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Abstract To elucidate the progression of gastric margin-
al zone B-cell lymphoma of mucosa-associated lymphoid
tissue (MALT) type, we analyzed a case presenting
simultaneously with MALT lymphoma of the stomach
and lung, and a gastric high-grade diffuse large lympho-
ma. The rearranged immunoglobulin heavy chain (IgH)
variable regions were analyzed using a polymerase chain
reaction (PCR)-based assay. Clonal relationship was
shown between the gastric high-grade and the pulmonary
low-grade lymphoma. The gastric MALT lymphoma was
not related to the other manifestations. Translocation
t(11;18) was not detected in the gastric high-grade
lymphoma. MALT lymphomas at various locations and
with different histologies may derive from a common

precursor cell. Lymphomas at identical sites may have
different stem cells.
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Introduction

Non-Hodgkin’s lymphoma (NHL) of the mucosa-associ-
ated lymphoid tissue (MALT) can be found in different
organs such as the stomach, lung, and salivary glands, all
of which are primarily free of lymphoid tissue. Although
marginal zone B-cell lymphoma of MALT type (MALT
lymphoma) have an indolent clinical course, dissemina-
tion within one organ or multifocal occurrence within
different organs can be observed [11]. Since one-third of
low-grade gastric MALT lymphoma samples shows high-
grade components, the progression of low-grade to high-
grade lymphomas has been suspected. To investigate the
clonal relation between B cells, one can take advantage of
the B-cell “fingerprint,” the specific rearranged immuno-
globulin heavy chain (IgH) variable region (VH), as
determined by polymerase chain reaction (PCR). Alter-
natively, karyotypic markers may be utilized. Since the
translocation t(11;18) typical for MALT lymphoma was
detected in extranodal low-grade MALT lymphoma but
not in extranodal high-grade or nodal NHL, a progression
from low- to high-grade MALT lymphoma was consid-
ered to be unlikely [1, 2, 4, 8]. Analysis for the rearranged
IgH variable region revealed controversial results con-
cerning clonal identity for the disseminated lesions as
well as for low- and high-grade components [6, 7, 9].

To further elucidate the relationship of different
MALT lymphoma manifestations, we report the molec-
ular analysis of a patient who suffered from a low-grade
lymphoma of MALT type of the lung, a low-grade gastric
MALT lymphoma, and a gastric high-grade NHL. To
obtain the clonal relationship between these different
manifestations, we investigated the IgH rearrangement in
the lymphoma cells by PCR for the framework (FR) 2
region VH fragment.
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Materials and methods

We analyzed tissue samples of a 69-year-old woman presenting
with (1) a low-grade MALT lymphoma of the lung, (2) a low-grade
gastric MALT lymphoma, and (3) a high-grade diffuse large B-cell
NHL of the stomach. All histological slides were reviewed by one
pathologist (M.S.).

The DNA was extracted from the formalin-fixed paraffin-
embedded tissue with the commercially available Qiagen Tissue
Kit (Qiagen, Hilden, Germany) as recommended by the manufac-
turer. The PCR assay for the FR2 fragment was carried out as
described previously [12]. For fluorescence-stained fragment length
analysis, the 5’ oligonucleotide primer was labeled with FAM dye.
The PCR results were analyzed using a denaturating polyacryla-
mide gel, and the electrophoresis was carried out on an automated
DNA sequencer ABI 377 (Perkin Elmer, Foster City, Calif., USA).
The band distribution was evaluated using the Genescan software
(Perkin Elmer, Foster City, Calif., USA). For detailed sequence
analysis of the IgH variable region, the PCR fragments were cloned
using the TA cloning Kit (Invitrogen, Groningen, The Netherlands).
For each tumor sample, 7–20 clones were sequenced with the cycle
sequencing method using the Big Dye Terminator Kit (Perkin
Elmer, Foster City, Calif., USA) as recommended by the manu-
facturer. The sequence analysis was carried out on an automated
DNA sequencer ABI 377 (Perkin Elmer, Foster City, Calif., USA).
The determined VH alleles were aligned to published germline
sequences using the Lasergene software (DNA-Star, Boston, Mass.,
USA) [3, 13]. The integrity of each DNA sample was demonstrated
by amplification of the interferon-beta gene as a reference as
described [12].

For the detection of the t(11;18)(q21;q21), interphase fluores-
cence in situ hybridization (FISH) was performed on a 3-�m-thick
section from the biopsy of the high-grade gastric lymphoma. From
both low-grade gastric and lung MALT lymphomas no tissue was
left for FISH analyses. After deparaffinization with xylene and
pretreatment with pepsin and RNAse, FISH was performed using
PAC clones 59N7 and 166G16 as previously described [5]. This
FISH assay detects the 5’API2-3’MLT fusion resulting from the
t(11;18), which is evidenced by a fusion of the hybridization signals
of PAC 166G16 (spans the API2 gene on chromosome 11) and
PAC 59N7 (contains genomic sequences immediately downstream
of the MLT gene on chromosome 18).

Results

A dominant monoclonal PCR band for the IgH rear-
rangement was shown for each tumor location (i.e., low-
grade lung, low-grade stomach, high-grade stomach)
(data not shown). When DNA sequence analysis was
performed, and the sequences were aligned against each
other, we found no major clonal identity/relation between
the low-grade gastric MALT lymphoma and the high-
grade gastric NHL (Fig. 1). Surprisingly, DNA sequence
analysis revealed a clonal relationship between the high-
grade gastric NHL and the low-grade lung MALT
lymphoma (Fig. 1).

On detailed analysis, in the gastric MALT lymphoma
sample two different VH alleles, VH3–15 (five of nine
clones) and VH3–30.5 (two of nine clones) were detected.
The allele VH3–15, which was dominant in the low-grade
gastric MALT lymphoma, was found in only 1 of 20
clones analyzed from the high-grade lesion of the stomach
(Fig. 1). In this sample, however, two dominant clones
were detected. For one of these a clear assignment was
not possible, since the sequence showed the identical

grade of homology with VH4–61 and VH4–59 alleles. In
addition, the VH3–23 allele was detected in 3 of 20 of the
analyzed clones from the high-grade NHL sample. The
allele VH4–61/VH4–59 and the VH3–23 were also and
solely found in the lung MALT lymphoma sample.

Figure 1 shows the distribution of the alleles and the
relationship between the different lymphoma samples in
this patient. The translocation t(11;18) was not demon-
strated in the analyzed material of the high-grade gastric
lymphoma in our case.

Discussion

There have been discrepant results with regard to the
clonal relationship between low- and high-grade extran-
odal lymphomas of MALT type [1, 2, 4, 7]. In the patient
presented here suffering from extranodal lymphomas at
different locations, no relation was found between the
low-grade gastric MALT lymphoma and the low-grade
MALT lymphoma of the lung. The low-grade gastric
MALT lymphoma showed no clonal relation to the high-
grade gastric NHL. Surprisingly, we found the vast
majority of clones to be identical between the low-grade
MALT lymphoma of the lung and the high-grade gastric
NHL. These results may point to a clonal independence
between both the low-grade lymphoma manifestation in
the lung and the gastric MALT lymphoma. The manifes-
tation of the gastric high-grade NHL was therefore not a

Fig. 1 Clonal relationship of the IgH gene of three different
lymphoma manifestations in one patient. The upper part shows the
allele distribution for the low-grade MALT lymphoma of the lung,
the high-grade gastric NHL, and the low-grade gastric MALT
lymphoma. In the lower part the grade of homology between the
detected alleles and the germline sequences is shown. In all cases a
minority of determined sequences revealed nonfunctional rear-
rangements for the IgH variable region. The second line of the
lower part shows the relationship between the analyzed clones and
the detected alleles. The nonfunctional rearrangements are not
shown. Thus, the number of given clones does not equal the number
of analyzed clones
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result of a progression from the gastric MALT lymphoma.
The lung MALT lymphoma and the gastric high-grade
NHL showed almost identical allelic distributions. There-
fore, the high-grade gastric NHL may have emerged from
the low-grade MALT lymphoma of the lung in this
patient.

The absence of the translocation t(11;18) in extranodal
high-grade MALT lymphoma may suggest an indepen-
dent development of simultaneous low- and high-grade
MALT lymphoma [5, 7]. This is challenged by the patient
presented whose data point to a more complex biology of
MALT lymphomas. It cannot be excluded that t(11;18)-
positive MALT lymphomas exhibit behavior of progres-
sion distinct from negative cases. t(11;18)-positive MALT
lymphomas usually do not seem to transform to higher
histological grades (for a review, see [10]). The absence
of the t(11;18) in the high-grade gastric lymphoma
analyzed in our patient would support this assumption.
Since too few tissue was available for analysis, translo-
cation t(11;18) could not be analyzed in the low-grade
lesions of the lung as well as of the stomach.

In conclusion, the case presented here points to a more
complex biology of the phenomenon of tumor progression
of extranodal lymphomas, making it likely that low-grade
lesions may indeed progress into high grades, even at
different locations.
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