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Extranodal mucosa-associated lymphoid tissue
(MALT)-type lymphomas and nodal and splenic mar-
ginal zone B cell lymphomas (MZBL) share morpho-
logical and immunophenotypic features with mar-
ginal zone B cells of reactive lymphoid tissues.
Although displaying a similar immunophenotype, re-
cent investigations suggest fundamental genetic dif-
ferences among these subgroups. To determine the
prevalence of the t(11;18) in a larger series of MALT-
type lymphomas and to investigate a possible occur-
rence in other lymphomas, we screened 106 non-
Hodgkin’s lymphomas (NHL) by interphase
cytogenetics using yeast artificial chromosome (YAC)
probes flanking the breakpoint at 11q21. A signal
constellation indicating a disruption in 11q21 and
thus pointing to the presence of the t(11;18) was
observed in 9 of 33 (27%) low-grade lymphomas of
MALT type. The complete absence of t(11;18)-positive
cells in 32 primary and secondary extranodal high-
grade lymphomas suggests that low-grade lympho-
mas of MALT type characterized by the t(11;18) are
unlikely to transform into high-grade tumors. The
absence of tumor cells carrying the t(11;18) in nodal
MZBL challenges the assumption that most, if not all ,
of these tumors represent the nodal manifestation of
a so far undetected low-grade lymphoma of MALT

type. The t(11;18) was not detected in a single case of
29 splenic MZBL investigated. This observation
strengthens the view that splenic MZBL are biologi-
cally different from extranodal MZBL of MALT type.
(Am J Pathol 1999, 155:1817–1821)

Marginal zone B cell lymphomas (MZBL) as defined in
the REAL classification system1 comprise a spectrum of
nodal and extranodal neoplasms including monocytoid B
cell lymphomas, splenic lymphomas, and mucosa-asso-
ciated lymphoid tissue (MALT)-type lymphomas. These
tumors share morphological and immunophenotypic fea-
tures with marginal zone B cells of reactive lymphoid
tissues and have also been suggested to exhibit similar
genetic abnormalities and, hence, a common biological
background.2 Recent investigations, however, also re-
vealed fundamental differences, at least on the genetic
level. The t(11;18)(q21;q21) is the most frequent struc-
tural chromosome aberration in extranodal MALT-type
lymphomas,3,4 whereas it was not encountered in rare
classical cytogenetic reports of other types of MZBL.2,5,6

In contrast to MZBL of MALT type, splenic MZBL fre-
quently display complex karyotypic abnormalities,2,7

structural alterations, or deletions, in 7q8,9 and mutations
of p53.10,11 However, no unifying cytogenetic alteration
has been identified so far in this subgroup. This holds
also true for nodal MZBL, for which even fewer cytoge-
netic data are available. Moreover, the relationship of
nodal MZBL to its extranodal counterparts and even its
acceptance as a separate entity is still controversial.12
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The t(11;18)(q21;q21) previously described in single
cases of lymphomas termed small lymphocytic lym-
phoma, diffuse small B cell lymphoma with features of
MALT or MALT-type lymphoma13–16 could be clearly as-
sociated with extranodal MZBL of MALT type in two re-
cent cytogenetic series.3,4 The finding that in all reported
cases the t(11;18)(q21;q21) constitutes the sole cytoge-
netic aberration detected in chromosome banding anal-
ysis implies a possible role of this genetic event for lym-
phomagenesis. Recently, the breakpoint region in 18q21
was delineated by molecular cytogenetics17 and the
translocation was found to involve an inhibitor of apopto-
sis gene, API2 in 11q21 and a previously unknown gene,
MLT, in 18q21.18 Based on a yeast artificial chromosome
(YAC) contig covering the distal long arm of chromosome
1119 we identified YAC DNA clones flanking the break-
point region in 11q21. An interphase FISH probe set,
reliably indicating a disruption in 11q21, was established
and subsequently applied to a total of 106 non-Hodgkin’s
lymphomas (NHL), including 33 extranodal low-grade
lymphomas of MALT type, 32 extranodal high-grade B
cell lymphomas, 29 splenic, and 12 nodal MZBL.

Our study was designed to determine the prevalence
of the t(11;18)(q21;q21) in extranodal MZBL of MALT
type in a larger series and to investigate a possible
occurrence also in related MZBL. The screening of ex-
tranodal high-grade lymphomas also contributes to the
question whether these cases might represent a transfor-
mation of previously detected or undetected t(11;18)-
positive low-grade cases.

Materials and Methods

Case Selection

One hundred six cases of non-Hodgkin’s lymphoma
(NHL) were selected from the archives of the Institute of
Pathology, University of Würzburg, Germany, on the ba-
sis of the availability of cytogenetic preparations or frozen
tumor tissues. All cases were carefully reviewed and
diagnoses were made according to the criteria of the
REAL classification system.1 Briefly, extranodal low-
grade MZBL of MALT type (n 5 33) were composed of
small- to medium-sized tumor cells with a characteristic
diffuse and/or marginal zone based infiltration pattern
and the formation of lymphoepithelial lesions. Twenty one
cases were of gastric origin; five cases involved the
salivary glands, two the thyroid gland, three the orbit, and
one case each the lung and the tonsil. The immunophe-
notype of the tumor cells was CD201, CD221, IgM1,
IgD2, CD52, CD102, and CD232. Thirty-two extranodal
high-grade B cell lymphomas (gastric origin, 28; thyroid,
3; lung, 1) contained sheets of blasts with a cytologic
spectrum ranging from centroblasts to immunoblasts and
plasmablasts. Ten of 28 gastric cases simultaneously
exhibited a low-grade component. In all extranodal high-
grade lymphomas, morphological and clinical data were
consistent with a primary extranodal origin.4

Splenic MZBL (n 5 29) were composed of small- to
intermediate-sized lymphocytes mainly surrounding

and/or replacing reactive follicle centers and included
cases with and without IgD expression. Lymphomas clas-
sified as nodal MZBL (n 5 12) failed to show histological
or clinical evidence for splenic or extranodal involvement.

Fluorescence in Situ Hybridization (FISH)

The interphase FISH assay was established by selecting
YAC DNA clones flanking the breakpoint region in
11q21.19 In particular, YAC clone 805c4 was chosen on
the telomeric side; for the region centromeric to the
breakpoint, YAC clones 963c8 and 966e4 were pooled to
enhance signal intensity. All YAC clones were obtained
from CEPH (Paris, France). After amplification of human
sequences by Alu-PCR,20 probes were generated by
nick translation with biotin-16-dUTP or digoxigenin-11-
dUTP (Roche Diagnostics, Mannheim, Germany). FISH
was performed on cytogenetic preparations or tumor
cells isolated from frozen tumor tissue according to stan-
dard protocols.21 In normal interphase cells, hybridiza-
tion resulted in a close spatial relation of the differentially
labeled YAC clones leading to two red/green signal pairs
per cell. In tumors carrying the t(11;18), a derivative
signal constellation with one signal pair and one separate
red and green signal per nucleus was observed. To
determine the cutoff level in normal interphase nuclei,
cytogenetic preparations of five reactive lymph node
specimens served as a negative control.

At least 100 (in most cases 200) intact nuclei per slide
were evaluated on a Zeiss Axiophot fluorescence micro-
scope (Zeiss, Jena, Germany). Illustrations were per-
formed using the ISIS imaging system (MetaSystems,
Altlussheim, Germany).

Conventional Cytogenetic Analysis

In 69 of 106 cases investigated by FISH (17/33 extran-
odal low-grade MZBL of MALT type, 21/29 splenic MZBL,
9/12 nodal MZBL, 22/32 extranodal high-grade B cell
lymphomas) results could be compared with data from
conventional G-banding analysis4 (and unpublished
data).

Results

Control Cases

In normal controls a signal constellation indicative of a
disruption in 11q21 was observed in 0 to 1.5% of 200
nuclei evaluated per case (mean, 0.8%; standard devia-
tion, 0.51%). The cutoff value for the diagnosis of a break-
age in 11q21 and, hence, a probable presence of a
t(11;18), was therefore set at 3%, which is above the
mean percentage of cells with a false positive signal
constellation plus three standard deviations.22

Tumor Cases

The FISH results of the tumor cases are summarized in
Table 1. Nine of 33 extranodal low-grade MZBL of MALT
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type (27.3%) exhibited a disruption in 11q21 with a per-
centage of cells carrying the respective signal constella-
tion ranging from 15% to 71% (Figure 1). No chromo-
somal breakage in 11q21 could be detected in 22
extranodal high-grade lymphomas without and in 10 ex-
tranodal high-grade lymphomas with a concomitant low-
grade component. No deletions of one or more hybrid-
ization signals were observed in any case with the
exception of one MZBL of MALT type which exhibited a
del(11)(q21q23) in G-banding analysis4 and displayed
only one signal pair in 22% of cells.

Correlation between FISH and G-Banding
Analysis

By conventional karyotyping, the t(11;18)(q21;q21) had
been detected in 5 of 17 cases of extranodal low-grade
MZBL of MALT type,4 whereas it was not encountered in
the other subgroups. All five positive cases showed a
derivative signal constellation in 16 to 71% of cells eval-
uated by FISH. In addition, one tumor with only normal
karyotypes in G-banding analysis, was found to harbor a
chromosomal breakage in 11q21 in 15% of cells. All

cases with aberrant chromosome clones, but negativity
for the t(11;18) by karyotyping, displayed a normal signal
constellation also in the FISH assay.

Discussion

Extranodal low-grade lymphomas of MALT-type have
been strongly associated with the translocation t(11;
18)(q21;q21) by conventional karyotyping in two recent
series.3,4

In a series of 33 extranodal low-grade lymphomas of
MALT-type, 17 of which had been subjected to conven-
tional banding analysis in our previous report,4 we found
a chromosomal breakage in 11q21, pointing to a t(11;18)
in nine cases. Thus, the frequency of the t(11;18) in the
largest series available to date for this type of lymphoma
could be determined at 27%. Overall, FISH data and
results obtained in G-banding analysis were in accord. In
addition, one case without clonal chromosome aberra-
tions in classical cytogenetics was found to harbor a
disruption in 11q21 in 15% of cells as detected in our
FISH assay.

The most striking finding from our study is the com-
plete absence of der(11)-positive cells in 32 extranodal
high-grade lymphomas, including 10 cases with a con-
comitant low-grade component (secondary high-grade
lymphomas). These results are in accordance with our
previous findings obtained by conventional karyotyping
and, by using interphase cytogenetics on the cell-by-cell
level, exclude the presence of t(11;18)-positive cells in
our high-grade cases investigated.

Primary extranodal high-grade lymphomas are char-
acterized on the genetic level by complex karyotypic
alterations,4 frequent rearrangements of the c-myc locus
in 8q2423 and obvious absence of the t(11;18) and have
been suggested to exhibit a biological background dis-
tinct from secondary extranodal high-grade lympho-
mas.24,25 None of the 10 secondary high-grade lympho-
mas investigated showed evidence of the presence of
the t(11;18). The clonal relationship between low-grade
and simultaneously present high-grade lymphomas aris-
ing in extranodal sites is still a matter of debate. The same
immunoglobulin (Ig) light chain restriction in 8 of 9 cases
with low- and high-grade components26 and the reports
of identical immunoglobulin heavy chain gene rearrange-
ments in five tumors27,28 suggest that secondary high-
grade lymphomas may result from transformation of the
low-grade tumor. On the other hand, a multifocal and
multiclonal development of lymphoma could also be
demonstrated in different infiltrates of the gastric muco-
sa.29,30

Although it cannot be ruled out that the t(11;18) disap-
peared during tumor progression from low-grade to high-
grade lymphoma, one would expect to find the t(11;18),
der(11), or der(18) marker chromosomes in at least small
subclones in some of the cases. Moreover, loss of a
primary chromosomal translocation would represent a
rather uncommon finding during tumor progression, be-
cause high-grade transformation of low-grade tumors is
generally accompanied by the acquisition of additional,

Table 1. Detection of a Chromosomal Breakage in 11q21
Pointing to the Presence of the t(11;18) in 106
NHL Investigated by FISH

Diagnosis
No. of
cases

Breakage
in 11q21

Extranodal MZBL of MALT type
(n 5 33)

Stomach 21 7
Salivary gland 5 —
Thyroid gland 2 1
Orbit 3 —
Lung 1 1
Tonsil 1 —

Extranodal diffuse large B cell NHL 32 —
Splenic MZBL 29 —
Nodal MZBL 12 —

Figure 1. FISH in a t(11;18)-positive extranodal lymphoma of MALT-type
with YAC DNA probes flanking the breakpoint in 11q21. One interphase
nucleus shows a close spatial relationship of differentially labeled YAC
clones indicating two normal chromosomes 11, whereas the other three
nuclei exhibit a dissociation of one red/green signal pair, pointing to the
presence of the t(11;18).
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secondary genetic alterations, eg, of tumor suppressor
genes such as p53 in follicular lymphomas characterized
by the primary chromosomal translocation t(14;18)(q32;
q21).31 We conclude, therefore, that extranodal lympho-
mas of MALT type characterized by the t(11;18) are
unlikely to transform into high-grade lymphomas, al-
though they may clinically present with early dissemina-
tion or advanced tumor stages.3,13,16

The t(11;18) was not present in the 12 nodal MZBL
investigated. However, there is no general agreement
that primary nodal lymphomas with a marginal zone
growth pattern comprise a separate entity. It has been
suggested that a substantial proportion, if not all of the
cases may represent the nodal manifestation of a primary
extranodal lymphoma.32–34 In addition, a primary nodal
counterpart of splenic MZBL characterized by absent or
attenuated mantle cuffs and negativity of the tumor cells
for IgD was recently described.12 In our cases, after
careful re-evaluation, there was no clinical or histological
evidence for a primary extranodal origin. Moreover, our
group recently observed a high rate of complex karyo-
typic alterations among nodal MZBL (Ott MM, Rosenwald
A, Katzenberger T, Dreyling M, Krumdiek A, Kalla J, Ott
G, Müller-Hermelink HK, unpublished manuscript). The
negativity of our nodal MZBL for the t(11;18) challenge
the assumption that most of these tumors represent the
nodal manifestation of a possibly undetected low-grade
lymphoma of MALT type. However, data available so far
are still too scarce to permit a definite conclusion about
whether these lymphomas include cases carrying the
t(11;18).

None of 29 cases of splenic MZBL showed a signal
constellation indicating a t(11;18). This finding is not un-
expected, because splenic MZBL, although related to
other marginal zone lymphomas, are classified as a sep-
arate entity in the REAL and upcoming WHO classifica-
tion35 and differ from MZBL of MALT type with regard to
some morphological and immunophenotypical aspects.
In splenic MZBL, the tumor infiltrate often occupies a
broad area around naked follicle centers in addition to
the marginal zone and the tumor cells express IgD, but
only rarely CD43.36,37 In addition to our findings, other
alterations on the genetic level, eg, occurrence of com-
plex karyotypes, structural aberrations, or deletions in 7q
and 10q8,9 and alterations of p5310,11 have been re-
ported that clearly separate splenic MZBL from MZBL of
MALT type. Taken together, these observations
strengthen the view that splenic MZBL are biologically
different from extranodal lymphomas of MALT type.

In summary, we conclude from our study that the t(11;
18)(q21;q21) is exclusively found in a subset of extra-
nodal low-grade MZBL of MALT-type and that these tu-
mors are unlikely to show transition to high-grade lym-
phomas. Future studies will have to integrate the biolog-
ical meaning of the development of t(11;18)-positive cell
clones in the evolution of MALT-type lymphomas. In a
given tumor the presence of the t(11;18), which can now
be detected routinely in interphase cytogenetics, may
have prognostic implications. Of particular interest, the
significance of the t(11;18) with respect to lymphoma

eradication by antibiotic treatment directed against Heli-
cobacter pylori will have to be determined.
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