 607-612.

66. Hussell PG, Isaacson PG, Crabtree J, et al. Helicobacter pylori-specific tumor infiltrating T cells
provide contact dependent help for the growth of malignant B cells in low-grade gastric
lymphoma of mucosa-associated lymphoid tissue. J Pathol 1996; 178: 122-127.

67. Hussell T, Isaacson PG, Crabtree J, et al. Immunoglobulin specificity of low grade B cell
gastrointestinal lymphoma of mucosa-associated lymphoid tissue (MALT) type. Am J Pathol
1993; 142: 285-292.

68. Hauer AC, Finn TM, MacDonald TT, et al. Analysis of TH1 and TH2 cytokine production in
low grade B cell gastric MALT-type lymphomas stimulated in vitro with Helicobacter pylori. J
Clin Pathol 1997; 50: 957-959.

69. D’Elios MM, Amedei A, Manghetti M, et al. Impaired T-cell regulation of B-cell growth in
Helicobacter pylori-related gastric low-grade MALT lymphoma. Gastroenterology 1999; 117:
1105-1112.

70. Elios MD, Amedei A, Del Prete G. 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 2003; 5: 723-730.

Author’s address: Marian Szczepanik, Department of Human Developmental Biology, Jagiellonian
University College of Medicine, ul. Kopernika 7, 31-034 Kraków, Poland. Tel/fax: +48 12 422 99 49.
E-mail: mmszczep@cyf-kr.edu.pl

27


