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•diagnosis:
 

morphology
diagnostic t(11;14)

B cell markers+/CD5+
CD23-/CD200-/LEF1- (vs B-CLL)
CD10-/Bcl6-(rare cases+) (vs FL)
IRTA1-/MNDA-+ (MZL)
CD21+ FDCs meshwork

CD5+



95% t(11;14) (q13;q32) juxtaposes CCND1 gene (11q13) at IGH (14q32)
forces  overexpression of  cyclin D1 (not detected in normal Bly)

t(11;14) per se likely not tranforming
additional mechanisms for cyclin D1 expression

 
* Mutations in CCND1 at 3’UTR/untranslated region 
a) truncated cyclin D1 transcripts with longer half-life

-- potentiated activity +
   b) delete area for microRNA15/16 binding  no inhibitory

effect
* Amplification of the translocated t(11;14) allele

   INITIAL/PRIMARY ONCOGENIC EVENT  



CyclinD1 is exported in the
cytoplasm by action of GSK3B
and degradated
E3ligase/ubiquitin/proteasome

Cell cycle related functions
 
1) CyclinD1
2) Regulates CDK4&6
3) phosphorilation of RB1 (E2F

inhibitor) --- separate pRB1
from E2F ---  E2F induces
G1-S phase

4) Limits CDT1 (DNA
replication limiting)

5) p27 binds to
CyclinD1\CDK4CDK6 and is
released by cyclindEActivates
CyclinE/CDK2 which then
promotes cell cycle



Cases with otherwise classic MCL without t(11;14)/Cyclin D1 negative

CCND1 dysregulation is not the only possible initiating event
CCND1- cases have the same GEP signature as CCND1+ and similar secondary

chromosomal aberrations

CCND2/IgH in 50% cases
 

Salaverria I et al. Blood. 2013 Feb 21
Carvajal-Cuenca et al. Mod Pathol 2012,

Gesk et al. Blood 2006

No cyclin gene alteration in 50% cases
No answer (other pathological drivers)



Neuronal transcription factor
 
Not expressed in  other mature
lymphomas or lymphocytes
Function in lymphomagenesis not
understood
 
Positive in CCND1pos and CCND1neg
cases
 
good diagnostic biomarker
 
Possible adjunct in prognostication



Haematologica. 2015 - Lord M et al.
The utility of mRNA analysis in defining SOX11 expression levels in mantle cell lymphoma and reactive lymph nodes.

• good correlation between SOX11 expression at the mRNA and protein level
• both mRNA analysis and ihc could not identify a natural cut-off that would identify cases with low
expression: MCL can be reliably defined as SOX11 positive (also weak and partial) or negative either by qPCR
analysis or by scoring IHC staining

Reproducibility of SOX-11 detection in decalcified bone marrow tissue in mantle cell
lymphoma patients.
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CLINICAL & PROGNOSTIC VARIABILITY
Martin et al JCO 2009



Blood First Edition Paper, prepublished online March 15, 2016; DOI 10.1182/blood-2016-01-643569

The 2016 revision of the World Health Organization (WHO)
classification of lymphoid

neoplasms
Steven H. Swerdlow1, Elias Campo2, Stefano A. Pileri, Nancy Lee Harris,

Harald Stein, Reiner
Siebert, Ranjana Advani, Michele Ghielmini, Gilles A. Salles, Andrew D.

Zelenetz, Elaine S.
Jaffe

… as an aggressive but incurable small B-cell lymphoma
Classical MCL is usually composed of IGHV unmutated or minimally mutated Bcells

that usually express SOX11 and typically involves lymph nodes and other extranodal
sites.

Acquisition of additional molecular/cytogenetic abnormalities can lead to even more
aggressive blastoid or pleomorphic MCL.

 



Blood First Edition Paper, prepublished online March 15, 2016; DOI 10.1182/blood-2016-01-643569 
Two types of clinically indolent variants are

 
Other MCL develop from IGHV mutated SOX11 negative B-cells

which leads to, usually involving the peripheral blood, bone marrow
and often spleen. These leukemic non-nodal MCL cases are frequently clinically

indolent but  secondary abnormalities, often involving TP53, may occur and lead to aggressive
disease.

In situ MCL/neoplasia with a low rate of progression, characterized by cyclin D1+
cells in the inner mantle zones of follicles in lymphoid tissues that do not otherwise suggest

the diagnosis of a MCL; often found incidentally, sometimes in association with other
lymphomas. They may be disseminated but appear to have a low rate of progression.

Should be distinguished from overt MCL with a mantle zone
growth pattern or other classical MCL with a low

proliferative fraction which may also be relatively indolent 



• MIPI
• Histology (cytology and growth pattern)

• IgVH Mutational Status
• SOX11 expression

• Proliferative signature/kinetics
• Somatic mutations/genetic aberrations

BIOLOGICAL PARAMETERS LIKELY INVOLVED IN CLINICAL BEHAVIOUR
SOME DEFINED, SOME ONGOING



blastoid:
>LDH and >MIPI

(comparable age,PS,WBC)
 

Median Ki-67
blastoid 80%

pleomorphic 39%
Classic/small-cell: 19%

CYTOLOGY :
small cell, classic, pleomorphic, blastoid



Growth
in situ/ mantle-zone / nodular / diffuse
 
diffuse: older pts, >MIPI
 
No difference in Ki67 index
(Median Ki67 diffuse 21%, non-diffuse 20%)
BUT: 75% blastoid are diffuse



Initial event at pre-B stage in bm during ricombination
VDJ (in bone marrow at lymphoblast-stage)
 
But the tumour is made of mature B ly: the translocated
cell is capable of maturing and that full phenotype is
acquired at later stages of maturation

Walsh et al. Blood 2003,
Kienle et al. Blood 2003,
Hadzidimitrou A et al. Blood 2011,
Kolar et al. Blood 2007,
Sims et al. Blood 2005



 

BCR/CDR diversity analysis

Totally or minimally
UNMUTATED  IgVH

(likely from naive Bly)

MUTATED IgVH
(with bias in VH repertoire usage

(IGHV 3-21,3-23,4-34,4-59)
=antigen experienced Bly

possible GC/post GC phenotype
 

*High mutational load
likely from cells in the GC

*Low mutational load
Likely from intermediate cells from naive and
CG (marginal zone/like B1 CD5+/AID+ cells)

Like in BCLL



Fernàndez V Cancer Res. 2010, Navarro A et al. Cancer Res 2012

Degree of identity variable : 97% cut-off best for defining UM vs M
(Mutated = highlymutated + somaticallymutated; Umutated: minimally mutated + totally unmutated)

The mutational status is somehow related to SOX11 expression

 



Fernàndez V Cancer Res. 2010, Navarro A et al. Cancer Res 2012



 

 

Beyond non-nodal leukemic indolent MCLs,
any chance for indolency in nodal MCL?



Morphologically reactive tissue taken at least 2 months before MCL diagnosis (Mod pathol 2012 Adam et al)

In extranodal dispersed MCL-cells
More marked expansion of mantle zone or follicles

with the appearance of primary follicles
Better termed “early MCL” with “mantle-zone”

growth or nodular growth MCL
 

Can be found as preclinical manifestation or in
overt diseases

More often SOX11 positive

EARLY-STAGE MCL

 



 

 
IN MORPHOLOGICALLY NEGATIVE

LYMHP NODES
EXCISED FOR OTHER REASONS

 
 

NON EXPANDED MANTLE ZONES;
TOTALLY PRESERVED LYMPH NODE

ACHITECTURE
 

IN SITU MANTLE-CELL
NEOPLASIA (WHO 2016)

 



In Situ MCN could be the morphologic counterpart of
circulating t(11;14)+ B cells

  
*B lymphocytes with t(11;14) detected at low

levels in pb of healthy individuals (7%) 
(Hirt et al. Blood 2004)

*Can persist as such for long periods (up to 9
yrs)

*Potential to evolve not defined, likely very low
(Lecluse et al Leuk 2009)

*Evolution may require long latency (12 years)
(Christian et al. JCO 2012)



• could be with or without
lymphocytosis (media 6.5)
 
• atypical cyclinD1/translocated
small lymphocytes
•
•no organomegaly/mild marrow
infiltrate
 
• SOX11+- (10/13 cases)
• mutated IGHV
 
• GEP different from classic
MCL more similar to normal B
cells
 
• Flow: CD38-, CD200+;

in organs involved in
inflammatory processes (in

situ/mantle-zone)



INMCN: Extremely low prevalence in normal population
(lymph nodes examined for other reasons)

Clinical significance: NOT CLEAR
 

Very rare cases progress into overt MCL (2-15 years)
 

But 1/3 full blown MCL with available previous bx have in situ MCL
 

could be the rule in MCL development?
might represent VERY EARLY STAGE?

RESIDUAL post treatment MCells in lymph nodes of pts in CR?
mostly SOX11 negative

 

Jader et al. 2012, Adam et al. 2012



• Histology (cytology and growth pattern)
• IgVH Mutational Status

• SOX11 expression
• Proliferative signature/kinetics

• Somatic mutations/genetic aberrations



Proliferation and clinical behaviour in MCL



Ki67 and MIPI (MIPI-b)
Ki-67 not correlated with age;
related with PS, LDH, WBC

(low/intermediate MIPI: median ki67 19%
High risk MIPI: median ki67 27%)

KI67 and OS/PFS
 

No difference between
<10% or <30% and 40-50% or >50%

 
So CUT OFF 30%







Within each cytology subset,a higher Ki-67
index is associated with inferior outcome

Ki67 and cytology

No relation with
growth

Median Ki-67
 
blastoid 80%
pleomorphic 39%
classic/small-cell:19%



To segregate other types of “indolent”
nodal/extranodal MCL

low-risk MIPI
>MC-growth
Ki67 (<30%)

 
determination of SOX11 & evaluation of mutations

in IgVH genes
 

can be additional parameters to take into cacount
for therapy strategy



• Histology (cytology and growth pattern)
• IgVH Mutational Status

• SOX11 expression
• Proliferative signature/kinetics

• Somatic mutations and other genetic aberrations



   “SECONDARY” ONCOGENIC
EVENT 

•deletions, gains, point mutations
•target genes involved in molecular

pathways, inducing their constitutive
activation



MAY IMPACT ON MCL BIOLOGY AND PROGRESSION

Jared et al. JClinInvest 2012



 

ATM (11q21-q23) e TP53:  più spesso mutazioni in un allele + delezioni allele wild type (11q e 17p); CCND1: più spesso mutazioni nell’esone 1;

  

3 MCL gene drivers

ATM 41%
virtually absent in SOX11-/Mutated
cases;
CCND1 35%
equally distributed; not defined impact
TP53 28% 
equally distributed;

few CNA in SOX11 cases 
(not related with muattional status)
 



ATM and TP53 involved in DNA
repair/damage

via activate kinases
ATR and ATM and TP53

(via CHK1,CHK2)
p14-ARF

Inducing cell cycle arrest/apoptosis

In MCL
BLU: molecules inactivated/downregulated
RED: molecules activated/overexpressed

ATM and p53
deletions/mutations

 
Lead to failure in DNA repair –

 
Poor outcome

Possible overexpression of
MDM2/MDM4

 

 
 
 



VIRTUALLY ABSENT IN
SOX11 NEGATIVE CASES

“chromatin modifiers” genes
 

(WHSC1 and MLL2 code for
histione-methyltransferases)

  

WHSC1 10%
MLL2 14%
MEF2B 3%



9.5% cases present NOTCH1 (4.7%) or NOTCH2 (5.2%) mutations
Usually alone, not together

 
Adverse biological features (blastoid/pleomorphic) & shorter OS

Jared et al. JClinInvest 2012



 
Worse OS (not PFS):

NOTCH1 as independent
negative biomarker

NOTCH1 mutations: 12%
MCLs

No differences with non mutated cases as
for stage, IPI, histology

NOTCH1+ not related with progression
(≠BCLL Richter)

Possible link with MYC alteration  

Usually single nucleotide substitution in PEST DOMAIN



Oberley MJ, et al.
Histopathology. 2013  
Immunohistochemical

evaluation of MYC
expression in mantle

cell lymphoma.
 

… showed that MYC
IHC score is an

independent predictor
of progression-free
survival and overall

survival…

MYC



High incidence of MYC and BCL2
abnormalities in MCL, although only
MYC abnormality predicts poor
survival
Yi S et al. Oncotarget. 2015

Myc overexpression correlates with
MYC amplification or translocation
and is associated with poor prognosis
in MCL
Choe JY et al. Histopat 2016

*MYC alterations usually as secondary events
 

**All cases were blastoid MCL,
with  high WBC count,

bm involvement
splenomegaly
elevated LDH

*Complex karyotype
• very aggressive 

(few reach CR which is short; BL-like regimens

An aggressive B cell lymphoma with
rearrangement of MYC and CCND1
genes: a rare subtype of double hit
lymphoma
Durot E et al. Leuk Lymph 2013



 

 
  

Deletion of CDKN2A (9p21) which encodes for INK4/p16 (CDK inhibitor) and
ARF/p14 (positive p53 regulator and MDM2 inhibitor): CDK are not inhibited
and p53 is not activated --- aggressive MCL

Amplification of CDK4 or MDM2

Point mutations/deletions RB1
activated E2F

 

    targeting CELL CYCLE genes



 
PI3K (reverted by PTEN)

 

activates AKT
(AKT is activated by

complexTORC2 )
 
 

activates mTOR
(complexTORC1)

 

Increase translation of
cyclinD1,MYC

   PI3K/AKT/mTOR: activation of key proteins



 
BCR and SYK BTK

kinases
 

amplify PI3K/AKT/mTOR
pathway

through SYKinase
 

Or        
Activate NF-kappa B

through PKCbeta
 
 

   BCR signaling (SYK, LYN, BTK phosphorilated)

 



CLASSIC
Phosphorilation of IKK

complex –
phosphorilate/degradation

of IKBa (inhibitor)
with release of RELA/p50

which move to nucleus
 

ALTERNATIVE
Phosphorilation of IKKa—
phosphorilation of p100 –
proteosomal generation of

p52/RELB
 

Either way end is
positive signals for  

SURVIVAL,
PROLIFERATION,

APOPTOSIS

 

   NFkb classic / NFkb alternative

 



   WNT/beta cateninWhen WNT is not linked to its receptor
B catenin is usually degradated by GSK3
(+ other proteins degradation box)

In MCL
WNT is linked to its
receptor, B catenin is not
degradated and go to the
nucleus activating LEF and
TCF

 



In MCL
•Propapoptotic BIM/BCL2L11/
2q13: frequently with
homozygous deletion
•Antiapoptotic molecules BCL2
(18q21): often amplified
•PI3K\AKT\mTOR inhibits the
proapoptotic BAD
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COMMON MOLECULAR FEATURES AMONG B-CELL LYMPHOMAS
BUT ALSO RELEVANT DIFFERENCES

BCLL: NOTCH1, ATM, BIRC3
no NOTCH2, MLL2, MEFB2, WHSC1

SMZL: NOTCH2 
no NOTCH1, WHSC1

DLBCL/FL: MLL2, MEFB2
no ATM, BIRC3, WHSC1

 
MCL: NO MYD88, CARD11, EXH2, SF3B1


