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MALT Lymphoma : Recent Advances in Aetiology
and Molecular Genetics

Ming-Qing Du

Mucosa-associated lymphoid tissue (MALT) lymphoma is a common low grade B-cell lymphoma arising from a back-

ground of chronic inflammatory disease at a number of mucosal sites. Those originating in the stomach are causatively linked to

Helicobacter pylori infection and eradication of the bacterium with antibiotics leads to long-term complete regression of the

lymphoma in ∼ 70% of cases. Now, there is further evidence of linking Campylobacter jejuni, Borrelia burgdorferi and

Chlamydia psittaci infection with immunoproliferative small intestine disease, MALT lymphoma of the skin and ocular adnexa

respectively. t(11;18)/API2-MALT1, t(1;14)/IGH-BCL10, t(14;18)/IGH-MALT1 and t(3;14)/IGH-FOXP1 occur at considerably

variable incidences in MALT lymphomas of different sites. The first three chromosome translocations are specifically associ-

ated with the MALT lymphoma entity and the oncogenic products of these translocations have been shown to target a common

molecular pathway, i.e. the nuclear factor-kB pathway. Here, I review the recent advances in our understanding of the

association of microbial pathogens with MALT lymphoma of various sites and the molecular genetics underlying the lymphoma

development. 〔J Clin Exp Hematopathol 47(2) : 31- 42, 2007〕
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INTRODUCTION

Extranodal marginal zone B cell lymphoma of mucosa-

associated lymphoid tissue (MALT lymphoma) is the third

commonest form of non-Hodgkin lymphoma1 and its inci-

dence has risen steadily over the last two decades.2- 5 MALT

lymphoma occurs in a number of extra-nodal sites including

both mucosal organs such as the gastrointestinal tract, lung,

salivary gland, thyroid, ocular adnexa and liver, and non-

mucosal organs for example the orbit and skin. Interestingly,

these organs are normally devoid of any organised lymphoid

tissue and lymphoma at these sites arises from the MALT

acquired as a result of chronic inflammatory or autoimmune

disorders, such as Helicobacter pylori (H. pylori) associated

chronic gastritis, lymphoepithelial sialoadenitis and

Hashimoto thyroiditis.6,7 The microbial pathogens that under-

lie such chronic inflammatory diseases, also play a pivotal

role in both malignant transformation and subsequent clonal

expansion of the transformed clone. This is best exemplified

by the causative role of H. pylori infection in development of

gastric MALT lymphoma, which led to successful innovative

treatment of the lymphoma with antibiotics. Several other

infectious agents have now been linked with MALT lympho-

ma of different sites and eradication of the infectious agents

leads to complete remission of the lymphoma in some cases.

In addition, there are important advances in characterisation

of the molecular genetics, particularly chromosomal translo-

cations, of MALT lymphomas. Here I review the recent

advances in our understanding of the association of microbial

pathogens with MALT lymphoma of various sites and the

molecular genetics underlying their development.

MICROBIAL PATHOGENS AND

MALT LYMPHOMA

Helicobacter pylori and gastric MALT lymphoma

A link of H. pylori infection with gastric MALT lympho-

ma is first provided by identification of the bacteria in the vast

majority of the lymphoma specimens.8 This association is

firmly supported by subsequent epidemiological studies.9,10

Now, there is compelling evidence that gastric MALT lym-

phoma is caused by infection with H. pylori (Table 1).

Laboratory studies show that the growth of the lymphoma B-

cells can be stimulated by intratumoral H. pylori specific T-

cells, involving direct B and T cell interaction via surface co-

31

J Clin Exp Hematopathol

Vol. 47, No. 2, Nov 2007

Received : May 19, 2007

Accepted : May 21, 2007

Department of Pathology, University of Cambridge, Cambridge, UK

Address correspondence and reprint request to Ming-Qing Du, Division of Molecular

Histopathology, Department of Pathology, University of Cambridge Box 231, Level 3,

Lab Block Addenbrooke’ s Hospital, Hills Road Cambridge, CB2 2QQ United

Kingdom

E-mail : mqd20@cam.ac.uk



stimulatory molecules.11,12 Clinically, eradication of H. pylori

with antibiotics leads to long term complete regression of

gastric MALT lymphoma in ∼ 75% of cases.13,14 It is be-

lieved that H. pylori eradication leads to the disappearance of

intratumoral H. pylori specific T-cells, and thus removal of

the growth support of neoplastic B cells, which eventually

causes the lymphoma to regress. Approximately, 5- 10% of

gastric MALT lymphomas appear to be negative for H. pylori

and the aetiological factor in these cases remains unclear.

Some cases may be explained by undiagnosed H. pylori infec-

tion, and others may be associated with H. heilmannii.15

Interestingly, gastric MALT lymphomas associated with H.

heilmannii infection have been shown to respond to antibiotic

therapy.15 Thus, the pathogenic role of H. heilmannii infec-

tion in gastric MALT lymphoma development is likely similar

to that of H. pylori.

Campylobacter jejuni and immunoproliferative small

intestine disease (IPSID)

Growing evidence indicates that the development of non-

gastric MALT lymphoma is also associated with infection by

microbial pathogens (Table 1). IPSID (previously known as

alpha chain disease), a variant of MALT lymphoma, has been

thought to be triggered by bacterial infections as the disease at

early stages respond favourably to treatment with

antibiotics.16 A recent study showed that Campylobacter

jejuni (C. jejuni) was present in 5/7 cases of IPSID and eradi-

cation of the organism with antibiotics led to complete remis-

sion in an index case.17 A subsequent investigation showed

C. jejuni in 12/27 (47%) cases of IPSID and 14/87 (16%)

cases of other intestinal lymphomas, but not in non-intestinal

lymphoma and normal/reactive intestinal biopsies.18 These

results therefore confirm that C. jejuni is associated with

IPSID. However, it remains to be investigated whether C.

jejuni has a causative role in the development of IPSID.

Borrelia burgdorferi and cutaneous marginal

B cell lymphoma

Borrelia burgdorferi is the etiological agent of Lyme

disease, a tick borne zoonosis, which is associated with

chronic skin infection. There is increasing evidence suggest-

ing a link between Borrelia burgdorferi infection and devel-

opment of primary cutaneous B-cell lymphoma. A number of

studies demonstrate the presence of Borrelia burgdorferi in

primary cutaneous B-cell lymphoma, with a higher prevalence

in marginal zone B-cell lymphoma than other lymphoma

subtypes.19- 24 Furthermore, several independent studies show

that Borrelia burgdorferi associated cutaneous marginal B

cell lymphoma completely regress following antibiotic

treatment.20,23- 26 The disappearance of the microorganism

following antibiotic treatment is accompanied by a marked

decline in the number of plasma cells and CD3+ T cells,

strong indicators of active immune responses.26 These find-

ings support a pathogenic role for Borrelia burgdorferi in

sustaining the antigen-driven growth of cutaneous marginal

zone B-cell lymphoma, similar to H. pylori infection in gas-

tric MALT lymphoma.
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Table 1. Evidence of for linking a specific microorganism to MALT lymphoma of different sites

Koch’s postulates for linking a specific

microorganism to a disease ( 1882) *

Gastric MALT

lymphoma
IPSID

Cutaneous MALT

lymphoma

Ocular adnexal MALT

lymphoma

H. pylori C. jejuni B. burgdorferi C. psittaci

The organism is found in the lesion of the

disease.
∼ every case Some cases Variable Variable

The organism can be isolated and grown

in vitro.
Yes not yet not yet not yet

Inoculation of the organism causes lesions

in healthy susceptible animals
Yes unknown unknown unknown

The organism can be recovered from the

experimental animal.
Yes unknown unknown unknown

Cure disease following

H. pylori eradication in

the majority of cases.

unknown

Cure disease following B.

burgdorferi eradication in

some cases

Cure disease following

C. psittaci eradication in

some cases.

*Although there are limitations, Koch’s postulates are still a useful benchmark in judging whether there is a cause-and-effect relationship between an

infectious agent and a clinical disease. MALT : mucosa-associated lymphoid tissue, IPSID : immunoproliferative small intestine disease, H. pylori :

Helicobacter pylori, C. jejuni : Campylobacter jejuni, B. burgdorferi : Borrelia burgdorferi, C. psittaci : Chlamydia psittaci



Chlamydia psittaci infection and ocular adnexal

MALT lymphoma

A recent study from Italy showed that Chlamydia psittaci

was present in 87% of ocular adnexal MALT lymphomas.27

However, such an association was not demonstrated in cases

of ocular adnexal MALT lymphomas from South Florida and

Rochester areas in the USA.28,29 A recent study from our

laboratory demonstrated that C. psittaci was variably associ-

ated with ocular adnexal MALT lymphoma in different geo-

graphical regions, being most frequent in Germany (47%),

followed by the East Coast of the USA (35%) and the

Netherlands (29%), but relatively uncommon in Italy (13%),

the UK (12%) and Southern China (11%).
30

Such geographi-

cal variations are also supported by a study showing a high

prevalence (78%) of C. psittaci in ocular adnexal MALT

lymphoma of patients from South Korea.31 The prevalence of

C. psittaci was significantly higher in MALT lymphoma than

in non-marginal zone lymphoma and non-lymphopro-

liferative disorders of the ocular adnexa, suggesting a role for

C. psittaci infection in the development of ocular adnexal

MALT lymphoma.27,30 This is further supported by demon-

stration of complete or partial regression of ocular adnexal

MALT lymphoma in 13 of 27 cases (48%) following eradica-

tion of C. psittaci with antibiotics.32,33 Interestingly, among

the 13 cases responded to antibiotic treatment, 6 cases were

negative for C. psittaci by polymerase chain reaction (PCR).33

This finding suggests undiagnosed C. psittaci infection by

PCR and/or presence of other bacterial specifies.

It remains to be investigated whether microbial patho-

gens play a role in the development of MALT lymphoma at

other sites. Nonetheless, those derived from the salivary

gland and thyroid are closely associated with autoimmune

disorders, namely Sjögren’s syndrome and Hashimoto thyroi-

ditis respectively.

Molecular genetics of MALT lymphoma

A number of chromosomal structural and numerical al-

terations have been described in MALT lymphoma. t(11;18)

(q21;q21), t(1;14)(p22;q32), t(14;18)(q32;q21) and t(3;14)

(p13;q32) have been characterised at the genetic level, and

their incidences in MALT lymphoma of various sites have

been extensively investigated. The functional characterisa-

tion of the oncogenes involved in t(11;18), t(1;14) and t(14;

18) has also provided important insights in our understanding

the molecular pathogenesis of MALT lymphoma.

Chromosomal translocations

t(11;18)(q21;q21) : In most of the translocation positive

cases, t(11;18) is the sole chromosomal aberration.34,35 The

translocation generates a functional API2-MALT1 fusion,36- 38

which invariably comprises the N-terminal region of the API2

with three intact BIR domains and the C-terminal region of

the MALT1 containing an intact caspase-like domain (Fig. 1).

The specific selection of these domains of the API2 and

MALT1 genes to form a fusion product indicates their impor-
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Fig. 1. The oncogenes involved in MALT lymphoma associated chromosomal translocation. T(11;18) generates a

chimeric functional API2-MALT1 fusion product, while t(1;14), t(14;18) and t(3;14) juxtapose the BCL10, MALT1 and

FOXP1 gene to the immunoglobulin locus respectively and up-regulate their expression.



tance in the oncogenic activity of the fusion product. API2

inhibits the biological activity of caspases of 3, 7 and 9 and is

believed to be an apoptosis inhibitor, whereas MALT1 is

involved in antigen receptor mediated nuclear factor (NF)-kB

activation.39 Although neither wild type API2 nor wild type

MALT1 alone is capable of activating NF-kB, the API2-

MALT1 fusion product is capable of activating this transcrip-

tional factor.40,41

Extensive screening of lymphomas for t(11;18) shows

that this translocation is specifically associated with MALT

lymphoma and has not been found in other lymphoma sub-

types including nodal and splenic marginal zone B-cell lym-

phoma, and the inflammatory disorders associated with

MALT lymphoma including H. pylori associated gastritis,

lymphoepithelial sialoadenit is and Hashimoto’s

thyroiditis.42- 48 The translocation occurs at variable frequen-

cies in MALT lymphoma of different sites, being most fre-

quent in those from the lung (40%) and stomach (25%),

followed by those from the ocular adnexa (10%), but rare or

absent in those from the salivary gland, thyroid and skin (Fig.

2).42- 48 In gastric MALT lymphoma, we have shown that

t(11;18) is more frequently associated with cases at stage IIE
or above than those at stage IE,47 and the translocation positive

cases, including those at the stage IE, do not respond to H.

pylori eradication.49,50 Intriguingly, despite the strong associ-

ation of t(11;18) with adverse clinical features, the transloca-

t ion is only rarely found in transformed MALT

lymphoma.51,52

t(1;14)(p22;q32) and t(1;2)(p22;p12) : These translocations

bring the entire BCL10 gene under the regulatory control of

the IG gene and hence deregulate its expression.53,54 BCL10

contains a CARD domain in its N-terminal region and is rich

in serine and threonine in its C-terminal region (Fig. 1). Early

in vitro studies showed that BCL10 can act in a weakly pro-

apoptotic manner despite its role in activation of NF-kB.55- 60

However, later studies of BCL10 knockout mice have shown

that BCL10 does not have a pro-apoptotic activity in vivo and

is essential for both the development and function of B and T-

cells, specifically linking antigen receptor signalling to the

NF-kB pathway.61,62

t(1;14) or its variant is specifically associated with

MALT lymphoma and has not been found in other lymphoma

subtypes. The translocation is primarily seen in MALT lym-

phoma from the lung (9%) and stomach (4%), being rare or

absent in those from the ocular adnexa, salivary gland, thyroid

and skin (Fig. 2).48 Most of the t(1;14) positive cases are

diagnosed at advanced stages.63 Our recent study indicates

that gastric MALT lymphoma with t(1;14)/strong BCL10

nuclear expression is most unlikely respond to H. pylori

eradication.63

In addition to chromosomal translocation, BCL10 is also

targeted by gene amplification, which has been observed in

pancreatic cancers64 and a single case of nodal diffuse large
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Fig. 2. Frequency of t(11;18)/API2-MALT1, t(1;14)/IGH-BCL10 or variants, and

t(14;18)/IGH-MALT1 in MALT lymphomas of various sites. OA : Ocular adnexa ; SG :

salivary gland. Number in bracket indicates the number of cases studied.



B-cell lymphoma (DLBCL).65

t(14;18)(q32;q21) : This translocation involves the MALT1

but not the BCL2 gene in MALT lymphoma.66,67 The translo-

cation brings the entire MALT1 gene under the regulatory

control of the IGH gene and hence deregulates its expression.

Like the above two chromosomal translocations,

t(14;18)/IGH-MALT1 also occurs at variable frequencies in

MALT lymphoma of different sites.66,68- 70 By retrospective

study of a large cohort of MALT lymphoma, we have shown

that the translocation mainly occurs in those from the liver

(17%), lung (9%) and ocular adnexa (7%), but not in those

from the salivary gland, thyroid and skin (Fig. 2).71

t(14;18)/IGH-MALT1 has also been observed in rare cases of

extranodal DLBCL.67,72 Furthermore, MALT1 gene amplifi-

cation has been found in cell lines derived from marginal zone

B cell lymphoma and Burkitt lymphoma and primary cutane-

ous DLBCL.67,73

t(3;14)(p13;q32) : This is a newly identified chromosomal

translocation in MALT lymphoma. This translocation dereg-

ulates the expression of the FOXP1 gene,74- 76 which belongs

to the Forkhead box (Fox) family of winged-helix transcrip-

tion factors that have diverse functions in different cell and

tissue types. FOXP1 contains an N-terminal polyglutamine

domain, followed by a glutamine-rich domain, a zinc finger, a

leucine zipper, a forkhead domain and an acid rich domain

(Fig. 1), and is involved in regulation of the Rag1 and Rag2

expression, thus essential for B-cell development.77 The ini-

tial studies have shown the presence of the translocation in

MALT lymphomas of the thyroid (3/6), ocular adnexa (4/20),

skin (2/20) and stomach (1/21), but not in those of the salivary

gland and lung, and also in cases of extranodal DLBCL and

B-cell non-Hodgkin’s lymphoma not otherwise specified.74- 76

A recent study found the translocation in 4/53 cases of extra-

nodal DLBCL and 1/49 nodal DLBCL but not in 122 cases of

MALT lymphoma of various sites.78 FOXP1 is also targeted

by gene amplification, which has been described in cases of

DLBCL.75

Common molecular mechanisms targeted by different

chromosomal translocations

Mounting evidence indicates that the oncogenic activities

of t(11;18), t(1;14) and t(14;18) is linked by physiological

roles of BCL10 and MALT1 in activating the NF-kB pathway

in lymphocytes (Fig. 3).39,61,62,79 Upon antigen receptor stim-

ulation, CARMA1 (also known as CARD11 or Bimp1) is

recruited into lipid rafts and is activated by phosphorylation

via PKCb in B cells or PKCQ in T cells.80,81 The activated

CARMA1 acts as a scaffolding protein and recruits BCL10

through a CARD/CARD interaction, inducing BCL10

oligomerisation.82- 84 BCL10 binds to the Ig-like domain of

MALT1 through a short region (amino acids 107- 119) down-

stream of the BCL10 CARD domain, and induces MALT1

oligomerization, and hence its activation.41 Activated

MALT1 binds to TRAF6 (tumour necrosis factor receptor

associated factor 6) and induces its oligomerisation, resulting

in the activation of TRAF6 ubiquitin ligase activity, which

leads to the multi-ubiquitination of NF-kB essential modulator

(NEMO, also known as IKKg).85,86 Rather than targeting it

for proteasomal degradation, ubiquitination of NEMO is

thought to regulate its function or its protein-protein interac-

tions. Although the precise mechanism is unknown, this trig-

gers the activation of IKKa and IKKb, which causes phos-

phorylation and degradation of IkB and the release of NF-

kB. NF-kB then translocates to the nucleus and transactivates

genes, such as cytokines and growth factors, that are impor-

tant for cellular activation, proliferation, survival and induc-

tion of effector functions of lymphocytes.

As outlined above, CARMA1, BCL10 and MALT1 form

a ternary complex and play a central role in the signalling

cascade leading to NF-kB activation (Fig. 3).82- 84 Essentially,

the activation of these molecules is triggered by their self-

oligomerisation. In MALT lymphoma with t(1;14) in which

BCL10 is over-expressed, BCL10 is thought to form oligom-

ers via its CARD domain, thus triggering MALT1 oligomer-

isation, then NF-kB activation. Similarly, in MALT lympho-

ma with t(14;18), the oligomerisation and activation of

MALT1 is thought to be dependent on BCL10 since MALT1

does not have a structural domain that is capable of mediating

self-oligomerisation.40,41,84 This is supported by the observa-

tion that MALT1 acts synergistically with BCL10 to activate

NF-kB activation.84 In line with this hypothesis, both

MALT1 and BCL10 were found to be highly expressed in the

cytoplasm of MALT lymphoma cells with

t(14;18)(q32;q21).67,71 It is likely that MALT1 interacts with

and stabilises BCL10, causing its accumulation in the cyto-

plasm of tumour cells bearing t(14;18)(q32;q21). In MALT

lymphomas with t(11;18), the fusion protein is oligomerised

through a non-homotypic interaction mediated by the API2

moiety,87 and thus can activate the NF-kB pathway without

the need for upstream signalling.84 This is supported by the

finding that the API2-MALT1 fusion product, but not wild

type API2 nor wild type MALT1 alone, is capable of activat-

ing the NF-kB pathway in vitro.40,41,84 Constitutive activation

of NF-kB enhances both cell proliferation and survival, thus

contributing to lymphoma development.

Interplay between MALT lymphoma associated

oncogenic products and immunological stimulations

As suggested by the indolent nature of MALT lympho-

ma, the oncogenes specifically associated with this lymphoma

entity most likely confer weak rather than strong oncogenic

activities. In support of this, both Em-API2-MALT1 and Em-
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BCL10 transgenic mice developed splenic marginal zone ex-

pansion, but not lymphoma.88,89 These findings indicate that

these chromosomal translocations alone are insufficient for

malignant transformation. The chromosomal translocations

seen in MALT lymphoma are always mutually exclusive and

are often the principal genetic aberration, particularly in the

case of t(11;18). Although there may be potential oncogenic

cooperation between these chromosomal translocations and

other genetic abnormalities not yet identified, emerging evi-

dence suggests that there is also a synergistic interplay be-
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Fig. 3. The chromosomal translocations involving BCL10 and MALT1 in MALT lym-

phoma affect a common molecular pathway.

In MALT lymphomas with t(1;14), BCL10 is over-expressed and forms oligomers via its

CARD domain, leading to constitutive NF-kB activation. In MALT lymphomas with

t(14;18)(q32;q21), MALT1 is over-expressed, and the oligomerisation and activation of

MALT1 is thought to depend on BCL10. In MALT lymphomas with t(11;18), the

resulting API2-MALT1 fusion products self-oligomerize via a non-homotypic interaction

mediated by the API2 moiety, thus leading to constitutive NF-kB activation. These

oncogenic products are most likely synergistic with both innate and acquired immune

stimulations in their activation of the NF-kB pathway.

CARD : caspase recruitment domain ; DD : death domain ; Ig : Ig-like domain ;

Casp-L : caspase-like domain ; BIR : baculovirus IAP repeat ;



tween MALT lymphoma associated oncogenic products and

immunological stimuli. It has been shown that both API2-

MALT1 and MALT1 enhance CD40L/CD40 induced activa-

tion of IKK and NF-kB in BJAB cell lines.90 In the Em-API2-

MALT1 transgenic mice, immunization with Freund’ s

complete adjuvant led to a splenic marginal zone lymphoma-

like lymphoid hyperplasia.91 Similar synergistic cooperation

is expected between BCL10 and immunological stimulations.

Molecular genetics of translocation negative

MALT lymphoma

As discussed above, chromosomal translocations occur

at variable frequencies in MALT lymphoma of different sites,

but overall are present in only a minority of cases. Although

several chromosomal trisomies are frequently associated with

MALT lymphoma, particularly those negative for t(11;18),

the molecular genetics of translocation negative MALT lym-

phoma is poorly understood. We recently screened the chro-

mosomal gains and losses in gastric MALT lymphoma with

and without t(11;18) by comparative genomic hybridisation.92

Recurrent chromosomal gains involving whole or major parts

of a chromosome were seen for chromosomes 3, 12, 18 and

22 (23%, 19%, 19% and 27% respectively). Discrete recur-

rent chromosomal gains were found at 9q34 (11/26＝ 42%).

In a parallel investigation of 19 salivary gland MALT lym-

phomas that are negative for known chromosomal transloca-

tions, we have found recurrent chromosomal gains at 1p32-

ter (42%), 9q33- 34 (84%), 11q11- 13 (42%), 17 (58%) and

18q21- 22 (42%).93 Notably, chromosomal gains at 9q34,

11q13 and 18q21 were frequently concurrent with 12/19 cases

harbouring gains at least two of the three loci. Interphase

fluorescent in situ hybridization with probes targeting the

TRAF2 and CARD9, RELA and CCND1, and MALT1 gene

loci confirmed the genomic gain at 9q34, 11q13 and 18q21

respectively.

As discussed above, positive regulators of NF-kB, such

as BCL10 and MALT1, have a synergistic effect in their

activation of the NF-kB pathway.84 At least some of these

positive regulators, for example, API2-MALT1, have also

been shown to act synergistically with CD40 stimulation in

NF-kB activation.90 It can be hypothesised that gains of extra

copies of MALT1, TRAF2, CARD9, RelA, CCND1 and others

yet to be identified proteins, together with immunological

stimulations via surface antigen receptor and co-stimulatory

molecules may bear a synergistic effect in NF-kB activation

and lead to a biological consequence similar to that caused by

the chromosomal translocations associated with MALT lym-

phoma.

FUTURE INVESTIGATIONS

Despite the recent advances in the aetiology of MALT

lymphoma of several sites. The aetiological factors underly-

ing the development of extra-gastric MALT lymphoma, par-

ticularly those of the salivary glands, thyroid and lung, are

largely unknown. Identification of microbial pathogens asso-

ciated with the development of MALT lymphoma at these

sites will improve our understanding of the pathogenesis of

these lymphomas and potentially lead to innovative treat-

ments. Such investigations may be accomplished by conven-

tional approaches such as serological screening and PCR-

based detection, as well as by more robust high throughput

microarray based screening.94

MALT lymphoma has so far not been extensively inves-

tigated by conventional metaphase cytogenetic analysis due to

the poor in vitro growth of the lymphoma cells. The spec-

trum of chromosomal translocations associated with this lym-

phoma entity remains to be determined. With the improved

cell culture strategies, a number of novel chromosomal trans-

locations including t(5;14)/IGH-ODZ2 , t(9;14)/IGH-

JMJD2C, t(1;14)/IGH-CNN3, t(3;14)(q21;p16), t(2;19)(p15;

q13.4), t(5;17)(p11;p11), t(1;22)(q11;p11), t(1;3)(q32;p14.2)

and t(x;6)(q22;q13) have been recently identified in MALT

lymphomas of various sites.95,96 The incidences of these

newly identified translocations in MALT lymphoma of vari-

ous sites and their impact on clinico-pathological presentation

remain to be investigated.

Despite the identification of the above chromosome

translocations in MALT lymphoma, it is highly likely that a

high proportion of MALT lymphomas are negative for chro-

mosome translocation. Comparative genomic hybridisation

investigations of translocation negative MALT lymphoma of

the stomach and salivary glands show a conserved pattern of

chromosomal gains.92,93 It is important to further explore

whether these recurrent chromosomal gains are a common

feature of translocation negative MALT lymphomas at the

other sites and to identify the genes targeted by such common

genomic gains.

There is now substantial evidence indicating that the

oncogenic activity of t(11;18), t(1;14) and t(14;18) may not be

confined to activation of the cytoplasmic signalling cascade of

the NF-kB pathway. This is particularly highlighted by the

finding of aberrant BCL10 nuclear expression in MALT lym-

phoma, particularly those with t(1;14) or t(11;18).47,48,97,98 In

contrast, the protein is expressed predominantly in the cyto-

plasm of normal B cells including marginal zone B cells, the

normal cell counterpart of MALT lymphoma,97 in line with

the known physiological role of BCL10 in normal lympho-

cytes. Study of the regulation of BCL10 subcellular

localisation99 and identification of the molecules that are re-

sponsible for BCL10 nuclear transportation will help to inves-

tigate the unknown function of BCL10.

Recent advances of MALT lymphoma

37



ACKNOWLEDGEMENT

The studies described from the author’s laboratory were

supported by research grants from the Leukaemia Research

Fund, U.K., Association for International Cancer Research,

and the Leukaemia and Lymphoma Society, U.S.A.

REFERENCES

1 A clinical evaluation of the International Lymphoma Study Group

classification of non-Hodgkin’s lymphoma. The Non-Hodgkin’s

Lymphoma Classification Project. Blood 89 : 3909- 3918, 1997

2 Severson RK, Davis S : Increasing incidence of primary gastric

lymphoma. Cancer 66 : 1283- 1287, 1990

3 Chiu BC, Weisenburger DD : An update of the epidemiology of

non-Hodgkin’s lymphoma. Clin Lymphoma 4 : 161- 168, 2003

4 Muller AM, Ihorst G, Mertelsmann R, Engelhardt M :

Epidemiology of non-Hodgkin’s lymphoma (NHL) : trends, geo-

graphic distribution, and etiology. Ann Hematol 84 : 1- 12, 2005

5 Nakamura S, Matsumoto T, Iida M, Yao T, Tsuneyoshi M :

Primary gastrointestinal lymphoma in Japan : a clinicopathologic

analysis of 455 patients with special reference to its time trends.

Cancer 97 : 2462- 2473, 2003

6 Isaacson PG, Muller-Hermelink HK, Piris MA : Extranodal mar-

ginal zone B-cell lymphoma of mucosa-associated lymphoid tissue

(MALT lymphoma). In : Jaffe ES, Harris NL, Stein H, Vardiman

JW, eds. WHO classification of tumours : pathology and genetics

tumours of haematopoietic and lymphoid tissues. pp. 157- 160,

2001

7 Isaacson PG, Du MQ : MALT lymphoma : from morphology to

molecules. Nat Rev Cancer 4 : 644- 653, 2004

8 Wotherspoon AC, Ortiz Hidalgo C, Falzon MR, Isaacson PG :

Helicobacter pylori-associated gastritis and primary B-cell gastric

lymphoma. Lancet 338 : 1175- 1176, 1991

9 Parsonnet J, Hansen S, Rodriguez L, Gelb AB, Warnke RA,

Jellum E, Orentreich N, Vogelman JH, Friedman GD :

Helicobacter pylori infection and gastric lymphoma. N Engl J

Med 330 : 1267- 1271, 1994

10 Doglioni C, Wotherspoon AC, Moschini A, de Boni M, Isaacson

PG : High incidence of primary gastric lymphoma in northeastern

Italy. Lancet 339 : 834- 835, 1992

11 Hussell T, Isaacson PG, Crabtree JE, Spencer J : The response of

cells from low-grade B-cell gastric lymphomas of mucosa-

associated lymphoid tissue to Helicobacter pylori. Lancet 342 :

571- 574, 1993

12 Hussell T, Isaacson PG, Crabtree JE, Spencer J : Helicobacter

pylori-specific tumour-infiltrating T cells provide contact depen-

dent help for the growth of malignant B cells in low-grade gastric

lymphoma of mucosa-associated lymphoid tissue. J Pathol 178 :

122- 127, 1996

13 Wotherspoon AC, Doglioni C, Diss TC, Pan L, Moschini A, de

Boni M, Isaacson PG : Regression of primary low-grade B-cell

gastric lymphoma of mucosa-associated lymphoid tissue type after

eradication of Helicobacter pylori. Lancet 342 : 575- 577, 1993

14 Du MQ, Isaacson PG : Gastric MALT lymphoma : from aetiol-

ogy to treatment. Lancet Oncology 3 : 97- 104, 2002

15 Morgner A, Lehn N, Andersen LP, Thiede C, Bennedsen M,

Trebesius K, Neubauer B, Neubauer A, Stolte M, Bayerdorffer E :

Helicobacter heilmannii-associated primary gastric low-grade

MALT lymphoma : complete remission after curing the infection.

Gastroenterology 118 : 821- 828, 2000

16 Al-Saleem T, Al Mondhiry H : Immunoproliferative small intesti-

nal disease (IPSID) : a model for mature B-cell neoplasms. Blood

105 : 2274- 2280, 2005

17 Lecuit M, Abachin E, Martin A, Poyart C, Pochart P, Suarez F,

Bengoufa D, Feuillard J, Lavergne A, Gordon JI, Berche P,

Guillevin L, Lortholary O : Immunoproliferative small intestinal

disease associated with Campylobacter jejuni. N Engl J Med 350 :

239- 248, 2004

18 Diss TC, Baginsky L, Ye H, Du MQ, Wren B, Dogan A, Isaacson

PG : Campylobacter jejuni is a strong candidate for involvement

in development of immunoproliferative small intestinal disease. J

Pathol 204S1 : 8A, 2004

19 Garbe C, Stein H, Dienemann D, Orfanos CE : Borrelia

burgdorferi-associated cutaneous B cell lymphoma : clinical and

immunohistologic characterization of four cases. J Am Acad

Dermatol 24 : 584- 590, 1991

20 Cerroni L, Zochling N, Putz B, Kerl H : Infection by Borrelia

burgdorferi and cutaneous B-cell lymphoma. J Cutan Pathol 24 :

457- 461, 1997

21 Sonck CE, Viljanen M, Hirsimaki P, Soderstrom KO, Ekfors TO :

Borrelial lymphocytoma - a historical case. APMIS 106 :

947- 952, 1998

22 Goodlad JR, Davidson MM, Hollowood K, Ling C, MacKenzie C,

Christie I, Batstone PJ, Ho-Yen DO : Primary cutaneous B-cell

lymphoma and Borrelia burgdorferi infection in patients from the

Highlands of Scotland. Am J Surg Pathol 24 : 1279- 1285, 2000

23 Grange F, Wechsler J, Guillaume JC, Tortel J, Tortel MC, Audhuy

B, Jaulhac B, Cerroni L : Borrelia burgdorferi-associated lym-

phocytoma cutis simulating a primary cutaneous large B-cell lym-

phoma. J Am Acad Dermatol 47 : 530- 534, 2002

24 Bogle MA, Riddle CC, Triana EM, Jones D, Duvic M : Primary

cutaneous B-cell lymphoma. J Am Acad Dermatol 53 : 479- 484,

2005

25 Kütting B, Bonsmann G, Metze D, Luger TA, Cerroni L :

Borrelia burgdorferi-associated primary cutaneous B cell lympho-

ma : complete clearing of skin lesions after antibiotic pulse ther-

apy or intralesional injection of interferon alfa- 2a. J Am Acad

Dermatol 36 : 311- 314, 1997

26 Roggero E, Zucca E, Mainetti C, Bertoni F, Valsangiacomo C,

Pedrinis E, Borisch B, Piffaretti JC, Cavalli F, Isaacson PG :

Eradication of Borrelia burgdorferi infection in primary marginal

zone B-cell lymphoma of the skin. Hum Pathol 31 : 263- 268,

2000

27 Ferreri AJ, Guidoboni M, Ponzoni M, De Conciliis C, Dell’Oro S,

Fleischhauer K, Caggiari L, Lettini AA, Dal Cin E, Ieri R, Freschi

Du M-Q

38



M, Villa E, Boiocchi M, Dolcetti R : Evidence for an association

between Chlamydia psittaci and ocular adnexal lymphomas. J Natl

Cancer Inst 96 : 586- 594, 2004

28 Rosado MF, Byrne GE Jr, Ding F, Fields KA, Ruiz P, Dubovy SR,

Walker GR, Markoe A, Lossos IS : Ocular adnexal lymphoma : a

clinicopathologic study of a large cohort of patients with no evi-

dence for an association with Chlamydia psittaci. Blood 107 :

467- 472, 2006

29 Vargas RL, Fallone E, Felgar RE, Friedberg JW, Arbini AA,

Andersen AA, Rothberg PG : Is there an association between

ocular adnexal lymphoma and infection with Chlamydia psittaci ?

The University of Rochester experience. Leuk Res 30 : 547- 551,

2006

30 Chanudet E, Zhou Y, Bacon C, Wotherspoon A, Muller-

Hermelink HK, Adam P, Dong H, de Jong D, Li Y, Wei R, Gong

X, Wu Q, Ranaldi R, Goteri G, Pileri S, Ye H, Hamoudi R, Liu H,

Radford J, Du MQ : Chlamydia psittaci is variably associated

with ocular adnexal MALT lymphoma in different geographical

regions. J Pathol 209 : 344- 351, 2006

31 You C, Ryu M, Huh J, Park J, Ahn H, Lee Y, Kim T, Chang H,

Lee J, Kang Y : Ocular adnexal lymphoma is highly associated

with Chlamydia psittaci. Eur J Cancer Suppl 3 : 282- 283, 2005

32 Ferreri AJ, Ponzoni M, Guidoboni M, De Conciliis C, Resti AG,

Mazzi B, Lettini AA, Demeter J, Dell’Oro S, Doglioni C, Villa E,

Boiocchi M, Dolcetti R : Regression of ocular adnexal lymphoma

after Chlamydia psittaci-eradicating antibiotic therapy. J Clin

Oncol 23 : 5067- 5073, 2005

33 Ferreri AJ, Ponzoni M, Guidoboni M, Resti AG, Politi LS,

Cortelazzo S, Demeter J, Zallio F, Palmas A, Muti G, Dognini GP,

Pasini E, Lettini AA, Sacchetti F, De Conciliis C, Doglioni C,

Dolcetti R : Bacteria-eradicating therapy with doxycycline in ocu-

lar adnexal MALT lymphoma : a multicenter prospective trial. J

Natl Cancer Inst 98 : 1375- 1382, 2006

34 Ott G, Katzenberger T, Greiner A, Kalla J, Rosenwald A, Heinrich

U, Ott MM, Muller-Hermelink HK : The t(11 ; 18)(q21 ; q21)

chromosome translocation is a frequent and specific aberration in

low-grade but not high-grade malignant non-Hodgkin’s lympho-

mas of the mucosa-associated lymphoid tissue (MALT) type.

Cancer Res 57 : 3944- 3948, 1997

35 Auer IA, Gascoyne RD, Connors JM, Cotter FE, Greiner TC,

Sanger WG, Horsman DE : t(11;18)(q21;q21) is the most com-

mon translocation in MALT lymphomas. Ann Oncol 8 : 979- 985,

1997

36 Dierlamm J, Baens M, Wlodarska I, Stefanova-Ouzounova M,

Hernandez JM, Hossfeld DK, De Wolf-Peeters C, Hagemeijer A,

Van den Berghe H, Marynen P : The apoptosis inhibitor gene

API2 and a novel 18q gene, MLT, are recurrently rearranged in the

t(11;18)(q21;q21) associated with mucosa-associated lymphoid

tissue lymphomas. Blood 93 : 3601- 3609, 1999

37 Akagi T, Motegi M, Tamura A, Suzuki R, Hosokawa Y, Suzuki H,

Ota H, Nakamura S, Morishima Y, Taniwaki M, Seto M : A novel

gene, MALT1 at 18q21, is involved in t(11;18) (q21;q21) found in

low-grade B-cell lymphoma of mucosa-associated lymphoid tis-

sue. Oncogene 18 : 5785- 5794, 1999

38 Morgan JA, Yin Y, Borowsky AD, Kuo F, Nourmand N, Koontz

JI, Reynolds C, Soreng L, Griffin CA, Graeme-Cook F, Harris NL,

Weisenburger D, Pinkus GS, Fletcher JA, Sklar J : Breakpoints of

the t(11;18)(q21;q21) in mucosa-associated lymphoid tissue

(MALT) lymphoma lie within or near the previously undescribed

gene MALT1 in chromosome 18. Cancer Res 59 : 6205- 6213,

1999

39 Ruland J, Duncan GS, Wakeham A, Mak TW : Differential re-

quirement for MALT1 in T and B cell antigen receptor signaling.

Immunity 19 : 749- 758, 2003

40 Uren AG, O’Rourke K, Aravind LA, Pisabarro MT, Seshagiri S,

Koonin EV, Dixit VM : Identification of paracaspases and meta-

caspases : two ancient families of caspase-like proteins, one of

which plays a key role in MALT lymphoma. Mol Cell 6 :

961- 967, 2000

41 Lucas PC, Yonezumi M, Inohara N, McAllister-Lucas LM,

Abazeed ME, Chen FF, Yamaoka S, Seto M, Nunez G : Bcl10

and MALT1, independent targets of chromosomal translocation in

MALT lymphoma, cooperate in a novel NF-kappa B signaling

pathway. J Biol Chem 276 : 19012- 19019, 2001

42 Remstein ED, James CD, Kurtin PJ : Incidence and subtype spe-

cificity of API2-MALT1 fusion translocations in extranodal, nodal,

and splenic marginal zone lymphomas. Am J Pathol 156 :

1183- 1188, 2000

43 Baens M, Maes B, Steyls A, Geboes K, Marynen P, De Wolf-

Peeters C : The product of the t(11;18), an API2-MLT fusion,

marks nearly half of gastric MALT type lymphomas without large

cell proliferation. Am J Pathol 156 : 1433- 1439, 2000

44 Motegi M, Yonezumi M, Suzuki H, Suzuki R, Hosokawa Y,

Hosaka S, Kodera Y, Morishima Y, Nakamura S, Seto M : API2-

MALT1 chimeric transcripts involved in mucosa-associated lym-

phoid tissue type lymphoma predict heterogeneous products. Am J

Pathol 156 : 807- 812, 2000

45 Nakamura T, Nakamura S, Yonezumi M, Suzuki T, Matsuura A,

Yatabe Y, Yokoi T, Ohashi K, Seto M : Helicobacter pylori and

the t(11;18)(q21;q21) translocation in gastric low-grade B-cell

lymphoma of mucosa-associated lymphoid tissue type. Jpn J

Cancer Res 91 : 301- 309, 2000

46 Kalla J, Stilgenbauer S, Schaffner C, Wolf S, Ott G, Greiner A,

Rosenwald A, Dohner H, Muller-Hermelink HK, Lichter P :

Heterogeneity of the API2-MALT1 gene rearrangement in MALT-

type lymphoma. Leukemia 14 : 1967- 1974, 2000

47 Liu H, Ye H, Dogan A, Ranaldi R, Hamoudi RA, Bearzi I,

Isaacson PG, Du MQ : t(11;18)(q21;q21) is associated with ad-

vanced mucosa-associated lymphoid tissue lymphoma that ex-

presses nuclear BCL10. Blood 98 : 1182- 1187, 2001

48 Ye H, Liu H, Attygalle A, Wotherspoon AC, Nicholson AG,

Charlotte F, Leblond V, Speight P, Goodlad J, Lavergne-Slove A,

Martin-Subero JI, Siebert R, Dogan A, Isaacson PG, Du MQ :

Variable frequencies of t(11;18)(q21;q21) in MALT lymphomas

of different sites : significant association with CagA strains of H.

pylori in gastric MALT lymphoma. Blood 102 : 1012- 1018, 2003

Recent advances of MALT lymphoma

39



49 Liu H, Ruskon-Fourmestraux A, Lavergne-Slove A, Ye H, Molina

T, Bouhnik Y, Hamoudi RA, Diss TC, Dogan A, Megraud F,

Rambaud JC, Du MQ, Isaacson PG : Resistance of t(11;18) posi-

tive gastric mucosa-associated lymphoid tissue lymphoma to

Helicobacter pylori eradication therapy. Lancet 357 : 39- 40, 2001

50 Liu H, Ye H, Ruskone-Fourmestraux A, de Jong D, Pileri S,

Thiede C, Lavergne A, Boot H, Caletti G, Wundisch T, Molina T,

Taal BG, Elena S, Thomas T, Zinzani PL, Neubauer A, Stolte M,

Hamoudi RA, Dogan A, Isaacson PG, Du MQ : t(11;18) is a

marker for all stage gastric MALT lymphomas that will not re-

spond to H. pylori eradication. Gastroenterology 122 :

1286- 1294, 2002

51 Chuang SS, Lee C, Hamoudi RA, Liu H, Lee PS, Ye H, Diss TC,

Dogan A, Isaacson PG, Du MQ : High frequency of t(11;18) in

gastric mucosa-associated lymphoid tissue lymphomas in Taiwan,

including one patient with high-grade transformation. Br J

Haematol 120 : 97- 100, 2003

52 Remstein ED, Kurtin PJ, James CD, Wang XY, Meyer RG,

Dewald GW : Mucosa-associated lymphoid tissue lymphomas

with t(11;18)(q21;q21) and mucosa-associated lymphoid tissue

lymphomas with aneuploidy develop along different pathogenetic

pathways. Am J Pathol 161 : 63- 71, 2002

53 Willis TG, Jadayel DM, Du MQ, Peng H, Perry AR, Abdul-Rauf

M, Price H, Karran L, Majekodunmi O, Wlodarska I, Pan L,

Crook T, Hamoudi R, Isaacson PG, Dyer MJ : Bcl10 is involved

in t(1;14)(p22;q32) of MALT B cell lymphoma and mutated in

multiple tumor types. Cell 96 : 35- 45, 1999

54 Zhang Q, Siebert R, Yan M, Hinzmann B, Cui X, Xue L,

Rakestraw KM, Naeve CW, Beckmann G, Weisenburger DD,

Sanger WG, Nowotny H, Vesely M, Callet-Bauchu E, Salles G,

Dixit VM, Rosenthal A, Schlegelberger B, Morris SW :

Inactivating mutations and overexpression of BCL10, a caspase

recruitment domain-containing gene, in MALT lymphoma with

t(1;14)(p22;q32). Nat Genet 22 : 63- 68, 1999

55 Koseki T, Inohara N, Chen S, Carrio R, Merino J, Hottiger MO,

Nabel GJ, Nunez G : CIPER, a novel NF-kappaB-activating pro-

tein containing a caspase recruitment domain with homology to

Herpesvirus-2 protein E10. J Biol Chem 274 : 9955- 9961, 1999

56 Thome M, Martinon F, Hofmann K, Rubio V, Steiner V,

Schneider P, Mattmann C, Tschopp J : Equine herpesvirus-2 E10

gene product, but not its cellular homologue, activates NF-

kappaB transcription factor and c-Jun N-terminal kinase. J Biol

Chem 274 : 9962- 9968, 1999

57 Yan M, Lee J, Schilbach S, Goddard A, Dixit V : mE10, a novel

caspase recruitment domain-containing proapoptotic molecule. J

Biol Chem 274 : 10287- 10292, 1999

58 Srinivasula SM, Ahmad M, Lin JH, Poyet JL, Fernandes-Alnemri

T, Tsichlis PN, Alnemri ES : CLAP, a novel caspase recruitment

domain-containing protein in the tumor necrosis factor receptor

pathway, regulates NF-kappaB activation and apoptosis. J Biol

Chem 274 : 17946- 17954, 1999

59 Costanzo A, Guiet C, Vito P : c-E10 is a caspase-recruiting

domain-containing protein that interacts with components of death

receptors signaling pathway and activates nuclear factor-kappaB. J

Biol Chem 274 : 20127- 20132, 1999

60 Yoneda T, Imaizumi K, Maeda M, Yui D, Manabe T, Katayama

T, Sato N, Gomi F, Morihara T, Mori Y, Miyoshi K, Hitomi J,

Ugawa S, Yamada S, Okabe M, Tohyama M : Regulatory mecha-

nisms of TRAF2-mediated signal transduction by Bcl10, a MALT

lymphoma-associated protein. J Biol Chem 275 : 11114- 11120,

2000

61 Ruland J, Duncan GS, Elia A, del Barco Barrantes, Nguyen L,

Plyte S, Millar DG, Bouchard D, Wakeham A, Ohashi PS, Mak

TW : Bcl10 is a positive regulator of antigen receptor-induced

activation of NF-kappaB and neural tube closure. Cell 104 :

33- 42, 2001

62 Xue L, Morris SW, Orihuela C, Tuomanen E, Cui X, Wen R,

Wang D : Defective development and function of Bcl10-deficient

follicular, marginal zone and B1 B cells. Nat Immunol 4 :

857- 865, 2003

63 Ye H, Gong L, Liu H, Ruskone-Fourmestraux A, de Jong D, Pileri

S, Thiede C, Lavergne A, Boot H, Caletti G, Wundisch T, Molina

T, Taal BG, Elena S, Neubauer A, Maclennan KA, Siebert R,

Remstein ED, Dogan A, Du MQ : Strong BCL10 nuclear expres-

sion identifies gastric MALT lymphomas that do not respond to H.

pylori eradication. Gut 55 : 137- 138, 2006

64 Holzmann K, Kohlhammer H, Schwaenen C, Wessendorf S,

Kestler HA, Schwoerer A, Rau B, Radlwimmer B, Dohner H,

Lichter P, Gress T, Bentz M : Genomic DNA-chip hybridization

reveals a higher incidence of genomic amplifications in pancreatic

cancer than conventional comparative genomic hybridization and

leads to the identification of novel candidate genes. Cancer Res

64 : 4428- 4433, 2004

65 Ye H, Gesk S, Martin-Subero JI, Nader A, Du MQ, Siebert R :

BCL10 gene amplification associated with strong nuclear BCL10

expression in a diffuse large B cell lymphoma with IGH-BCL2

fusion. Haematologica 91 (6 Suppl) : ECR 28, 2006

66 Streubel B, Lamprecht A, Dierlamm J, Cerroni L, Stolte M, Ott G,

Raderer M, Chott A : t(14;18)(q32;q21) involving IGH and

MALT1 is a frequent chromosomal aberration in MALT lympho-

ma. Blood 101 : 2335- 2339, 2003

67 Sanchez-Izquierdo D, Buchonnet G, Siebert R, Gascoyne RD,

Climent J, Karran L, Marin M, Blesa D, Horsman D, Rosenwald

A, Staudt LM, Albertson DG, Du MQ, Ye H, Marynen P, Garcia-

Conde J, Pinkel D, Dyer MJ, Martinez-Climent JA : MALT1 is

deregulated by both chromosomal translocation and amplification

in B-cell non-Hodgkin lymphoma. Blood 101 : 4539- 4546, 2003

68 Remstein ED, Kurtin PJ, Einerson RR, Paternoster SF, Dewald

GW : Primary pulmonary MALT lymphomas show frequent and

heterogeneous cytogenetic abnormalities, including aneuploidy

and translocations involving API2 and MALT1 and IGH and

MALT1. Leukemia 18 : 156- 160, 2004

69 Murga Penas EM, Hinz K, Roser K, Copie-Bergman C,

Wlodarska I, Marynen P, Hagemeijer A, Gaulard P, Loning T,

Hossfeld DK, Dierlamm J : Translocations t(11;18)(q21;q21) and

t(14;18)(q32;q21) are the main chromosomal abnormalities in-

Du M-Q

40



volving MLT/MALT1 in MALT lymphomas. Leukemia 17 :

2225- 2229, 2003

70 Streubel B, Simonitsch-Klupp I, Mullauer L, Lamprecht A, Huber

D, Siebert R, Stolte M, Trautinger F, Lukas J, Puspok A,

Formanek M, Assanasen T, Muller-Hermelink HK, Cerroni L,

Raderer M, Chott A : Variable frequencies of MALT lymphoma-

associated genetic aberrations in MALT lymphomas of different

sites. Leukemia 18 : 1722- 1726, 2004

71 Ye H, Gong L, Liu H, Hamoudi RA, Shirali S, Ho L, Chott A,

Streubel B, Siebert R, Gesk S, Martin-Subero JI, Radford JA,

Banerjee S, Nicholson AG, Ranaldi R, Remstein ED, Gao Z,

Zheng J, Isaacson PG, Dogan A, Du MQ : MALT lymphoma with

t(14;18)(q32;q21)/IGH-MALT1 is characterized by strong cyto-

plasmic MALT1 and BCL10 expression. J Pathol 205 : 293- 301,

2005

72 Cook JR, Sherer M, Craig FE, Shekhter-Levin S, Swerdlow SH :

T(14;18)(q32;q21) involving MALT1 and IGH genes in an extra-

nodal diffuse large B-cell lymphoma. Hum Pathol 34 :

1212- 1215, 2003

73 Dijkman R, Tensen CP, Jordanova ES, Knijnenburg J, Hoefnagel

JJ, Mulder AA, Rosenberg C, Raap AK, Willemze R, Szuhai K,

Vermeer MH : Array-based comparative genomic hybridization

analysis reveals recurrent chromosomal alterations and prognostic

parameters in primary cutaneous large B-cell lymphoma. J Clin

Oncol 24 : 296- 305, 2006

74 Streubel B, Vinatzer U, Lamprecht A, Raderer M, Chott A : T(3;

14)(p14.1;q32) involving IGH and FOXP1 is a novel recurrent

chromosomal aberration in MALT lymphoma. Leukemia 19 :

652- 658, 2005

75 Wlodarska I, Veyt E, De Paepe P, Vandenberghe P, Nooijen P,

Theate I, Michaux L, Sagaert X, Marynen P, Hagemeijer A, Wolf-

Peeters C : FOXP1, a gene highly expressed in a subset of diffuse

large B-cell lymphoma, is recurrently targeted by genomic aberra-

tions. Leukemia 19 : 1299- 1305, 2005

76 Fenton JA, Schuuring E, Barrans SL, Banham AH, Rollinson SJ,

Morgan GJ, Jack AS, van Krieken JH, Kluin PM : t(3;14)(p14;

q32) results in aberrant expression of FOXP1 in a case of diffuse

large B-cell lymphoma. Genes Chromosomes Cancer 45 :

164- 168, 2006

77 Hu H, Wang B, Borde M, Nardone J, Maika S, Allred L, Tucker

PW, Rao A : Foxp1 is an essential transcriptional regulator of B

cell development. Nat Immunol 7 : 819- 826, 2006

78 Haralambieva E, Adam P, Ventura R, Katzenberger T, Kalla J,

Holler S, Hartmann M, Rosenwald A, Greiner A, Muller-

Hermelink HK, Banham AH, Ott G : Genetic rearrangement of

FOXP1 is predominantly detected in a subset of diffuse large B-

cell lymphomas with extranodal presentation. Leukemia 20 :

1300- 1303, 2006

79 Ruefli-Brasse AA, French DM, Dixit VM : Regulation of NF-

kappaB-dependent lymphocyte activation and development by

paracaspase. Science 302 : 1581- 1584, 2003

80 Matsumoto R, Wang D, Blonska M, Li H, Kobayashi M, Pappu B,

Chen Y, Wang D, Lin X : Phosphorylation of CARMA1 plays a

critical role in T Cell receptor-mediated NF-kappaB activation.

Immunity 23 : 575- 585, 2005

81 Sommer K, Guo B, Pomerantz JL, Bandaranayake AD, Moreno-

Garcia ME, Ovechkina YL, Rawlings DJ : Phosphorylation of the

CARMA1 linker controls NF-kappaB activation. Immunity 23 :

561- 574, 2005

82 Gaide O, Martinon F, Micheau O, Bonnet D, Thome M, Tschopp

J : Carma1, a CARD-containing binding partner of Bcl10, induces

Bcl10 phosphorylation and NF-kappaB activation. FEBS Lett

496 : 121- 127, 2001

83 Bertin J, Wang L, Guo Y, Jacobson MD, Poyet JL, Srinivasula

SM, Merriam S, DiStefano PS, Alnemri ES : CARD11 and

CARD14 are novel caspase recruitment domain (CARD)/mem-

brane-associated guanylate kinase (MAGUK) family members that

interact with BCL10 and activate NF-kappaB. J Biol Chem 276 :

11877- 11882, 2001

84 McAllister-Lucas LM, Inohara N, Lucas PC, Ruland J, Benito A,

Li Q, Chen S, Chen FF, Yamaoka S, Verma IM, Mak TW, Nunez

G : Bimp1, a MAGUK family member linking protein kinase C

activation to Bcl10-mediated NF-kappaB induction. J Biol Chem

276 : 30589- 30597, 2001

85 Zhou H, Wertz I, O’Rourke K, Ultsch M, Seshagiri S, Eby M,

Xiao W, Dixit VM : Bcl10 activates the NF-kappaB pathway

through ubiquitination of NEMO. Nature 427 : 167- 171, 2004

86 Sun L, Deng L, Ea CK, Xia ZP, Chen ZJ : The TRAF6 ubiquitin

ligase and TAK1 kinase mediate IKK activation by BCL10 and

MALT1 in T lymphocytes. Mol Cell 14 : 289- 301, 2004

87 Lucas PC, Kuffa P, Gu S, Kohrt D, Kim DS, Siu K, Jin X,

Swenson J, McAllister-Lucas LM : A dual role for the API2 moi-

ety in API2-MALT1-dependent NF-kappaB activation : hetero-

typic oligomerization and TRAF2 recruitment. Oncogene 26 :

5643- 5654, 2007

88 Baens M, Fevery S, Sagaert X, Noels H, Hagens S, Broeckx V,

Billiau AD, De Wolf-Peeters C, Marynen P : Selective expansion

of marginal zone B cells in Emicro-API2-MALT1 mice is linked

to enhanced IkappaB kinase gamma polyubiquitination. Cancer

Res 66 : 5270- 5277, 2006

89 Macintyre E, Willerford D, Morris SW : Non-Hodgkin’ s

Lymphoma : Molecular Features of B Cell Lymphoma. In :

Hematology (Am Soc Hematol Educ Program) , The American

Society of Hematology, Washington DC, pp. 180- 204, 2000

90 Ho L, Davis RE, Conne B, Chappuis R, Berczy M, Mhawech P,

Staudt LM, Schwaller J : MALT1 and the API2-MALT1 fusion

act between CD40 and IKK and confer NF-kappaB-dependent

proliferative advantage and resistance against FAS-induced cell

death in B cells. Blood 105 : 2891- 2899, 2005

91 Sagaert X, Theys T, Wolf-Peeters C, Marynen P, Baens M :

Splenic marginal zone lymphoma-like features in API2-MALT1

transgenic mice that are exposed to antigenic stimulation.

Haematologica 91 : 1693- 1696, 2006

92 Zhou Y, Ye H, Martin-Subero JI, Hamoudi R, Lu YJ, Wang R,

Siebert R, Shipley J, Isaacson PG, Dogan A, Du MQ : Distinct

comparative genomic hybridisation profiles in gastric mucosa-

Recent advances of MALT lymphoma

41



associated lymphoid tissue lymphomas with and without t(11;18)

(q21;q21). Br J Haematol 133 : 35- 42, 2006

93 Zhou Y, Ye H, Martin-Subero JI, Gesk S, Hamoudi RA, Lu YJ,

Wang R, Shipley J, Siebert R, Isaacson PG, Dogan A, Du MQ :

Salivary gland MALT lymphomas show a conserved pattern of

genomic gains. Haematologica 92 : 921- 927, 2007

94 Urisman A, Molinaro RJ, Fischer N, Plummer SJ, Casey G, Klein

EA, Malathi K, Magi-Galluzzi C, Tubbs RR, Ganem D, Silverman

RH, Derisi JL : Identification of a novel Gammaretrovirus in

prostate tumors of patients homozygous for R462Q RNASEL

Variant. PLoS Pathog 2 : e25, 2006

95 Streubel B, Bilban M, Raderer M, Chott A : MALT lymphoma :

novel translocations and three distinct gene expression profiles.

Lab Invest 87 [Suppl 1], 261A, 2007

96 Remstein ED, Law ME, Dewald GW, Kurtin PJ, Dogan A : CpG

oligonucleotides induce growth of MALT lymphoma cells in vitro

and reveal novel cytogenetic abnormalities. Lab Invest 87 [Suppl

1], 257A, 2007

97 Ye H, Dogan A, Karran L, Willis TG, Chen L, Wlodarska I, Dyer

MJ, Isaacson PG, Du MQ : BCL10 expression in normal and

neoplastic lymphoid tissue : Nuclear localization in MALT lym-

phoma. Am J Pathol 157 : 1147- 1154, 2000

98 Maes B, Demunter A, Peeters B, Wolf-Peeters C : BCL10 muta-

tion does not represent an important pathogenic mechanism in

gastric MALT-type lymphoma, and the presence of the API2-

MLT fusion is associated with aberrant nuclear BCL10 expres-

sion. Blood 99 : 1398- 1404, 2002

99 Nakagawa M, Hosokawa Y, Yonezumi M, Izumiyama K, Suzuki

R, Tsuzuki S, Asaka M, Seto M : MALT1 contains nuclear export

signals and regulates cytoplasmic localization of BCL10. Blood

106 : 4210- 4216, 2005

Du M-Q

42


	INTRODUCTION
	MICROBIAL PATHOGENS AND MALT LYMPHOMA
	Helicobacter pylori and gastric MALT lymphoma
	Campylobacter jejuni and immunop roliferative small intestine disease (IPSID)
	Borrelia burgdorferi and cutaneous marginal B cell lymphoma
	Chlamydia psittaci infection and ocular adnexal MALT lymphoma
	Molecular genetics of MALT lymphoma
	Chromosomal translocations
	Common molecular mechanisms targeted by different chromosomal translocations
	Interplay between MALT lymphoma associated oncogenic products and immunological stimulations
	Molecular genetics of translocation negative MALT lymphoma

	FUTURE INVESTIGATIONS
	ACKNOWLEDGEMENT
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


