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INTRODUCTION

Mantle cell lymphoma (MCL) is a unique type of Blgealignancy that includes most cases which
were formerly recognized in the European literamseentrocytic lymphoma according to the Kiel
classification and which were identified in the Amoan literature under the terms lymphocytic
lymphoma of intermediate differentiation, intermegei lymphocytic lymphoma, and finally, mantle
zone lymphoma (Weisenburger 1996). The revised ggao—American classification of lymphoid
neoplasms (REAL) and subsequently, the world heatdmnization (WHO) classification of
neoplastic disease of the haematopoietic and lymdpissues accepted the term MCL as the name
for this group of lymphomas (Harris 1994 and 19%9)vas described for the first time as a distinct
entity in 1982 in the same period by Weisenburger Rappaport on Cancer and by Palutke et al.
on Blood.

MCL constitutes 6% of all non-Hodgkin lymphomas (M) (Jares 2007), it is typically
disseminated at presentation, with a leukemic corapbin 20%-30% of patients. Classic and
blastoid variants are recognized, the latter aasediwith inferior clinical outcome. The genetic
hallmark of MCL is the translocation t(11;14)(q132) leading to aberrant expression of cyclin D1,
which is not typically expressed in normal lymphiesy However, cyclin D1-negative cases having
typical morphology and gene expression profile hdes=n described and often show over-
expression of cyclin D2 or D3 (Rosenwald 2003).

Recently, SOX11 has been described as a diagnosker that seems to be equally expressed in
D1-positive and D1-negative MCL (Ek 2008). MCL iseoof the most difficult to treat B-cell
lymphomas. Although conventional chemotherapy iedudigh-remission rates in previously
untreated patients, relapse within a few yearsommmon, contributing to a rather short median
survival of 5-7 years. (Martin 2008). One of thestopredictor of survival seems to be tumour
proliferation (Rosenwald 2003). Intensificationfioét-line treatment has improved progression-free
survival, but no curative regimen has been defswthr (Ghelmini 2009).

CLINICAL MANIFESTATIONS

Most MCL patients have disseminated disease, imududeneralized lymphadenopathies and bone
marrow involvement. Bulky disease and B symptones lass common (Argatoff 1997, Bosch
1998). Extranodal involvement is almost constantuoring in more than two extranodal sites in
30-50% of the patients. An extranodal presentatitimout apparent nodal involvement is observed
in only 4-15% of cases. Asymptomatic involvementra gastrointestinal tract (figure 1) with or
without macroscopic lesions is very common, but detection of this microscopic infiltration

rarely modifies the clinical management of the grats (Romaguera 2003, Salar 2006). Central



nervous system involvement occurs in 10-20% optiteents; it usually appears as a late event and
is part of a resistant disease or generalized selagth ominous significance (Montserrat 1996,
Ferrer 2008). Other extranodal sites are also camymovolved (Argatoff 1997). Peripheral blood

involvement at diagnosis varies among studies, ridipg partly on the disease definition.
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bigowel biopsy with MCL
localization; upper right: CD20 positive stainimg;the lower part of the figure ICH for CD5 on the
left and for cyclin D1 on the right.

Atypical lymphoid cells may be observed in the pkeral blood in the absence of lymphocytosis
(Pittaluga 1996) and they may be detected by flgtroetry in virtually all the patients (Ferrer
2007). Leukemic involvement may also appear dutimg evolution of the disease and could
represent a manifestation of disease progressimenAaggressive leukemic form mimicking acute
leukaemia has been described in a few patientsselbases have blastoid morphology, complex
karyotypes, occasionally with 8924 anomalies, aewxy vapid evolution with a median survival of
only 3 months (Viswanatha 2000). The clinical bebaw of MCL patients is aggressive with a
median overall survival (OS) of around 3-4 yearswever, recent studies have identified a subset
of patients with an indolent lymphoid proliferatiamd longer survival (5-12 years) even without

the need of any treatment, suggesting that theodiicdl behaviour of MCL may be more



heterogeneous that initially thought (Nodit 2003cl@ard 2003). These patients present with a
leukemic form usually with splenomegaly, in abseatl/mphadenopathies. The tumour cells tend
to show small cell morphology and carry somatic dmyputations of the IGHV genes.
Unfortunately, although these characteristics ararnonly seen in patients with indolent evolution,
similar manifestations may occur in patients with n@ore aggressive clinical behaviour,
compromising its diagnostic usefulness.

PATHOLOGY

Morphological and phenotypic characteristics

A better definition of the disease has expandedkaowledge of the morphological spectrum and
the phenotypic variations of MCL (Swerdlow 2001)CMcells in the lymph nodes adopt a mantle
zone, nodular (figure 2), or diffuse growth pattestnich might represent different stages of tumour
infiltration. The mantle zone growth pattern maydiféicult to distinguish from follicular or mantle

cell hyperplasia and is characterized by an expansi the follicle mantle area by neoplastic cells
surrounding reactive germinal centres. This patterosually seen in areas of partially involved
lymph nodes that otherwise show the most commonlaodr diffuse involvement by the tumour.
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Figure 2: nodular growth of MCL in a lymph node (H&E uppeft, strong staining for CD20 in
the upper right, CD5 lower left and cyclin D1 loweght.




The observation of this pattern in isolated lympides of occasional patients with an indolent
clinical course (Nodit 2003; Espinet 2005), sugghst it represents the initial infiltration of the
follicle by the tumour cells. Cyclin D1 stainingsheevealed that not uncommonly the tumour cells
infiltrate the germinal centre of the follicles. d3e cells may totally replace the lymphoid follicle
leading to the nodular pattern that may retain ahwerk of follicular dendritic cells. Later in the
course of the disease, invasion and obliteratiomtefnodular areas by neoplastic cells results in
diffuse pattern of growth that it is the more conrmiyoobserved in MCL. The MCL has two major
cytological variants (figure 3) that are associateith different biological and clinical
characteristics, the classic variant occurs in 806®f cases and the blastoid variant is present in
10-20% of patients. The classical cytological apgeee of MCL is a monotonous proliferation of
small/medium cells with irregular nuclei and incpitcsious nucleoli. Some tumours may show
small cells with round nuclei mimicking CLL but ithese cases the cells do not have the
characteristic central nucleoli of the prolympha&sytand paraimmunoblast present in the latter
entity. Interestingly, this cytological variant héagen frequently recognized in patients with a
leukemic and splenomegaly presentation without lympdes and a more indolent clinical course
(Angelopoulou 2002; Orchard 2003). Although MCL Igesation activity may vary from case to
case, it is generally low, with Ki-67 positive celhround 15-30%. The two cytological variants
identified as classic blastoid and pleomorphic M{dLthe current World Health Organization
(WHO) classification are associated with more aggjke clinical evolution. Classic blastoid MCL
show an extremely high proliferative activity witimerous mitotic figures, high percentage of Ki-
67 positive cells (>40%), and sometimes a ‘staky pattern’ similar to Burkitt's lymphoma.
Pleomorphic MCLs are composed of a more heterogenpopulation of larger cells; although the
proliferation activity is high it is usually loweghan in blastoid cases. These tumours are frequentl
tetraploid and it is not uncommon to observe nutdigures highly hyperchromatic with an
apparent high number of chromosomes (Ott 1997)sd logtological variants probably represent
the ends of a morphological spectrum and internied@ms between them may be observed in
some tumours in which it may be difficult to decmbether the cytology is classical, blastoid, or
pleomorphic (Tiemann 2005). Blastoid variants ocosually de novo and less frequently in
patients with previous diagnosis of classical MQNoton 1995; Argatoff 1997). Recent data
supports the view that blastoid MCL arising in pats with previous diagnosed classical MCL
represents histological transformation of the ahiteoplastic clone rather than a de novo tumour
(Yin 2007).
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Figure 3: H&E of a classic MCL on the left and blastoid iaat on the right.

The phenotype of MCL is relatively characteristithnexpression of mature B-cell antigens and co-
expression of the T-cell associated antigens CD% &@D43. The IgM/IgD surface
immunoglobulins are usually intense and frequeatigociated with the lambda light chain, and
CD23 is generally negative. Some MCL may show phgmno variants that may make the
diagnosis difficult. Thus, some tumours may be Giegative, particularly among blastoid variants,
and CD23 may be detected by flow cytometry in a Ineinof cases (Gong 2001; Schlette 2003).
Detection of CD8 and CD7 by flow cytometry has beeported in isolated cases of MCL
(Hoffman 1998). MCL is usually negative for theli@llar germinal centre markers BCL6, CD10,
and the plasma cell differentiation antigen MUMer if the expression of these antigens has been
detected in occasional cases (Camacho, 2004). lieat and biological significance of these
phenotypic variants is currently unclear.

The t(11;14)(q13;932) translocation (figure 4)he genetic hallmark of MCL. This translocation is
detected by conventional cytogenetics in up to @ CLs. However, using different fluorescent
in situ hybridization (FISH) techniques, it canfoend in virtually all cases of MCL (Vaandrager
1996). This translocation involves the immunoglabhieavy chain gene (IGH) at 14932 locus and
a region at 11913 designated BCL-1. The majoritprefakpoints sites at 11g13 occur in a region
named the major translocation cluster (MTC). CCNBPi¢oding cyclin D1, is the closest gene
located 120 kb downstream of the MTC locus, and expression is deregulated by the
translocation. Although normal B lymphocytes migipress cyclin D2 and D3 (Teramoto 1999),
cyclin D1 is not normally expressed in these cdilst it is over-expressed at both mRNA and
protein levels in MCL (Bosch 1994; de Boer 1995)clih D1 cloning identified two transcripts of
approximately 4.5 and 1.5 kb. Both transcripts aomthe whole coding region that codify for a 36
kDa polypeptide (isoform a), but differ in the léngf the 3’ untranslated region (UTR) (Xiong
1991), that contains an AU-rich element involvedramscript instability (Seto 1992). Some MCL



lack the long mRNA transcript but over-express shocyclin D1 transcripts missing the AU
destabilizing elements. These shorter transcrigtganerated by secondary 3’ rearrangement in the
CCNDL1 locus (Bosch 1994; de Boer 1997), or by geonaeletions and point mutations at the
3'UTR (Wiestner 2007). Although the role that thes®rter transcripts could have in MCL is not
clear, its expression correlates with high levélEGND1 mRNA, increased proliferation, and poor
survival of the patients (Rosenwald 2003; Sanddi52@iestner 2007), suggesting that these
secondary events in the 3’ region of the gene neyrportant in the progression of the disease.
CCND1 also encodes for a less abundant isoformejporagenerated by an alternative splicing
(isoform b) (Betticher 1995). Interestingly, thsoform has been related to a common SNP (G/A
870) that seems to modulate the splicing processyydfin D1 (Howe & Lynas, 2001). Although
this SNP has been associated with increased caisgepr poor outcome in different tumours
(Knudsen 2006), it does not seem to have an impadCL (Carrere 2005). In addition, despite the
evidences suggesting the tumorigenic role of tagorm (Solomon 2003), its implication in MCL
pathogenesis is not clear since human MCL cellstlsnegpress the canonical cyclin D1a isoform
and only low levels of the cyclin D1b mRNA (Marz2@06).
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Figure 4: t(11;14) translocation evidenced by classic cgtwgic and FISH analysis.



Cyclin D1 negative MCL

The MCL expression profile analysis has identifrade tumours that, despite being negative for
cyclin D1 and the t(11,14), showed a morphologyenatype, and global expression profile
undistinguishable from conventional MCL. These saseem to have a clinical behaviour and a
secondary genetic alteration profile similar towemtional MCL suggesting that they correspond to
the same disease. However, only a few of thesesdamee been reported (Fu 2005; Salaverria
2007). Interestingly, these cases have high exipress$ cyclin D2 or D3. Although the mechanism
deregulating these cyclins is not well understamdgecent report has identified cases carrying a
t(2;12)(p12;p13) translocation fusing CCND2 to Kagpa light Ig chain gene locus (IGK@) (Gesk
2006). This data suggest that deregulation of otiyelins may be an alternative mechanism to
cyclin D1 overexpression in MCL tumorigenesis. Tinght diagnosis of this MCL cyclin D1-
negative variant in routine practice is challengisgme small B-cell lymphomas, such as marginal
zone lymphomas, follicular lymphomas, or small lymapytic lymphomas, may mimic MCL both
morphologically and phenotypically. The differehtitagnosis between these tumours and a cyclin
D1-negative MCL may be relevant for patient manag@mUnfortunately, the only reliable criteria
to establish the diagnosis of cyclin D1 negative lV&@ems to be the microarray profile that it is
limited to research environments. The immunohistoaistry detection of cyclin D2 or D3 may not
be helpful because these cyclins are also exprasgerher types of lymphomas. However, the
array study has shown significant higher levelshese cyclins in cyclin D1 negative MCL than in
other lymphomas. Therefore, the development of tadine assays (e.g. qPCR) for the detection
of these cyclins may be useful in this differenda&gnosis. In the next future, as SOX11 seems to
be highly sensible expressed in MCL, we’ll haveea/rthance to make a proper diagnosis in those
unusual forms.

MOLECULAR PATHOGENESIS

Several studies have investigated chromosomalaéittes in MCL, for example, by conventional
comparative genomic hybridization (CGH) (Salave@@)7, Bea 1999), by array CGH (Tagawa
2005, de Lee 2004, Kohlhammer 2004, Sebradero 2@08) very recently, by single nucleotide
polymorphism (SNP) arrays (Vater 2009, Bea 2009y&taata 2009). Taken together, these studies
identified the most frequently altered chromosommagions in MCL, including gains of
chromosomal material in 3q, 7q, and 8q and lossekpi 69, 8p, 9p, 9q, 11q, 13q, and 17p. In
addition, these studies have narrowed down sontigeaminimal regions affected by genomic copy
number alterations (CNAs) in MCL and have led t® siggestion of putative target genes of these
chromosomal abnormalities, with particular emphasigenes involved in cell cycle regulation and

DNA damage response pathways. Furthermore, reddRt &ray studies of MCL cell lines and



small series of primary MCL samples revealed remirregions of copy number neutral loss of
heterozygosity (CNN-LOH,; also referred to as aceghpartial uniparental disomy [UPD]) that may
represent an alternative mechanism to an allelietide in the process of a tumor suppressor gene
inactivation because the CNN-LOH regions appeaiuster in chromosomal locations that are also
frequently affected by deletions (Vater 2009, B6A2, Kawamata 2009, Nielander 2006).

Previous copy number profiling studies in MCL wgrerformed on relatively small numbers of
primary tumour specimens, used low resolution tegres, or did not include accompanying gene
expression profiling experiments or survival ddRecently Hartman et al (Blood 2010) present
high-resolution gene expression and 500K SNP ataay (mean intermarker spacing, 5.8 kb) from
77 primary MCL samples, including 72 cyclin D1-go& and 5 cyclin D1-negative MCLs with
available survival data representing the largestLM@ries studied to date. Using an integrated
analysis approach, gene expression and dosageatitedGEDI), which was recently developed
(Lentz 2008) they refine the minimal regions ofuegent CNAs and CNN-LOH in MCL and
identify novel putative target genes and pathwags might be pathogenetically relevant and show
an association with the clinical outcome. Seveeries of the Hippo signaling pathway exhibit
altered expression in MCL and may therefore desere detailed future studies.

How does cyclin D1 contribute to MCL lymphomages@si

Cyclin D1 plays an important role in the cell cycégulation of G1-S transition following mitotic
growth factor signalling (figure 5). Cyclin D1 bisdo CDK4 and CDK®6 to form a CDK/cyclin
complex able to phosphorylate the tumour suppregsoe retinoblastoma (RB1) facilitating cell
cycle progression. RB1 plays a master role in theSGransition by sequestering and inactivating
E2F transcription factors involved in the transzation of essential genes required for S phase
entry and DNA replication, including cyclin E (Hadxr & Dean, 2000). The initial phosphorylation
of RB1 by cyclin D1/CDK4-6 will initiate the releasof E2F transcription factors promoting the
accumulation of Cyclin E/CDK2 complexes that witbduce the irreversible inactivation of RB1
and the subsequent progression into S phase. tiig) D1 over-expression would contribute to
the lymphomagenesis in MCL by overcoming the suggoeeffect that retinoblastoma performs in
the G1/S transition. In that sense RB1 seems tmhbmally expressed in the majority of MCL cases
and the protein appears to be hyperphosphorylafedke¢berg 1996), particularly in highly
proliferative blastic variants (Jares 1996). Théedent CDK/cyclin complexes are tightly regulated
by the action of two families of CDK inhibitors. @hINK4 family is specific for CDK4/6.
However, the Cip/Kip family, which includes p27 amgoothers, shows a broad CDK inhibition
activity targeting all the different CDK/cyclin cqiexes (Sherr & Roberts, 1999). Moreover, the

Cip/Kip proteins appear to have an important ralethe formation of active CDK4/cyclin D
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complexes (LaBaer 1997). This property seems tordsponsible for the p27 titration into
CDKd4/cyclin D1 complexes by deregulated cyclin Pdeventing the p27-dependent inactivation of
CDK2/cyclin E and G1 cell cycle arrest. Moreovehng tpresence of active CDK2/cyclin E
complexes will phosphorylate p27, targeting it fdsiquitination and proteosome degradation
allowing cell cycle progression (Montagnoli 1999n NHL other than MCL, p27 protein
expression is inversely related to the proliferatativity of the tumours. However, in MCL p27 is
detected immunohistochemically mainly in blasticriamats (Quintanilla-Martinez 1998). The
mechanism responsible for this p27 pattern in M€Inat clear but may imply both an increased
p27 protein degradation by the proteosome path@hyafle 2000) that in a subset of cases may be
related to the accumulation of SKP2 (Lim 2002), #mel sequestration of p27 protein by the over-
expressed cyclin D1, rendering it inaccessiblerttibady detection (Quintanilla- Martinez 2003).
Cyclin D1 may also have an oncogenic potential pedelently of its CDK cell cycle regulatory
function. For example, Cyclin D1 has been showretpulate a number of transcription factors and
transcriptional co-regulators, including STAT3, 8fb, and B-MYB among others, which in some
cases appears to occur independent of CDK4-binatigity (Coqueret 2002). However, it is not

known if this transcriptional regulation functiosmpresent in MCL cells.
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Figure 5: Cyclin D1 pathway and interactions (Perez-Galahl.
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Secondary molecular events contributing to theg@gghesis of MCL

Several experimental observations suggest thaincidl deregulation, although important for MCL
initiation, may not be responsible for the comple¢d transformation. Transgenic mice that over
express cyclin D1 did not develop a spontaneoughgoma, and cooperation with other oncogenes
like MYC were required for lymphomagenesis (Lov&94). Further, a mouse model expressing a
constitutively nuclear cyclin D1 in murine lymphdeyg developed mature B-cell lymphomas
carrying alterations similar to blastoid variants MCL, including deregulation of the ARF/
MDM2/p53 pathway and BCL2 over-expression (Glad@&06). These results suggest that the
development of tumours requires additional oncagewents, despite the highly lymphomagenic
effect of nuclear restricted cyclin D1 expressiém.addition, the identification of the t(11;14)
translocation in blood cells of 1-2% of healthyiwnduals without evidence of disease (Hirt 2004)
supports the need for additional oncogenic eventke progression of MCL. Genetic studies have
revealed that MCL is one of the malignant lymphoabplasms with the highest level of genomic
instability (Salaverria 2006), with blastoid varigmaving more complex karyotypes. In addition to
frequent chromosomal imbalances, tetraploidy octneguently in pleomorphic (80%) and blastic
variants (36%) (Ott 1997). Although the pathogemedithis phenomenon is not well understood,
tetraploid cases contain more centrosome anom@iesner 2003) and over-express centrosome-
associated genes (Neben 2007). Preliminary genstudies of MCL have identified uniparental
disomies (UPD) in regions similar to the ones comiyaleleted (Nielaender 2006; Rinaldi 2006).
These results would support the view of UPD as larreative mechanism to inactivate tumour
suppressor genes (Fitzgibbon 2005). The identiinabf the genes targeted by the described
chromosome abnormalities has disclosed that mosthem are involved in two common
pathogenetic pathways, the cell cycle machinery #rel cellular response to DNA damage
(Fernandez 2005). However, genes implicated in sef/ival might also be involved in MCL
lymphomagenesis (see below).

Deregulation of cell cycle

Highly proliferative and clinically aggressive MCtarry oncogenic alterations in two major
regulatory pathways, INK4a/CDK4/RB1 and ARF/MDM2&,5vhich are involved in cell cycle
control and senescence. Homozygous deletions dCBHeN2A locus on 9p21 have been detected
in 20—30% of blastoid variants but in less than &%ypical cases (Dreyling 1997, Pinyol 1997).
Inactivation of this locus by hypermethylation oun other lymphomas but this phenomena
seems uncommon and of uncertain significance in Ni@ktter 2006). This locus encodes for two
key regulatory elements, the CDK4 inhibitor INK4adathe p53 regulator ARF. The presence of

INK4a deletion may cooperate with cyclin D1 deregioin, promoting G1/S-phase transition in
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MCL cells by increasing the amount of active cycidl/CDK4 complexes. A pathogenetic
mechanism alternative to INK4a deletion might be @implification and overexpression of BMI1, a
transcriptional repressor of the CDKN2A locus (Jmd 999, Bea 2001). Inactivation of other
members of the INK4 family, such as CDKN2B and CH\ occur by homozygous deletion in
cell lines and in occasional MCL cases (Williams919 Mestre-Escorihuela 2007). The
identification of CDK4 amplification in some aggsese blastoid MCL strengthens the significance
of the G1/S transition deregulation during MCL pession (Hernandez 2005). These gene
amplifications occurred almost exclusively in MClithva wild-type CDKNZ2A locus, suggesting
that CDK4 amplifications are another alternativechaism of disrupting the RB1-dependent G1/S
phase control. Interestingly, early studies of M@id not identify alterations of this tumour
suppressor gene. However, inactivating microdatstiof RB1 have recently been described in
some highly proliferative MCL cases (Pinyol 2003)milarly to the amplification of CDK4, these
alterations occurred in cases with a wild-type CI2ANocus supporting the idea that oncogenic
alterations of more than one member of the INK4A#EMRB1 pathway do not seem to provide
additional biological advantage for the tumour. Hegnozygous deletion of the CDKN2A locus in
MCL usually also involves ARF, the main function which is to stabilize the p53 protein by
preventing its MDM2-mediated degradation. The hoygomns deletion of this locus determines the
simultaneous deregulation of the cell cycle andpb@ pathway. TP53 itself is frequently targeted
by genetic alteration in MCL patients. Although BPButations are rarely observed in classical
low proliferative MCL they are identified in apptlioxately 30% of highly proliferative blastoid
MCL, usually associated with 17p deletion (Greirl&¥96, Hernandez 1996). An alternative
mechanism to p53 inactivation may be the overegmasof MDM2 that it is detected in a small
subset of MCL cases (Hartmann 2007). However, teehanism driving this MDM2 upregulation
is not known. Although, inactivation of TP53 occumgumours with wild-type CDKNZ2A locus, it
is associated with CDK4 amplification or RB1 dedes suggesting that the tumours cells may
obtain a selective advantage inactivating both ARP¥2/p53 and INK4a/CDK4/RB1 pathways.
The simultaneous inactivation of these pathways megur by homozygous deletion of the
CDKN2A locus, BMI1 amplification, or by TP53 mutati with concomitant CDK4 amplification
or RB1 deletion (Hernandez 2005, Pinyol 2007).

DNA damage response pathway dysfunction

The identification of a high number of chromosonteraations suggest that alterations of the
mechanisms involved in genome stability, such asADddmage response pathways, may be
important for MCL pathogenesis. In this sense,dtaxia telangiectasia mutated gene (ATM) that

plays an essential role in the cellular respondeN@& damage is located in 11g22-23, a frequently
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deleted locus in MCL (Stilgenbauer 1999).ATM muias have been described in 40-75% of MCL
usually associated with the deletion of the wilgeyallele (Camacho 2002, Fang 2003). ATM is
required for the activation of p53 in response tdADdamage and participates during normal
immunoglobulin V-D-J recombination in B cells protimg the repair of double strand break
lesions (DSBs) (Perkins 2002). A deficient respotsdSBs in lymphoid cells might produce
genomic instability facilitating the development lglmphomagenic alterations (Kuppers & Dalla-
Favera 2001). In fact, ATM inactivation in MCL issociated with a high number of chromosomal
alterations suggesting that its deregulation isartgnt for the accumulation of chromosomal
aberrations (Camacho 2002). ATM alterations occurclassical and blastoid MCL variants
independently of the proliferation activity and dot appear to be associated with any clinical
behaviour or prognosis of the patients, suggedtiaty ATM inactivation may occur early during
MCL lymphomagenesis. The finding of heterozygousrgkne ATM mutations in MCL patients in
which tumour cells subsequently lost the wild-tygele would support the idea that these
alterations might represent a predisposing everth@se neoplasms. Downstream ATM targets,
such as CHEK2 and CHEK1, are also occasionallygidaged in MCL. Decreased protein levels
and mutations of CHEK2 have been described in asetubf MCL with a high number of
chromosomal imbalances. Similarly to what happeth wvATM, CHEK2 mutations have been
observed in the germline of some MCL patients sstjog that these mutations might predispose to
the development of the tumours (Hangaishi 2002t 2002). CHEK1 protein is downregulated in
occasional cases of MCL, but no mutations of theeghave been detected (Tort 2005). The
identification of an altered expression of DNA iegtion licensing factors in MCL with high
number of chromosome abnormalities and checkpoefieals suggest that the failure to
appropriately regulate DNA replication could fa@te the accumulation of chromosome
aberrations in MCL with a compromised DNA damagpomnse (Pinyol 2006).

Cdll survival pathwaysin MCL

Additional molecular events (figure 6) that mainlgregulate survival and apoptosis mechanisms
seem to contribute to the MCL oncogenesis. Amg@ifan of the antiapoptotic BCL2 and
homozygous deletions of BCL2L11, a member of the®Bohly family with pro-apoptotic activity,
have been described in several MCL cell lines,thatimportance of these alterations in primary
MCL is not clear (Tagawa 2005). Overexpression @L¥l, an antiapoptotic protein of the BCL2
gene family, has been associated with blastoidam&si (Khoury 2003). Deletions of 8p21-3,
targeting two members of the tumour necrosis famgeeptor superfamily (DR4 and DR5), also
have been reported in a subset of MCL (Rubio-Makz&005), but they do not seem to correlate

with protein down regulation (Roue 2007). The espre@n of two tumour necrosis family receptors,
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CD40 and FAS, which may transduce survival or desitnals respectively in B cells, are
deregulated in some MCL patients (Clodi 1998, Ruinb®®4). Moreover, constitutive activation
of the nuclear factor-jB (NFjB), which regulatespexssion of various genes involved in both
survival and apoptotic signalling pathways, hasnbdetected in MCL cell lines and primary
tumours with over-expression of downstream targaish as FADD-like apoptosis regulator or B-
lymphocyte stimulator (Martinez 2003, Pham 2003,2006, Roue 2007). The activation of the
AKT survival pathway in MCL (Rizzatti 2005), partilarly in blastoid cases, associated with the
loss of PTEN expression (Rudelius 2006), and thva®n of the downstream mTOR pathway
might also confer to MCL cells higher proliferati@and survival capacity (Peponi 2006). The
tyrosine kinase SYK involved in the B-cell recepstgnalling pathway and activation of AKT and
NFkB in B cells is over-expressed in a subset oflMide to genomic amplification (Rinaldi 2006).
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Figure 6 (Campo 2008) Genetic alterations, such as amplifications avet-expression of genes,
that will promote cell survival are shown in redhile deregulation (such as deletion or
downregulation) of genes raising pro-apoptic sigretle represented in green. MCL cells show
activation of AKT, NFjB, and mTOR pathways resudtim cell cycle progression and resistance to
apoptosis. The upregulation of pro-survival sigrikde BCL2, MCL1, or FLIP, together with the
downregulation of proapoptotic genes, such as BAQU2ITNFRSF10A (DR4) and TNFRSF10B
(DR5), FAS, and FADD among others will facilitateetsurvival of MCL tumour cells.
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NOVEL TREATMENT APPROACHES IN MCL IN CLINICAL DEVEIOPMENT

As long as many different pathways turned out tonvelved in the pathogenesis of MCL, many

new target treatment are recently being teste@eitith in vitro than in vivo studies (table 1).

Drug class

Drugs

Mechanism of action and effects on
MEL biology

Clinical development and results

Proteasome inhibitors

CDK irhibitors

Sarinefthraoning ard tyrosing
kinass inhibitors

Pl2KAKT inhibitors

mT R inhibitors (rapalogs)

BH:z rmimetics

IMICs

HOA e inhiitor

HEPao inhibitors 122

Bortezaomib (CT-L),%-50 NPI-o0s2 (CT-L,
T-L, C-L), 5 PR-171 (CT-L),5 MLNa7 08
(CT-L

Flavopiridal {pan-C0K), & PDos32991
(COKs)E

Erzastaurin (PKC-2 IT) 2 fostarnatinis
(SYK) = PCl-3278s (BTIE

CAL-101 (PISKE), 243 ON1E10Na
{mutikinase PI2Ka), ™2 parifesineg
(AKT)™

Raparrycin, temsimlimus (CCl-779), 04

everclimus | RADO ), 312 deforclimus
{AP2asTa)E

*ABT-263,108 AT-101 188 phatoelax
(G 5-070)1E

Lenalidomicke, 113114 thalidomida1®

Vioinostat (SaHa) 1812

Arsarmycing: 17-AAG, 17-DMAG! IPl-504;
synthetic: SMX-5422 KW-2478

Reversible or imsversible inhibition of
=1 proteasome activities; call-cyds
arrest and induction of apoptosis
through oxidative and ER
streas—mediatad up-regulstion of MOX

Flavopinidol: pan-CDK nhbilor, decreased
RiNA shabifity; PDosEz001: blocks ayclin
CHICEHA, leading o cal-cycle amest

Inhikition of BCA signal transduction
cascade

Inativation of AKT and mTOR; cell-cyeles
arrast, cyelin D1 down-regulation;
activation of p&3 and BAD-mediatsd
apoptosis

Partial allostenc TORCA inhibition;
cell-cycls amesl; inconsistent efects
on expression of cell-cyde regulators
{eylin O, p21, p27); mey induce
autophagy but not apoplosis

Inhibition of antiapoptotic membsars of
BCL-2 family, BCL-2, BCL-X;
X 154070 inhibits alss MCOLA;
rmitezhondnial depolarization through
release of BH-3—only proteire ard
BAX/BAK activation

Modulation of rnmune responss;
rmizroervi ronment o dirsct effect on
tumar cells

Cyclin [ dosereraguiation, p21 and p2y
up-regulation, and call-cycle armsst;
up-regulation of the BH3-only proteing
BIM and BMF

Degradation of client proteins, incuding
cyclin O, COK4, IKKp, AKT, c-MYC,
and c-RAF'; call-cycle arrsst,
activation of the mitochondrial

apoptotic patheay

Bortazomils (phase 2): ORR 395534600
relapsedirefractory MCL; NP 0052 and
PR-171 (phas= 1); MLNS7T0E (phase 1)

Flavopiridal (phass 1, 2): minimal responses
as a sirgle agent, modified dosing
schedules rray be mons effective;
PDoas2o0q(phass 1)

Mosthy stable disease for fostamatinib and
erzastauring objective responses in
phase1 shudy of PCI-22765

CAL-101 foral agent, phass 1): PR3 in MCL
and CLL; OM-01210.Ma (phass1);
Perifosine (phass 1)

Ternsirolimus (phase 2 and 3): ORR
B0E-40% in relapsad patients, mosthy
PRz of rapid cnsst (median, 1 mo),
madian duration of reeponss of 6.9 mos;
everolimus (phase 1 and 2): some
objective responsas,; deferolimus (phass
2): 30% PR and 408 SD

Cibeabocba (phase 1 and 2) with or withou
bortezomib; AT-101 (phase 2); ABT-737
(phas= 1 ard 2)

Lenaldormide (phase 2): ORRA 42%-53%,
CR 2085, PFS 5.6 mosgin relapsed MCL

SaHA (phase 1 ard 2) with orwithout
bortezomib

17-AAG (phase 2): mostly dissass
stabilization, with or without borezomiby;
17-DMAG clinizal develprment stopped,
IPI-504: water-soluble 17-A8G derivative
synthetic inhibitors: entenng sarly stags
teting

Infarmation on ongeing dinical tials atis availabls at http s cinicalirials.go.
CT-Lindicates chymotrypsin-like; T-L, typein-liks; O-L, caspase-like; ORA, cveral response rate; ER, endoplasmic rstizulum; PR, partial responss; S0, stabls dissass;

CR, complete responss; and PFE, progreasion-fres sunival,
*ABT-265is the oral formulation of the compound used in clirical frals; ABT-757 is the equivalent compound typically used in preclinical sudies.

Table 1 Novel treatment approaches in MCL in clinical eleypment (Perez-Galan 2011).

Proteasome inhibitors

The ubiquitin-proteasome system, the main nonlysasgpathway through which intracellular
proteins are degraded, exhibits 3 proteolytic &ats: chymotrypsin-like (CT-L), trypsin-like, and

caspase-like, each localized to a distinct 20Sepsaime subunit. Bortezomib, a peptide boronic
acid that reversibly inhibits primarily the CT-Ltaaty, is the first proteasome inhibitor approved
by the Food and Drug Administration (FDA). Phaseliical trials of single-agent bortezomib
showed durable responses in 33%-58% of patientsneiapsed or refractory MCL (Goy 2009 and
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2005, O’Connor 2009). Bortezomib is now increasingdmbined with other agents. Interestingly,
some studies suggest a sequence-dependent synangiisamemotherapy (Weigert 2007).

A second generation of proteasome inhibitors ainforgcontinued activity against bortezomib-
resistant cells, simplified dosing schemes, andaed toxicity is now entering the clinic. NPI1-0052
(salinosporamide A), a natural product relatedactdcystin, targets all 3 catalytic sites (CT-L,
trypsin-like, and caspase-like), provides more pbéad more durable proteasome inhibition and is
active against bortezomib-resistant MM cells (Claau005). PR-171 (carfilzomib), a modified
peptide related to the natural product epoxomiseiectively and irreversibly disables the CT-L
activity, which may explain its greater cytotoxyci{O’connor 2009). MLN9708, a second-
generation peptide boronic acid derivative, hydres/to MLN2238, the biologically active form
that reversibly blocks CT-L activity, and has shovpneclinical efficacy in hematologic
malignancies (Kupperman 2010) .

Cyclin D1, cell-cycle control, and cell-cycle inftifirs

Cyclin D1 and cell-cycle control appear as nattmegets in MCL. Two basic strategies have been
pursued: down-regulation of cyclin D1 expressiord amhibition of CDK function. PI3K and
MTOR inhibitors can inhibit cyclin D1 translationnch promote its degradation, whereas
PD0332991 blocks cell-cycle progression throughepbtinhibition of CDK4/6 (Marzec 2006,
Leonard 2008). The pan-CDK inhibitor flavopiridolyhose mechanism of action involves
inhibition of RNA synthesis, has minor clinical ity as a single agent, but a modified dosing
regimen has shown considerable activity in CLL (RB09) and is currently under investigation in
MCL.

BCR pathway

Recent studies reported constitutive activatiorthef BCR signal transduction components SYK
and PK@ Il (Boyd 2009, Rinaldi 2006) SYK was amplified lioth Jeko-1 cells and some primary
MCL samples, but constitutive activity of SYK waalp shown in the cell line (Rinaldi 2006).
Jeko-1 cells were more sensitive to an SYK inhibitban MCL cell lines without constitutive SYK
activation, indicating some dependence on the pathin a screen for phosphoproteins, BKC
was found to be phosphorylated in primary MCL sasph contrast to normal B cells (Boyd
2009). However, it was not localized to lipid ratis would be expected after classic BCR
activation. Inhibitors targeting the signaling casde downstream of the BCR have entered clinical
testing. Fostamatinib, an inhibitor of SYK, achidwe 55% response rate in CLL, but only 1 in 9
patients with MCL responded (Friedberg 2010). Etmas, a PK@ inhibitor, induced no
objective responses in MCL (Morshhouser 2008). M@eently, a phase 1 study of the BTK
inhibitor PCI-327 (Friedberg 2010) reported objeetiresponses in a few patients with MCL
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(Advani 2010). Thus, a role for BCR signaling in M@athogenesis and the possible clinical
benefit of agents targeting this pathway deservéu investigation.
PI3K/AKT/mTOR pathway

The PI3K/AKT pathway is involved in the transductiof a variety of extracellular signals and

plays a prominent role in many cancers (Engelma&®R0dn normal B cells, PI3K functions as a
transducer of BCR signaling that regulates prddifien, differentiation, apoptosis, and survival.
Gene expression profiling implicated the PI3K/AKatlpway in the pathogenesis of MCL (Rizzatti
2005), and several key components of the PI3K/AKIIQR pathway are activated in MCL
(Peponi 2006) indicating a possible contributiortha$é pathway to MCL pathogenesis. Constitutive
activation of AKT was found in most blastoid andmpalassic MCL tumours and was associated
with the phosphorylation of downstream targets|uding MDM2, Bad, and p27 (Dal Col 2008,
Rudelius 2006). Furthermore, AKT mediated activatdd mTOR, and its downstream targets S6K
and eukaryotic initiation factor 4E-binding protein(4E-BP1) can increase translation of key
proteins.

Several mechanisms may cause constitutive activatfoAKT, including activation of upstream
kinases such as SYK, and amplification of PI3KCiAe gene encoding the catalytic subunit p110
(Psyrri 2009). In contrast to solid tumours, nawating somatic mutations of PI3BKCA have been
identified (Rudelius 2006, Psyrri 2009). Loss ofHANI a phosphatase that turns the PI3K pathway
off, is another recurrent feature in MCL and maythee result of mutations, deletions, or promoter
methylation. PTEN can also be inactivated by phogghtion at serine 380 and threonine 382/383,
which has been found in MCL cases with constitiyivactive AKT (Dal Col 2008). The
mechanism of PISK/AKT/mTOR activation can determitiee therapeutic potential of small
molecule inhibitors. In tumours addicted to an tgei kinase such as SYK, PI3K/AKT signaling
can effectively be turned off by inhibition of thgstream kinase. In contrast, in tumours with
constitutive activation of PI3K or AKT, inhibitodirected at these kinases may be required.
NFE-kB pathway

The NF-kB family of transcription factors, (p50/fELQ65/RELA, c-REL, RELB, and p52/p100)

binds DNA as heterodimers and homodimers that aetithe transcription of genes involved in

survival, proliferation, and apoptosis (Karin 200Zhe canonical pathway is activated through
phosphorylation and consequent degradation of IBytasolic inhibitor that sequesters p50 and
RELA. Constitutive activation of the canonical NB-pathway has been reported in MCL cell lines
evidenced by the presence of pIB and nuclear pb8, and c-REL. Gene-expression profiling of
MCL patient samples showed frequent high expressiddF-kB target genes that correlated with
strong plIB expression on tissue microarrays (Magi2003, Tracey 2005). NF-kB target genes
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highly expressed in MCL include the antiapoptotrotpins BCL-2, BCL-XL, XIAP, and cFLIP
(Pham 2003, Roue 2007). Activation of the noncaredmathway (p52, RELB) has been reported
in some MCL cell lines (Granta-519, JVM-2, and NGEBut this could be due to Epstein-Barr
virus transformation. BCR engagement and TNF siggah the lymphoma microenvironment may
contribute inducible NF-kB activation. NF-kB sigima can also drive transcription of the TNF
family member BAFF/BlyS, a potent B-cell survivaktor that binds BAFF-R, BCMA, and TACI.
BAFF in turn stimulates both canonical and alteweatNF-kB pathways, activating a positive
feedback loop that could contribute to tumour salivival (Fu 2006). Recently, BAFF-R has been
detected in the nucleus of MCL cells, where it cal@ed with inhibitor of nuclear factor B kinase
B (IKKB) and cooperated in histone H3 phosphorylation. BAFassociated with c-REL, leading
to an increase transcription of genes that pronuaé survival and proliferation (Fu 2009).
Constitutive activation of NF-kB signaling may aldme caused by the inactivation of
TNFAIP3/A20, a ubiquitin-editing enzyme that actsaanegative regulator. TNFAIP3/A20 is often
inactivated in MCL through genomic deletions, migtas, and increased promoter methylation
Honma 2009). Moreover, MCL cases showed mono- drallddic deletions of FAF1, which
inhibits p65 and IKK (Bea 2009).

IKK inhibitors

In keeping with the role of NF-kB in MCL survivahhibitors of this pathway, such as BAY-
117082, curcumin, or the IKKinhibitor BMS-345541, have shown in vitro activityMCL (Pham
2003, Roue 2007, Shishodia 2005). However, desgstgreclinical promise it has apparently
proven difficult to translate this class of compdarinto the clinic, and except for curcumin no
clinical trials of these compounds are currentlgang.

Proteasome inhibition to block NF-kB signaling

Inhibition of the NF-kB pathway has initially bedrypothesized as mechanisms of bortezomib-
induced apoptosis. However, in MM it has recentgm shown that bortezomib efficiently inhibits
inducible but not constitutive NF-kB activity andrc even cause canonical NF-kB activation
(Hideshima 2009). Proteasome inhibitor—resistantkBFactivity has also been described in MCL
(Yang 2008). However, in activated B cell-like d8& large B-cell lymphoma, an aggressive
lymphoma having constitutive activation of NF-kBortezomib appeared to sensitize cells to
combination chemotherapy (Dunleavy 2009), sugggdtiat NF-kB inhibition may play a role in
some tumours but not others.

WNT pathway

WNT signaling can occur through two main mechanjsansanonical pathway througtcatenin

and an alternative pathway leading to c-Jun N-teafrkinase activation. The canonical pathway is
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considered to be more relevant in cancer (Ange@9R0Microarray analysis provided a first
indication that the WNT pathway may be activatedMEL (Rizzatti 2005). Recently, nuclear
expression of transcriptionally actiecatenin has been detected in MCL cell lines amdotur
biopsies and correlated with GSK3nactivation (Chung 2010). WNT3 and WNT10a are
consistently expressed in MCL cell lines and patieiopsies, and amplification of WNT11 on
11913.4-q13.5 has been found in MCL cell lines.Hegpression of several Frizzled receptors and
low density lipoprotein receptor-related proteinh&s been documented, indicating a possible
autocrine loop of WNT signals. Furthermore, theimngethreonine kinase CK2, which is
constitutively phosphorylated in MCL (Cecconi 2008)osphorylateg-catenin at Thr393, thereby
impeding its proteasomal degradation. The resulstabilization of -catenin increases its
transcriptional activity. Inhibition of the canoaicpathway by small interfering RNA mediated
knockdown of DVL2 and Frizzled 2 or by the pharmaga agent quercetin reduced proliferation
and induced apoptosis (Ortega 2008, Gelebart 2008).

Hedgehog pathway

Recent studies have suggested that stromally peodbhedgehog proteins Indian hedgehog, sonic
hedgehog (SHH), and desert hedgehog have a rohe iproliferation of hematopoietic stem cells,
lymphoid cells, and in B-cell malignancies (DierR807). The molecules associated with SHH
signaling and its target transcripts PTCH, GLI1d &1.12 are over-expressed in MCL primary cells
compared with normal B cells. Interestingly, GLllegated at 12913 and may be coamplified with
CDK4 and MDM2 in some tumours (Sander 2008). Ac¢ioraof PTCH by SHH may increase
proliferation of MCL cells, an effect that could mhibited by cyclopamine, a specific inhibitor of
SHH-GLI signaling. Furthermore, down-regulation Gt.| transcription factors with the use of
antisense oligonucleotides significantly reducedlinyD1 and BCL-2 transcript levels, decreased
proliferation of MCL cells, and increased their agjstibility to chemotherapy (Hedge 2008). These
results indicate a role for SHH-GLI signaling in M@roliferation and identify the hedgehog
pathway as a potential therapeutic target in MCL.

Antiapoptotic BCL-2 family proteins

BCL-2 family proteins are key regulators of apompsletermining cellular fate in response to
numerous insults (Adams 2007). The BCL-2 pathwaylesegulated in MCL; high-level copy
number gains of the BCL2 locus at 18921.3 are &agBea 2009), high MCL1 expression is
common in more aggressive tumours (Khoury 2003) ead be increased by AKT/mTOR
signaling, and BCL-XL over-expression has beendtko constitutive activation of the NF-kB
pathway (Shishodia 2005). Furthermore, the proayimpBH3-only protein BIM is frequently

inactivated through genomic deletions of the BCLRLdene. Homozygous deletions of the
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BCL2L11 locus are found in MCL cell lines (Jeko, 38l SP53, UPN1, SP-49), and
immunohistochemistry on tissue arrays showed tiserate of BIM expression in 32% of primary
tumours (Jares 2007, Mestre-Escorihuela 2007).

Targeting BCL-2 family members to restore apoptosis

The recognition of the importance of the BCL-2 fnproteins in cancer has sparked efforts to
target these critical survival molecules. One apphohas been to reduce BCL-2 expression with
compounds affecting gene or protein expression gkz009). A BCL-2 antisense oligonucleotide,
oblimersen (Banerjee 2001), has undergone exterdimgal testing in various malignancies,
including MCL (Leonard 2003). However, despite anmaging preclinical data and some activity in
clinical trials, the compound has repeatedly fatedjain FDA approval and clinical trial activity
has virtually stopped. In addition, oblimersen eamt CpG motifs and acts as a Toll-like receptor 9
ligand, giving rise to many effects beyond BCL-4ibition (Kang 2009). The disappointing
activity of oblimersen may be due to pharmacokmétsues or redundancy within the BCL-2
system that makes inhibition of BCL-2 alone notyeffective. A different strategy that may
overcome this later limitation is based on smallenoles directly inhibiting the function of BCL-2
antiapoptotic proteins. Several compounds have tseéated or chemically synthesized that mimic
the action of BH3-only proteins and thereby promagieptosis. Several such BH3-mimetics (ABT-
737 [oral compound in clinical trials is ABT-263},T-101, GX15-070) have shown in vitro and in
vivo activity, both as single agents and in combarawith proteasome inhibitors or conventional
chemotherapy (Paoluzzi 2008, Perez 2007). BH3-ntneeimpounds differ in their specificity and
affinity for various BCL-2 family members (Zhai 260 GX15-070 and AT-101 are considered
pan—BCL-2 inhibitors and can antagonize MCL-1, whi& up-regulated by proteasome inhibition.
Thus, combination of these compounds with borteboyields synergistic antitumor activity.105 In
contrast, ABT-737 does not neutralize MCL-1 or ARIB1, high expression of which may cause
resistance to this BH3 mimetic (Yecies 2010).

Microenvironment in MCL pathogenesis and immunontaiduy drugs

The microenvironment has been found to play an napo role in the biology of several B-cell
malignancies. There are some indications that turhost interactions might be more important in
MCL than is currently appreciated. First, MCL almos/ariably involves the gastrointestinal tract,
often only microscopically, but large tumours growiin the intestinal wall may cause presenting
symptoms. This suggests that microenvironment faadetermine disease localization or promote
tumour cell expansion or both at these sites. Skdornvitro studies show that MCL cells interact
with bone marrow stromal cells, and these inteoastican contribute to chemoresistance (Kurtova

2009). Third, gene expression profiling showedeased expression of factors involved in cell-cell
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crosstalk such as CCL4 and TNFSF9 (4-1BB-L) in M&&lls compared with normal B cells (Ek
2006). An intriguing observation is that cell adbaso bone marrow stromal cells can decrease the
proteasomal destruction of the cell-cycle inhibip®7, leading to reversible growth arrest (Lwin
2007). Such a “dormant” state could protect celtsnf cytotoxic therapy and may provide an
explanation how rapidly proliferating MCL tumourgarc remain in remission for years before
relapsing again as a highly proliferative cancer.

The immunomodulatory drugs (ImiDs), thalidomide dmdlalidomide, are active in MM. Although
the precise mechanism of action is not understeffécts on the microenvironment either by
disruption of tumour-stroma interactions or throwgttivation of immune effector mechanisms are
hypothesized to contributed to the therapeuticceff€hanan-Khan 2008). Recently, lenalidomide
has been shown to improve formation of so-calledmiune synapses” between CLL cells and
autologous T cells, which could enhance immune-atediantitumor effects (Ramsay 2008). Phase
2 studies of single-agent lenalidomide in lymphohve yielded promising results in MCL
(Habermann 2009). In the NHL-002 study lenalidomii@guced responses in 53% of 15 heavily
pretreated patients. The progression-free sur{iR&lS) of 5.6 months and the median diagnostic
odds ratio of 13.7 months compares favorably witteotreatment options for these patients. In the
international NHL-003 study the response rate inp&flents with MCL was 42% with a median
PFS of 5.7 months (Witzig 2009). A study of thahadde in combination with rituximab found a
response rate of 81% and a PFS of 20 months iratiénts with relapsed MCL (Kaufmann 2004).
Despite these encouraging results no follow-upystudh the use of this combination has been
reported.

Epigenetic requlation of tumor biology

In contrast to the detailed profiling of genetisitens in MCL, epigenetic changes have only
recently begun to be explored. Acetylation of higt® leads to an open chromatin conformation that
facilitates the access of transcription factorBA. In contrast, methylation of gene promoters can
silence gene expression. Both acetylation and rfegtby can be altered in tumours and can
contribute to disease pathogenesis. A recent sti@NA methylation in primary MCL identified
several genes that were hypermethylated and thesgenced in tumour cells compared with
normal B cells (Leshchenko 2010, Hutter 2006). TidA methyltransferase inhibitor decitabine
not only reversed the aberrant hypermethylation ddsbd synergized with a histone deacetylase
inhibitor (HDACIi) and induced cytotoxicity. Severdlypomethylated and thereby up-regulated
genes could play a pathogenic role, including NOTICBDKS5, and HDACL1. Surprisingly, the
frequently observed methylation of CDKN2B did notrelate with increased tumour proliferation.
HDAC inhibitors
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Hypoacetylation of histones is found in lymphomasnpared with normal lymphoid tissue, and
data suggest that transformed cells are more sangit HDAC inhibition than normal cells (Fraga
2005). Studies with MCL cell lines have shown tbaberoylanilide hydroxamic acid (SAHA), the
only HDACI currently approved by the FDA, inducestbne acetylation, up-regulates p21 and p27,
causes cell-cycle arrest, and induces apoptostsreltingly, SAHA also reduced cyclin D1
expression at the protein but not mRNA level, tiglouan unexpected inhibition of the
PISK/AKT/mTOR pathway (Kawamata 2009). There is pathng evidence that HDACIs also
affect the handling of misfolded proteins. HDAC6askey factor in the aggresome pathway, a
proteasome-independent pathway of protein deg@ualihe aggresome pathway is up-regulated in
response to proteasome inhibition, suggesting $imtltaneous inhibition of both degradation
pathways may result in an improved therapeuticceffi this regard, preclinical data indicated a
synergistic interaction between SAHA and bortezqonmésulting in increased reactive oxygen
species generation and apoptosis (Heider 2008).

Heat shock proteins, chaperones of tumor biologs, l4SP90 inhibitors

Heat shock proteins (HSPs) are ubiquitously expeeshaperones that facilitate and guard the
proteome from misfolding and aberrant aggregati®®P90 is of particular interest because many
of its clients are oncogenic signaling proteingjuding cyclin D1, c-MYC, p53, CDKs, AKT, IB
kinases, and survivin. HSP90 inhibitors displaae ¢hent proteins and target them for destruction
by the proteasome system (Taldone 2008). Resu&pietion of essential oncoproteins can induce
cell-cycle arrest and apoptosis. HSP90 in tumolls epresent entirely in active, complexed form,
rendering cancer cells more sensitive to HSPO9Mitdrs than normal cells. HSP90 inhibitors have
been a focus of drug development for more thaneldsy but no compound of this class has gained
clinical approval (Kim 2009). The first generatiohHSP90 inhibitors 17-AAG and 17-DMAG are
derivatives of the natural product geldanamycin.sMolinical trials used 17-AAG, showing
moderate antitumour activity, which in part may duee to poor water solubility. Additional 17-
AAG derivatives and several synthetic HSP90 inbiisithave been developed and could overcome
some of the limitations of the older compounds. Bi&khhibitors may be of particular value in
combination with proteasome inhibitors. For exampid-504 synergized with bortezomib in a
MM xenograft model (Sydor 2006) and is active agalmortezomib-resistant MCL cells possibly
because of the down-regulation of the endoplasgticllum chaperone BIP/GRP78 (Roue 2009).
An intriguing feature of this combination is thaSA90 inhibitors may reduce the neurotoxicity
observed with bortezomib.
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PROGNOSTIC PARAMETERS

The different therapeutic approaches do not consigehigh heterogeneity in the evolution of the
disease in MCL patients. The increasing numbehefapeutic options is opening new perspectives
for patients but the evaluation of these approaehksequire a correct stratification of the patie
according to the specific biological risk of thdisease. Recently, a specific MCL prognostic index
(MIP1, Mantle-cell lymphoma International Prognasindex) based on four independent prognostic
factors [age, Eastern Cooperative Oncology GrougfCdE) performance score, lactate
dehydrogenase (LDH) and leucocyte count] has shtivencapacity to clearly separate MCL
patients into three groups with significantly difat prognoses (Hoster 2008).

Early histopathological studies recognized the ifsn@tion of the tumour, evaluated either as the
mitotic index or cells expressing the proliferatiassociated antigen Ki67, as the best predictor of
survival in MCL patients (Argatoff 1997, Tiemann(X). A tight correlation between Ki67 levels
and survival is observed, suggesting that this sramkay be useful in the stratification of patients
for clinical trials (Katzenberger 2006). New prelifition markers recognized by
immunohistochemistry, such as topoisomerase llalphaICM6, may be useful in routinely
processed samples and may improve the predictie \af the Ki-67 detection (Schrader 2004).
However, these methods may be hampered by thecuiféis in the standardization of the
techniques and the reproducibility of the evaluattonong observers (De Jong 2007). As already
tested Pich et all (Am J Clin Pathol 1994) S-phHaaetion analized by flow cytometry could be a
more objective way to check proliferative index.eTdmalysis of gene expression profiling in MCL
has identified a proliferation signature based be &xpression of 20 genes able to clearly
discriminate patients with different median sur¥ji\@nfirming that increased proliferation was the
best predictor of poor survival (Rosenwald 2008tk below).

I Proliferation Signature Average 1 cDc2
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Previous studies had identified other morphologig@netic, and molecular parameters with

prognostic value in MCL patients. Thus, the blasmjtological variants are associated with shorter
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survival. Tumours with complex karyotypes and sfiechromosomal alterations, such as gains in
30, 12g, Xqg and losses in 9p, 99, and 17p have i@ raggressive clinical evolution. Molecular
investigations have identified the inactivation p3, CDKNZ2A locus, and the presence of high
levels of cyclin D1 or MDM2 as predictors of shontel survival. The prognostic impact of most of
these parameters merely reflects the proliferadioiine tumours; they lose their predictive value in
multivariate analysis, suggesting that the pradifien activity may represent an integrator of
different oncogenic events (Rosenwald 2003). Iistergly, some molecular and genetic alterations
maintain their prognostic prediction independemtiythe proliferation of the tumours, suggesting
that other factors may also influence the behavafuhe lymphoma or the response to the current
treatments. Thus, the quantitative gene expressiadYC, MDM2 and CCND1 seem to have
prognostic value independently of the tumour peoéfion (Kienle 2007). Similarly, the
concomitant inactivation of the two regulatory padlys INK4a/CDK4 and ARF/p53 in MCL was
associated with a poor survival that was independérKi-67 proliferation index (Hernandez
2005). Interestingly, the impact of the chromosoB® gains and 9qg losses on survival is
independent of the microarray proliferation sign@fsuggesting that a predictive model combining
the quantification of the proliferation activity cithe genetic profile may improve the estimation of
the risk of the patient (Salaverria 2007). Thedsusb molecular and genetic prognostic predictors
may become an essential tool in the clinical pcacto tailor the best therapy for each patient.

IN VITRO AND IN VIVO MODEL

Cell lines

The advent of continuous human leukemia-lymphomh) (tell lines as a rich resource of
manipulable living cells has contributed signifidgnto a better understanding of the
pathophysiology of hematopoietic tumors. The madvantages of cell lines were the unlimited
supply and worldwide availablility of identical tehaterial and the infinite viable storability in
liquid nitrogen. LL cell lines are characterizedchgerlly by monoclonal origin and differentiation
arrest, sustained proliferation in vitro under preation of most cellular features, and notably
specific genetic alterations (Drexler 1999, Drex2800). Over the last several years, a number of
cell lines have been established from patients WMi@L or a lymphoma which would nowadays be
classified as MCL (table 2) (Drexler 2002, DrexX266).

Various groups in Canada, Germany, Japan, SwedkB8@ain have characterized several bona fide
and presumptively MCL cell lines in astonishingaletusing classical G-banding cytogenetics,
fluorescence-in situ hybridization (FISH), spectkdryotyping (SKY), comparative genomic
hybridization (CGH) and cDNA microarray analysia8hez-lzquierdo 2003, Rudolph 2004, Ek
2005, de Leuuw 2004, Rubio-Moscardo 2005, Tagavi® R0

25



Mantle cell lymphoma-derived cell lines

Cell line Patient Sample Year Diagnosis Ref.
Granta 519 58 F PB 1991 MCL, leukemic transformation [20]
HBL-2 B4 M LN 1985 B-NHL., diffuse large cell [21]
JeKo-1 T8 F PB MCL. leukemic conversion [22]
JVM-2 63F FB 1984 B-PLL [9]

M-1 58 M FB 2001 MCL, leukemic phase [23]
MAVER-] 82 M PB 2003 MCL, leukemic phase [24]
Mino 68 F FB 1997 MCL, leukemic phase [25]
NCEB-1 5TM PB 1987 B-NHL, diffuse centroblastic-centrocytic [18]
Rec-1 61 M LN or PB 1987 MCL, transformed from DLCL [26]
SP-53 58F PB 1986 B-NHL. intermediate lymphocytic, leukemic conversion [27]
UPNI 52 M PE MCL, leukemic phase |28]
UPN2 5TM PE B-CLL —MCL [28]
Z-138 ToOM BM 1990 B-CLL — B-ALL - reclassified as MCL [11]

Table 2 MCL cell lines (Drexler et al 2006).

Animal models

Progress in MCL therapy has been slow in part sai its relative rarity, but also because no
suitable animal models have existed. Preclinicaleation of investigational agents for MCL has
been limited by lack of suitable animal models timamic the natural history of human MCL and
provide the microenvironment in which MCL cellsitle. The currently available in vivo model of
MCL is s.c. xenograft of human MCL cell lines inveee combined immunodeficient (SCID) or
nonobese diabetes— SCID mice (Bodring 1994, La®98d )1

It is well known however that primary MCL cells fropatients are very difficult to grow in culture
medium in vitro and in the mouse model (Wiestneéd70

M’kacher et al. (Cancer Genetics and Cytogenet33p have established two cell lines from the
pleural effusions of two patients with MCL that yhédnave used for further cytogenetic
characterization to better define the incidence @atire of secondary chromosome abnormalities
using multicolor fluorescence in situ hybridizatiamhole chromosome paint, and specific probes.
Both cell lines grew independently without growtictors. Using CCND1/IGH-specific probes,
patient UPN1 was found to have a masked t(11;14)mé&tous and complex chromosomal
abnormalities were found in both cell lines affegtchromosomes 2, 8, 13, 18, 22, X, and Y. These
abnormalities included 8p losses, suggesting tlesgmce of an anti-oncogene in this region,
rearrangements of 8q24, MYC gene, and translocaiiorolving 8, X, and Y chromosomes, which
might be significant in the pathogenesis of MCL grassion. The use of the cell lines (UPN1)
allowed them to generate a mouse model of human,M@hicking a disseminated lymphoma and
leading to the death of the animals in 4 weekst blestoid MCL model could be of major interest
to determine molecular events involved in MCL pesgion, allowing isolation of involved genes
and their functional characterization, and to stthly effects of new chemotherapy regimens in
mouse models. Xenografted UPN1 recapitulates fadlthfsome features of blastoid MCL in

NOD/SCID mice with evidence of migration of leukengells to the spleen, lymph nodes, and
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CNS. A similar model expressing CCND1 on a xendgthftumour cells, however, was not
validated for the presence of the specific chrome@bnormalities (Bryant 2000).

Tucker et al (2006) wanted to study growth ratéoof MCL cell lines in mice. Female and male
Rag2-M mice with transgenic knockout of the RageRegwere obtained from the breeding colony
at the BC Cancer Agency at age 6-9 weeks. The mibagh lack B and T lymphocytes, were
maintained in a pathogen-free environment. The &xkponentially growing cultured cells were
injected subcutaneously with Matrigel (volume oD10l) or without Matrigel (volume of 50 ul)
(Collaborative Biomedical Products Inc., ChicagoadySntraperitoneally, or intravenously via tail
vein. Animals were assessed for the time courséneks and for signs of tumour growth, and were
sacrificed for progressing subcutaneous tumour rrassnt, paralysis, ascites, scruffy coat and
lethargy or for survival beyond 90 days. Harvedtadour specimens were snap frozen at G0
and also placed in buffered formalin and subsedy@népared for histopathological analysis and
immunohistochemistry to confirm that tumour specaisexhibited MCL traits. All animal studies
were completed in accordance with the current duiele of the Canadian Council of Animal Care
and with the approval of the University of Briti€lolumbia Animal Care Committee. All cell lines
showed subcutaneous growth in Rag2-M mice. Growdl anhanced by injection with Matrigel,
with the exception of HBL-2 which showed equallpichgrowth with or without Matrigel as most
injected sites showed growth by days 25-30, althaaoghe cell lines other than HBL-2 growth in
the absence of Matrigel was delayed beyond dayrStbbobserved. JVM-2 and NCEB-1 had a
slower growth pattern of about 40-50 days as coetpty Z-138 and HBL-2. A shorter survival
time was observed for animals injected subcutarigouith HBL-2 (27 days) and Z-138 (31 days)
while longer survival times were observed for bd#M-2 (50 days) and NCEB-1 (47 days). IP and
IV injection of HBL-2 led to tumour growth and dessination with a somewhat slower time course
of about 45-50 days. Parenteral injection of Z-tiRBnot generate any systemic disease. The i.v.
injection of JVM-2 and NCEB- 1 led to establishmeftcohesive deposition of systemic MCL
after 60—90 days. Parenteral injection of the HBINZEB-1 and JVM-2 cell lines showed tropism
for extranodal sites, although the number of ansntedted was small.

Ford et al. (Blood 2007) developed another muriradeh of MCL-Blastoid variant by crossing
interleukin 14 (IL-14a) transgenic mice with c-Myc transgenic mice (deutrthnsgenic [DTG]).
140 is a B-cell growth factor that is expressed inumnber of high-grade lymphomas, including
MCL-BV. Ninety-five percent of 14 transgenic mice develop CD5positive large B-cell
lymphomas by 18 months of age. Sixty percent of y@Mransgenic mice develop pre-B-cell
lymphomas by 12 months of age. Close to 100% of DG develop an aggressive, rapidly fatal
lymphoma at 3 to 4 months of age that is CD5+, CH18D21-, CD23-, slgM+. The tumour was
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found in the blood, bone marrow, liver, spleen, pynmodes, gastrointestinal tract, and lungs and
rarely in the brain, similar to the involvement iseén human MCL-blastoid variant.
Immunoglobulin gene rearrangements document theootomality of the tumour. Cyclin D1 was
highly expressed in these tumours, as it is in Mildstoid variant. However, MCL cells in these
transgenic mouse models are murine, not human.

As MCL usually involves the bone marrow, Wang efGin Canc Res 2008) developed an in vivo
SCID model for human primary MCL cells. They adaptkee SCID-hu mouse model developed for
myeloma (Yaccoby 1998) and injected primary humarCLM cells directly into the
microenvironment of human fetal bone, which hadnbse. implanted into SCID mice. The
engrafted MCL cells in human fetal bone have bdews to produce measurable levels of human
h2-microglobulin (h2M) in mouse serum. In this mipdée engraftment and growth of patient
MCL cells were dependent on human bone marrow mrioonment and these cells metastasized
to mouse lymph node, spleen, bone marrow, andayatgstinal tract. Primary tumour cells such as
myeloma and lymphoma usually do not survive andvgro SCID mice because they require the
supporting human microenvironment. To establish @ause model for primary myeloma cells,
investigators developed SCID-hu mice, in which @lfeuman bone chip was implanted s.c. into
SCID mice (Yaccoby 1998). After a 4- to 6-week postedure recovery phase, the bone implants
are found to be vascularized and histologicallyilsinto normal human bone marrow and could
provide bone marrow microenvironment for the growthprimary tumour cells (Kyozumi 1992).
Injected myeloma cells grow within and around tloaéd chip and seldom migrate and infiltrate
murine tissues (Yaccoby 1998). Through interactiomih the human bone marrow
microenvironment, myeloma cells induce typical nopeh manifestations, such as the appearance
of M-protein in the serum, and changes in the dgrei implanted human bone. The SCID-hu
mouse model has been used not only in studies wiahuhematopoiesis, immune function, and
biological development (Kaneshima 1990, McCune 1%&rbadillo 2000) but also in studies of
microenvironment and growth and metastasis of hupranary myeloma cells in vivo (Yaccoby
2004). MCL shares the same feature of common bareom involvement as myeloma. Previous
studies indicated that MCL was identified in 83%®&% of bone marrow aspirate specimens and in
91% of bone marrow biopsy specimens (Salar 2006e6d 998, Romaguera 2005). Based on the
characteristics of the high frequency of bone marnavolvement with MCL cells, Wang et al.
reasoned that by implanting a human fetal boneGiDSmice, primary MCL cells might survive
and grow in the SCID mice. They successfully esghbd a reproducible in vivo model closely
resembling the clinical situation of patients WMCL. This approach tourned out to be especially

practical and useful because they can establisto@senhost by injecting as few as 0.5%10
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freshly isolated primary MCL cells from patientsnlite myeloma, MCL cells do not produce M-
proteins. To monitor tumor growth, they examinedas factors secreted by MCL cells such as
IL-6, h2M, and lactate dehydrogenase (Argatoff 19®illiams 2005). Based on preliminary
studies monitoring and comparing serum levels es¢hfactors and the sizes of tumour masses in
MCL-bearing SCID-hu mice, they found a positive retation between tumour burdens and the
level of circulating human h2M. IL-6 and lactatehgidrogenase were less useful for this purpose.
Therefore, they chose human h2M as the surrogatkemgor tumour burden in MCL-SCID-hu
mice. They recently showed that levels of circaigthuman h2M correlated well with the sizes of
s.c. MCL tumours in the xenograft SCID mouse modikrefore, circulating human h2M seems
indeed a good indicator for MCL tumour burdens @IZhu mice. This study provides strong
evidence for the crucial requirement of implantednan bone for the engraftment of primary MCL
cells in the host. They injected primary MCL cells or directly into the bone chips of SCID-hu
mice and found that intrabone, but not i.v. injectiled to the establishment of MCL in the
majority of SCID-hu mice. Further support came fr&€GID mouse experiments in which i.v.
injection of large numbers of primary MCL cellsléal to establish MCL in the mice. Furthermore,
in one of five SCID-hu mice that successfully effiigh MCL after i.v. injection of the tumour cells,
a tumour mass formed within and around the imptamieman fetal bone. These results indicate
that the implanted bone chips are absolutely requiparticularly during early stages of tumour
engraftment, for injected MCL cells to survive agdow because at 2 months after tumor
inoculation, primary MCL cells were also found irunme tissues such as bone marrow, lymph
nodes, spleen, and gastrointestinal tract. Thésusry interesting finding because in patients with
MCL, tumour metastasis is often observed in thesiés or organs. Romaguera and coworkers
(Romaguera 2005) published results from their phaséudy with 97 patients with MCL using
Hyper CVAD regimen and found that 90% of patienesavconfirmed to have gastrointestinal tract
involvement, gastrointestinal tract involvement ML at diagnosis has become very frequent
(Salar 2006). Therefore, Wang et al believe thair tMCL-SCID-hu model will also be useful to
elucidate the mechanisms underlying tumour metastasMCL. High engraftment rates with a
short time for tumour establishment are requiredntike the in vivo model feasible for research
purposes. Wang et al treated MCL-bearing SCID-haoenmip. with atiprimod for 6 consecutive
days. The data showed that atiprimod decreasethse?i to low levels, comparable with serum
h2M levels of mice treated with PBS. The resultiigate that this SCID-hu model not only allows
for the study of MCL biology but also is rapid andeful for the preclinical evaluation of novel

agents against MCL.
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Testing Olaparib effect on MCL, Weston et al (Blo2810) use a nonobese diabetic/severe
combined immunodeficient (NOD/SCID) murine xenognaiodel of an ATM mutant MCL cell
line and demonstrated significantly reduced tumoad and an increased survival of animals after
olaparib treatment in vivo. For all experimentanawr cell engraftment in the bone marrow and
spleen before initiation of olaparib treatment waasfirmed both by FACS analysis of human anti-
CD45 (eBioscience)- and murine anti-CD45 (BD Phagen)-stained cells and by
immunohistochemistry using anti-chuman CD5 (Leicarglsystems), anti-human Pax5 (Thermo
Scientific), and anti-human ki-67 (Dako) antibodi&®r assessment of MCL tumour load in
murine primary lymphoid organs, sublethally irrddih nonobese diabetic/severe combined
immunodeficient (NOD/SCID) mice (aged 5 weeks) wémgavenously injected with 3x10
Granta-519 cells. Fourteen days after injectionmals received either 50 mg/kg/d olaparib or
vehicle, 10% (wt/vol) 2-hydroxypropy-cyclodextrin (Sigma-Aldrich), via intraperitoneal
injection, daily for 14 days. Mice were culled atyd30-36, and tumour load in the bone marrow
and spleen was assessed by FACS analysis of huibdb+Ccells. To compare tumour size and
survival between treated and untreated animalgutabeous tumours were initiated by injection of
3x1¢ Granta-519 cells. Tumours were allowed to growSadays before initiation of treatment
with 100 mg/kg/d olaparib (tumor size, survival) whicle alone (tumour size, survival) via oral
gavage for no more than 28 days. Tumour volume maasured manually using a calliper 3 per
week. Mice were killed upon signs of illness or whemours reached 1250 mmny mice that
died early in the experiments due to graft-unrelatguses were excluded from the experiments.

To investigate the in vivo impact of olaparib, thggnerated murine xenograft models of the ATM
mutant MCLcell line, Granta-519. To determine wieetimfiltration and engraftment of the tumour
cell line had already taken place before initiatimnolaparib treatment in the different animal
cohorts, 3 representative mice from each cohorevesralyzed on the day that treatment was to
begin (14 days after intravenous or 5 days aftbcstaneous injection of cells). The presence of
tumour cells at the level of at least 1% of alllseWwhich is considered to be engraftment, was
observed by FACS analysis in the bone marrow atekspboth at 5 days (subcutaneous) and 14
days (intravenous) after injection. Furthermorengismmunocytochemistry and anti-human CD5,
Pax-5, and Ki-67 antibodies, they confirmed siguifit infiltration of proliferating human B-
lymphoid tumour cells in both the spleen and borsraw at both time points before treatment
initiation. Subsequently, the degree of tumour leas compared in the lymphoid organs of 23
NOD/SCID Granta-519 cell-injected mice 5 weeksraftegavenous injection of cells and 14 days
after treatment with olaparib. However, early i tbxperiment, 7 mice died of graft-unrelated

causes, leaving 16 mice, which were treated witheeiolaparib (8 mice) or vehicle alone (8 mice).
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Analysis of the percentage of human CD45 stainiggFBCS analysis revealed a significant
reduction in the percentage of Granta- 519 cellthenbone marrow and a trend toward reduced
tumour cell load in the spleen of mice treated waildparib compared with those receiving vehicle
alone. They next assessed the effect of olaparithe@mrowth of subcutaneous tumours generated
by the localized injection of ATM mutant Granta-5&8lls into mice and found a significant
positive correlation between olaparib treatment aaduced tumour size. Finally, the overall
survival of mice engrafted with Granta-519 cellssvgggnificantly increased by olaparib treatment
compared with vehicle alone.

Liu et al (Clin Cancer Res 2010) tested in vivordpeutic activity of FTY720 in severe
immunodeficient mice engrafted with the Jeko MCL bee. Six- to eight-week-old female severe
combined immunodeficient (SCID) mice (cb17 scidisdiaconic Farms) were depleted of murine
natural killer cells with intraperitoneal injectiof 0.2 mg of rat anti-mouse interleukin-2 recepto
B monoclonal antibody (TRIL), 1 day before engraftment with human tumour lbeds and then
every week, as previously described (Tananka 1908lj-dose titration trials with three separate
MCL cell lines (SP53, Jeko, and Mino) were dondetermine the optimal dose of cells that would
lead to consistent engraftment and developmenirabur burden in all mice. This dose was found
to be 4 x 10cells (injected i.v. through tail vein) for Minma Jeko cell lines. SCID mice treated
with the monoclonal antibody TBA to deplete murine natural killer cells were efigchwith 4 x

10" MCL cells (Jeko, Mino, and SP53) i.v. and obserstaiy for signs of tumour burden. Animals
engrafted with Jeko cells developed cachexia/wgssyndrome and respiratory distress between
days 18 and 20 following engraftment. All mice eaftgd with Jeko cells showed central nervous
system and diffuse organ tumour burden and splegalypeEvaluation of brain tissue showed an
impressive meningeal infiltrate and perivasculavasion. Mice engrafted with Mino cells
developed cachexia/wasting syndrome and respiralistyess from 30 to 50 days. Mice engrafted
with Mino cells developed large bilateral neck nesssmediastinal tumour, and splenomegaly.
Histopathologic examination of neck masses showswtr effacement of parotid glandular tissue.
Mice engrafted with SP53 cells survived longestvetigping respiratory distress from 40 to 60
days. All mice engrafted with SP53 cells developstdoperitoneal and abdominal tumour burden.
Histopathologic examination of retroperitoneal lympodes showed marked effacement of normal
lymph node architecture. Tumour burden was verifigdimmunohistochemistry staining for the
human CD19 and CD45 antigen. Engraftment of ealthirce resulted in a characteristic pattern of
tumour burden and highly reproducible time to depeddvanced disease. To determine the in vivo
therapeutic activity of FTY720 against MCL, theygeafted 20 SCID mice with 4 x 10eko cells
and randomized mice to two treatment groups. Theedssed in this study (5 mg/kg/d) was
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determined based on in vivo PK studies of FTY72@ irat model. This regimen, in prior studies
using a murine Raji xenograph model (Liu 2008), md lead to significant toxicity, which further

justified its implementation for our in vivo studieising the MCL preclinical model. Mice treated
with 5 mg/kg FTY720 (n = 10) have a median survivaB8 days (95% confidence interval, 30-39),
which is significantly longer than the median sualiof 26.5 days (95% confidence interval, 26-
27) for PBS-treated mice (n = 10; P = 0.001). Tistopathologic analysis of the spleens from both
FTY720- and PBS treated mice showed diffuse iafilbm of human CD19+/CD45+ cells, with

neoplastic lymphocytes completely effacing the ralrgplenic parenchyma, consistent with our
observation that FTY720 increases the median saino¥ MCL-engrafted mice but, as a single

agent, does not result in complete eliminationiséase.
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PROJECT AND GOAL

The project based its scientific philosophy int@twain phases.

First of all a large collection phase that we deditb do looking inside protein expression of MCL
cell lines, either by using immobilized metal aifynchromatography (IMAC) pre-fractionation (a
column-based technique that selectively enrichephadspho-proteins by a reversible binding to
metal oxydes), followed by 2D-PAGE/MS (Cecconi 2)8an with PhosphoScan analysis. We
chose protein and phosphoprotein because theyharnal effectors of cell... and good candidate
drive targets.

Second we needed to validate data obtained by swdhlection phase, finding antibodies against
some of the most expressed phosphoprotein andddkgm on tissue (figure 7).

We did this on human fixed tissue, trying to firmses with clinical follow-up and building tissue
micro arrays to perform immunohistochemistry at loast and hopefully find new prognostic
parameter or confirm and validate old ones. Thdfprative index scored by Ki-67, a time-proven
immunohistochemical antibody, has been shown ta pewerful prognostic marker in MCL and a
30% cut-off has recently been proposed as clinicaleaningful. However, its determination is
subject to inter-laboratory and inter-observerat#on, limiting study-to-study comparison. S-phase
index, determined by flow cytometry, might be a gmtally more objective method for the
determination of proliferation, and might retaie thorognostic value of Ki-67 labelling.

In order to validate our experimental findings imovrwe also developed a xenograft mouse model
useful for further experimental work.

Lymphoid &
haematopoietic
neoplasms

Body fluids Cell Ilnes | Tissues

|
/\ { native || drug treatment | / \

| biomarkers I | secretome | | whole tissues || primary cells ” xenograft models |

Figure 7. Options for performing proteome analysis of lymihand haematopoietic neoplasms
focusing on body fluids, cell lines, and/or tissues
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MATERIAL AND METHODS

PROTEIN

Cell culture

The MAVER-1 cell line was established in our laliorees and previously described (Zamo 2006).
Cell lines Granta-519 (Jadayel 1997), Rec-1 (Ragn@Q93), and Jeko-1 (Jeon 1998) were
obtained from DSMZ (Braunschweig, Germany). UPNM'kacher 2003), UPN-2 (M’kacher
2003), and NCEB-1 (Saltman 1988 were provided hyfd®sor Elias Campo (Hospital Clinic,
University of Barcelona, Spain). Cell lines wereltaxed in RPMI 1640 (figure 8) medium
containing 10% FCS (Bio- Whittaker, Walersville, MDSA), and gathered at plateau phase (1.5-2
x 10° cells/mL) by centrifugation. Cells were washedcvin sterile 0.9% NaCl followed by
freezing in liquid nitrogen.

Figure 8. Cell lines coltures in RPMI 1640 medium.
IMAC (figure 9)
A phosphoprotein purification kit (Qiagen, Valenci@A, USA) was utilized for purifying

phosphorylated proteins. Cells (1¥L@ere harvested and processed following the maturier's
instructions. Briefly, cells were gently lysed irbaffer containing 0.25% w/v CHAPS, Benzonase
(a DNase/RNase), and a mixture of protease inhgittm prevent proteolytic degradation.
Subsequently, lysates were added to the readygoeotumns and the flow-through fractions
(containing nonphosphorylated proteins) were ctdléc After a wash step, proteins carrying
phosphate groups were eluted in PBS. Free phosjhdbe elution buffer inhibits phosphatase
activity, and therefore stabilizes the phosphomytatstatus of the eluted fractions during
downstream processing and storage.

High-resolution 2-DE (figure 10)

Phosphorylated protein fractions were concentrated desalted before 2-DE by ultrafiltration
(Nanosep® Ultrafiltration columns 10 kDa cut-offycaaddition of 45QuL 10mM Tris-Cl, pH 7.0.
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Protein fractions were then precipitated by acetoréhanol (8:1 v/v) and the pellets resuspended
in 2-D solubilizing solution: 7 M urea (Sigma—Aldh, St. Louis, MO, USA), 2 M thiourea
(Sigma), 3% CHAPS (Sigma), 20 mM Tris (Sigma), 1#b $-10 Ampholyte (Fluka, Buchs, SG,
Switzerland), and protease inhibitor cocktail talfleomplete Mini; Roche, Basel, Switzerland).
After 1 h samples were centrifuged for 10 min a0d® x g at 4°C to remove nucleic acids
complexed with ampholytes. Supernatants were irtedbaith 5 mM ributylphosphine and 20 mM
acrylamide for 60 min at room temperature to reduogein disulfide bonds and alkylate sulfhydryl
groups. The reaction was blocked by the additionl@fmM DTT and protein samples were
collected and stored at -80°C. Protein concentmatias evaluated with the DC Protein assay
(BioRad, Hercules, CA, USA). Seventeen centimeloag, pH 3-10 IPG strips (BioRad) were
rehydrated for 8 h with 450L 2-D solubilizing solution (7 M urea, 2 M thioured® CHAPS, and
20 mM Tris) containing 2.5 mg/ mL total phosphopint IEF was performed using a Multiphor I
apparatus (GE Healthcare BioSciences, Little ChalfyK). The total product time x voltage
applied was 70 000 V-h for each strip at 20°C. #ma second dimension, IPG strips were
equilibrated for 26 min in a solution of 6 M uré®o SDS, 20% glycerol, 375 mM Tris-HCI, pH
8.8. The IPG strips were then laid on an 8-18%TigradSDS-PAGE with 0.8% agarose in
Tris/glycine/SDS running buffer (192 mM glycine,1®% SDS and Tris to pH 8.3). The second
dimension was run in a Protean Plus Dodeca cedlRBd) with Tris/glycine/SDS running buffer.

PhasphoProtein Purification Procedure

Unphosphorylated Flow-through
fei 2 fractior
profeins raction

&

protfeins

cﬂ@ #  Phasphorylated
ad

Figure 9. Phosphorylated proteins by immobilized metal rétfyi chromatography (IMAC)
(PhosphoProtein Purification Kit, Qiagen).
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The electrophoresis was conducted with continuaadirtg and mixing by setting a current of 40
mA for each gel for 3 min, then 2 mA/gel for 1 Imda20 mA/gel until the track dye, bromophenol
blue, reached the anodic end of the gels. Profmitssvere revealed with Sypro Ruby stain. Gels
were incubated in a fixing solution containing 4@hanol and 10% acetic acid for 30 min
followed by overnight staining in a ready-to-use@f®yRuby solution. Destaining was performed in
10% methanol and 7% acetic acid for 1 h, followsdrimsing at least 3 h in distilled water.
Detection of phosphoproteins by Pro-Q Diamond stgiiMolecular Probes) after separation on 2-
DE gels was performed following the manufactur@r&ructions. In brief, 2-DE gels were fixed in
solution containing 50% methanol and 10% acetid,amashed with several changes of water to
remove SDS, and stained with the Pro-Q Diamond After destaining, gel images were recorded
using a Typhoon 9600 fluorescence scanner. Thes squotsistently stained with Pro-Q Diamond
dye were considered as putative phosphoproteins.

Protein pattern differential analysis

Gels were scanned using a BioRad VersaDoc 1000 impagystem. 2-D gel analysis was
performed by PDQuest software version 7.3 (BioR&d)h gel was analyzed for spot detection,
background subtraction, and protein spot OD intgrgiantification (spot quantity definition). The
gel image showing the highest number of spots &edbiest protein pattern was chosen as a
reference template, and spots in a standard ged Wen matched across all gels. Spot quantity

values were normalized in each gel dividing the gaxantity of each spot by the total quantity of all
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the spots included in the standard gel. For eactejr spot, the average spot quantity value and its
variance coefficient in each group were determifdte average spot intensities of each cell line
were ranked in decreasing order, and the 100 spitisthe highest average spot intensity value
were chosen for the identification.

In-Gel digestion

Spots were selectively excised from the gel usiegRroteome Works robotic Spot cutter (BioRad),
which allows for reproducible processing of gelxciEed spots were then subjected to in-gel
trypsin digestion. Spots were destained (15 minhwas300 mL 100 mMMNH4HCOS3; 15 min wash
in 300puL 50% 100 mM NH4HCO3 v/v, 50% ACN; 5 min wash in0% ACN) and dried at 37°C.
The gel pieces were swollen in 10 mL of digestioffdr containing 100 mM NH4HCO3 and 40
ng/mL trypsin (Promega, Madison, WI, USA). After ftin, 40 L of 100 mM NH4HCOS3 was
added to the gel pieces and digestion was perforane®l7°C overnight. The supernatants were
collected, peptides were extracted in an ultrasbatb for 10 min (twice in 50 mL 50% ACN, 50%
H20 with 1% formic acid v/v; once in 25 mL ACN), caithe supernatants were pooled. Tryptic
peptides were vacuum-dried with centrifugation,uspended in 2QuL 0.1% formic acid and
purified using a ZIP-TIP C18 column (Millipore, Biedd, MA, USA).

Peptide sequencing by nano-RP-HPLC-ESI-MS/MS

Peptide mixtures were analyzed by nanoflow HPLCOaL sample was loaded onto a homemade
2 cm fused-silica precolumn (75 mm id, 375 mm cagked with Reprosil C18-AQ, 3 m/m, at a

flow rate of 2ulL/min. Sequential elution of peptides was acconmglds using a flow rate of 200
nL/min and a linear gradient from solution A (2%AC0l1%formic acid) to 50% of solution B
(98% ACN, 0.1% formic acid) over 40 min. Desorbeghtdes were injected directly into a Q-TOF
microhybrid mass spectrometer (model microTOF-QkBr-Daltonik) equipped with a modified
ESI ion source (the spray capillary was a fusedssitapillary, 0.090 mm od, 0.020 mm id). The
mass spectrometer was operated in the positiveMiBnmode, and data-dependent analysis was
employed for survey scans (m/z 350-1500) to chopst three most intense precursor ions. For
CID mass spectrometric (MS/MS) analysis, collisiemergies were chosen automatically as a
function of m/z and charge. The collision gas wegoa. The temperature of the heated sample
source was 180°C, and the electrospray voltage4@@8 V. External mass calibration in quadratic
regression mode using sodiumformiate resulted iasnearors of typically 5 ppm in the m/z range
50-2000. Data searching was accomplished with MABGO6ftware (Matrix Sciences, London,
UK) using the following constraints: only tryptieptides up to two missed cleavage sites were
allowed; +0.25 Da tolerance for both MS and MS/M&gment ions; complete propionamide

formation on cysteines and partial oxidation of m@tines were specified.
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Protein phosphorylation status validation by Westdot analysis

Protein electroblotting and chemiluminescent sigdaetection were performed as previously
described (Cecconi 2007). Briefly, 1-D SDS-PAGEsgeere transferred to a PVDF membrane and
treated with the respective antiphosphoproteinbadies at the appropriate dilutions. Bound
antibody was detected with the enhanced chemilwsoer (ECL) detection kit (Amersham
Biosciences Europe) and recorded on X-Omat AR (Himdak, Rochester, NY, USA). Membranes
were immunoblotted again with a monoclonal antiehimmantibody (Sigma—Adrich, 1:4.000) for
normalization.

Classification of identified phosphoproteins an@gphorylation sites

GO lists were downloaded using FatiGO_(http://fatidpioinfo.cipf.es/) from Babelomics (Al-
Shahour 2006). Each protein was classified withpees to its cellular component,

biologicalprocess, and molecular function using @hotation. When no GO annotation was
available, proteins were annotated manually basediterature searches and closely related
homologs. The NetPhos 2.0 server (http:// www.dbhsd#t/services/NetPhgs(Blom 1999) was

used to predict the number of potential proteingphorylation sites. Further database searches
within PhosphoBase 6.0 (http:// phospho.elm.eu)@&jbm 1998) were also carried out to confirm
the phosphorylation of identified proteins and gaiformation about the exact position of known

phosphorylated instances. Scansite 2.0 (http:/#seamit.ed) (Obenoure 2003) was used to search

for potential Ser/Thr- or Tyr-kinases responsilde the phosphorylation by searching for specific
recognized motifs within the phosphorylated pratein

XplorMed (http://www.ogic.ca/projects/xplormegd{Perz-Iratxzeta 2001) was used to search the

literature for signal transduction pathway recamgion.
SNP-array analysis and correlation

DNA was extracted by column-purification methoddlRAep columns, Quiagen). The Affymetrix
GeneChip® Mapping Assay was used according to teufacturer’s instructions. Briefly, 250 ng
of genomic DNAper array were used for restrictiorzygme (Xba 1) digestion and ligation of
sequences onto the DNA adaptor fragments. PCR pt®dere then fragmented, end-labeled, and
hybridized to a Gene- Chip array following the mi@aturer’s instructions. Raw data analysis was
performed using GTYPE 4.1. Copy number and LOH wanmalyzed using the Affymetrix
Chromosome Copy Number Analysis Tool (CNAT) 4.0r Bb samples, we performed unpaired
analysis using the reference datasets from Affyimelro correlate the expression of identified
phosphoproteins with putative underlying alteratiom DNA copy number, we selected the data

relative to probes mapping within 500 kb from epobtein locus from the SNP-Chip and averaged
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their values. Next, we evaluated the presence wincon alterations among cell lines, performing a
series of one-sample t-tests on the assumptiorttbaxpected mean was 0 (no change).
PhosphoScan analysis (figure Igs performed in collaboration with Cell Signallifechnologies
(Danvers, MA, USA) on MCL cell lines MAVER-1, Gramb19, Jeko-1, and Rec-1 as previously

described (Rikova 2007). The technique requireotal tprotein lysate digestion followed by
immunoprecipitation of tyrosine-phosphorylated g, and then identified by LC-MS/MS. The
corresponding proteins were then ranked semi-gaéingly on the basis of the number of
identified peptides for each protein. Kinases wdentified by categorizing proteins into KEGG

terms using the DAVID Ease web framework.
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purified X number of peptides per peak
peptides

cells

Figure 11.Phosphoscan analysis

CASE COLLECTION

T™MA

For validation studies, cases of MCL diagnosedyomph node or spleen and in one case on testis,
between 1993 and 2008, were collected from thes fdé the Department of Pathology of the
University of Verona. Cases were reviewed in otdererify the diagnosis and to select those with
enough material to perform a tissue microarray (MRepresentative areas were identified and
properly marked on slides.

For TMA construction a Beecher industry instrumetrgsue microarrayer was used, which allows
to take a core of 1 mm diameter from donor blockd put it in a host block. Each case was
sampled three times from microscopically identifiedleas. Two TMAs were constructed,

containing triplicate cores from 40 cases of MApyfe 12-16).
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Figure 12 Cases from archives with slides and blocks.

Figure 13 Selection of good areas to make the TMA.




Figure 14. TMA building with tissue microarrayer, which @lis to take a core of 1 mm diameter
from donor blocks and put it in a host block

Figure 15 Two TMA of MCL lymphoma cases.
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CLINICAL PROGNOSTICATOR

S-phase

We have performed S-phase analysis by flow cytomiigure 16) on cases from 1994 to 2009,
using paraffin embedded tissue before 2002 anti tissue from 2002 till 2009 on 38 patients with
MCL, clinically followed up by the haematology defmaent of the University of Verona. We
collect the Ki67 index from our diagnostic repoatsd we analyzed the data, in order to verify the
prognostic significance of Ki67 index and S-phasection in mantle cell lymphoma, analysing

their correlation with overall survival.

i File analyzed: 1P50.001
J B gzg:lesganes Date analyzed: 3-Feb-2010
B pip Gt Model: 1DAOn_DSF :
Jica| Diz G2 Analysis type: Automatic analysis
Dip S

Diploid: 100.00 %
Dip G1: 88.88 % at 47.92
Dip G2: 3.73 % at 90.64
Dip S: 7.39 % G2/G1: 1.89
%CV: 3.60

Total S-Phase: 7.39 %
Total B.AD.: 0.01 %

Debris: 0.03 %

g_ Aggregates: 0.20 %

Modeled events: 77106

All cycle events: 76922

Cycle events per channel: 1759
RCS: 18.031

Number

40 80 120
Channels (FL2-H-IP50) a

Figure 16. Example of S-phase analysis performed by flovommtry.

MODELS
Cell lines
We keep growing and freezing many different cele$ as already explained in order to make all
different studies. All cells were incubated in RPMI40 supplemented with 10% heat-inactivated

fetal bovine serum, at 37°C in a humidified atmagph(see “cell culture” page 34).
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Mouse model

Attempts to grow primary MCL cells in NOD/SCID miden collaboration with the Pathology
department of the University of Torino) were unsssful because after 3-4 weeks mice developed
GHVD and died. So we've decided to change kind oflet and we implanted MCL cell lines in
rag -/-y -I- grey mice (figure 17).

We injected 5x1® cells in eight mice per MCL cell lines (JEKO-1, NR and MAVER-1), 2
subcutis, 2 intraperitoneum and 4 intravenous witly &5x16 cells (table 3).

We performed autopsy of 11 mice that already dgexloa mass and we processed tissue samples
to obtain H&E and ICH analysis too.

Figure 17.Mouse before perform autopsy.

C Rag2(-/-) y chain (-/-) Jeko-1 subcutaneous (s.c) 5x10° cells/mouse
D Rag2(-/-) y chain (-/-) Jeko-1 intraperitoneum (i.p.) 5x10° cells/mouse
E Rag2(-/-) y chain (-/-) Jeko-1 intraperitoneum (i.p.) 5x10° cells/mouse
I Rag2(-/-) y chain (-/-) Jeko-1 intravenous (i.v) 0,5x10° cells/mouse
J Rag2(-/-) y chain (-/-) Jeko-1 intravenous (i.v) 0,5x10° cells/mouse
A Rag2(-/-) y chain (-/-) UPN-1 subcutaneous (s.c) 5x10° cells/mouse
B Rag2(-/-) y chain (-/-) UPN-1 subcutaneous (s.c) 5x10° cells/mouse
K Rag2(-/-) y chain (-/-) UPN-1 intraperitoneum (i.p.) 5x10° cells/mouse
G Rag2(-/-) y chain (-/-) UPN-1 Intravenous (i.v) 0,5x10° cells/mouse
H

RaiZi-/-i y chain i/i UPN-1 Intravenous ii.vi 0,5x10° cells/mouse

Table 3. Mouse injected with different MCL cell lines, nathas “RES” followed by a letter.
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ICH CLASSIC AND NEW ANTIBODIES PROTEOMIC BASED

We looked for commercially available antibodiesiaghat least some of the protein that turned out
to be highly expressed from our studies (tableMg.chose those antibodies possibly useful either
to perform western blot analysis than for immuntdukemical assay (PHOSPO-STATS3, Pragmin,
PRKCD, GCET2, CdK2, CDC2, PRPF4 beta).

We perform immunohistochemistry for ciyclinD1, TCAASOX11 ki67, cd20 cd5, tubulin3beta on

5 micron slides obtained from our 2 TMA.

CD20 Novocastra 1:100 ER2 BOND pH 8
CyclinD1 (bcl-1 clone Sp4) NeoMarkers 1:10 ER2 BOND pH 8
SOX11 Atlas Sigma 1:50 ER2 BOND pH 8
ki67 (MM1) Novocastra 1:50 ER1 BOND pH 6
CD5 (4C7) Novocastra 1:150 ER2 BOND pH 8
TCL1A Santa Cruz 1:100 ER2 BOND pH 8

Table 4. ICH: classic and new antibodies, with annotatbthe tissue tested for the new ones.
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RESULTS

IMAC and phosphatase-treated separated fractiona pjospho-stain such as Pro-Q Diamond,
demonstrate enrichment in phosphoproteins in th@QMeparated fractions. The 100 spots (figure
18) with the highest average intensity were subptd RP-HPLC coupled with MS/MS analysis
for protein identificationThe typical high resolution 2-DE phosphoproteintgrat obtained from
MAVER-1 cell line is reported in fig. 19a, whilepeesentative 2-D maps of the un-phosphorylated
fraction and phosphorylated fraction treated wikkakne phosphatase (from MAVER-1) are shown
in figs. 19b and 19c, respectively. Figure 20 shdwesstaining of IMAC and phosphatase-treated
separated fractions by a phospho-stain such afQPbamond, demonstrating enrichment of
phosphoproteins in the IMAC separated fractions.

A total of 76 unique, highly expressed phosphopnstevere identified (figure 21). Functional
annotation of the phosphoproteins identified wagi®@a out by categorizing the proteins into
different groups based on GO terms (figure 22). Guthe 76 proteins identified, 23% were
involved in RNA splicing and translation, 18% inlgaroliferation, cell cycle, and apoptosis, 13%
in chromatin/cytoskeleton organization and prot@iding and 9% in signal transduction. We
characterized the putative phosphorylation sitesamh protein by using different phosphorylation
prediction programs. Potential binding sites fag #rk D-domain and casein kinase 2 were most
commonly predicted; casein kinase 1, PKC epsilon, zeta sites were also found frequently. To
correlate the expression of phosphoproteins withsiide changes in DNA copy number, we
extracted the information relative to the identfiproteins from the SNP-Chip profiles of MCL
lines. Out of 76 unique proteins, 62 had a corredpw set of probes on the SNP-Chip. The
presence of significant DNA copy number alteratjaraong the seven cell lines investigated, was
evaluated with a t-test, and proteins were subsglyueanked based on significance. There was a
trend for most highly correlated proteins to hawpyenumber gains, although some proteins (e.g.,
MSN, RPSA, and RLPO) showed an inverse correlation.
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kDa10-200

Figure 18 2-DEphosphoproteins maps: the first 100 most dannhphosphoproteins are marked by
red squares in the upper left.

Figure 19. (a) Example of Sypro Ruby stained 2-D gel of mhagproteins (“phosphorylation
trains” are marked by rectangle); (b) unphosphoegdaraction; (c) the phosphorylated fraction
treated with alkaline phosphatase (marked as APaeed from the MAVER-1 cell line.
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Figure 20. Phosphoprotein staining by Pro-Q Diamond. Totabtgins from both (a)
phosphorylated IMAC fraction and (b) phosphorylatBdAC fraction treated with protein
phosphatase were separated by 2-DE gels and staitadfluorescent Pro-Q Diamond for
phosphoproteins. Stained gels were scanned withyghobn 9600 fluorescence scanner. (c)
PeppermintStickTM phosphoprotein molecular weighhdards.
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Figure 21. Bioinformatical analysis: a bioinformatical apprbais necessary to analyze all data.
Clustering cell lines results we can see they hayofile close to each other (meaning that the
experiment is reproducible), on the other handetla@e some differences, which make necessary to

replicate each experiment to avoid false findings.
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Cellular component GO term

a
m“mhnnmiﬂﬂ tv‘lop]asm
cytosol 4% 1%
18% extracelular
1%
endoplasmic
reiculum
5%
cyloskelelon nuckeus
" golgl apparatus
12% 15t 48%
b Biological process GO term
cell profiferation, cell
tycle and apoptosis
signal transduction 18% metabolic processes
9% 3%

RNA
splicing and chromatin and

transiation
23% cytoskeleton
organizaton
13%
PPN of gone EMMUNe response
EXpression . ™
9% protein folding ~ pretein catabolic
13% process
8%

Figure 22 Distribution of identified proteins according toe (a) cellular component or the (b)
biological process in which they are involved. gssnents were made on the basis of information
provided by GO lists downloaded from FatiGl@t://fatiga bioinfo.cipf.es/).

Phosphoscan analysdentified 421 unique peptides, corresponding4d @roteins (table 5).
Among these, several activated protein kinases foeird. Interestingly, several identified proteins

mapped to cytogenetic loci that have been repdadx altered in MCL by previous literature. Our
data support a pro-survival role of BCR signalingMCL and suggest that this pathway might be a
candidate for therapy. Our findings also suggest 8yk activation patterns might be different in
MCL compared to other lymphoma subtypes.
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Protein name  Granta-519 Jeko-1 MAVER-1 Rec-1 BCR pathway Kynase

Cde2 17 38 16 26
CDEK2 10 34 14 18
CDK3 10 33 13 17
Syk 19 24 3
SHIP 18 10 10
PAG 14
PRP4 19
Lyn 10
Ig-beta 22
Hck

WASP

SHP-1

Btk

cofilin 1
SgK223
LANP-L
PKCD
GCET2
HSP90B
GSK3A
GSK3B
p38-alpha
hnRNP Al
GRF-1
SPTBNI1
SPTBNI1 1s02
PLCG2
DYRKIA
Lck

HSPO90A

Blk

IRAP

DDX3

PL10

Cbl-b

BCAP

Dok3

ANXA2

VIM

L-plastin
ENOI1
PIK3R1
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Ste

Fyn
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hnRNP U
hnRNP U 1s02
PAI-RBPI

LN e N SRR N Ve ES B =)
(e
e
W W O -1k
* * k¥ * * % *

P e el B
—_

W Lh —-d
LWV S T N

7%

[ S S SR L, Y N e T O (S TR SN S |
V5]

L¥¥)

[

| SO T S N e T LS L TR N R S N R SNV s
W =
*

e e bd = e Lh LA e

e

LFS RN

[ S I N
| T T T e TS s S e L T (O e Y S A I I S R S

[ ]

[ SO SR SN )
[ 3] [ ]
b = = ) © O = O O = O O O = k)= O e

[ SR o]

[

L¥ S

| S S S S e T B SO i e N Lt o B = S I e B B
L¥¥)

| ST ]
[ e = e O o]
o o o O R

[

Table 5 Number of phospho-peptides corresponding to pleeiic protein is reported.
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TMA
We obtained two TMA with MCL cases from the arclsivé our hospital (figure 23).

Figure 23. TMA cases (histologic number of each case is repgdmvith x,y position in the block.

Looking at H&E slides at least one core with MCLsyaesent for all cases.

We've used two cores with normal pancreatic tigsyaroperly orient the section on the slide.

Two cores of a case of diffuse large B cell lymplaonere placed at the end of each TMA to have a
immunohystochemical quality internal control foagsic antibodies used in haematopathology.

A ez R s

Figure 24. TMA 5 um whole slides (upper part of the picture) anditldtawver part), coloured with
H&E, microscopic 4x image.
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S-Phase

Patients were 11 females and 27 males, with a mexia of 56 years at diagnosis. No significant
survival differences were present between males fanthles, between older (>60 years) and
younger patients and between IPI-low (0-2) andhigh (3-5) patients. S-phase analysis showed a
S-phase fraction variable from 0 to 53% of cellselo the non-normal distribution of this variable,
values were natural-log transformed and then tefstediormality by means of the Shapiro-Wilk
test; this confirmed the lognormal distributiontbé S-phase fraction in our series (figure 25).
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Figure 25. S-phase fraction data (with natural-log transtedinand survival curves of ki67 and S-
phase natural logarithm.

When we looked at ki-67 we find low, intermediatel digh proliferative index (figure 26-29), but
we decided to classify cases into two groups of & high with the cut-off of 30% of cells as
recently suggested in literature (Kazenberger 2006)

The median of the log-transformed variable (1.30@®rresponding to 3.69% cells in S-phase) was
used as cut-off: 21 patients were classified ab&@-high and 17 as S-phase-low. Ki-67 index was
lower than 30% in 27 cases, and higher than 30&eanmemaining 11. Linear regression coefficient
between Ki-67 and S-phase was 0.20581. OS wasla@duaccording to the method by Kaplan
and Meier, and survival curves were compared bynsea# the log-rank test. The statistical
significance of the impact of variables on oversllrvival (OS) was determined by Cox’s
Proportional Hazard modelling.
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Figure 27. ICH ki-67: intermediate proliferative index.
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Figure 28. ICH ki-67: high proliferative index.

At the univariate analysis (table 6), both Ki@D% and S-phase-high appeared as statistically
significant negative prognostic factors. Also sfguaintly predictive of poorer outcome at the
univariate analysis were: blastoid variant, leukenmvolvement and a therapeutic regimen not
comprising high-doses chemotherapy (HDT) followed dutologous stem cell transplantation
(autoPBSCT). At the multivariate analysis only thaster (no HDT plus autoPBSCT) remained
independently predictive on survival, while S-phdsaction and blastoid variant showed an
interesting trend at the limits of statistical sfgrance (P=0.057 and P=0.058, respectively); Ki-67

labelling index did not remain independently sigraht at the multivariate analysis.

unadjusted HR (95% ClI) P adjusted HR(95% ClI) P
[Ki67 > 30% 5.10 (1.95-13.34) | 0.001 2.45 (0.57 — 10.6) NS
S-phase-high (In) 3.28 (1.16 — 9.27) 0.02 4.98 (0.95 — 26.1) | 0.057 (NS
blastoid variant 3.72 (1.31-10.59) 0.01 3.96 (0.99 — 15.7) | 0.051 (NS
|leukemic involvement 2.81 (1.08 — 7.30) 0.03 1.43 (0.47 — 4.34) NS
no-HDT + autoPBSCT 11.39 (1.49-86.9) 0.02 26.21 (2.5 - 275) 0.006
tetraploid subclones 0.37 (0.1 -1.34) NS
IPl >3 1.65 (0.65 — 4.19) NS
male sex 0.99 (0.35 - 2.79) NS
age > 60 1.73 (0.66 — 4.53) NS
Igsystemic symptoms 2.18 (0.85 — 5.55) NS
elevated LDH 1.56 (0.62 — 3.93) NS

Table 6.Prognostic factors in univariate analysis.
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Animal model

Attempts to grow primary MCL cells in NOD/SCID miagere unsuccessful because after 3-4
weeks mice developed GHVD and died. So we inocdI®EL cell lines in rag -/y -/- grey mice.

We tested different ways of inoculation, intrapamngal, subcutaneous and intravenous (table 7) and
sacrificed mice as soon as they developed a mapmsmass or when we saw illness symptoms.

C Rag2(-/-) y chain (-/-) | Jeko-1 subcutaneous (s.c) mass 54 days
D Rag2(-/-) y chain (-/-) | Jeko-1 intraperitoneum (i.p.) mass 49 days
E |Rag2(-/-) y chain (-/-) |Jeko-1 intraperitoneum (i.p.) mass 59 days
I Rag2(-/-) y chain (-/-) | Jeko-1 Intravenous (i.v) iliness 70 days
J  |Rag2(-/-) y chain (-/-) |Jeko-1 |Intravenous (i.v) iliness 70 days
A | Rag2(-/-) y chain (-/-) |UPN-1 subcutaneous (s.c) mass 28 days
B Rag2(-/-) y chain (-/-) | UPN-1 subcutaneous (s.c) mass 28 days
K |Rag2(-/-) y chain (-/-) |UPN-1 intraperitoneum (i.p.) mass 29 days
G Rag2(-/-) y chain (-/-) | UPN-1 intravenous (i.v) mass 72 days
H

RaiZi-/-i y chain i/i UPN-1 intravenous ii.vi mass 72 dais

Table 7. MCL cell lines injected with way of inoculatiomé age at sacrifice.

All the 3 lines injected (UPN1, JEKO-1 and MAVERfrpwn very well in our mice and looking at
histology we could see a high grade lymphoma witheay high proliferative index, almost
resembling blastoid mantle cell lymphoma (figurg.29

Figure 29 H&E image of tumoral mass of mouse, 10x.
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The first two mice we sacrifice, who were injecteith UPN-1 MCL cell lines sub cutis almost one
month before, developed a huge mass due to a higle dymphoma infiltrating the abdominal wall
and the adrenal gland (or brown fat?), with no lmement of visceral organ nor bone marrow
(mouse A, mouse B). The third mouse had receivé&d-lecells sub cutis too, but developed a
small mass after 2 months, which bulge under thgeemidis growing deep down in the abdominal
wall, with no involvement of visceral organ nor lgomarrow (mouse C). When we’ve looked at
mice injected intraperitoneum, two with Jeko-1 gmad after 6 and 7 weeks, one with UPN-1
sacrificed after 2 months and one with MAVER-1 ga@d after 5 weeks, we've found after 6
week just a big intra abdominal mass without orgawolvement (mouse D) while in the mouse
sacrificed one week later (mouse E) (figure 30ureg31) a high grade lymphoma seems to
permeate almost all abdominal organ with massifigration of scheletric muscle of the abdominal
wall, adrenal gland, uterus, the mesentere andavtikeof large and small bowel without reaching

the mucosa except than in the stomach. One kidheypancreas, the spleen, the liver as a mass or

growing along with portal tract and bone marrow evervolved too (figure 32-33).

Figure 30. Autopsy performed on mouse E, with evidence adpdmfiltration of mesenteric fat
(upper images) of one kidney (lower left) while titeer kidney was preserved (lower right).
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Figure 31 Lymphomatous infiltration of uterus on the lefidaof muscle bowel wall on the right.

Figure 33. Liver (left) and bone marrow (right) infiltration
UPN-1 on the other hand, after two months were bfgoduce an abdominal mass with no organ
infiltration. Just one kidney presented a focal caydsular localization (mouse K) (figure 34).

MAVER-1 gave us the same results after 5 weeks ftwrday of inoculation (mouse F).
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Intravascular way of inoculation of UPN-1 cellseftnore than 2 months produced a subcutis mass
and a spleen involvement associate to small sutglcalization (mouse G) (figure 34 and figure

35), but nothing in visceral organs in the otheo(se H).

= SN = 4 B LRGN Rl
Figure 34. Subcutis mass (left) in mouse G and capsulareidocalization (right) in mouse K.
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Figure 36.Kidney subcapsular infiltration (left) and normaleen (right) of mouse I.
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Jeko-1 intravascular injection produced bone marnowolvement and subcapsular kidney

infiltration in one mouse (mouse |) (figure 36)tmag in visceral organs in the other (mouse J)

ICH
Immunohistochemistry performed on TMA showed exgis of CD20, CD5, cyclinD1 (figure
37). As some cases turned out to be sox11 just Iwexrlsitive or negative we performed those

antibody on whole slides obtained from paraffindd®o avoid fixation problems.

\
S

Figure 37.Cyclin D1 expression in whole TMA and in detail.

ICH performed on lymphoid mass grown in mice showgdng positivity for CD20, cyclin D1,
sox 11 and a high proliferative index. CD5 turned to be negative, as it is not expressed in MCL
cell lines before injection either.

About new antibodies, tested first on reactive liinmode or tonsil to check the right dilution and
the better retrieval method, we can say that Prag@®@CET2 and CDC2 turned out to be expresses

in tumoral mass of the first four mice we sacrifiqéigure 38-41, table 8). As we plan to sacrifice
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24 mice we than decide to wait for all of them dmild a TMA with mice donor blocks and test

new antibodies on it.

mouse

RES 9 A

\RES 9B

RES9C

RES 9D

MCL cell line

UPN1

UPN1

JEKO-]

JEKO-1]

Figure 38.ICH on mouse B lymphoid mass:
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Cyclin D1 (left) &®@X 11 (right).

ICH on mouse B lymphoid mass

Figure 39.

Pragmin (left) andEGE (right)

Figure 40.I1CH on mouse B lymphoid mass

H&arresponding image (right).

ICH (left) on mouse B lymphoid mass for Cdc2

Figure 41.
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DISCUSSION

Candidate kinase identification

Bioinformatics was used to obtain information oe tphosphorylation sites and the presence of
kinase-specific motifs for the identified phosphmeins. As mentioned above, most of the
identified proteins contained the typical MAPK1 a@Hl2 phosphorylation motifs, although casein
kinase 1 and novel or atypical PCK members (epsiéomd zeta) were also commonly
found.MAPK1 is involved in a wide variety of celéul processes such as proliferation,
differentiation, and transcription regulation. Thactivation of this kinase requires its
phosphorylation by upstream kinases. Interestinglyhas been reported that the constitutive
activation of MAPK1 plays a key role in B-cell lympproliferative disorders (Ogasawar 2003), but
further validation is still lacking. CK2 is a ubigous serine—threonine kinase that regulates many
relevant biologic processes, and is considerechangene (Seldin 2005). CK2 is known to interact
with p27 (Tapia 2004, and in yeast CK2 depletiamcks cell cycle by an increase in p27 homolog
Sicl (Tripodi 2007). Since p27 degradation is avkm@vent in MCL pathogenesis, whose effect is
to relieve its inhibition on cyclin/Cdk complexetis tempting to speculate that it might be favbre
by CK2 activity. Interestingly, CK2 also interactsth CD5 (Raman 1998), which is typically
expressed in MCL. It has been demonstrated that GKiavolved in the pathophysiology of
multiple myeloma, suggesting that it might playractal role in controlling survival and sensitivity
to chemotherapeutics of malignant plasma cellsz@i&2006). Novel members of the PKC family
are also potentially interesting therapeutic tasddacKay 2007). PKCzeta can activate both NF-
kB and Stat6 pathways (Moscat 2006). Of intereKCEeta has been found to be active in MCL
cells (Leseux 2008), and PKCepsilon has been showre a very potent inducer of Cyclin D1
expression (Soh 2003). We were able to construsetavork showing the involvement of the
identified phosphoproteins in some important sigresisduction pathways, based on the published
literature. Hereafter, some of the phosphoproteiglenging to signal transduction pathways that
are relevant to tumorigenesis (including NF-kB, ni,Gnd mitochondrial signalling) are briefly
discussed.

NF-kB signaling related phosphoproteins

NF-kB is a transcription factor present in all cslpes that is involved in cellular responses to
stimuli such as stress, cytokines, free radical¥, iadiation, and bacterial or viral antigens
(Okamoto 2007). NF-kB is responsible for increapediferation of cells and tumour growth by
transcriptional activation of anti-apoptotic proti The nuclear translocation of NF-kB is

controlled by two main pathways, namely the cladsand the alternative. The classical NF-kB
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pathway involves the proteasome degradation ointhibitory molecule IkBa, while the alternative
NF-kB pathway induces p100 proteasome processidgp88 generation through the activation of
NF-kB-inducing kinase (NIK). Gene expression pinfll studies have shown that the transcripts
involved in NF-kB signaling pathways are overe-gserl in MCL (Martinez 2003) and that its
inhibition induces death in MCL cells (Pham 2008 sBodia 2005). Interestingly, both cyclin D1
and Bcl-2 are regulated by NF-kB (Shishodia 2002jcBwval 1997). We found that several
proteasome subunits (PSMA1,PSMA2, PSMA4, PSMA5, BEMPSMB3, and PSMB4), the
proteasome activator PA28 (PSME1, PSMEZ2), and uiniguBB) are phosphorylated and highly
expressed in MCL cell lines. Our results are cdasiswith a new MCL therapeutic strategy based
on proteasome inhibition, recently approved by tRBA (Leonard 2006). Among the
phosphoproteins involved in the classical NF-kBhpaty, we identified Importin alpha3 (KPNA3),
which contributes to NF-kB nuclear transfer (Fageg 2005). We also identified hsp90
(HSP90ABL1), a protein involved in the alternativE-kB pathway. This protein has been recently
shown to be upregulated in MCL by antibody-micragrtechnology (Gobrial 2005). Accordingly,
it has been demonstrated that HSPO9OAB1 protects fidkh autophagy-mediated degradation
(Qing 2007). It is of interest to note that 17-kEpino-17- demethoxy-geldanamycin (17-AAG), an
hsp90 inhibitor, induced GO/1 cell cycle arrest] aell death in MCL cell lines (Georgakis 2006).
We also identified basic transcription factor 3 ), which acts as a transcription factor and a
modulator of apoptosis. This is in agreement witeo findings showing that BTF3 regulates the
transcription of NF-kB (and its target genes) (Kumswidijaja 2007). We also found, as a
phosphorylated protein, the retinoblastoma bingingtein 4 (RBBP4) which is transcriptionally
controlled by NF-kB (Pacifico 2007) and belongstite HDAC complex that binds to the tumor
suppressor retinoblastoma protein Rb.

mMTOR signaling-related phosphoproteins

The mTOR is a large and highly conserved kinaskitib@grates growth factor stimulation, energy,
and nutrient availability to modulate translatioh pyoteins responsible for cellular growth and
proliferation (Petroulakis 2006). mTOR inhibitorave demonstrated efficacy against lymphoma
cells, and in particular in MCL (Costa 2007); moreQ the phosphoinositide-3 kinase (PI3K)-AKT

pathway has been identified as a key player in Nd¢Ilgene expression profiling (Rizzatti 2005) as
well as Western blotting and biochemical studiesid®ius 2006). Among the phosphorylated
proteins, we identified eukaryotic translation igtiion factor 2 (EIF2S1). Previous data provided
evidence that EIF2S1 phosphorylation is involvedha induction of PI3K that activates mTOR

signalling (Kazemi 2007). We also identified eulary translation initiation factor 3 (elF3),

(elF3S1 and elF3S2) as a phosphorylated protek8 binds to the 40S ribosomal subunit and
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interacts with other initiation factors and mRNAegulating the rate of translation initiation.
Recently, it has been demonstrated that elF3 aisoas a scaffold for the mTOR/raptor complex
and its substrate (S6 kinasel), allowing the coatitbn of protein translation 8Holz 2005).
Interestingly, phosphorylation of elF3 was found ie dependent on mTOR kinase activity
(Ahlemann 2006, Harris 2006). In addition, increhsevels of the elF3 have been detected in a
wide variety of human tumours and have been sugdédstbe prognostic for poor clinical outcome
(Zzhang 2007). eEF2 was also identified. Along théses, it has been reported that mTOR
signalling also regulates the translation elongagimcess through eEF2 phosphorylation (Redpath
2007). eEF2 is a GTP-binding protein that medidkestranslocation step of elongation. When
phosphorylated, eEF2 loses its ability to bindibmsomes and is thus inactivated. FK506 binding
protein 4 (FKBP4, also known as FKBP52) was onthefphosphorylated proteins correlated with
copy number gains. FKBP4 is another potential mgulof mTOR, as homologs (like FKBP12 and
FKBP51) have been recently demonstrated to be it@pboplayers in mTOR signalling (Bai 2007).
Mitochondrial signaling-related phosphoproteins

Mitochondria play important roles in cellular engrgnetabolism, free radical generation, and
apoptosis. It is well known that defects in mitogtinal signaling contribute to the development
and progression of cancer. Among the phosphoptefated to the mitochondrial signaling,
cofilin (CFL1) was highly expressed and phosphdedan MCL. It is interesting to note that the
phosphorylation of CFL1 negatively regulates itsndiion on actin by inhibiting the
depolymerization activities (Moriyama 1996). Moraportantly, it has been reported that p21 is
involved in inhibition of CFL1 phosphorylation (L&004), and p21 is indeed downregulated in
aggressive variants of MCL (Pinyol 1997). Accordinginphosphorylated CFL1 can accumulate in
mitochondria and induce apoptosis (Chua 2003, Wai@f). These findings help to explain the
high level of phospho-cofilin detected in MCL. Hestock 110 kDa protein (HSPH1) was also
identified, which is over-expressed in a varietyhoiman tumours (Kai 2003). In Hela cells, it
suppresses apoptosis by inhibiting the translocatib Bax to mitochondria (Yamagishi 2006).
Remarkably, HSPH1 is bound directly to tubulin @ fTUBA1A) (Saito 2003), which is another
phosphoprotein that we found to be highly expresse®ICL. The activation of Bax is also
suppressed by heat shock protein 5 (HSPAS5) 70 wibah was also highly expressed in MCL cell
lines. Recently, it has been demonstrated that HiSftAvents apoptosis by inhibiting cytochrome ¢
release from mitochondria (Lee 2001). It is inténgsto note that the IRES-dependent translation
of the antiapoptotic HSPAS is enhanced by autoantiga (SSB)(Kim 2001). SSB enhances
internal ribosome entry site (IRES)-dependent tedims of X-linked inhibitor of apoptosis protein
(XIAP) (Holcik 2000). SSB is a key protein in RNAohenesis, and is dephosphorylated and
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cleaved during apoptosis (Rutjes 1999). SSB wasngntibe phosphorylated proteins which are
highly expressed in MCL, in agreement with a recepbrt exploring MCL proteome by antibody
microarrays (Ghobrial 2005).

Correlation with SNP-chip analysis

While thorough analysis of all positively correldtproteins is beyond the scope of the present
investigation, a few comments are merited. It Hesady been mentioned that FKBP4 (located on
12p13) is involved in mMTOR signalling and displayedurrent copy number gains in MCL cell
lines. Another protein showing strong correlatiothwopy number is ST13 (also known as HIP,
located on 22g13), a molecule showing similarite8ID, and probably involved in the regulation
of apoptosis through interaction with BAG- 1 andpA8 (Caruso 2006). Interestingly, both these
molecules appear to be involved in regulation ofoohondrial apoptosis, a pathway not widely
explored in MCL.

PhosphoScan

We describe the results obtained from the apptioatf PhosphoScan to MCL cells. This is to our
knowledge the first use of this technique in MClLe veport a large amount of data with precise
identification of phosphorylation sites for eaclotein, some of which novel. PhosphoScan analysis
identifies the tyrosine-activated phosphoproteomMGL cell lines and identifies B-cell receptor
signalling as the most active pathway. PhosphoSwalysis identified 421 unique tyrosine-
phosphorylated peptides, corresponding to 341 msiteanked by overall abundance in table 1.
Interestingly, several identified proteins mappecytogenetic loci that have been reported to be
altered in MCL (Bea 2009, Rubio-Moscardo 2005, Y2@09). Among these, 4 several activated
protein kinases were identified (figure 42), tha¢ #herefore appealing as potential therapeutic
targets. The three most represented phospho-pspite cyclin-dependent kinases Cdc2, CDK2
and CDKS3. Cdc2 (CDK1) is actually part of the piedation signature able to predict prognosis in
MCL (Rosenwald 2003) and has also been validatédeaimmunohistochemical level (Hui 2005).
CDK2 gains have been detected in MCL in a varighbtgortion of cases (Rubioi-Moscardo 2005,
Vater 2009, Jardin 2009), and have been assocmthda poor prognosis (Jardin 2009). CDK3 is
less studied compared to other cyclin-dependerdsks, but its locus has also been reported as
subject to gains (Vater 2009, Togawa 2005). It®lvement in MCL is a novel finding, although
the role of CDK3 as an oncogene has been demasstrabther models (Cho 2009, Zheng 2008).
Syk and many other BCR pathway members were thandioMany kinases belonging to this
pathway (e.g. Syk, Lyn, Hck, Btk, PKC-delta), wamong the most represented phosphopeptides

identified by the PhosphoScan approach, and this eeafirmed when looking for non-random
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enrichment of Kyoto Encyclopedia of Genes and Ga®rKEGG) pathways (Ogata 1999)
compared to the hypothesis of random distribution.
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Figure 42 On the left list of protein kinases identified etPhosphoScan approach, ranked by
overall abundance in the four MCL cell lines analyzColor intensity proportional to the number
of peptides (see figure for color correspondinght® average number of peptides per cell line). On
the right simplified diagram showing some of thentfied BCR pathway members. In red,
activating members; in green, inhibiting membeos;Jome members the precise final effect is not
clear; in grey, other proteins known to be presbat not identified. Full arrows: direct
interaction/activation; dotted arrows: indirectardction/activation.

This analysis showed that (using a cut off valuenofe than five total peptides), the most enriched
pathway was hsa04662:B cell receptor signallindwpay (17.16-fold enrichment). Many of the
proteins belonging to the most enriched pathwaysewather present in different pathways
(redundant) or are functionally connected. Manuaicdation by literature search revealed that
several of these, in the topmost part of the rapmkivere connected to BCR signalling, even if not

present in the canonical KEGG BCR pathway (figuze BCR pathway activation in cell lines is
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somehow intriguing since it is present in absentaro appropriate antigen stimulation, and is
therefore probably self-sustained by tumour cadither by side-by-side activation or by auto-
activation.The activation of the BCR pathway in MCL has begpdthesized in a previous paper
based on cytogenetic and RNA studies (Rinaldi 200@&)to our knowledge this is the first protein-
based and data driven study that supports thisthgpis. Another proteomic study focusing only
on the plasma membrane (Boyd 2009) showed an alah@ssociation of PKCbeta to the cell
membrane in MCL leukemic cells, indirectly suppaogtian active BCR signalling. Recent studies
have shown the importance of tonic BCR signallingDLBCL (Chen 2008, Davis 2010) and
BCLL (Gobessi 2009), with a basal activation of gplvo-Syk residue Y352, while Y525 was
detected only after BCR cross-linking. The preseotsignificant basal levels of phospho-Syk
Y525 and Y323, with no detectable phospho-Syk YBbbasal conditions in MCL cells are not
concordant with what has been reported in B-CLL 8idBCL (Gobessi 2009), and suggest a
different pattern of activation of BCR signallingMCL. A recent report of a phase 1/2 clinicalltria
of fostamatinib disodium, the first clinically alale oral Syk inhibitor, in patients with recurten
B-cell non-Hodgkin lymphoma, showed that only 19ifMCL showed some response (Friedberg
2010). Several explanations might be possibleHisrlbw response rate, including off-target effects
(Davis 2010), evolution into BCR-independent cloaed different patterns of Syk activation.

T™MA

One of the major benefits of TMA is that we cart taany antibody with low technical costs.
Moreover we chose cases with good follow-up so addbe able to make clinical correlation of
what we find. Unlucky using old blocks sometimeshewe problems due to fixation so we have to
test weak antibodies on whole sections.

Sox11l seems to be a good sensible antibody for NEK.2008), but sometimes in our cases
showed a weak positivity on TMA slides. So we'{} to perform on whole block section to verify
its positivity and make correlation with other otial parameter.

S-phase

Although limited by the relatively small number @dses and by its retrospective nature, our study
support the hypothesis that S-phase fraction isognostic marker of overall survival, at least in
univaried analysis; so we purpose to test it, whkienpossible, as it can represent a more objective
way to estimate the proliferative index in MCL gmbably prognosis too.

Animal model

Rag -/y-/- mice in our hands are good models al leasblastoid variant of MCL lymphoma. They

are easy to growth and a relatively small quantftgells, 5x18 cells, are necessary to develop a
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huge tumoral mass. What we can see at microscaphigh grade lymphoma (figure 43) that keeps

morphological and phenotypical characteristichefcell line of origin.
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Figure 43.High power view of a lymphoid mass in a mouse.

It is very interesting to observe how lymphoma dgiow different way of inoculation. When we
inject cells sub cutis usually mice develop a hogess that bulge under the skin and infiltrate
skeletal muscle of the abdominal wall. In the mowsesacrificed after 2 months, tumoral cells had
the time to infiltrate almost all abdominal organs.

When we use intraperitoneal form of inoculation,ome case we obtain a really peculiar way of
diffusion that predominantly growth into mesentef@ reaching wrapping all small and large
bowel (figure 44), infiltrating the mucosa just ihe stomach (figure 45). This is what usually

Figure 44. Mesenteric macroscopic involvement.
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Foto 45. Microscopic infiltration of the muscle wall of theowel (left) and of gastric mucosa
(right).

In four cases we find kidney sub capsular lymphofitration, either as small foci or macroscopic
evident nodules. The lymphatic drainage in micellen recently studied by Harrell et al. (Journal
of Immunology 2008) and turned out to be similardts one that has been studied in early 70ies
(Tynies 1971); it seems to be no evidence of a hetip sub-capsular drainage, so it would be
interesting to understand how tumoral cell react $ite.

In two mice which were injected intravenous we wérable to find a real tumour mass. We
decided to sacrifice them because they looked sedfuno more in good half. Probably they had
microscopic or macroscopic localization in the calmervous tissue, that we haven’t explored vyet,
but surely we’ll do in the next mice we’ll sacriéic

Immunohistochemistry performed on the main massheffirst four mice we sacrificed shows
positivity for CD20, CD10, cyclinD1, Pragmin, GCE&aad CDC2.

As long as almost all mice are developing tumorasses we’ll build a tissue micro array with mice
cases to perform and study ICH on it.
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