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Abstract

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. A predominant H. pylori-specific Th1 response, char-
acterized by high IFN-y, TNF-a, and IL-12 production associates with peptic ulcer, whereas combined secretion of both Thl 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 auto-
immune 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 Thl-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. Alternatively, H. pylori infection may lead in some individuals to gastric autoimmunity via molecular

mimicry.
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1. Introduction

Helicobacter pylori infects almost half of the popula-
tion worldwide and represents the major cause of gas-
troduodenal pathologies, such as duodenal and gastric
ulcer, gastric cancer, B-cell lymphoma of mucosa-associ-
ated lymphoid tissue (MALT), and autoimmune gastri-
tis [1-4]. 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 Thl and type-2 or Th2) and different effector
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functions [5,6]. Thl cells produce IFN-y, TNF-f, and
IL-2, elicit macrophage activation, whereas Th2 cells
produce IL-4, IL-5, and IL-13, that act as growth/differ-
entiation factors for B cells, and inhibit several macro-
phage functions [7]. Most T cells, named as ThO, do
not express a polarized Thl or Th2 profile and represent
a heterogeneous population of cells secreting different
combinations of Thl and Th2 cytokines. Both environ-
mental and genetic factors influence the Thl or Th2 dif-
ferentiation mainly by determining the ‘leader cytokine’
in the microenvironment of the responding T cells. IL-
12, IL-18 and IFNs favour Thl development, whereas
IL-4 is a powerful stimulus for Th2 [7]. In most infec-
tious diseases, the type of specific immunity elicited is
of crucial importance for protection, but, under certain
circumstances, an inappropriate response can even
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contribute to the induction of immunopathology [8,9].
Both the virulence properties of H. pylori strains and
host factors strongly influence the clinical outcome of
the infection. This article will focus on mucosal T-cell
and cytokine responses in H. pylori infection occurring
in peptic ulcer, gastric low-grade B-cell lymphoma
(MALToma), atherosclerosis, and autoimmune
gastritis.

2. Thl polarization in peptic ulcer

Helicobacter pylori infection of the gastric antrum
represents the primary cause of gastroduodenal diseases,
but the reason why only a limited number (10-20%) of
patients with H. pylori-induced gastritis undergo com-
plications of the infection still remains unclear. H. pylori
itself can induce mucosal injury, and some mechanisms
of gastric damage may be related to the pathogenic
products of H. pylori [10,11].

In peptic ulcer RT-PCR analysis of antral biopsies
showed IL-12, IFN-y, and TNF-a, but not IL-4, mRNA
expression, whereas both IFN-y and IL-4 mRNA sig-
nals were found in non-ulcer gastritis [12-14]. Using se-
rial histological sections, a significant correlation was
demonstrated between disease severity and the in situ
secretion of IFN-y and TNF-a [15]. The antigen specific-
ity and effector functions of the Th cells resident in the
antral mucosa of patients with or without peptic ulcer
were extensively investigated [12-16]. Among the H. py-
lori-reactive  Th clones derived from peptic ulcer
patients, half of them were specific for Cytotoxin-associ-
ated protein (CagA), whereas about one fourth of H. py-
lori-reactive clones from non-ulcer gastritis patients
recognized the H. pylori urease. These data suggest that
CagA is the immunodominant antigen of H. pylori-spe-
cific T-cell responses in the stomach of peptic ulcer pa-
tients. 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 ac-
count for the preferential presentation and the high
immunogenicity of this protein [17]. Vacuolating cyto-
toxin (VacA) is unable to evoke a strong immune re-
sponse in animals, unless administered with adjuvants
[10,17]. VacA inhibits the intracellular pathway of mac-
rophage antigen presentation and two independent sig-
nalling pathways of T-cell activation with consequent
lower stimulation of antigen-specific T-cell response
[18,19].

CagA can be expressed on bacterial surface and
therefore it can preferentially evoke Thl 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 Thl profile, with high
production of IFN-y but not of IL-4. In contrast, in
uncomplicated gastritis, more than a half of H. py-
lori-specific Th clones derived from gastric antrum
showed a ThO profile whereas polarized Thl were
one third only [16].

Increased levels of IL-18 and IL-17, other Thl-induc-
ers, have been found in the gastric mucosa of H. pylori-
infected patients [20,21]. A preferential activation of Thl
responses has been reported in different animal models,
such as mice, beagle dogs, and monkeys experimentally
infected with H. pylori or H. felis [22-24].

A number of independent studies agree that Thl
polarization of H. pylori-specific T-cell response is
associated with more severe disease [12,15,25-28]. Pre-
dominant activation of Thl cells with production of
IFN-y and TNF-qa, in the absence of Th2 cytokines can
increase gastrin secretion and pepsinogen release [29,30].

The concept that gastric polarized Thl response
against H. pylori contributes to the pathogenesis of pep-
tic ulcer is indirectly supported by different observations
showing that inhibition of Thl or activation of Th2 re-
sponses result in reduction of dyspeptic symptoms. The
results obtained so far suggest that gastric T-cell re-
sponses to H. pylori antigens characterized by a mixed
Th1-Th2 cytokine profile are associated with lower rate
of ulcer complication and that Th2 cytokines, particu-
larly IL-4 and IL-10, are important in balancing and
quenching some detrimental effects of polarized Thl re-
sponses. In patients undergoing strong Th1 immunosup-
pression, such as renal transplanted patients, in spite of
a high prevalence of H. pylori colonization, peptic ulcer
and active inflammatory lesions were virtually absent
[31]. In pregnancy, a preferential Th2 response does oc-
cur and makes the mother “tolerant” to her offspring by
inhibiting Thl responses [32]. During pregnancy, pa-
tients suffering of peptic ulcer significantly reduce their
dyspeptic symptoms and tend to undergo remission for
the time of pregnancy [33]. Considering that some local
IL-4 production may result in protection from ulcer, we
proposed that the “African enigma” (i.e. discrepancy
between high rate of H. pylori infection and low preva-
lence of peptic ulcer) [34] could be related to the ac-
quired cytokine response of African people living in
endemic areas of helminth infections, known to elicit
strong and persistent Th2-dominated responses [35].

In mice, T-cell dependent immune responses are
needed for protection against H. pylori whereas anti-
body response is not strictly required for protective
immunity [36]. However, if the T-cell response induced
against H. pylori is not fully appropriate and balanced,
it may even result in damage to the host, as demon-
strated in different animal models [22,24,37]. Transfer-
ring 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
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involved in the development of peptic ulcers [38]. In H.
felis-infected mice, neutralization of IFN-y significantly
reduced the severity of gastritis, strongly supporting the
concept that preferential long-lasting activation of a
Thl-type response contributes to development and
maintenance of gastric pathology. The magnitude of
H. felis-induced inflammation in IL-4-deficient mice
was higher than in their wild-type counterparts. More-
over, infection with H. felis induced minimal inflamma-
tion in BALB/c mice, whose genetic background is
prone to high IL-4 production in response to different
antigens [22]. The results of these studies provide further
evidence that unlimited Thl response is associated with
gastric inflammation and disease, whereas a mixed Thl/
Th2 response is able to reduce the pro-inflammatory
Thl response [22]. Fox et al. [39], confirming our hypo-
thetical explanation for the “African enigma”, demon-
strated that co-infection of mice with H. felis and H.
polygyrus, a murine helminth parasite, resulted in less se-
vere gastric inflammation and related epithelial injury
than infection with H. felis alone. As expected, co-in-
fected mice showed increased production of Th2 and
lower production of Thl cytokines [39]. On other hand,
the usefulness for protection against H. pylori infection
of IL-12 driven Thl responses has been clearly shown
in IL-12, IFN-y or IL-4 deficient mice [40]. Therefore,
we can assume that a never-ending Thl-driven inflam-
mation would result in immunopathology whereas a
polarized Th2 response would not even be beneficial
for the host because it would not guarantee protection.
Only an efficient H. pylori-specific Thl response appro-
priately tuned by Th2 cells would lead to protection.

3. Helicobacter pylori-specific Th cells promote B-cell
proliferation in low-grade gastric B-cell lymphoma

Helicobacter pylori-related low-grade gastric MALT
lymphoma represents the first described neoplasia sus-
ceptible to regression following antibiotic therapy result-
ing in H. pylori eradication [41]. 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 sig-
nals, such as CD40 costimulation and cytokines pro-
duced by antigen-stimulated Th cells, and dependent
for their growth on the stimulation by H. pylori-specific
helper T cells [42,43]. In early phases, this tumor is sen-
sitive 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. Detailed analysis of the anti-
gen-induced B-cell help exerted by H. pylori-reactive
gastric T-cell clones contributed new information on
the mechanisms possibly associated with the onset of

low-grade gastric MALToma. 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 anti-
gens of H. pylori are involved in driving T-cell activation
and related B-cell proliferation in low-grade gastric lym-
phoma [44]. In vitro stimulation with H. pylori induced
H. pylori-specific Th clones derived from gastric MAL-
Toma to express powerful help for B-cell activation
and proliferation. In contrast in chronic gastritis pa-
tients without MALToma 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 [44]. Gastric T-cell clones from
MALToma were unable to down-modulate their anti-
gen-induced help for B-cell proliferation and none of
these clones was able to express perforin-mediated cyto-
toxicity against autologous B cells. Moreover, the
majority of Th clones from uncomplicated chronic
gastritis induced Fas—Fas ligand-mediated apoptosis in
target cells, whereas only a small fraction of H. pylori-
specific gastric clones from MALToma were able to in-
duce apoptosis in target cells, including autologous B
cells [44]. Both defective perforin-mediated cytotoxicity
and poor ability to induce Fas-Fas ligand-mediated
apoptosis were restricted to MALToma-infiltrating T
cells, since H. pylori-specific Th cells derived from the
peripheral blood of the same patients expressed cytolytic
potential and pro-apoptotic activity like that shown by
Th cells from chronic gastritis patients [44]. The reason
why gastric T cells of MALToma, while delivering pow-
erful help to B cells, are apparently deficient in mecha-
nisms 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-con-
taining granules of NK cells [18,19]. It is possible that,
in some H. pylori-infected individuals, some yet unde-
fined 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.

4. Helicobacter pylori infection, molecular mimicry and
autoimmune gastritis

A strong association between H. pylori infection and
gastric autoimmunity has been highlighted by a num-
ber of clinical and epidemiological studies indicating
that most of patients with AIG have or have had
H. pylori infection [4]. H. pylori-associated autoim-
mune gastritis is characterized by an inflammatory
infiltrate of the gastric mucosa, including T cells, mac-
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rophages and B cells. It mainly affects the corpus and
the fundus, and it is accompanied by loss of gastric
parietal and zymogenic cells. We have recently charac-
terized at molecular level the gastric T-cell mediated
responses to H. pylori and to the H", K™-ATPase auto-
antigen in a series of H. pylori-infected patients with
gastric autoimmunity [45].

Among gastric Th clones, a number proliferated to H.
pylori, but not to the H. pylori proteins CagA, VacA, hsp,
urease nor to H",K"-ATPase. Some other Th clones pro-
liferated to H",K"-ATPase and not to H. pylori (autore-
active), and a third group of clones was found that
proliferated to both H. pylori and H* ,K*-ATPase
(cross-reactive) [45]. All the Th clones able to proliferate
to H",K"-ATPase were studied for their ability to re-
spond to the 261 overlapping 15-mer peptides covering
the amino acid sequence of o and B chain of the human
H* K*-ATPase. In the series of cross-reactive Th clones
11 recognized their epitope in the o chain and two clones
in the B chain. In the subgroup of autoreactive Th clones
6 recognized their epitope in the o chain and 9 in the B
chain of the proton pump. Therefore, some “shared”
H*,K*-ATPase epitopes, mainly in the o chain, are
cross-reactive with epitopes of H. pylori antigens,
whereas others can be considered as “private” epitopes
of H",K*-ATPase. A cross-reactive H. pylori peptide
could be found for each of the 10 H*,K*-ATPase/H. py-
lori cross-reactive gastric Th clones [45]. Overall, that
study led to the identification of nine different H. pylori
proteins (such as lipopolysaccharide biosynthesis pro-
tein, histidine kinase, porphobilinogen deaminase, di-
methyl-adenosine transferase, glucose-inhibited division
protein A, VirB4 homolog, phosphoglucosamine mutase,
acetate kinase, penicillin-binding protein-2) each har-
bouring a T-cell peptide suitable for cross-reaction with
T-cell epitopes of gastric H",K"-ATPase a chain [45].
Interestingly, none of the bacterial epitopes recognized
by cross-reactive Th clones belong to the known H. pylori
immunodominant antigens, such as CagA, VacA and
urease, which are major targets of gastric T-cell responses
in H. pylori infected patients with peptic ulcer [12]. Two
possibilities can be considered: these peptides are impli-
cated in cross-reactivity because of their structural prop-
erties or alternatively a physiological relevance
implicating these particular nine proteins can be postu-
lated. All the cross-reactive and autoreactive H ,K*-AT-
Pase-specific Th clones after activation were able to
induce cell death via either Fas-Fas ligand-mediated
apoptosis or perforin-mediated cytotoxicity against tar-
get cells [45]. This ability to induce apoptosis in T cells
might give a selective advantage that can promote sur-
vival and persistence of bacteria, allowing H. pylori to es-
cape the host immune response. On the other hand, the
relevance of cross-reactive and autoreactive cytolytic
Th effector cells in the genesis of AIG is consistent with
data in the mouse model that Fas-related death is re-

quired for the development of full-blown destructive
autoimmune gastritis [46]. Based on these results, it is
tempting to speculate that in the ‘“gastric autoimmune
inflammatory scenario’ in which cross-reactive and auto-
reactive Th clones are activated, parietal cells might be-
come target of the pro-apoptotic and cytotoxic activity
of cross-reactive and autoreactive gastric Th cells. The
end point of this process would be gastric corpus atrophy
and hypochlorydria.

5. Lack of H. pylori-specific Th cells in the atherosclerotic
plaques of H. pylori-infected patients

A pathogenetic role in atherosclerosis has been sug-
gested for chronic bacterial infections, such as H. py-
lori or Chlamydia pneumoniae, leaving still open the
question of how the infectious agents might contribute
to the formation of plaques [47]. The role of cell-med-
iated immunity and the functional status of pathogen-
specific effector T cells within atherosclerotic lesions
remain poorly characterized. We assessed the func-
tional profile of in vivo activated T lymphocytes that
infiltrate  atherosclerotic plaques to understand
whether and how their effector functions may influ-
ence the natural history of atherosclerosis [48]. Among
patients undergoing carotid endarterectomy, we se-
lected 10 H. pylori-infected individuals, five of whom
were also seropositive for anti-C. pneumoniae antibod-
ies (Cp-pos), and five were seronegative (Cp-neg).
Fragments of carotid plaques of all patients were cul-
tured in IL-2-conditioned medium to allow the prefer-
ential expansion of in vivo activated T cells resident in
the plaques. Single T-cell blasts were then cloned and
studied. In all patients, the majority of plaque-derived
Th clones produced IFN-y and TNF-a, but not 1L4,
and were able to provide help for tissue factor pro-
duction by autologous monocytes. We studied the
proliferative response to H. pylori and C. pneumoniae
antigens of all the 421 plaque-derived Th clones. We
could not find any T-cell reactivity against H. pylori
antigens in spite all patients harbored that pathogen
and H. pylori-specific T cells in their stomach [48].
In contrast, 22% of the 206 CD4" T-cell clones gener-
ated from the five Cp-pos patients were specific for
C. pneumoniae antigens. No C. pneumoniae-specific
Th cell was found in the plaques neither from the five
Cp-neg patients nor in the stomach of Cp-pos pa-
tients. Therefore, in H. pylori-infected patients H. py-
lori-specific T cells infiltrate the gastric antrum but not
the atherosclerotic plaques whereas C. pneumoniae-
specific T-cells selectively colonized the atherosclerotic
plaques, but not other site of inflammation, such as
gastric antrum [48]. The results obtained so far sug-
gest that atherosclerosis can result from an inappro-
priate Thl-driven immunopathological response, part
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Immunopathology of Helicobacter pylori infection
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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-y, TNF-o, IL-12 and other Thl
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 would result in destruction of
gastric mucosa, via Fas-ligand (FasL)-induced apoptosis and perforin-mediated cytotoxycity.

of which due to C. pneumoniae, but not to H. pylori
antigens.

6. Conclusions

Helicobacter pylori is able to induce antigen-specific
T-cell responses at the gastric site of infection. 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 lym-
phoma or autoimmune gastritis (Fig. 1). In some pa-
tients, 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, mak-
ing easier the chance of neoplastic transformation, and
the onset of low-grade gastric MALT lymphoma. In
genetically susceptible individuals, H. pylori infection
would trigger the activation at gastric level of cross-

reactive cytotoxic, and pro-apoptotic T cells leading
to the gastric autoimmunity via molecular mimicry.

Acknowledgements

We thank the Ministry of Health, the Ministry of
University and Scientific Research (MIUR), Istituto
Superiore di Sanita, and the Associazione Italiana per
la Ricerca sul Cancro (A.I.R.C.), for their financial sup-
port to our studies.

References

[1] Marshall, B.J. (1994) Helicobacter pylori. Am. J. Gastroenterol.
89, 116-128.

[2] Parsonnet, J., Friedman, G.D., Vandersteen, D.P., Chang, Y.,
Vogelman, J.H., Orentreich, N. and Sibley, R.K. (1991) Helico-
bacter pylori infection and the risk of gastric cancer. New Engl. J.
Med. 325, 1127-1131.

[3] Wotherspoon, A.C., Ortiz-Hidalgo, C., Falzon, M.F. and Isaac-

son, P.G. (1991) Helicobacter pylori associated gastritis and

primary B-cell lymphoma. Lancet 338, 1175-1176.

D’Elios, M.M., Appelmelk, B.J., Amedei, A., Bergman, M.P. and

Del Prete, G. (2004) Gastric autoimmunity: the role of Helico-

bacter pylori and molecular mimicry. Trends Mol. Med. 10, 316

323.

[4

=

$20Z Iudy 61 U0 1senb Ag 8096GY/E L L/Z/v /8101 e/pdswa)/woo dnoolwepeoe//:sdiy woly pspeojumoq



118

M.M. D’Elios et al. | FEMS Immunology and Medical Microbiology 44 (2005) 113-119

[5] Mosmann, T.R., Cherwinski, H., Bond, M.W., Giedlin, M.A. and

[6

[7

—

—

Coffman, R.L. (1986) Two types of murine T cell clones. I.
Definition according to profiles of lymphokine activities and
secreted proteins. J. Immunol. 136, 2348-2357.

Del Prete, G., De Carli, M., Mastromauro, C., Macchia, D.,
Biagiotti, R., Ricci, M. and Romagnani, S. (1991) Purified protein
derivative of Mycobacterium tuberculosis and excretory—secretory
antigen(s) of Toxocara canis expand in vitro human T cells with
stable and opposite (type 1 T helper or type 2 T helper) profile of
cytokine production. J. Clin. Invest. 88, 346-351.

D’Elios, M.M. and Del Prete, G. (1999) Thl/Th2 cytokine
network In: Topics in Neuroscience (Martino, G. and Adorini, L.,
Eds.), pp. 68-82. Springer, Berlin.

[8] Reiner, S.L. and Locksley, R.M. (1995) The regulation of

[9

[10

[11

[12

[13

[14

(15

[16

[17

18

[19

—

|

]

]

]

|

|

]

immunity to Leishmania Major. Annu. Rev. Immunol. 13, 151-
177.

Yssel, H., Shanafelt, M.C., Soderberg, C., Schneider, P.V.,
Anzola, J. and Peltz, G. (1992) Borrelia burgdorferi activates a
T helper type 1-like T cell subset in Lyme arthritis. J. Exp. Med.
174, 593-601.

Telford, J.L., Ghiara, P., Dell’lOrco, M., Comanducci, M.,
Burroni, D., Bugnoli, M., Tecce, M.F., Censini, S., Covacci, A.,
Xiang, Z., Papini, E., Montecucco, C., Parente, L. and Rappuoli,
R. (1994) Gene structure of the Helicobacter pylori cytotoxin and
evidence of its key role in gastric disease. J. Exp. Med. 179, 1653—
1670.

Censini, S., Lange, C., Xiang, Z., Crabtree, J.E., Ghiara, P.,
Borodovsky, M., Rappuoli, R. and Covacci, A. (1996) cag, a
pathogenicity island of Helicobacter pylori, encodes type-1 specific
and disease-associated virulence factors. Proc. Natl. Acad. Sci.
USA 93, 14648-14653.

D’Elios, M.M., Manghetti, M., De Carli, M., Costa, F., Baldari,
C.T., Burroni, D., Telford, J.L., Romagnani, S. and Del Prete, G.
(1997) Thl effector cells specific for Helicobacter pylori in the
gastric antrum of patients with peptic ulcer disease. J. Immunol.
158, 962-967.

D’Elios, M.M., Romagnani, P., Scaletti, C., Annunziato, F.,
Manghetti, M., Mavilia, C., Parronchi, P., Pupilli, C., Pizzolo, G.,
Maggi, E., Del Prete, G. and Romagnani, S. (1997) In vivo CD30
expression in human diseases with predominant activation of
Th2-like T cells. J. Leukocyte Biol. 61, 539-544.

Orsini, B., Ottanelli, B., Amedei, A., Surrenti, E., Capanni, M.,
Del Prete, G., Amorosi, A., Milani, S., D’Elios, M.M. and
Surrenti, C. (2003) Helicobacter pylori cag pathogenicity island is
associated with reduced expression of 1L-4 mRNA and modula-
tion of IL-462 mRNA isoform in human gastric mucosa. Infect.
Immun. 71, 6664-6667.

Lehmann, F.S., Terracciano, L., Carena, 1., Baeriswyl, C., Drewe,
J., Tornillo, L., De Libero, G. and Beglinger, C. (2002) In situ
correlation of cytokine secretion and apoptosis in Helicobacter
pylori-associated gastritis. Am. J. Physiol. Gastrointest. Liver
Physiol. 283, 481-488.

D’Elios, M.M., Manghetti, M., Almerigogna, F., Amedei, A.,
Costa, F., Burroni, D., Baldari, C.T., Romagnani, S., Telford,
J.L. and Del Prete, G. (1997) Different cytokine profile and
antigen-specificity repertoire in Helicobacter pylori-specific T cell
clones from the antrum of chronic gastritis patients with or
without peptic ulcer. Eur. J. Immunol. 27, 1751-1755.

Del Giudice, G., Covacci, A., Telford, J.L., Montecucco, C. and
Rappuoli, R. (2001) The design of vaccines against Helicobacetr
pylori and their development. Annu. Rev. Immunol. 19, 523-563.
Molinari, M., Salio, M., Galli, C., Norais, N., Rappuoli, R.,
Lanzavecchia, A. and Montecucco, C. (1998) Selective inhibition
of li-dependent antigen presentation by Helicobacter pylori toxin
VacA. J. Exp. Med. 187, 135-140.

Boncristiano, M., Rossi Paccani, S., Barone, S., Ulivieri, C.,
Patrussi, L., Ilver, D., Amedei, A., D’Elios, M.M., Telford, J.L.

[20]

(21]

[22]

(23]

[24]

(23]

[20]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

and Baldari, C.T. (2003) The Helicobacter pylori vacuolating
toxin inhibits T-cell activation by two independent mechanisms. J.
Exp. Med. 198, 1887-1897.

Tomita, T., Jackson, A.M., Hida, N., Hayat, M., Dixon, M.F.,
Shimoyama, T., Axon, A.T., Robinson, P.A. and Crabtree, J.E.
(2001) Expression of Interleukin-18, a Thl cytokine, in human
gastric mucosa is increased in Helicobacter pylori infection. J.
Infect. Dis. 183, 620-627.

Luzza, F., Parrello, T., Monteleone, G., Sebkova, L., Romano,
M., Zarrilli, R., Imeneo, M. and Pallone, F. (2000) Up-regulation
of IL-17 is associated with bioactive IL-8 expression in Helico-
bacter pylori-infected human gastric mucosa. J. Immunol. 165,
5332-5337.

Mohammadi, M., Czinn, S., Redline, R. and Nedrud, J. (1996)
Helicobacter-specific cell-mediated immune response display a
predominant Thl phenotype and promote a delayed-type hyper-
sensitivity response in the stomachs of mice. J. Immunol. 156,
4729-4738.

Rossi, G., Fortuna, D., Pancotto, L., Tenzoni, G., Taccini, E.,
Del Giudice, G. and Rappuoli, R. (2000) Immunohistochemical
study of the lymphocyte populations infiltrating the gastric
mucosa of beagle dogs experimentally infected with Helicobacter
pylori. Infect. Immun. 68, 4769-4772.

Mattapallil, J.J., Dandekar, S., Canfield, D.R. and Solnick, J.V.
(2000) A predominant Thl type of immune response is induced
early during acute Helicobacter pylori infection in rhesus
macaques. Gastroenterology 118, 307-315.

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. and
Ernst, P.B. (1998) Lymphocytes in the human gastric mucosa
during Helicobacter pylori have a T helper cell 1 phenotype.
Gastroenterology 114, 482-492.

Sommer, F., Faller, G., Konturek, P., Kirchner, T., Hahn, E.G.,
Zeus, J., Rollinghoff, M. and Lohoff, M. (1998) Antrum and
corpus mucosa-infiltrating CD4" lymphocytes in Helicobacter
pylori gastritis display a Thl phenotype. Infect. Immun. 66, 5543—
5546.

de Jonge, R., Kuipers, E.J., Langeveld, S.C., Loffeld, R.J., Stoof,
J., van Vliet, A.H. and Kusters, J.G. (2004) The Helicobacter
pylori plasticity region locus jhp0947—jhp0949 is associated with
duodenal ulcer disease and interleukin-12 production in monocyte
cells. FEMS Immunol. Med. Microbiol. 41, 161-167.

Wen, S., Felley, C.P., Bouzourene, H., Reimers, M., Michetti, P.
and Pan-Hammarstrom, Q. (2004) Inflammatory gene profiles in
gastric mucosa during Helicobacter pylori infection. J. Immunol.
172, 2595-2606.

Weigert, N., Schaffer, K., Schusdziarra, V., Classen, M. and
Schepp, W. (1996) Gastrin secretion from primary cultures of
rabbit antral G cells: stimulation by inflammatory cytokines.
Gastroenterology 110, 147-154.

Fiorucci, S., Santucci, L., Migliorati, G., Riccardi, C., Amorosi,
A., Mancini, A., Roberti, R. and Morelli, A. (1996) Isolated
guinea pig gastric chief cells express tumor necrosis factor
receptors coupled with the sphingomyelin pathway. Gut 38,
182-189.

Hruby, Z., Myszka-Bijak, K., Gosciniak, G., Blaszczuk, J., Czyz,
W., Kowalski, P., Falkiewicz, K., Szymanska, G. and Przondo-
Mordarska, A. (1997) Helicobacter pylori in kidney allograft
recipients: high prevalence of colonization and low incidence of
active inflammatory lesions. Nephron 75, 25-29.

Piccinni, M.P., Beloni, L., Livi, C., Maggi, E., Scarselli, G. and
Romagnani, S. (1998) Role of type 2 T helper (Th2) cytokines
and leukemia inhibitory factor (LIF) produced by decidual T
cells in unexplained recurrent abortions. Nat. Med. 4, 1020—
1024.

Cappell, M.S. (2003) Gastric and duodenal ulcers during preg-
nancy. Gastroenterol. Clin. North America 27, 263-308.

20z Mdy 61 uo 3senb Aq 80965 Y/E L L/Z/v/e101e/pdswa)/wo0 dnoolwapeode//:sdjy wody pepeojumoq



M.M. D’Elios et al. | FEMS Immunology and Medical Microbiology 44 (2005) 113-119 119

[34] Holcombe, C. (1992) Helicobacter pylori: the African enigma. Gut
33, 429-431.

[35] D’Elios, M.M., Andersen, L.P. and Del Prete, G. (1998) Inflam-
mation and host response. The year in Helicobacter pylori. Curr.
Opin. Gastroenterol. 14, 15-19.

[36] Ermak, T.H., Giannasca, P.J., Nichols, R., Myers, G.A., Nedrud,
J., Weltzin, R., Lee, C.K., Kleanthous, H. and Monath, T.P.
(1998) Immunization of mice with urease vaccine affords protec-
tion against Helicobacter pylori infection in the absence of
antibodies and is mediated by MHC class II-restricted responses.
J. Exp. Med. 188, 2277-2288.

[37] Eaton, K.A., Mefford, M. and Thevonot, T. (2001) The role of T
cell subsets and cytokines in the pathogenesis of Helicobacter
pylori gastritis in mice. J. Immunol. 166, 7456-7461.

[38] Yokota, K., Kobayashi, K., Kahawara, Y., Hayashi, S., Hirai,
Y., Mizuno, M., Okada, H., Akagi, T., Tsuji, T. and Oguma, K.
(1999) Gastric ulcers in SCID mice induced by Helicobacter pylori
infection after transplanting lymphocytes from patients with
gastric lymphoma. Gastroenterology 117, 893-899.

[39] Fox, J.G., Beck, P., Dangler, C.A., Whary, M.T., Wang, T.C.,

Shi, H.N. and Nagler-Anderson, C. (2000) Concurrent enteric

helminth infection modulates inflammation and gastric immune

responses and reduces helicobacter-induced gastric atrophy. Nat.

Med. 6, 536-542.

Akhiani, A.A., Pappo, J., Kabok, Z., Schon, K., Gao, W.,

Franzen, L.E. and Lycke, N. (2002) Protection against Helico-

bacter pylori infection following immunization is IL-12 dependent

and mediated by Thl cells. J. Immunol. 169, 6977-6984.

Wotherspoon, A.C., Doglioni, C., Diss, T.C., Pan, L., Moschini,

A., DeBoni, M. and Isaacson, P.G. (1993) Regression of primary

low-grade B cell gastric lymphoma of mucosa-associated lym-

phoid tissue type after eradication of Helicobacter pylori. Lancet

342, 575-577.

[40

[41

[42] Hussell, T., Isaacson, P.G., Crabtree, J.E. and Spencer, J. (1996)
Helicobacter pylori-specific tumour-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. 178, 122-127.

[43] Greiner, A., Knorr, C., Qin, Y., Sebald, W., Schimpl, A.,
Banchereau, J. and Muller-Hermelink, H.K. (1997) Low-grade
B cell lymphomas of mucosa-associated lymphoid tissue (MALT-
type) require CD40-mediated signaling and Th2-type cytokines
for in vitro growth and differentiation. Am. J. Pathol. 150, 1583-
1593.

[44] D’Elios, M.M., Amedei, A., Manghetti, M., Costa, F., Baldari,
C.T., Quazi, A.S., Telford, J.L., Romagnani, S. and Del Prete, G.
(1999) Impaired T-cell regulation of B-cell growth in Helicobacter
pylori-related gastric low-grade MALT lymphoma. Gastroenter-
ology 117, 1105-1112.

[45] Amedei, A., Bergman, M.P., Appelmelk, B.J., Azzurri, A.,
Benagiano, M., Tamburini, C., Van der Zee, R., Telford, J.L.,
Vandenbroucke-Grauls, C.M., D’Elios, M.M. and Del Prete, G.
(2003) Molecular mimicry between Helicobacter pylori antigens
and H*,K"-ATPase in human gastric autoimmunity. J. Exp. Med.
198, 1147-1156.

[46] Marshall, A.C., Alderuccio, F. and Toh, B.H. (2002) Fas/CD?95 is
required for gastric mucosal damage in autoimmune gastritis.
Gastroenterology 123, 780-789.

[47] Gura, T. (1998) Infections: a cause of artery-clogging plaques?.
Science 5373, 35-37.

[48] Benagiano, M., Azzurri, A., Ciervo, A., Amedei, A., Tambu-
rini, C., Ferrari, M., Telford, J.L., Baldari, C.T., Romagnani,
S., Cassone, A., D’Elios, M.M. and Del Prete, G. (2003) T
helper type 1 lymphocytes drive inflammation in human
atherosclerotic lesions. Proc. Natl. Acad. Sci. USA 100, 6658—
6663.

20z Mdy 61 uo 3senb Aq 80965 Y/E L L/Z/v/e101e/pdswa)/wo0 dnoolwapeode//:sdjy wody pepeojumoq



	Helicobacter pylori, T cells and cytokines: the  "dangerous liaisons" 
	Introduction
	Th1 polarization in peptic ulcer
	Helicobacter pylori-specific Th cells promote B-cell proliferation in low-grade gastric B-cell lymphoma
	Helicobacter pylori infection, molecular mimicry and autoimmune gastritis
	Lack of H. pylori-specific Th cells in the atherosclerotic plaques of H. pylori-infected patients
	Conclusions
	Acknowledgements
	References


