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Background and Objective. Knowledge regarding the
molecular pathogenesis and histogenesis of gas-
trointestinal mucosa-associated lymphoid tissue
non-Hodgkin’s lymphomas (MALT-NHL) is limited.
Mutations of BCL-6, a zinc finger transcription factor
implicated in lymphoid development, occur fre-
quently in lymphomas and represent a histogenetic
marker of B-cell transit through the germinal center.
The distribution of BCL-6 mutations in gastrointesti-
nal MALT-NHL was analyzed in this study.

Design and Methods. This study was based on 26
gastrointestinal MALT-NHL, including 16 cases of
low grade histology and 10 cases of high grade his-
tology. Mutations of BCL-6 were investigated by a
combination of polymerase chain reaction-single
strand conformation polymorphism and DNA direct
sequencing analysis.

Results. Mutations of BCL-6 occurred in 6/10 high
grade MALT-NHL, whereas they were absent from all
low grade cases tested (n = 16; p = 0.001). MALT-
NHL harboring BCL-6 mutations included 5 cases of
gastric MALT-NHL and 1 case of jejunal MALT-NHL.
Mutations were predominantly represented by sin-
gle nucleotide substitutions which were multiple in
most cases. All sequence alterations were unique to
individual cases of gastrointestinal MALT-NHL.

Interpretation and Conclusions. Mutations of BCL-6
occur frequently in high grade gastrointestinal MALT-
NHL and display characteristics similar to those of
BCL-6 mutations harbored by other B-cell lym-
phomas. The association of high grade MALT-NHL
with BCL-6 mutations corroborates their histoge-
netic derivation from germinal center-related B-cells
and may be of potential pathogenetic relevance for
these disorders.
©1999, Ferrata Storti Foundation 
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Lymphomas of mucosa-associated lymphoid tis-
sue (MALT) represent a distinct category of B-
cell non-Hodgkin’s lymphomas (NHL) arising in

extranodal sites. The gastrointestinal tract, particular-
ly the stomach, is the preferential site of origin of
MALT-derived non-Hodgkin’s lymphomas (MALT-
NHL), which account for most lymphoproliferative
disorders targeting primarily the alimentary tract.1-6

Gastrointestinal MALT-NHL consistently display a B-
cell phenotype and can be histologically classified into
two groups: low grade and high grade.1-7 Low grade
MALT-NHL are constituted by centrocyte-like small
cells and are characterized by the presence of lym-
phoepithelial lesions.1-7 Low grade MALT-NHL may
undergo histologic transformation to a high grade pat-
tern with variable proportions of residual foci of small
cells mingled with the large cell population.1-7

The pathogenesis of B-cell NHL involves host fac-
tors as well as genetic alterations intrinsic to the
tumor clone.8,9 Host factors implicated in the patho-
genesis of gastrointestinal MALT-NHL include infec-
tion by Helicobacter pylori and stimulation and selec-
tion by antigen.10-16 Knowledge of the molecular
alterations of cancer related genes implicated in gas-
trointestinal MALT-NHL is limited. A fraction of high
grade cases associates with inactivation of the p53
and p16 tumor suppressor genes, whereas both low
grade and high grade MALT-NHL are generally
devoid of other molecular lesions associated with
systemic B-cell NHL.8,17-21

Recently, it has been shown that molecular alter-
ations of BCL-6, a proto-oncogene coding for a zinc
finger transcription factor implicated in lymphoid
organ development, are frequent genetic alterations
of B-cell NHL that are histogenetically related to ger-
minal center (GC) B-cells.22-29 Because gastrointesti-
nal MALT-NHL have been proposed to be related to
B-cells which have transited through the GC,14-16 it is
possible that BCL-6 alterations may also be involved
in this category of lymphomas. Two types of molecu-
lar alterations of BCL-6 are known in systemic B-cell
NHL, namely chromosomal translocations and muta-
tions.22-26,28 Chromosomal translocations cluster with



B-lineage diffuse large cell lymphoma throughout the
pathologic spectrum of B-cell NHL.22-24,30 Mutations
affect the 5’ non-coding sequences of BCL-6 located
in the proximity of the BCL-6 promoter and are gen-
erally regarded as a B-cell histogenetic marker denot-
ing transit through the GC.25,26,28,31,32 This notion is
supported by the association of BCL-6 mutations with
B-cells displaying a GC or post-GC phenotype, such as
centroblasts and memory B-cells, whereas mutations
are absent in pre-GC B-cells such as virgin B-
cells.25,26,28,31,32

This study was aimed at investigating the distribu-
tion of BCL-6 mutations throughout the clinico-
pathologic spectrum of gastrointestinal MALT-NHL.
We report that mutations of BCL-6 are a common
genetic lesion among high grade gastrointestinal
MALT-NHL, whereas are consistently absent in cas-
es with a low grade histology.

Design and Methods

Tumor samples and DNA extraction
Biopsy samples of involved organs from 26 patients

with MALT-NHL of the gastrointestinal tract were
collected during the course of standard diagnostic
procedures. All bioptic specimens were collected at
diagnosis, prior to therapy for the lymphoprolifera-
tive disease. Diagnosis was based on analysis of
histopathology, immunophenotypic analysis of cell
surface markers, and immunogenotypic analysis of
immunoglobulin gene rearrangements, as previously
reported.20 Low grade MALT-NHL were pathologi-
cally defined based on previously reported morpho-
logic criteria.7 High grade MALT-NHL were patho-
logically defined based on the size of the predomi-
nant cell population and the presence of a diffuse
architecture.7,20 Notably, with respect to MALT-NHL
cases classified as high grade, our study included only
samples in which one or more foci of a low grade
MALT-NHL component could be specifically identi-
fied. On these grounds, sixteen cases were classified
as low grade MALT-NHL and 10 cases as high grade
MALT-NHL. The site of the MALT-NHL was the
stomach in 23 cases, the jejunum in 2 cases and the
colon in 1 case. In most samples, the fraction of the
malignant cells in the pathologic specimen was
greater than 50 % (and in all cases greater than 30 %),
as determined by tissue section immunohistochemi-
cal analysis of cell surface markers and by immuno-
globulin gene rearrangement analysis. DNA was puri-
fied by digestion with proteinase K, salting out extrac-
tion, and precipitation by ethanol.33 

Oligonucleotides
All the oligonucleotides used in this study were syn-

thesized by the solid phase triester method. The
sequence of oligonucleotides used as primers for the
mutational analysis of BCL-6 5’ non-coding regions
(PCR fragments E1.10, E1.11 and E1.12) was as fol-
lows: E1.21B, 5'-CTCTTGCCAAATGCTTTG-3', and

E1.24, 5'-TAATTCCCCTCCTTCCTC-3’ (for fragment
E1.10); E1.23, 5'-AGGAAGGAGGGGAATTAG-3',
and IP1.6, 5'-AAGCAGTTTGCAAGCGAG-3’ (for
fragment E1.11); IP1.7, 5'-TTCTCGCTTGCAAACT-
GC-3', and E1.26, 5'-CACGATACTTCATCTCATC-3’
(for fragment E1.12).25

Mutational analysis of BCL-6 5’ non-coding
regions

Mutations of BCL-6 5’ non-coding regions were
assessed by two independent methods, namely poly-
merase chain reaction-single strand conformation
polymorphism (PCR-SSCP) and PCR DNA direct
sequencing. PCR-SSCP analysis of BCL-6 5’ non-cod-
ing regions was performed on three partially over-
lapping PCR fragments (E1.10, E1.11, E1.12) corre-
sponding to the 739 bp region amplified by primers
E1.21B and E1.26. This 739 bp fragment is located
downstream of the first BCL-6 non-coding exon and
has been shown to harbor > 95 % of BCL-6 5’ muta-
tions detected in B-cell NHL.25,26,28 PCR-SSCP was
performed as previously reported.25,28 Based on the
results of reconstruction experiments, the sensitivity
of the PCR-SSCP assay in our laboratory allows the
detection of a monoallelic mutation harbored by 5-
10% of cells in a mixed cell population. 

For DNA direct sequencing of BCL-6 5’ non-coding
regions, a unique PCR product encompassing frag-
ments E1.10, E1.11 and E1.12 and spanning 739 bp
(nucleotides +404 to +1142) was amplified by
primers E1.21B and E1.26, as previously described.28

The DNA PCR product was purified by using a com-
mercially available kit (QIAquick gel extraction kit,
Qiagen, CA). Subsequently, DNA direct sequencing
was performed with either external (E1.21B and
E1.26) or internal (E1.23, E1.24, IP1.6, IP1.7)
primers as appropriate, using a commercially avail-
able kit (Thermosequenase, Amersham Life Sciences,
UK). [a-33P]-labeled terminator dideoxynucleotides
(purchased from Amersham Life Sciences) were
included in the sequencing mixture. For each DNA
fragment analyzed, sequencing of both strands was
performed on independent PCR reactions.

Analysis of BCL-6 rearrangements
The gross configuration of the BCL-6 locus was

investigated by Southern blot analysis.20,34 Six to ten
µg of genomic DNA were digested with the appro-
priate restriction enzyme, electrophoresed in a 0.8-1
% agarose gel, denatured, neutralized, transferred to
Hybond C+ filters (Amersham, Amersham Place,
U.K.), and hybridized to probes which had been 32P-
labeled by the random priming extension method.35

Filters were washed in 0.2x SSC (NaCl/Na citrate/
0.5% sodium dodecyl sulfate) for 2 hours at 60°C
and then autoradiographed using intensifying
screens. Southern blot analysis was performed using
a probe (Sac 4.0) and restriction enzymes (BamHI
and XbaI) that, in combination, explore a region of
15.2 Kb containing the 5’ portion of the BCL-6
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gene.22 This same region was previously shown to
contain the cluster of chromosomal breakpoints
detected in NHL.22,24 Cases showing an abnormally
migrating band in only one digest were further stud-
ied by hybridizing BamHI and XbaI digests to a second
probe (Sac0.8) derived from the BCL-6 first intron,
which, being located 3’ of the breakpoint cluster,
explores the reciprocal chromosome 3.36 Only cases
showing abnormally migrating bands with two
restriction enzymes and/or two probes were scored as
rearranged. 

Analysis of BCL-6 protein expression
The BCL-6 protein was detected by using the PG-

B6 monoclonal antibody that is directed against the
aminoterminal portion of the human BCL-6 gene
product.37 Immunostaining for BCL-6 was performed
on frozen sections by the APAAP method, as previ-
ously described.38

Statistical methods
Differences in the distribution of BCL-6 mutations

throughout the clinico-pathologic spectrum of gas-
trointestinal MALT-NHL were assessed by means of
Fisher’s exact test.

Results
A panel of 26 cases of MALT-NHL of the gastroin-

testinal tract was included in this study. Cases were
representative of the clinico-pathologic spectrum of
the disease, including low grade MALT-NHL (n = 16)
and high grade MALT-NHL (n = 10). With respect to
MALT-NHL cases classified as high grade, our study
included only samples in which one or more foci of
a low grade MALT-NHL component could be specif-
ically identified. All cases of MALT-NHL displayed a
major monoclonal B-cell population based on
immunogenotypic analysis and/or light chain restric-
tion immunohistochemical studies (data not shown).

Distribution of BCL-6 mutations in MALT-NHL
of the gastrointestinal tract

All 26 samples of MALT-NHL were subjected to
PCR-SSCP analysis of 3 partially overlapping PCR
fragments (fragments E1.10, E1.11, E1.12) encom-
passing a 739 bp region of the BCL-6 gene. The selec-
tion of these three PCR fragments for the mutation-
al analysis of BCL-6 in MALT-NHL of the gastroin-
testinal tract was based on evidence derived from sys-
temic B-cell NHL showing that these sequences are
consistently mutated in all cases carrying mutations
of the BCL-6 gene.25,26,28

Cases of gastrointestinal MALT-NHL were scored
positive for mutation when one or more PCR-SSCP
fragments displayed a variant pattern which could
not be attributed to a population polymorphism (see
Figure 1 for representative results). Mutations of 5’
non-coding regions of BCL-6 were absent in all low
grade gastrointestinal MALT-NHL tested (n = 16).
Conversely, mutations of 5’ non-coding regions of

BCL-6 were detected in 6/10 (60%) high grade
MALT-NHL, including 5 cases of MALT-NHL of the
stomach and 1 case of MALT-NHL of the jejunum
(Table 1). The difference in the frequency of BCL-6
mutations in low grade versus high grade gastroin-
testinal MALT-NHL was statistically significant (p =
0.001; Fisher exact test).
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Figure 1. PCR-SSCP analysis of mutations of the 5’ non-cod-
ing regions of BCL-6 in gastrointestinal MALT-NHL. Repre-
sentative results obtained for PCR products E1.10 (upper
panel) and E1.12 (lower panel) are shown. Samples of gas-
trointestinal MALT-NHL are indicated at the top of each lane
by a numbered code. A positive control (POS), represented
by a tumor sample known to harbor BCL-6 5’ mutations, as
well as a normal (N) sample, represented by a lymphoblas-
toid cell line, are also included for each PCR-SSCP fragment
shown. Samples were scored positive when their migration
pattern differed from the normal control (N) and the migra-
tions abnormalities could not be ascribed to population poly-
morphisms. Among the gastrointestinal MALT-NHL samples
shown, cases scored as positive included cases 20, 22, 25
(for PCR product E1.10) and cases 3, 7 and 22 (for PCR
product E1.12).

Table 1. Frequency of molecular alterations of the BCL-6
proto-oncogene among gastrointestinal MALT-NHL.

Histology BCL-6 mutations* BCL-6 rearrangements*

Low grade 0/16 0/12
High grade 6/10° 1/10

*Positive/tested; °excess of mutations in high grade gastrointestinal MALT-
NHL, as compared to low grade gastrointestinal MALT-NHL, was statistically
significant (Fisher’s exact test, p = 0.001).
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Sequence analysis of BCL-6 mutations in
MALT-NHL of the gastrointestinal tract

To confirm and characterize the mutations affect-
ing the BCL-6 gene in gastrointestinal MALT-NHL,
we performed a sequence analysis of all cases scored
positive by the PCR-SSCP assay. In all cases tested,
the sequence analysis involved all the fragments dis-
playing an abnormally variant pattern by PCR-SSCP.
For each tumor case studied, all abnormal PCR-SSCP
fragments were found to contain ≥ 1 mutation upon
DNA sequencing.

The characteristics of the mutations detected in
gastrointestinal MALT-NHL are reported in Table 2.
Representative examples of mutations are shown in
Figure 2. A total of 14 alterations was scored in the
tumor panel studied. All sequence alterations were
unique to individual cases of gastrointestinal MALT-
NHL. The mutations observed included single base-
pair substitutions (n = 13) and insertions (n = 1). All
mutations detected in gastrointestinal MALT-NHL
occurred in the presence of the germline sequence of
the BCL-6 gene. It could not, however, be determined
whether mutations were truly heterozygous or
whether the germline sequence was contributed by
reactive normal cells which frequently contaminate
the tissue biopsies of these lymphomas.

Relationship between BCL-6 mutations and
rearrangements

The presence of rearrangements of BCL-6 and their
relationship to mutations in the 5’ non-coding
regions of the gene were investigated further by
Southern blot analysis of selected cases for which suf-
ficient DNA was available (n = 22). With one excep-
tion, all cases of gastrointestinal MALT-NHL tested
were scored negative for rearrangements of BCL-6
(Table 1). The only case which scored positive for
BCL-6 rearrangement was a high grade MALT-NHL
of the stomach which also harbored mutations of
BCL-6 5’ non-coding regions (not shown). Overall,
these data indicate that BCL-6 mutations in gas-
trointestinal MALT-NHL can occur independently of
the concomitant presence of BCL-6 rearrangements.
Expression of BCL-6 protein

Expression of the BCL-6 protein was analyzed in
selected MALT-NHL (n = 8). Expression of BCL-6
scored positive in 3/5 high grade MALT-NHL, where-
as it was negative in all low grade cases tested (n = 3)
(data not shown). In positive cases, 60-80% of cells
expressed the BCL-6 protein. High grade MALT-NHL
expressing the BCL-6 protein harbored BCL-6 muta-
tions, whereas cases scored negative for BCL-6
expression were devoid of BCL-6 mutations.

BCL-6 mutations in gastrointestinal MALT-NHL

Table 2. Characteristics of mutations of BCL-6 5’ non-coding regions in gastrointestinal MALT-NHL.

Sample Histology Site Nucleotide substitution(s)* Mutation status

3 high grade stomach C→A (967), T→C (1099) heterozygous
4 high grade stomach G→A (684), G→A (733) heterozygous
7 high grade jejunum G→A (793), T→C (800), C→G (871) heterozygous

20 high grade stomach +C (458), A→G (555), G→C (874) heterozygous
22 high grade stomach T→G (542), T→C (554), G→T (651) heterozygous
25 high grade stomach C→T (444) heterozygous

*The position of the mutated nucleotide is indicated in brackets (the first nucleotide of the BCL-6 cDNA was arbitrarily chosen as position +1); +, insertion.

Figure 2. Nucleotide sequencing analysis of mutations in the 5’ non-coding regions of BCL-6 in representative cases of gas-
trointestinal MALT-NHL (cases 25 and 7). The sequence of each case is matched to the sequence of a normal control (N) dis-
playing germline BCL-6 alleles. The position of mutations is indicated by the nucleotide number of the corresponding BCL-6
germline sequence (the first nucleotide of the BCL-6 cDNA was arbitrarily chosen as position +1).
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Discussion
This study reports that mutations of the 5’ non-

coding regions of the BCL-6 proto-oncogene are fre-
quent molecular lesions associated with gastroin-
testinal MALT-NHL. Mutations of BCL-6 are not ran-
domly distributed throughout the clinico-patholog-
ic spectrum of the disease, but rather occur fre-
quently in gastrointestinal MALT-NHL of high grade
histology, whereas they are absent in low grade cas-
es. These observations may be of potential relevance
for the biology of these lymphomas.

The putative pathogenicity of BCL-6 mutations in
gastrointestinal MALT-NHL displaying a high grade
histology is suggested by several observations. First,
the frequency of BCL-6 mutations detected in high
grade gastrointestinal MALT-NHL is superimposable
to that of systemic B-lineage diffuse large cell lym-
phoma, which is the B-cell NHL type known to har-
bor the highest frequency of these genetic alter-
ations.25 Second, mutations of BCL-6 affect
sequences of the gene that are located in the prox-
imity of the BCL-6 promoter and that contain regu-
latory elements presumably implicated in the control
of BCL-6 expression, suggesting that mutations may
perturb the normal pattern of BCL-6 expression.25

This notion is supported by transient transfection
experiments in normal B-cells showing that mutated
BCL-6 alleles may deregulate BCL-6 expression.39 The
recent observation that BCL-6 mutations may be
detectable in normal B-cells does not contradict the
potential pathogenicity of these mutations.31,32 In
fact, it is possible that B-cells harboring specific BCL-
6 mutations may be rendered prone to transforma-
tion because of the pathogenicity of mutations. 

The detection of BCL-6 mutations has histogenet-
ic implications for gastrointestinal MALT-NHL, since
these mutations are regarded as a genetic marker
indicating GC transit of a given B-cell.25,31,32 Although
MALT-NHL share many phenotypic similarities with
marginal zone B cells, it has been proposed that these
lymphomas may be histogenetically related to a B-cell
subset which has undergone a GC-like reaction.14-16

This notion is substantiated by the association of
both low and high grade MALT-NHL with mutations
of immunoglobulin hypervariable (IgV) genes, classi-
cal markers of the GC reaction.14-16 On these bases,
the occurrence of BCL-6 mutations in high grade gas-
trointestinal MALT-NHL corroborates the hypothesis
that these tumors are histogenetically related to a B-
cell which has undergone a GC-like reaction. 

Low grade MALT-NHL are devoid of BCL-6 muta-
tions but score positive for mutations of IgV genes
(this study and refs. #14-16). This finding is appar-
ently unexpected, because of the proposed identity
between the mutational mechanisms of BCL-6 and
the mutational mechanism of IgV genes.31,32 Several
hypothesis may be envisioned to explain the absence
of BCL-6 mutations in low grade gastrointestinal
MALT-NHL. First, the mutational process of BCL-6

may be hampered by the lack of BCL-6 expression in
low grade MALT-NHL (ref. #40 and this study). In
fact, by analogy with the IgV hypermutation mecha-
nism, it is assumed that the mutational process of
BCL-6 requires expression of the target gene.31,32

Alternatively, the molecular machinery introducing
mutations in the BCL-6 and IgV genes may operate
with different efficiency in low and high grade MALT-
NHL. Because the mutational process appears to
mutate BCL-6 with a lower efficiency than IgV
genes,31,32 it is possible that, in low grade MALT NHL,
the efficiency of the mutational mechanism is suffi-
cient for mutation of IgV genes, but not of BCL-6.

At present, the precise stage at which gastrointesti-
nal MALT-NHL accumulate BCL-6 mutations cannot
be defined. Since high grade MALT-NHL frequently
derive from low grade lymphomas,7 it is possible that
BCL-6 mutations are acquired at the time of histo-
logic transformation. This hypothesis is consistent
with the notion that histologic transformation from
low grade to high grade gastrointestinal MALT-NHL
is also accompanied by the accumulation of novel
mutations in the IgV genes.16 Alternatively, it is possi-
ble that BCL-6 mutations may already occur as a sub-
clonal event in those low grade MALT-NHL which will
eventually undergo histologic transformation. The
subclonal nature of the mutation would prevent its
detection by conventional methods of mutational
analysis, such as those employed in the current study.

Finally, the frequency and specificity of BCL-6
mutations among high grade gastrointestinal MALT-
NHL suggest that these genetic lesions may prove
useful as clonal markers for monitoring minimal
residual disease in the clinical course of these lym-
phomas.

Contributions and Acknowledgments
GG, GS and AC conceived and designed the study and

wrote the manuscript. DC, AG, LF, DV, AM designed the
experimental strategy, performed the molecular (DC, LF,
DV) and immunohistochemical (AG) analyses and inter-
preted the results together with the other authors. CA took
part in the assessment and selection of patients.

Funding
This work was supported by the Associazione Italiana per la

Ricerca sul Cancro (A.I.R.C.), Milan, Italy; by “Fondazione
CRT”, Torino, Italy; and by “Fondazione Piera, Pietro e Gio-
vanni Ferrero”, Alba, Italy. DC is the recipient of a fellowship
from AIRC, Milan, Italy; LF is the recipient of a fellowship
from the PhD Program in Molecular Medicine, Amedeo Avo-
gadro University of Eastern Piedmont, Novara, Italy.

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlapping with

previous papers.

Manuscript processing
Manuscript received January 13, 1999; accepted March

31, 1999.

G. Gaidano et al.



References

1. Isaacson PG, Wright DH. Malignant lymphoma of
mucosa-associated lymphoid tissue. A distinctive type
of B-cell lymphoma. Cancer 1983; 52:1410-6.

2. Dragosics B, Bauer P, Radaskiewicz T. Primary gastro-
intestinal non-Hodgkin’s lymphomas: a retrospective
clinicopathologic study of 150 cases. Cancer 1985;
55:1060-73.

3. Cogliatti S, Schmid U, Schumaker U, et al. Primary
gastric lymphoma: a clinicopathologic study of 145
patients. Gastroenterology 1991; 101:1159-70.

4. Harris NL, Jaffe ES, Stein H, et al. A revised European-
American classification of lymphoid neoplasms: A
proposal from the International Lymphoma Study
Group. Blood 1994; 84:1361-92.

5. Fagioli F, Rigolin GM, Cuneo A, et al. Primary gastric
lymphoma: distribution and clinical relevance of dif-
ferent epidemiological factors. Haematologica 1994;
79:213-7.

6. Zinzani PL, Magagnoli M, Pagliani G, et al. Primary
intestinal lymphoma: clinical and therapeutic features
of 32 patients. Haematologica 1997; 82:305-8.

7. De Jong D, Boot H, Van Heerde P, Hart GAM, Taal
BG. Histological grading in gastric lymphoma: pre-
treatment criteria and clinical relevance. Gastroen-
terology 1997; 112:1466-74.

8. Gaidano G, Dalla-Favera R. Molecular biology of lym-
phomas. In: DeVita VT, Hellman S, Rosenberg SA,
eds. Cancer. Principles and Practice of Oncology. 5th

ed. Philadelphia: Lippincott; 1997. p. 2131-45.
9. Garcia-Sanz R, Vargas Montero M, Gonzalez Diaz M,

et al. Detection of single and associated lesions of the
Bcl-1, Bcl-2, Bcl-6, c-myc, p53 and p16 genes in B-cell
non-Hodgkin’s lymphomas: value of molecular analy-
sis for a better assignment of the histologic subtype.
Haematologica 1998; 83:209-16.

10. Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR,
Isaacson PG. Helicobacter pylori-associated gastritis
and primary B-cell gastric lymphoma. Lancet 1991;
338: 1175-6.

11. Wotherspoon AC, Doglioni C, Diss TC, et al. Regres-
sion of primary low-grade B-cell gastric lymphoma of
mucosa-associated lymphoid tissue type after eradi-
cation of Helicobacter pylori. Lancet 1993; 342:575-7.

12. Hussell T, Isaacson PG, Crabtree JE, Dogan A,
Spencer J. Immunoglobulin specificity of low grade B
cell gastrointestinal lymphoma of mucosa-associated
lymphoid tissue (MALT) type. Am J Pathol 1993; 142:
285-92.

13. Parsonnet J, Hansen S, Rodriguez L, et al. Helicobacter
pylori infection and gastric lymphoma. N Engl J Med
1994; 330:1267-71.

14. Qin Y, Greiner A, Trunk MJF, Schmausser B, Ott MM,
Müller-Hermelink K. Somatic hypermutation in low-
grade mucosa-associated lymphoid tissue-type B-cell
lymphoma. Blood 1995; 86:3528-34.

15. Bertoni F, Cazzaniga G, Bosshard G, et al. Immuno-
globulin heavy chain diversity genes rearrangement
pattern indicates that MALT-type gastric lymphoma
B cells have undergone an antigen selection process.
Br J Haematol 1997; 97:830-6.

16. Hallas C, Greiner A, Peters K, Müller-Hermelink HK.
Immunoglobulin VH genes of high-grade mucosa-

associated lymphoid tissue lymphomas show a high
load of somatic mutations and evidence of antigen-
dependent affinity maturation. Lab Invest 1998; 78:
277-87.

17. Pan L, Diss TC, Cunningham D, Isaacson PG. The
bcl-2 gene in primary B-cell lymphoma of mucosa-
associated lymphoid tissue (MALT). Am J Pathol
1989; 135: 7-11.

18. Wotherspoon AC, Pan LX, Diss TC, Isaacson PG. A
genotypic study of low-grade B-cell lymphomas,
including lymphomas of mucosa-associated lym-
phoid tissue (MALT). J Pathol 1990; 162:135-40.

19. Du M, Peng H, Singh N, Isaacson PG, Pan L. The
accumulation of p53 abnormalities is associated with
progression of mucosa-associated lymphoid tissue
lymphoma. Blood 1995; 86:4587-93.

20. Gaidano G, Volpe G, Pastore C, et al. Detection of
BCL-6 rearrangements and p53 mutations in MALT-
lymphomas. Am J Hematol 1997; 56:206-13.

21. Neumeister P, Hoefler G, Beham-Schmid C, et al.
Deletion analysis of the p16 tumor suppressor gene
in gastrointestinal mucosa-associated lymphoid tis-
sue lymphomas. Gastroenterology 1997; 112:1871-
5.

22. Ye BH, Lista F, Lo Coco F, Knowles DM, Chaganti
RSK, Dalla-Favera R. Alterations of BCL-6, a novel
zinc-finger gene, in diffuse large cell lymphoma. Sci-
ence 1993; 262:747-50.

23. Kerchaert JP, Deweindt C, Tilly H, Quief S, Lecocq G,
Bastard C. LAZ3, a novel zinc-finger encoding gene,
is disrupted by recurring 3q27 translocations in
human lymphomas. Nature Genet 1993; 5:66-70.

24. Lo Coco F, Ye BH, Lista F, et al. Rearrangements of
the BCL-6 gene in diffuse large cell non-Hodgkin’s
lymphoma. Blood 1994; 83:1757-9.

25. Migliazza A, Martinotti S, Chen W, et al. Frequent
somatic hypermutation of the 5’ noncoding region of
the BCL6 gene in B-cell lymphoma. Proc Natl Acad
Sci USA 1995; 92:12520-4.

26. Capello D, Carbone A, Pastore C, Gloghini A, Saglio
G, Gaidano G. Point mutations of the BCL-6 gene in
Burkitt’s lymphoma. Br J Haematol 1997; 99:168-70.

27. Dent AL, Shaffer AL, Yu X, Allman D, Staudt LM. Con-
trol of inflammation, cytokine expression, and ger-
minal center formation by BCL-6. Science 1997; 276:
589-92.

28. Gaidano G, Carbone A, Pastore C, et al. Frequent
mutation of the 5’ noncoding region of the BCL-6
gene in acquired immunodeficiency syndrome-relat-
ed non-Hodgkin’s lymphomas. Blood 1997; 89:
3755-62.

29. Ye BH, Cattoretti G, Shen Q, et al. The BCL-6 proto-
oncogene controls germinal-centre formation and
Th2-type inflammation. Nature Genet 1997; 16:161-
70.

30. Ye BH, Chaganti S, Chang CC, et al. Chromosomal
translocations cause deregulated BCL6 expression by
promoter substitution in B cell lymphoma. EMBO J
1995; 14:6209-17.

31. Shen HM, Peters A, Baron B, Zhu X, Storb U. Muta-
tion of BCL-6 gene in normal B cells by the process of
somatic hypermutation of Ig genes. Science 1998;
280:1750-2.

32. Pasqualucci L, Migliazza A, Fracchiolla N, et al. BCL-
6 mutations in normal germinal center B cells: evi-

587

Haematologica vol. 84(7): July 1999

BCL-6 mutations in gastrointestinal MALT-NHL



588

Haematologica vol. 84(7):July 1999

dence of somatic hypermutation acting outside
immunoglobulin loci. Proc Natl Acad Sci USA 1998;
95:11816-21.

33. Miller SA, Dykes DD, Polesky HF. A simple salting out
procedure for extracting DNA from human nucleat-
ed cells. Nucl Acids Res 1988; 16:1215.

34. Sambrook J, Fritsh E, Maniatis T. Molecular cloning:
a laboratory manual. Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory Press; 1989.

35. Feinberg AP, Vogelstein B. A technique for radiola-
belling DNA restriction endonuclease fragments to
high specific activity. Anal Biochem 1983; 132:6-13.

36. Gaidano G, Lo Coco F, Ye BH, et al. Rearrangements
of the BCL-6 gene in acquired immunodeficiency syn-
drome-associated non-Hodgkin’s lymphoma: asso-
ciation with diffuse large-cell subtype. Blood 1994;
84:397-402.

37. Flenghi L, Ye BH, Fizzotti M, et al. A specific mono-
clonal antibody (PG-B6) detects expression of the
BCL-6 protein in germinal center B cells. Am J Pathol
1995; 147:405-11.

38. Carbone A, Gaidano G, Gloghini A, et al. BCL-6 pro-
tein expression in AIDS-related non-Hodgkin’s lym-
phomas. Am J Pathol 1997; 150:155-65.

39. Migliazza A, Ye BH, Fracchiolla N, et al. Mutations of
the 5’ non-coding region of BCL-6 are common in B
cell malignancies and can deregulate BCL-6 expres-
sion. Blood 1997; 90 (suppl. 1):177a.

40. Omonishi K, Yoshino D, Sakuma I, Kobayashi K,
Moriyama M, Akagi T. bcl-6 protein is identified in
high-grade but not low-grade mucosa-associated
lymphoid tissue lymphomas of the stomach. Mod
Pathol 1998; 11:181-5.

G. Gaidano et al.




