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The role of microsatellite instability and defects in DNA mismatch repair mechanism in the pathogenesis of
gastric lymphoma of mucosa-associated lymphoid tissue (MALT) type is still controversial, as both negative
and positive findings have been reported. This may be explained mainly by arbitrary selection of the tested loci,
the use of various techniques of microsatellite instability analysis and by different definitions of replication
error positive phenotype. The aim of our study was to evaluate the instability at selected microsatellite markers
using the GeneScan Analysis Software. DNA from paraffin-embedded tissue blocks of 13 previously untreated
patients with localized gastric MALT lymphoma was extracted. Five microsatellite markers, which are located in
hMSH2, hMLH1, P16, APC and MLL loci, were selected from the genetic database. We found genetic instability
in tumors of 9/13 patients with gastric MALT lymphoma (69%). Seven of them had replication-error-positive
phenotype (54%). Microsatellite instability was found in 39% of the samples in the MLL locus, 39% in the APC,
46% in the P16, 23% in the hMLH1 and none in the hMSH2. This study demonstrates that microsatellite
instability has more prominent role in pathogenesis of gastric MALT lymphoma than reported to date. We
suggest that microsatellite instability should be analyzed with markers adjacent to chromosomal loci that are
involved in lymphomas. Our findings support the ‘Real Common Target genes’ theory of high rate of
microsatellite instability in specific genes, which are associated with related tumors.
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Lymphomas of mucosa-associated lymphoid tissue
(MALT lymphomas) are extranodal low-grade B-cell
tumors, which arise mainly in the stomach, but also
in the thyroid, salivary glands, lungs and other
organs. The pathogenesis of gastric MALT lympho-
mas may be related to local immune response to
Helicobacter pylori, which is found in more than
90% of the cases.1–3 However, the exact role of the
H. pylori in lymphomagenesis is unknown.

From the molecular aspect, the rearrangements of
bcl-1, bcl-2 and c-myc genes, characterizing nodal
lymphoma, are not found in gastric MALT lympho-
ma. Several genetic aberrations were found to be
associated with MALT lymphoma including trisomy
3, trisomy 18, t(11;18) (q21;q21) that occur fre-
quently in low-grade MALT lymphoma, as well as
mutations in p53 (17p13) and P16 deletion (9p21),
linked to high-grade transformation.2,4–9

Recently, a possible role for defects in DNA
mismatch repair mechanism in the pathogenesis of
different malignancies, including MALT lymphoma,
has been suggested.10–14 Defects in the DNA repair
are reflected by DNA microsatellite instability.
Microsatellites are short repeat sequences dispersed
throughout the genome. They are composed of
mono-, di-, tri- or tetranucleotide repeats. Micro-
satellites are highly unstable, that is, the number of
repeat units tends to change due to slippage errors
during DNA replications. These errors are supposed
to be corrected by DNA repair enzymes, just like
errors in any part of the genome. Cells with
alteration in DNA mismatch repair enzymes are
not able to repair errors during DNA replication,
demonstrating replication-error-positive phenotype
positivity. This instability makes microsatellites the
best markers of replication-error-positive pheno-
type. Amplification of microsatellites by polymerase
chain reaction (PCR) from the genome of malignant
cells as compared to normal cells, enables to find
mutations inside the microsatellites and to deter-
mine a malfunction of DNA mismatch repair
enzymes.15,16
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Microsatellite instability has been found in up to
90% of tumors of the hereditary nonpolyposis
colorectal cancer because of germline mutations
and further damage to the second allele within the
specific mismatch repair genes hMSH1, hMLH2
and hPMS2.15–17 Microsatellite instability is also a
distinctive feature in nearly 15–20% of sporadic
colorectal tumors.18–20 Replication-error-positive
phenotype has been detected recently in other solid
tumors21–24 and in various lymphomas and leuke-
mias.25–30

The involvement of microsatellite instability in
the pathogenesis of gastric lymphoma of MALT type
is controversial, as both negative and positive
findings were reported.4–6,10,11,13,31,32 However, the
microsatellite loci examined in these studies were
randomly selected and the microsatellite analysis
was performed by various methods. We aimed to
evaluate the instability at microsatellite markers
adjacent to chromosomal loci that are known to be
involved in development of hematological malig-
nancies (particularly of lymphomas) or at loci that
encode DNA mismatch repair enzymes. We used
modern and accurate GeneScan Analysis Software
for this purpose.

Materials and methods

Case Selection

Archival specimens of consecutive patients with
gastric MALT lymphoma tissue of last 3 years were
obtained from the Pathology Department of Meir
Hospital. All specimens of which enough DNA
could be extracted from both normal and malignant
gastric tissues were evaluated in this study. Gastric
MALT lymphoma was diagnosed by histological
criteria, immunophenotyping and the presence of B-
cell monoclonality. Specimens of 13 patients met
the predefined criteria. The charts of these patients
were obtained and demographic, laboratory and
clinical data were collected.

DNA Collection and Processing

Two paraffin-embedded tissue blocks of each patient
were selected: lymphoma tissue and normal tissue.
Sections of 5 mm thickness of each block were cut

and mounted on microscope slides. Hematoxylin
and eosin (H and E)-stained slides were prepared
and used to demarcate areas containing cancer and
normal cells. Corresponding regions were marked
on unstained slides, and microdissection was
performed.

DNA from the paraffin-embedded tissue sections
was extracted using Puregene manufacturer’s kit
(Gentra, Minneapolis, MN, USA) according to
instructions, by digestion with proteinase K, ‘salting
out’ method and precipitation in ethanol. All the
abnormal sections, microdissected if needed, con-
tained more than 90% of malignant tissue.

Microsatellite Marker Analysis

Primer sequences at five different loci were selected
from the Genome Database (Table 1): APC, MLL,
hMLH1, P16 and hMSH2. The loci were selected on
the basis of their known involvement in different
hematological malignancies or DNA mismatch
repair mechanism. P16 is a tumor suppressor
gene, which is located on 9p21 and encodes an
inhibitor of cyclin-dependent kinase 4 (CDK4).
Binding of the product of P16 to CDK4 usually
prevents progression through the cell cycle. Altera-
tion of the P16 gene, like deletions, hypermethyla-
tion and mutations, were reported in MALT
lymphoma.2,12,14 Translocations in MLL (11q23) are
common in different kinds of hematological malig-
nancies, especially in AML and ALL. APC, located
on 5q22–23, is involved mainly in colorectal cancer.
The DNA mismatch repair enzymes hMLH1 and
hMSH2 are involved in tumorigenesis of various
malignancies.

The microsatellites within or closely located to
these loci were amplified by PCR. One end of each
primer was synthesized and labeled by FAM
(Mycrosynth, Balgach, Switzerland) and the oppo-
site end was synthesized by Sigma-Genosys (Cam-
bridgeshire, UK). Microsatellite loci were amplified
by PCR using Biometra Thermocycler (Whatman,
Göttingen, Germany) in 15 ml volume. The PCR
mixture consisted of 1� PCR buffer (10 mM Tris-
HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl2), 0.2 mM of
each dNTP (Roche, Mannheim, Germany), 6 pmol of
each primer and 1.5 U of Taq polymerase (Sigma,
MO, USA).

Table 1 Microsatellite markers

BAT26 2p22– (A)26 hMSH2, intron 5 F-FAM TGACTACTTTTGACTTCAGCC
R AACCATTCAACATTTTTAACCC

D3S1611 3p24.2–p22 (CA)14 hMLH1, intron 12 F-FAM CCCCAAGGCTGCACTT
R AGCTGAGACTACAGGCATTTG

D5S346 5q22–q23 (CA)26 APC, distance 30–70 kb F-FAM ACTCACTCTAGTGATAAATCG
R AGCAGATAAGACAGTATTACTAGTT

D9S171 9p21 (CA)14 P16 F-FAM GCTAAGTGAACCTCATCTCTGTCT
R GAGATCCTATTTTTCTTGGGGC

D11S614 11q23 (A)13(GAA)5 MLL intron 6 F-FAM CGCTGGTAATCCCAACACTT
R ACCTGGGACTACACGCAACT
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PCR mixtures were subjected to 36 cycles of PCR
with automated temperature cycling program as
follows: denaturation at 941C for 30 s, annealing at
551C for all primers except P16 (57.51C) for 30 s and
elongation at 721C for 30 s. Amplification was
concluded with extension at 721C for 30 min to
promote an addition of A base to all the PCR
products by Taq DNA polymerase to the 30 end of
DNA.

Fluorescent PCR products were subjected to
electrophoresis on denaturing polyacrylamide gel
and fractionated by Automated Fluorescent DNA
Sequencer (ABI 377, PE Biosystems). The data were
processed using the GeneScan Analysis Software
(Perkin-Elmer, Foster City, CA, USA).

Microsatellite instability was defined as a
change of length due to either insertion or
deletion of repeating units in a microsatellite within
tumor cells as compared to normal cells.15,16 The
change presented as novel peak/s in tumor tissue
DNA differing in size and location from normal
tissue DNA. Figure 1 presents microsatellite
stability as compared with microsatellite instability
in Figure 2. Loss of heterozygosity or allelic
imbalance were defined as a loss of one of the
pre-existing alleles in the tumor as compared to
normal tissue. In this situation, one cannot easily
distinguish whether it represents true loss of
heterozygosity or microsatellite instability in
which the shifted allele has comigrated with the

Figure 1 Representative allelic profile of microsatellite stability at P16 locus. Horizontal—base pairs scale, vertical—fluorescence scale.
Both in normal (a) and malignant (b) cells, the two major peaks are 139 and 150 base pairs long representing the two alleles of this
microsatellite.
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remaining wild-type allele. We defined these
cases as loss of heterozygosity introducing a
possible bias in favor of group with loss of hetero-
zygosity.

According to accepted criteria we defined a
patient with replication-error-positive phenotype if
he had at least two microsatellite instabilities at
different loci.15 A patient who had at least one
microsatellite instability and at least one loss of
heterozygosity was defined as having genetic in-

stability. The group with genetic instability also
included patients with replication-error-positive
phenotypes.

Statistical Analysis

Standard descriptive statistics, including means,
standard deviations, ranges and frequency calcula-
tions were used to characterize the study group. For

Figure 2 Representative allelic profile of microsatellite instability at MLL locus. Horizontal—base pairs scale, vertical—fluorescence
scale. The alleles of this microsatellite have different lengths in normal (a) and malignant cells (b).
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comparisons, a w2 with two-sided type I error of 0.05
was used to assess statistical significance.

Results

Pathologic specimens of 13 patients with previously
untreated gastric MALT lymphoma were obtained.
In all cases, MALT lymphoma was localized and did
not pass muscularis propria of the stomach. None
demonstrated a transformation to high-grade large
B-cell lymphoma. The mean age of the patients at
diagnosis was 63.3 (range 44–79) years. Seven of 13
patients were women. No patient had prior treat-
ment with antibiotics or chemotherapy.

Table 2 presents the results of microsatellite
markers’ analysis in the specimens of the study
group. Tumors of nine patients (M1, M4, M5, M6,
M8, M9, M11, M12, M13) had a genetic instability
(69%). Seven of them (M1, M4, M5, M6, M8, M11,
M13) had replication-error-positive phenotype
(54%). It should be stressed that in some loci,
testing of microsatellite instability failed due to
technical reasons. These loci were considered as
stable, which may have introduced some bias into
our results.

Table 3 focuses on the frequency of microsatellite
instability and genetic instability in each micro-
satellite locus. Microsatellite instability was found
in 39% of the samples in the MLL locus, 39% in the
APC locus, 46% in the P16 locus and 23% in the
hMLH1 locus. The hMSH2 locus did not demon-
strate any instability. Genetic instability was demon-

strated in 46% of samples in the MLL locus, 46% of
the samples in the APC locus, 46% in the P16 locus,
39% in the hMLH1 locus and in only 15% of the
samples in the hMSH2 locus.

Discussion

We found genetic instability in tumors of 9/13 (69%)
of previously untreated patients with gastric MALT
lymphoma. Seven of them (54%) were found to have
replication-error-positive phenotype. The microsa-
tellite’s analysis was performed in selected genetic
loci that are known to be involved in the develop-
ment of hematologic malignancies or those that
encode DNA mismatch repair enzymes. These
results were obtained by GeneScan, which is
modern and precise method of microsatellite’s
analysis.

Our results support previous reports about the
significant role of defects in DNA mismatch repair
mechanism in the pathogenesis of gastric MALT
lymphoma.10,11 Peng et al11 detected replication-
error-positive phenotype in tumors of 21/40 (52.5%)
patients with gastric MALT lymphomas. Chong
et al10 study also suggested a high frequency of
microsatellite instability. They contradict the results
of other studies that reported a negligible role of
microsatellite instability in gastric MALT lymphoma
tumorigenesis.6,31,32

There are a few explanations for these conflicting
results. The most important variable seems to be the
choice of different genetic loci for microsatellite

Table 2 Microsatellite analysis in the specimens of the study group

MLL P16 hMSH2 hMLH1 APC

M1 LOH MSI Stable MSI MSI
M2 Stable Stable Stable LOH Stable
M3 LOH Stable Stable Stable Stable
M4 MSI Stable Stable MSI Stable
M5 MSI Stable LOH Stable MSI
M6 No data MSI No data No data MSI
M7 No data Stable No data MSI Stable
M8 MSI MSI Stable Stable Stable
M9 No data MSI LOH No data Stable
M10 Stable Stable Stable LOH Stable
M11 MSI Stable Stable No data MSI
M12 Stable MSI Stable No data LOH
M13 MSI MSI No data Stable MSI

MSI¼microsatellite instability; LOH¼ loss of heterozygosity.

Table 3 Frequency of microsatellite and genetic instability at different loci

MLL P16 hMSH2 hMLH1 APC

MSI 5/13 (39%) 6/13 (46%) 0/13 (0%) 3/13 (23%) 5/13 (39%)
Genetic instability 6/13 (46%) 6/13 (46%) 2/13 (15%) 5/13 (39%) 6/13 (46%)

MSI¼microsatellite instability.
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instability analysis. Most of the previous studies of
MALT lymphoma (both with high and low reported
rates of microsatellite instability) evaluated micro-
satellite instability in randomly selected loci, while
we analyzed carefully selected loci, which may be
relevant to tumorigenesis or mismatch repair me-
chanism. Also, the methodology used to analyze
microsatellite instability is very important. In most
previous studies, microsatellite instability analysis
was based on electrophoresis on gel and not on
GeneScan technique, that is considered to be the
most accurate method. Finally, PCR is a very
sensitive technique and it is important to obtain
reproducible results by confirming the positive
results as was done in our study.

The concept that microsatellite instability is more
common in some genetic loci than in other is not
new. In 1998, the National Cancer Institute pub-
lished a workshop on microsatellite instability in
colorectal cancer and a panel of few genetic loci was
selected for the analysis of microsatellite instability
out of few hundreds.15 The workshop recommended
to compose an individual panel of the selected loci
for each tumor, but this recommendation was not
adopted in further studies. Actually, most studies of
different tumors analyzed arbitrary selected genetic
loci for microsatellite instability with wide variation
in the reported results.

Recently, the ‘Real Common Target genes’ model
was proposed.33–36 According to this model, sets of
specific genes with a high rate of mutations in
different mismatch repair-deficient human cancers
were identified. Mutations in microsatellites inside
these Real Common Target genes, which promote
tumor cell growth, are assumed to be the driving
force during microsatellite instability carcino-
genesis. Mutations in microsatellites of these genes
were found more frequently than in microsatellites
of genes without involvement in malignant trans-
formation (ByStander genes). So far, this model was
suggested only for colorectal, gastric and endome-
trial carcinomas. In order to construct such models
for other tumors, data regarding microsatellite
instability in different genetic loci of different
tumors, including MALT lymphoma, should be
collected. We believe that our study may contribute
to the identification of Real Common Target genes
for MALT lymphoma. However, studies of larger
groups with analysis of multiple meticulously
selected loci are needed.

An interesting finding was the similar frequency
of microsatellite and genetic instability in various
loci (Table 3), except for hMSH2. MSH2 is one of the
DNA mismatch repair enzymes and is unstable in
various tumors. However, we show here that it is
stable in MALT lymphoma. Another interesting
finding was the high rate of instability in APC,
which is known to be unstable mainly in colorectal
tumor. Previous studies found both low and high
rate of instability of APC in gastric MALT lympho-
mas.6,9 We assume that this contradiction is related

to the long length of APC locus with abundance of
various microsatellites. Each of the previous studies
tested different microsatellites within the APC locus
and consequenly the results varied.

In conclusion, we found a high rate of micro-
satellite instability in selected loci in gastric MALT
lymphoma. We suggest that DNA mismatch repair
mechanism malfunction may have an important role
in the pathogenesis of this tumor.
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