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Malignant lymphomas have been classified by the WHO into dis-
ease categories based not only on histological features, but also
on cell surface markers, cytogenetic and clinical features. It is
known that chromosome translocation plays an important role in
lymphoma development, but it is not entirely clear yet why a
given type of chromosome translocation is associated with a spe-
cific type of lymphoma. This review deals with molecular mecha-
nisms of B-cell lymphoma development in association with
chromosome translocations. The outcome of chromosome translo-
cations can be categorized into three factors: enhancement of
proliferation, inhibition of differentiation and anti-apoptotic ac-
tivity. It is well known that chromosome translocation by itself
cannot cause cells to become malignant because it is only one of
the growth advantages leading to malignancy, while additional
genetic and epigenetic alterations are required for cells to be-
come fully malignant. Mucosa-associated lymphoid tissue (MALT)
lymphomas of the stomach are unique in that a majority can be
cured by Helicobacter pylori eradication, although 20 to 30% re-
main resistant. Others as well as we have demonstrated that the
presence of the API2-MALT1 chimeric gene correlates well with
resistance to H. pylori eradication treatment. These characteristics
have led to the speculation that the classification of MALT lym-
phoma falls somewhere between tumor and inflammation. Al-
though MALT lymphoma seems to have unique features in
comparison with other types of B-cell lymphomas, it shares com-
mon molecular mechanisms with B-cell lymphoma development.
(Cancer Sci 2004; 95: 704–710)

B-cell development and secondary follicles of lymphoid organs
The secondary follicles of lymphoid organs represent one of

the most important structures for B-cell development. They
consist of at least three layers: the dark, light and mantle
zones.1) These three layers are essential for B-cell proliferation,
differentiation and apoptosis (Fig. 1). B cells originating from
bone marrow have their immunoglobulin heavy (IgH) and light
(IgL) chain genes rearranged, and those with productive gene
rearrangement reach the mantle zone. The cells that have not
been exposed to antigens are known as naïve or virgin B-cells
and remain at the mantle zone until they are exposed to anti-
gens. When a naïve B-cell is stimulated with an antigen, its
BCL2 gene is down-regulated by an as-yet unknown mecha-
nism, after which the cell enters the cell cycle and proliferates
in the dark zone. These cells undergo somatic mutation of their
Ig genes and a majority of them dies as a result of apoptosis.
Only those that can generate high-affinity Igs survive and exit
from the germinal center into the peripheral circulation via the
marginal zone.1)

Recent WHO classification of malignant lymphomas empha-
sizes the importance of using all available information (mor-
phology, immunophenotype, genetic features and clinical
features) for the diagnosis of lymphomas.2) A useful marker for

identifying developmental stages of B-cell lymphoma is the
variable region sequence of Ig genes (Fig. 1). When the nucle-
otide sequence of the VH (variable heavy chain) region of lym-
phoma cells is identical to that of the germ line, the lymphoma
cells can be assumed to be in the pre-germinal center (GC)
stage (e.g., mantle cell lymphoma: MCL). If the mutations vary
among lymphoma cells but are clonally related (ongoing muta-
tion), the cells can be assumed to be in the GC stage (e.g., folli-
cular lymphoma: FL). If the mutation is fixed among the
lymphoma cells, they can be assumed to be in the post-GC
stage (e.g., diffuse large B-cell lymphoma, DLBCL, and extran-
odal marginal zone B-cell lymphoma of mucosa-associated
lymphoid tissue (MALT) lymphoma).

Translocation junction region (TJR) genes involved in lymphoma-
genesis

Chromosome translocations are essential for lymphomagene-
sis, and result in either transcriptional deregulation or produc-
tion of chimeric protein(s). The former involves translocation
of BCL1, BCL2, BCL6 and MYC, whose gene products are not
modified by translocation, and the latter that of API2-MALT1,
whose two genes are fused into one. Most investigators may re-
gard the translocation of transcriptionally deregulated type as
an indication that the products are overexpressed. Although this
is true for translocation of BCL1/cyclin D1, it is not for that of
BCL2 or BCL6. The mRNA levels and expression levels of
gene products of BCL2 and BCL6 in cell line or lymphoma
samples without translocation can be as much as those in sam-
ples with translocation,3–7) which indicates that overexpression
of the TJR gene is not essential. In order to gain a full under-
standing of the effect of transcriptional deregulation by chro-
mosome translocation, it is important first to understand the
normal transcriptional regulations of these TJR genes (Fig. 2).
Several lines of evidence suggest that BCL1, BCL2 and BCL6
genes are regulated differently during the course of B-cell
development.3–7) In the normal developmental stages, the TJR
genes are down-regulated at the stage where the related lym-
phomas arise (Fig. 2). In this respect, it is important to note that
the translocation takes place at the pre-B-cell stage for BCL1
and BCL2, whose presence at the translocation breakpoints
where JH or DH regions of the IgH gene are involved has been
demonstrated by sequence analysis.8, 9) Once they have been
translocated at the pre-B-cell stage, expressions of the TJR
genes from the translocated allele are not detected as aberrant,
because both genes are expressed at this developmental stage
without translocation (Fig. 2). In the case of BCL1 transloca-
tion, the BCL1 expression from the translocated allele is not
down-regulated at the developmental stage of the mantle cell.
Thus, the deregulated BCL1 expression is detected as aberrant
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at this developmental stage, but not at the pre-B-cell stage. In
the case of BCL2 translocation, the deregulated expression from
the translocated BCL2 gene is detected as aberrant at the follic-
ular center cell stage, but not at the pre-B-cell or mantle cell
stage. Thus, the essential effect of the deregulation of TJR
genes by chromosome translocation is “aberrant expression” in
the cells where those genes are normally down-regulated (Fig.
2). In other words, the transcriptional deregulation by chromo-
some translocation is not at the level of expression, but rather
expression at inappropriate developmental stages.

Lymphoma development by TJR genes 
Mantle cells are at the G0 stage in the cell cycle.1) When the

BCL1 gene is aberrantly expressed as a result of chromosome
translocation, the expression of BCL1/cyclin D1 is apt to drive
cells into the cell cycle, resulting in a growth advantage for
mantle cells that are otherwise in the resting stage (Fig. 2). This
impetus towards cell cycling is thought to lead to MCL devel-
opment.

Follicular center cells undergo somatic mutation, and the
cells producing antibodies with high affinity are selected and
survive. During this process, BCL2 expression at follicular cen-
ter cells under normal conditions is down-regulated, and most
cells die as a result of apoptosis (Fig. 1). When the BCL2 gene
is deregulated by chromosome translocation however, its ex-
pression is not down-regulated. The BCL2 down-regulation of
normal alleles in follicular lymphoma has been clearly demon-
strated.4) This expression, resulting from chromosome translo-
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Fig. 1. B-cell differentiation and related B-cell malignancies. Secondary follicles of lymphoid organs are important for B-cell differentiation. The
follicle consists of at least three layers: the dark, mantel and light zones. Cells in the dark zone proliferate and are positively stained by anti-Ki-67
antibody (red area). Cells in the mantle zone are positively stained with anti-BCL2 antibody (green area), but not with anti-Ki-67 antibody, sug-
gesting that the cells are at the G0 stage of the cell cycle. The light zone is intermediate between the two layers and B cells in this region are
thought to be selected as high-affinity antibody producers. B cells arise from bone marrow, and after successful immunoglobulin (Ig) gene rear-
rangements, they become naïve-B cells and remain in the mantle zone until antigens stimulate them. Upon stimulation, B cells proliferate in the
dark zone where somatic mutation takes place, resulting in selection of high-affinity antibody producers and death for a majority of the cells that
failed to be selected. Once they are selected, BCL2 expression occurs, and the cells exit from the follicle into the peripheral circulation via the mar-
ginal zone. The cells without somatic mutation (germ line sequence) are at the pre-germinal center (GC) stage, those with ongoing mutation are
at the GC stage, while those with fixed mutation are at the post-GC stage. CD5 and CD10 markers change during differentiation. Representative
lymphomas at each stage are shown with their characteristic translocation junction genes, BCL1, BCL2, BCL6 and MALT1. MCL, mantle cell lym-
phoma; FL, follicular lymphoma; DLBCL, diffuse large B-cell lymphoma; MZL, marginal zone lymphoma; MALT, extranodal marginal zone B-cell
lymphoma of mucosa-associated lymphoid tissue (MALT) lymphoma.
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Fig. 2. Transcriptional regulation of translocation junction genes dur-
ing B-cell development and their deregulation by chromosome translo-
cation. Black arrows indicate when the translocation takes place and
white arrows indicate aberrant expression through deregulation of the
translocation junction region (TJR) gene by chromosome translocation.
Bold letters represent TJR genes associated with respective malignant
lymphomas. The stages at which translocation takes place can be rec-
ognized from the translocation breakpoint sequences.8, 9, 37) The level of
BCL1/cyclin D1 expression is estimated from the Ki-67 staining pattern
because cyclin D1 is not immunostained under ordinary conditions.
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cation, is detected as aberrant at the follicular center cell stage,
but not at either the pre-B-cell or mantle cell stage. The aber-
rant BCL2 expression provides cells with an anti-apoptotic sig-
nal, resulting in a growth advantage for these cells at the
follicular center cell stage, a majority of which would otherwise
die because of apoptosis.

In the case of DLBCLs it is somewhat difficult to evaluate
the role of BCL6 translocation because DLBCLs comprise a
number of disease entities.2, 10–12) The BCL6 gene is expressed
at the follicular center cell stage during normal development,
but not in mantle or marginal zone cells.5) It is therefore con-
ceivable that the expression caused by chromosome transloca-
tion becomes aberrant at the post-GC stage where the BCL6
gene is down-regulated in normal B-cell development. For
these reasons, the effect of BCL6 translocation on DLBCL ap-
pears to be similar to the effect of BCL1 translocation on MCL
and that of BCL2 translocation on FL.

Functional categories of chromosome translocation for lym-
phomagenesis 

Chromosome translocations found in B-cell lymphomas are
classified into three functional categories, enhancement of pro-
liferation, inhibition of differentiation and anti-apoptotic activ-
ity, as shown in Fig. 3. These three categories are important for
understanding the common mechanisms of lymphomagenesis.
First, this discussion will focus on BCL2 translocation for folli-
cular lymphoma.

BCL2 is known to have an anti-apoptotic function against
various death signals.13) The aberrant expression caused by
chromosome translocation will provide cells at the follicular
center cell stage with an anti-apoptotic signal. This represents a
growth advantage for cells at this stage, because most of them
would die without BCL2 expression. However, BCL2 does not
provide a growth-promoting signal, so that there must be other
signals that make the cells proliferate. For a full understanding
of the mechanism of FL development, the unique growth pat-
tern of FL, which is characterized by the formation of many
follicles where lymphoma cells proliferate, must be taken into
account. Kagami et al. have provided important evidence that
follicular dendritic cells (FDCs) can support follicular lym-
phoma cells, and they also established a follicular lymphoma

cell line whose growth depends on the presence of FDCs.14) Al-
though soluble factors could support its growth for a short time,
it was shown that direct contact of lymphoma cells with FDCs
is required for longer-lasting growth. Dogan et al. also showed
that FL cells proliferated in the follicles but not outside of
them.15) Both of these reports strongly indicate that FDCs are
essential for the growth of FL cells. Thus, aberrant BCL2 ex-
pression caused by chromosome translocation prevents cell
death of FL cells originating from follicular center cells, while
at the same time FDCs provide them with growth signals.

A similar scenario can be drawn up for MCL development.
MCLs originating from the developmental stage of mantle cells
proliferate in response to the growth signal from the aberrant
expression of the BCL1 gene. At the same time, the anti-apop-
totic function is provided by BCL2. Examination of the devel-
opmental stage of MCLs shows that they are naïve-B cells in
which BCL2 is expressed and that reside in the mantle zone
(Figs. 1 and 2). The BCL2 expression at this stage is not caused
by chromosome translocation; BCL2 is one of the genes that are
normally expressed at this stage of development. The BCL2 ex-
pression at this stage is reasonable because naïve-B cells need
to remain alive at the G0 stage for an as-yet unknown period of
time before they are exposed to antigens.

In the case of DLBCLs with BCL6 translocation, BCL6 ex-
pression is aberrant for cells at the post-GC stage, but it is not
known exactly what kind of signal is provided. However, it is
clear that the anti-apoptotic function must be provided by
BCL2, which is expressed at the post-GC stage (Fig. 2). Some
evidence indicates that BCL6 may function to protect cells
against terminal differentiation.16, 17) It is indeed true that differ-
entiation block can be oncogenic, as demonstrated for PML-
RARα in acute promyelocytic leukemia (FAB classification,
M3). It remains to be explored, however, what kind of prolifer-
ation signals are provided for DLBCLs.

Translocation alone cannot make cells malignant
BCL2 translocation has been proven to exist in the peripheral

blood mononuclear cells (PBMNC) of 16–45% of normal indi-
viduals when analyzed with 1×106 cells.18, 19) Since the lym-
phoid organs of all normal individuals contain FDCs, if BCL2
translocation alone is the single genetic alteration required for
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Fig. 3. Proliferation, differentiation and apoptosis associated with various types of lymphomas and chromosome translocations. Each lymphoma
has a specific proliferation site, as is most clearly represented by the follicular lymphoma that proliferates in the follicles.15) Specific chromosome
translocations associated with each type of lymphoma are shown. BCL1 translocation results in deregulation of the cell cycle. BCL6 translocation is
not yet clearly understood, but it is well known that the BCL6 knock-out mouse fails to generate secondary follicles, suggesting that BCL6 translo-
cation is associated with deregulation of differentiation. BCL2 and API2-MALT1 are known to have anti-apoptotic function.13, 34) Stroma cells are
depicted because their importance for lymphomagenesis has been shown.14, 15)
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FL development, 16 to 45% of all normal individuals should
develop FLs. However, this is not the case. Statistical data sug-
gest that only one in 1,000,000 Japanese develop follicular
lymphoma.20) Then, what is the reason why people with BCL2
translocation do not develop FLs? The fact that FL develop-
ment occurs less frequently than BCL2 translocation itself indi-
cates that BCL2 translocation alone is not enough for cells to
become malignant, and that multi-genetic (also epigenetic) al-
terations are likely to be required for FL development. The ex-
ploration of these genetic and/or epigenetic alterations leading
to lymphoma development is one of the most important direc-
tions for future exploration.

MALT lymphoma
The development of malignant lymphomas with deregulated

types of translocation has been discussed. Can this concept also
be applied to malignant lymphomas with fusion gene type
translocation, and perhaps even to lymphomas without translo-
cation?

MALT lymphoma is unique in various respects. This low-
grade B-cell lymphoma originates from an extranodal lymphoid
organ, known as mucosa-associated lymphoid tissue (MALT),
which is different from lymphoid organs such as lymph node or
spleen. MALT lymphomas are thought to originate from cells in
the marginal zone of secondary follicles that are generated in
response to various types of chronic inflammation.2, 21) These
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upon PHA stimulation although the activation is slower than that of API2. ZR75-1, a breast cancer cell line; Hut102, a T-cell line; Raji, a B-cell line.
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API2-MALT1 chimeric protein did not show any significant difference between lanes in the presence or absence of MG132, indicating that API2
and MALT1 are unstable but that API2-MALT1 chimeric protein is stable in the proteasome-mediated degradation pathway.
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include chronic gastritis due to Helicobacter pylori and chronic
inflammation induced by autoimmune diseases such as Hash-
imoto’s disease (chronic thyroiditis) and Sjögren’s syndrome
(chronic inflammation of the salivary and lacrimal glands). Fi-
nally, the lesion of MALT lymphoma tends to reside within the
original organ until the late stage of the disease. All these fea-
tures are unique to MALT lymphoma. Characteristic chromo-
some aberrations are t(1;14)(p22;q32)22) and t(11;18)(q21;q21).
The former is the IgH-BCL10 translocation found in about 3%
of MALT lymphomas and the latter, that of API2-MALT1 found
in about 30% of the cases.

MALT lymphoma: marginal zone between tumor and inflamma-
tion

The most distinct feature of MALT lymphoma is seen in gas-
tric MALT lymphoma, with 70–80% of cases known to regress
in response to H. pylori eradication therapy with antibiotics.
However, it is also true that 20–30% do not regress in spite of
successful H. pylori eradication.23–25) This leads to the possibil-
ity that gastric MALT lymphoma may not be a true tumor but
rather a reactive hyperplasia or inflammation. MALT lympho-
mas are diagnosed by grading from 0 to 5 (grade 0, normal;
grade 1, chronic active gastritis; grade 2, chronic active gastritis
with florid lymphoid follicle formation; grade 3, suspicious
lymphoid infiltrate, probably reactive; grade 4, suspicious lym-
phoid infiltrate, probably lymphoma; grade 5, MALT lym-
phoma). Most of the cases of grade 4 or beyond (4 and 5) have
been found to show a clonal proliferation, indicating that there
are cases with monoclonal proliferation that regress in response
to H. pylori eradication.24) These features seem to beg the ques-
tion whether MALT lymphoma is a tumor or an inflammation,
but in fact indicate that MALT lymphoma should be classified

somewhere between tumors and inflammations. Others as well
as we have demonstrated that a majority of gastric MALT lym-
phomas resistant to H. pylori eradication therapy contain the
API2-MALT1 chimeric gene.23, 25) This means that, while it can
be agreed that MALT lymphoma with API2-MALT1 is a tumor,
the question remains whether MALT lymphoma with mono-
clonal proliferation responding to H. pylori eradication therapy
is a tumor or inflammation.

Proliferation, differentiation and apoptosis in MALT lymphoma
The genes known to be involved in MALT lymphomas are

BCL10, API2, MALT1 and API2-MALT1 (Fig. 4).22, 27–30) H. py-
lori gastritis inflammation also plays a major role in gastric
MALT lymphomagenesis. Although the kinetics differ, both
API2 and MALT1 in lymphoid cells are transcriptionally acti-
vated upon PHA stimulation, suggesting that both genes are up-
regulated under inflammatory conditions (Fig. 5, a and b).
BCL10, on the other hand, is consistently expressed under con-
ditions of PHA stimulation (Fig 5a). MALT1 was recently
found to bind to BCL10 (Fig. 4) and to enhance NF-κB tran-
scription.31) It is also important to note that API2-MALT1 alone
can activate NF-κB.31) Based on these findings, a possible
schema of gastric MALT lymphomagenesis is shown in Fig. 6.
First, H. pylori infection induces inflammation that is the result
of the interaction of T cells, B cells and antigen-presenting cells
(APC). This interaction provides a growth-promoting effect for
lymphoid cells, partly involving cytokines. The inflammatory
stimuli, at the same time, result in the up-regulation of MALT1
and API2 genes. The up-regulation of MALT1 results in an in-
crease in the amount of BCL10-MALT1 complex that activates
NF-κB, while API2 activation by itself provides anti-apoptotic
activity. Both of these functions most likely provide the cells
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Fig. 6. Chronic inflammation and MALT lymphoma. When inflammation is induced by either bacteria such as H. pylori or immunoreaction against
autoantigens, T-B-APC (antigen presenting cells) interactions are induced and lymphoid cells will proliferate. The inflammation then activates
MALT1 and API2 transcription in the stimulated cells. Activation of MALT1 will cause an increase in the BCL10-MALT1 complex, that in turn will
activate NF-κB. API2 is also activated and the increase in API2 protein will inhibit apoptosis. During these reactions, monoclonal B-cells seem to be
selected by an as-yet unknown mechanism. The clone can grow as long as the inflammation is present. In the case of gastric MALT lymphoma,
when the inflammation is removed by H. pylori eradication, T-B-APC interactions as well as MALT1 and API2 activations will disappear, resulting
in lymphoma cell death. However, if the API2-MALT1 chimeric gene is present in lymphoma cells, the stable API2-MALT1 chimeric protein will be
maintained even after the inflammation has been eliminated, preventing apoptosis of lymphoma cells and maintaining NF-κB activity, thus result-
ing in resistance to H. pylori eradication treatment.
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with anti-apoptotic activity, and cytokines produced as a result
of T-B-APC interaction can be expected to stimulate cell
growth. This schema is very similar to that for follicular lym-
phomas growth, although the genes, molecules, and differentia-
tion stages involved are different (Fig. 3)

It remains enigmatic why in MALT lymphomagenesis B
cells, but not T-cells, are selected for the lymphoma even
though it has been demonstrated that T cells are essential for
the growth of MALT lymphoma cells.32) When API2-MALT1
translocation takes place, the chimeric API2-MALT1 protein is
produced (Fig. 4), which, interestingly, becomes very stable al-
though each of the gene products is unstable (Fig. 5c).33) We
have recently shown that API2-MALT1 exerts an anti-apoptotic
activity,34) so that the production of API2-MALT1 alone can re-
place NF-κB activation caused by the BCL10-MALT1 complex
under inflammatory circumstances.31) The effect of this chi-
meric protein can also replace the anti-apoptotic activity of
API2 (Fig. 6).34) Thus, one can speculate that the clinicopatho-
logic difference between MALT lymphomas with API2-MALT1
and those without it is the result of the difference in stability
between API2-MALT1 fusion protein and the respective gene
products. When antibiotics remove all of the inflammatory cir-
cumstances, T-B-APC interactions as well as MALT1 and API2
activations would be eliminated. This is indeed the case for
MALT lymphoma without API2-MALT1. In the presence of the
stable API2-MALT1 chimeric protein, however, its stable ex-
pression helps cells to remain resistant to cell death signals
through removal of the inflammation. This concept provides a
clear explanation of the difference between MALT lymphoma
with and without API2-MALT1. Regarding the mechanism of
MALT lymphomagenesis, a question remains, however, about
the role for lymphomagenesis of BCL2 expression at the mar-
ginal zone stage (Fig. 2), which should give anti-apoptotic
function to the cells at this stage. One possibility is that the
genes involved in lymphomagenesis may require a specific de-
velopmental stage at which to exert oncogenic activity. Alterna-
tively, BCL2 expression at this stage is not strong enough to
prevent apoptosis, so that anti-apoptotic function of API2-
MALT1 is required.

Perspective
Whether MALT lymphomas with monoclonal proliferation

that regress in response to H. pylori eradication can be com-
pletely cured remains to be explored. If the regressed mono-
clonal lymphoma does not recur, it may be assumed that MALT
lymphoma showing regression in response to H. pylori eradica-
tion is a reactive inflammation. However, it can also be specu-
lated that monoclonal MALT lymphoma which has regressed as
result of H. pylori eradication, would recur upon re-infection
with H. pylori. The normal counterparts of MALT lymphoma
cells are marginal zone cells that are likely to be memory B-
cells, which would be difficult to completely eradicate without

cytotoxic agents. Memory B-cells can survive for quite a long
time, which suggests that eradication of H. pylori can reduce
the number of cells but would fail to eliminate the clone. This
is very similar to the situation encountered in autoimmune dis-
eases, where elimination of the auto-reactive clone is extremely
difficult once autoimmunity has been established. This is also
likely to be the case for MALT lymphoma, because it is a lym-
phoma originating from memory B-cells. In a clinical setting,
however, eradication of H. pylori would be the first priority be-
cause it is not toxic, and also because the prognosis for MALT
lymphoma is very good in comparison to that for other types of
lymphoma. Careful observation and clinical management are
warranted, however, to gain insight into the molecular nature of
lymphomagenesis not only of MALT lymphoma, but also of
other types of malignant lymphomas. Further analyses for mul-
tigenetic and epigenetic alterations in malignant lymphoma by
various means, including array CGH, are also important to ex-
plore new insights into molecular mechanisms of lymphomagen-
esis,35, 36) which should lead to new therapeutic strategies.

Conclusion
Development of malignant lymphoma can be understood in

terms of three factors, i.e. proliferation, differentiation and apo-
ptosis. These factors are manifested by chromosome transloca-
tions that are closely associated with a specific disease entity.
However, such chromosome translocations alone are not
enough for the cells to become malignant. FL and MCL in as-
sociation with BCL2 and BCL1 translocation, respectively, were
examined as factors other than chromosome translocation that
may play an important role in lymphomagenesis. The findings
presented and discussed here make it clear that the controversy
over whether MALT lymphoma is a tumor or an inflammation
can now be resolved. That is, if monoclonal expansion is ob-
served, it is likely to be a tumor. Thus, the concept of three fac-
tors in lymphomagenesis can be applied to not only MCL, FL
and DLBCL, but also to MALT lymphoma.
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