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Helicobacter pylori infection
and gastric MALT lymphoma
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Abstract

Helicobacter pylori infection is implicated in the devel-
opment of two different gastric cancers: gastric adeno-
carcinoma and gastric MALT lymphoma. The association
with the gastric MALT lymphoma is strong and causal. It is
currently the only cancer which can be treated by a simple
antibiotic treatment. However, the evolution of an H. pylori
infection towards lymphoma is exceptional. Host suscep-
tibility factors and environmental factors predisposing
a patient to lymphoma have not yet been determined. The
bacterial factors are currently being identified.
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Abbreviations: JHP — Helicobacter pylori strain J99 open
reading frame region; IPSID - Immuno proliferative small
intestinal disease; NHL — Non-Hodgkin lymphoma; PGIL
— Primitive gastrointestinal lymphoma; MALT — Mucosa associ-
ated lymphoid tissue; ORF — Open reading frame region; PCR
— Polymerase chain reaction

Introduction

Twenty-five years have gone by since two Australian
researchers were able to culture Helicobacter pylori (H. pylori)
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for the first time [1,2]. This bacterium which is strictly adapted
to humans has unique properties. First of all, approximately half
of the world population is said to be infected. Furthermore,
the bacterium’s adaptation to the gastric mucosa, thanks to its
large production of urease which neutralizes the gastric acidity,
insures its survival. Only about 10% of infected subjects develop
gastroduodenal diseases, all within a very heterogeneous spec-
trum: gastritis, ulcers, gastric adenocarcinoma or mucosa associ-
ated lymphoid tissue (MALT)-type gastric lymphoma. H. pylori
infection is therefore a potentially carcinogenic infection and,
as such, has been recognized as a type I carcinogen (maximum
level) by the International Agency In Research against Cancer
[3]. The discovery of the bacterium has revolutionized one of
the most important domains of gastroenterology. In fact, despite
initial skepticism, ulcer treatment is now comprised of an anti-
biotic therapy aimed at eradicating H. pylori. The beneficial
effect of this intervention was subsequentially applied to gastric
MALT lymphoma as it is indeed possible to cure this particular
cancer on a long term basis following H. pylori eradication [4].

For a given subject, individual factors, environmental fac-
tors and factors linked to the bacterium itself, contribute to the
evolution towards a chronic infection and leads to the appear-
ance of a lymphoma.

This article is comprised of three successive aspects: a gen-
eral review of gastrointestinal lymphomas, a part dedicated
especially to gastric MALT lymphoma, and finally an up-to-date
on the most recent genetic data concerning H. pylori strains
which are associated with gastric MALT lymphoma.

Primitive gastrointestinal lymphomas

The term of “lymphoma” evokes primarily a lymph node
pathology. However, lymphoid tissue is also present in certain
organs as the digestive tract. Indeed, 25% of all lymphomas are
found elsewhere than in the lymph nodes and, amongst them,
digestive lymphomas are the most frequent [5]. Work done by
Isaacson and Wright led to regrouping most of the extra-gan-
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Table 1. Histopathological classification of gastrointestinal lymphomas

Phenotype B

Low grade MALT B lymphoma
— Western type (focalized)

From the marginal zone of MALT

— Mediterranean type (extensive): IPSID (essentially alpha chain disease)

High grade MALT B lymphoma, with or without a component of weak malignancy including:

- centroblast
— immunoblast
- large anaplasic cells

Diffuse large B cells

Centrocytic lymphoma = digestive lymphomatic polyposis
Burkitt’s lymphoma or Burkitt type lymphoma
Other types (equivalent to ganglionnary lymphomas)

From the mantle zone
From Burkitt
Follicular

Phenotype T

T lymphomas associated (EATL) with an enteropathy
T lymphomas not associated with an enteropathy

T intestinal type

MALT - Mucosa Associated Lymphoid Tissue
IPSID — Immuno Proliferative Small Intestinal Disease
EATL - Enteropathy-Associated T Lymphoma

glionary lymphomas into one entity, the MALT lymphomas [6].
The diagnosis of gastrointestinal lymphomas should now be
made following the recent classification of the World Health
Organization (Zab. 1) [7,8].

I. Epidemiology of and predisposing factors

for gastrointestinal lymphomas

Digestive lymphoma localizations represent 12.5% of all
non-Hodgkin lymphomas (NHL) and are the most frequently
found extraganglionary form (36%), gastric localization being
the most frequent [9].

There is a male predominance in primitive gastrointestinal
lymphomas (PGIL) (ratio 2:1). The average age is 57 years, but
the age is much lower in Burkitt’s lymphoma cases which con-
cern young patients [10,11].

The etiology of PGIL is most often unknown. Acquired
immune deficiency syndromes (AIDS) or genetic problems
(chromosome X-linked deficiencies) have been associated with
different kinds of lymphoma like Burkitt’s lymphoma or lym-
phomatic polyposis syndrome. The infection hypothesis has also
been considered, for example, in the case of certain T intestinal
lymphomas which are associated with human T-cell leukemia ret-
rovirus type I (HTLV-I). Recently Campylobacter jejuni has been
suspected to play a role in the genesis of certain cases of immuno
proliferative small intestinal disease (IPSID), but this hypothesis
has not received unanimous approval [12,13]. H. pylori infection
therefore represents the infectious cause of lymphoma which has
been studied and characterized the most thoroughly.

1. Comparison of morphological characteristics

of MALT lymphomas and Peyer patches

MALT lymphomas share morphologic characteristics which
bring them close to Peyer patches and allow them to be differen-

tiated from lymph node lymphomas, as follows:
— the constant presence of lymphoid follicles with a clear
center,
— lymphoepithelial lesions formed by invasion of individu-
als glands by aggregates of lymphoma cells.

Figure 1. Schematic representation of lymphoid tissue from the
digestive tract (MALT) [60]
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Peyer patches are indeed comprised of lymphoid follicles
with a clear center which, when activated, are surrounded by
a mantle zone and a marginal zone. The T lymphocytes are
arranged along the venules and histocytes. The follicles bulge
towards the intestinal lumen and establish a zone called “the
dome”, found between the follicle and the epithelium and
comprised of B lymphocytes from the marginal zone (Fig. I).
Immunohistochemical studies show that only at the dome level
are there intraepithelial B lymphocytes (CD20+, CD79a+) in
formations resembling miniature lymphoepithelial lesions.

Gastric MALT lymphoma

Gastric lymphoma is considered to be the classic lymphoma
of MALT-type of the digestive tract. It is a B cell lymphoma
with a very unusual pathogenesis and evolution which slowly
progresses and stays localized in the stomach for a long time.
The development of the lymphoma is directly linked to the
H. pylori infection although it is not known why this evolution is
present in only a very small number of infected subjects.
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I. Epidemiology of gastric MALT lymphoma

Epidemiological data on gastric MALT lymphoma are very
heterogeneous. An epidemiological study carried out in Ger-
many reported on the detection of 94 cases in a total population
of 3.5 million inhabitants over a 3 year period, and estimated the
incidence to be 0.7-0.8 per 100000, with an average age of 62.1
years and a sex ratio slightly in favor of the male gender [9]. This
incidence seems to be comparable to that of other European
countries with the exception of England where the incidence is
lower (0.2 per 100000). Amongst the North African countries,
in Tunisia, the incidence is estimated at 6.3 per 100000 for men
and 3.8 per 100000 for women [14].

I1. Relationship between H. pylori infection and

gastric MALT lymphoma

In order to analyze the relationship between H. pylori infec-
tion and gastric MALT lymphoma, it is interesting to review the
Bradford Hill criteria which were first used to show the causal
link between lung cancer and tobacco smoking [15]. These
criteria include: 1) an association and a temporal relationship
between the two situations, 2) the biological plausability, i.e. the
pathophysiological mechanisms underlying this association, and
3) the efficacity of an intervention. The existence of an animal
model is another argument in favour of a causal relationship.

2-1. Association and temporal relationship

Numerous epidemiological arguments back the fact that
an association exists between gastric MALT lymphoma and
H. pylori infection.

First, the prevalence of H. pylori infection in patients suf-
fering with gastric MALT lymphoma, based on several studies,
is between 80 and 90%, whereas the prevalence in the adult
population in France for example, ranges from 25 to 30%
[16]. Parsonnet et al. [17] offered a major epidemiological
argument implicating H. pylori infection in MALT lymphoma.
These authors showed in a case-control study nested in two
large cohorts that the relative risk of developing this type of
lymphoma was six times higher in the presence of an H. pylori
infection. Furthermore, this increase was noted only for the
gastric lymphomas; there was no increase in the relative risk
for nodal lymphomas. They found that 88% of the patients had
anti-H. pylori antibodies in blood samples collected fifteen years
before the diagnosis of lymphoma, which clearly indicates that
the H. pylori infection preceded the appearance of the gastric
MALT lymphoma.

For certain cases, another species of the Helicobacter genus
has been incriminated: Helicobacter heilmannii [18]. However,
these cases are very rare, especially since the prevalence of
H. heilmannii infection in humans in very low: 0.5% compared
to an average of 20 to 25% in France for H. pylori [19].

2-2. Pathophysiological mechanism

The stomach normally is lacking in lymphoid tissue. After
an H. pylori infection, a lymphoid infiltrate appears, which con-
stitute a chronic gastritis. In certain cases the lympoid tissue can
be organized as lymphoid follicles. MALT lymphoma emerges
from these lymphoid structures [20]. Therefore, these lymphoid
follicles appear after an antigenic stimulation by H. pylori. This
hypothesis was validated in vitro by showing that T lymphocytes
sensitized for H. pylori produce cytokines which stimulate

Table 2. Summary of the main studies performed from 1993

a 2002 evaluating the impact of H. pylori eradication on the
regression of low grade gastric MALT lymphoma

Author Reference Year Num.ber % .
of patients remission

Wotherspoon et al. [27] 1993 6 83
Bayerdorffer et al. [61] 1995 33 69
Savio et al. [62] 1996 12 84
Roggero et al. [63] 1995 25 60
Fischbach et al. [64] 1996 15 93
Montalban et al. [65] 1997 9 88
Pinotti et al. [66] 1997 45 68
Neubauer et al. [67] 1997 50 80
Nobre-Leitao et al. [68] 1998 17 100
Steinbach et al. [69] 1999 28 50
Thiede et al. [70] 2000 84 81
Fischbach et al. [71] 2000 36 89
Ruskone-Fourmestraux et al.  [72] 2001 34 56
De Jong et al. [73] 2001 23 56
Matsushima et al. [74] 2002 14 71
Diz-Lois Palomares et al. [75] 2002 14 71
Levy et al. [30] 2002 48 69
Liu et al. [44] 2002 111 43
Accumulated data 1993-2002 604 72.8

B lymphoid proliferation [21-23]. The remaining question is
whether the activation of the B cells requires the presence of
a continuous antigenic stimulation by H. pylori or whether it is
the consequence of an autoimmune mechanism [24]. In fact, the
neoplastic B cells frequently produce antibodies directed toward
autoantigens. Furthermore, the cells need to be in contact with
the intratumoral T cells in order to proliferate, a CD40 and
CD40 ligand interaction occurs [25]. This would explain the
tendency for lymphomas with a weak degree of malignancy to
remain localized and to regress following an H. pylori eradica-
tion. The existence of a clonal lymphocytic proliferation over
several years would favour the occurrence of genetic alterations
and the lymphoma would progressively proliferate independ-
ently of H. pylori [26]. Even if the mechanism for the evolution
of a H. pylori infection to the gastritis stage and then to MALT
lymphoma remains unknown, the role played by the bacterium
seems to be likely.

2-3. Effect of an intervention

The possibility of obtaining a regression of the lymphoma by
taking an H. pylori eradication treatment constitutes the defini-
tive proof of the causal role of the infection.

Wotherspoon et al. [27] showed in a pilot study including six
patients that it was possible to obtain a regression of a low grade
gastric MALT lymphoma in five of these patients, 22 months
after the eradication of H. pylori. Several studies have deter-
mined that the tumor regression is 70 to 80%, with extremes
of 50 to 100%, within a minimum delay of 4 to 6 months and
after a maximum of 18 months, and after a post-treatment lapse
greater than 6 years [4,28]. The variety of results obtained in
the different studies stems mainly from the heterogeneity of the
patients studied and the differences related to the locoregional
extension of the lymphoma. Indeed, if only patients at stage EI
were included in the different studies, the regression rate would
be close to 80%. Furthermore, the time interval chosen between
the eradication treatment and the lymphoma control may have
a slight effect on the disparity of the results obtained (7ab. 2).
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Figure 2. Hypothetical cascade from the appearance of a MALT
lymphoma at the gastric mucus level after infection with
H. pylori
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In France, the most commonly used eradication treatment
combines amoxicillin (1 g bid) and clarithromycin (500 mg bid)
with a double dose of proton pump inhibitor (PPI), compared to
the usual dose, for 7 to 14 days. A control, based on H. pylori cul-
ture of gastric biopsies, should be carried out at least one month
after the end of the treatment to verify H. pylori eradication and
eventually modify the treatment depending on the antibiotic
susceptibility results. The slow evolution of the disease allows
a delay of at least 6 months before checking the histological
and endoscopic evolution during the first two years [29,30]. In
the case of a lymphoma with a high degree of malignancy, the
chances of healing due to an H. pylori eradication are smaller
[31]. Although it is now well accepted that a H. pylori infection
contributes to the appearance of lymphoid tissue in the stom-
ach and to its evolution towards a malignant proliferation, the
H. pylori-dependent characteristics of the lymphoma disappears
as genetic abnormalities accumulate (Fig. 2).

Regarding lymphomas linked to H. heilmannii, a tumoral
regression has also been obtained after an eradication treatment
identical to that of H. pylori [18].

The H. pylori eradication treatment seems to have a positive
effect on extragastric MALT lymphomas (salivary gland, duode-
num, colon, bladder, lung) even though it is often impossible to
detect H. pylori in these extra-abdominal sites [32,33].

Lastly, treatment of H. pylori positive lymphomas which do
not respond to eradication treatment, i.e. most of those of high
grade of malignancy or, certain of those of low grade malig-
nancy, as well as treatment of H. pylori negative gastric MALT
lymphomas, is based on more classic therapeutic approaches for
lymphomas. Gastric resection is the oldest treatment still being
used. This approach can be helpful in removing big tumors but
an average survival rate of 63% at most after 5 years can be
expected for lymphomas at the EI2 stage [11]. Radiotherapy is
currently preferred to surgery [34]. Finally chemotherapy using
alkylant agents like chlorambucil or cyclophosphamide can be
used successfully on patients diagnosed at an advanced stage of
lymphoma or after a treatment failure [34].

2-4. Existence of an animal model

A prolonged gastric H. pylori infection in the BALB/c mouse
constitutes a lymphogenesis model [35,36]. In these experimen-

tal lymphomas, one finds the characteristics of centrocyte-like
cells, lymphoepithelial lesions, glandular destruction and
consequently an aspect which is quite similar to that of human
lymphomas. However, in the BALB/c model, lymphoepithelial
lesions which evoke a gastric MALT lymphoma appear only
in certain animals infected orally with H. pylori (an average
of 40%) and approximately 20 months post-infection [36]. In
some cases lymphoma can also evolve toward high grade gastric
MALT lymphoma. One should note that in this model an eradi-
cation treatment induces the regression of the lymphoma.

11l. Associated molecular abnormalities

Several translocations have been identified in the tumoral
cells of gastric MALT lymphomas. Their significance is becom-
ing more and more clear; in fact, they cause an antiapoptotic
effect which is strictly related to a malignant expansion [37].

3-1. The translocation t(1;14)(p22;q32)

The translocation t(1;14) is found in approximately 5%
of gastric MALT lymphomas. It leads to the overexpression
of Bcl-10 protein whose gene is put under the control of the
promotor gene of the immunoglobulin heavy chains. Bcl-10 pos-
sesses a CARD amino-terminal domain (“caspase recruitment
domain”) and can activate the NF-«xB transcription factor [38].
In the lymphomatous cells, the Bcl-10 gene is overexpressed but
it is also mutated, provoking the synthesis of a truncated protein
capable of activating NF-kB and cell proliferation, but its over-
expression does not induce apoptosis [39]. The t(1;14) translo-
cation is also frequently associated with other supernumerary
genetic abnormalities like those at the 3, 8 and 12 chromosome
level. Trisomy 3 is found in 30% of gastric MALT lymphomas
even though its role in the progression of the disease has not
been well established [40].

3-2. The t(11;18) translocation

The t(11;18) translocation has been implicated in 21 to 60%
of gastric MALT lymphomas. This translocation is also found
in the marginal zone of other mucus sites in lymphomas [41].
It involves two genes: a human para-capsase, MLT1 (MALT
lymphoma associated translocation-1); and c-IAP2 or API,
a function of which is to inhibit the capsases by interacting
directly with them. The translocation produces an IAP2-MLT1
fusion which has the capacity of activating the NF-xB pathway
and therefore the cell protection against apoptosis [42]. It is
associated with the most advanced stages, in particular with
tumors having started to invade the submucosa, and also with
the absence of regression in EI and EII stage lymphomas under-
going H. pylori eradication treatment [43-45]. The translocation
should therefore be identified because its detection is predictive
of the efficiency of an eradication treatment.

3-3. The t(14;18)(q32;q21) translocation

A third translocation was reported, t(14;18)(q32;q21),
initially associated with a MALT type lymphoma of the skin
and the liver, and then found in different localizations like the
salivary glands [46]. Its identification implies a third pathway
of carcinogenesis. However, for the moment this translocation
does not appear to be associated with gastric lymphomas.

57
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Studies on H. pylori strains associated with
gastric MALT lymphoma

H. pylori was the first bacterium to be classified as a type
I carcinogen (maximum level) by the International Agency of
Research against Cancer [3]. Since its discovery, many research
projects have focused on virulence factors or genetic markers
but few studies have included H. pylori strains associated with
gastric MALT lymphoma.

I. Study of the major virulence factors associated

with H. pylori

H. pylori is perfectly adapted to the human stomach thanks
to factors which allow it to: 1) resist against gastric acidity,
2) move around in the gastric mucus, and 3) escape from the
immune response of the host. The major virulence factors found
in H. pylori are those stimulating inflammation and the cell dam-
age which results thereof, and in particular the products of the
cag pathogenicity island and other proinflammatory proteins.
Eight virulence factors were recently evaluated by studying
a large collection of French strains issued from patients with
gastric MALT lymphoma or gastritis [47]. Four factors involved
in gastric inflammation and tissue lesions (CagA, CagE, OipA
and IceA) as well as the vacuolizing cytotoxin VacA were tested.
CagA is the virulence factor which has been most thoroughly
studied along with VacA, and it has been associated in particular
with duodenal ulcer and gastric adenocarcinoma. Four external
membrane proteins were also studied: BabA, SabA, HopZ and
HopQ. BabA, SabA and HopZ are adherence factors, BabA
and SabA recognize in particular Lewis type antigens [48-50].
None of these factors tested individually could be significantly
associated with strains from low grade gastric MALT lymphoma
whereas three of them (IceAl, SabA and HopZ) showed
a tendency to be associated. These strains have probably not
a proinflammatory potential which distinguishes them from
strains associated with ulcers or gastric adenocarcinoma [47].

I1. Study of the genetic characteristics of H. pylori

strains associated with gastric MALT lymphoma

The development of a low grade gastric MALT lymphoma
is most likely the consequence of an infection with an H. pylori
strain, which harbours a particular set of genes or a particular
gene expression, in a host with a particular genetic susceptibil-
ity. Within H. pylori species a considerable genomic as well
as phenotypic diversity do exist. It is therefore possible that
some strains have evolved towards a capacity to induce disease.
Since known pathogenicity factors have not be implicated, the
genetic material from these strains must be analyzed in order
to determine either specific genetic markers or new virulence
factors.

The new method for studying the genetic material in bac-
teria is comprised of DNA chips which detect the presence of
OREFs in a set of strains compared to the genome of the strains
for which the whole genomic sequence is known [51]. As no
H. pylori strain associated with MALT lymphoma has ever been
sequenced, a subtractive hybridization technique was used [52].
This technique has the advantage of extracting from the genome
of a particular strain what is specific to it when compared to

Figure 3. Prevalence of ORF JHP950 in H. pylori strains associ-
ated with low grade gastric MALT lymphoma (MALT) (n=43)
in comparison to strains associated with chronic gastritis
(Gastritis) (n=39), duodenal ulcer (Ulcer) (n=41) or gastric
adenocarcinoma (Cancer) (n=28) [53]
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a control strain. Indeed, it is within the variable part of the
genome of strains associated with gastric MALT lymphoma
that new virulence factors are expected to be found. A specific
marker for low grade gastric MALT lymphoma strains, the ORF
JHP950, has reinforced the hypothesis that these MALT strains
share a common genetic profile. Indeed, the prevalence of the
JHP950 ORF in gastric MALT lymphoma strains was signifi-
cantly higher than in strains isolated from duodenal ulcer and
gastric adenocarcinoma (Fig. 3) [53]. This ORF belongs to the
so-called plasticity zone of H. pylori. This zone is not considered
to be a pathogenicity island per se but more likely a large sized
genomic island [52]. However, ORF JHP950 is a part of the
predicted operon containing ORF JHP947 which has been
associated with strains isolated from patients with gastric adeno-
carcinoma [54]. ORF JHP950 is associated with gastric MALT
lymphoma on the same level as the cagA gene is associated with
ulcer strains [55].

Furthermore, by comparing the data obtained with this
marker to those in the study on H. pylori major virulence fac-
tors, a significant association between this ORF and the genes,
IceAl and SabA, was shown in gastric MALT lymphoma strains
[53]. Studies on the genetic diversity of H. pylori, such as the one
performed by Salama et al. [51], showed a cluster of genes, in
particular cag pathogenicity island ORFs associated to certain
genes like babA or hopQ which were consequently identified
as virulence factors [56,57]. The gene cluster identified in
MALT strains could be a result of the phylogenetic evolution
of lymphoma strains; i.e., they would have been selected during
evolution because they offer an advantage, which remains to be
determined, for the strains that contain them. ORF JHP950
codes for a protein with an undetermined function like 33% of
the ORFs in the H. pylori genome, and therefore its role cannot
be integrated into the pathophysiology of lymphoma [58]. Only



Helicobacter pylori infection and gastric MALT lymphoma

complementary approaches such as reverse genetics, proteomics
or others will allow us to answer this question. This study there-
fore allowed us to show the presence of genetic markers in cer-
tain H. pylori strains associated with gastric MALT lymphoma
which could be used in the screening of strains with a high risk
of causing a lymphoma.

I1. Recent data obtained by comparative genomics

H. pylori strains associated with gastric MALT lymphoma
therefore apparently share common genes. This hypothesis was
recently confirmed by results obtained by comparative genomic
studies. DNA from the collection of 43 lymphoma strains previo-
usly mentioned were hybridized on high density membranes
containing a selection of 248 non-ubiquitous genes (the variable
part of the H. pylori genome) and 50 ubiquitous genes (the sta-
ble part of the H. pylori genome). A statistical analysis carried
out using the normalized values of these hybridizations revealed
that 80% of the strains associated with lymphoma could be
grouped together in the same cluster, distinguishing them from
strains associated with other pathologies linked to H. pylori
(gastritis, ulcer and intestinal metaplasia) [59].

These recent data do not allow us yet to understand the
pathophysiological mechanisms of these particular strains but
incite us strongly to look at the genetic material of these strains
from every angle. It is from this perspective that a complete
genome sequencing of a strain originating from a low grade
gastric MALT lymphoma was conducted, in order to be able to
compare it to the genomes of other H. pylori strains issued from
other diseases.

Conclusions

The implication of H. pylori in the genesis of gastric MALT
lymphoma has been clearly established. This discovery has revo-
lutionized the treatment of this lymphoma because a H. pylori
eradication treatment is capable of curing the lymphoma in
most instances. This infection portrays a magnificent model
of carcinogenesis induced by a chronic bacterial infection. The
pathophysiological mechanisms leading to the occurrence of the
lymphoma are beginning to be understood. The most recent
molecular data indicates that strains associated with this cancer
share common genetic characteristics. The identification of
a first genetic marker for these strains and the results which are
expected from the complete sequencing of a MALT lymphoma
strain should lead to a screening method at the precancerous
stage of strains with a high risk of causing lymphoma, and there-
fore, to propose a targeted antibiotic treatment. However, all of
the elements involved in lymphogenesis are probably not limited
only to bacteria and therefore a joint research effort involving
individual susceptibility factors should be carried out.
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