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Follicular lymphoma (FL) is the second most common
indolent B-cell lymphoma (1). FL is characterized by a
heterogeneous clinical evolution and remains incurable
despite recent progress. The accepted founding event of
FL pathogenesis is the acquisition of the t(14;18)(q32;q21)
during primary VD] recombination in the bone marrow (2).
This chromosomal translocation juxtaposes the anti-
apoptotic proto-oncogene BCL2 to the immunoglobulin
heavy chain locus during VD] recombination (3). The
resulting dysregulation of BCL2 expression provides a
survival advantage through activation of antiapoptotic
programs. The consequences of this early genetic event
become manifest much later during B-cell maturation,
when FL cells clonally expand and adopt malignant growth
in germinal centers (GC) (2). The precise mechanisms
involved in the initiation of malignant growth of apoptosis-
resistant t(14:18)-positive B-cells remain unclear.

Secondary mutations

As a GC neoplasia, FL is characterized by the constitutive
expression of activation induced cytosine deaminase (AID),
an enzyme with intrinsic mutagenic capability. Continuous
AID expression can result in mutation of proto-oncogenes
such as BCL6, c-MYC or transcription factors as Pax-
5 by aberrant somatic hypermutation (4-6). An increased
susceptibility to subsequent genetic alterations may lead
to acquisition of additional oncogenic events that promote
lymphomagenesis and cause tumor progression (7).
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Whole genome and exome sequencing studies
have identified mutations that are recurrent in FL
lymphomagenesis or are involved in tumor clonal evolution
(8-10). The genomic landscape of FL seems to be
dominated by gene mutations in epigenetic regulators, such
as CREBBP, EZH2, and KMT?2D. These mutations are
currently proposed as early initiating events (5,8,11-13).
Figure 1 depicts key molecular events in FL pathogenesis.

Krysiak and co-workers recently reported on recurrent
mutations identified in a cohort of 113 FL cases determined
by sequencing of a custom capture panel of 1,716 genes (14).
The custom capture panel design was based on exome
sequencing data of 24 FL patients and included genes
recurrently mutated in other mature B-cell lymphomas (14).
In contrast to most prior studies, the cohort reported by
Krysiak et al. consisted primarily of asymptomatic, low-
risk, treatment-naive FL patients. In earlier studies,
recurrent mutations have been reported in the histone
methyltransferases MLL2 (89%) and EZH2 (7.2%), the
histone acetylases CREBBP (32.6%), EP300 (8.7%),
and MEF2B (15.3%) (2). Krysiak er al. describe a higher
overall number and rate of histone gene mutations than
previously observed: KMT2D/MLL2 (60.0%), CREBBP
(52.4%), EP300 (19.0%), EZH2 (17.0%), MEE2B (7.6%).
This study also identified frequent co-occurrence of these
mutations within individual patients.

Current evidence indicates that activating mutations
of the histone methyltransferase EZH2 contribute to the
FL cells arrest at the GC stage (11,13). More recently,
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Figure 1 Molecular events in follicular lymphoma pathogenesis. The t(14;18) is thought to be the first genetic event occurring within the

bone marrow. The activity of activation induced cytosine deaminase (AID) may contribute to the acquisition of secondary genetic events.

Mutations in epigenetic regulators may constitute early initiating genetic events. It is unclear the exact timing of the acquisition of these

aberrations. Populations with a specific set of selectively advantageous genetic events and B-cell receptor properties, are naturally selected

and undergo clonal expansion.

it has been reported that inactivating mutations of the
global transcriptional coactivator CREBBP may facilitate
malignant transformation by conferring proliferative
advantages and interfering with terminal differentiation of
B-cells (15).

The high recurrence of these mutations illustrates
the role of epigenetic changes in FL pathogenesis and
also draws attention to the role of AID-dependent DNA
demethylation in lymphoid neoplasms (16). Putative
epigenetic changes induced by constitutive AID expression
deserves further investigation (17).

Krysiak er al. also report on the overrepresentation of
TP53 and EP300 in transformed FL, and of HISTIH3G
in posttreatment samples as compared with treatment-naive
cases. Despite the limited statistical power of the study,
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these findings suggest a role of TP53 and EP300 mutations
in FL progression and warrants further investigation.

The role of the B-cell receptor

An interesting finding in Krysiak’s work is the detection of
recurrent somatic mutations affecting the B-cell receptor
(BCR) signaling pathway genes (14). These results should
be discussed together with our current understanding on
the role of the BCR in FL biology.

Earlier evidence depicts unique characteristics of the FL
BCR such as high hypermutation rates, distinctive selection
patterns, mannosylation of the antigen binding site and
autoantigen binding (18-21). In addition, a biological
therapy selectively targeting the BCR can induce clinical
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responses, even when used as upfront monotherapy (22).
Altogether, this evidence suggests that FL cell survival
relies on a highly selected and functional BCR. On the
other hand, the Bruton's tyrosine kinase (BTK) inhibitor
ibrutinib, which targets an essential component of the BCR
signaling cascade, appears less active in FL than in MCL
and CLL (23).

Krysiak er al. described significantly mutated genes in
the interconnected BCR and CXCR#4 signaling pathways
in 45% of FL patients (14). In addition to previously
reported genes, such as CD79B, CARD11, CXCR4, and
SYK, they describe novel mutations in BTK and HVCNI.
In particular, mutations found in genes acting downstream
the BCR signaling cascade may provide a rationale for the
less robust effect of ibrutinib in FL than observed in other
mature B-cell malignancies (23,24).

Recently, Compagno ez 4/. report on the increase of AID-
dependent genomic instability in normal and neoplastic
B cells after ibrutinib and idelalisib treatment (25). This
interesting work ponders about the use of BTK inhibitors
in lymphoid neoplasms and highlights the importance of
DNA damage induced by new therapies aimed to abrogate
BCR signaling.

In this scenario, the understanding of the precise
interplay between the tumor dependence on a functional
BCR and the presence of recurrent mutations in the BCR
signaling cascade remains elusive and warrants future
functional studies.

Conclusions and perspective

The diagnostic category of FL is heterogeneous in terms
of morphology, genetics, and biologic behavior. The
understanding of FL pathogenesis remains essential for
the development of novel therapeutic strategies for this
incurable disease.

Next generation sequencing studies, such as the work by
Fehniger’s group, are helping to depict the complex genetic
profile of FL. This heterogeneous genomic landscape seems
to overlay a common molecular backbone characterized by
overexpression of BCL2, constitutive AID expression and
mutations in epigenetic regulators.

Further research is needed for the determination of the
clinical and biological relevance of these novel findings.
The ongoing determination of “targetable” genetic
aberrations is currently pushing forward the development
of molecularly driven targeted therapeutics. In FL, the
intrinsic heterogeneity and the evolving tumor dynamics

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

S531

add an extra layer of complexity. Successful targeted therapy
will require a profound understanding of not only the FL
genetic profile, but the forces driving the evolving tumor
dynamics and the forces driving the (sub)clonal selection
process.
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