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Abstract: Mantle cell lymphoma (MCL) is an aggressive mature B-cell neoplasm genetically characterized
by the presence of the t(11;14)(q13;q32) that leads to the constitutive overexpression of cyclin D1. The
pathological and biological spectrum of this neoplasm has been expanded in recent years. This improvement
in the knowledge of the disease has provided a better understanding of the diverse clinical evolution of the
patients. The characterization of cyclin D1-negative MCL has led to the identification of cyclin D2 and D3
translocations as alternative mechanisms in this variant. Two major biological and clinical subtypes of the
disease have been recognized, conventional and leukemic non-nodal MCL (nnMCL). MCL derives from
CD5+ mature B-cells that have bypassed or experienced the germinal center microenvironment, retain
a naive or memory-like epigenetic signature and carry a variable load of somatic mutations in the IGHV
region; from truly unmutated to highly mutated, respectively. These two subtypes of tumors also differ in
their genomic alterations, and clinical behavior, the conventional MCL (cMCL) being more aggressive than
the leukemic nnMCL. This review will focus on the new aspects of the pathology of MCL in the updated

2016 WHO classification and its relevance for the clinical practice.
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Introduction has been considered a very aggressive disease (1). However,
recent studies have identified patients with a more indolent

Mantle cell lymphoma (MCL) is defined in the WHO evolution (2-8). The pathological substrate of these

classification as a mature B-cell neoplasm usually composed indolent cases is diverse. A subgroup of these patients have a

of monomorphic small to medium sized lymphoid cells
with irregular nuclei. Centroblasts, paraimmunoblasts and
pseudofollicles are absent. The tumor cells are of B-cell
phenotype frequently coexpressing CDS5 (1). This neoplasm
is genetically characterized by 11q13 translocations and
rearrangement of the BCL1 region leading to a constitutive
overexpression of cyclin D1, which plays an important
pathogenetic role in the development of the tumor. MCL
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distinct subtype of MCL named leukemic non-nodal MCL
(nnMCL) characterized by leukemic expression, frequent
splenomegaly with no or minimal nodal involvement,
which typically lacks the expression of sex determining
region Y-box 11 (SOX1I1), a transcription factor highly
expressed in conventional MCL (¢cMCL) (2,4,5,9-12).
MCL is considered to be incurable with current therapies.
Nevertheless, new management strategies are improving
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Figure 1 Proposed model of molecular pathogenesis in the development and progression of mayor subtypes of MCL. Role of SOX11 and

genetic events cooperating with cyclin D1 in mantle cell lymphoma. Reprinted with permission from Springer Nature (19). MCL, mantle

cell lymphoma; SOX11, sex determining region Y-box 11.

the outcome of the patients (13). A better understanding of
the molecular pathogenesis and genetic basis of the disease
will allow the implementation of more effective and specific
therapeutic approaches, which may help to overcome the
resistance of this aggressive disease.

Epidemiology

MCL represents 3% to 10% of all lymphomas (1) and
occurs predominantly in elderly men (male-to-female ratio
>2:1) with a median age of about 60 years (range, 29 to
85 years) (14). The role of genetic susceptibility in MCL
is not well described (15). Epidemiological studies have
reported a two-fold significant increase of hematological
neoplasms among first-degree relatives of MCL patients (16).
Germline mutations in ATM and CHK?2 have been detected
in some patients but these genes are not involved in the few
studied families with lymphoid neoplasms and MCL (17).
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Postulated cell of origin and MCL subtypes

The initial oncogenic event in MCL is the t(11;14)(q13;q32)
translocation that is acquired in immature pre-B cells in
the bone marrow. However, the full oncogenic potential of
this aberration seems to develop in mature B-cells that tend
to grow in the mantle zone area of secondary lymphoid
follicles. This peripheral B-cell may follow two different
molecular pathways, which configure two distinctive clinical
and biological subtypes of the disease (15,18) (Figure I).
The most common subtype of MCL is the cMCL, this
subtype of MCL expresses the transcription factor SOX11
and originates in a B-cell that has not been exposed to the
germinal center microenvironment. These tumors have no
or have very low number of IGHV somatic mutations and
maintain an epigenetic methylation signature reminiscent
of naive B-cells (naive-like). This subtype develops
increasing chromosomal instability with high number
of chromosomal aberrations, and accumulate additional
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oncogenic events targeting cell cycle and DNA damage
related genes. Clinically, these tumors develop generalized
lymphadenopathy and usually have an aggressive clinical
course. The nnMCL derives from a cell, which has
experienced the germinal center and, consequently, they
have high number of IGHV somatic mutations and
maintain a methylation signature of memory B-cells
(memory-like). These tumors also carry stable karyotypes,
are SOX11-negative and clinically present with leukemic
disease and frequent splenomegaly but nodal involvement
is minimal or absent. The clinical course may be indolent
for long periods although eventually some tumors progress
with more aggressive behavior (1,7,20-22). Although the
two MCL subtypes originates from mature B-cells at
different stages of differentiation, the bias in IG gene usage
and the presence of IG-stereotyped sequences in 10% of the
cases indicate the influence of antigen selection in the clonal
expansion of tumor cells in both subtypes of MCL (7,23).

Morphology

The histological features of MCL encompass a relatively
large spectrum of architectural and cytological variants
that may raise the differential diagnosis with other entities
and are associated with particular clinical and biological
characteristics.

Aprchitectural patterns

Lymph nodes are involved with three different patterns,
mantle zone, nodular and diffuse. In the mantle zone
pattern the neoplastic cells expand the follicle mantle areas
and surround a reactive “naked” germinal center (24,25).
In these cases, the nodal architecture can be preserved.
Therefore, the differential diagnosis with follicular or
mantle cell hyperplasias can be challenging. However, cyclin
D1 immunostaining helps to identify the cyclin D1-positive
tumor cells expanding the mantle areas. Nodular MCL
can represent an expansion by tumor cells of the primary
follicles or a colonization and obliteration of the reactive
germinal center by the tumor cells. When the nodular
pattern is very prominent a morphologic differential
diagnosis with a follicular lymphoma (FL) should to be
considered (26). In these cases, the immunophenotypic
studies help to establish the correct diagnosis. In the diffuse
pattern, residual germinal centers are identified only focally.
Transitional areas between nodular and diffuse patterns are
common.
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Cytological variants

Classic or typical MCL is characterized by a monomorphic
lymphoid proliferation composed of small to medium
size lymphoid cells with irregular nuclear contours with
condensed chromatin, inconspicuous nucleoli and scant
cytoplasm (1) (Figure 24). Large neoplastic cells with
prominent nucleoli and abundant cytoplasm are absent or
very rare. The presence of these cells may correspond to
residual germinal center cells or, if more abundant, should
raise the differential diagnosis of other lymphoid neoplasms
such as chronic lymphocytic leukemia (CLL) or FL.
MCL typically show scattered epithelioid histiocytes with
eosinophilic cytoplasm, which do not contain phagocytosed
apoptotic bodies. Well-formed microgranulomas are not
usually observed. Small vessels with fine hyalinized walls
may be seen dispersed in the tumor.

The small cell variant is composed of small and round
lymphocytes with slight nuclear irregularity (Figure 2B). This
variant may suggest the diagnosis of CLL but the absence
of prolymphocytes, paraimmunoblasts, and proliferation
growth centers help in the differential diagnosis.
Proliferative activity in classic and small cell MCL is
variable but usually low (<1 to 2 mitoses per high-power
field). However, some cases with classic morphology can
show a high mitotic index, which is associated with a worse
prognosis (27,28).

More aggressive MCL include two cytological variants,
blastoid and pleomorphic (29). The tumor cells in the
blastoid MCL have a medium size, with rounded nuclei,
finely dispersed chromatin, inconspicuous nucleoli and scant
cytoplasm resembling lymphoblastic lymphoma or acute
myeloid leukemias (29,30) (Figure 2C). Pleomorphic MCL
is composed of a heterogeneous population of large atypical
cells with ovoid or irregular, cleaved nuclei, finely dispersed
chromatin and small, distinct nucleoli (31,32) (Figure 2D).
MCL with pleomorphic morphology may be misdiagnosed
as diffuse large B cell lymphoma (DLBCL). However, in
contrast to DLBCL, pleomorphic MCL cells may have
irregular nuclear contours with finely dispersed chromatin,
and certain discordance between the large nuclei and
relatively small nucleoli is characteristic. Ancillary studies
are needed to establish the correct diagnosis. Pleomorphic
and blastoid variants share the high proliferation index
and the aggressive clinical course (33). WHO classification
recommends distinguishing both variants based only on
the morphologic features, while identification of high
proliferation is not enough to classify a case as blastoid or
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Figure 2 Cytological variants of mantle cell lymphoma. (A) Mantle cell lymphoma, classic variant composed of small to medium size lymphoid

cells with irregular nuclear contours, condensed chromatin, inconspicuous nucleoli and scant cytoplasm. (B) Mantle cell lymphoma, small

cell variant with small and round cells with slight nuclear irregularity. (C) Blastoid mantle cell lymphoma with a monotonous proliferation of

medium-sized tumor cells, with slightly irregular nuclei, open and vesicular chromatin, inconspicuous nucleoli and scant cytoplasm. Mitosis are

also observed. (D) Pleomorphic mantle cell lymphoma, composed of a heterogeneous population of large atypical cells with irregular cleaved

nuclei, vesicular chromatin and distinct nucleoli. Abundant mitoses are seen. All stained with H&E, 40x.

pleomorphic since some cases of classical MCL can have
high proliferation index by Ki67 (34,35). When both classic
and blastoid features are identified, it is recommended
reporting both cytological variants and classifying these
lymphomas as blastoid or pleomorphic subtype (29). The
growth pattern of blastoid and pleomorphic variants is
typically diffuse, more rarely nodular or mantle zone
pattern. An “in situ” pattern of blastoid or pleomorphic
MCL has not yet been described (36).

In some MCL the tumor cells may have an abundant
pale cytoplasm mimicking marginal zone lymphomas or
monocytoid cells. This marginal zone-like variant may be
associated with classic or blastoid nuclear morphology (37).
Ancillary tests are mandatory in these cases including cyclin
D1 and CD5 immunohistochemical evaluation. Some MCL
may be associated with clusters of plasma cells. In most
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instances these cells are reactive with a polytypic expression
of immunoglobulin light chains. However, some rare cases
of MCL may show clonal plasma cell differentiation. In
these cases, the plasma cell component may be clonally
related or unrelated to the MCL cells (38). In cases
with clonally related mature plasma cells or cells with
lymphoplasmacytic differentiation these cells are cyclin D1-
positive but are usually SOX11-negative and often present
an indolent clinical behavior (8,38,39) (Figure 3).

MCL involvement in different organs

MCL frequently presents as a disseminated disease
at diagnosis. Although the lymph nodes are the most
commonly involved site, peripheral blood, bone marrow,
spleen, gastrointestinal tract and other extranodal sites are
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Figure 3 Mantle cell lymphoma with plasmacytic differentiation. (A) Mantle cell lymphoma case with a prominent plasmacytic

differentiation. Plasmacytoid cells presenting Dutcher bodies are indicated by black arrows (H&E). (B) Tumor cells are cyclin D1-positive,

including those with Dutcher bodies (black arrow). (C) Tumor cells show restriction of kappa light chain. (D) No expression of lambda

light chain is observed. (E) This case was SOX11-negative. (F) Expression of BLIMP1 was observed, indicating plasmacytic differentiation. A
BLIMP1-positive cell with a Dutcher body is shown by the black arrows. All at 40x; (B,C,D,E,F) stained by immunohistochemical technique.

also frequent sites involved by the disease.

Spleen

Splenic involvement by MCL is common and usually
shows a generalized micronodular macroscopically pattern.
Histologically, the tumor cells expand the white pulp but
also infiltration of the red pulp can be observed (40). The
nodules may be large and confluent. Residual “naked”
germinal centers can be seen in around 50% of cases.
The cytological appearance is similar to that seen in other
locations. In some cases, a marginal zone-like area at the
periphery of the nodules is observed, composed of tumor
cells with abundant pale cytoplasm (40). These cases should
be differentiated from marginal zone lymphoma.

Bone marrow and peripheral blood

Bone marrow infiltration is frequently seen in MCL (50%
to 90% of cases) (41-43). In bone marrow biopsies, MCL
can show a nodular, interstitial, paratrabecular or diffuse
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infiltration patterns, or a combination of them (44). The
degree or histological pattern of bone marrow infiltration
does not correlate with the cytological variant, nodal
architectural pattern or outcome (44). Peripheral blood
involvement in MCL is very common. Flow cytometry may
detect leukemic MCL cells in 90% of the cases although in
15% of them the tumor cells may be scant and not observed
in routine morphological examination (45). Tumor cells
in peripheral blood show a cytological appearance similar
to the spectrum observed in tissue samples. Most cases
may have a combination of small to medium-sized cells
with scant cytoplasm, nuclear irregularities, and reticular
chromatin. Some cases may have cells with rounded nuclear
contours. However, these cases do not show the clumped
chromatin typically seen in CLL. Leukemic blastoid
MCL shows medium to large cells with high nuclear-to-
cytoplasmic ratio, fine dispersed chromatin and small or
inconspicuous nucleoli resembling acute leukemia. Some
of these cases may have MYC rearrangements (46,47).
Leukemic pleomorphic MCL have very large atypical cells
with prominent nucleoli. These cases may be confused with
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Figure 4 Typical immunophenotypic features of mantle cell lymphoma. (A) Tumor cells express CD20. (B) Co-expression of the T-cell

associated antigen CD)5 is seen in all neoplastic cells. (C) Strong nuclear expression of cyclin D1 is seen in virtually all tumor cells. (D) This

case is SOX11-positive. All stained by immunohistochemical techniques, 40x.

B-prolymphocytic leukemia. Cytogenetic and/or molecular
studies to rule out the presence of the t(11;14)(q13;q32) or
cyclin D1 overexpression are required to properly diagnose
these cases as leukemic MCL (48-50).

Gastrointestinal tract

Extranodal involvement is frequent in MCL, mainly
involving the gastrointestinal tract (10% to 25% of
patients). Some patients can present as multiple polyps in
small and large bowel (lymphomatoid polyposis) (51), but
this clinical presentation is not specific of MCL (52,53).
Subclinical microscopic gastrointestinal involvement by
MCL cells is also common, but usually it does not have
clinical implications (54). In some cases, tumor cells can
infiltrate the glands mimicking lymphoepithelial lesions,
making the distinction between MCL and marginal zone
lymphomas difficult. Gastric involvement by nnMCL
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associated with Helicobacter pylori infection may regress after
antibiotic treatment (5).

Immunophenotype

MCL expresses a mature B-cell phenotype with intense
CD19, CD20, CD22, PAXS, and CD79a and the surface
immunoglobulins IgM and IgD, usually with lambda light
chain restriction (Figure 4A4) (55). Characteristically the
tumor cells co-express CDS5, although it may be negative
up to 10% of cMCL and 25-50% in the nnMCL subtype
(Figure 4B) (7,8,15). The tumor is also positive for BCL2,
CD43 and FMC7 (56), while most cases are negative for
CD23, CD10, BCL6, CD200 and LEF1. Expression of the
germinal center markers CD10 and BCL6 may occasionally
be detected in blastoid or pleomorphic morphological
variants (57-60). CD200 expression is negative in most
cases, particularly cMCL but can be seen more commonly
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in nnMCL cases (5,61).

Cyclin D1

Expression of cyclin D1 is a constitutive and highly specific
phenomenon in MCL very useful for its diagnosis. This
expression is due to its rearrangement with IG genes,
particularly IGHV present in around 95% of the cases
(31,42,62) (Figure 4C). Cyclin D1 may be undetectable by
immunohistochemistry in rare MCL carrying the t(11;14)
translocation due to mutations of the C-terminus or
exclusively expressing an isoform that lacks exon 5 (cyclin
D1 isoform b) that render the protein undetectable by the
antibody (63). Cyclin D1 expression in B-cell neoplasms is
not exclusive of MCL. It can be expressed in around 25% of
multiple myelomas with the t(11;14)(q13;q32), CCND1 gene
amplifications, or without apparent structural alterations of
the gene (64,65). Low levels of cyclin D1 are also detected in
hairy-cell leukemia (66,67), and in cells of the proliferation
centers in CLL, but not associated with the t(11;14)
(q13;q32). Cyclin D1 expression has also been identified
in around 1% of DLBCL. However, these DLBCL do not
carry the t(11;14)(q13;q32) and are SOX11-negative (68).
Cyclin D1 expression has been recently observed in three
primary mediastinal large B cell lymphoma associated with
gains of the genes but without rearrangements. These cases
were SOX11-negative. Intriguingly, two of these tumors did
not have apparent mediastinal involvement although they
had the gene expression signature of this subtype of large
B cell lymphomas (69). Cyclin D1 expression may also be
detected in some peripheral T cell lymphomas (P TCL),
particularly in 24% of ALK-positive anaplastic large cell
lymphoma (ALCL), 7% ALK-negative ALCL, and 4%
of PTCL, no otherwise specified. Cyclin D1 is negative
in angioimmunoblastic T-cell lymphoma, T/NK and
cutaneous T-cell lymphomas (70).

SOX11

SOX11 is a neural transcription factor highly expressed
in most MCL and it is virtually negative in most mature
lymphoid neoplasms (9-11). SOX11 was also identified as
one of the most representative genes differentially expressed
in cases with aggressive behavior but not or very lowly
expressed in a subset of patients with indolent course (2).
The expression of SOX11 in this tumor was surprising since
it was not detected in normal lymphoid cells and in virtually
any other mature lymphoid neoplasm (Figure 4D). SOX11
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expression is also seen in “in situ” mantle cell neoplasias
suggesting that upregulation of this transcription factor is
an early event in MCL (71,72). SOX11 is also expressed
in the uncommon MCL that are cyclin D1 negative
(9,10,71,73). The detection of SOX11 in these cases has
facilitated its recognition and better characterization (see
below). Recent studies have revealed the oncogenic role of
SOXI11 in MCL through different pathways that include
interference with the differentiation of the B-cells, increase
BCR signaling and by facilitating diverse interactions of the
tumor cells with the microenvironment that promote their
aggressiveness (74).

In addition to MCL, SOX11 is expressed in around 30%
of Burkitt lymphomas and in a high proportion of B and
T-lymphoblastic lymphomas and some T-prolymphocytic
leukemias, although the number of cases studied is still
limited (9,10). Interestingly, SOX11 has been detected
in 50% of hairy-cell leukemias that also express cyclin
D1, although do not carry the t(11;14) translocation (75).
On the contrary, SOX11 is not expressed in plasma cell
myeloma expressing cyclin D1 and carrying the t(11;14)
translocation (9,75).

Other markers

Expression of the plasma cell associated transcription factors
BLIMP1 and XBP1 may be seen in around 30% of the
cases, some of them with plasmacytic differentiation. These
cases are usually SOX11-negative (8) (Figure 3). MYC is
detected in most MCL in a low number of cells but a subset
of cases, particularly with blastoid morphology and high
Ki67 index, may have high expression similar to Burkitt
lymphoma (76,77). This high expression may be associated
with gene translocations, but not in all cases (76-78). High
levels of MYC expression at protein and mRNA levels are
associated with poor outcome (76,77). TP53 expression
in high number of cells may be detected in around 30%
of the cases. This expression is more common in blastoid
and pleomorphic variants and it is associated with gene
mutations and poor outcome of the patients (29,79,80).

Genetic alterations
Translocation t(11;14)(q13;932)

The characteristic cytogenetic alteration in MCL is the
t(11;14)(q13;q32), which juxtaposes the immunoglobulin
heavy-chain joining region in chromosome 14 to a region
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on 11q13 upstream of CCNDI. This translocation is
present in >95% of cases and it is thought to represent
the primary genetic event in MCL (81-85). Variant
translocations involving CCNDI and the immunoglobulin
light chain genes have also been reported but they are very
unusual (46). These cases can be initially detected using
break-apart probes for CCNDI followed by the specific
fusion probes for kappa or lambda (73). In addition to
MCL, the t(11;14)(q13;q32) can be found in 5% of multiple
myelomas also associated with cyclin D1 overexpression
(86,87). CCNDI amplifications without translocation have
been observed in cases of multiple myeloma but not in
MCL (64).

Secondary genetic alterations

More than 90% of MCLs display highly altered
genomes, with gains/amplifications and homozygous/
heterozygous losses, and other non-recurrent chromosomal
rearrangements. These alterations are more common
in SOX11-positive cMCL than in the nnMCL. Several
chromosomal and DNA array based techniques in MCL
have revealed frequent losses (1p, 2q, 6q, 8p, 9p, 9q,
10p, 11q, 13q, 17p, and 19p) and gains (3q, 7p, 8q, 10p,
11q, 12q, 13q, 15q, and 18q) (19,46) (Table I). These
chromosomal alterations target different genes relevant in
MCL pathogenesis (review in another manuscript of this
issue). In brief, most of the involved genes are related to cell
cycle regulation (e.g., RBI at 13q, CDKN2A at 9p21, BMI1
at 10p12, CDK4 at 12q14), DNA damage response pathway
(e.g., ATM at 11q22, MDM?2 at 12q15, TP53 at 17p13), and
promoting cell survival (e.g., BCL2 at 18q21, TNFAIP3 at
6923, and BIRC3 at 11q22) (46).

Mutational profile

Next-generation sequencing studies, including whole-
exome sequencing (WES), whole-genome sequencing
(WGS), RNA sequencing, and targeted sequencing have
recently revealed a complex mutational landscape in MCL.
Apart from the tumor suppressor genes frequently deleted
and mutated in MCL such as ATM (41-61%) and TP53
(14-31%), other genes have been identified (88,89). The
most commonly altered genes are activating mutations
of NOTCHI and NOTCH2, KTM2D (MLL2), KTM2C
(MLL3), NSD2 (WHSCI) and MEF2B. More rarely,
mutations in genes in the NF-kB signaling pathway such
as CARDI11, BIRC3, NFKBIE, TRAF3 as well as UBRS, and
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SIPRI genes have been described (88-92).

In situ mantle cell neoplasm

The development of MCL may follow different steps that
are important to recognize because the management of
the patients must be adjusted according to the phase of the
disease (71,93). Cells carrying the t(11;14)(q13;q32) have
been detected at very low levels with sensitive techniques
in the blood of healthy individuals (8%) (94). These clones
can persist for a long time, but they show an extremely low
potential to convert into an overt lymphoma (95). Cyclin
D1-positive cells carrying the t(11;14)(q13;q32) have
been incidentally found in the mantle zones of otherwise
reactive lymphoid tissues in healthy individuals (71). This
pathological finding was initially named “in situ MCL”
but their malignant potential seems very limited and the
alternative term of “in situ mantle cell neoplasia” (isMCN)
has been proposed to avoid unnecessary treatment (1).
The cells are seen principally within the inner layers of
the mantle cuffs of normal appearing follicles, usually
intermingled with negative lymphocytes and there is no
expansion of the mantle zone (71,72) (Figure 5A). The
frequency of the progression from isMCN to overt MCL
seems low (1/12 cases) (71) with a long latency period (72)
and do not require therapy. In addition, some patients with
nodal isMCN may have clonal lymphocytosis with cyclin
D1 positive cells (71).

Most in situ lesions are SOX11-positive, whereas few
are SOX11-negative. These findings suggest that the iz siru
stage may be a common step in both SOX11-negative and
SOX11-positive subtypes of MCL (71,96). It is important
to differentiate isMCN from early involvement by overt
MCL with a mantle zone growth pattern (Figure 5B), as this
situation correlates with progression to disseminated disease
more frequently than iz situ lesions. In these cases, the
mantles are usually expanded and densely occupied by cyclin
D1-positive cells that may focally extend to interfollicular
areas (71,72) (Figure 5C,D).

Tumor progression

In general, the histological pattern of MCL remains
stable in sequential biopsies (30,97,98). In some cases, a
progression from a nodular pattern to a diffuse pattern
is observed (97,98), while in others the histologic
patterns change in the course of the disease in successive
biopsies (99). Interestingly, 22% of MCL cases with
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Chromosome region* Frequency (%) Suggested target genes Functional process
Gains
3026.1-g26.32 28-50
7p22.1-p22.3 8-31 IGF2BP3 (IMP3) Insulin-like growth pathway
8924.21 6-32 MYC Cell growth, proliferation, apoptosis
10p12.2-p12.31 6-12 BMI1 Cell cycle, DNA damage response
11913.3-g21 4-14 CCND1 Cell cycle
12q14-q15 3-7 CDK4, MDM2 Cell cycle, DNA damage response, apoptosis
13g31.3 5-11 MIR17HG Cell cycle, apoptosis
15023 10-23
18921.33 3-17 BCL2 Apoptosis
Losses
1p32.3-p33 18-52 CDKN2C, FAF1 Cell cycle, apoptosis
2q13 3-17 BCL2L11? Pro-apoptosis
2q37.1 15-33 SP100-SP140 DNA damage response
6q23.3-g25 19-36 TNFAIP3/LATS1 NF-kB inhibitor/cell cycle
8p21-pter 17-34 MCPH1/FBX025 DNA damage/apoptosis
9p21 10-36 CDKN2A, CDKN2B, MTAP/MOBKL2B  Cell cycle
9q22.2-g22.31 17-31 CDC14B, FANCC, GAS1
10p14-p13 18-28
11922.3 11-57 ATM BIRC3 DNA damage response
13g13.3 25-55 DLEUT1, DLEU2, RB1 Cell cycle, apoptosis
13934 16-54 CULA4A, ING1, Cell cycle, DNA damage response
17p13 21-45 TP53 Cell cycle, DNA damage response
19p13.3 10-24 MOBKL2A Hippo signaling pathway
Somatic mutations
11g22.3 41-61 ATM DNA repair/genomic integrity
17p13.1 14-31 TP53 Cell cycle, DNA damage
11913.3 14-34 CCND1 Cell cycle
12g13.12 12-23 KMT2D (MLL2) Epigenetic modifier
7936.1 5-16 KMT2C (MLL3) Epigenetic modifier
4p16.3 10-13 NSD2 (\WHSC1, MMSET) Epigenetic modifier
11g22.2 6-10 BIRC3 NF-kB signaling pathway
6p21.1 5 NFKBIE NF-kB signaling pathway
9q34.3 7 TRAF2 NF-kB signaling pathway
9934.3 5-14 NOTCH1 Notch signaling pathway
1p12 5 NOTCH2 Notch signaling pathway
8922.3 7-18 UBR5 Ubiquitin-proteasome system
7p22.2 3-15 CARD11 B-cell receptor signaling pathway
1p21.2 3-15 S1PR1 Lymphocyte migration
5g14.3 3-7 MEF2B Transcription factor
4931.3 7 TLR2 Toll-like receptor

*, minimal altered regions vary slightly among different studies; ¥, homozygous deletions have been identified.
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Figure 5 “In situ mantle cell neoplasia” and mantle cell lymphoma with a mantle zone growth pattern. (A) In “in situ mantle cell neoplasia”

the global architecture of the lymph node is preserved with reactive-appearing follicles distributed in the cortical areas without an expansion

of the mantle zones (H&E). (B) In mantle cell lymphoma with a mantle zone growth pattern, numerous and crowded involved follicles with

expanded mantle zones efface the nodal architecture (H&E). (C) Cyclin D1 immunostaining in this “/z sizu mantle cell neoplasia” case shows

many cyclin D1-positive cells that replace almost all the cells in the mantle zone, but the mantle zone is not expanded. (D) Conversely, in

mantle cell lymphoma with a mantle zone growth pattern the expanded follicles are densely occupied by cyclin D1-positive cells that focally

extend to interfollicular areas. (C,D) Stained by immunohistochemical technique, all at 4x.

classic/small cell morphology at diagnosis may progress
to a blastoid or pleomorphic variant in the subsequent
relapse (97,99,100). However, half of MCL with blastoid
morphology can recur as a classical variant (100). The
proliferation index evaluated by Ki67 increases over time
and it is associated with prognosis in the primary and the
relapse biopsy specimens (100). Overt leukemic involvement
can present at diagnosis while in other patients, peripheral
blood involvement may appear during the course of the
disease representing tumor progression.

Cyclin D1-negative MCL

Rare cases with the morphology and phenotype of MCL
are negative for cyclin D1 expression and do not carry the
t(11;14)(q13;q32). These cases are considered a molecular

© Annals of Lymphoma. All rights reserved.
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variant of MCL since they have a similar global gene
expression profile and clinical characteristics (20,101).
These cases also express SOX11 and the evaluation of this
biomarker is very useful in the identification of these tumors
in the clinical practice (73,88). Cyclin D1-negative MCL
may have the same architectural and cytological variants as
cyclin D1-positive tumors including cases with mantle zone
pattern or blastoid/pleomorphic cytology (20,101).

Recent genetic and molecular studies have identified
that virtually all cyclin D1-negattive MCL carry CCND2/
CCND3 rearrangements with IG genes, particularly with
kappa and lambda light chains (20). Intriguingly, some cases
carry cryptic insertions of the kappa and lambda enhancer
regions in the vicinity of CCND2 and CCND3 that are
also associated with high overexpression of the genes.
These cryptic translocations may be recognized in routine

Ann Lymphoma 2019;3:3
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formalin fixed, paraffin embedded tissues using specific
FISH probes but given the small size of the enhancer region
the juxtaposition is better detected in captured images.
Intriguingly, a small subset of cases with morphological, and
phenotypic features of MCL, including SOX11 expression,
do not overexpress any of these three cyclin D but have
up-regulation of CCNEI and CCNE2 without apparent
genetic alterations (102). Hence, the combined study of
SOX11 expression together with the study of CCND2/
CCND3 rearrangements by FISH, particularly with
break-apart probes and specific probes for the light chain
enhancer regions, and also the quantification of CCND2/
D3/E1/E2 mRNA levels by gPCR may be useful tools for
the identification of these cases (103).

Leukemic NNMCL

The nnMCL has been recently accepted as a subtype of
MCL in the updated 2016 WHO classification of lymphoid
neoplasms (1). These tumors usually have an initial
indolent behavior with a clinical presentation as leukemic
disease with no or minimal lymphadenopathy and frequent
splenomegaly (1-8). These cases frequently show small cell
morphology, resembling CLL, are SOX11-negative, may
express CD200 and CD5 may be negative in 25-50% of
the cases (1,5,7). Contrary to cMCL, most of these tumors
have mutated IGHV and have simple karyotypes with
no o very few chromosomal alterations in addition to the
t(11;14)(q13;932) (2,3). Despite these clinical and biological
differences, the global genome expression profile of these
indolent nnMCL is more similar to cMCL than to other
subtypes of leukemic lymphoid neoplasms suggesting that
they correspond to a molecular subtype of the disease (2).
The identification of cyclin D1-positive “/z situ” mantle cell
lesions in which the cells are SOX11-negative also suggests
that nnMCL is a subtype of MCL (71). The nnMCL and
c¢MCL variants have also clear differences in the gene
expression of certain programs. Expression profiling and
experimental studies suggest that nnMCL do not have the
tumor invasion properties and angiogenic potential seen in
c¢MCL driven by SOX11 expression (104,105).

Robust criteria to distinguish these MCL subtypes in the
clinical practice and additional biological parameters that
influence their evolution are not well defined. SOX11 is
currently used in the proper clinical context to identify both
subtypes. However, SOX11 expression is usually studied
by immunohistochemistry in biopsies and most nnMCL
are leukemic with no tissue samples available. Recently a
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novel molecular assay based on the gene expression of 16
genes has been developed that reliably distinguishes cMCL
and nnMCL using blood samples. This study confirmed
that cases assigned to the nnMCL and ¢cMCL differed in
nodal presentation, lactate dehydrogenase, immunoglobulin
heavy chain gene mutational status, management options,
genomic complexity, and CDKN2A/ATM deletions, but
the proportion with 17p/TP53 aberrations was similar in
both subgroups. nnMCL had a significant better overall
survival from the time of diagnosis than cMCL (3-year OS
92% vs. 69%; P=0.006) and longer time to first treatment.
In addition, genomic complexity and TP53/CDKN2A
aberrations were associated with shorter OS in the entire
series and both ¢cMCL and nnMCL subtypes. Therefore,
the combination of this assay with genetic alterations may
recognize the two subtypes of MCL and may provide
useful biological information for the management of the
patients (21,1006).

Prognostic parameters

Several clinical, pathological and biological parameters
have been investigated to evaluate the possibility of
predicting the heterogeneous evolution of patients with
MCL. The most consolidated clinical prognostic model
is the MCL International Prognostic Index (MIPI) that
combines age, performance status, LDH, and lymphocyte
counts (107). This model is improved by incorporating
the proliferative index measured by the Ki67 antigen
(biological MIPI) (108). A high proliferative index
evaluated by Ki67 immunohistochemical staining has been
associated with a worse outcome, even in patients treated
in randomized trials with immunochemotherapy and high
dose regimens (35,107). Morphological parameters such
as the architectural nodular and diffuse pattern and the
cytological blastoid/pleomorphic variants have classically
been associated with prognosis. However, their value is not
independent of the Ki67 index (107). This is in part because
of some MCL with classic morphology that have high
proliferation show poor outcome (36).

In spite of the relevant clinical value, the evaluation
of the Ki67 immunohistochemistry has some limitations
in terms of intra and interobserver reproducibility.
Recommendations and guidelines to assess the proliferation
activity by Ki67 include the evaluation only in nodal tissue
samples, count at least five high power fields, and avoid
counting in residual reactive germinal centers, hot spots of
proliferation, and accompanying T-cells (35).
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The relevance of the proliferative activity in predicting
outcome in MCL was also highlighted in the early gene
expression profiling studies using RNA extracted from
frozen tissues. These studies identified an expression
signature composed of genes related to proliferation
that discriminated different risk groups of patients with
MCL (109). Recently, this proliferation signature has been
adapted in a new assay useful for RNA extracted from
formalin fixed and paraffin embedded tissues (110). The
assay uses the NanoString platform and is composed of 35
genes, 17 associated with proliferation and 18 housekeeping
genes (MCL35 assay) and its results are highly reproducible
among laboratories (110). The assay assigns patients to
high, standard, and low-risk groups, with median overall
survival of 1.1, 2.6, and 8.6 years, respectively. The MCL35
proliferation signature score significantly correlates with the
Ki67 index and improves its prognostic prediction. These
results have been confirmed in MCL patients treated in
different clinical trials (111,112).

Early genetic and comparative genomic hybridizations
studies recognized the prognostic value of complex
karyotypes and high genomic complexity associated with
a more aggressive clinical behavior (113-115). Several
individual chromosomal alterations including 3q gains,
and deletions of 9p and 17p targeting CDKN2A and TP53
respectively, correlate also with poor outcome (115). The
prognostic value of TP53 and CDKN2A alterations has
been recently confirmed in several clinical trials (28).
TP53 mutations and protein overexpression (>50% of
cells) are associated with a very aggressive behavior that
is not overcome by treatments using intensive regimens
(29,116). Similar to TP53 aberrations CDKN2A deletions
confer a dismal prognosis with a median OS lower than
2 years and seems to add independent value to the TP53
aberrations (117).

Conclusions

The spectrum of pathological and clinical characteristics
of MCL has expanded in recent years. The diagnosis of
this entity requires the integration of morphologic and
immunophenotypic studies and sometimes the use of
genetic and molecular studies may be required to clarify
the differential diagnosis and predict the evolution of the
disease. The diverse evolution of the patients that may vary
from indolent to very aggressive and the development of
new therapeutic strategies require a precise stratification
of the patients in different risk groups to personalize the
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best management possible. The better understanding
of the molecular basis of the disease together with new
technologies that allow transferring this knowledge into the
clinics and the development of novel therapies are opening
new perspectives that should result in an improved outcome
of the patients.
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