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The genetic background of extranodal marginal zone
B-cell non-Hodgkin’s lymphoma (NHL) of mucosa-
associated lymphoid tissue (MALT) type is poorly un-
derstood. In contrast to most entities of primary
nodal lymphomas, few cytogenetic data are available,
and gene rearrangements frequently encountered in
and highly characteristic of certain entities of sys-
temic NHL are absent in this type of lymphoma. Re-
cently, it was suggested that MALT-type NHLs are as-
sociated with certain numerical chromosome
aberrations and especially with trisomy 3. We per-
formed an extensive study using a sensitive double
(bicolor) fluorescence in situ hybridization technique
for the analysis of trisomies for chromosomes 3, 7,
12, and 18 in 60 samples of low-grade and 45 high-
grade MALT-type tumors. In the low-grade cases, tri-
somy 3 was found in a frequency of only 20%. High-
grade lymphomas of MALT type were associated with
trisomies 3, 7, 12, and 18 in 36, 20, 18, and 13% of the
cases, respectively. Whereas no difference was en-
countered for trisomy 3 in primary and secondary/
simultaneous high-grade lymphomas, 17 and 112
were associated with primary lymphomas, and a 118
was predominantly found in secondary/simultaneous
high-grade NHL. These results challenge earlier re-
ports describing a high frequency of 13 in low-grade
MALT-type NHL and indicate a possibly different ge-
netic evolution pattern of primary and secondary/
simultaneous high-grade lymphomas of primary mu-
cosal origin. (Am J Pathol 1998, 153:689–694)

Extranodal marginal zone B-cell non-Hodgkin’s lymphoma
of the mucosa-associated lymphoid tissue (MALT) type
as defined in the Revised European-American Lym-

phoma classification system1 is a malignant lymphoma
arising in organs normally devoid of a regular lymphatic
parenchyma. MALT is believed to be introduced in or-
gans such as the stomach, the thyroid gland, or the
salivary glands after chronic inflammatory processes trig-
gered by autoimmune phenomena or chronic infec-
tions.2,3 As a consequence of a clonal dysregulation of
the cellular proliferation and/or survival ability, unlimited
clonal cell growth occurs independent of outer regulatory
influences. This clonal dysregulation is supposed to be
acquired in several steps and results in the formation of,
or may be the consequence of, specific alterations on the
genetic level.

Unlike the situation in primary nodal lymphomas, few
data are available concerning the chromosomal consti-
tution of MALT-type lymphomas. A reciprocal chromo-
some translocation t(11;18)(q21;q21) has been reported
as the most frequent structural aberration.4–9 Other re-
ports suggested trisomy 3 to be a crucial genetic alter-
ation in MALT-type lymphomas, having been detected in
up to 50% of cases studied in banding analysis.10–13

Even higher frequencies were obtained by in situ hybrid-
ization (ISH) using chromosome-specific (peri-) centro-
meric DNA probes.14–16

Recently, we reported on the largest series of both low-
and high-grade lymphomas of MALT type studied so far
by classical cytogenetics8 and found that trisomy 3 oc-
curs in only a minor number of cases. This discrepancy
prompted us to carry out a study using a sensitive bicolor
fluorescence ISH (FISH) technique on nuclei isolated
from paraffin-embedded tissues. In this series, 105 sam-
ples of low- and high-grade MALT-type lymphomas aris-
ing at different sites were investigated to estimate the
frequency and distribution of aneusomies for chromo-
somes 3, 7, 12, and 18.
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Materials and Methods

Specimen Selection

One hundred five resection specimens of extranodal ma-
lignant non-Hodgkin’s lymphomas (NHLs) of MALT type
were selected from the files of the Institute of Pathology at
the University of Würzburg. The cases were indepen-
dently reviewed by two of us (GO and HKMH) following
the criteria of the Revised European-American Lym-
phoma classification.1 The diagnosis of primary high-
grade tumors arising in the stomach without a concomi-
tant low-grade MALT-type component was based on
histopathological features as well as on clinical data
available as described earlier.8 No Helicobacter pylori
eradication therapy was carried out in the gastric cases.
Table 1 gives an overview of histopathological diagnoses
and sites of origin.

Immunohistochemistry

Immunohistochemical investigations were performed for
routine purposes on paraffin sections by a standard per-
oxidase anti-peroxidase method with preceding antigen
retrieval by pressure cooking using antibodies against B-
and T-cell markers (L26/CD20, CD3, MT1/CD43, and
UCHL-1/CD45RO), immunoglobulin light and heavy
chains, and macrophage markers, as well as pankeratin
antibodies (CAM 5.2 and KL1) for the detection of lym-
phoepithelial lesions. Whenever fresh-frozen material
was available, a panel of additional antibodies (CD2,
CD3, CD4, CD5, CD7, CD8, CD10, CD11c, CD23, and
others) was employed on cryostat sections.

ISH Studies

ISH on cells isolated from paraffin blocks was performed
as previously described.17 Briefly, cells were disaggre-
gated from paraffin blocks according to the method of
Visakorpi et al.18 Up to 10 sections (10 mm each) were
cut from a paraffin block containing sufficient lymphoma
tissue. After dewaxing in xylene, the material was rehy-
drated and digested with 1 mg proteinase K in 2 ml

Carlsberg solution. The tissue was then disaggregated
mechanically and rinsed in phosphate-buffered saline,
and the resulting nuclear pellet was resuspended in
phosphate-buffered saline and dropped onto cleaned
glass slides.

After washing twice in 23 standard saline citrate
(SSC), a proteolytic treatment was performed with pepsin
(4 mg/ml in 0.2 N HCl) with or without prior digestion
using 1 mol/L sodium thiocyanate at 80°C according to
the protocol of Hopman and associates.19 Generally, di-
gestion times had to be evaluated for each case ranging
from 0 to 2 minutes. After digestion and rinsing in 23
SSC, dehydration followed.

Biotin- or digoxigenin-labeled centromeric repetitive
satellite DNA probes specific for chromosomes 3, 7, 12,
and 18 were purchased from Oncogene (Gaithersburg,
MD). They were used in double-FISH experiments at
concentrations of 1 to 2 ng DNA probe in approximately
10 ml hybridization mixture containing 60% formamide,
23 SSC, 10% dextrane sulfate, and 0.1% salmon sperm
DNA. Simultaneous denaturation of the slides and the
hybridization mixture containing the probe under a cov-
erslip sealed with rubber cement was performed at 80°C
for 5 minutes in a tin pan floating in a water bath. Hybrid-
ization was allowed to take place overnight at 37°C. After
removing the coverslips, slides were washed three times
for 10 minutes in 60% formamide in 23 SSC at 47°C and
subsequently in 23 SSC at 42°C. Signal detection was
accomplished using appropriate Cy3- and fluorescein
isothiocyanate-conjugated antibodies. Visualization of
the signals was performed with a Zeiss Axiophot fluores-
cence microscope. Illustrations were made using the ISIS
imaging system (MetaSystems, Altlussheim, Germany).
Disaggregated cells from 15 reactive lymph nodes or
tonsil specimens served as negative controls. Nineteen
of the cases investigated had also been subjected to
classical banding analysis after short-term culture.8

Signal Evaluation

Nuclear signals from at least 200 cells were analyzed per
case. Generally, only slides with a good hybridization
efficiency were evaluated, implying that nuclear signals
had to be observed after hybridization in more than 80%
of cells. Whenever more than 20% of nuclei were devoid
of clearly discernible signals, the hybridization procedure
was regarded as insufficient and was repeated. Because
of this strategy, 32 more cases, in which ISH was also
attempted, had to be discarded from the study due to
poor signal quality. As a rule, only cells with clearly dis-
cernible, nonoverlapping nuclei were counted. Signals
should have the same intensity, and split signals were
counted as one signal.

Results

Reactive Lymphoid Tissues

To establish the cutoff level for the diagnosis of aneuso-
mies, probes specific for centromeric repetitive se-

Table 1. Localization and Grading of 105 MALT-Type
Lymphomas Investigated by ISH for Chromosome
Probes 3, 7, 12, and 18

Site
Low-grade

no.

Primary
high-grade

no.

Secondary/
simultaneous
high-grade

no.

Stomach 33 26 17
Salivary gland 13
Orbit 5
Thyroid gland 4
Lung 3
Uterine corpus 1
Urinary bladder 1
Small intestine 1
Large intestine 1
Total 60 26 19
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quences of chromosomes 3, 7, 12, and 18 were hybrid-
ized to disaggregated nuclei from 15 reactive lymphatic
tissues. Up to 95% of nuclei showed two hybridization
spots (mean, 74.7%; range, 56 to 95%). Cells with three
signals were observed in 0 to 3% (mean 0.9% for chro-
mosome 3) of at least 200 nuclei evaluated per case. A
cutoff value for trisomies was established at a minimum of
5% nuclei (mean value 1 3 SD) with three signals for
avoiding false-positive results. Likewise, a tumor was
regarded as tetraploid if more than 5% of nuclei showed
four hybridization signals with at least three different
chromosome probes.

Low-Grade Lymphomas

Of 60 low-grade MALT-type lymphomas, 16 (27%) dem-
onstrated aneuploidy with significant (.4%) gains of hy-
bridization signals for one or more of the chromosomes
tested (Table 2). Trisomy 3 was seen in 12 cases (20%),
being the most frequent chromosome gain. Trisomies for
chromosomes 7, 12, and 18 were seen in two, two, and
four cases, respectively. Two lymphomas showed signal
distributions indicative of trisomies for both chromo-
somes 3 and 18, and two cases were positive for a 13
and a 17. No tetraploid chromosome clones were de-
tected.

High-Grade Lymphomas

Primary and secondary/simultaneous high-grade lym-
phomas of MALT type were characterized by chromo-
somal aneusomies in 27 cases (60%). Again, trisomy 3
was the most common chromosome gain (n 5 16; 36%)
followed by gains of chromosome 7 in 9 tumors (20%), of
chromosome 12 in 8 cases (18%), and chromosome 18 in
6 cases (13%). More than one numerical aberration was
detected in 12 tumors. One primary high-grade tumor
showed a signal distribution indicative of a tetraploid
chromosome clone. A certain difference was noted in the
occurrence of trisomies 7, 12, and 18 in primary and
simultaneous/secondary high-grade NHLs. Trisomy 7
was ascertained in 7 of 26 (27%) and trisomy 12 in 6 of 26
(23%) primary high-grade tumors as opposed to only 2 of
19 (11%) each in simultaneous/secondary high-grade
lymphomas. Trisomy 18, on the other hand, was found
more frequently in simultaneous/secondary high-grade
lymphomas (4 of 19; 21%) than in primary high-grade
tumors (2 of 26; 8%). These differences, however, are not
statistically significant. No difference was found in the

distribution of trisomy 3 among primary and simulta-
neous/secondary high-grade lymphomas (Table 2).

In the tumors regarded as positive for trisomies in our
series, the percentage of nuclei with three signals ranged
from 5 to 63%. In cases without detectable trisomies, the
mean number of cells showing two hybridization signals
was 78% as compared with 76% in the trisomic cases,
excluding the chromosome probe being aneuploid (and
75% in control lymph nodes). Therefore, a reduced sen-
sitivity as a cause for the negative results in these cases
could be ruled out.

Comparison to Banding Analyses

Of the tumors analyzed by FISH in the present series, 19
had also been studied in classical cytogenetics and were
included in our previous report.8 Comparison of banding
analyses with the in situ data were congruent in 17 lym-
phomas. In two cases, FISH revealed aberrations that
had been missed in classical cytogenetic analyses. In
one case harboring a t(11;18) as the sole aberration in
banding analysis, a 112 was detected by FISH in 34% of
nuclei, and in the second case with a complex aberration,
a trisomy 7 was present in 50% of cells that was not
recognized in classical cytogenetics (Figure 1).

Discussion

The concept of malignant NHLs as primary organ tumors
arising from the MALT is new, and up to now few data are
available concerning genomic alterations in MALT-type
lymphomas. According to literature data, oncogene rear-
rangements similar to those found in nodal NHLs do not

Table 2. Interphase Cytogenetic Results for 105 Cases of MALT-Type Lymphomas

Type Trisomy 3 Trisomy 7 Trisomy 12 Trisomy 18

Low grade
Gastric (n 5 33) 4 (12%) 1 (3%) 1 (3%) 2 (6%)
Extragastric (n 5 27) 8 (30%) 1 (4%) 1 (4%) 2 (7%)
Total (n 5 60) 12 (20%) 2 (3%) 2 (3%) 4 (7%)

Primary high grade (n 5 26) 8 (31%) 7 (27%) 6 (23%) 2 (8%)
Simultaneous low and high

grade (n 5 19)
8 (42%) 2 (11%) 2 (11%) 4 (21%)

Figure 1. Bicolor FISH in a high-grade gastric MALT-type lymphoma. In two
nuclei, three green signals for chromosome 7 and two red signals for chro-
mosome 3 are discernible, indicating a trisomy 7.
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seem to play a particular role in the development of
low-grade MALT-type lymphomas. Although single bcl-2-
rearranged cases of MALT-type NHL have been report-
ed,20,21 the majority of investigators failed to find evi-
dence for rearrangements of bcl-1, bcl-2, or bcl-3,11,22–24

supporting the hypothesis that MALT-type NHLs have a
genetic origin different from that of nodal lymphomas.

Compared with nodal malignant NHLs of all subtypes,
few cytogenetic studies are available concerning the
chromosomal constitution of MALT-type lymphomas. The
recurring translocation t(11;18)(q21;q21.1) has been de-
scribed as the most frequent structural chromosome ab-
erration in 16 cases of low-grade MALT-type lymphoma
or in small lymphocytic lymphoma with features of
MALT.4–9 According to conventional cytogenetic studies
carried out in MALT-type lymphomas of low-grade malig-
nancy, numerical aberrations of chromosomes 3, 12, and
18 seem to be common in this type of NHL. Especially,
trisomy 3 has been reported in frequencies of about
50%.10–13 This finding was corroborated by interphase
cytogenetic studies using ISH with chromosome-specific
a-satellite DNA probes, leading to the detection of tri-
somy 3 in even higher frequencies of 60 to 85%.14–16

Two recent reports, however, failed to identify trisomy 3
as a frequent aberration in low-grade lymphomas of
MALT type. In our own cytogenetic analyses of 13 cases
with abnormal karyotypes,8 trisomy 3 was found only
twice (15%), and Auer and associates9 recently found
evidence for a 13 in 3 of their 9 cases (33%). In agree-
ment with these cytogenetic studies, only 12 of 60 (20%)
of low-grade NHLs of MALT type harbored a trisomy 3,
which is in sharp contrast to previously published data.
The fact that the lower frequency of trisomy 3 found in our
cytogenetic series was now corroborated by FISH is even
more intriguing, taking into account that conventional
cytogenetics usually underestimates the rates of tri-
somies, because FISH can detect even small subclones
of aberrant cell populations.25

Because all hybridizations were carried out in bicolor
FISH experiments, in contrast to previous ISH studies, an
internal control was always available, assuring a high
hybridization efficiency. Up to 94% of nuclei showed two
signals when hybridized to probes specific for chromo-
somes 3, 7, 12, and 18, with a mean of 75% in controls
and 77% in nonaneusomic cases. Therefore, an impaired
sensitivity in our cases for the detection of trisomies can
be ruled out. In addition, these results are consistent with
a previous interphase cytogenetic study carried out on
methanol/acetic glacial acid-fixed single cells with an
even higher sensitivity.8

Interestingly, the frequencies for trisomies 7, 12, and
18 in low-grade lymphomas in our hands (3%, 3% and
7%) are also lower than those reported by Wotherspoon
and coworkers14 and Brynes et al.15 In both studies,
however, no bicolor hybridization experiments have been
carried out, avoiding the possibility of unspecific bind-
ings for the probes tested in ISH. In addition, Brynes and
coworkers16 reported on high frequencies of trisomy 3
(up to 8.5%) in their control cases compared with 3% in
our material.

Apart from technical differences in the studies carried
out so far, the variation in results might also be due to
different selection criteria for the cases investigated. In
the recent cytogenetic and interphase cytogenetic stud-
ies by Dierlamm and associates,13,15 reporting (partial)
trisomies for chromosome 3 in a high number of MALT-
type lymphomas, many complex chromosome alterations
not regularly encountered in previous studies4–9 were
described. This may indicate higher tumor grades as
compared with our cases. Alternatively, geographical
variations might be the cause for the different results. In
this context, the data obtained from classical or inter-
phase cytogenetic studies in splenic marginal zone B-
cell lymphoma are striking. Whereas Oscier et al26 failed
to find additional copies of chromosome 3 in 31 cases
investigated by classical cytogenetics, other reports de-
scribed the occurrence of a 13 in 18 to 50% of cas-
es.13–16 Significant geographic variations in the occur-
rence of a given chromosome abnormality have also
been described in other hematological malignancies in
Western populations. The detection of the t(4;11)(q21;
q23) in acute lymphocytic leukemia by classical cytoge-
netics, for example, has been shown to vary from 2.5%27

to 19%.28 Using interphase FISH in cases of B-cell
chronic lymphocytic leukemia, trisomy 12 was detected
in frequencies of 12 to 54%.29

Very few data are available concerning the chromo-
somal constitution of extranodal high-grade lymphomas
of MALT type. In our series of 45 high-grade MALT-type
lymphomas, chromosomal aneusomies were detected in
a higher frequency than in the low-grade cases (60 ver-
sus 27%; P , 0.05). Trisomy 3 was the most common
aberration (36%) followed by gains of chromosome 7
(20%) and 112 and 118 in 18% and 13%, respectively.
These data, however, are not significantly different from
those obtained in studies of large-cell lymphomas of
nodal origin according to conventional cytogenetics or
molecular investigations. In particular, gains of chromo-
some 3 have been reported in up to 33% of cases, of
chromosome 7 in 22%, of chromosome 12 in 31%, and of
chromosome 18 in 21%.30–34 No difference was encoun-
tered in our series in the incidence of trisomy 3 between
primary and secondary/simultaneous high-grade MALT-
type lymphomas. Trisomies for chromosomes 7 and 12
were encountered in primary high-grade rather than in
secondary/simultaneous high-grade lymphomas (27%
and 23% versus 11%). These differences might indicate
that additional copies of chromosomes 7 and 12 may
contribute to tumorigenesis in primary high-grade MALT-
type lymphomas in a manner similar to that in primary
nodal large cell tumors. Trisomy 18, on the other hand,
might rather be a progression factor in tumors with a
low-grade component (21 versus 8%). Recently, Chan
and associates,35 using comparative genomic hybridiza-
tion and FISH techniques, observed gains in chromo-
some 12 in all primary, but in only a minority of secondary/
simultaneous high-grade gastric lymphomas investigated in
their series from Hong Kong. A frequent overrepresenta-
tion of chromosome 12 in primary gastrointestinal large
B-cell lymphomas was also found in the recent series of
Barth et al.36
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It is not clear, however, by which underlying mecha-
nism additional chromosomes could contribute to tumor-
igenesis and/or progression. One possible explanation
would be an altered gene dosage effect, and in fact,
several reports have provided evidence that the increase
of chromosome copy numbers leads to enhanced gene
expression.37–39 Several candidate genes possibly being
overexpressed by occurrence of a trisomy have been
mapped to chromosome 18, among them bcl-2, ITF2, and
YES.40,41 Recently, the bcl-2 gene was shown to be am-
plified in cases of malignant lymphomas not character-
ized by a bcl-2/JH rearrangement by comparative
genomic hybridization. It was suggested, therefore, that
the bcl-2 protein overexpression might be the result of a
gene amplification.34 An alternative explanation would be
that an additional chromosome or chromosomes could
alter the spatial arrangement of the chromatin in the
interphase nucleus42,43 and thereby lead to an enhanced
or decreased transcription of genes.

The results of our studies on a large number of low-
and high-grade malignant lymphomas of MALT-type, all
carried out using a sensitive double (bicolor) FISH tech-
nique, do question previous reports on the elevated oc-
currence of trisomy 3 in MALT-type lymphomas and in-
dicate that a 13 is not a common feature at least in the
majority of MALT tumors. Still, few cases have been stud-
ied for their chromosomal constitution so far, and resolv-
ing the problem, whether the differences reported in the
literature rely on mere technical problems, geographical
variations, or differing selection criteria, will have to await
further studies.

Furthermore, our data indicate a possible different ge-
netic background for the development of primary high-
grade MALT-type lymphomas characterized by frequent
gains of chromosomes 7 and 12 as opposed to second-
ary/simultaneous tumors, showing a 118.
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