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Abstract: The three distinct entities classified within the broad category of marginal Zone lymphomas
(MZL), namely extranodal of MALT type, nodal (NMZL) and splenic (SMZL) differ in tissues involved,
genetic features, clinical presentation, prognosis and possible treatments. However, a common feature
shared by all 3 concerns the pivotal role of interactions with the microenvironment in their pathogenesis.
Such interactions critically occur through the B cell receptor immunoglobulin (BcR IG), as evidenced
by immunogenetic studies, revealing the presence of biases in the immunoglobulin gene repertoire with
distinctive patterns of somatic hypermutation, strongly alluding to antigen selection of the clonogenic
progenitors but even the malignant cells themselves. This argument is also supported by the high incidence
of genomic aberrations that affect important components of B cell signalling pathways, including that
initiated by the BcR IG in all 3 MZL, albeit with differences among these entities. A final noteworthy fact
concerns the enrichment of certain genomic aberrations in particular immunogenetic subgroups of MZL,
e.g., KLF2 mutations and del(7q) in SMZL expressing IGHV1-2*04 BcR IG, highlighting that the interplay

between cell-intrinsic and microenvironmental drivers is essential for the genesis and evolution of MZL.
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Introduction and selection by (auto)antigens throughout their natural
history (5). This places the B cell receptor immunoglobulin
(BcR IG) expressed by the malignant clones at the

frontlight, given its critical role as mediator of antigen-

The 2016 Revision of the World Health Organization
(WHO) Classification of Lymphoid Neoplasms recognizes
three distinct entities of marginal zone lymphomas (MZL): specific drive affecting the ontogeny and evolution of MZL.
(I) extranodal MZL of mucosa-associated lymphoid tissue

(MALT lymphoma), (I) nodal MZL; and, (IIT) splenic MZL

Immunogenetic studies in MZL have offered insight into
the intricate relationship between the respective malignant

(1-3). These entities differ in terms of pathophysiology,
tissues involved, genetic features, clinical presentation,
prognosis and possible treatments (4). However, a
common feature shared by most if not all MZL concerns a

pronounced role of interactions with the microenvironment

© Annals of Lymphoma. All rights reserved.

clones and their surrounding microenvironment, through
revealing biases in the IG gene repertoire and particular
imprints of somatic hypermutation (SHM) in the context
of (ongoing) antigen selection, while also highlighting
associations with chronic inflammation and/or analogies
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with polyreactive B cells (5,6). This is the focus of the

present review.

B cell receptors in lymphomas—key to improved
understanding, key to refined management

Mature B cell lymphomas arise from well differentiated
B cells: unsurprisingly, therefore, the malignant B cells
retain many features of their normal counterparts,
including engagement in multifaceted interactions with
the microenvironment. That said, the nature of such
interactions and relative contribution to lymphomagenesis
varies considerably between different lymphomas (7,8).

The tumor microenvironment of B cell lymphomas
is a complex network consisting of heterogeneous cell
populations (including macrophages, follicular reticular
cells, follicular dendritic cells, fibroblasts, endothelial cells
and T cells, amongst others) as well as soluble mediators
e.g., chemokines, cytokines and adhesion molecules, to
name a few (7,9,10). Lymphoma cells engage in reciprocal
interactions with accessory cells, their mediators and
structural components of the extracellular matrix (11,12):
for such interactions to occur, the malignant B cells
critically rely on communication pathways whereby signals
are sensed via appropriate receptors.

Similar to normal B cells, the malignant cells in mature
B cell lymphomas express a diverse repertoire of surface
receptors that transmit and augment or, in other instances,
dampen microenvironmental signals, eventually affecting
cell behavior: of these, the most critical role is played by
the B cell receptor immunoglobulin (BcR IG), a claim
supported by various lines of evidence (6).

First, it is highly pertinent that B cell lymphomas
exhibit disease-restricted IG gene repertoires and
particular imprints of SHM within the clonotypic BcR
IG, strongly suggestive of functional selection by discrete
antigens or classes of related antigenic elements (6,13).
Second, most lymphoma cells do not survive or proliferate
autonomously ex vivo, highlighting a critical dependence
on microenvironmental triggers (7,14). Third, inhibition of
microenvironmental crosstalk with pharmacological agents
directly targeting relevant signaling pathways, including
those originating from the BcR IG, has emerged as a highly
efficacious novel therapeutic paradigm for various B cell
lymphomas (15). Finally, recurrent genomic aberrations in
these entities frequently cluster in B cell pathways critical
for microenvironmental interactions, including the BcR,

Toll-like receptor (TLR), Notch, NF-xB and MAPK
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pathways, indicating functional selection (16).

Microenvironmental interactions in MZL

The three distinct subtypes of MZL (extranodal of MALT
type, nodal, splenic) have specific diagnostic criteria
and disease-biased biology, clinical presentation and
natural history (4). The situation is not as straightforward
when it comes to provisional entities in the 2016 WHO
Classification, such as splenic leukemia/lymphoma
unclassifiable (SLLU) (17,18), while it becomes
more complicated by the recent recognition of clonal
lymphocytosis of marginal zone origin (CBL-MZ) (19).
This term refers to the presence of circulating clonal B
cells with an immunophenotype suggestive of marginal
zone derivation in individuals with no symptoms or signs
of lymphoma. CBL-MZ is still enigmatic and may in
fact represent an ‘umbrella’ covering several, unrelated
conditions: that said, evidence suggests that CBL-MZ
may precede the onset of overt MZL (especially SMZL),
therefore constituting a pre-malignant condition. Notably,
there is not a defined cut-off in the clonal B-cell lymphocyte
count for discriminating CBL-MZ from MZL (19,20).

As their name implies, MZ lymphomas appear to arise
in the defined microanatomical area defined as the MZ.
Normally, the MZ hosts different types of B cells, including
monocytoid B cells and MZ cells. The precise ontogenetic
relationship of monocytoid and MZ cells is still disputed,
with some authors claiming that both belong to the same
B cell subpopulation (21), contrasting others who favor
distinct origins (22). In support of the latter, monocytoid
B cells have been shown to be sIgM-/BCL2- cells mostly
expressing BcR IG with unmutated IGHV genes, whereas
MZ B cells are sIgM+/BCL2+ cells generally exhibiting low
levels of SHM (22,23). Moreover, monocytoid B cells are
located in the marginal zones adjacent to the subcapsular
and intermediary sinuses, whereas MZ B cells are found in
different anatomical sites albeit most characteristically in
the spleen, where they are located at the boundary between
the red and the white pulp (24-26). At this location, they are
constantly exposed to blood-borne pathogens and constitute
a first-line of defense against T cell-independent antigens,
such as polysaccharide antigens found on encapsulated
bacteria, while they may also participate in T cell-dependent
immune responses to protein as well as lipid antigens.
Hence, MZ cells are considered as a bridge between innate
and adaptive immune responses, and they are thought to be
endowed with “natural memory” (25-27).

Ann Lymphoma 2020;4:10 | http://dx.doi.org/10.21037/a01-20-18



Annals of Lymphoma, 2020

MZ cells are a major source of natural antibodies
present in healthy individuals in the absence of exogenous
antigenic stimulation: these are predominantly IgM,
and exhibit polyreactivity against self and exogenous
antigens (28). The repertoire and reactivity pattern of
natural antibodies is stable both within and across species,
perhaps reflecting the usage of specific germline-encoded
antigen specificities (i.e. IG genes) selected over evolution
for their ability to recognize a wide range of antigens (29).
Thus, MZ B cells not only provide protection against
pathogens, but also serve important housekeeping roles,
including the recognition and removal of senescent cells
and other cellular debris (30).

For MZ cells to fulfil their role, communication with the
microenvironment is essential, as they need to interact with
different constituents of the innate and adaptive immune
systems in order to initiate rapid antibody responses (27).
Continuous (auto)antigenic stimulation of the BcR IG
can lead to proliferation of B cells, while recruitment
of inflammatory cells (such as T cells, neutrophils and
macrophages) and other microenvironmental components
contributes to lymphomagenesis (31), promoting B cell
expansion and eventual transformation.

Microenvironmental dependencies are maintained in
the distinct MZL entities. Despite the differences between
extranodal MALT lymphomas, NZML and SMZL, they
appear to have in common the key implication of (auto)
antigenic stimulation and microenvironmental interactions
in their ontogeny. In fact, MZLs are considered to
represent a paradigmatic example of external triggering
in lymphoma development, with environmental factors
and the host immune response contributing significantly
to their pathogenesis (32). This is supported by different
lines of evidence, most importantly the connection between
different MZL entities and chronic inflammation in the
context of infections or autoimmune disorders (33).

The most representative example concerns gastric MAL'T
lymphoma and infection by Helicobacter pylori (H. pylori) (34).
Under physiological conditions, lymphocytes cannot
survive in the gastric mucosa, due to the low pH of the
stomach. However, when H. pylori infect the gastric
mucosa they secrete urease buffering the pH of the
stomach, allowing infiltration by lymphocytes and gradual
acquisition of MALT (31,35,36), thus creating a permissive
microenvironment for B cell clonal expansion and gastric
MALT lymphoma outgrowth.

In general, chronic inflammation emerges as a universal
feature in the development of MALT lymphomas, as it
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leads to the accumulation of B cells in organs that usually
lack lymphoid tissue (stomach, lung, salivary glands or
ocular adnexa) (31). Besides infection by H. pylori in
gastric MALT lymphoma, a similar scenario has been
described for Chlamydophila psittaci (Cp) in ocular adnexal
MALT lymphoma (OAMZL) (37,38); Borrelia burgdorferi
in cutaneous MALT lymphoma (39); Campylobacter jejuni
in immunoproliferative small intestinal disease (32,40);
and, the hepatitis C virus in SMZL and extranodal MALT
lymphomas (41-43). It should not be forgotten, however,
that extranodal MZL may arise in the context of chronic
inflammation associated with autoimmune disorders e.g.,
Sjogren’s syndrome in the case of MALT lymphoma of the
salivary glands and Hashimoto’s thyroiditis in the case of
MALT lymphoma of the thyroid (33,44).

Immunoglobulin gene repertoire restrictions in
MzZL

Immunogenetic studies have been key in unravelling biases
in the IG gene repertoire in all three distinct MZL entities
(Figure I), suggesting that antigens or superantigens are
implicated in lymphomagenesis through stimulating the
proliferation of B cells with particular IG receptors.

Extranodal MZL

Extranodal MALT lymphomas display restricted usage of
the IGHV1-69 gene, albeit with differential distribution
depending on the primary site of involvement: indeed,
this gene is more frequently expressed in salivary
MALT lymphoma, followed by gastric MALT and
OAMZL (45). Other IG gene repertoire biases described for
extranodal MALT lymphomas concern (I) frequent usage
of the IGHV3-7 gene in gastric MALT lymphoma and
OAMZL (45); (II) restricted pairing of IGHV4-34 and
IGHV1-8 gene rearrangements with IGKV3-20 gene
rearrangements (50).

Immunogenetic studies have also supported antigen
selection in the natural history of extranodal MALT
lymphomas also by revealing strong similarities to
antibodies with rheumatoid factor (RF) reactivity. In
more detail, elegant studies from van Noesel’s group have
revealed striking VH CDR3 homology with RFs in almost
20% of gastric MALT lymphomas and 41% of salivary
gland MALT lymphomas and, through iz vitro binding
studies, provided functional evidence that a significant
fraction of such cases display strong RF reactivity (51).
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Figure 1 Distinct IGHV gene repertoire biases in Marginal Zone Lymphomas. The IGHV gene repertoire is restricted in all marginal zone
lymphoma (MZL) subtypes. According to the studies by Xochelli ez /. (45) and Moody et al. (46) in extranodal MALT lymphoma, the most
frequent IGHV gene was IGHV1-69 [16/98 cases (16.3%) and 8/94 cases (8.5%), respectively], followed by IGHV3-7 [11/98 cases (11.2%)
and 8/94 cases (8.5%)] and IGHV4-34 [13/94 cases (14%)]. In regard to NMZL, IGHV1-69 was again the most frequent gene in the studies
by Xochelli ez al. (45) and Granai et al. (47), [5/37 cases (13.5%) and 6/28 cases (21.4%), respectively], along with IGHV4-34 [5/37 cases
(13.5%) in the former study]. Finally, biases in the IGHV gene repertoire of SMZL were identified in all relevant studies, such as those by
Xochelli ez al. (45), Zibellini et al. (48) and Bikos ez al. (49), with IGHV1-2 clearly predominating [98/353 cases (27.8%), 26/130 cases (20%)
and 86/345 cases (24.9%), respectively]. Each colour represents a different IGHV gene frequently expressed in at least one of the 3 distinct

MZL entities. The width of each line is not proportional to the frequency of the respective IGHV gene.

Moreover, their studies have identified that stereotypic
RFs are frequently expressed in MALT lymphomas of the
salivary glands but are rare in the labial salivary glands of
patients with Sjégren’s syndrome, again strongly supporting
selection (52).

Along the same lines, another particularly interesting
case is presented by OAMZL, which accounts for ~15% of
all extranodal MALT lymphomas and ~80% of lymphomas
arising in the ocular adnexa (conjunctiva, orbit, eyelid, and
lachrymal gland and sac) (38). OAMZL has been shown to
be significantly associated, albeit with variable geographic
prevalence, with infection by Chlamydophila psittaci (Cp),
the cause of human psittacosis (37,40,53). Immunogenetic
studies by us and others have reported that certain IGHV
genes predominate in the repertoire of OAMZL, again with
variable frequency depending on the geographical area.
Indicatively, in a series of 44 cases, mostly from Europe,
we showed that only two IGHV genes, namely IGHV3-23
and IGHV3-7, acounted for 26% of all cases (54). Of note,
Cp-negative cases have been shown to display a different
IG gene repertoire, with overuse of IGHV4-34, perhaps
reflecting distinct antigen exposure histories from Cp-
positive OAMZL (55).

© Annals of Lymphoma. All rights reserved.

In our study of the BcR IG repertoire in OAMZL
5/44 cases (11%) carried BcR IG with high homology to
antibodies from autoreactive clones; all 5 cases were Cp-
positive (54). This has prompted us to argue for selection
by restricted autoantigenic elements and propose a scenario
whereby clonotypic BcR IG in OAMZL progenitors but
also the malignant B cells themselves may be triggered
by autoantigenic stimulation. According to this scenario,
pertinent for other if not all extranodal MZL as well,
though through other implicated antigenic triggers, Cp
leads to the development of an inflammatory milieu,
where autoantigens are exposed and presented, hence
promoting the selection and proliferation of autoreactive
B cell clones. If a genetic aberration occurs in an intensely
proliferating clone, this would provide the necessary drive
for the emergence of an uncontrolled B cell expansion and,
eventually, OAMZL.

Nodal MZL

IGHYV biases have also been reported in different studies
of NMZL, with the IGHV1-69 and IGHV4-34 genes
predominating (45,47). However, the investigated series
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were small, precluding firm conclusions from being drawn.

Splenic MZL

Amongst all MZLs, perhaps the most impressive repertoire
skewing has been documented in SMZL. In fact, close
to half of SMZL cases express one of only three genes,
namely IGHV1-2, IGHV4-34 and IGHV3-23, with clear
predominance of the former that accounts for roughly one-
third of SMZL (48,49,56-58). Noticeably, the IGHV1-
2 gene was under-represented among cases with spleen
histopathology suggestive of splenic diffuse red pulp
lymphoma (SDRL), one of the major provisional entities
in the SLLU category (49). This finding highlights its
ontogenetic distance from SMZL, while also implying that
distinct selection processes may underlie the development
of SMZL and SDRL.

A notable feature of the IG repertoire in SMZL concerns
the fact that restrictions in gene usage extend to the level
of polymorphic variants i.e. alleles of IGHV genes. In fact,
the vast majority (~90%) of IGHV1-2 expressing SMZL
cases utilize allele *04, a single polymorphic variant of
the IGHV1-2 gene (49). This bias is quite remarkable,
considering that the frequency of this allele is much lower
in other B cell lymphomas (59,60). IGHV1-2*04 cases
also display a series of distinctive immunogenetic features,
setting them apart from SMZL cases utilizing other IGHV
genes (49). In particular, these cases carry unususally long
VH CDR3, particularly compared to the remaining SMZL
(22 amino acids vs 16 amino acids in non-IGHV1-2*04
cases); biased IGHD gene usage (over-representation of
the IGHD3-3, IGHD3-9 and IGHD3-10 genes), leading
to the presence of IGHD-encoded restricted peptide
motifs at the tip of the VH CDR3; and, restricted pairings
with certain light chain genes IGKV3-20, IGKV1-8 and
IGLV2-14) (61).

Allele *04 of the IGHVI1-2 gene has unique
immunogenetic properties since it encodes for a tryptophan
(W) residue at VH FR3 position 75, whereas other alleles
of both the IGHV1-2 and almost all other IGHV genes in
all species examined thus far carry an arginine (R) residue
at this position (62). The presence of R-75 appears to be
critical for stabilizing VH FR3 and the overall 1G structure,
through the formation of an ion bond with a highly
conserved aspartic acid (D) residue located at VH FR3
position 98 of all functional IGHV genes (62,63). Hence,
what could be the reason for the remarkable selection of
this peculiar *04 allele, appearing to represent an ‘anomaly
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of nature’?

We have previously reported that the presence of W-75
could have an important impact on BcR IG conformation.
In fact, through molecular dynamics simulation we provided
evidence that the R-to-W replacement at position VH
FR3-75 could result in a substantial alteration in antibody
conformation, with apparent closure of the VH CDR3
cavity. These in silico findings indicate that W-75 likely has
an important structural role, and allude to the recognition of
specific antigenic epitopes through the conferred structural
conformation (49,64). The nature of such epitopes and the
importance of the dominance of this germline-encoded
specificity in SMZL remain enigmatic, not least due to the
scant published evidence (65).

That notwithstanding, it would not be unreasonable
to argue that these immunogenetic findings point to the
existence of a distinct molecular variant of SMZL defined
by usage of IGHV1-2*04 with implications for distinct
ancestry and/or distinct immune activation processes
from SMZL cases utilizing other IGHV genes. This
might imply that SMZL has multiple cells of origin, with
SMZL ontogeny perhaps reflecting the heterogeneity of
B cell populations residing within the normal splenic MZ,
including few naive B cells, follicular cells as well as MZ
cells, which we have previously proposed as the postulated
counterparts of IGHV1-2*04 SMZL (49,64).

Somatic hypermutation of the BcR IG in MZL:
biological and clinical implications

The key role of the clonotypic BcR IG in MZL
pathogenesis is underscored by the fact that the great
majority of cases bear imprints of SHM. Indicatively, in a
systematic immunogenetic study by our group (45), only a
small fraction of cases was assigned to the ‘truly unmutated’
subgroup (i.e. cases with IGHV genes lacking any SHM
and displaying 100% identity to the germline) ranging from
6.2% in extranodal MALT lymphoma (6/98 cases) to 8.2%
in NMZL (3/37 cases) and 12.2% in SMZL. (43/353 cases).
The ‘borderline/minimally mutated” subgroup (97-99.9%
IGHV gene germline identity) accounted for 18.3% of
extranodal MALT lymphoma (18/98 cases), 18.9% of
NMZL (7/37 cases) and 37.4% of SMZL (132/353 cases).
Finally, 50.4% of SMZL cases (178/353), 72.9% of the
NMZL cases (27/37) and 75.5% of the MALT lymphoma
cases (74/98) were classified as ‘significantly mutated’ i.e
had a germline identity below 97% due to carrying a high
number of SHMs (45).
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Figure 2 IGHV1-2*04 expressing cases likely constitute a possible distinct variant of SMZL. Approximately 30% of SMZL express the

IGHV1-2 gene; of these, the vast majority express the *04 polymorphic variant, which is significantly underrepresented in other B cell

lymphomas (data from reference 57, reporting results from the analysis of a series of 330 cases). Such cases display a unique immunogenetic

profile, including skewing of their IGHD repertoire, restrictions

in light chain gene usage, characteristically long VH CDR3, minimal/

modest somatic hypermutation status that, however, is ongoing leading to pronounced intraclonal diversification within the IG genes. The

IGHV1-2*04 immunogenetic subgroup is enriched for certain genomic aberrations (e.g., del(7q) and KLF2 mutations) and also displays

unfavorable clinical course, hence supporting the claim that it may represent a distinct variant of SMZL (61,66).

Particularly noteworthy profiles of SHM have been
identified in IGHV1-2*04 SMZL, where the vast majority
of cases are classified as ‘borderline/minimally mutated’.
Intriguingly, SHMs reported in IGHV1-2*04 BcR IG
are often recurrent, cluster in framework regions (FRs)
and are conservative in nature (i.e. lead to substitutions
by amino acids with similar physicochemical properties
as the germline-encoded amino acid) (49,61) (Figure 2).
Altogether, the aforementioned immunogenetic signature
strongly implicates selection pressure by antigen(s) in
the outgrowth of IGHV1-2*04 clones. This claim gained
ground when it was shown that IGHV1-2*04 cases also
display pronounced intraclonal diversification within the IG
genes, far exceeding cases utilizing other IGHV genes. This
finding has prompted the argument that SHM in IGHV1-
2*04 cases is an ongoing process continuously fine-tuning
the structure of the clonotypic BcR IG under pressure by
antigens (66).

Similar results were obtained from independent studies
in both NMZL and MALT lymphomas. In more detail,
Granai et al. (47), reported that 20/28 NMZL cases (71.5%)
were mutated, with only 2/28 (7%) of the unmutated cases
displaying 100% GL. Finally, in the study by Craig et a/. (67),

© Annals of Lymphoma. All rights reserved.

82% of the gastric MALT lymphoma cases (9/11) belonged
to the IG-mutated subgroup.

IGHV gene SHM status in MZL: does it have a prognostic
value?

Given the precedent of CLL where the SHM status of
the clonotypic rearranged IGHV genes holds great value
as a prognostic/predictive biomarker (68,69), it is not
paradoxical that the question arose as to whether this
biomarker could be clinically relevant also in MZLs.
Summarizing the published evidence, the actual impact of
the IGHV gene SHM status on the clinical course of MZL
remains rather equivocal, with independent studies reaching
different conclusions.

Particularly for SMZL, where the evidence base is
more solid, Rinaldi ez 4/. (70) analyzed 83 SMZL cases, 51
of which were mutated (61%) and 32 unmutated (39%),
following the 98% germline identity cut-off value. The
adoption of this ‘CLL-relevant’ cut-off raises concerns,
since the majority of SMZL cases indeed carry some level of
SHM, characterized by “disease-specific” patterns (49). In
simple words, the application of the 98% germline identity
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Figure 3 Marginal zone lymphomas arise from a complex interplay between cell extrinsic triggers and cell intrinsic aberrations. The

interaction with the microenvironment is essential for the development of MZLs. This is strongly supported by their restricted BcR IG gene

repertoire (45-49) and the increased incidence of recurrent genomic aberrations, especially chromosomal translocations and mutations that

affect important components of different signalling pathways (46,72,74). Interestingly, associations are evident between particular genomic

aberrations and utilization of certain IGHV genes. Characteristic examples are: (i-ii) enrichment of KLF2 and NOTCH?2 mutations in
IGHV-2*04 SMZL (72,74-76) (colored in green) and (iii) enrichment of TNEAIP3 gene mutations in OAMZL cases expressing the IGHV4-

34 gene (46) (colored in blue).

cut-off leads to a biologically questionable assumption
in that all sequences with IGHV gene SHM status
above the applied cut-off are defined as unmutated even
when carrying one or more mutations (<100% germline
identity) (6). That reservation notwithstanding, no
statistically significant differences were identified between
IG-mutated versus IG-unmutated cases concerning clinical
features and outcome (70). A similar result was obtained
in a subsequent study (71) of 55 SMZL patients of whom
14 (25%) were 1G-unmutated while 41 (75%) were IG-
mutated (again, following the 98% cut-off), where, again, no
statistically significant differences were identified in either
overall survival or progression-free survival between the
two IG mutational subgroups. In contrast, in a more recent
study by our group, we have reported that the absence of
any trace of SHM (‘truly unmutated” IGHV genes) was an
independent marker of short time-to-first-treatment (72).
Hence, the jury is still out regarding the potential clinical
implications of IGHV gene SHM status in SMZL, if any.
Moving to NMZL, Granai et al. (47) reported significant
differences between patients with mutated (20/28 cases,
71.5%) versus unmutated (8/28 cases, 28.5%) BcR IG
in terms of disease-specific survival and progression-

© Annals of Lymphoma. All rights reserved.

free survival. However, these differences did not extend
to overall survival. The clinical impact of SHM has also
been tested in extranodal MALT lymphomas, with studies
showing no clinicopathological differences between 1G-
mutated versus [G-unmutated cases (73).

Altogether, the study of the potential clinical impact
of SHM has not led to definitive conclusions. This could
be attributed, at least in part, to the small patient cohorts
analyzed and the heterogeneous treatments administered,
introducing significant biases, thus clearly pointing to the
need for more extensive studies.

Distinctive landscapes of cell-intrinsic
aberrations for distinctive immunogenetic
subgroups of MZL

A common characteristic of MZL concerns the
presence of recurrent chromosomal and/or genomic
aberrations targeting B cell pathways that are crucial
for microenvironmental interactions (16). Against that
similarity, however, the genetic background of MZL
subtypes is characterized by distinct profiles (Figure 3).
Regarding cytogenetics, a comprehensive study of 330
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SMZL cases revealed that the majority (238/330; 72%) had
an abnormal karyotype (77). Concerning individual genomic
aberrations, del(7q) was found to predominate (42/114
cases, 38%) (78), followed by gains of 3/3q (17/76 cases,
22%), 12q (11/76 cases, 14%), 6p (8/76 cases, 10%), and
deletions of 8p (12/76 cases, 15%), 17p (14/76 cases, 14%)
and 13q (9/76 cases, 12%) (78,79). Numerical chromosomal
aberrations have also been reported in extranodal MALT
lymphomas, with, for example, gains in 3q, 3p and 7q and
losses of 6q, 13q and 4p (80). In NMZL, some of the most
common genomic aberrations are gains in 3p, 18q and 2p,
and deletions in 6q, 12q and 19p (80). It should be noted,
however, that for both extranodal MALT lymphomas and
NMZL, the respective series were small, thus additional
investigation is clearly warranted.

Structural aberrations, particularly translocations, are
rare in SMZL and NMZL, thus contrasting extranodal
MALT lymphomas, where 4 recurrent translocations have
been reported, namely t(11;18)(q21;q21)/API2-MALT,
t(14;18)(q32;q2 1)/IGH-MALT 1, (1;14)(p22;q32)/BCL10-
IGH (81), and t(3;14)(p13;q32)/FOXP1- IGH (82), with
varying incidence depending on the site of the MALT
lymphoma (83-85).

Turning to gene mutations, the list of genes frequently
mutated in MZL is quite extensive. That said, asymmetries
have been noted between different MZL (Figure 3): for
example, SMZL is characterized by frequent mutations
in the NOTCH?2 (72,86) and KLF2 (72,74,75) genes (with
reported incidences in the range of 10-20% and 12-42%,
respectively), that are far less frequent in NMZL or
extranodal MALT lymphomas (74,75,86). Importantly,
many of these mutated genes are involved in crucial B
cell signalling pathways, including the NF-«xB pathway
(both the canonical and the non-canonical), leading to
the constitutive activation of NF-kB (87). This further
highlights the importance of external drive in MZL natural
history.

Besides genomic aberrations, epigenetic modifications
such as DNA methylation can also have an impact on
the evolution of MZL (88). For instance, studies in
SMZL have revealed an overall higher level of promoter
methylation in cases with stronger propensity for histologic
transformation and worse survival. In particular, the cases
with high promoter methylation (33/134 cases, 25%) were
enriched for del(7q), NOTCH?2 mutations and expression
of the IGHV1-2*04 gene (76). This finding is in line with
the results of independent studies revealing asymmetric
distribution of genomic aberrations in IGHV1-2*04 versus
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other immunogenetic subgroups of SMZL: in more detail, a
strong correlation was observed between mutations in KLF2
gene and IGHV1-2*04 expression (72).

On the evidence presented above, it appears that in
SMZL a distinctive immunogenetic signature can be
associated with a distinctive landscape of cell-intrinsic
aberrations (Figure 3). More recent findings indicate that
this pattern may also be found in other MZL as well, most
notably in OAMZL, where a remarkable enrichment of
mutations in the TNFAIP3 gene was reported in cases
expressing the IGHV4-34 gene versus other IGHV genes.
This finding implies a synergistic effect between BcR 1G
carrying the IGHV4-34 gene and TNFAIP3 mutations in
the ontogenesis of OAMZL. In more specific, in a study
of 63 patients with OAMZL, the majority of IGHV4-34
cases carried a mutation in TNFAIP3 (7/10 cases, 70%) (46).
According to this line of reasoning, chronic activation
of the IGHV4-34 BcR may induce pronounced B cell
activation, eventually favouring the genetic inactivation
of TNFAIP3, a key regulator of inflammation signalling
pathways and a negative regulator of the NF-kB pathway.
TNFAIP3 inactivation would, thus, lead to overactive NF-
kB signalling independently of the presence of extrinsic
triggers, setting the stage for the development of OAMZL
as the final outcome of this particular cell-extrinsic/cell-
intrinsic interaction (89).

Concluding remarks

BcR IG gene repertoire profiling has been key for
understanding MZL, offering compelling evidence that their
natural history is influenced by external drive, thus pointing
to antigen-experienced cells as the respective progenitor
cells for all MZL distinct entities. The importance of
antigenic stimulation is further supported by the association
between BcR IG with distinct immunogenetic properties
and specific infectious agents and/or autoimmune diseases,
as well as the enrichment of certain cell-intrinsic aberrations
in MZL subgroups with distinctive BcR IG.

On these grounds, our final statement could not be other
than that the BcR IG is the critical driver in MZL ontogeny
and evolution.
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