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Abstract

Half a century ago, Denis Burkitt’s report of a lym-
phoma of the jawbone in an African boy has been
the first one about an infection-associated human
tumour in the history of medicine. Some decades
later primary gastric lymphoma of the mucosa asso-
ciated lymphoid tissue has been found to be closely
associated to Helicobacter pylori (Hp) infection of
the gastric mucosa. Moreover, early stages of lym-
phoma have been shown to completely regress after
antibiotic eradication of the bacterium, thus pro-
viding strong evidence for a causal role of Hp in
lymphomagenesis. The oncogenetic pathways, first,
from infectious gastritis to “early” lymphoma and,

second, from Hp dependency of lymphomatous pro-

liferation to autonomous tumour growth are poorly
understood. However, some more examples of infec-
tion-associated lymphomas are presented suggesting
mechanisms like (i) tissue transformation to
“altered self” creating new epitops for immunore-
sponse, (ii) enhancement of autoimmunoreactivity,
(ii1) production of idiotypic immunoglobulins, and
(iv) T-cell directed specific B-cell proliferation with
consecutive selection of a tumour clone. In contrast
to Hp-associated gastric carcinogenesis, the main
pathways to Hp-associated gastric MALT lymphoma
may be determined by the immunoresponse with
features of autoimmunoreactivity of the host com-
bined with the Hp strain-induced release of highly
genotoxic oxygen reactive species from neutrophilic

leukocytes in the gastritic inflammatory infiltration.
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In the year 1958, surgeon Denis Burkitt observed
highly malignant jawbone tumours in young African
children and took them for sarcomas (1). Few years
later, Epstein identified the lymphomatous nature of
these tumours and successtully derived viral particles
from the tumour cell culture (2). The first human
infection associated tumour model was established.
In fact, the prevalence of these specific tumours is
restricted to the tropical climate zone of equatorial
Africa and most likely dependent on vectors simulta-
neously transmitting Epstein Barr Virus (EBV) and
malaria-plasmodia. Such co-infection, however, may
substantially influence and, probably, alter the
immunologic milieu in a host. This tumour model
is classically addressing the question about the major
players among the three actors — infectious agent,

human being, and environment, respectively.

In 1983, a new infectious agent appeared on the
medical stage (3). It was discovered in Australia,
identified as Helicobacter pylori (Hp), and later on
accepted as pathogenic for the gastric mucosa. In
the very same year but on the opposite side of the
globe, in England, a “distinctive lymphoma derived
from the gastric MALT” was described (4). Ten
years later, mucosal lymphoid follicles — acquired on
occasion of Hp infection and switching the gastric
mucosa secondarily into a lymphatic organ — revealed
to be the “crucial link” between Hp infection and
MALT lymphoma (5). In 1991, J. Parsonnet pub-
lished very similar odds ratios for carcinoma and
lymphoma, respectively, of persons with Hp infec-
tion as compared with persons without such infec-
tion (6). As a consequence, Hp was put into class |
of carcinogens by the WHO. Since then, plenty of
questions have arisen upon the pathways along
which MALT lymphoma develops and why its inci-
dence is low, whereas worldwide prevalence of Hp
infection is high. Which factors select the type of
disease associated with chronic Hp gastritis? The
answer is very likely resulting from the dialogue
between the Hp strain and the host. In fact, Hp is
sending toxins into the gastric mucosa provoking
specific T-cell response, cytokine production, and B-cell

stimulation of the host. Extensive studies did not
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show a clear cut association of Hp virulence factors
and lymphoma (7-9). Interestingly, for unknown
reasons, an I1. heilmannii infection is ten times
more prone to be associated with MALT lymphoma
than Hp, as demonstrated by the data from the
Institute of Pathology in Bayreuth, BRD (10).

Fundamental insights into lymphomagenesis are
given by the studies of human MALT lymphoma cell
cultures (11). Tumour cells derived from three gastric
resection specimens were proliferating in culture,
exclusively, when transfected with the very same Hp
strain isolated from the individual gastric mucosa
before resection. Different strains, even associated
with MALT lymphoma in other patients, did not
raise the lymphoma cell culture, at all. In addition,
removing of T-cells from the culture was followed by
its decline, whereas leaving them within further pro-
moted its growing. Furthermore, a tumour specific
immunoglobulin could be gained from the super-
natant of the cell culture, which was identified — by
murine antibody testing — as idiotypic immunoglobulin
known to be produced, exclusively, by B-cell clones
of autoreactive type. These results strengthen the
causal role of a distinctive Hp strain stimulating
strain-specific T-cells and clonal B-cell proliferation
in the host. The production of an idiotypic
immunoglobulin is presuming the presence of a
local epitop, probably strain-induced created in the
culture environment. The coincidence of an Hp
strain capable of inducing lymphoma, on one side,
and a host inclining to immunologic autoreactivity,
on the other, is very likely to be a rare event and
might thus explain the rarity of these tumours. In
literature, examples of infection-associated MALT
lymphoma in patients with already established

autoimmune disease have been reported (12-15).

In summary, several pathways of lymphomagenesis
may exist, either persistent antigen presentation by
an infectious agent, or an autoantigen per se might
exert chronic immunostimulation. Moreover, it is
likely that infection may induce structural tissue
damage followed by “altered self” epitops, which are

acting as autoantigens. Cause-specific T-cells and



cytokines in the host select a B-cell clone, which in
an “autoimmune” reacting host within an appropriate
microenvironmental setting — rich with inflammatory
neutrophilic leukocytes derived genotoxic oxygen

reactive species — may transform to lymphoma.

As to the issue of control of inflammation-associated
diseases, in the case of MALT lymphoma, the complete
remission of early tumour stages may be regarded
the most spectacular argument for the causal role of
Hp infection in lymphomagenesis. Reported in 6
cases already in 1993 (16), it holds true in more
than 80% of cases till to date (17). Meanwhile,
molecular biologic findings support the Hp-associ-
ated pathogenesis of MALT lymphoma (18, 19).
Especially the t(11;18) has proven a valuable marker

of predicting response to antibiotic therapy.

In conclusion, there is strong evidence for a causal
role of Hp in the oncogenesis of a major subgroup
of gastric MALT lymphomas. Pathogenesis might
start with Hp infection in childhood or youth, per-
sistently presenting bacterial antigens over decades
and activating strain-specific T-cells in the host.
Starting the cascade of immunoresponse resulting
in lymphoma, however, might be dependent on an
intimate crosstalk between the individual germ and
its suitable host. Only in an appropriate setting the
bacterial cytotoxins induce cytokines in the gastric
mucosa, probably altering tissue structures consec-
utively provoking idiotypic monoclonal immunoglo-
bulins with autoreactive effect. After transformation
to “aberrant tumour clone”, the proliferation might
start to become autonomous and to be directed by
the host, exclusively — according to Shakespeare’s
Othello - “...the germ has done its obligation, the

germ may go...”.
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