N
N

N

HAL

open science

MALT LYMPHOMA: MANY ROADS LEAD TO
NF-kB ACTIVATION
Ming-Qing Du

» To cite this version:

Ming-Qing Du. MALT LYMPHOMA: MANY ROADS LEAD TO NF-kB ACTIVATION.
Histopathology, 2011, 58 (1), pp.26. 10.1111/j.1365-2559.2010.03699.x . hal-00610742

HAL Id: hal-00610742
https://hal.science/hal-00610742

Submitted on 24 Jul 2011

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00610742
https://hal.archives-ouvertes.fr

Histopathology

Histopathology

MALT LYMPHOMA: MANY ROADS LEAD TO NF-kB
ACTIVATION

Journal: | Histopathology

Manuscript ID: | HISTOP-08-10-0467.R1

Wiley - Manuscript type: | Review

Date Submitted by the

Author 21-Sep-2010

Complete List of Authors: | Du, Ming-Qing; University of Cambridge, Pathology

Keywords: | BCL10, MALT1, API2-MALT1, NF-kB, MALT lymphoma

SCHOLARONE™
Manuscripts

Published on behalf of the British Division of the International Academy of Pathology




Page 1 of 24 Histopathology

MALT LYMPHOMA: MANY ROADS LEAD TO NF-xB ACTIVATION

Ming-Qing Du

Division of Molecular Histopathology, Department of Pathology,
University of Cambridge, Cambridge, UK

Short title: NF-«B activation in MALT lymphoma

Keywords:  BCL10, MALT1, API2-MALTI, A20, NF-xkB, MALT lymphoma

Correspondence to

Professor 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

Tel:  +44 (0)1223 767092
Fax:  +44 (0)1223 586670
Email: mqd20@cam.ac.uk

The author confirms that:

1) The work is original

2) The work has not been and will not be published, in part or in whole, in any other
journal

3) All authors have agreed to the contents of the manuscript in its submitted form

1

Published on behalf of the British Division of the International Academy of Pathology



Histopathology Page 2 of 24

ABSTRACT

Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma) is
genetically characterised by several recurrent, but mutually exclusive chromosome translocations.
To date, it has been shown that at least the oncogenic products of t(1;14)(p22;q32)/BCLI10-IGH,
t(14;18)(q32;21)/IGH-MALTI and t(11;18)(q21;q21)/API2-MALT1 activate the NF-kB activation
pathway. Recently, A20, an essential global NF-kB inhibitor, was found to be inactivated by
somatic deletion and/or mutation in translocation negative MALT lymphomas. However, these
genetic abnormalities alone are not sufficient for malignant transformation and thus need to
cooperate with other factors in MALT lymphomagenesis. Recent studies have shown steady
exciting progresses in our understanding of the biological functions of BCL10, MALT1 and A20 in
the regulation of the NF-kB activation pathways and the biology of lymphocytes. This review
discusses the implication of these recent advances in the molecular pathogenesis of MALT
lymphoma, and explores how the above genetic abnormalities cooperate with immunological

stimulation in the lymphoma development.

INTRODUCTION

NF-«B is a master transcription factor critical for a number of biological processes involved in both
innate and adaptive immunity. The NF-kB transcription factor family consists of NF-kB1 (p50 and
its precursor p105), NF-kB2 (p52 and its precursor p100), RelA (p65), RelB and c-Rel. All of the
NF-«B family members contain an N-terminal REL homology domain (RHD) and can form various
homo- or heterodimers through RHD-RHD interaction. The NF-kB dimmers are kept inactive in the
cytoplasm by association with one of the three inhibitors (IkBa, IkBf and IkBg) or in its dormant

precursor forms. A number of surface receptors are linked to the NF-kB activation pathway.

Canonical NF-kB pathway

The signalling from the antigen receptor (BCR or TCR), TLR, IL-1R and TNFR leads to the

activation of the canonical NF-kB pathway, which is characterised by activation of the kB kinase
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(IKK) complex, consisting of two catalytic subunits IKKa and IKKp, and the regulatory subunit
IKKY, also known as NEMO (NF-kB essential modulator). The activated IKK complex
phosphorylates IkB, triggering its K48-liked polyubiquitination and subsequent degradation by the
268 proteasome (Figure 1). This releases the NF-kB dimmers, exposes their nuclear localisation

signal and thus permits their nuclear translocation and transcriptional activation of their target genes.

Although all signals from the aforementioned receptors converge on the IKK complex, the upstream
events leading to IKK activation are distinct and involve different adaptor molecules. For example,
the proximal antigen receptor signalling triggers the recruitment of the scaffolding adaptor CARMA1
(CARDI11) and causes phosphorylation in its PKC-regulated domain (PRD). This induces
conformational changes of CARMA and enables its association with BCL10 and self-
oligomerisation, subsequent assembly of the CARMA1/BCL10/MALT1 complex (CBM complex).'?
The CBM complex interacts with TRAF6, activates its E3 ligase activity, resulting in the K63-linked
ubiquitination (non degradative) of TRAF6 and NEMO (Figure 1).3 The activated TRAF6 also
recruits TAB2/TAK1, which phosphorylates IKKB.? These concert events activate the IKK
complex. Likewise, IL-1R / TLR signalling triggers sequential recruitment of MyD88, IRAK and
TRAF6 (Figure 1), and this causes TRAF6 auto-K63-linked polyubiquitylation and thereby its

.. 45
activation.”™

Noncanonical NF-kB pathway

The signalling from CD40, BAFFR (B-cell activating factor receptor) and LTBR (lymphotoxin 3
receptor) activates the noncanonical NF-kB pathway, which is characterised by sequential activation
of the NF-«B inducible kinase (NIK) and IKKa (Figure 1). The activated IKKao phosphorylates NF-
kB2/p100 and induces its partial proteolysis to generate the functional active form of p52. The
activated p52, often in association with RelB, and translocates to the nucleus and transactivates their

target genes.

Negative regulation of NF-kB activation pathway

The NF-kB activation pathway is also governed by a number of negative regulators such as IkBa,
A20, CYLD (cylindromatosis) and TRAF3 (Figure 1).®” Interestingly, IxBo and A20 are targets of
NF-«B, thus their expression following NF-kB activation could act as an auto-negative feedback.

3
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The newly synthesized IkBa can enter the nucleus, dissociate NF-kB from DNA, and export it back
to the cytoplasm. A?20, also known as TNFa inducible protein 3 (TNFAIP3), can specifically
inactivate several proteins critical for the NF-xB signalling, such as RIP1/2, TRAF6, NEMO and
TAKI1 (Figure 1). A20 removes the K63-linked ubiquitin chain that mediates protein function, and

also catalyses the K48-linked polyubiquitin that targets protein for proteasome degradation.®®

NF-«B transactivates more than 200 genes encoding cell cycle regulators, growth factors,
immunoregulatory cytokines, apoptosis inhibitors, negative regulators of the NF-xB pathway etc. In
general, NF-xB activation promotes cellular activation and proliferation. Activation of NF-kB is
normally transient and plays a critical role in lymphocyte development, activation and differentiation.
There is now growing evidence that NF-kB is constitutively activated in several lymphoma subtypes
and many of the aforementioned NF-kB regulators are targeted by genetic alterations in B-cell
lymphomas including MALT lymphoma. The incidences of these genetic abnormalities in MALT

10 . . .
%10 This review instead

lymphoma and their clinical relevance have been reviewed elsewhere.
focuses on the recent advances in our understanding of the genetic abnormalities and immune

receptor signalling that underpin NF-kB activation in MALT lymphoma.

GENETIC ABNORMALITIES IN MALT LYMPHOMA THAT TARGET THE NF-xB
PATHWAY

A number of chromosome translocations have been reported in MALT lymphoma and among these,
t(1;14)(p22;q32), t(14;18)(q32;q21), t(11;18)(q21;921) and t(3;14)(p13;q32) are recurrent although
at considerably variable frequencies in MALT lymphoma of different sites. Despite that these
chromosome translocations involve different genes, at least the first three chromosome translocations
commonly involve genes encoding for NF-kB positive regulators. Recent studies have also shown
that NF-xB negative regulator is also targeted by genetic deletion and inactivating mutations in

MALT lymphoma, preferentially in those lacking the above chromosome translocations.

Chromosome translocation

t(1:14)(p22:932): The translocation brings the entire BCLI0 gene under the regulatory control of the

IG gene enhancer and hence causes its over-expression.'""'> BCL10 contains an N-terminal CARD

(caspase recruitment domain) and a C-terminal Ser/Thr rich domain (Figure 2). Studies of Bcl10-/-
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mice show that Bcl10 deficiency causes a considerable reduction of all mature B-cell subsets
including marginal zone B-cells, and a profound immune-deficiency including both T-cell dependent

and T-cell independent responses.13 14

These defects are essentially due to the role of BCL10 in the
antigen receptor and TLR mediated NF-xB activation.'>'* Biochemical investigations demonstrate
that over-expression of BCL10 alone is capable of activating of the NF-kB pathway and c-Jun N-
terminal kinase (JNK), and this depends on BCL10 oligomerisation mediated by its CARD

domain.”"’

Physiologically, BCL10 acts as an adaptor protein linking its upstream protein CARMAL1 to its
downstream molecule MALT1.> The binding between CARMA1 and BCLI0 is through interaction

2022 while the interaction between BCL10 and MALT] is via a

of their respective CARD domain,
short region (amino acids 107-119) downstream of the BCL10 CARD and the two N-terminal Ig-like
domains of MALT1.”® The interaction among these proteins leads to formation of the CBM complex,
which relays the signalling from the antigen receptor, TLR and GPCR (G protein —coupled receptors)
to the canonical NF-«B activation pathway.**?° It is likely that there are further receptors that link to

the CBM complex.

In addition to the role of BCL10 in the canonical NF-kB pathway, there is now evidence that BCL10
also activates the non-canonical NF-xB pathway. It has been shown that BCL10 silencing abrogated
the sulphated polysaccharide carrageenan induced NIK phospharylation and p52 production, the
hallmark of the non-canonical pathway activation, in mouse embryonic fibroblasts and in human
colonic epithelial cells.”” In line with this, an early study showed that the BCL10 mediated NF-xB
activation could be abrogated by co-expression of a dominant negative form of NIK.* It remains to
be investigated whether this is also a feature in B-cells. Interestingly, the Eu-BCL10 mice show
constitutive activation of both canonical and noncanonical NF-xB pathways in their splenic marginal
zone B -cells.”” Nonetheless, the constitutive activation of the noncanonical pathway in Eu-BCL10
mice might be secondary to the increased expression of BAFF, which is an NF-kB target and can
activate both the canonical and noncanonical NF-xB pathways.” An increased expression of BAFF
is also seen in human gastric MALT lymphoma.™ Thus, BAFF expression may serve as an autocrine

positive feedback.
In line with the known physiological role of BCL10 in normal lymphocytes, the protein is typically
expressed essentially in the cytoplasm of normal B-cells including marginal zone B- cells,” the
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normal cell counterpart of MALT lymphoma. Intriguingly, the protein is expressed strongly in the
nuclei of lymphoma cells with t(1;14)(q22;q32)/BCL10-IGH and moderately in those with
t(11;18)(g21 ;q21).31'34 Strong nuclear BCL10 expression is also a feature of the marginal zone B-
cells of Eu-BCL10 mice.”’ BCL10 does not contain any known nuclear localisation signal. How
BCLI10 sub-cellular localisation is regulated is not totally understood although several factors that
regulate BCL10 stability or its shuttling between the nucleus and cytoplasm have been identified.
Firstly, it has been shown that API2 is an E3 ubiquitin ligase of BCL10 and targets it for degradation,
thereby limiting the antigen receptor mediated NF-kB activation.® In line with this, the level of
BCL10 protein is much higher in MALT lymphoma with t(11;18)(q21;q21)/API2-MALT1 than those
without chromosome translocation since one API2 allele is fused with MALT] and the API2
mediated BCL10 degradation is likely compromised in lymphoma cells with the translocation.®
Secondly, a previous study shows that MALT1 contains nuclear export signals and can export
BCLI10 from the nucleus to the cytoplasm in COS7 cells, and the sub-cellular localisation of BCL10
depends on the relative ratio of BCL10 and MALT1 expression.*® Intriguingly, MALT1 does not
contain any known nuclear localisation signals and no nuclear expression of the protein has been
seen in normal B-cells or lymphoma cells including those with MALT1 involved translocation.”®’
It remains uncertain whether MALT1 mediated BCL10 cytoplasmic export is operational in vivo.
Lastly, TNFa up-regulates BCL10 expression, induces its association with BCL3 and subsequent
nuclear translocation in MCF7 cells.™® The above findings from both studies of primary MALT
lymphoma and in vitro experiments consistently suggest that BCL10 nuclear expression is strongly
associated with its increased expression. The function of nuclear BCL10 is unknown. In view of its

association with BCL3, a co-activator of NF-kB, nuclear BCL10 may be involved in the regulation

of the NF-«B transcriptional activities.

t(14:18)(q32;921): The translocation brings the entire MALT1 gene under the regulatory control of

the IGH gene and hence deregulates its expression. MALT1 belongs to the paracapase family and
contains an N-terminal death domain, followed by two Ig-like domains, and a caspase-like domain
and a third Ig-like domain in its C-terminus. Studies of Maltl deficiency mice demonstrate that
Malt1 is important for antigen receptor and TLR mediated NF-«B activation in B and T-cells,
particularly the latter, operating downstream of Bc110.**° In addition, studies of Malt1 deficiency B-
cells also show that Malt1 is essential for BAFF mediated activation of the noncanonical NF-xB
pathway and this is most likely due to Maltl dependent degradation of TRAF3, an inhibitor of

2342
B,

NIK. ! Nonetheless, expression of MALT1 alone in vitro does not activate NF-k and this is
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likely due to a lack of structural domain that can mediate MALT1 self-oligomerisation. Despite this,
MALT1 is synergistic with BCL10 in the activation of NF-xB. As mentioned above, BCL10 binds
to the two N-terminal Ig-like domains of MALT1, and mediates its oligomerisation and activation.*
The activated MALT1 binds to TRAF6, induces TRAFG6 oligomerisation, and thus its activation,
which leads to the activation of the IKK complex as described above.>* Three TRAF6 binding
motifs have been identified in MALT1, one within the second Ig-like domain and the other two in its

C-terminal region (Figure 2).>*

It has also been shown recently that MALT1 can directly activate caspase-8 through hetero-
dimerisation and direct its function to activate the NF-xB pathway rather than apoptosis pathway
upon antigen receptor stimulation in T-cells.** This functional feature of MALT] is unlikely
restricted to T-cells since caspase-8 is also important for the B-cell receptor and NK-cell receptor
signalling in human.” Nonetheless, how caspase-8 activation leads to NF-kB activation remains

poorly understood.

In addition, several recent studies have shown that MALT1 also regulates NF-kB activation through
its protease activities. Despite the recognition of a caspase-like domain in the C-terminal of MALTI,
it is only shown until recently that MALT1 indeed possesses protease activities. To date, two
MALT] substrates, namely BCL10 and A20, have been identified. MALT]1 cleaves BCL10 at
Arg228 and this is required for T-cell receptor induced cell adhesion to fibronectin.*® It remains to
be investigated whether BCL10 cleavage occurs in B-cells and if so whether it regulates B-cell
adhesion, migration and retention to inflammation sites. MALT1 cleaves human A20 at Arg439
between its first and second zinc fingers, and abolishes its NF-kB inhibitory function.*’*® The
MALT]1 protease activity is required for optimal NF-kB activation, although inhibition of the
proteolytic activity does not affect IxB phosphorylation by IKK.**** By attenuating the activity of
the “global” NF-«B inhibitor A20, MALT1 likely maximizes and prolongs NF-kB activation. In the
case of MALT lymphoma cells with t(1;14)(p22;q32)/BCL10-I1GH or t(14;18)(q32;q21)/IGH-
MALTI where MALT]1 is constitutively activated, the proteolytic degradation of the newly
synthesised A20 may eliminate such physiological auto-negative feedback and lead to relentless NF-

kB activation.

t(11;18)(g21;921): The translocation fuses the N-terminal region of the API2 to the C-terminal
49-51

region of the MALTI and generates a functional chimeric fusion (Figure 2), which gains the
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ability to activate the NF-xB palthway.23’42 It has been shown that the API2-MALT]1 fusion
oligomerises through heterotypic interaction between the BIR1 of the API2 moiety and the C-
terminal region of MALT1 in absence of any upstream stimulation, and such oligomerisation is
critical for API2-MALT1 mediated NF-kB activation.’> In analogue to the BCL10 transgenic mice,
the Eu-API2-MALT1 mice show expansion of splenic marginal zone B-cells that are characterised

by increased NF-kB activities.”

API2-MALT]1 directly binds to both TRAF2 and TRAF6. Disruption of either of these interactions
significantly impairs the capacity of API2-MALT1 mediated NF-kB activation.”**** It is highly
likely that API2-MALT]1 requires both TRAF2 and TRAF6 to maximise its capacity of NF-xB
activation. The motif of API2-MALT1, which binds to TRAF2, is in the BIR1 domain of the API2
moiety, and this is distinct from the region of BIR1 domain responsible for API2-MALT1
oligomerisaiton.”> The downstream of molecular events on how the interaction between API2-
MALT1 and TRAF?2 leads to NF-xB activation remains to be investigated. The motif of API2-
MALTI, which binds to TRAF®6, is within the moiety of C-terminal MALT1, as mentioned above.>*®
Majority of the API2-MALT]1 fusions in MALT lymphoma retain all the three TRAF6 binding sites,
with all fusions containing the two C-terminal binding sites (Figure 2).*5 The interaction between
API2-MALT]1 and TRAF6 likely mediates TRAF6 oligomerisation and activates its E3 ubiquitin

ligase activity, which leads to the activation of the IKK complex.”*

All the API2-MALTI fusion products also contain the intact caspase-like domain of the C-terminal
MALT]1 and thus possess its protease activities. Like MALT1, expression of API2-MALT]1 also
results in A20 cleavage.’” By proteolytic inactivation of this global NF-kB inhibitor, constitutive
expression of API2-MALT1 may result in persistent NF-xB activation. In addition, API2-MALTI
itself is a target of NF-kB and thus the API2-MALT1 induced NF-«kB activation may enhance its
own expression, potentially forming a positive feedback loop.56 In keeping with the above notion,
high levels of polyubiquitination of NEMO are seen in both MALT lymphomas with
t(11;18)(q21;q21)/API2-MALT1 and splenic marginal zone B-cells of Ep-API2-MALT1 mice.”>”’

t(3:14)(p13:932): This translocation deregulates the expression of the FOXPI gene.”®* 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 (Figure 1). FOXPI is involved in

regulation of the Ragl and Rag2 expression, thus essential for B-cell development.®’ Apart from this,
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the biological function of FOXP1 is largely unknown. There are several FOXP1 isoforms and the
smaller isoforms are expressed at a much higher level in the activated B-cell like diffuse large B-cell
lymphoma (ABC-DLBCL) than the germinal centre B-cell like diffuse large B-cell lymphoma
(GCB-DLBCL).” Given that ABC-DLBCL is characterised by constitutive NF-«B activation, it has
been long speculated that FOXP1 may regulate NF-xB activation. In support of this speculation,
various FOXP1 isoforms, particularly the smaller isoforms, were capable of activating the NF-xB

reporter in both B and T-cell lines (Appert, Goatly and Du, unpublished results).

Other newly identified chromosomal translocations in MALT lymphoma: Several novel chromosome

translocations have been recently described in MALT lymphoma and these include
t(X;14)(p11.4;932)/GPR34-IGH,  t(1;14)(p21;q32)/CNN3-IGH, t(5;14)(q34;q32)/0DZ2-IGH and
t(9;14)(p24;q32)/IMJ D2C-IGH.** Like classic chromosome translocation involving the IG gene loci,
the expression of these genes is markedly increased in cases with the respective translocation.®*®*
The function of these potential oncogenes is currently unknown. Nonetheless, expression of GPR34
in Hela cells activated both the canonical NF-kB pathway and the MAP kinase pathway,®’ further

extending the list of genetic abnormalities in MALT lymphoma, which target the NF-kB pathway.
A20 inactivation:

The majority of MALT lymphomas, particularly those from the ocular adnexa, salivary gland and
thyroid, are negative for the above chromosome translocations. In an attempt to characterise the
genetics of translocation negative MALT lymphomas, we and others identified A20 as the target of
6923 deletion in ocular adnexal MALT lymphoma by array comparative genomic hybridisati()n.65'67
Subsequent studies show that A20 is frequently inactivated by somatic deletion and/or mutation in
MALT lymphoma, DLBCL, Hodgkin lymphoma and primary mediastinal B-cell lymphoma.®®*"* In
ocular adnexal MALT lymphoma, complete A20 inactivation was associated with poor lymphoma
free survival,”® and the clinical impact of A20 inactivation in other lymphoma subtypes is currently
unknown. In addition, A20 is linked to a range of chronic inflammatory disorders including
autoimmune diseases such as systemic lupus erythematosis and rheumatoid arthritis,’*’® which

associates with a significantly increased risk of lymphoma.”

A20 is a “global” essential negative regulator of the NF-xB activation pathway and can attenuate the

NF-«B activity triggered by a number of surface receptors.”****' A20 restricts NF-kB activities by
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inactivating several proteins that are critical to NF-kB signalling, such as RIP1/2, TRAF6, NEMO,
and TAK1.”***#! A20 can specifically remove the K63-linked ubiquitin chain that is crucial to
protein function, and this is essentially mediated by the N-terminal OTU domain that belongs to the
family of deubiquitinating cysteine proteases.*® Additionally, A20 catalyses the K48-linked
polyubiquitin that targets proteins for proteasome degradation, and this is mediated by the C-terminal
ZF domains that possess E3 ligase activity.(”8 By inhibiting NF-xB pathway activation, A20 acts as a

- 70-73
tumour suppressor in lymphoma.

As a molecular “brake” of the NF-kB activation pathways, A20 inactivation alone clearly is not
sufficient for malignant transformation. In fact, A20 deficiency mice die shortly after birth due to
massive multiorgan inflammation.*> As mentioned above, A20 genetic abnormalities are mutually
exclusive from the chromosome translocations seen in MALT lymphoma. Nonetheless, there is a
significant association between A20 genetic abnormalities and a low copy number gain of 6p21
containing the TNFA/B/C loci.®®® Tt is highly likely that A20 mediated oncogenic activities in

MALT lymphoma depends on the NF-«B activation triggered by TNF and others yet to be identified.

ROLE OF IMMUNOLOGICAL DRIVE IN TRANSLOCATION POSITIVE MALT
LYMPHOMA

There is overwhelming evidence indicating that chromosome translocation alone including those
seen in MALT lymphoma is not sufficient for full malignant transformation. Both Eu-BCL10 and
Ep-API2-MALT]1 mice develop splenic marginal zone hyperplasia but not lymphoma.”®>* Thus,
additional factors are required to cooperate with these chromosome translocations in MALT
lymphoma development. T(11;18)(q21;q21)/API2-MALTI, the most frequent translocation in

MALT lymphoma, often occurs as a sole cytogenetic aberration,*™

and comparative genomic
hybridisation analyses also show that t(11;18)(q21;q21) positive MALT lymphoma has few genomic
copy number alterations.®” In addition, translocation positive MALT lymphomas do not harbour A20
gene deletion or mutation.®>% Although the full genetic abnormalities in translocation positive
MALT lymphoma remain to be investigated, there is now increasing evidence suggesting that the
oncogenic product of MALT lymphoma associated translocation cooperates with immunological

stimulation in oncogenesis.
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Stimulation of surface immune receptors such as CD40 and antigen receptor can enhance the NF-xB
activation by expression of API2-MALT1, MALT1 and BCL10 in vitro."” Several other surface
receptors such as CCR2 and TLR6, and the apoptosis inhibitor BCL2 are also more abundantly and
homogeneously expressed in MALT lymphoma with chromosome translocation than those without
the translocation as shown recently by gene expression profiling analyses.87 Interestingly, these
genes themselves are the transcriptional targets of NF-kB and expression of TLR6, in presence of its
heterodimer partner TLR2, can enhance both API2-MALT1 and BCL10 mediated NF-kB activation
in vitro. ¥ Although it remains to be investigated, it is also likely that the enhanced CCR2
expression may augment the NF-xB activation by MALT lymphoma associated oncogenic products.
Thus, the enhanced expression of these surface receptors may act as a positive feedback to the NF-
kB activation by the MALT lymphoma associated translocations (Figure 3). This, together with the
aforementioned proteolytic degradation of the NF-kB inhibitor A20 by MALT1 or API2-MALTI,

would lead to relentless constitutive NF-kB activation (Figure 3).

The above speculated cooperation between MALT lymphoma associated translocation and surface
receptor signalling is likely operational in vivo. The notion is supported by several strands of
evidence based on studies of gastric MALT lymphoma. Firstly, in gastric MALT lymphoma, the
translocation positive cases, like those without translocation, are invariably associated with H. pylori
infection, and the milieu of immunological stimulation is present although this may not be as strong
as that in translocation negative MALT lymphoma; Secondly, there are rare cases of translocation
positive gastric MALT lymphoma that responded to H. pylori eradication,’ suggesting a role of H.
pylori generated immune responses in the lymphoma cell survival; Finally, stimulation of Epu-API2-
MALTI mice with Freund’s complete adjuvant leads to development of splenic marginal zone

lymphoma-like lesion.®®

ROLE OF IMMUNOLOGICAL DRIVE IN TRANSLOCATION NEGATIVE MALT
LYMPHOMA

Most of the translocation negative gastric MALT lymphomas can be cured by H. pylori eradication
alone,” and this strongly indicates that the survival of the lymphoma cells critically depends on the
microbe generated immune responses. There is consistent evidence from in vitro studies that the
growth of malignant B-cells depends on tumour infiltrating H. pylori specific T-cells and this

requires interaction between B and T cells involving CD40 and CD40L co-stimulatory molecules.®"
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! Despite this, the gastric MALT lymphoma-derived Ig is autoreactive rather than recognising H.
pylori antigen.”® Furthermore, the tumour infiltrating T-cells are polyclonal and react to a wide
spectrum of H. pylori derived antigens.93 How could these polyclonal H. pylori reactive tumour
infiltrating T-cells provide growth help to the clonal malignant B-cell population that recognises a
completely different antigen? This is clearly against the dogma of classic T dependent B-cell
activation, which requires recognition of a common antigen and interaction of co-stimulatory
molecules i.e. CD40-CD40L between the two cells. The findings that the switched memory B-cells
could be stimulated by newly activated bystander T-cells provide pertinent explanation of this

dilemma.”

In the case of gastric MALT lymphoma, H. pylori infection constantly results in T-cell dependent
responses through the classic germinal centre reaction, and thus generates reactive B and T-cells.
The H. pylori specific T-cells raised in the reactive component then migrate to the marginal zone /
tumour area and provide noncognate help to auto-reactive malignant B-cells, which may involve
stimulation of CD40 and other surface receptors by soluble ligands and cytokines (Figure 3). This
together with direct antigen receptor stimulation may sustain the growth of malignant B-cells. This
notion is supported by studies of H. felis induced murine MALT lymphoma, in which the growth of
the lymphoma cells was found to be driven by signalling from both antigen receptor stimulation by

self-antigen and noncognate help of tumour infiltrating T-cells.”

In line with the above speculation, gene profiling analysis showed that translocation negative gastric
MALT lymphoma is characterised by enriched expression of proinflammatory cytokines such as I1L8
and IL1pB, molecules involved in B and T-cell interaction such as CD86, CD28 and ICOS.} These
findings suggest that there is an active immune response to H. pylori infection in translocation-
negative gastric MALT lymphoma, and this most likely underscores the tumour cell survival and

proliferation, and thus determines their response to H. pylori eradication.

LESSONS LEARNT FROM MALT LYMPHOMA

96,97

Several other lymphoma subtypes such as ABC-DLBCL, primary mediastinal large B-cell

lymphoma (PMBL),”** multiple myeloma (MM),'” and classical Hodgkin lymphoma (HL),"*" and

102

adult T cell leukemia/ lymphoma ™ are also characterised by constitutive NF-kB activation. The

survival of these lymphoma cells critically depends on constitutive NF-kB activities as demonstrated
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. S L 96,97,100,103-105
by both in vitro and in vivo investigations.

The genetic basis underlying the
constitutive NF-kB activities in these lymphoma subtypes is now under extensive investigations.
A20 mutation and deletion, initially identified in translocation negative ocular adnexal MALT
lymphoma, are also frequently seen in ABC-DLBCL (24-54%), Hodgkin lymphoma (26-44%) and
PMBL lymphoma (36%).7 1In addition, genetic abnormalities have been reported in a number of

71,73,106,107 108,109 .
T and MM T although at low frequencies.

other NF-xB pathway regulators in DLBCL
The advance in such genetic characterisation in one lymphoma will shed lights into the investigation
of other lymphoma subtypes. In this context, MALT lymphoma may offer a unique advantage.
Given it is an indolent low grade B-cell lymphoma, its genetic make-up may be relatively less
complex than those of DLBCL and MM, and a single genetic abnormality, as shown by
t(11;18)(q21;q21)/API2-MALT1 in gastric MALT lymphoma and A20 deletion/mutation in ocular
adnexal MALT lymphoma as discussed above, may have a clear impact on clinicopathological

presentation. These should facilitate the identification of potential “driver” mutations from the

“passenger’” mutations.

The causative relationship between MALT lymphoma and microbial infection provides a paradigm
in characterisation and illustration of the critical role of immunological drive in the lymphoma
pathogenesis. As discussed above, the immunological responses to H. pylori infection not only
directly and indirectly stimulate malignant B-cells, but are also likely to cooperate with the genetic
events in the development of gastric MALT lymphoma. The knowledge learnt from MALT
lymphoma has stimulated the research in characterisation of the role of tumour microenvironment in
other B-cell lymphoma subtypes and will continue providing important insights into these
investigations. Such investigations may also lead to the development of novel therapeutic strategies

1

in other lymphoma subtypes,''” as fruitfully demonstrated in gastric MALT lymphoma.

CONCLUSIONS

As discussed above, various genetic abnormalities seen in MALT lymphoma target the NF-xB
activation pathway. The oncogentic products of t(1;14)(p22;q32)/BCL10-IGH,
t(14;18)(q32;21)/IGH-MALTI and t(11;18)(q21;q21)/API2-MALT1 are all potent activators of the
NF-kB activation pathway. They activate the canonical NF-kB activation pathway, and also
potentially trigger directly and/or indirectly activation of the non-canonical NF-kB pathway. Most
likely, they cooperate with signalling from several surface receptors including the antigen receptor,

TLR, CCR2, and CD40, and consequently cause constitutive NF-xB activation. Similarly, the
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inactivation of the global NF-kB inhibitor A20 also impacts on multiple signalling pathways leading
to NF-kB activation and thus potentially exacerbates the effect of stimulation of several surface
receptors such as the antigen receptor, TNFR and TLR. In this regard, there is a considerable
overlap in the molecular mechanism between MALT lymphoma with and without such genetic
abnormalities. Nonetheless, there is a significant difference in the extent of immunological drive
between gastric MALT lymphoma with and without chromosome translocation, and this underscores

their different responses to H. pylori eradication.

Despite the exciting progress in our understanding of the molecular mechanism of MALT lymphoma,
there are still many open questions to be answered. In the immediate context of MALT lymphoma
pathogenesis, several outstanding questions remain to be investigated. Firstly, what is the function
of nuclear BCL10? Paradoxical to the well descried function of BCL10 in the cytoplasm, the protein
is expressed strongly in the nuclei of MALT lymphoma cells with t(1;14)(p22;q32)/BCLI10-IGH and
moderately in those with t(11;18)(q21;q21)/API2-MALTI *'** High levels of BCL10 nuclear
expression are also seen in the splenic marginal B-cells of Eu-BCL10 mice.” These, together with
the finding that BCL10 binds to BCL3, a co-activator of NF-kB, strongly argue for a potential role of
nuclear BCL10 in regulation of NF-«xB transcription activities. Secondly, what is the full spectrum
of genetic abnormalities of the NF-kB regulators in MALT lymphomas? As shown in DLBCL and
multiple myeloma, there are diverse NF-xB regulators that are targeted by genetic
alterations.”®’"!°'% The current finding of A20 deletion /somatic mutation in MALT lymphoma

may only represents the start of expedition into the world of NF-kB pathway genetic abnormalities.
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FIGURE LEGENDS:

Figure 1. Canonical and noncanonical NF-kB activation pathways. The signalling from the
TRAFR, TLR, IL-1R, and antigen receptor activates the canonical NF-kB pathway, which is
characterised by activation of the IKK complex, phosphorylation and degradation of IkB. The
signalling from CD40, BAFFR and LTPR activates the noncanonical NF-kB pathway, which is
featured by activation of NIK, p100 processing and generation of functional active p52. Both
canonical and noncanonical pathways are governed by several negative regulators, of which A20 and
TRAFS3 are typical representatives.

TNFR: tumour necrosis factor receptor; TLR: toll like receptor; IL-1R: interleukin 1 receptor;
BCR: B-cell receptor; TCR: T-cell receptor; TRAF: TNF associated factor; RIP1: receptor
interacting protein 1; TAKI1: transforming growth factor 3 activating kinase; TAB: TAK binding
protein; IKK: inhibitor of NF-kB kinase; NEMO: NF-«B essential modulator; IxB: inhibitor of
NF-«B; BAFFR: B cell activating factor receptor; LTBR: lymphotoxin 3 receptor; NIK: NF-xB
inducing kinase. K63Ub: K63 linked ubiquitin chain; K48Ub: K48 linked ubiquitin chain.

Figure 2. Key features of MALT lymphoma associated oncogenes or tumour suppresser genes.

Figure 3. The proposed model of molecular pathogenesis of gastric MALT lymphoma with and
without chromosome translocation.

The oncogentic products of t(1;14)(p22;q32)/BCL10-IGH, t(14;18)(q32;21)/IGH-MALT1 and
t(11;18)(q21;921)/API2-MALT1 are potent activator of the canonical NF-kB activation pathway.
They may augment their mediated NF-kB activation by enhanced expression of surface receptors
TLR6 and CCR2, as well as proteolytic cleavage of the negative inhibitor A20. These oncogenic
products may also potentially cooperate with the signalling from BCR, BAFFR and CD40, via helps
of bystander T-cells generated in the H. pylori mediated reactive component.

The growth of translocation negative MALT lymphoma is largely driven by H. pylori generated
immune responses including signalling from CD40 and CD86 through bystander T cell helps, and
direct triggering of TLR and BCR by H. pylori associated lipopolysaccharides and autoantigen
respectively. This underscores that most of translocation negative gastric MALT lymphomas can be
cured by H. pylori eradication.

TLR: toll like receptor; BCR: B-cell receptor; MAPK: MAP kinafe; IkB: inhibitor of NF-«xB;
BAFFR: B cell activating factor receptor; K48Ub: K48 linked ubiquitin chain.
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Figure 2
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