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INTRODUCTION 

 

Mantle cell lymphoma (MCL) is a unique type of B cell malignancy that includes most cases which 

were formerly recognized in the European literature as centrocytic lymphoma according to the Kiel 

classification and which were identified in the American literature under the terms lymphocytic 

lymphoma of intermediate differentiation, intermediate lymphocytic lymphoma, and finally, mantle 

zone lymphoma (Weisenburger 1996). The revised European–American classification of lymphoid 

neoplasms (REAL) and subsequently, the world health organization (WHO) classification of 

neoplastic disease of the haematopoietic and lymphoid tissues accepted the term MCL as the name 

for this group of lymphomas (Harris 1994 and 1999). It was described for the first time as a distinct 

entity in 1982 in the same period by Weisenburger and Rappaport on Cancer and by Palutke et al. 

on Blood.  

MCL constitutes 6% of all non-Hodgkin lymphomas (NHLs) (Jares 2007), it is typically 

disseminated at presentation, with a leukemic component in 20%-30% of patients. Classic and 

blastoid variants are recognized, the latter associated with inferior clinical outcome. The genetic 

hallmark of MCL is the translocation t(11;14)(q13;q32) leading to aberrant expression of cyclin D1, 

which is not typically expressed in normal lymphocytes. However, cyclin D1–negative cases having 

typical morphology and gene expression profile have been described and often show over-

expression of cyclin D2 or D3 (Rosenwald 2003).  

Recently, SOX11 has been described as a diagnostic maker that seems to be equally expressed in 

D1-positive and D1-negative MCL (Ek 2008). MCL is one of the most difficult to treat B-cell 

lymphomas. Although conventional chemotherapy induces high-remission rates in previously 

untreated patients, relapse within a few years is common, contributing to a rather short median 

survival of 5-7 years. (Martin 2008). One of the best predictor of survival seems to be tumour 

proliferation (Rosenwald 2003). Intensification of first-line treatment has improved progression-free 

survival, but no curative regimen has been defined so far (Ghelmini 2009).  

CLINICAL MANIFESTATIONS 

Most MCL patients have disseminated disease, including generalized lymphadenopathies and bone 

marrow involvement. Bulky disease and B symptoms are less common (Argatoff 1997, Bosch 

1998). Extranodal involvement is almost constant, occurring in more than two extranodal sites in 

30–50% of the patients. An extranodal presentation without apparent nodal involvement is observed 

in only 4–15% of cases. Asymptomatic involvement of the gastrointestinal tract (figure 1) with or 

without macroscopic lesions is very common, but the detection of this microscopic infiltration 

rarely modifies the clinical management of the patients (Romaguera 2003, Salar 2006). Central 
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nervous system involvement occurs in 10–20% of the patients; it usually appears as a late event and 

is part of a resistant disease or generalized relapse with ominous significance (Montserrat 1996, 

Ferrer 2008). Other extranodal sites are also commonly involved (Argatoff 1997). Peripheral blood 

involvement at diagnosis varies among studies, depending partly on the disease definition.  

 

   

   

Figure 1. Upper left: Haematoxylin&Eosin (H&E) slide of a big bowel biopsy with MCL 
localization; upper right: CD20 positive staining; in 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 peripheral blood in the absence of lymphocytosis 

(Pittaluga 1996) and they may be detected by flow cytometry in virtually all the patients (Ferrer 

2007). Leukemic involvement may also appear during the evolution of the disease and could 

represent a manifestation of disease progression. A very aggressive leukemic form mimicking acute 

leukaemia has been described in a few patients. These cases have blastoid morphology, complex 

karyotypes, occasionally with 8q24 anomalies, and very rapid evolution with a median survival of 

only 3 months (Viswanatha 2000). The clinical behaviour of MCL patients is aggressive with a 

median overall survival (OS) of around 3–4 years. However, recent studies have identified a subset 

of patients with an indolent lymphoid proliferation and longer survival (5–12 years) even without 

the need of any treatment, suggesting that the biological behaviour of MCL may be more 
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heterogeneous that initially thought (Nodit 2003, Orchard 2003). These patients present with a 

leukemic form usually with splenomegaly, in absence of lymphadenopathies. The tumour cells tend 

to show small cell morphology and carry somatic hypermutations of the IGHV genes. 

Unfortunately, although these characteristics are commonly seen in patients with indolent evolution, 

similar manifestations may occur in patients with a more aggressive clinical behaviour, 

compromising its diagnostic usefulness.  

PATHOLOGY 

Morphological and phenotypic characteristics  

A better definition of the disease has expanded our knowledge of the morphological spectrum and 

the phenotypic variations of MCL (Swerdlow 2001). MCL cells in the lymph nodes adopt a mantle 

zone, nodular (figure 2), or diffuse growth pattern, which might represent different stages of tumour 

infiltration. The mantle zone growth pattern may be difficult to distinguish from follicular or mantle 

cell hyperplasia and is characterized by an expansion of the follicle mantle area by neoplastic cells 

surrounding reactive germinal centres. This pattern is usually seen in areas of partially involved 

lymph nodes that otherwise show the most common nodular or diffuse involvement by the tumour.  

 

   

   

Figure 2: nodular growth of MCL in a lymph node (H&E upper left, strong staining for CD20 in 
the upper right, CD5 lower left and cyclin D1 lower right. 
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The observation of this pattern in isolated lymph nodes of occasional patients with an indolent 

clinical course (Nodit 2003; Espinet 2005), suggest that it represents the initial infiltration of the 

follicle by the tumour cells. Cyclin D1 staining has revealed that not uncommonly the tumour cells 

infiltrate the germinal centre of the follicles. These cells may totally replace the lymphoid follicle 

leading to the nodular pattern that may retain a meshwork of follicular dendritic cells. Later in the 

course of the disease, invasion and obliteration of internodular areas by neoplastic cells results in a 

diffuse pattern of growth that it is the more commonly observed in MCL. The MCL has two major 

cytological variants (figure 3) that are associated with different biological and clinical 

characteristics, the classic variant occurs in 80–90% of cases and the blastoid variant is present in 

10–20% of patients. The classical cytological appearance of MCL is a monotonous proliferation of 

small/medium cells with irregular nuclei and inconspicuous nucleoli. Some tumours may show 

small cells with round nuclei mimicking CLL but in these cases the cells do not have the 

characteristic central nucleoli of the prolymphocytes and paraimmunoblast present in the latter 

entity. Interestingly, this cytological variant has been frequently recognized in patients with a 

leukemic and splenomegaly presentation without lymph nodes and a more indolent clinical course 

(Angelopoulou 2002; Orchard 2003). Although MCL proliferation activity may vary from case to 

case, it is generally low, with Ki-67 positive cells around 15–30%. The two cytological variants 

identified as classic blastoid and pleomorphic MCL in the current World Health Organization 

(WHO) classification are associated with more aggressive clinical evolution. Classic blastoid MCL 

show an extremely high proliferative activity with numerous mitotic figures, high percentage of Ki-

67 positive cells (>40%), and sometimes a ‘starry sky pattern’ similar to Burkitt’s lymphoma. 

Pleomorphic MCLs are composed of a more heterogeneous population of larger cells; although the 

proliferation activity is high it is usually lower than in blastoid cases. These tumours are frequently 

tetraploid and it is not uncommon to observe mitotic figures highly hyperchromatic with an 

apparent high number of chromosomes (Ott 1997). These cytological variants probably represent 

the ends of a morphological spectrum and intermediate forms between them may be observed in 

some tumours in which it may be difficult to decide whether the cytology is classical, blastoid, or 

pleomorphic (Tiemann 2005). Blastoid variants occur usually de novo and less frequently in 

patients with previous diagnosis of classical MCL (Norton 1995; Argatoff 1997). Recent data 

supports the view that blastoid MCL arising in patients with previous diagnosed classical MCL 

represents histological transformation of the initial neoplastic 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 variant on the right. 

 
The phenotype of MCL is relatively characteristic with expression of mature B-cell antigens and co-

expression of the T-cell associated antigens CD5 and CD43. The IgM/IgD surface 

immunoglobulins are usually intense and frequently associated with the lambda light chain, and 

CD23 is generally negative. Some MCL may show phenotypic variants that may make the 

diagnosis difficult. Thus, some tumours may be CD5 negative, particularly among blastoid variants, 

and CD23 may be detected by flow cytometry in a number of cases (Gong 2001; Schlette 2003). 

Detection of CD8 and CD7 by flow cytometry has been reported in isolated cases of MCL 

(Hoffman 1998). MCL is usually negative for the follicular germinal centre markers BCL6, CD10, 

and the plasma cell differentiation antigen MUM1, even if the expression of these antigens has been 

detected in occasional cases (Camacho, 2004). The clinical and biological significance of these 

phenotypic variants is currently unclear.  

The t(11;14)(q13;q32) translocation (figure 4) is the genetic hallmark of MCL. This translocation is 

detected by conventional cytogenetics in up to 65% of MCLs. However, using different fluorescent 

in situ hybridization (FISH) techniques, it can be found in virtually all cases of MCL (Vaandrager 

1996). This translocation involves the immunoglobulin heavy chain gene (IGH) at 14q32 locus and 

a region at 11q13 designated BCL-1. The majority of breakpoints sites at 11q13 occur in a region 

named the major translocation cluster (MTC). CCND1, encoding cyclin D1, is the closest gene 

located 120 kb downstream of the MTC locus, and its expression is deregulated by the 

translocation. Although normal B lymphocytes might express cyclin D2 and D3 (Teramoto 1999), 

cyclin D1 is not normally expressed in these cells, but it is over-expressed at both mRNA and 

protein levels in MCL (Bosch 1994; de Boer 1995). Cyclin D1 cloning identified two transcripts of 

approximately 4.5 and 1.5 kb. Both transcripts contain the whole coding region that codify for a 36 

kDa polypeptide (isoform a), but differ in the length of the 3’ untranslated region (UTR) (Xiong 

1991), that contains an AU-rich element involved in transcript instability (Seto 1992). Some MCL 
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lack the long mRNA transcript but over-express shorter cyclin D1 transcripts missing the AU 

destabilizing elements. These shorter transcripts are generated by secondary 3’ rearrangement in the 

CCND1 locus (Bosch 1994; de Boer 1997), or by genomic deletions and point mutations at the 

3’UTR (Wiestner 2007). Although the role that these shorter transcripts could have in MCL is not 

clear, its expression correlates with high levels of CCND1 mRNA, increased proliferation, and poor 

survival of the patients (Rosenwald 2003; Sander 2005; Wiestner 2007), suggesting that these 

secondary events in the 3’ region of the gene may be important in the progression of the disease. 

CCND1 also encodes for a less abundant isoform protein generated by an alternative splicing 

(isoform b) (Betticher 1995). Interestingly, this isoform has been related to a common SNP (G/A 

870) that seems to modulate the splicing process of cyclin D1 (Howe & Lynas, 2001). Although 

this SNP has been associated with increased cancer risk or poor outcome in different tumours 

(Knudsen 2006), it does not seem to have an impact in MCL (Carrere 2005). In addition, despite the 

evidences suggesting the tumorigenic role of this isoform (Solomon 2003), its implication in MCL 

pathogenesis is not clear since human MCL cells mostly express the canonical cyclin D1a isoform 

and only low levels of the cyclin D1b mRNA (Marzec 2006).  

                  

 

Figure 4: t(11;14) translocation evidenced by classic cytogenetic and FISH analysis. 
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Cyclin D1 negative MCL  

The MCL expression profile analysis has identified rare tumours that, despite being negative for 

cyclin D1 and the t(11,14), showed a morphology, phenotype, and global expression profile 

undistinguishable from conventional MCL. These cases seem to have a clinical behaviour and a 

secondary genetic alteration profile similar to conventional MCL suggesting that they correspond to 

the same disease. However, only a few of these cases have been reported (Fu 2005; Salaverria 

2007). Interestingly, these cases have high expression of cyclin D2 or D3. Although the mechanism 

deregulating these cyclins is not well understood, a recent report has identified cases carrying a 

t(2;12)(p12;p13) translocation fusing CCND2 to the kappa light Ig chain gene locus (IGK@) (Gesk 

2006). This data suggest that deregulation of other cyclins may be an alternative mechanism to 

cyclin D1 overexpression in MCL tumorigenesis. The right diagnosis of this MCL cyclin D1-

negative variant in routine practice is challenging. Some small B-cell lymphomas, such as marginal 

zone lymphomas, follicular lymphomas, or small lymphocytic lymphomas, may mimic MCL both 

morphologically and phenotypically. The differential diagnosis between these tumours and a cyclin 

D1-negative MCL may be relevant for patient management. Unfortunately, the only reliable criteria 

to establish the diagnosis of cyclin D1 negative MCL seems to be the microarray profile that it is 

limited to research environments. The immunohistochemistry detection of cyclin D2 or D3 may not 

be helpful because these cyclins are also expressed by other types of lymphomas. However, the 

array study has shown significant higher levels of these cyclins in cyclin D1 negative MCL than in 

other lymphomas. Therefore, the development of quantitative assays (e.g. qPCR) for the detection 

of these cyclins may be useful in this differential diagnosis. In the next future, as SOX11 seems to 

be highly sensible expressed in MCL, we’ll have a new chance to make a proper diagnosis in those 

unusual forms. 

MOLECULAR PATHOGENESIS 

Several studies have investigated chromosomal alterations in MCL, for example, by conventional 

comparative genomic hybridization (CGH) (Salaverria 2007, Bea 1999), by array CGH (Tagawa 

2005, de Lee 2004, Kohlhammer 2004, Sebradero 2008), and very recently, by single nucleotide 

polymorphism (SNP) arrays (Vater 2009, Bea 2009, Kawamata 2009). Taken together, these studies 

identified the most frequently altered chromosomal regions in MCL, including gains of 

chromosomal material in 3q, 7q, and 8q and losses in 1p, 6q, 8p, 9p, 9q, 11q, 13q, and 17p. In 

addition, these studies have narrowed down some of the minimal regions affected by genomic copy 

number alterations (CNAs) in MCL and have led to the suggestion of putative target genes of these 

chromosomal abnormalities, with particular emphasis on genes involved in cell cycle regulation and 

DNA damage response pathways. Furthermore, recent SNP array studies of MCL cell lines and 
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small series of primary MCL samples revealed recurrent regions of copy number neutral loss of 

heterozygosity (CNN-LOH; also referred to as acquired/partial uniparental disomy [UPD]) that may 

represent an alternative mechanism to an allelic deletion in the process of a tumor suppressor gene 

inactivation because the CNN-LOH regions appear to cluster in chromosomal locations that are also 

frequently affected by deletions (Vater 2009, Bea 2009, Kawamata 2009, Nielander 2006).  

Previous copy number profiling studies in MCL were performed on relatively small numbers of 

primary tumour specimens, used low resolution techniques, or did not include accompanying gene 

expression profiling experiments or survival data. Recently Hartman et al (Blood 2010) present 

high-resolution gene expression and 500K SNP array data (mean intermarker spacing, 5.8 kb) from 

77 primary MCL samples, including 72 cyclin D1–positive and 5 cyclin D1–negative MCLs with 

available survival data representing the largest MCL series studied to date. Using an integrated 

analysis approach, gene expression and dosage integrator (GEDI), which was recently developed 

(Lentz 2008) they refine the minimal regions of recurrent CNAs and CNN-LOH in MCL and 

identify novel putative target genes and pathways that might be pathogenetically relevant and show 

an association with the clinical outcome. Several genes of the Hippo signaling pathway exhibit 

altered expression in MCL and may therefore deserve more detailed future studies.  

How does cyclin D1 contribute to MCL lymphomagenesis? 

Cyclin D1 plays an important role in the cell cycle regulation of G1-S transition following mitotic 

growth factor signalling (figure 5). Cyclin D1 binds to CDK4 and CDK6 to form a CDK/cyclin 

complex able to phosphorylate the tumour suppressor gene retinoblastoma (RB1) facilitating cell 

cycle progression. RB1 plays a master role in the G1-S transition by sequestering and inactivating 

E2F transcription factors involved in the transactivation of essential genes required for S phase 

entry and DNA replication, including cyclin E (Harbour & Dean, 2000). The initial phosphorylation 

of RB1 by cyclin D1/CDK4-6 will initiate the release of E2F transcription factors promoting the 

accumulation of Cyclin E/CDK2 complexes that will produce the irreversible inactivation of RB1 

and the subsequent progression into S phase. Thus, cyclin D1 over-expression would contribute to 

the lymphomagenesis in MCL by overcoming the suppressor effect that retinoblastoma performs in 

the G1/S transition. In that sense RB1 seems to be normally expressed in the majority of MCL cases 

and the protein appears to be hyperphosphorylated (Zukerberg 1996), particularly in highly 

proliferative blastic variants (Jares 1996). The different CDK/cyclin complexes are tightly regulated 

by the action of two families of CDK inhibitors. The INK4 family is specific for CDK4/6. 

However, the Cip/Kip family, which includes p27 among others, shows a broad CDK inhibition 

activity targeting all the different CDK/cyclin complexes (Sherr & Roberts, 1999). Moreover, the 

Cip/Kip proteins appear to have an important role in the formation of active CDK4/cyclin D 
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complexes (LaBaer 1997). This property seems to be responsible for the p27 titration into 

CDK4/cyclin D1 complexes by deregulated cyclin D1, preventing the p27-dependent inactivation of 

CDK2/cyclin E and G1 cell cycle arrest. Moreover, the presence of active CDK2/cyclin E 

complexes will phosphorylate p27, targeting it for ubiquitination and proteosome degradation 

allowing cell cycle progression (Montagnoli 1999). In NHL other than MCL, p27 protein 

expression is inversely related to the proliferation activity of the tumours. However, in MCL p27 is 

detected immunohistochemically mainly in blastic variants (Quintanilla-Martinez 1998). The 

mechanism responsible for this p27 pattern in MCL is not clear but may imply both an increased 

p27 protein degradation by the proteosome pathway (Chiarle 2000) that in a subset of cases may be 

related to the accumulation of SKP2 (Lim 2002), and the sequestration of p27 protein by the over-

expressed cyclin D1, rendering it inaccessible to antibody detection (Quintanilla- Martinez 2003). 

Cyclin D1 may also have an oncogenic potential independently of its CDK cell cycle regulatory 

function. For example, Cyclin D1 has been shown to regulate a number of transcription factors and 

transcriptional co-regulators, including STAT3, C/EBPb, and B-MYB among others, which in some 

cases appears to occur independent of CDK4-binding activity (Coqueret 2002). However, it is not 

known if this transcriptional regulation function is present in MCL cells.  

 

Figure 5: Cyclin D1 pathway and interactions (Perez-Galan 2011). 
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Secondary molecular events contributing to the pathogenesis of MCL  

Several experimental observations suggest that cyclin D1 deregulation, although important for MCL 

initiation, may not be responsible for the complete cell transformation. Transgenic mice that over 

express cyclin D1 did not develop a spontaneous lymphoma, and cooperation with other oncogenes 

like MYC were required for lymphomagenesis (Lovec 1994). Further, a mouse model expressing a 

constitutively nuclear cyclin D1 in murine lymphocytes developed mature B-cell lymphomas 

carrying alterations similar to blastoid variants of MCL, including deregulation of the ARF/ 

MDM2/p53 pathway and BCL2 over-expression (Gladden 2006). These results suggest that the 

development of tumours requires additional oncogenic events, despite the highly lymphomagenic 

effect of nuclear restricted cyclin D1 expression. In addition, the identification of the t(11;14) 

translocation in blood cells of 1–2% of healthy individuals without evidence of disease (Hirt 2004) 

supports the need for additional oncogenic events in the progression of MCL. Genetic studies have 

revealed that MCL is one of the malignant lymphoid neoplasms with the highest level of genomic 

instability (Salaverria 2006), with blastoid variants having more complex karyotypes. In addition to 

frequent chromosomal imbalances, tetraploidy occurs frequently in pleomorphic (80%) and blastic 

variants (36%) (Ott 1997). Although the pathogenesis of this phenomenon is not well understood, 

tetraploid cases contain more centrosome anomalies (Kramer 2003) and over-express centrosome-

associated genes (Neben 2007). Preliminary genomic studies of MCL have identified uniparental 

disomies (UPD) in regions similar to the ones commonly deleted (Nielaender 2006; Rinaldi 2006). 

These results would support the view of UPD as an alternative mechanism to inactivate tumour 

suppressor genes (Fitzgibbon 2005). The identification of the genes targeted by the described 

chromosome abnormalities has disclosed that most of them are involved in two common 

pathogenetic pathways, the cell cycle machinery and the cellular response to DNA damage 

(Fernandez 2005). However, genes implicated in cell survival might also be involved in MCL 

lymphomagenesis (see below).  

Deregulation of cell cycle  

Highly proliferative and clinically aggressive MCL carry oncogenic alterations in two major 

regulatory pathways, INK4a/CDK4/RB1 and ARF/MDM2/p53, which are involved in cell cycle 

control and senescence. Homozygous deletions of the CDKN2A locus on 9p21 have been detected 

in 20–30% of blastoid variants but in less than 5% of typical cases (Dreyling 1997, Pinyol 1997). 

Inactivation of this locus by hypermethylation occurs in other lymphomas but this phenomena 

seems uncommon and of uncertain significance in MCL (Hutter 2006). This locus encodes for two 

key regulatory elements, the CDK4 inhibitor INK4a and the p53 regulator ARF. The presence of 

INK4a deletion may cooperate with cyclin D1 deregulation, promoting G1/S-phase transition in 
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MCL cells by increasing the amount of active cyclin D1/CDK4 complexes. A pathogenetic 

mechanism alternative to INK4a deletion might be the amplification and overexpression of BMI1, a 

transcriptional repressor of the CDKN2A locus (Jacobs 1999, Bea 2001). Inactivation of other 

members of the INK4 family, such as CDKN2B and CDKN2C, occur by homozygous deletion in 

cell lines and in occasional MCL cases (Williams 1997, Mestre-Escorihuela 2007). The 

identification of CDK4 amplification in some aggressive blastoid MCL strengthens the significance 

of the G1/S transition deregulation during MCL progression (Hernandez 2005). These gene 

amplifications occurred almost exclusively in MCL with a wild-type CDKN2A locus, suggesting 

that CDK4 amplifications are another alternative mechanism of disrupting the RB1-dependent G1/S 

phase control. Interestingly, early studies of MCL did not identify alterations of this tumour 

suppressor gene. However, inactivating microdeletions of RB1 have recently been described in 

some highly proliferative MCL cases (Pinyol 2007). Similarly to the amplification of CDK4, these 

alterations occurred in cases with a wild-type CDKN2A locus supporting the idea that oncogenic 

alterations of more than one member of the INK4a/CDK4/RB1 pathway do not seem to provide 

additional biological advantage for the tumour. The homozygous deletion of the CDKN2A locus in 

MCL usually also involves ARF, the main function of which is to stabilize the p53 protein by 

preventing its MDM2-mediated degradation. The homozygous deletion of this locus determines the 

simultaneous deregulation of the cell cycle and the p53 pathway. TP53 itself is frequently targeted 

by genetic alteration in MCL patients. Although TP53 mutations are rarely observed in classical 

low proliferative MCL they are identified in approximately 30% of highly proliferative blastoid 

MCL, usually associated with 17p deletion (Greiner 1996, Hernandez 1996). An alternative 

mechanism to p53 inactivation may be the overexpression of MDM2 that it is detected in a small 

subset of MCL cases (Hartmann 2007). However, the mechanism driving this MDM2 upregulation 

is not known. Although, inactivation of TP53 occurs in tumours with wild-type CDKN2A locus, it 

is associated with CDK4 amplification or RB1 deletions suggesting that the tumours cells may 

obtain a selective advantage inactivating both ARF/MDM2/p53 and INK4a/CDK4/RB1 pathways. 

The simultaneous inactivation of these pathways may occur by homozygous deletion of the 

CDKN2A locus, BMI1 amplification, or by TP53 mutation with concomitant CDK4 amplification 

or RB1 deletion (Hernandez 2005, Pinyol 2007).  

DNA damage response pathway dysfunction 

The identification of a high number of chromosome aberrations suggest that alterations of the 

mechanisms involved in genome stability, such as DNA damage response pathways, may be 

important for MCL pathogenesis. In this sense, the ataxia telangiectasia mutated gene (ATM) that 

plays an essential role in the cellular response to DNA damage is located in 11q22-23, a frequently 
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deleted locus in MCL (Stilgenbauer 1999).ATM mutations have been described in 40–75% of MCL 

usually associated with the deletion of the wild type allele (Camacho 2002, Fang 2003). ATM is 

required for the activation of p53 in response to DNA damage and participates during normal 

immunoglobulin V-D-J recombination in B cells promoting the repair of double strand break 

lesions (DSBs) (Perkins 2002). A deficient response to DSBs in lymphoid cells might produce 

genomic instability facilitating the development of lymphomagenic alterations (Kuppers & Dalla-

Favera 2001). In fact, ATM inactivation in MCL is associated with a high number of chromosomal 

alterations suggesting that its deregulation is important for the accumulation of chromosomal 

aberrations (Camacho 2002). ATM alterations occur in classical and blastoid MCL variants 

independently of the proliferation activity and do not appear to be associated with any clinical 

behaviour or prognosis of the patients, suggesting that ATM inactivation may occur early during 

MCL lymphomagenesis. The finding of heterozygous germ line ATM mutations in MCL patients in 

which tumour cells subsequently lost the wild-type allele would support the idea that these 

alterations might represent a predisposing event in these neoplasms. Downstream ATM targets, 

such as CHEK2 and CHEK1, are also occasionally deregulated in MCL. Decreased protein levels 

and mutations of CHEK2 have been described in a subset of MCL with a high number of 

chromosomal imbalances. Similarly to what happen with ATM, CHEK2 mutations have been 

observed in the germline of some MCL patients suggesting that these mutations might predispose to 

the development of the tumours (Hangaishi 2002, Tort 2002). CHEK1 protein is downregulated in 

occasional cases of MCL, but no mutations of the gene have been detected (Tort 2005). The 

identification of an altered expression of DNA replication licensing factors in MCL with high 

number of chromosome abnormalities and checkpoint defects suggest that the failure to 

appropriately regulate DNA replication could facilitate the accumulation of chromosome 

aberrations in MCL with a compromised DNA damage response (Pinyol 2006). 

Cell survival pathways in MCL 

Additional molecular events (figure 6) that mainly deregulate survival and apoptosis mechanisms 

seem to contribute to the MCL oncogenesis. Amplification of the antiapoptotic BCL2 and 

homozygous deletions of BCL2L11, a member of the BH-3 only family with pro-apoptotic activity, 

have been described in several MCL cell lines, but the importance of these alterations in primary 

MCL is not clear (Tagawa 2005). Overexpression of MCL1, an antiapoptotic protein of the BCL2 

gene family, has been associated with blastoid variants (Khoury 2003). Deletions of 8p21·3, 

targeting two members of the tumour necrosis factor receptor superfamily (DR4 and DR5), also 

have been reported in a subset of MCL (Rubio-Moscardo 2005), but they do not seem to correlate 

with protein down regulation (Roue 2007). The expression of two tumour necrosis family receptors, 
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CD40 and FAS, which may transduce survival or death signals respectively in B cells, are 

deregulated in some MCL patients (Clodi 1998, Rummel 2004). Moreover, constitutive activation 

of the nuclear factor-jB (NFjB), which regulates expression of various genes involved in both 

survival and apoptotic signalling pathways, has been detected in MCL cell lines and primary 

tumours with over-expression of downstream targets, such as FADD-like apoptosis regulator or B-

lymphocyte stimulator (Martinez 2003, Pham 2003, Fu 2006, Roue 2007). The activation of the 

AKT survival pathway in MCL (Rizzatti 2005), particularly in blastoid cases, associated with the 

loss of PTEN expression (Rudelius 2006), and the activation of the downstream mTOR pathway 

might also confer to MCL cells higher proliferation and survival capacity (Peponi 2006). The 

tyrosine kinase SYK involved in the B-cell receptor signalling pathway and activation of AKT and 

NFkB in B cells is over-expressed in a subset of MCL due to genomic amplification (Rinaldi 2006). 

 
Figure 6 (Campo 2008). Genetic alterations, such as amplifications and over-expression of genes, 
that will promote cell survival are shown in red, while deregulation (such as deletion or 
downregulation) of genes raising pro-apoptic signals are represented in green. MCL cells show 
activation of AKT, NFjB, and mTOR pathways resulting in cell cycle progression and resistance to 
apoptosis. The upregulation of pro-survival signals like BCL2, MCL1, or FLIP, together with the 
downregulation of proapoptotic genes, such as BCL2L11, TNFRSF10A (DR4) and TNFRSF10B 
(DR5), FAS, and FADD among others will facilitate the survival of MCL tumour cells. 
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NOVEL TREATMENT APPROACHES IN MCL IN CLINICAL DEVELOPMENT 

As long as many different pathways turned out to be involved in the pathogenesis of MCL, many 

new target treatment are recently being tested either with in vitro than in vivo studies (table 1). 

 

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

Proteasome inhibitors 

The ubiquitin-proteasome system, the main nonlysosomal pathway through which intracellular 

proteins are degraded, exhibits 3 proteolytic activities: chymotrypsin-like (CT-L), trypsin-like, and 

caspase-like, each localized to a distinct 20S proteasome β subunit. Bortezomib, a peptide boronic 

acid that reversibly inhibits primarily the CT-L activity, is the first proteasome inhibitor approved 

by the Food and Drug Administration (FDA). Phase 2 clinical trials of single-agent bortezomib 

showed durable responses in 33%-58% of patients with relapsed or refractory MCL (Goy 2009 and 
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2005, O’Connor 2009). Bortezomib is now increasingly combined with other agents. Interestingly, 

some studies suggest a sequence-dependent synergism with chemotherapy (Weigert 2007). 

A second generation of proteasome inhibitors aiming for continued activity against bortezomib-

resistant cells, simplified dosing schemes, and reduced toxicity is now entering the clinic. NPI-0052 

(salinosporamide A), a natural product related to lactacystin, targets all 3 catalytic sites (CT-L, 

trypsin-like, and caspase-like), provides more potent and more durable proteasome inhibition and is 

active against bortezomib-resistant MM cells (Chauhan 2005). PR-171 (carfilzomib), a modified 

peptide related to the natural product epoxomicin, selectively and irreversibly disables the CT-L 

activity, which may explain its greater cytotoxicity (O’connor 2009). MLN9708, a second-

generation peptide boronic acid derivative, hydrolyzes to MLN2238, the biologically active form 

that reversibly blocks CT-L activity, and has shown preclinical efficacy in hematologic 

malignancies (Kupperman 2010) . 

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

Cyclin D1 and cell-cycle control appear as natural targets in MCL. Two basic strategies have been 

pursued: down-regulation of cyclin D1 expression and inhibition of CDK function. PI3K and 

mTOR inhibitors can inhibit cyclin D1 translation and promote its degradation, whereas 

PD0332991 blocks cell-cycle progression through potent inhibition of CDK4/6 (Marzec 2006, 

Leonard 2008). The pan-CDK inhibitor flavopiridol, whose mechanism of action involves 

inhibition of RNA synthesis, has minor clinical activity as a single agent, but a modified dosing 

regimen has shown considerable activity in CLL (Lin 2009) and is currently under investigation in 

MCL. 

BCR pathway 

Recent studies reported constitutive activation of the BCR signal transduction components SYK 

and PKCβ II (Boyd 2009, Rinaldi 2006) SYK was amplified in both Jeko-1 cells and some primary 

MCL samples, but constitutive activity of SYK was only shown in the cell line (Rinaldi 2006). 

Jeko-1 cells were more sensitive to an SYK inhibitor than MCL cell lines without constitutive SYK 

activation, indicating some dependence on the pathway. In a screen for phosphoproteins, PKCβ II 

was found to be phosphorylated in primary MCL samples in contrast to normal B cells (Boyd 

2009). However, it was not localized to lipid rafts as would be expected after classic BCR 

activation. Inhibitors targeting the signaling cascade downstream of the BCR have entered clinical 

testing. Fostamatinib, an inhibitor of SYK, achieved a 55% response rate in CLL, but only 1 in 9 

patients with MCL responded (Friedberg 2010). Enzastaurin, a PKCβ inhibitor, induced no 

objective responses in MCL (Morshhouser 2008). More recently, a phase 1 study of the BTK 

inhibitor PCI-327 (Friedberg 2010) reported objective responses in a few patients with MCL 
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(Advani 2010). Thus, a role for BCR signaling in MCL pathogenesis and the possible clinical 

benefit of agents targeting this pathway deserve further investigation.  

PI3K/AKT/mTOR pathway 

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

plays a prominent role in many cancers (Engelman 2009). In normal B cells, PI3K functions as a 

transducer of BCR signaling that regulates proliferation, differentiation, apoptosis, and survival. 

Gene expression profiling implicated the PI3K/AKT pathway in the pathogenesis of MCL (Rizzatti 

2005), and several key components of the PI3K/AKT/mTOR pathway are activated in MCL 

(Peponi 2006) indicating a possible contribution of this pathway to MCL pathogenesis. Constitutive 

activation of AKT was found in most blastoid and many classic MCL tumours and was associated 

with the phosphorylation of downstream targets, including MDM2, Bad, and p27 (Dal Col 2008, 

Rudelius 2006). Furthermore, AKT mediated activation of mTOR, and its downstream targets S6K 

and eukaryotic initiation factor 4E-binding protein-1 (4E-BP1) can increase translation of key 

proteins.  

Several mechanisms may cause constitutive activation of AKT, including activation of upstream 

kinases such as SYK, and amplification of PI3KCA, the gene encoding the catalytic subunit p110 

(Psyrri 2009). In contrast to solid tumours, no activating somatic mutations of PI3KCA have been 

identified (Rudelius 2006, Psyrri 2009). Loss of PTEN, a phosphatase that turns the PI3K pathway 

off, is another recurrent feature in MCL and may be the result of mutations, deletions, or promoter 

methylation. PTEN can also be inactivated by phosphorylation at serine 380 and threonine 382/383, 

which has been found in MCL cases with constitutively active AKT (Dal Col 2008). The 

mechanism of PI3K/AKT/mTOR activation can determine the therapeutic potential of small 

molecule inhibitors. In tumours addicted to an upstream kinase such as SYK, PI3K/AKT signaling 

can effectively be turned off by inhibition of the upstream kinase. In contrast, in tumours with 

constitutive activation of PI3K or AKT, inhibitors directed at these kinases may be required.  

NF-kB pathway 

The NF-kB family of transcription factors, (p50/p105, p65/RELA, c-REL, RELB, and p52/p100) 

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

survival, proliferation, and apoptosis (Karin 2002). The canonical pathway is activated through 

phosphorylation and consequent degradation of IB, a cytosolic inhibitor that sequesters p50 and 

RELA. Constitutive activation of the canonical NF-kB pathway has been reported in MCL cell lines 

evidenced by the presence of pIB and nuclear p65, p50, and c-REL. Gene-expression profiling of 

MCL patient samples showed frequent high expression of NF-kB target genes that correlated with 

strong pIB expression on tissue microarrays (Martinez 2003, Tracey 2005). NF-kB target genes 
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highly expressed in MCL include the antiapoptotic proteins BCL-2, BCL-XL, XIAP, and cFLIP 

(Pham 2003, Roue 2007). Activation of the noncanonical pathway (p52, RELB) has been reported 

in some MCL cell lines (Granta-519, JVM-2, and NCEB), but this could be due to Epstein-Barr 

virus transformation. BCR engagement and TNF signaling in the lymphoma microenvironment may 

contribute inducible NF-kB activation. NF-kB signaling can also drive transcription of the TNF 

family member BAFF/BlyS, a potent B-cell survival factor that binds BAFF-R, BCMA, and TACI. 

BAFF in turn stimulates both canonical and alternative NF-kB pathways, activating a positive 

feedback loop that could contribute to tumour cell survival (Fu 2006). Recently, BAFF-R has been 

detected in the nucleus of MCL cells, where it colocalized with inhibitor of nuclear factor B kinase 

β (IKKβ) and cooperated in histone H3 phosphorylation. BAFF-R associated with c-REL, leading 

to an increase transcription of genes that promote cell survival and proliferation (Fu 2009). 

Constitutive activation of NF-kB signaling may also be caused by the inactivation of 

TNFAIP3/A20, a ubiquitin-editing enzyme that acts as a negative regulator. TNFAIP3/A20 is often 

inactivated in MCL through genomic deletions, mutations, and increased promoter methylation 

Honma 2009). Moreover, MCL cases showed mono- and bi-allelic deletions of FAF1, which 

inhibits p65 and IKKβ (Bea 2009).  

IKK inhibitors 

In keeping with the role of NF-kB in MCL survival, inhibitors of this pathway, such as BAY-

117082, curcumin, or the IKKβ inhibitor BMS-345541, have shown in vitro activity in MCL (Pham 

2003, Roue 2007, Shishodia 2005). However, despite its preclinical promise it has apparently 

proven difficult to translate this class of compounds into the clinic, and except for curcumin no 

clinical trials of these compounds are currently ongoing.  

Proteasome inhibition to block NF-kB signaling  

Inhibition of the NF-kB pathway has initially been hypothesized as mechanisms of bortezomib-

induced apoptosis. However, in MM it has recently been shown that bortezomib efficiently inhibits 

inducible but not constitutive NF-kB activity and can even cause canonical NF-kB activation 

(Hideshima 2009). Proteasome inhibitor–resistant NF-kB activity has also been described in MCL 

(Yang 2008). However, in activated B cell–like diffuse large B-cell lymphoma, an aggressive 

lymphoma having constitutive activation of NF-kB, bortezomib appeared to sensitize cells to 

combination chemotherapy (Dunleavy 2009), suggesting that NF-kB inhibition may play a role in 

some tumours but not others.  

WNT pathway 

WNT signaling can occur through two main mechanisms, a canonical pathway through β-catenin 

and an alternative pathway leading to c-Jun N-terminal kinase activation. The canonical pathway is 
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considered to be more relevant in cancer (Angers 2009). Microarray analysis provided a first 

indication that the WNT pathway may be activated in MCL (Rizzatti 2005). Recently, nuclear 

expression of transcriptionally active β-catenin has been detected in MCL cell lines and tumour 

biopsies and correlated with GSK3β inactivation (Chung 2010). WNT3 and WNT10a are 

consistently expressed in MCL cell lines and patient biopsies, and amplification of WNT11 on 

11q13.4-q13.5 has been found in MCL cell lines. High expression of several Frizzled receptors and 

low density lipoprotein receptor-related protein 5 has been documented, indicating a possible 

autocrine loop of WNT signals. Furthermore, the serine-threonine kinase CK2, which is 

constitutively phosphorylated in MCL (Cecconi 2008), phosphorylates β-catenin at Thr393, thereby 

impeding its proteasomal degradation. The resultant stabilization of β-catenin increases its 

transcriptional activity. Inhibition of the canonical pathway by small interfering RNA mediated 

knockdown of DVL2 and Frizzled 2 or by the pharmacologic agent quercetin reduced proliferation 

and induced apoptosis (Ortega 2008, Gelebart 2008).  

Hedgehog pathway 

Recent studies have suggested that stromally produced hedgehog proteins Indian hedgehog, sonic 

hedgehog (SHH), and desert hedgehog have a role in the proliferation of hematopoietic stem cells, 

lymphoid cells, and in B-cell malignancies (Dierks 2007). The molecules associated with SHH 

signaling and its target transcripts PTCH, GLI1, and GLI2 are over-expressed in MCL primary cells 

compared with normal B cells. Interestingly, GLI is located at 12q13 and may be coamplified with 

CDK4 and MDM2 in some tumours (Sander 2008). Activation of PTCH by SHH may increase 

proliferation of MCL cells, an effect that could be inhibited by cyclopamine, a specific inhibitor of 

SHH-GLI signaling. Furthermore, down-regulation of GLI transcription factors with the use of 

antisense oligonucleotides significantly reduced cyclin D1 and BCL-2 transcript levels, decreased 

proliferation of MCL cells, and increased their susceptibility to chemotherapy (Hedge 2008). These 

results indicate a role for SHH-GLI signaling in MCL proliferation 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 apoptosis, determining cellular fate in response to 

numerous insults (Adams 2007). The BCL-2 pathway is deregulated in MCL; high-level copy 

number gains of the BCL2 locus at 18q21.3 are frequent (Bea 2009), high MCL1 expression is 

common in more aggressive tumours (Khoury 2003) and can be increased by AKT/mTOR 

signaling, and BCL-XL over-expression has been linked to constitutive activation of the NF-kB 

pathway (Shishodia 2005). Furthermore, the proapoptotic BH3-only protein BIM is frequently 

inactivated through genomic deletions of the BCL2L11 gene. Homozygous deletions of the 



 21 

BCL2L11 locus are found in MCL cell lines (Jeko, Z138, SP53, UPN1, SP-49), and 

immunohistochemistry on tissue arrays showed the absence 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 family proteins in cancer has sparked efforts to 

target these critical survival molecules. One approach has been to reduce BCL-2 expression with 

compounds affecting gene or protein expression (Kang 2009). A BCL-2 antisense oligonucleotide, 

oblimersen (Banerjee 2001), has undergone extensive clinical testing in various malignancies, 

including MCL (Leonard 2003). However, despite encouraging preclinical data and some activity in 

clinical trials, the compound has repeatedly failed to gain FDA approval and clinical trial activity 

has virtually stopped. In addition, oblimersen contains CpG motifs and acts as a Toll-like receptor 9 

ligand, giving rise to many effects beyond BCL-2 inhibition (Kang 2009). The disappointing 

activity of oblimersen may be due to pharmacokinetic issues or redundancy within the BCL-2 

system that makes inhibition of BCL-2 alone not very effective. A different strategy that may 

overcome this later limitation is based on small molecules directly inhibiting the function of BCL-2 

antiapoptotic proteins. Several compounds have been isolated or chemically synthesized that mimic 

the action of BH3-only proteins and thereby promote apoptosis. Several such BH3-mimetics (ABT-

737 [oral compound in clinical trials is ABT-263], AT-101, GX15-070) have shown in vitro and in 

vivo activity, both as single agents and in combination with proteasome inhibitors or conventional 

chemotherapy (Paoluzzi 2008, Perez 2007). BH3-mimetic compounds differ in their specificity and 

affinity for various BCL-2 family members (Zhai 2006). GX15-070 and AT-101 are considered 

pan–BCL-2 inhibitors and can antagonize MCL-1, which is up-regulated by proteasome inhibition. 

Thus, combination of these compounds with bortezomib yields synergistic antitumor activity.105 In 

contrast, ABT-737 does not neutralize MCL-1 or A1/BFL-1, high expression of which may cause 

resistance to this BH3 mimetic (Yecies 2010).  

Microenvironment in MCL pathogenesis and immunomodulatory drugs 

The microenvironment has been found to play an important role in the biology of several B-cell 

malignancies. There are some indications that tumour host interactions might be more important in 

MCL than is currently appreciated. First, MCL almost invariably involves the gastrointestinal tract, 

often only microscopically, but large tumours growing in the intestinal wall may cause presenting 

symptoms. This suggests that microenvironment factors determine disease localization or promote 

tumour cell expansion or both at these sites. Second, in vitro studies show that MCL cells interact 

with bone marrow stromal cells, and these interactions can contribute to chemoresistance (Kurtova 

2009). Third, gene expression profiling showed increased expression of factors involved in cell-cell 
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crosstalk such as CCL4 and TNFSF9 (4-1BB-L) in MCL cells compared with normal B cells (Ek 

2006). An intriguing observation is that cell adhesion to bone marrow stromal cells can decrease the 

proteasomal destruction of the cell-cycle inhibitor p27, leading to reversible growth arrest (Lwin 

2007). Such a “dormant” state could protect cells from cytotoxic therapy and may provide an 

explanation how rapidly proliferating MCL tumours can remain in remission for years before 

relapsing again as a highly proliferative cancer.  

The immunomodulatory drugs (ImiDs), thalidomide and lenalidomide, are active in MM. Although 

the precise mechanism of action is not understood, effects on the microenvironment either by 

disruption of tumour-stroma interactions or through activation of immune effector mechanisms are 

hypothesized to contributed to the therapeutic effect (Chanan-Khan 2008). Recently, lenalidomide 

has been shown to improve formation of so-called “immune synapses” between CLL cells and 

autologous T cells, which could enhance immune-mediated antitumor effects (Ramsay 2008). Phase 

2 studies of single-agent lenalidomide in lymphoma have yielded promising results in MCL 

(Habermann 2009). In the NHL-002 study lenalidomide induced responses in 53% of 15 heavily 

pretreated patients. The progression-free survival (PFS) of 5.6 months and the median diagnostic 

odds ratio of 13.7 months compares favorably with other treatment options for these patients. In the 

international NHL-003 study the response rate in 57 patients with MCL was 42% with a median 

PFS of 5.7 months (Witzig 2009). A study of thalidomide in combination with rituximab found a 

response rate of 81% and a PFS of 20 months in 16 patients with relapsed MCL (Kaufmann 2004). 

Despite these encouraging results no follow-up study with the use of this combination has been 

reported.  

Epigenetic regulation of tumor biology 

In contrast to the detailed profiling of genetic lesions in MCL, epigenetic changes have only 

recently begun to be explored. Acetylation of histones leads to an open chromatin conformation that 

facilitates the access of transcription factors to DNA. In contrast, methylation of gene promoters can 

silence gene expression. Both acetylation and methylation can be altered in tumours and can 

contribute to disease pathogenesis. A recent study of DNA methylation in primary MCL identified 

several genes that were hypermethylated and thereby silenced in tumour cells compared with 

normal B cells (Leshchenko 2010, Hutter 2006). The DNA methyltransferase inhibitor decitabine 

not only reversed the aberrant hypermethylation but also synergized with a histone deacetylase 

inhibitor (HDACi) and induced cytotoxicity. Several hypomethylated and thereby up-regulated 

genes could play a pathogenic role, including NOTCH1, CDK5, and HDAC1. Surprisingly, the 

frequently observed methylation of CDKN2B did not correlate with increased tumour proliferation. 

HDAC inhibitors 



 23 

Hypoacetylation of histones is found in lymphomas compared with normal lymphoid tissue, and 

data suggest that transformed cells are more sensitive to HDAC inhibition than normal cells (Fraga 

2005). Studies with MCL cell lines have shown that suberoylanilide hydroxamic acid (SAHA), the 

only HDACi currently approved by the FDA, induces histone acetylation, up-regulates p21 and p27, 

causes cell-cycle arrest, and induces apoptosis. Interestingly, SAHA also reduced cyclin D1 

expression at the protein but not mRNA level, through an unexpected inhibition of the 

PI3K/AKT/mTOR pathway (Kawamata 2009). There is compelling evidence that HDACis also 

affect the handling of misfolded proteins. HDAC6 is a key factor in the aggresome pathway, a 

proteasome-independent pathway of protein degradation. The aggresome pathway is up-regulated in 

response to proteasome inhibition, suggesting that simultaneous inhibition of both degradation 

pathways may result in an improved therapeutic effect. In this regard, preclinical data indicated a 

synergistic interaction between SAHA and bortezomib, resulting in increased reactive oxygen 

species generation and apoptosis (Heider 2008).  

Heat shock proteins, chaperones of tumor biology, and HSP90 inhibitors 

Heat shock proteins (HSPs) are ubiquitously expressed chaperones that facilitate and guard the 

proteome from misfolding and aberrant aggregation. HSP90 is of particular interest because many 

of its clients are oncogenic signaling proteins, including cyclin D1, c-MYC, p53, CDKs, AKT, IB 

kinases, and survivin. HSP90 inhibitors displace the client proteins and target them for destruction 

by the proteasome system (Taldone 2008). Resultant depletion of essential oncoproteins can induce 

cell-cycle arrest and apoptosis. HSP90 in tumour cells is present entirely in active, complexed form, 

rendering cancer cells more sensitive to HSP90 inhibitors than normal cells. HSP90 inhibitors have 

been a focus of drug development for more than 10 years, but no compound of this class has gained 

clinical approval (Kim 2009). The first generation of HSP90 inhibitors 17-AAG and 17-DMAG are 

derivatives of the natural product geldanamycin. Most clinical trials used 17-AAG, showing 

moderate antitumour activity, which in part may be due to poor water solubility. Additional 17-

AAG derivatives and several synthetic HSP90 inhibitors have been developed and could overcome 

some of the limitations of the older compounds. HSP90 inhibitors may be of particular value in 

combination with proteasome inhibitors. For example, IPI-504 synergized with bortezomib in a 

MM xenograft model (Sydor 2006) and is active against bortezomib-resistant MCL cells possibly 

because of the down-regulation of the endoplasmic reticulum chaperone BIP/GRP78 (Roue 2009). 

An intriguing feature of this combination is that HSP90 inhibitors may reduce the neurotoxicity 

observed with bortezomib. 
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PROGNOSTIC PARAMETERS 

The different therapeutic approaches do not consider the high heterogeneity in the evolution of the 

disease in MCL patients. The increasing number of therapeutic options is opening new perspectives 

for patients but the evaluation of these approaches will require a correct stratification of the patients 

according to the specific biological risk of their disease. Recently, a specific MCL prognostic index 

(MIPI, Mantle-cell lymphoma International Prognostic Index) based on four independent prognostic 

factors [age, Eastern Cooperative Oncology Group (ECOG) performance score, lactate 

dehydrogenase (LDH) and leucocyte count] has shown the capacity to clearly separate MCL 

patients into three groups with significantly different prognoses (Hoster 2008). 

Early histopathological studies recognized the proliferation of the tumour, evaluated either as the 

mitotic index or cells expressing the proliferation-associated antigen Ki67, as the best predictor of 

survival in MCL patients (Argatoff 1997, Tiemann 2005). A tight correlation between Ki67 levels 

and survival is observed, suggesting that this marker may be useful in the stratification of patients 

for clinical trials (Katzenberger 2006). New proliferation markers recognized by 

immunohistochemistry, such as topoisomerase IIalpha or MCM6, may be useful in routinely 

processed samples and may improve the predictive value of the Ki-67 detection (Schrader 2004). 

However, these methods may be hampered by the difficulties in the standardization of the 

techniques and the reproducibility of the evaluation among observers (De Jong 2007). As already 

tested Pich et all (Am J Clin Pathol 1994) S-phase fraction analized by flow cytometry could be a 

more objective way to check proliferative index. The analysis of gene expression profiling in MCL 

has identified a proliferation signature based on the expression of 20 genes able to clearly 

discriminate patients with different median survival, confirming that increased proliferation was the 

best predictor of poor survival (Rosenwald 2003, picture below).  

 

Previous studies had identified other morphological, genetic, and molecular parameters with 

prognostic value in MCL patients. Thus, the blastoid cytological variants are associated with shorter 
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survival. Tumours with complex karyotypes and specific chromosomal alterations, such as gains in 

3q, 12q, Xq and losses in 9p, 9q, and 17p have a more aggressive clinical evolution. Molecular 

investigations have identified the inactivation of p53, CDKN2A locus, and the presence of high 

levels of cyclin D1 or MDM2 as predictors of shortened survival. The prognostic impact of most of 

these parameters merely reflects the proliferation of the tumours; they lose their predictive value in 

multivariate analysis, suggesting that the proliferation activity may represent an integrator of 

different oncogenic events (Rosenwald 2003). Interestingly, some molecular and genetic alterations 

maintain their prognostic prediction independently of the proliferation of the tumours, suggesting 

that other factors may also influence the behaviour of the lymphoma or the response to the current 

treatments. Thus, the quantitative gene expression of MYC, MDM2 and CCND1 seem to have 

prognostic value independently of the tumour proliferation (Kienle 2007). Similarly, the 

concomitant inactivation of the two regulatory pathways INK4a/CDK4 and ARF/p53 in MCL was 

associated with a poor survival that was independent of Ki-67 proliferation index (Hernandez 

2005). Interestingly, the impact of the chromosome 3q gains and 9q losses on survival is 

independent of the microarray proliferation signature, suggesting that a predictive model combining 

the quantification of the proliferation activity and the genetic profile may improve the estimation of 

the risk of the patient (Salaverria 2007). These robust molecular and genetic prognostic predictors 

may become an essential tool in the clinical practice to tailor the best therapy for each patient.  

IN VITRO AND IN VIVO MODEL 

Cell lines 

The advent of continuous human leukemia-lymphoma (LL) cell lines as a rich resource of 

manipulable living cells has contributed significantly to a better understanding of the 

pathophysiology of hematopoietic tumors. The major advantages of cell lines were the unlimited 

supply and worldwide availablility of identical cell material and the infinite viable storability in 

liquid nitrogen. LL cell lines are characterized generally by monoclonal origin and differentiation 

arrest, sustained proliferation in vitro under preservation of most cellular features, and notably 

specific genetic alterations (Drexler 1999, Drexler 2000). Over the last several years, a number of 

cell lines have been established from patients with MCL or a lymphoma which would nowadays be 

classified as MCL (table 2) (Drexler 2002, Drexler 2006). 

Various groups in Canada, Germany, Japan, Sweden and Spain have characterized several bona fide 

and presumptively MCL cell lines in astonishing detail, using classical G-banding cytogenetics, 

fluorescence-in situ hybridization (FISH), spectral karyotyping (SKY), comparative genomic 

hybridization (CGH) and cDNA microarray analysis (Sanchez-Izquierdo 2003, Rudolph 2004, Ek 

2005, de Leuuw 2004, Rubio-Moscardo 2005, Tagawa 2005). 
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Table 2. MCL cell lines (Drexler et al 2006). 

Animal models 

Progress in MCL therapy has been slow in part because of its relative rarity, but also because no 

suitable animal models have existed. Preclinical evaluation of investigational agents for MCL has 

been limited by lack of suitable animal models that mimic the natural history of human MCL and 

provide the microenvironment in which MCL cells thrive. The currently available in vivo model of 

MCL is s.c. xenograft of human MCL cell lines in severe combined immunodeficient (SCID) or 

nonobese diabetes– SCID mice (Bodring 1994, Lavec 1994).  

It is well known however that primary MCL cells from patients are very difficult to grow in culture 

medium in vitro and in the mouse model (Wiestner 2007). 

M’kacher et al. (Cancer Genetics and Cytogenetics 2003) have established two cell lines from the 

pleural effusions of two patients with MCL that they have used for further cytogenetic 

characterization to better define the incidence and nature of secondary chromosome abnormalities 

using multicolor fluorescence in situ hybridization, whole chromosome paint, and specific probes. 

Both cell lines grew independently without growth factors. Using CCND1/IGH-specific probes, 

patient UPN1 was found to have a masked t(11;14). Numerous and complex chromosomal 

abnormalities were found in both cell lines affecting chromosomes 2, 8, 13, 18, 22, X, and Y. These 

abnormalities included 8p losses, suggesting the presence of an anti-oncogene in this region, 

rearrangements of 8q24, MYC gene, and translocations involving 8, X, and Y chromosomes, which 

might be significant in the pathogenesis of MCL progression. The use of the cell lines (UPN1) 

allowed them to generate a mouse model of human MCL, mimicking a disseminated lymphoma and 

leading to the death of the animals in 4 weeks. That blastoid MCL model could be of major interest 

to determine molecular events involved in MCL progression, allowing isolation of involved genes 

and their functional characterization, and to study the effects of new chemotherapy regimens in 

mouse models. Xenografted UPN1 recapitulates faithfully some features of blastoid MCL in 

NOD/SCID mice with evidence of migration of leukemic cells to the spleen, lymph nodes, and 
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CNS. A similar model expressing CCND1 on a xenografted tumour cells, however, was not 

validated for the presence of the specific chromosomal abnormalities (Bryant 2000).  

Tucker et al (2006) wanted to study growth rate of four MCL cell lines in mice. Female and male 

Rag2-M mice with transgenic knockout of the Rag-2 gene were obtained from the breeding colony 

at the BC Cancer Agency at age 6–9 weeks. The mice, which lack B and T lymphocytes, were 

maintained in a pathogen-free environment. The 5×106 exponentially growing cultured cells were 

injected subcutaneously with Matrigel (volume of 100 µl) or without Matrigel (volume of 50 µl) 

(Collaborative Biomedical Products Inc., Chicago,USA), intraperitoneally, or intravenously via tail 

vein. Animals were assessed for the time course of illness and for signs of tumour growth, and were 

sacrificed for progressing subcutaneous tumour mass >1 cm3, paralysis, ascites, scruffy coat and 

lethargy or for survival beyond 90 days. Harvested tumour specimens were snap frozen at −70 ◦C 

and also placed in buffered formalin and subsequently prepared for histopathological analysis and 

immunohistochemistry to confirm that tumour specimens exhibited MCL traits. All animal studies 

were completed in accordance with the current guidelines of the Canadian Council of Animal Care 

and with the approval of the University of British Columbia Animal Care Committee. All cell lines 

showed subcutaneous growth in Rag2-M mice. Growth was enhanced by injection with Matrigel, 

with the exception of HBL-2 which showed equally rapid growth with or without Matrigel as most 

injected sites showed growth by days 25–30, although in the cell lines other than HBL-2 growth in 

the absence of Matrigel was delayed beyond day 50 or not observed. JVM-2 and NCEB-1 had a 

slower growth pattern of about 40–50 days as compared to Z-138 and HBL-2. A shorter survival 

time was observed for animals injected subcutaneously with HBL-2 (27 days) and Z-138 (31 days) 

while longer survival times were observed for both JVM-2 (50 days) and NCEB-1 (47 days). IP and 

IV injection of HBL-2 led to tumour growth and dissemination with a somewhat slower time course 

of about 45–50 days. Parenteral injection of Z-138 did not generate any systemic disease. The i.v. 

injection of JVM-2 and NCEB- 1 led to establishment of cohesive deposition of systemic MCL 

after 60–90 days. Parenteral injection of the HBL-2, NCEB-1 and JVM-2 cell lines showed tropism 

for extranodal sites, although the number of animals tested was small.  

Ford et al. (Blood 2007) developed another murine model of MCL-Blastoid variant by crossing 

interleukin 14α (IL-14α) transgenic mice with c-Myc transgenic mice (double transgenic [DTG]). 

14α is a B-cell growth factor that is expressed in a number of high-grade lymphomas, including 

MCL-BV. Ninety-five percent of 14α transgenic mice develop CD5positive large B-cell 

lymphomas by 18 months of age. Sixty percent of c-Myc transgenic mice develop pre-B-cell 

lymphomas by 12 months of age. Close to 100% of DTG mice develop an aggressive, rapidly fatal 

lymphoma at 3 to 4 months of age that is CD5+, CD19+, CD21-, CD23-, sIgM+. The tumour was 
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found in the blood, bone marrow, liver, spleen, lymph nodes, gastrointestinal tract, and lungs and 

rarely in the brain, similar to the involvement seen in human MCL-blastoid variant. 

Immunoglobulin gene rearrangements document the monoclonality of the tumour. Cyclin D1 was 

highly expressed in these tumours, as it is in MCL-blastoid variant. However, MCL cells in these 

transgenic mouse models are murine, not human. 

As MCL usually involves the bone marrow, Wang et al (Clin Canc Res 2008) developed an in vivo 

SCID model for human primary MCL cells. They adopted the SCID-hu mouse model developed for 

myeloma (Yaccoby 1998) and injected primary human MCL cells directly into the 

microenvironment of human fetal bone, which had been s.c. implanted into SCID mice. The 

engrafted MCL cells in human fetal bone have been shown to produce measurable levels of human 

h2-microglobulin (h2M) in mouse serum. In this model, the engraftment and growth of patient 

MCL cells were dependent on human bone marrow microenvironment and these cells metastasized 

to mouse lymph node, spleen, bone marrow, and gastrointestinal tract. Primary tumour cells such as 

myeloma and lymphoma usually do not survive and grow in SCID mice because they require the 

supporting human microenvironment. To establish a mouse model for primary myeloma cells, 

investigators developed SCID-hu mice, in which a fetal human bone chip was implanted s.c. into 

SCID mice (Yaccoby 1998). After a 4- to 6-week postprocedure recovery phase, the bone implants 

are found to be vascularized and histologically similar to normal human bone marrow and could 

provide bone marrow microenvironment for the growth of primary tumour cells (Kyozumi 1992). 

Injected myeloma cells grow within and around the bone chip and seldom migrate and infiltrate 

murine tissues (Yaccoby 1998). Through interactions with the human bone marrow 

microenvironment, myeloma cells induce typical myeloma manifestations, such as the appearance 

of M-protein in the serum, and changes in the density of implanted human bone. The SCID-hu 

mouse model has been used not only in studies of human hematopoiesis, immune function, and 

biological development (Kaneshima 1990, McCune 1996, Carbadillo 2000) but also in studies of 

microenvironment and growth and metastasis of human primary myeloma cells in vivo (Yaccoby 

2004). MCL shares the same feature of common bone marrow involvement as myeloma. Previous 

studies indicated that MCL was identified in 83% to 92% of bone marrow aspirate specimens and in 

91% of bone marrow biopsy specimens (Salar 2006, Cohen 1998, Romaguera 2005). Based on the 

characteristics of the high frequency of bone marrow involvement with MCL cells, Wang et al. 

reasoned that by implanting a human fetal bone in SCID mice, primary MCL cells might survive 

and grow in the SCID mice. They successfully established a reproducible in vivo model closely 

resembling the clinical situation of patients with MCL. This approach tourned out to be especially 

practical and useful because they can establish a mouse host by injecting as few as 0.5x106 of 
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freshly isolated primary MCL cells from patients. Unlike myeloma, MCL cells do not produce M-

proteins. To monitor tumor growth, they examined various factors secreted by MCL cells such as 

IL-6, h2M, and lactate dehydrogenase (Argatoff 1997, Williams 2005). Based on preliminary 

studies monitoring and comparing serum levels of these factors and the sizes of tumour masses in 

MCL-bearing SCID-hu mice, they found a positive correlation between tumour burdens and the 

level of circulating human h2M. IL-6 and lactate dehydrogenase were less useful for this purpose. 

Therefore, they chose human h2M as the surrogate marker for tumour burden in MCL–SCID-hu 

mice. They recently showed that levels of circulating human h2M correlated well with the sizes of 

s.c. MCL tumours in the xenograft SCID mouse model. Therefore, circulating human h2M seems 

indeed a good indicator for MCL tumour burdens in SCID-hu mice. This study provides strong 

evidence for the crucial requirement of implanted human bone for the engraftment of primary MCL 

cells in the host. They injected primary MCL cells i.v. or directly into the bone chips of SCID-hu 

mice and found that intrabone, but not i.v. injection, led to the establishment of MCL in the 

majority of SCID-hu mice. Further support came from SCID mouse experiments in which i.v. 

injection of large numbers of primary MCL cells failed to establish MCL in the mice. Furthermore, 

in one of five SCID-hu mice that successfully engrafted MCL after i.v. injection of the tumour cells, 

a tumour mass formed within and around the implanted human fetal bone. These results indicate 

that the implanted bone chips are absolutely required, particularly during early stages of tumour 

engraftment, for injected MCL cells to survive and grow because at 2 months after tumor 

inoculation, primary MCL cells were also found in murine tissues such as bone marrow, lymph 

nodes, spleen, and gastrointestinal tract. This is a very interesting finding because in patients with 

MCL, tumour metastasis is often observed in these tissues or organs. Romaguera and coworkers 

(Romaguera 2005) published results from their phase II study with 97 patients with MCL using 

Hyper CVAD regimen and found that 90% of patients were confirmed to have gastrointestinal tract 

involvement, gastrointestinal tract involvement by MCL at diagnosis has become very frequent 

(Salar 2006). Therefore, Wang et al believe that their MCL–SCID-hu model will also be useful to 

elucidate the mechanisms underlying tumour metastasis in MCL. High engraftment rates with a 

short time for tumour establishment are required to make the in vivo model feasible for research 

purposes. Wang et al treated MCL-bearing SCID-hu mice i.p. with atiprimod for 6 consecutive 

days. The data showed that atiprimod decreased serum h2M to low levels, comparable with serum 

h2M levels of mice treated with PBS. The results indicate that this SCID-hu model not only allows 

for the study of MCL biology but also is rapid and useful for the preclinical evaluation of novel 

agents against MCL. 
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Testing Olaparib effect on MCL, Weston et al (Blood 2010) use a nonobese diabetic/severe 

combined immunodeficient (NOD/SCID) murine xenograft model of an ATM mutant MCL cell 

line and demonstrated significantly reduced tumour load and an increased survival of animals after 

olaparib treatment in vivo. For all experiments, tumour cell engraftment in the bone marrow and 

spleen before initiation of olaparib treatment was confirmed both by FACS analysis of human anti-

CD45 (eBioscience)– and murine anti-CD45 (BD Pharmingen)–stained cells and by 

immunohistochemistry using anti–human CD5 (Leica Microsystems), anti–human Pax5 (Thermo 

Scientific), and anti–human ki-67 (Dako) antibodies. For assessment of MCL tumour load in 

murine primary lymphoid organs, sublethally irradiated nonobese diabetic/severe combined 

immunodeficient (NOD/SCID) mice (aged 5 weeks) were intravenously injected with 3x106 

Granta-519 cells. Fourteen days after injection, animals received either 50 mg/kg/d olaparib or 

vehicle, 10% (wt/vol) 2-hydroxypropyl-β-cyclodextrin (Sigma-Aldrich), via intraperitoneal 

injection, daily for 14 days. Mice were culled at day 30-36, and tumour load in the bone marrow 

and spleen was assessed by FACS analysis of human CD45+ cells. To compare tumour size and 

survival between treated and untreated animals, subcutaneous tumours were initiated by injection of 

3x106 Granta-519 cells. Tumours were allowed to grow for 5 days before initiation of treatment 

with 100 mg/kg/d olaparib (tumor size, survival) or vehicle alone (tumour size, survival) via oral 

gavage for no more than 28 days. Tumour volume was measured manually using a calliper 3 per 

week. Mice were killed upon signs of illness or when tumours reached 1250 mm3 Any mice that 

died early in the experiments due to graft-unrelated causes were excluded from the experiments. 

To investigate the in vivo impact of olaparib, they generated murine xenograft models of the ATM 

mutant MCLcell line, Granta-519. To determine whether infiltration and engraftment of the tumour 

cell line had already taken place before initiation of olaparib treatment in the different animal 

cohorts, 3 representative mice from each cohort were analyzed on the day that treatment was to 

begin (14 days after intravenous or 5 days after subcutaneous injection of cells). The presence of 

tumour cells at the level of at least 1% of all cells, which is considered to be engraftment, was 

observed by FACS analysis in the bone marrow and spleen both at 5 days (subcutaneous) and 14 

days (intravenous) after injection. Furthermore, using immunocytochemistry and anti–human CD5, 

Pax-5, and Ki-67 antibodies, they confirmed significant infiltration of proliferating human B-

lymphoid tumour cells in both the spleen and bone marrow at both time points before treatment 

initiation. Subsequently, the degree of tumour load was compared in the lymphoid organs of 23 

NOD/SCID Granta-519 cell–injected mice 5 weeks after intravenous injection of cells and 14 days 

after treatment with olaparib. However, early in the experiment, 7 mice died of graft-unrelated 

causes, leaving 16 mice, which were treated with either olaparib (8 mice) or vehicle alone (8 mice). 
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Analysis of the percentage of human CD45 staining by FACS analysis revealed a significant 

reduction in the percentage of Granta- 519 cells in the bone marrow and a trend toward reduced 

tumour cell load in the spleen of mice treated with olaparib compared with those receiving vehicle 

alone. They next assessed the effect of olaparib on the growth of subcutaneous tumours generated 

by the localized injection of ATM mutant Granta-519 cells into mice and found a significant 

positive correlation between olaparib treatment and reduced tumour size. Finally, the overall 

survival of mice engrafted with Granta-519 cells was significantly increased by olaparib treatment 

compared with vehicle alone. 

Liu et al (Clin Cancer Res 2010) tested in vivo therapeutic activity of FTY720 in severe 

immunodeficient mice engrafted with the Jeko MCL cell line. Six- to eight-week-old female severe 

combined immunodeficient (SCID) mice (cb17 scid/scid; Taconic Farms) were depleted of murine 

natural killer cells with intraperitoneal injections of 0.2 mg of rat anti-mouse interleukin-2 receptor 

β monoclonal antibody (TMβ1), 1 day before engraftment with human tumour cell lines and then 

every week, as previously described (Tananka 1993). Cell-dose titration trials with three separate 

MCL cell lines (SP53, Jeko, and Mino) were done to determine the optimal dose of cells that would 

lead to consistent engraftment and development of tumour burden in all mice. This dose was found 

to be 4 × 107 cells (injected i.v. through tail vein) for Mino and Jeko cell lines. SCID mice treated 

with the monoclonal antibody TMβ1 to deplete murine natural killer cells were engrafted with 4 × 

107 MCL cells (Jeko, Mino, and SP53) i.v. and observed daily for signs of tumour burden. Animals 

engrafted with Jeko cells developed cachexia/wasting syndrome and respiratory distress between 

days 18 and 20 following engraftment. All mice engrafted with Jeko cells showed central nervous 

system and diffuse organ tumour burden and splenomegaly. Evaluation of brain tissue showed an 

impressive meningeal infiltrate and perivascular invasion. Mice engrafted with Mino cells 

developed cachexia/wasting syndrome and respiratory distress from 30 to 50 days. Mice engrafted 

with Mino cells developed large bilateral neck masses, mediastinal tumour, and splenomegaly. 

Histopathologic examination of neck masses showed tumour effacement of parotid glandular tissue. 

Mice engrafted with SP53 cells survived longest, developing respiratory distress from 40 to 60 

days. All mice engrafted with SP53 cells developed retroperitoneal and abdominal tumour burden. 

Histopathologic examination of retroperitoneal lymph nodes showed marked effacement of normal 

lymph node architecture. Tumour burden was verified by immunohistochemistry staining for the 

human CD19 and CD45 antigen. Engraftment of each cell line resulted in a characteristic pattern of 

tumour burden and highly reproducible time to develop advanced disease. To determine the in vivo 

therapeutic activity of FTY720 against MCL, they engrafted 20 SCID mice with 4 × 107 Jeko cells 

and randomized mice to two treatment groups. The dose used in this study (5 mg/kg/d) was 
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determined based on in vivo PK studies of FTY720 in a rat model. This regimen, in prior studies 

using a murine Raji xenograph model (Liu 2008), did not lead to significant toxicity, which further 

justified its implementation for our in vivo studies using the MCL preclinical model. Mice treated 

with 5 mg/kg FTY720 (n = 10) have a median survival of 38 days (95% confidence interval, 30-39), 

which is significantly longer than the median survival of 26.5 days (95% confidence interval, 26-

27) for PBS-treated mice (n = 10; P = 0.001). The histopathologic analysis of the spleens from both 

FTY720- and PBS treated mice showed diffuse infiltration of human CD19+/CD45+ cells, with 

neoplastic lymphocytes completely effacing the normal splenic parenchyma, consistent with our 

observation that FTY720 increases the median survival of MCL-engrafted mice but, as a single 

agent, does not result in complete elimination of disease.  
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PROJECT AND GOAL 

 

The project based its scientific philosophy into two main phases. 

First of all a large collection phase that we decided to do looking inside protein expression of MCL 

cell lines, either by using immobilized metal affinity chromatography (IMAC) pre-fractionation (a 

column-based technique that selectively enriches all phospho-proteins by a reversible binding to 

metal oxydes), followed by 2D-PAGE/MS (Cecconi 2008), than with PhosphoScan analysis. We 

chose protein and phosphoprotein because they are the final effectors of cell… and good candidate 

drive targets. 

Second we needed to validate data obtained by such a collection phase, finding antibodies against 

some of the most expressed phosphoprotein and testing them on tissue (figure 7). 

We did this on human fixed tissue, trying to find cases with clinical follow-up and building tissue 

micro arrays to perform immunohistochemistry at low cost and hopefully find new prognostic 

parameter or confirm and validate old ones. The proliferative index scored by Ki-67, a time-proven 

immunohistochemical antibody, has been shown to be a powerful prognostic marker in MCL and a 

30% cut-off has recently been proposed as clinically meaningful. However, its determination is 

subject to inter-laboratory and inter-observer variation, limiting study-to-study comparison. S-phase 

index, determined by flow cytometry, might be a potentially more objective method for the 

determination of proliferation, and might retain the prognostic value of Ki-67 labelling. 

In order to validate our experimental findings in vivo we also developed a xenograft mouse model 

useful for further experimental work. 

 
Figure 7. Options for performing proteome analysis of lymphoid and 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 laboratories and previously described (Zamò 2006). 

Cell lines Granta-519 (Jadayel 1997), Rec-1 (Raynoud 1993), and Jeko-1 (Jeon 1998) were 

obtained from DSMZ (Braunschweig, Germany). UPN-1 (M’kacher 2003), UPN-2 (M’kacher 

2003), and NCEB-1 (Saltman 1988 were provided by Professor Elias Campo (Hospital Clinic, 

University of Barcelona, Spain). Cell lines were cultured in RPMI 1640 (figure 8) medium 

containing 10% FCS (Bio- Whittaker, Walersville, MD, USA), and gathered at plateau phase (1.5–2 

x 106 cells/mL) by centrifugation. Cells were washed twice in 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, Valencia, CA, USA) was utilized for purifying 

phosphorylated proteins. Cells (1x107) were harvested and processed following the manufacturer’s 

instructions. Briefly, cells were gently lysed in a buffer containing 0.25% w/v CHAPS, Benzonase 

(a DNase/RNase), and a mixture of protease inhibitors to prevent proteolytic degradation. 

Subsequently, lysates were added to the ready-to-use columns and the flow-through fractions 

(containing nonphosphorylated proteins) were collected. After a wash step, proteins carrying 

phosphate groups were eluted in PBS. Free phosphate in the elution buffer inhibits phosphatase 

activity, and therefore stabilizes the phosphorylation status of the eluted fractions during 

downstream processing and storage. 

High-resolution 2-DE (figure 10) 

Phosphorylated protein fractions were concentrated and desalted before 2-DE by ultrafiltration 

(Nanosep® Ultrafiltration columns 10 kDa cut-off) and addition of 450 µL 10mM Tris-Cl, pH 7.0. 
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Protein fractions were then precipitated by acetone/methanol (8:1 v/v) and the pellets resuspended 

in 2-D solubilizing solution: 7 M urea (Sigma–Aldrich, St. Louis, MO, USA), 2 M thiourea 

(Sigma), 3% CHAPS (Sigma), 20 mM Tris (Sigma), 1% pH 3–10 Ampholyte (Fluka, Buchs, SG, 

Switzerland), and protease inhibitor cocktail tablet (Complete Mini; Roche, Basel, Switzerland). 

After 1 h samples were centrifuged for 10 min at 10000 x g at 4°C to remove nucleic acids 

complexed with ampholytes. Supernatants were incubated with 5 mM  ributylphosphine and 20 mM 

acrylamide for 60 min at room temperature to reduce protein disulfide bonds and alkylate sulfhydryl 

groups. The reaction was blocked by the addition of 10 mM DTT and protein samples were 

collected and stored at -80°C. Protein concentration was evaluated with the DC Protein assay 

(BioRad, Hercules, CA, USA). Seventeen centimetres long, pH 3–10 IPG strips (BioRad) were 

rehydrated for 8 h with 450 µL 2-D solubilizing solution (7 M urea, 2 M thiourea, 3% CHAPS, and 

20 mM Tris) containing 2.5 mg/ mL total phosphoprotein. IEF was performed using a Multiphor II 

apparatus (GE Healthcare BioSciences, Little Chalfont, UK). The total product time x voltage 

applied was 70 000 V·h for each strip at 20°C. For the second dimension, IPG strips were 

equilibrated for 26 min in a solution of 6 M urea, 2% SDS, 20% glycerol, 375 mM Tris-HCl, pH 

8.8. The IPG strips were then laid on an 8–18%Tgradient SDS-PAGE with 0.8% agarose in 

Tris/glycine/SDS running buffer (192 mM glycine, 0.1% SDS and Tris to pH 8.3). The second 

dimension was run in a Protean Plus Dodeca cell (BioRad) with Tris/glycine/SDS running buffer.  

 
Figure 9. Phosphorylated proteins by immobilized metal affinity chromatography (IMAC) 
(PhosphoProtein Purification Kit, Qiagen). 
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Figure 10. 2D-page analysis. 

 

The electrophoresis was conducted with continuous cooling and mixing by setting a current of 40 

mA for each gel for 3 min, then 2 mA/gel for 1 h, and 20 mA/gel until the track dye, bromophenol 

blue, reached the anodic end of the gels. Protein spots were revealed with Sypro Ruby stain. Gels 

were incubated in a fixing solution containing 40% ethanol and 10% acetic acid for 30 min 

followed by overnight staining in a ready-to-use Sypro Ruby solution. Destaining was performed in 

10% methanol and 7% acetic acid for 1 h, followed by rinsing at least 3 h in distilled water. 

Detection of phosphoproteins by Pro-Q Diamond staining (Molecular Probes) after separation on 2-

DE gels was performed following the manufacturer’s instructions. In brief, 2-DE gels were fixed in 

solution containing 50% methanol and 10% acetic acid, washed with several changes of water to 

remove SDS, and stained with the Pro-Q Diamond dye. After destaining, gel images were recorded 

using a Typhoon 9600 fluorescence scanner. The spots consistently stained with Pro-Q Diamond 

dye were considered as putative phosphoproteins. 

Protein pattern differential analysis 

Gels were scanned using a BioRad VersaDoc 1000 imaging system. 2-D gel analysis was 

performed by PDQuest software version 7.3 (BioRad). Each gel was analyzed for spot detection, 

background subtraction, and protein spot OD intensity quantification (spot quantity definition). The 

gel image showing the highest number of spots and the best protein pattern was chosen as a 

reference template, and spots in a standard gel were then matched across all gels. Spot quantity 

values were normalized in each gel dividing the raw quantity of each spot by the total quantity of all 
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the spots included in the standard gel. For each protein spot, the average spot quantity value and its 

variance coefficient in each group were determined. The average spot intensities of each cell line 

were ranked in decreasing order, and the 100 spots with the highest average spot intensity value 

were chosen for the identification. 

In-Gel digestion 

Spots were selectively excised from the gel using the Proteome Works robotic Spot cutter (BioRad), 

which allows for reproducible processing of gels. Excised spots were then subjected to in-gel 

trypsin digestion. Spots were destained (15 min wash in 300 mL 100 mMNH4HCO3; 15 min wash 

in 300 µL 50% 100 mM NH4HCO3 v/v, 50% ACN; 5 min wash in 100% ACN) and dried at 37°C. 

The gel pieces were swollen in 10 mL of digestion buffer containing 100 mM NH4HCO3 and 40 

ng/mL trypsin (Promega, Madison, WI, USA). After 10 min, 40 µL of 100 mM NH4HCO3 was 

added to the gel pieces and digestion was performed at 37°C overnight. The supernatants were 

collected, peptides were extracted in an ultrasonic bath for 10 min (twice in 50 mL 50% ACN, 50% 

H2O with 1% formic acid v/v; once in 25 mL ACN), and the supernatants were pooled. Tryptic 

peptides were vacuum-dried with centrifugation, resuspended in 20 µL 0.1% formic acid and 

purified using a ZIP-TIP C18 column (Millipore, Bedford, MA, USA). 

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

Peptide mixtures were analyzed by nanoflow HPLC: a 10 µL sample was loaded onto a homemade 

2 cm fused-silica precolumn (75 mm id, 375 mm od, packed with Reprosil C18-AQ, 3 m/m, at a 

flow rate of 2 µL/min. Sequential elution of peptides was accomplished using a flow rate of 200 

nL/min and a linear gradient from solution A (2%ACN, 0.1%formic acid) to 50% of solution B 

(98% ACN, 0.1% formic acid) over 40 min. Desorbed peptides were injected directly into a Q-TOF 

microhybrid mass spectrometer (model microTOF-Q, Bruker-Daltonik) equipped with a modified 

ESI ion source (the spray capillary was a fused-silica capillary, 0.090 mm od, 0.020 mm id). The 

mass spectrometer was operated in the positive ion MS mode, and data-dependent analysis was 

employed for survey scans (m/z 350–1500) to choose up to three most intense precursor ions. For 

CID mass spectrometric (MS/MS) analysis, collision energies were chosen automatically as a 

function of m/z and charge. The collision gas was argon. The temperature of the heated sample 

source was 180°C, and the electrospray voltage was 4000 V. External mass calibration in quadratic 

regression mode using sodiumformiate resulted in mass errors of typically 5 ppm in the m/z range 

50–2000. Data searching was accomplished with MASCOT software (Matrix Sciences, London, 

UK) using the following constraints: only tryptic peptides up to two missed cleavage sites were 

allowed; ±0.25 Da tolerance for both MS and MS/MS fragment ions; complete propionamide 

formation on cysteines and partial oxidation of methionines were specified.  
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Protein phosphorylation status validation by Western blot analysis 

Protein electroblotting and chemiluminescent signal detection were performed as previously 

described (Cecconi 2007). Briefly, 1-D SDS-PAGE gels were transferred to a PVDF membrane and 

treated with the respective antiphosphoprotein antibodies at the appropriate dilutions. Bound 

antibody was detected with the enhanced chemiluminescent (ECL) detection kit (Amersham 

Biosciences Europe) and recorded on X-Omat AR film (Kodak, Rochester, NY, USA). Membranes 

were immunoblotted again with a monoclonal anti-b actin antibody (Sigma–Adrich, 1:4.000) for 

normalization.  

Classification of identified phosphoproteins and phosphorylation sites 

GO lists were downloaded using FatiGO (http://fatigo. bioinfo.cipf.es/) from Babelomics (Al-

Shahour 2006). Each protein was classified with respect to its cellular component, 

biologicalprocess, and molecular function using GO annotation. When no GO annotation was 

available, proteins were annotated manually based on literature searches and closely related 

homologs. The NetPhos 2.0 server (http:// www.cbs.dtu.dk/services/NetPhos/) (Blom 1999) was 

used to predict the number of potential protein phosphorylation sites. Further database searches 

within PhosphoBase 6.0 (http:// phospho.elm.eu.org/) (Blom 1998) were also carried out to confirm 

the phosphorylation of identified proteins and gain information about the exact position of known 

phosphorylated instances. Scansite 2.0 (http://scansite.mit.edu) (Obenoure 2003) was used to search 

for potential Ser/Thr- or Tyr-kinases responsible for the phosphorylation by searching for specific 

recognized motifs within the phosphorylated protein. 

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

literature for signal transduction pathway reconstruction. 

SNP-array analysis and correlation 

DNA was extracted by column-purification methods (AllPrep columns, Quiagen). The Affymetrix 

GeneChip® Mapping Assay was used according to the manufacturer’s instructions. Briefly, 250 ng 

of genomic DNAper array were used for restriction enzyme (Xba I) digestion and ligation of 

sequences onto the DNA adaptor fragments. PCR products were then fragmented, end-labeled, and 

hybridized to a Gene- Chip array following the manufacturer’s instructions. Raw data analysis was 

performed using GTYPE 4.1. Copy number and LOH were analyzed using the Affymetrix 

Chromosome Copy Number Analysis Tool (CNAT) 4.0. For all samples, we performed unpaired 

analysis using the reference datasets from Affymetrix. To correlate the expression of identified 

phosphoproteins with putative underlying alterations in DNA copy number, we selected the data 

relative to probes mapping within 500 kb from each protein locus from the SNP-Chip and averaged 
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their values. Next, we evaluated the presence of common alterations among cell lines, performing a 

series of one-sample t-tests on the assumption that the expected mean was 0 (no change).  

PhosphoScan analysis (figure 11) was performed in collaboration with Cell Signalling Technologies 

(Danvers, MA, USA) on MCL cell lines MAVER-1, Granta-519, Jeko-1, and Rec-1 as previously 

described (Rikova 2007). The technique requires a total protein lysate digestion followed by 

immunoprecipitation of tyrosine-phosphorylated peptides, and then identified by LC-MS/MS. The 

corresponding proteins were then ranked semi-quantitatively on the basis of the number of 

identified peptides for each protein. Kinases were identified by categorizing proteins into KEGG 

terms using the DAVID Ease web framework.  

 

Figure 11. Phosphoscan analysis 

 

CASE COLLECTION  

TMA 

For validation studies, cases of MCL diagnosed on lymph node or spleen and in one case on testis, 

between 1993 and 2008, were collected from the files of the Department of Pathology of the 

University of Verona. Cases were reviewed in order to verify the diagnosis and to select those with 

enough material to perform a tissue microarray (TMA). Representative areas were identified and 

properly marked on slides. 

For TMA construction a Beecher industry instruments tissue microarrayer was used, which allows 

to take a core of 1 mm diameter from donor blocks and put it in a host block. Each case was 

sampled three times from microscopically identified areas. Two TMAs were constructed, 

containing triplicate cores from 40 cases of MCL (figure 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. 

FIS
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Figure 14. TMA building with  tissue microarrayer, which allows 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 cytometry (figure 16) on cases from 1994 to 2009, 

using paraffin embedded tissue before 2002 and fresh tissue from 2002 till 2009 on 38 patients with 

MCL, clinically followed up by the haematology department of the University of Verona. We 

collect the Ki67 index from our diagnostic reports and we analyzed the data, in order to verify the 

prognostic significance of Ki67 index and S-phase fraction in mantle cell lymphoma, analysing 

their correlation with overall survival. 

 

 

Figure 16. Example of S-phase analysis performed by flow cytometry. 

 

MODELS 

Cell lines 

We keep growing and freezing many different cell lines as already explained in order to make all 

different studies. All cells were incubated in RPMI 1640 supplemented with 10% heat-inactivated 

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

Attempts to grow primary MCL cells in NOD/SCID mice (in collaboration with the Pathology 

department of the University of Torino) were unsuccessful because after 3-4 weeks mice developed 

GHVD and died. So we’ve decided to change kind of model and we implanted MCL cell lines in 

rag -/- γ -/- grey mice (figure 17).  

We injected 5x106 cells in eight mice per MCL cell lines (JEKO-1, UPN-1 and MAVER-1), 2 

subcutis, 2 intraperitoneum and 4 intravenous way with 0.5x106 cells (table 3). 

We performed autopsy of 11 mice that already developed a mass and we processed tissue samples 

to obtain H&E and ICH analysis too. 

 

 
 

Figure 17. Mouse before perform autopsy. 

 

n. RES  mouse model MCL cell line way of inoculation n° cells injected 

C Rag2(-/-) γ chain (-/-) Jeko-1 subcutaneous (s.c) 5x106 cells/mouse 

D Rag2(-/-) γ chain (-/-) Jeko-1 intraperitoneum (i.p.) 5x106 cells/mouse 

E Rag2(-/-) γ chain (-/-) Jeko-1 intraperitoneum (i.p.) 5x106 cells/mouse 

I Rag2(-/-) γ chain (-/-) Jeko-1 intravenous (i.v) 0,5x105 cells/mouse 

J Rag2(-/-) γ chain (-/-) Jeko-1 intravenous (i.v) 0,5x105 cells/mouse 

A Rag2(-/-) γ chain (-/-) UPN-1 subcutaneous (s.c) 5x106 cells/mouse 

B Rag2(-/-) γ chain (-/-) UPN-1 subcutaneous (s.c) 5x106 cells/mouse 

K Rag2(-/-) γ chain (-/-) UPN-1 intraperitoneum (i.p.) 5x106 cells/mouse 

G Rag2(-/-) γ chain (-/-) UPN-1 Intravenous (i.v) 0,5x105 cells/mouse 

H Rag2(-/-) γ chain (-/-) UPN-1 Intravenous (i.v) 0,5x105 cells/mouse 

F Rag2(-/-) γ chain (-/-) Maver-1 intraperitoneum (i.p.) 5x106 cells/mouse 
 
Table 3. Mouse injected with different MCL cell lines, named as “RES” followed by a letter. 
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ICH CLASSIC AND NEW ANTIBODIES PROTEOMIC BASED  

We looked for commercially available antibodies against at least some of the protein that turned out 

to be highly expressed from our studies (table 4). We chose those antibodies possibly useful either 

to perform western blot analysis than for immunohistochemical assay (PHOSPO-STAT3, Pragmin, 

PRKCD, GCET2, CdK2, CDC2, PRPF4 beta). 

We perform immunohistochemistry for ciyclinD1, TCL1A, SOX11 ki67, cd20 cd5, tubulin3beta on 

5 micron slides obtained from our 2 TMA. 

 

Antybodies source diluition retrieval control tissue 
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   

ph STAT3 Cell signaling 1:50 ER2 BOND pH 8 tonsil 
Pragmin Abnova 1:400 ER2 BOND pH 8 adrenal gland 

PRKCD Abnova 1:500 ER1 BOND pH 6 tonsil 
GCET2 Abnova 1:1000 ER2 BOND pH 8 tonsil 

CdK2 Cell signaling 1:50 ER2 BOND pH 8 tonsil 
CDC2 Cell signaling 1:50 ER2 BOND pH 8 breast 

PRPF4 beta Sigma  1:500 ER2 BOND pH 8 breast 
 

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

 

IMAC and phosphatase-treated separated fractions by a phospho-stain such as Pro-Q Diamond, 

demonstrate enrichment in phosphoproteins in the IMAC separated fractions. The 100 spots (figure 

18) with the highest average intensity were subjected to RP-HPLC coupled with MS/MS analysis 

for protein identification. The typical high resolution 2-DE phosphoprotein pattern obtained from 

MAVER-1 cell line is reported in fig. 19a, while representative 2-D maps of the un-phosphorylated 

fraction and phosphorylated fraction treated with alkaline phosphatase (from MAVER-1) are shown 

in figs. 19b and 19c, respectively. Figure 20 shows the staining of IMAC and phosphatase-treated 

separated fractions by a phospho-stain such as Pro-Q Diamond, demonstrating enrichment of 

phosphoproteins in the IMAC separated fractions. 

A total of 76 unique, highly expressed phosphoproteins were identified (figure 21). Functional 

annotation of the phosphoproteins identified was carried out by categorizing the proteins into 

different groups based on GO terms (figure 22). Out of the 76 proteins identified, 23% were 

involved in RNA splicing and translation, 18% in cell proliferation, cell cycle, and apoptosis, 13% 

in chromatin/cytoskeleton organization and protein folding and 9% in signal transduction. We 

characterized the putative phosphorylation sites of each protein by using different phosphorylation 

prediction programs. Potential binding sites for the Erk D-domain and casein kinase 2 were most 

commonly predicted; casein kinase 1, PKC epsilon, and zeta sites were also found frequently. To 

correlate the expression of phosphoproteins with possible changes in DNA copy number, we 

extracted the information relative to the identified proteins from the SNP-Chip profiles of MCL 

lines. Out of 76 unique proteins, 62 had a corresponding set of probes on the SNP-Chip. The 

presence of significant DNA copy number alterations, among the seven cell lines investigated, was 

evaluated with a t-test, and proteins were subsequently ranked based on significance. There was a 

trend for most highly correlated proteins to have copy-number gains, although some proteins (e.g., 

MSN, RPSA, and RLP0) showed an inverse correlation. 
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Figure 18. 2-DEphosphoproteins maps: the first 100 most abundant phosphoproteins are marked by 
red squares in the upper left. 
 

 
Figure 19. (a) Example of Sypro Ruby stained 2-D gel of phosphoproteins (“phosphorylation 
trains” are marked by rectangle); (b) unphosphorylated fraction; (c) the phosphorylated fraction 
treated with alkaline phosphatase (marked as AP) extracted from the MAVER-1 cell line. 
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Figure 20. Phosphoprotein staining by Pro-Q Diamond. Total proteins from both (a) 
phosphorylated IMAC fraction and (b) phosphorylated IMAC fraction treated with protein 
phosphatase were separated by 2-DE gels and stained with fluorescent Pro-Q Diamond for 
phosphoproteins. Stained gels were scanned with a Typhoon 9600 fluorescence scanner. (c) 
PeppermintStickTM phosphoprotein molecular weight standards. 
 
 

 

Figure 21. Bioinformatical analysis: a bioinformatical approach is necessary to analyze all data. 
Clustering cell lines results we can see they have a profile close to each other (meaning that the 
experiment is reproducible), on the other hand there are some differences, which make necessary to 
replicate each experiment to avoid false findings. 
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Figure 22. Distribution of identified proteins according to the (a) cellular component or the (b) 
biological process in which they are involved. Assignments were made on the basis of information 
provided by GO lists downloaded from FatiGO (http://fatigo. bioinfo.cipf.es/). 
 

Phosphoscan analysis identified 421 unique peptides, corresponding to 341 proteins (table 5). 

Among these, several activated protein kinases were found. Interestingly, several identified proteins 

mapped to cytogenetic loci that have been reported to be altered in MCL by previous literature. Our 

data support a pro-survival role of BCR signaling in MCL and suggest that this pathway might be a 

candidate for therapy. Our findings also suggest that Syk activation patterns might be different in 

MCL compared to other lymphoma subtypes. 
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Table 5. Number of phospho-peptides corresponding to the specific protein is reported. 
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TMA 

We obtained two TMA with MCL cases from the archives of our hospital (figure 23). 

    

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

Looking at H&E slides at least one core with MCL was present for all cases.  

We’ve used two cores with normal pancreatic tissue to properly orient the section on the slide. 

Two cores of a case of diffuse large B cell lymphoma were placed at the end of each TMA to have a 

immunohystochemical quality internal control for classic antibodies used in haematopathology. 

 

 

   

Figure 24. TMA 5 µm whole slides (upper part of the picture) and detail (lower part), coloured with 

H&E, microscopic 4x image. 
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S-Phase 

Patients were 11 females and 27 males, with a median age of 56 years at diagnosis. No significant 

survival differences were present between males and females, between older (>60 years) and 

younger patients and between IPI-low (0-2) and IPI-high (3-5) patients. S-phase analysis showed a 

S-phase fraction variable from 0 to 53% of cells. Due to the non-normal distribution of this variable, 

values were natural-log transformed and then tested for normality by means of the Shapiro-Wilk 

test; this confirmed the lognormal distribution of the S-phase fraction in our series (figure 25). 

   

   

Figure 25. S-phase fraction data (with natural-log transformed) and survival curves of ki67 and S-
phase natural logarithm. 
 

When we looked at ki-67 we find low, intermediate and high proliferative index (figure 26-29), but 

we decided to classify cases into two groups of low and high with the cut-off of 30% of cells as 

recently suggested in literature (Kazenberger 2006). 

The median of the log-transformed variable (1.30687, corresponding to 3.69% cells in S-phase) was 

used as cut-off: 21 patients were classified as S-phase-high and 17 as S-phase-low. Ki-67 index was 

lower than 30% in 27 cases, and higher than 30% in the remaining 11. Linear regression coefficient 

between Ki-67 and S-phase was 0.20581. OS was calculated according to the method by Kaplan 

and Meier, and survival curves were compared by means of the log-rank test. The statistical 

significance of the impact of variables on overall survival (OS) was determined by Cox’s 

Proportional Hazard modelling. 
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Figure 26. ICH ki-67: very low proliferative index. 

 

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-67≥30% and S-phase-high appeared as statistically 

significant negative prognostic factors. Also significantly predictive of poorer outcome at the 

univariate analysis were: blastoid variant, leukemic involvement and a therapeutic regimen not 

comprising high-doses chemotherapy (HDT) followed by autologous stem cell transplantation 

(autoPBSCT). At the multivariate analysis only this latter (no HDT plus autoPBSCT) remained 

independently predictive on survival, while S-phase fraction and blastoid variant showed an 

interesting trend at the limits of statistical significance (P=0.057 and P=0.058, respectively); Ki-67 

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

 

  unadjusted HR (95% CI) P adjusted HR(95% CI) P 

Ki67 ≥ 30% 5.10 (1.95 -13.34) 0.001 2.45 (0.57 – 10.6) NS 

S-phase-high (ln)  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   

IPI  ≥ 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   

B systemic 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 mice were unsuccessful because after 3-4 

weeks mice developed GHVD and died. So we inoculated MCL cell lines in rag -/- γ -/- grey mice. 

We tested different ways of inoculation, intraperitoneal, subcutaneous and intravenous (table 7) and 

sacrificed mice as soon as they developed a macroscopic mass or when we saw illness symptoms. 

n. 
RES mouse model 

MCL 
cell line way of inoculation findings 

age at 
sacrifice 

C Rag2(-/-) γ chain (-/-) Jeko-1 subcutaneous (s.c) mass 54 days 

D Rag2(-/-) γ chain (-/-) Jeko-1 intraperitoneum (i.p.) mass 49 days 

E Rag2(-/-) γ chain (-/-) Jeko-1 intraperitoneum (i.p.) mass 59 days 

I Rag2(-/-) γ chain (-/-) Jeko-1 Intravenous (i.v) illness 70 days 

J Rag2(-/-) γ chain (-/-) Jeko-1 Intravenous (i.v) illness 70 days 

A Rag2(-/-) γ chain (-/-) UPN-1 subcutaneous (s.c) mass 28 days 

B Rag2(-/-) γ chain (-/-) UPN-1 subcutaneous (s.c) mass 28 days 

K Rag2(-/-) γ chain (-/-) UPN-1 intraperitoneum (i.p.) mass 29 days  

G Rag2(-/-) γ chain (-/-) UPN-1 intravenous (i.v) mass 72 days 

H Rag2(-/-) γ chain (-/-) UPN-1 intravenous (i.v) mass 72 days 

F Rag2(-/-) γ chain (-/-) Maver-1 intraperitoneum (i.p.) mass 29 days  
 

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

All the 3 lines injected (UPN1, JEKO-1 and MAVER1) grown very well in our mice and looking at 

histology we could see a high grade lymphoma with a very high proliferative index, almost 

resembling blastoid mantle cell lymphoma (figure 29). 

 

 

Figure 29. H&E image of tumoral mass of mouse, 10x. 



 55 

 

The first two mice we sacrifice, who were injected with UPN-1 MCL cell lines sub cutis almost one 

month before, developed a huge mass due to a high grade lymphoma infiltrating the abdominal wall 

and the adrenal gland (or brown fat?), with no involvement of visceral organ nor bone marrow 

(mouse A, mouse B). The third mouse had received Jeko-1 cells sub cutis too, but developed a 

small mass after 2 months, which bulge under the epidermidis growing deep down in the abdominal 

wall, with no involvement of visceral organ nor bone marrow (mouse C). When we’ve looked at 

mice injected intraperitoneum, two with Jeko-1 sacrificed after 6 and 7 weeks, one with UPN-1 

sacrificed after 2 months and one with MAVER-1 sacrificed after 5 weeks, we’ve found after 6 

week just a big intra abdominal mass without organ involvement (mouse D) while in the mouse 

sacrificed one week later (mouse E) (figure 30, figure 31) a high grade lymphoma seems to 

permeate almost all abdominal organ with massive infiltration of scheletric muscle of the abdominal 

wall, adrenal gland, uterus, the mesentere and the wall of large and small bowel without reaching 

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

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

  

  

Figure 30. Autopsy performed on mouse E, with evidence of deep infiltration of mesenteric fat 

(upper images) of one kidney (lower left) while the other kidney was preserved (lower right). 
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Figure 31. Lymphomatous infiltration of uterus on the left and of muscle bowel wall on the right. 

  

Figure 32. Kidney (left) and pancreatic (right) infiltration. 

  

Figure 33. Liver (left) and bone marrow (right) infiltration. 

UPN-1 on the other hand, after two months were able to produce an abdominal mass with no organ 

infiltration. Just one kidney presented a focal subcapsular localization (mouse K) (figure 34). 

MAVER-1 gave us the same results after 5 weeks from the day of inoculation (mouse F).  
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Intravascular way of inoculation of UPN-1 cells after more than 2 months produced a subcutis mass 

and a spleen involvement associate to small subpleural localization (mouse G) (figure 34 and figure 

35), but nothing in visceral organs in the other (mouse H).  

   

Figure 34. Subcutis mass (left) in mouse G and capsular kidney localization (right) in mouse K. 

   

Figure 35. Spleen (left) and subpleural (right) infiltration of mouse G. 

   

Figure 36. Kidney subcapsular infiltration (left) and normal spleen (right) of mouse I. 
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Jeko-1 intravascular injection produced bone marrow involvement and subcapsular kidney 

infiltration in one mouse (mouse I) (figure 36), nothing in visceral organs in the other (mouse J) 

 

ICH  

Immunohistochemistry performed on TMA showed expression of CD20, CD5, cyclinD1 (figure 

37). As some cases turned out to be sox11 just weakly positive or negative we performed those 

antibody on whole slides obtained from paraffin block to avoid fixation problems. 

 

 

 

  

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

 

ICH performed on lymphoid mass grown in mice showed strong positivity for CD20, cyclin D1, 

sox 11 and a high proliferative index. CD5 turned out to be negative, as it is not expressed in MCL 

cell lines before injection either. 

About new antibodies, tested first on reactive lymph node or tonsil to check the right dilution and 

the better retrieval method, we can say that Pragmin, GCET2 and CDC2 turned out to be expresses 

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

new antibodies on it. 

 

mouse RES 9 A RES 9 B RES 9 C RES 9 D 
MCL cell line UPN1 UPN1 JEKO-1 JEKO-1 

ph STAT3 neg neg neg. neg. 
Pragmina (DKFZp..) + + + + 
PRKCD neg  neg. + 
GCET2 + +/- + + 
CdK2 --/-/+ --/-/+ --/-/+ --/-/+ 
CDC2 + + +  
PRPF4 beta neg neg  neg 
CD3 neg neg neg. neg. 
CD5 neg neg    +/- 
CD20  +  +  ++  + 
CD7 neg neg   neg. 
CD10  +/-  +/-  ++/+/-  + 
ki67  > 80%  > 80%   > 80%  80% 
sox11  +  +  +  + 
sp4  +  +  +  + 

 

Table 8. ICH on lymphomatous mass of the first 4 mice sacrificed.  

 
 

   

Figure 38. ICH on mouse B lymphoid mass: CD20 (left) and CD5 (right). 
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Figure 39. ICH on mouse B lymphoid mass: Cyclin D1 (left) and SOX 11 (right). 

   

Figure 40. ICH on mouse B lymphoid mass: Pragmin (left) and GCET2 (right). 

   

Figure 41. ICH (left) on mouse B lymphoid mass for Cdc2, H&E corresponding image (right). 
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DISCUSSION 

 

Candidate kinase identification 

Bioinformatics was used to obtain information on the phosphorylation sites and the presence of 

kinase-specific motifs for the identified phosphoproteins. As mentioned above, most of the 

identified proteins contained the typical MAPK1 and CK2 phosphorylation motifs, although casein 

kinase 1 and novel or atypical PCK members (epsilon and zeta) were also commonly 

found.MAPK1 is involved in a wide variety of cellular processes such as proliferation, 

differentiation, and transcription regulation. The activation of this kinase requires its 

phosphorylation by upstream kinases. Interestingly, it has been reported that the constitutive 

activation of MAPK1 plays a key role in B-cell lymphoproliferative disorders (Ogasawar 2003), but 

further validation is still lacking. CK2 is a ubiquitous serine–threonine kinase that regulates many 

relevant biologic processes, and is considered an oncogene (Seldin 2005). CK2 is known to interact 

with p27 (Tapia 2004, and in yeast CK2 depletion blocks cell cycle by an increase in p27 homolog 

Sic1 (Tripodi 2007). Since p27 degradation is a known event in MCL pathogenesis, whose effect is 

to relieve its inhibition on cyclin/Cdk complexes, it is tempting to speculate that it might be favored 

by CK2 activity. Interestingly, CK2 also interacts with CD5 (Raman 1998), which is typically 

expressed in MCL. It has been demonstrated that CK2 is involved in the pathophysiology of 

multiple myeloma, suggesting that it might play a crucial role in controlling survival and sensitivity 

to chemotherapeutics of malignant plasma cells (Piazza 2006). Novel members of the PKC family 

are also potentially interesting therapeutic targets (MacKay 2007). PKCzeta can activate both NF-

kB and Stat6 pathways (Moscat 2006). Of interest, PKCzeta has been found to be active in MCL 

cells (Leseux 2008), and PKCepsilon has been shown to be a very potent inducer of Cyclin D1 

expression (Soh 2003). We were able to construct a network showing the involvement of the 

identified phosphoproteins in some important signal transduction pathways, based on the published 

literature. Hereafter, some of the phosphoproteins belonging to signal transduction pathways that 

are relevant to tumorigenesis (including NF-kB, mTOR, and mitochondrial signalling) are briefly 

discussed.  

NF-kB signaling related phosphoproteins  

NF-kB is a transcription factor present in all cell types that is involved in cellular responses to 

stimuli such as stress, cytokines, free radicals, UV irradiation, and bacterial or viral antigens 

(Okamoto 2007). NF-kB is responsible for increased proliferation of cells and tumour growth by 

transcriptional activation of anti-apoptotic proteins. The nuclear translocation of NF-kB is 

controlled by two main pathways, namely the classical and the alternative. The classical NF-kB 
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pathway involves the proteasome degradation of the inhibitory molecule IkBa, while the alternative 

NF-kB pathway induces p100 proteasome processing and p52 generation through the activation of 

NF-kB-inducing kinase (NIK). Gene expression profiling studies have shown that the transcripts 

involved in NF-kB signaling pathways are overe-xpressed in MCL (Martinez 2003) and that its 

inhibition induces death in MCL cells (Pham 2003, Shishodia 2005). Interestingly, both cyclin D1 

and Bcl-2 are regulated by NF-kB (Shishodia 2002, Baichwal 1997). We found that several 

proteasome subunits (PSMA1,PSMA2, PSMA4, PSMA5, PSMB2, PSMB3, and PSMB4), the 

proteasome activator PA28 (PSME1, PSME2), and ubiquitin (UBB) are phosphorylated and highly 

expressed in MCL cell lines. Our results are consistent with a new MCL therapeutic strategy based 

on proteasome inhibition, recently approved by the FDA (Leonard 2006). Among the 

phosphoproteins involved in the classical NF-kB pathway, we identified Importin alpha3 (KPNA3), 

which contributes to NF-kB nuclear transfer (Fagerlung 2005). We also identified hsp90 

(HSP90AB1), a protein involved in the alternative NF-kB pathway. This protein has been recently 

shown to be upregulated in MCL by antibody-microarray technology (Gobrial 2005). Accordingly, 

it has been demonstrated that HSP90AB1 protects NIK from autophagy-mediated degradation 

(Qing 2007). It is of interest to note that 17-allylamino-17- demethoxy-geldanamycin (17-AAG), an 

hsp90 inhibitor, induced G0/1 cell cycle arrest, and cell death in MCL cell lines (Georgakis 2006). 

We also identified basic transcription factor 3 (BTF3), which acts as a transcription factor and a 

modulator of apoptosis. This is in agreement with other findings showing that BTF3 regulates the 

transcription of NF-kB (and its target genes) (Kusumawidijaja 2007). We also found, as a 

phosphorylated protein, the retinoblastoma binding protein 4 (RBBP4) which is transcriptionally 

controlled by NF-kB (Pacifico 2007) and belongs to the HDAC complex that binds to the tumor 

suppressor retinoblastoma protein Rb. 

mTOR signaling-related phosphoproteins  

The mTOR is a large and highly conserved kinase that integrates growth factor stimulation, energy, 

and nutrient availability to modulate translation of proteins responsible for cellular growth and 

proliferation (Petroulakis 2006). mTOR inhibitors have demonstrated efficacy against lymphoma 

cells, and in particular in MCL (Costa 2007); moreover, the phosphoinositide-3 kinase (PI3K)-AKT 

pathway has been identified as a key player in MCL by gene expression profiling (Rizzatti 2005) as 

well as Western blotting and biochemical studies (Rudelius 2006). Among the phosphorylated 

proteins, we identified eukaryotic translation initiation factor 2 (EIF2S1). Previous data provided 

evidence that EIF2S1 phosphorylation is involved in the induction of PI3K that activates mTOR 

signalling (Kazemi 2007). We also identified eukaryotic translation initiation factor 3 (eIF3), 

(eIF3S1 and eIF3S2) as a phosphorylated protein. eIF3 binds to the 40S ribosomal subunit and 
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interacts with other initiation factors and mRNA, regulating the rate of translation initiation. 

Recently, it has been demonstrated that eIF3 also acts as a scaffold for the mTOR/raptor complex 

and its substrate (S6 kinase1), allowing the coordination of protein translation 8Holz 2005). 

Interestingly, phosphorylation of eIF3 was found to be dependent on mTOR kinase activity 

(Ahlemann 2006, Harris 2006). In addition, increased levels of the eIF3 have been detected in a 

wide variety of human tumours and have been suggested to be prognostic for poor clinical outcome 

(Zhang 2007). eEF2 was also identified. Along these lines, it has been reported that mTOR 

signalling also regulates the translation elongation process through eEF2 phosphorylation (Redpath 

2007). eEF2 is a GTP-binding protein that mediates the translocation step of elongation. When 

phosphorylated, eEF2 loses its ability to bind to ribosomes and is thus inactivated. FK506 binding 

protein 4 (FKBP4, also known as FKBP52) was one of the phosphorylated proteins correlated with 

copy number gains. FKBP4 is another potential regulator of mTOR, as homologs (like FKBP12 and 

FKBP51) have been recently demonstrated to be important players in mTOR signalling (Bai 2007). 

Mitochondrial signaling-related phosphoproteins 

Mitochondria play important roles in cellular energy metabolism, free radical generation, and 

apoptosis. It is well known that defects in mitochondrial signaling contribute to the development 

and progression of cancer. Among the phosphoproteins related to the mitochondrial signaling, 

cofilin (CFL1) was highly expressed and phosphorylated in MCL. It is interesting to note that the 

phosphorylation of CFL1 negatively regulates its function on actin by inhibiting the 

depolymerization activities (Moriyama 1996). More importantly, it has been reported that p21 is 

involved in inhibition of CFL1 phosphorylation (Lee 2004), and p21 is indeed downregulated in 

aggressive variants of MCL (Pinyol 1997). Accordingly, unphosphorylated CFL1 can accumulate in 

mitochondria and induce apoptosis (Chua 2003, Wang 2006). These findings help to explain the 

high level of phospho-cofilin detected in MCL. Heat shock 110 kDa protein (HSPH1) was also 

identified, which is over-expressed in a variety of human tumours (Kai 2003). In HeLa cells, it 

suppresses apoptosis by inhibiting the translocation of Bax to mitochondria (Yamagishi 2006). 

Remarkably, HSPH1 is bound directly to tubulin alpha (TUBA1A) (Saito 2003), which is another 

phosphoprotein that we found to be highly expressed in MCL. The activation of Bax is also 

suppressed by heat shock protein 5 (HSPA5) 70 kDa, which was also highly expressed in MCL cell 

lines. Recently, it has been demonstrated that HSPA5 prevents apoptosis by inhibiting cytochrome c 

release from mitochondria (Lee 2001). It is interesting to note that the IRES-dependent translation 

of the antiapoptotic HSPA5 is enhanced by autoantigen-La (SSB)(Kim 2001). SSB enhances 

internal ribosome entry site (IRES)-dependent translation of X-linked inhibitor of apoptosis protein 

(XIAP) (Holcik 2000). SSB is a key protein in RNA biogenesis, and is dephosphorylated and 
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cleaved during apoptosis (Rutjes 1999). SSB was among the phosphorylated proteins which are 

highly expressed in MCL, in agreement with a recent report exploring MCL proteome by antibody 

microarrays (Ghobrial 2005). 

Correlation with SNP-chip analysis  

While thorough analysis of all positively correlated proteins is beyond the scope of the present 

investigation, a few comments are merited. It has already been mentioned that FKBP4 (located on 

12p13) is involved in mTOR signalling and displayed recurrent copy number gains in MCL cell 

lines. Another protein showing strong correlation with copy number is ST13 (also known as HIP, 

located on 22q13), a molecule showing similarities to BID, and probably involved in the regulation 

of apoptosis through interaction with BAG- 1 and Hsp70 (Caruso 2006). Interestingly, both these 

molecules appear to be involved in regulation of mitochondrial apoptosis, a pathway not widely 

explored in MCL. 

PhosphoScan 

We describe the results obtained from the application of PhosphoScan to MCL cells. This is to our 

knowledge the first use of this technique in MCL; we report a large amount of data with precise 

identification of phosphorylation sites for each protein, some of which novel. PhosphoScan analysis 

identifies the tyrosine-activated phosphoproteome of MCL cell lines and identifies B-cell receptor 

signalling as the most active pathway. PhosphoScan analysis identified 421 unique tyrosine-

phosphorylated peptides, corresponding to 341 proteins, ranked by overall abundance in table 1. 

Interestingly, several identified proteins mapped to cytogenetic loci that have been reported to be 

altered in MCL (Bea 2009, Rubio-Moscardo 2005, Vater 2009). Among these, 4 several activated 

protein kinases were identified (figure 42), that are therefore appealing as potential therapeutic 

targets. The three most represented phospho-peptides are cyclin-dependent kinases Cdc2, CDK2 

and CDK3. Cdc2 (CDK1) is actually part of the proliferation signature able to predict prognosis in 

MCL (Rosenwald 2003) and has also been validated at the immunohistochemical level (Hui 2005). 

CDK2 gains have been detected in MCL in a variable proportion of cases (Rubioi-Moscardo 2005, 

Vater 2009, Jardin 2009), and have been associated with a poor prognosis (Jardin 2009). CDK3 is 

less studied compared to other cyclin-dependent kinases, but its locus has also been reported as 

subject to gains (Vater 2009, Togawa 2005). Its involvement in MCL is a novel finding, although 

the role of CDK3 as an oncogene has been demonstrated in other models (Cho 2009, Zheng 2008). 

Syk and many other BCR pathway members were then found. Many kinases belonging to this 

pathway (e.g. Syk, Lyn, Hck, Btk, PKC-delta), were among the most represented phosphopeptides 

identified by the PhosphoScan approach, and this was confirmed when looking for non-random 



 65 

enrichment of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways (Ogata 1999) 

compared to the hypothesis of random distribution.  

 

Figure 42. On the left list of protein kinases identified by the PhosphoScan approach, ranked by 
overall abundance in the four MCL cell lines analyzed. Color intensity proportional to the number 
of peptides (see figure for color corresponding to the average number of peptides per cell line). On 
the right simplified diagram showing some of the identified BCR pathway members. In red, 
activating members; in green, inhibiting members; for some members the precise final effect is not 
clear; in grey, other proteins known to be present but not identified. Full arrows: direct 
interaction/activation; dotted arrows: indirect interaction/activation.  
 
This analysis showed that (using a cut off value of more than five total peptides), the most enriched 

pathway was hsa04662:B cell receptor signalling pathway (17.16-fold enrichment). Many of the 

proteins belonging to the most enriched pathways were either present in different pathways 

(redundant) or are functionally connected. Manual annotation by literature search revealed that 

several of these, in the topmost part of the ranking, were connected to BCR signalling, even if not 

present in the canonical KEGG BCR pathway (figure 42). BCR pathway activation in cell lines is 
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somehow intriguing since it is present in absence of an appropriate antigen stimulation, and is 

therefore probably self-sustained by tumour cells, either by side-by-side activation or by auto-

activation. The activation of the BCR pathway in MCL has been hypothesized in a previous paper 

based on cytogenetic and RNA studies (Rinaldi 2006), but to our knowledge this is the first protein-

based and data driven study that supports this hypothesis. Another proteomic study focusing only 

on the plasma membrane (Boyd 2009) showed an abnormal association of PKCbeta to the cell 

membrane in MCL leukemic cells, indirectly supporting an active BCR signalling. Recent studies 

have shown the importance of tonic BCR signalling in DLBCL (Chen 2008, Davis 2010) and 

BCLL (Gobessi 2009), with a basal activation of phospho-Syk residue Y352, while Y525 was 

detected only after BCR cross-linking. The presence of significant basal levels of phospho-Syk 

Y525 and Y323, with no detectable phospho-Syk Y352 in basal conditions in MCL cells are not 

concordant with what has been reported in B-CLL and DLBCL (Gobessi 2009), and suggest a 

different pattern of activation of BCR signalling in MCL. A recent report of a phase 1/2 clinical trial 

of fostamatinib disodium, the first clinically available oral Syk inhibitor, in patients with recurrent 

B-cell non-Hodgkin lymphoma, showed that only 1 in 9 MCL showed some response (Friedberg 

2010). Several explanations might be possible for this low response rate, including off-target effects 

(Davis 2010), evolution into BCR-independent clones and different patterns of Syk activation. 

TMA  

One of the major benefits of TMA is that we can test many antibody with low technical costs. 

Moreover we chose cases with good follow-up so we could be able to make clinical correlation of 

what we find. Unlucky using old blocks sometimes we have problems due to fixation so we have to 

test weak antibodies on whole sections. 

Sox11 seems to be a good sensible antibody for MCL (Ek 2008), but sometimes in our cases 

showed a weak positivity on TMA slides. So we’ll try to perform on whole block section to verify 

its positivity and make correlation with other clinical parameter. 

S-phase 

Although limited by the relatively small number of cases and by its retrospective nature, our study 

support the hypothesis that S-phase fraction is a prognostic marker of overall survival, at least in 

univaried analysis; so we purpose to test it, whenever possible, as it can represent a more objective 

way to estimate the proliferative index in MCL and probably prognosis too. 

Animal model 

Rag -/-γ-/- mice in our hands are good models al least for blastoid variant of MCL lymphoma. They 

are easy to growth and a relatively small quantity of cells, 5x106 cells, are necessary to develop a 
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huge tumoral mass. What we can see at microscope is a high grade lymphoma (figure 43) that keeps 

morphological and phenotypical characteristics of the cell line of origin.  

 

Figure 43. High power view of a lymphoid mass in a mouse. 

It is very interesting to observe how lymphoma growth in different way of inoculation. When we 

inject cells sub cutis usually mice develop a huge mass that bulge under the skin and infiltrate 

skeletal muscle of the abdominal wall. In the mouse we sacrificed after 2 months, tumoral cells had 

the time to infiltrate almost all abdominal organs. 

When we use intraperitoneal form of inoculation, in one case we obtain a really peculiar way of 

diffusion that predominantly growth into mesenterial fat reaching wrapping all small and large 

bowel (figure 44), infiltrating the mucosa just in the stomach (figure 45). This is what usually 

happens in lymphomatoid poliposis probably due to some local microenvironment specificity.  

    

Figure 44. Mesenteric macroscopic involvement. 
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Foto 45. Microscopic infiltration of the muscle wall of the bowel (left) and of gastric mucosa 
(right). 
 
In four cases we find kidney sub capsular lymphoid infiltration, either as small foci or macroscopic 

evident nodules. The lymphatic drainage in mice has been recently studied by Harrell et al. (Journal 

of Immunology 2008) and turned out to be similar to rat’s one that has been studied in early 70ies 

(Tynies 1971); it seems to be no evidence of a lymphatic sub-capsular drainage, so it would be 

interesting to understand how tumoral cell reach that site. 

In two mice which were injected intravenous we weren’t able to find a real tumour mass. We 

decided to sacrifice them because they looked confused, no more in good half. Probably they had 

microscopic or macroscopic localization in the central nervous tissue, that we haven’t explored yet, 

but surely we’ll do in the next mice we’ll sacrifice. 

Immunohistochemistry performed on the main mass of the first four mice we sacrificed shows 

positivity for CD20, CD10, cyclinD1, Pragmin, GCET2 and CDC2. 

As long as almost all mice are developing tumoral masses we’ll build a tissue micro array with mice 

cases to perform and study ICH on it. 



 69 

REFERENCES 

 

Adams JM, Cory S. The Bcl-2 apoptotic switch in cancer development and therapy. Oncogene, 
2007;26(9):1324-1337.  
 
Ahlemann M., Zeidler R., Lang S., Mack B. et al. Carcinoma-associated eIF3i overexpression 
facilitates mTOR-dependent growth transformation. Mol. Carcinog. 2006; 45: 957–967. 
 
Allen J.E., Hough R.E., Goepel J.R., Bottomley S., Wilson G.A., Alcock H.E., Baird M., Lorigan 
P.C., Vandenberghe E.A., Hancock B.W., Hammond D.W. Identification of novel regions of 
amplification and deletion within mantle cell lymphoma DNA by comparative genomic 
hybridization. British Journal of Haematology, 2002; 116: 291–298.  
 
Al-Shahrour F., Minguez P., Tarraga J., Montaner D. et al. BABELOMICS: A systems biology 
perspective in the functional annotation of genome-scale experiments. Nucleic Acids Res, 2006; 34: 
472–476. 
 
Andersen N.S., Jensen M.K., De Nully Brown P., Geisler C.H. A Danish population-based analysis 
of 105 mantle cell lymphoma patients. Incidences, clinical features, response, survival and 
prognostic factors. European Journal of Cancer, 2002; 38: 401–408.  
 
Angelopoulou M.P., Vassilakopoulos T.P., Kontopidou F.N., Rassidakis G.Z., Dimopoulou M.N., 
Kittas C., Pangalis G.A. The splenic form of mantle cell lymphoma. European Journal of 
Haematology, 2002; 68: 12–21.  
 
Angers S, Moon RT. Proximal events in Wnt signal transduction. Nat Rev Mol Cell Biol. 2009; 
10(7): 468-477. 
 
Argatoff L.H., Connors J.M., Klasa R.J., Horsman D.E., Gascoyne R.D. Mantle cell lymphoma: a 
clinicopathologic study of 80 cases. Blood, 1997; 89: 2067–2078.  
 
Au WY, Gascoyne RD, Viswanatha DS, Connors JM, Klasa RJ, Horsman DE. Cytogenetic analysis 
in mantle cell lymphoma: a review of 214 cases. Leuk Lymphoma 2002; 43: 783-791. 
 
Au WY, Horsman DE, Viswanatha DS, Connors JM, Klasa RJ, Gascoyne RD. 8q24 translocations 
in blastic transformation of mantle cell lymphoma. Haematologica 2000; 85: 1225-1227. 
 
Babbage G., Garand R., Robillard N., Zojer N., Stevenson F.K., Sahota S.S. Mantle cell lymphoma 
with t(11;14) and unmutated or mutated VH genes expresses AID and undergoes isotype switch 
events. Blood, 2004; 103: 2795–2798.  
 
Bai X., Ma D., Liu A., Shen X. et al., Rheb activates mTOR by antagonizing its endogenous 
inhibitor, FKBP38. Science 2007; 318: 977–980. 
 
Baichwal V.R., Baeuerle P.A., Activate NF-kappaB or die? Curr. Biol., 1997; 7: 94–96. 
 
Banerjee D. Genasense (Genta Inc). Curr Opin Investig Drugs, 2001; 2(4): 574-580. 
 
Bea S., Ribas M., Hernandez J.M., Bosch F., Pinyol M., Hernandez L., Garcia J.L., Flores T., 
Gonzalez M., Lopez-Guillermo A., Piris M.A., Cardesa A., Montserrat E., Miro R., Campo E. 



 70 

Increased number of chromosomal imbalances and high-level DNA amplifications in mantle cell 
lymphoma are associated with blastoid variants. Blood, 1999; 93: 4365–4374.  
 
Bea S., Tort F., Pinyol M., Puig X., Hernandez L., Hernandez S., Fernandez P.L., Van Lohuizen 
M., Colomer D., Campo E. BMI-1 gene amplification and overexpression in hematological 
malignancies occur mainly in mantle cell lymphomas. Cancer Research, 2001; 61: 2409–2412.  
 
Bea S, Salaverria I, Armengol L, et al. Uniparental disomies, homozygous deletions, amplifications, 
and target genes in mantle cell lymphoma revealed by integrative high-resolution wholegenome 
profiling. Blood. 2009; 113(13): 3059- 3069. 
 
Bentz M., Plesch A., Bullinger L., Stilgenbauer S., Ott G., Muller-Hermelink H.K., Baudis M., 
Barth T.F., Moller P., Lichter P., Dohner H. t(11;14)-positive mantle cell lymphomas exhibit 
complex karyotypes and share similarities with B-cell chronic lymphocytic leukemia. Genes, 
Chromosomes & Cancer, 2000; 27: 285–294.  
 
Betticher D.C., Thatcher N., Altermatt H.J., Hoban P., Ryder W.D., Heighway J. Alternate splicing 
produces a novel cyclin D1 transcript. Oncogene, 1995; 11: 1005–1011.  
 
Bertoni F, Conconi A, Cogliatti SB, Schmitz SF, Ghielmini M, Cerny T, et al. Immunoglobulin 
heavy chain genes somatic hypermutations and chromosome 11q22-23 deletion in classic mantle 
cell lymphoma: a study of the Swiss Group for Clinical Cancer Research. Br J Haematol 2004; 124: 
289-298. 
 
Blom N., Gammeltoft S., Brunak S. Sequence and structure-based prediction of eukaryotic protein 
phosphorylation sites. J. Mol. Biol. 1999; 294: 1351–1362. 
 
Blom N., Kreegipuu A., Brunak S., PhosphoBase: A database of phosphorylation sites. Nucleic 
Acids Res. 1998; 26: 382–386. 
 
De Boer C.J., Schuuring E., Dreef E., Peters G., Bartek J., Kluin P.M., Van Krieken J.H. Cyclin D1 
protein analysis in the diagnosis of mantle cell lymphoma. Blood, 1995; 86: 2715–2723.  
 
De Boer C.J., Vaandrager J.W., Van Krieken J.H., Holmes Z., Kluin P.M., Schuuring E. 
Visualization of mono-allelic chromosomal aberrations 3′ and 5′ of the cyclin D1 gene in mantle 
cell lymphoma using DNA fiber fluorescence in situ hybridization. Oncogene, 1997; 15: 1599–
1603.  
 
Bosch F., Jares P., Campo E., Lopez-Guillermo A., Piris M.A., Villamor N., Tassies D., Jaffe E.S., 
Montserrat E., Rozman C., Cardesa A. PRAD-1/Cyclin D1 gene overexpression in chronic 
lymphoproliferative disorders: a highly specific marker of mantle cell lymphoma. Blood, 1994; 84: 
2726–2732.  
 
Bosch F., Lopez-Guillermo A., Campo E., Ribera J.M., Conde E., Piris M.A., Vallespi T., 
Woessner S., Montserrat E. Mantle cell lymphoma: presenting features, response to therapy, and 
prognostic factors. Cancer, 1998; 82: 567–575.  
 
Boyd RS, Jukes-Jones R, Walewska R, Brown D, Dyer MJ, Cain K. Protein profiling of plasma 
membranes defines aberrant signaling pathways in mantle cell lymphoma. Mol Cell Proteomics. 
2009; 8(7): 1501-1515. 
 



 71 

Bryant J, Pham L, Yoshimura L, Tamayo A, Ordonez N, Ford RJ. Development of intermediate-
grade (mantle cell) and low-grade (small lymphocytic and marginal zone) human non-Hodgkin 
lymphomas xenotransplanted in severe combined immunodeficiency mouse models. Lab Invest 
2000; 80: 557–73. 
 
Brody J. & Advani, R. Treatment of mantle cell lymphoma: current approach and future directions. 
Critical Reviews in Oncology/Hematology, 2006; 58: 257–265.  
 
Camacho E., Hernandez L., Hernandez S., Tort F., Bellosillo B., Bea S., Bosch F., Montserrat E., 
Cardesa A., Fernandez P.L., Campo E. ATM gene inactivation in mantle cell lymphoma mainly 
occurs by truncating mutations and missense mutations involving the phosphatidylinositol-3 kinase 
domain and is associated with increasing numbers of chromosomal imbalances. Blood, 2002; 99: 
238–244.  
 
Camacho F.I., Algara P., Rodriguez A., Ruiz-Ballestero, E., Mollejo M., Martinez N., Martinez-
Climent J.A., Gonzalez M., Mateo M., Caleo A., Sanchez-Beato M., Menarguez J., Garcia-Conde 
J., Sole F., Campo E., Piris M.A. Molecular heterogeneity in MCL defined by the use of specific 
VH genes and the frequency of somatic mutations. Blood, 2003; 101: 4042–4046.  
 
Camacho F.I., Garcia J.F., Cigudosa J.C., Mollejo M., Algara P., Ruiz-Ballesteros E., Gonzalvo P., 
Martin P., Perez-Seoane C., Sanchez-Garcia J., Piris M.A. Aberrant Bcl6 protein expression in 
mantle cell lymphoma. American Journal of Surgical Pathology, 2004; 28: 1051–1056.  
 
Camacho E., Bea S., Salaverria I., Lopez-Guillermo A., Puig X., Benavente Y., De Sanjose S., 
Campo E., Hernandez L. Analysis of Aurora-A and hMPS1 mitotic kinases in mantle cell 
lymphoma. International Journal of Cancer, 2006; 118: 357–363.  
 
Campo E., Raffeld M., Jaffe E.S. Mantle-cell lymphoma. Seminars in Hematology, 1999; 36: 115–
127.  
 
Carballido JM, Namikawa R, Carballido-Perrig N, et al.G eneration of primary antigen-specific 
human T- and B-cell responses in immunocompetent SCIDhu mice. Nat Med 2000; 6: 103-106. 
 
Carreras J., Villamor N., Colomo L., Moreno C., Cajal S., Crespo M., Tort F., Bosch F., Lopez-
Guillermo A., Colomer D., Montserrat E., Campo E. Immunohistochemical analysis of ZAP-70 
expression in B-cell lymphoid neoplasms. Journal of Pathology, 2005; 205: 507–513.  
 
Carrere N., Belaud-Rotureau M.A., Dubus P., Parrens M., De Mascarel A., Merlio J.P. The relative 
levels of cyclin D1a and D1b alternative transcripts in mantle cell lymphoma may depend more on 
sample origin than on CCND1 polymorphism. Haematologica, 2005; 90: 854–856.  
 
Caruso J.A., Reiners J.J., Proteolysis of HIP during apoptosis occurs within a region similar to the 
BID loop. Apoptosis, 2006; 11: 1877–1885. 
 
Cecconi D., Mion S., Astner H., Domenici E. et al., Proteomic analysis of rat cortical neurons after 
fluoxetine treatment. Brain Res, 2007; 1135: 41–51. 
 
Cecconi D, Zamo A, Bianchi E, et al. Signal transduction pathways of mantle cell lymphoma: a 
phosphoproteome-based study. Proteomics, 2008; 8(21): 4495-4506.  
 



 72 

Chanan-Khan AA, Cheson BD. Lenalidomide for the treatment of B-cell malignancies. J Clin 
Oncol, 2008; 26(9): 1544-1552. 
 
Chen L, Monti S, Juszczynski P, Daley J, Chen W, Witzig TE, Habermann TM, Kutok JL, Shipp 
MA. SYK-dependent tonic B-cell receptor signaling is a rational treatment target in diffuse large B-
cell lymphoma Blood, 2008; 111: 2230-2237. 
 
Chiarle R., Budel L.M., Skolnik J., Frizzera G., Chilosi M., Corato A., Pizzolo G., Magidson J., 
Montagnoli A., Pagano M., Maes B., De Wolf-Peeters C., Inghirami G. Increased proteasome 
degradation of cyclin-dependent kinase inhibitor p27 is associated with a decreased overall survival 
in mantle cell lymphoma. Blood, 2000; 95: 619–626.  
 
Chilosi M, Doglioni C, Magalini A, Inghirami G, Krampera M, Nadali G, et al. p21/WAF1 cyclin-
kinase inhibitor expression in non-Hodgkin's lymphomas: a potential marker of p53 tumor-
suppressor gene function. Blood, 1996; 88: 4012-4020. 
 
Cho YY, Tang F, Yao K, Lu C, Zhu F, Zheng D, Pugliese A, Bode AM, Dong Z. Cyclin-dependent 
kinase-3-mediated c-Jun phosphorylation at Ser63 and Ser73 enhances cell transformation Cancer 
Research, 2009; 69: 272-281.  
 
Chua B.T., Volbracht C., Tan K.O., Li R. et al. Mitochondrial translocation of cofilin is an early 
step in apoptosis induction. Nat. Cell Biol., 2003; 5: 1083–1089. 
 
Chung R, Peters AC, Armanious H, Anand M, Gelebart P, Lai R. Biological and clinical 
significance of GSK-3beta in mantle cell lymphoma-an immunohistochemical study. Int J Clin Exp 
Pathol, 2010; 3(3): 244-253. 
 
Clodi K., Snell V., Zhao S., Cabanillas F., Andreeff M., Younes A. Unbalanced expression of Fas 
and CD40 in mantle cell lymphoma. British Journal of Haematology, 1998; 103: 217–219.  
 
Cohen PL, Kurtin PJ, Donovan KA, Hanson CA. Bonemarrow and peripheral blood involvement in 
mantle cell lymphoma.Br J Haematol, 1998; 101: 302-10. 
 
Cogliatti S.B., Bertoni F., Zimmermann D.R., Henz S., Diss T.C., Ghielmini M., Schmid U. IgV H 
mutations in blastoid mantle cell lymphoma characterize a subgroup with a tendency to more 
favourable clinical outcome. Journal of Pathology, 2005; 206: 320–327.  
 
Coqueret O. Linking cyclins to transcriptional control. Gene, 2002; 299: 35–55.  
 
Corradini P., Dodero A., Farina L., Fanin R., Patriarca F., Miceli R., Matteucci P., Bregni M., 
Scime R., Narni F., Pogliani E., Locasciulli A., Milani R., Carniti C., Bacigalupo A., Rambaldi A., 
Bonifazi F., Olivieri A., Gianni A.M., Tarella C. Allogeneic stem cell transplantation following 
reduced-intensity conditioning can induce durable clinical and molecular remissions in relapsed 
lymphomas: pre-transplant disease status and histotype heavily influence outcome. Leukemia, 2007; 
21: 2316–2323.  
 
Costa L. et al. Aspects of mTOR biology and the use of mTOR inhibitors in non-Hodgkin’s 
lymphoma. Cancer Treat. Rev. 2007; 33: 78–84. 
 
Crespo M., Bosch F., Villamor N., Bellosillo B., Colomer D., Rozman M., Marce S., Lopez-
Guillermo A., Campo E., Montserrat E. ZAP-70 expression as a surrogate for immunoglobulin-



 73 

variable-region mutations in chronic lymphocytic leukemia. New England Journal of Medicine, 
2003; 348: 1764–1775.  
 
Dal Col J, Zancai P, Terrin L, et al. Distinct functional significance of Akt and mTOR constitutive 
activation in mantle cell lymphoma. Blood. 2008; 111(10): 5142-5151.  
 
Davis R.E., Ngo V.N., Lenz G., Tolar P., Young R.M., Romesser P.B., Kohlhammer H, Lamy L, 
Zhao H, Yang Y, Xu W, Shaffer AL, Wright G, Xiao W, Powell J, Jiang JK, Thomas CJ, 
Rosenwald A, Ott G, Muller-Hermelink HK, Gascoyne RD, Connors JM, Johnson NA, Rimsza 
LM, Campo E, Jaffe ES, Wilson WH, Delabie J, Smeland EB, Fisher RI, Braziel RM, Tubbs RR, 
Cook JR, Weisenburger DD, Chan WC, Pierce SK, Staudt LM. Chronic active B-cell-receptor 
signalling in diffuse large B-cell lymphoma. Nature, 2010; 463: 88-92. 
 
De Jong D., Rosenwald A., Chhanabhai M., Gaulard P., Klapper W., Lee A., Sander B., Thorns C., 
Campo E., Molina T., Norton A., Hagenbeek A., Horning S., Lister A., Raemaekers J., Gascoyne 
R.D., Salles G., Weller E. Immunohistochemical prognostic markers in diffuse large B-cell 
lymphoma: validation of tissue microarray as a prerequisite for broad clinical applications--a study 
from the Lunenburg Lymphoma Biomarker Consortium. Journal of Clinical Oncology, 2007; 25: 
805–812.  
 
Dierks C, Grbic J, Zirlik K, et al. Essential role of stromally induced hedgehog signaling in B-cell 
malignancies. Nat Med. 2007; 13(8): 944-951.  
 
DiMartino JF, Ayton PM, Chen EH, Naftzger CC, Young BD, Cleary ML. The AF10 leucine zipper 
is required for leukemic transformation of myeloid progenitors by MLL-AF10. Blood 2002; 99: 
3780-3785. 
 
Dono M., Cerruti G., Zupo S. The CD5+ B-cell. International Journal of Biochemistry and Cell 
Biology, 2004; 36: 2105–2111.  
 
Dreyling M, Hiddemann W. Current treatment standards and emerging strategies in mantle cell 
lymphoma. Hematology Am Soc Hematol Educ Program. 2009; 542-551. 
 
Dreyling M.H., Bullinger L., Ott G., Stilgenbauer S., Muller-Hermelink H.K., Bentz M., 
Hiddemann W., Dohner H. Alterations of the cyclin D1/p16-pRB pathway in mantle cell 
lymphoma. Cancer Research, 1997; 57: 4608–4614.  
 
Drexler HG, Matsuo AY, MacLeod RA. Continuous hematopoietic cell lines as model systems for 
leukemia-lymphoma research. Leuk Res 2000; 24: 881-911. 
 
Drexler HG, Matsuo Y. Guidelines for the characterization and publication of human malignant 
hematopoietic cell lines. Leukemia 1999; 13: 835–842. 
 
Drexler HG. Extensive commentary Malignant hematopoietic cell lines: in vitro models for the 
study of mantle cell lymphoma Leukemia Research, 2002; 26: 781–787. 
 
Drexler HG, Roderick A.F. MacLeod. Mantle cell lymphoma-derived cell lines: Unique research 
tools. Leukemia Research, 2006; 30: 911–913. 
 
Dreyling M., Lenz G., Hoster E., Van Hoof A., Gisselbrecht C., Schmits R., Metzner B., Truemper 
L., Reiser M., Steinhauer H., Boiron J.M., Boogaerts M.A., Aldaoud A., Silingardi V., Kluin-



 74 

Nelemans H.C., Hasford J., Parwaresch R., Unterhalt M., Hiddemann W. Early consolidation by 
myeloablative radiochemotherapy followed by autologous stem cell transplantation in first 
remission significantly prolongs progression-free survival in mantle-cell lymphoma: results of a 
prospective randomized trial of the European MCL Network. Blood, 2005; 105: 2677–2684.  
 
Dunleavy K, Pittaluga S, Czuczman MS, et al. Differential efficacy of bortezomib plus 
chemotherapy within molecular subtypes of diffuse large B-cell lymphoma. Blood. 2009; 113(24): 
6069-6076. 
 
Espinet B., Sole F., Pedro C., Garcia M., Bellosillo B., Salido M., Florensa L., Camacho F.I., Baro 
T., Lloreta,J., Serrano S. Clonal proliferation of cyclin D1-positive mantle lymphocytes in an 
asymptomatic patient: an early-stage event in the development or an indolent form of a mantle cell 
lymphoma? Human Pathology, 2005; 36: 1232–1237.  
 
Ek S, Dictor M, Jerkeman M, Jirstrom K, Borrebaeck CA. Nuclear expression of the non B-cell 
lineage Sox11 transcription factor identifies mantle cell lymphoma. Blood. 2008; 111(2): 800- 805. 
 
Ek S, Bjorck E, Hogerkorp CM, Nordenskjold M, Porwit-MacDonald A, Borrebaeck CA. Mantle 
cell lymphomas acquire increased expression of CCL4, CCL5 and 4-1BB-L implicated in cell 
survival. Int J Cancer. 2006; 118(8): 2092-2097. 
 
Ek S, Ortega E, Borrebaeck CA. Transcriptional profiling and assessment of cell lines as in vitro 
models for mantle cell lymphoma. Leuk Res 2005; 29: 205–213. 
 
Fagerlund R., Kinnunen L., Kohler M., Julkunen I., Melen K., NF-{kappa}B is transported into the 
nucleus by importin {alpha}3 and importin {alpha}4. J. Biol. Chem. 2005; 280: 15942–15951. 
 
Fang N.Y., Greiner T.C., Weisenburger D.D., Chan W.C., Vose J.M., Smith L.M., Armitage J.O., 
Mayer R.A., Pike B.L., Collins F.S., Hacia J.G. Oligonucleotide microarrays demonstrate the 
highest frequency of ATM mutations in the mantle cell subtype of lymphoma. Proceedings of the 
National Academy of Sciences of the United States of America, 2003; 100: 5372–5377.  
 
Fernandez V., Jares P., Bea S., Salaverria I., Guino E., De Sanjose S., Colomer D., Ott G., 
Montserrat E., Campo E. Frequent polymorphic changes but not mutations of TRAIL receptors 
DR4 and DR5 in mantle cell lymphoma and other B-cell lymphoid neoplasms. Haematologica, 
2004; 89: 1322–1331.  
 
Fernandez V., Hartmann E., Ott G., Campo E., Rosenwald A. Pathogenesis of mantle-cell 
lymphoma: all oncogenic roads lead to dysregulation of cell cycle and DNA damage response 
pathways. Journal of Clinical Oncology, 2005; 23: 6364–6369.  
 
Ferrer A., Salaverria I., Bosch F., Villamor N., Rozman M., Bea S., Gine E., Lopez-Guillermo A., 
Campo E., Montserrat E. Leukemic involvement is a common feature in mantle cell lymphoma. 
Cancer, 2007; 109: 2473–2480.  
 
Ferrer A., Bosch F., Villamor N., Rozman M., Graus F., Gutierrez G., Mercadal S., Campo E., 
Rozman C., Lopez-Guillermo A., Montserrat E. Central nervous system involvement in mantle cell 
lymphoma. Annals of Oncology, 2008; 19: 135–141.  
 



 75 

Fitzgibbon J., Smith L.L., Raghavan M., Smith M.L., Debernardi S., Skoulakis S., Lillington D., 
Lister T.A., Young B.D. Association between acquired uniparental disomy and homozygous gene 
mutation in acute myeloid leukemias. Cancer Research, 2005; 65: 9152–9154.  
 
Flordal T.E., Ichimura K., Collins V.P., Walsh S.H., Barbany G., Hagberg A., Laurell A., 
Rosenquist R., Larsson C., Lagercrantz S. Detailed assessment of copy number alterations revealing 
homozygous deletions in 1p and 13q in mantle cell lymphoma. Leukemia Research, 2007; 31: 
1227–1238.  
 
Ford RJ, Shen L, Lin-Lee YC, Pham LV, Multani A, Zhou AJ, Tamayo AT. Development of a 
murine model for blastoid variant mantle-cell lymphoma. Blood, 2007; 109: 4899-4906. 
 
Forstpointner R., Dreyling M., Repp R., Hermann S., Hanel A., Metzner B., Pott C., Hartmann F., 
Rothmann F., Rohrberg R., Bock H.P., Wandt H., Unterhalt M., Hiddemann W. The addition of 
rituximab to a combination of fludarabine, cyclophosphamide, mitoxantrone (FCM) significantly 
increases the response rate and prolongs survival as compared with FCM alone in patients with 
relapsed and refractory follicular and mantle cell lymphomas: results of a prospective randomized 
study of the German Low-Grade Lymphoma Study Group. Blood, 2004; 104: 3064–3071.  
 
Forstpointner R., Unterhalt M., Dreyling M., Bock H.P., Repp R., Wandt H., Pott C., Seymour J.F., 
Metzner B., Hanel A., Lehmann T., Hartmann F., Einsele H., Hiddemann W. Maintenance therapy 
with rituximab leads to a significant prolongation of response duration after salvage therapy with a 
combination of rituximab, fludarabine, cyclophosphamide, and mitoxantrone (R-FCM) in patients 
with recurring and refractory follicular and mantle cell lymphomas: results of a prospective 
randomized study of the German Low Grade Lymphoma Study Group (GLSG). Blood, 2006; 108: 
4003–4008.  
 
Fraga MF, Ballestar E, Villar-Garea A, et al. Loss of acetylation at Lys16 and trimethation at Lys20 
of histone H4 is a common hallmark of human cancer. Nat Genetics. 2005; 37(4): 391-400. 
 
Friedberg JW, J. Sharman, J. Sweetenham, P.B. Johnston, J.M. Vose, A. Lacasce, J. Schaefer-
Cutillo, S. De Vos, R. Sinha, J.P. Leonard, L.D. Cripe, S.A. Gregory, M.P. Sterba, A.M. Lowe, R. 
Levy M.A. Shipp Inhibition of Syk with fostamatinib disodium has significant clinical activity in 
non-Hodgkin lymphoma and chronic lymphocytic leukemia Blood. 2010; 115: 2578-2585. 
 
Fu K., Weisenburger D.D., Greiner T.C., Dave S., Wright G., Rosenwald A., Chiorazzi M., Iqbal J., 
Gesk S., Siebert R., De J.D., Jaffe E.S., Wilson W.H., Delabie J., Ott G., Dave B.J., Sanger W.G., 
Smith L.M., Rimsza L., Braziel R.M., Muller-Hermelink H.K., Campo E., Gascoyne R.D., Staudt 
L.M., Chan W.C. Cyclin D1-negative mantle cell lymphoma: a clinicopathologic study based on 
gene expression profiling. Blood, 2005; 106: 4315–4321.  
 
Fu L., Lin-Lee Y.C., Pham L.V., Tamayo A., Yoshimura L., Ford R.J. Constitutive NF-kappaB and 
NFAT activation leads to stimulation of the BLyS survival pathway in aggressive B-cell 
lymphomas. Blood, 2006; 107: 4540–4548.  
 
Fu L, Lin-Lee YC, Pham LV, Tamayo AT, Yoshimura LC, Ford RJ. BAFF-R promotes cell 
proliferation and survival through interaction with IKKbeta and NF-kappaB/c-Rel in the nucleus of 
normal and neoplastic B-lymphoid cells. Blood. 2009;113 (19): 4627-4636. 
 
Gaidano G, Hauptschein RS, Parsa NZ, Offit K, Rao PH, Lenoir G, et al. Deletions involving two 
distinct regions of 6q in B-cell non-Hodgkin’s lymphoma. Blood 1992; 80: 1781-1787. 



 76 

 
Gelebart P, Anand M, Armanious H, et al. Constitutive activation of the Wnt canonical pathway in 
mantle cell lymphoma. Blood. 2008; 112(13): 5171-5179. 
 
Gesk S., Klapper W., Martin-Subero J.I., Nagel I., Harder L., Fu K., Bernd H.W., Weisenburger 
D.D., Parwaresch R., Siebert R. A chromosomal translocation in cyclin D1-negative/cyclin D2-
positive mantle cell lymphoma fuses the CCND2 gene to the IGK locus. Blood, 2006; 108: 1109–
1110.  
 
Ghielmini M, Zucca E. How I treat mantle cell lymphoma. Blood. 2009; 114(8): 1469-1476.  
 
Gianni A.M., Magni M., Martelli M., Di N.M., Carlo-Stella C., Pilotti S., Rambaldi A., Cortelazzo 
S., Patti C., Parvis G., Benedetti F., Capria S., Corradini P., Tarella C., Barbui T. Long-term 
remission in mantle cell lymphoma following high-dose sequential chemotherapy and in vivo 
rituximab-purged stem cell autografting (R-HDS regimen). Blood; 2003; 102: 749–755.  
 
Gladden A.B., Woolery R., Aggarwal P., Wasik M.A., Diehl,J.A. Expression of constitutively 
nuclear cyclin D1 in murine lymphocytes induces B-cell lymphoma. Oncogene, 2006; 25: 998–
1007.  
 
Gobessi S, Laurenti L, Longo PG, Carsetti L, Berno V, Sica S, Leone, Efremov DG. Inhibition of 
constitutive and BCR-induced Syk activation downregulates Mcl- 1 and induces apoptosis in 
chronic lymphocytic leukemia B cells Leukemia, 2009; 23: 686-697. 
 
Gong J.Z., Lagoo A.S., Peters D., Horvatinovich J., Benz P., Buckley P.J. Value of CD23 
determination by flow cytometry in differentiating mantle cell lymphoma from chronic lymphocytic 
leukemia/small lymphocytic lymphoma. American Journal of Clinical Pathology, 2001; 116: 893–
897.  
 
Goy A., Younes A., McLaughlin P., Pro B., Romaguera J.E., Hagemeister F., Fayad L., Dang N.H., 
Samaniego F., Wang M., Broglio K., Samuels B., Gilles F., Sarris A.H., Hart S., Trehu E., 
Schenkein D., Cabanillas F., Rodriguez A.M. Phase II study of proteasome inhibitor bortezomib in 
relapsed or refractory B-cell non-Hodgkin’s lymphoma. Journal of Clinical Oncology, 2005; 23: 
667–675.  
 
Goy A, Bernstein SH, Kahl BS, et al. Bortezomib in patients with relapsed or refractory mantle cell 
lymphoma: updated time-to-event analyses of the multicenter phase 2 PINNACLE study. Ann 
Oncol. 2009; 20(3): 520-525. 
 
Greiner T.C., Moynihan M.J., Chan W.C., Lytle D.M., Pedersen A., Anderson J.R., Weisenburger 
D.D. p53 mutations in mantle cell lymphoma are associated with variant cytology and predict a 
poor prognosis. Blood, 1996; 87: 4302–4310.  
 
Habermann TM, Lossos IS, Justice G, et al. Lenalidomide oral monotherapy produces a high 
response rate in patients with relapsed or refractory mantle cell lymphoma. Br J Haematol. 2009; 
145(3): 344-349.  
 
Hamblin T.J., Davis Z., Gardiner A., Oscier D.G., Stevenson F.K. Unmutated Ig V(H) genes are 
associated with a more aggressive form of chronic lymphocytic leukemia. Blood, 1999; 94: 1848–
1854.  
 



 77 

Hangaishi A., Ogawa S., Qiao Y., Wang L., Hosoya N., Yuji K., Imai Y., Takeuchi K., Miyawaki 
S., Hirai H. Mutations of Chk2 in primary hematopoietic neoplasms. Blood, 2002; 99: 3075–3077.  
 
Hao S, Sanger W, Onciu M, Lai R, Schlette EJ, Medeiros LJ. Mantle cell lymphoma with 8q24 
chromosomal abnormalities: a report of 5 cases with blastoid features. Mod Pathol, 2002; 15:1266-
1272. 
 
Harbour J.W., Dean D.C. The Rb/E2F pathway: expanding roles and emerging paradigms. Genes 
and Development, 2000; 14: 2393–2409.  
 
Haritunians T., Mori A., O’Kelly J., Luong Q.T., Giles F.J., Koeffler H.P. Antiproliferative activity 
of RAD001 (everolimus) as a single agent and combined with other agents in mantle cell 
lymphoma. Leukemia, 2007; 21: 333–339.  
 
Harris NL, Jaffe ES, Stein H, Banks PM, Chan JKC, Cleary ML, et al. A revised European–
American classification of lymphoid neoplasms: a proposal from the international lymphoma study 
group. Blood, 1994; 84: 1361–1392. 
 
Harrella M.I., Brian M. Iritanib and Alanna Ruddella.Lymph node mapping in the mouse  
Journal of Immunological Methods, 2008; 332: 170-174. 
 
Harris NL, Jaffe ES, Diebold J, Flandrin  , Muller-Hermelink HK, Vardiman J, et al. World Health 
Organization classification of neoplastic diseases of the hematopoietic and lymphoid tissues: report 
of the Clinical Advisory Committee meeting-Airlie House, Virginia. J Clin Oncol 1999; 17: 3835-
3849. 
 
Harris T. E., Chi A., Shabanowitz J., Hunt D.F. et al., mTORdependent stimulation of the 
association of eIF4G and eIF3 by insulin. EMBO. J. 2006, 25, 1659–1668. 
 
Hartmann E., Fernandez V., Stoecklein H., Hernandez L., Campo E., Rosenwald A. Increased 
MDM2 expression is associated with inferior survival in mantle cell lymphoma, but not related to 
the MDM2 SNP309. Haematologica, 2007; 92: 574–575.  
 
Hegde GV, Munger CM, Emanuel K, et al. Targeting of sonic hedgehog-GLI signaling: a potential 
strategy to improve therapy for mantle cell lymphoma. Mol Cancer Ther. 2008; 7(6): 1450-1460. 
 
Heider U, von Metzler I, Kaiser M, et al. Synergistic interaction of the histone deacetylase inhibitor 
SAHA with the proteasome inhibitor bortezomib in mantle cell lymphoma. Eur J Haematol., 2008; 
80(2): 133-142. 
 
Herrmann A, Hoster E, Zwingers T, et al. Improvement of overall survival in advanced stage 
mantle cell lymphoma. J Clin Oncol. 2009; 27(4): 511-518. 
 
Hernandez L., Fest T., Cazorla M., Teruya-Feldstein J., Bosch F., Peinado M.A., Piris M.A., 
Montserrat E., Cardesa A., Jaffe E.S., Campo E., Raffold M. p53 gene mutations and protein 
overexpression are associated with aggressive variants of mantle cell lymphomas. Blood, 1996; 87: 
3351–3359.  
 
Hernandez L., Bea S., Pinyol M., Ott G., Katzenberger T., Rosenwald A., Bosch F., Lopez-
Guillermo A., Delabie J., Colomer D., Montserrat E., Campo E. CDK4 and MDM2 gene alterations 



 78 

mainly occur in highly proliferative and aggressive mantle cell lymphomas with wild-type 
INK4a/ARF locus. Cancer Research, 2005; 65: 2199–2206.  
 
Hideshima T, Ikeda H, Chauhan D, et al. Bortezomib induces canonical nuclear factor-kappaB 
activation in multiple myeloma cells. Blood. 2009; 114(5): 1046-1052. 
 
Hirt C., Schuler F., Dolken L., Schmidt C.A., Dolken G. Low prevalence of circulating 
t(11;14)(q13;q32)-positive cells in the peripheral blood of healthy individuals as detected by real-
time quantitative PCR. Blood, 2004; 104: 904–905.  
 
Hoffman D.G., Tucker S.J., Emmanoulides C., Rosen P.A., Naeim F. CD8-positive mantle cell 
lymphoma: a report of two cases. American Journal of Clinical Pathology, 1998; 109: 689–694.  
 
Holcik M., Korneluk R.G. Functional characterization of the X-linked inhibitor of apoptosis (XIAP) 
internal ribosome entry site element: Role of La autoantigen in XIAP translation. Mol. Cell. Biol., 
2000; 20: 4648–4657. 
 
Holz M.K., Ballif B.A., Gygi S.P., Blenis J. mTOR and S6K1 mediate assembly of the translation 
preinitiation complex through dynamic protein interchange and ordered phosphorylation events. 
Cell, 2005; 123: 569–580. 
 
Hoster E., Dreyling M., Klapper W., Gisselbrecht C., Van Hoof A., Kluin-Nelemans H.C., 
Pfreundschuh M., Reiser M., Metzner B., Einsele H., Peter N., Jung W., Wormann B., Ludwig  
W.D., Duhrsen U., Eimermacher H., Wandt H., Hasford J., Hiddemann W., Unterhalt M. A new 
prognostic index (MIPI) for patients with advanced stage mantle cell lymphoma. Blood, 2008; 111: 
558–565.  
 
Howe D., Lynas C. The cyclin D1 alternative transcripts [a] and [b] are expressed in normal and 
malignant lymphocytes and their relative levels are influenced by the polymorphism at codon 241. 
Haematologica, 2001; 86: 563–569.  
 
Hui D, Reiman T, Hanson J, Linford R, Wong W, Belch A, Lai R. Immunohistochemical detection 
of cdc2 is useful in predicting survival in patients with mantle cell lymphoma Mod Pathol, 2005; 
18: 1223-1231. 
 
Hultdin, M., Rosenquist, R., Thunberg, U., Tobin, G., Norrback, K.F., Johnson, A., Sundstrom, C. 
& Roos, G. Association between telomere length and V(H) gene mutation status in chronic 
lymphocytic leukaemia: clinical and biological implications. British Journal of Cancer, 2003; 88: 
593–598.  
 
Hummel M., Tamaru J., Kalvelage B., Stein H. Mantle cell (previously centrocytic) lymphomas 
express VH genes with no or very little somatic mutations like the physiologic cells of the follicle 
mantle. Blood, 1994; 84: 403–407.  
 
Hutter G., Scheubner M., Zimmermann Y., Kalla J., Katzenberger T., Hubler K., Roth S., 
Hiddemann W., Ott G., Dreyling M. Differential effect of epigenetic alterations and genomic 
deletions of CDK inhibitors [p16(INK4a), p15(INK4b), p14(ARF)] in mantle cell lymphoma. 
Genes Chromosomes & Cancer, 2006; 45: 203–210.  
 



 79 

Jacobs J.J., Kieboom K., Marino S., DePinho R.A., Van Lohuizen M. The oncogene and polycomb-
group gene bmi-1 regulates cell proliferation and senescence through the ink4a locus. Nature, 1999; 
397: 164–168.  
 
Jadayel D.M., Lukas J., Nacheva E., Bartkova J. et al., Potential role for concurrent abnormalities of 
the cyclin D1, p16CDKN2 and p15CDKN2B genes in certain B cell non- Hodgkin’s lymphomas: 
Functional studies in a cell line (Granta 519). Leukemia 1997; 11: 64–72. 
 
Jares P., Campo E., Pinyol M., Bosch F., Miquel R., Fernandez P.L., Sanchez-Beato M., Soler F., 
Perez-Losada A., Nayach I., Mallofre C., Piris M.A., Montserrat E., Cardesa A. Expression of 
retinoblastoma gene product (pRb) in mantle cell lymphomas. Correlation with cyclin D1 
(PRAD1/CCND1) mRNA levels and proliferative activity. American Journal of Pathology, 1996; 
148: 1591–1600.  
 
Jares P., Colomer D. & Campo E. Genetic and molecular pathogenesis of mantle cell lymphoma: 
perspectives for new targeted therapeutics. Nature Reviews Cancer, 2007; 7: 750–762.  
 
Jardin F, Picquenot JM, Parmentier F, Ruminy P, Cornic M, Penther D, Bertrand P, Lanic H, 
Cassuto O, Humbrecht C, Lemasle E, Wautier A, Bastard C, Tilly H. Detection of gene copy 
number aberrations in mantle cell lymphoma by a single quantitative multiplex PCR assay: 
clinicopathological relevance and prognosis value. Br J Haematol, 2009; 146(6): 607-618. 
 
Jeon H. J., Kim C. W., Yoshin, T., Akag, T., Establishment and characterization of a mantle cell 
lymphoma cell line. Br. J. Haematol. 1998; 102: 1323–1326. 
 
Ka, M., Nakatsur, T., Egam, H., Senj, S. et al. Heat shock protein 105 is overexpressed in a variety 
of human tumors. Oncol. Rep. 2003, 10, 1777–1782. 
 
Kaneshima H, BaumC, ChenB, et al. Today’s SCIDhu mouse. Nature, 1990; 348: 561-562. 
 
Kang MH, Reynolds CP. Bcl-2 inhibitors: targeting mitochondrial apoptotic pathways in cancer 
therapy. Clin Cancer Res. 2009;15(4): 1126-1132. 
 
Karnan S., Tagawa H., Suzuki R., Suguro M., Yamaguchi M., Okamoto M., Morishima Y., 
Nakamura S., Seto M. Analysis of chromosomal imbalances in de novo CD5-positive diffuse large-
B-cell lymphoma detected by comparative genomic hybridization. Genes, Chromosomes & Cancer, 
2004; 39: 77–81.  
 
Karin M, Lin A. NF-kappaB at the crossroads of life and death. Nat Immunol. 2002; 3(3): 221-227. 
 
Katzenberger T., Petzoldt C., Holler S., Mader U., Kalla J., Adam P., Ott M.M., Muller-Hermelink 
H.K., Rosenwald A., Ott G. The Ki67 proliferation index is a quantitative indicator of clinical risk 
in mantle cell lymphoma. Blood, 2006; 107: 3407.  
 
Kaufmann H, Raderer M, Wohrer S, et al. Antitumor activity of rituximab plus thalidomide in 
patients with relapsed/refractory mantle cell lymphoma. Blood. 2004; 104(8): 2269-2271. 
 
Kawamata N, Ogawa S, Gueller S, et al. Identified hidden genomic changes in mantle cell 
lymphoma using high-resolution single nucleotide polymorphism genomic array. Exp Hematol. 
2009; 37(8): 937-946. 
 



 80 

Kawamata N, Chen J, Koeffler HP. Suberoylanilide hydroxamic acid (SAHA; vorinostat) 
suppresses translation of cyclin D1 in mantle cell lymphoma cells. Blood. 2007; 110(7): 2667-2673. 
 
Kazemi S., Mounir Z., Baltzis D., Raven J. F. et al. A novel function of eIF2alpha kinases as 
inducers of the phosphoinositide- 3 kinase signaling pathway. Mol. Biol. Cell., 2007; 18: 3635–
3644. 
 
Khouri I.F., Lee M.S., Saliba R.M., Jun G., Fayad L., Younes A., Pro B., Acholonu S., McLaughlin 
P., Katz R.L., Champlin R.E. Nonablative allogeneic stem-cell transplantation for 
advanced/recurrent mantle-cell lymphoma. Journal of Clinical Oncology, 2003; 21: 4407–4412.  
 
Khoury J.D., Medeiros L.J., Rassidakis G.Z., McDonnell T.J., Abruzzo L.V., Lai R. Expression of 
Mcl-1 in mantle cell lymphoma is associated with high-grade morphology, a high proliferative 
state, and p53 overexpression. Journal of Pathology, 2003; 199: 90–97.  
 
Kienle D., Krober A., Katzenberger T., Ott G., Leupolt E., Barth T.F., Moller P., Benner A., 
Habermann A., Muller-Hermelink H.K., Bentz M., Lichter P., Dohner H., Stilgenbauer S. VH 
mutation status and VDJ rearrangement structure in mantle cell lymphoma: correlation with 
genomic aberrations, clinical characteristics, and outcome. Blood, 2003; 102: 3003–3009.  
 
Kienle D., Katzenberger T., Ott G., Saupe D., Benner A., Kohlhammer H., Barth T.F., Holler S., 
Kalla J., Rosenwald A., Muller-Hermelink H.K., Moller P., Lichter P., Dohner H., Stilgenbauer S. 
Quantitative gene expression deregulation in mantle-cell lymphoma: correlation with clinical and 
biologic factors. Journal of Clinical Oncology, 2007; 25: 2770–2777.  
 
Kim Y.K., Back S.H., Rho J., Lee S.H., Jang S.K. La autoantigen enhances translation of BiP 
mRNA. Nucleic Acids Res. 2001; 29: 5009–5016. 
 
Kim YS, Alarcon SV, Lee S, et al. Update on Hsp90 inhibitors in clinical trial. Curr Top Med 
Chem. 2009; 9(15): 1479-1492.  
 
Knudsen K.E., Diehl J.A., Haiman C.A., Knudsen E.S. Cyclin D1: polymorphism, aberrant splicing 
and cancer risk. Oncogene, 2006; 25: 1620–1628.  
 
Kohlhammer H., Schwaenen C., Wessendorf S., Holzmann K., Kestler H.A., Kienle D., Barth T.F., 
Moller P., Ott G., Kalla J., Radlwimmer B., Pscherer A., Stilgenbauer S., Dohner H., Lichter P., 
Bentz M. Genomic DNA-chip hybridization in t(11;14)-positive mantle cell lymphomas shows a 
high frequency of aberrations and allows a refined characterization of consensus regions. Blood, 
2004; 104: 795–801.  
 
Kouroukis C.T., Belch A., Crump M., Eisenhauer E., Gascoyne R.D., Meyer R., Lohmann R., 
Lopez P., Powers J., Turner R., Connors J.M. Flavopiridol in untreated or relapsed mantle-cell 
lymphoma: results of a phase II study of the National Cancer Institute of Canada Clinical Trials 
Group. Journal of Clinical Oncology, 2003; 21: 1740–1745.  
 
Kramer A., Schweizer S., Neben K., Giesecke C., Kalla J., Katzenberger T., Benner A., Muller-
Hermelink H.K., Ho A.D., Ott G. Centrosome aberrations as a possible mechanism for 
chromosomal instability in non-Hodgkin’s lymphoma. Leukemia, 2003; 17: 2207–2213.  
 
Kupperman E, Lee EC, Cao Y et al Evaluation of the proteasome inhibitor MLN9708 in preclinical 
model of human cancer. Cancer Res, 2010; 70(5): 1970-1980. 



 81 

 
Kuppers R., Dalla-Favera R. Mechanisms of chromosomal translocations in B cell lymphomas. 
Oncogene, 2001; 20: 5580–5594.  
 
Kusumawidjaja G., Kayed H., Giese N., Bauer A. et al. Basic transcription factor 3 (BTF3) 
regulates transcription of tumor-associated genes in pancreatic cancer cells. Cancer Biol. Ther., 
2007; 6: 367–376. 
 
Kurtova AV, Tamayo AT, Ford RJ, Burger JA. Mantle cell lymphoma cells express high levels of 
CXCR4, CXCR5, and VLA-4 (CD49d): importance for interactions with the stromal 
microenvironment and specific targeting. Blood. 2009; 113(19): 4604-4613. 
 
Kyoizumi S, Baum CM, Kaneshima H, et al.Implantation and maintenance of functional human 
bone marrow in SCID-hu mice. Blood, 1992; 79: 1704-11.  
 
LaBaer J., Garrett M.D., Stevenson L.F., Slingerland J.M., Sandhu C., Chou H.S., Fattaey A., 
Harlow E. New functional activities for the p21 family of CDK inhibitors. Genes and Development, 
1997; 11: 847–862.  
 
Lee A. S. GRP78 induction in cancer: Therapeutic and prognostic implications. Cancer Res. 2007, 
67: 3496–3499. 
 
Lee S., Helfman D.M. Cytoplasmic p21Cip1 is involved in Ras-induced inhibition of the 
ROCK/LIMK/cofilin pathway. J. Biol. Chem. 2004, 279: 1885–1891. 
 
de Leeuw RJ, Davies JJ, Rosenwald A, et al. Comprehensive whole genome array CGH profiling of 
mantle cell lymphoma model genomes. Hum Mol Genet. 2004; 13(17): 1827-1837.  
 
Lenz G., Dreyling M., Hoster E., Wormann B., Duhrsen U., Metzner B., Eimermacher H., 
Neubauer A., Wandt H., Steinhauer H., Martin S., Heidemann E., Aldaoud A., Parwaresch R., 
Hasford J., Unterhalt M., Hiddemann W. Immunochemotherapy with rituximab and 
cyclophosphamide, doxorubicin, vincristine, and prednisone significantly improves response and 
time to treatment failure, but not long-term outcome in patients with previously untreated mantle 
cell lymphoma: results of a prospective randomized trial of the German Low Grade Lymphoma 
Study Group (GLSG). Journal of Clinical Oncology, 2005; 23: 1984–1992.  
 
Lenz G, Wright GW, Emre NC, et al. Molecular subtypes of diffuse large B-cell lymphoma arise by 
distinct genetic pathways. Proc Natl Acad Sci U S A. 2008; 105(36): 13520-13525. 
 
Leonard JP, Hainsworth J, Bernstein S, et al. Genasense (TM) (oblimersen sodium, G3139) is 
active and well-tolerated both alone and with R-CHOP in mantle cell lymphoma (MCL) [abstract]. 
Blood. 2003; 102(11): Abstract 143. 
 
Leonard J.P., Furman R.R., Coleman M., Proteasome inhibition with bortezomib: A new 
therapeutic strategy for non-Hodgkin’s lymphoma. Int. J. Cancer 2006; 119: 971–979. 
 
Leseux L., Laurent G., Laurent C., Rigo M. et al. PKC {zeta} mTOR pathway: A new target for 
rituximab therapy in follicular lymphoma. Blood 2008; 111: 285–291. 
 
Leshchenko VV, Kuo PY, Shaknovich R, et al. Genome wide DNA methylation analysis reveals 
novel targets for drug development in mantle cell lymphoma. Blood. 2010; 116(7): 1025-1034. 



 82 

 
Lim M.S., Adamson A., Lin Z., Perez-Ordonez B., Jordan R.C., Tripp S., Perkins S.L., Elenitoba-
Johnson K.S. Expression of Skp2, a p27(Kip1) ubiquitin ligase, in malignant lymphoma: correlation 
with p27(Kip1) and proliferation index. Blood, 2002; 100: 2950–2956.  
 
Lovec H., Grzeschiczek A., Kowalski M.-B., Moroy T. Cyclin D1/bcl-1 cooperates with myc genes 
in the generation of B- cell lymphomas in transgenic mice. EMBO Journal, 1994; 13: 3487–3495.  
 
Liu Q, Zhao X, Frissora F, et al. FTY720 demonstrates promising pre-clinical activity for chronic 
lymphocytic leukemia and lymphoblastic leukemia/lymphoma. Blood 2008; 111: 275–84. 
 
Liu Q, Alinari L, Chen Cs, Yan F, Dalton JT, Lapalombella R, Zhang X, Mani R, Lin T, Byrd JC, 
Baiocchi RA, Muthusamy N. FTY720 Shows Promising In vitro and In vivo Preclinical Activity by 
Downmodulating Cyclin D1 and Phospho-Akt in Mantle Cell Lymphoma. Cancer Therapy: 
Preclinical, 2010; 16: 3182-3192. 
 
Lwin T, Hazlehurst LA, Dessureault S, et al. Cell adhesion induces p27Kip1-associated cell-cycle 
arrest through down-regulation of the SCFSkp2 ubiquitin ligase pathway in mantle-cell and other 
non-Hodgkin B-cell lymphomas. Blood. 2007; 110(5):1631-1638. 
 
M’Kacher R., Bennaceur A., Farace F., Lauge A. et al. Multiple molecular mechanisms contribute 
to radiation sensitivity in mantle cell lymphoma. Oncogene 2003, 22, 7905–7912. 
 
M'kacher R, Farace F, Bennaceur-Griscelli A, Violot D, Clausse B, Dossou J, Valent A, Parmentier 
C, Ribrag V, Bosq J, Carde P, Turhan AG, Bernheim A. Blastoid mantle cell lymphoma: evidence 
for nonrandom cytogenetic abnormalities additional to t(11;14) and generation of a mouse model. 
Cancer Genet Cytogenet, 2003; 143(1): 32-38. 
 
Mackay H.J., Twelves C.J. Targeting the protein kinase C family: Are we there yet? Nat. Rev. 
Cancer 2007, 7, 554–562  
 
Majlis A., Pugh W.C., Rodriguez M.A., Benedict W.F., Cabanillas F. Mantle cell lymphoma: 
correlation of clinical outcome and biologic features with three histologic variants. Journal of 
Clinical Oncology, 1997; 15: 1664–1671.  
 
Maris M.B., Sandmaier B.M., Storer B.E., Chauncey T., Stuart M.J., Maziarz R.T., Agura E., 
Langston A.A., Pulsipher M., Storb R., Maloney,D.G. Allogeneic hematopoietic cell transplantation 
after fludarabine and 2 Gy total body irradiation for relapsed and refractory mantle cell lymphoma. 
Blood, 2004; 104: 3535–3542.  
 
Martin P, Chadburn A, Christos P, et al. Intensive treatment strategies may not provide superior 
outcomes in mantle cell lymphoma: overall survival exceeding 7 years with standard therapies. 
Ann Oncol. 2008; 19(7): 1327-1330.  
 
Martinez-Climent JA, Vizcarra E, Sanchez D, Blesa D, Marugan I, Benet I, et al. Loss of a novel 
tumor suppressor gene locus at chromosome 8p is associated with leukemic mantle cell lymphoma. 
Blood 2001; 98: 3479-3482. 
 
Martinez N., Camacho F.I., Algara P., Rodriguez A., Dopazo A., Ruiz-Ballesteros E., Martin P., 
Martinez-Climent J.A., Garcia-Conde J., Menarguez J., Solano F., Mollejo M., Piris M.A. The 



 83 

molecular signature of mantle cell lymphoma reveals multiple signals favoring cell survival. Cancer 
Research, 2003; 63: 8226–8232.  
 
Marzec M., Kasprzycka M., Lai R., Gladden A.B., Wlodarski P., Tomczak E., Nowell P., Deprimo 
S.E., Sadis S., Eck S., Schuster S.J., Diehl J.A., Wasik M.A. Mantle cell lymphoma cells express 
predominantly cyclin D1a isoform and are highly sensitive to selective inhibition of CDK4 kinase 
activity. Blood, 2006; 108: 1744–1750.  
 
Mestre-Escorihuela C., Rubio-Moscardo F., Richter J.A., Siebert R., Climent J., Fresquet V., 
Beltran E., Agirre X., Marugan I., Marin M., Rosenwald A., Sugimoto K.J., Wheat L.M., Karran 
E.L., Garcia J.F., Sanchez L., Prosper F., Staudt L.M., Pinkel D., Dyer M.J., Martinez-Climent J.A. 
Homozygous deletions localize novel tumor suppressor genes in B-cell lymphomas. Blood, 2007; 
109: 271–280.  
 
McCune JM.D evelopment and applications of the SCID-hu mouse model. Semin Immunol, 1996; 
8: 187-196.  
 
Montagnoli A., Fiore F., Eytan E., Carrano A.C., Draetta G.F., Hershko A., Pagano M. 
Ubiquitination of p27 is regulated by Cdk-dependent phosphorylation and trimeric complex 
formation. Genes and Development, 1999; 13: 1181–1189.  
 
Montesinos-Rongen M, Akasaka T, Zuhlke-Jenisch R, Schaller C, Van Roost D, Wiestler OD, et al. 
Molecular characterization of BCL6 breakpoints in primary diffuse large B-cell lymphomas of the 
central nervous system identifies GAPD as novel translocation partner. Brain Pathol 2003; 13: 534-
538. 
 
Montpetit A, Larose J, Boily G, Langlois S, Trudel N, Sinnett D. Mutational and expression 
analysis of the chromosome 12p candidate tumor suppressor genes in pre-B acute lymphoblastic 
leukemia. Leukemia 2004; 18: 1499-504. 
 
Montserrat E., Bosch F., Lopez-Guillermo A., Graus F., Terol M.J., Campo E., Rozman C. CNS 
involvement in mantle-cell lymphoma. Journal of Clinical Oncology, 1996; 14: 941–944.  
 
Moscat J., Rennert P., Diaz-Meco M. T. PKCzeta at the crossroad of NF-kappaB and Jak1/Stat6 
signaling pathways. Cell Death Differ. 2006; 13: 702–711. 
 
Mozos A, Royo C, Hartmann E, et al. SOX11 expression is highly specific for mantle cell 
lymphoma and identifies the cyclin D1-negative subtype. Haematologica. 2009; 94(11): 1555-1562. 
 
Nagy B., Lundan T., Larramendy M.L., Aalto Y., Zhu Y., Niini T., Edgren H., Ferrer A., Vilpo J., 
Elonen E., Vettenranta K., Franssila K., Knuutila S. Abnormal expression of apoptosis-related 
genes in haematological malignancies: overexpression of MYC is poor prognostic sign in mantle 
cell lymphoma. British Journal of Haematology, 2003; 120: 434–441.  
 
Nakamura N., Kuze T., Hashimoto Y., Tasaki K., Hoj, H., Sasaki Y., Sato M., Abe M. Analysis of 
the immunoglobulin heavy chain gene variable region of 101 cases with peripheral B cell 
neoplasms and B cell chronic lymphocytic leukemia in the Japanese population. Pathology 
International, 1999; 49: 595–600.  
 
Neben K., Ott G., Schweizer S., Kalla J., Tews B., Katzenberger T., Hahn M., Rosenwald A., Ho 
A.D., Muller-Hermelink H.K., Lichter P., Kramer A. Expression of centrosome-associated gene 



 84 

products is linked to tetraploidization in mantle cell lymphoma. International Journal of Cancer, 
2007; 120: 1669–1677.  
 
Nielaender I., Martin-Subero J.I., Wagner F., Martinez-Climent J.A., Siebert R. Partial uniparental 
disomy: a recurrent genetic mechanism alternative to chromosomal deletion in malignant 
lymphoma. Leukemia, 2006; 20: 904–905.  
 
Nodit L., Bahler D.W., Jacob S.A., Locker J., Swerdlow S.H. Indolent mantle cell lymphoma with 
nodal involvement and mutated immunoglobulin heavy chain genes. Human Pathology, 2003; 34: 
1030–1034.  
 
Norton A.J., Matthews J., Pappa V., Shamash J., Love S., Rohatiner A.Z.S., Lister T.A. Mantle cell 
lymphoma: natural history defined in a serially biopsied population over a 20-year period. Annals 
of Oncology, 1995; 6: 249–256.  
 
Obenauer J.C., Cantley L.C., Yaffe M.B., Scansite 2.0: Proteome-wide prediction of cell signaling 
interactions using short sequence motifs. Nucleic Acids Res. 2003, 31, 3635–3641.  
 
O’connor O.A., Wright J., Moskowitz C., Muzzy J., Gregor-Cortelli B., Stubblefield M., Straus D., 
Portlock C., Hamlin P., Choi E., Dumetrescu O., Esseltine D., Trehu E., Adams J., Schenkein D., 
Zelenetz A.D. Phase II clinical experience with the novel proteasome inhibitor bortezomib in 
patients with indolent non-Hodgkin’s lymphoma and mantle cell lymphoma. Journal of Clinical 
Oncology, 2005; 23: 676–684.  
 
O’Connor OA, Moskowitz C, Portlock C, et al. Patients with chemotherapy-refractory mantle cell 
lymphoma experience high response rates and identical progression-free survivals compared with 
patients with relapsed disease following treatment with single agent bortezomib: results of a 
multicenter phase 2 clincial trial. Br J Haematol 2009; 145(1): 34-39. 
 
O’Connor OA, Stewart AK, Vallone M, et al. A phase 1 dose escalation study of the safety and 
pharmacokinetics of the novel proteasome inhibitor carfilzomib (PR-171) in patients with 
hematologic malignancies. Clin Cancer Res. 2009; 15(22): 7085-7091. 
 
O’Connor OA. Mantle cell lymphoma: identifying novel molecular targets in growth and survival 
pathways. Hematology Am Soc Hematol Educ Program. 2007; 270-276. 
 
Ogasawara T., Yasuyama M., Kawauchi K., Constitutive activation of extracellular signal-regulated 
kinase and p38 mitogen-activated protein kinase in B-cell lymphoproliferative disorders. Int. J. 
Hematol. 2003, 77: 364–370. 
 
Oinonen R., Franssila K., Teerenhovi L., Lappalainen K., Elonen E. Mantle cell lymphoma: clinical 
features, treatment and prognosis of 94 patients. European Journal of Cancer, 1998; 34: 329–336.  
 
Okamoto T., Sanda T., Asamitsu K., NF-kappaB signalling and carcinogenesis. Curr. Pharm. Des. 
2007; 13: 447–462. 
 
Onciu M, Schlette E, Medeiros LJ, Abruzzo LV, Keating M, Lai R. Cytogenetic findings in mantle 
cell lymphoma cases with a high level of peripheral blood involvement have a distinct pattern of 
abnormalities. Am J Clin Pathol 2001; 116: 886-892. 
 



 85 

Orchard J., Garand R., Davis Z., Babbage G., Sahota S., Matutes E., Catovsky D., Thomas P.W., 
Avet-Loiseau H., Oscier D. A subset of t(11;14) lymphoma with mantle cell features displays 
mutated IgVH genes and includes patients with good prognosis, nonnodal disease. Blood, 2003; 
101: 4975–4981.  
 
Ortega-Paino E, Fransson J, Ek S, Borrebaeck CA. Functionally associated targets in mantle cell 
lymphoma as defined by DNAmicroarrays and RNA interference. Blood. 2008;111(3): 1617-1624. 
 
Ott G., Kalla J., Ott M.M., Schryen B., Katzenberger T., Muller,J.G., Muller-Hermelink H.K. 
Blastoid variants of mantle cell lymphoma: frequent bcl-1 rearrangements at the major translocation 
cluster region and tetraploid chromosome clones. Blood, 1997 89: 1421–1429.  
 
Pacifico F., Paolillo M., Chiappetta G., Crescenzi E. et al. RbAp48 is a target of nuclear factor-
kappaB activity in thyroid cancer. J. Clin. Endocrinol. Metab. 2007, 92, 1458–1466. 
 
Palutke M, Eisenberg L, Mirchandani I,Tabaczka P and Husain M. Malignant lymphoma of small 
cleaved lymphocytes of the follicular mantle zone. Blood, 1982; 59: 317-322  
 
Paoluzzi L, Gonen M, Bhagat G, et al. The BH3-only mimetic ABT-737 synergizes the 
antineoplastic activity of proteasome inhibitors in lymphoid malignancies. Blood. 2008; 112(7): 
2906-2916. 
 
Paoluzzi L, Gonen M, Gardner JR, et al. Targeting Bcl-2 family members with the BH3 mimetic 
AT-101 markedly enhances the therapeutic effects of chemotherapeutic agents in vitro and in vivo 
models of B-cell lymphoma. Blood. 2008; 111(11): 5350-5358. 
 
Peponi E., Drakos E., Reyes G., Leventaki V., Rassidakis G.Z., Medeiros L.J. Activation of 
mammalian target of rapamycin signaling promotes cell cycle progression and protects cells from 
apoptosis in mantle cell lymphoma. American Journal of Pathology, 2006; 169: 2171–2180.  
 
Perez-Galan P, Roue G, Villamor N, Campo E, Colomer D. The BH3-mimetic GX15-070 
synergizes with bortezomib in mantle cell lymphoma by enhancing Noxa-mediated activation of 
Bak. Blood. 2007; 109(10): 4441-4449. 
 
Pérez-Galán P, Dreyling M, Wiestner A. Mantle cell lymphoma: biology, pathogenesis, and the 
molecular basis of treatment in the genomic era. Blood, 2011; 117: 26-38. 
 
Perkins E.J., Nair A., Cowley D.O., Van Dyke T., Chang Y., Ramsden D.A. Sensing of 
intermediates in V(D)J recombination by ATM. Genes and Development, 2002; 16: 159–164.  
 
Petroulakis E., Mamane Y., Le Bacquer O., Shahbazian D., Sonenberg N. mTOR signaling: 
Implications for cancer and anticancer therapy. Br. J. Cancer, 2007; 96: 11-15; 
 
Pham L.V., Tamayo A.T., Yoshimura L.C., Lo P., Ford R.J. Inhibition of constitutive NF-kappa B 
activation in mantle cell lymphoma B cells leads to induction of cell cycle arrest and apoptosis. 
Journal of Immunology, 2003; 171: 88–95.  
 
Piazza F. A., Ruzzene M., Gurrieri C., Montini B. et al. Multiple myeloma cell survival relies on 
high activity of protein kinase CK2. Blood 2006, 108, 1698–1707. 
 



 86 

Pich A, Ponti R, Valente G, Chiusa L, Geuna M, Novero D, Palestro G J Clin Pathol. MIB-1, Ki67, 
and PCNA scores and DNA flow cytometry in intermediate grade malignant lymphomas. 1994; 
47(1): 18-22.  
 
Pinyol M., Hernandez L., Cazorla M., Balbin M., Jares P., Fernandez P.L., Montserrat E., Cardesa 
A., Lopez-Otin C., Campo E. Deletions and loss of expression of p16INK4a and p21Waf1 genes are 
associated with aggressive variants of mantle cell lymphomas. Blood, 1997; 89: 272–280.  
 
Pinyol M, Cobo F, Bea S, Jares P, Nayach I, Fernandez PL et al. p16(INK4a) gene inactivation by 
deletions, mutations, and hypermethylation is associated with transformed and aggressive variants 
of non- Hodgkin's lymphomas. Blood 1998; 91:2977-84. 
 
Pinyol M., Hernandez L., Martinez A., Cobo F., Hernandez S., Bea S., Lopez-Guillermo A., 
Nayach I., Palacin A., Nadal A., Fernandez P.L., Montserrat E., Cardesa A., Campo E. INK4a/ARF 
locus alterations in human non-Hodgkin’s lymphomas mainly occur in tumors with wild-type p53 
gene. American Journal of Pathology, 2000; 156: 1987–1996.  
 
Pinyol M., Salaverria I., Bea S., Fernandez V., Colomo L., Campo E., Jares,P. Unbalanced 
expression of licensing DNA replication factors occurs in a subset of mantle cell lymphomas with 
genomic instability. International Journal of Cancer, 2006; 119: 2768–2774.  
 
Pinyol M., Bea S., Pla L., Ribrag V., Bosq J., Rosenwald A., Campo E., Jares P. Inactivation of 
RB1 in mantle-cell lymphoma detected by nonsense-mediated mRNA decay pathway inhibition and 
microarray analysis. Blood, 2007; 109: 5422–5429.  
 
Psyrri A, Papageorgiou S, Liakata E, et al. Phosphatidylinositol 3P-kinase catalytic subunit alpha 
gene amplification contributes to the pathogenesis of mantle cell lymphoma. Clin Cancer Res. 
2009; 15(18): 5724-5732. 
 
Pittaluga S., Verhoef G., Criel A., Maes A., Nuyts J., Boogaerts M., De Wolf Peeters C. Prognostic 
significance of bone marrow trephine and peripheral blood smears in 55 patients with mantle cell 
lymphoma. Leukemia & Lymphoma, 1996; 21: 115–125.  
 
Pittaluga S., Tierens A., Pinyol M., Campo E., Delabie J., De Wolf-Peeters C. Blastic variants of 
mantle cell lymphoma shows a heterogenous pattern of somatic mutations of the rearranged 
immunoglobulin heavy chain variable genes. British Journal of Haematology, 1998; 102: 1301–
1306.  
 
Qian L, Gong J, Liu J, Broome JDKoduru PR. Cyclin D2 promoter disrupted by 
t(12;22)(p13;q11.2) during transformation of chronic lymphocytic leukaemia to non-Hodgkin's 
lymphoma. Br J Haematol, 1999; 106: 477-485. 
 
Qing G., Yan P., Qu Z., Liu H., Xiao G. Hsp90 regulates processing of NF-[kappa]B2 p100 
involving protection of NF- [kappa]B-inducing kinase (NIK) from autophagy-mediated 
degradation. Cell Res, 2007; 17: 520–530. 
 
Quintanilla-Martinez L., Thieblemont C., Fend F., Kumar S., Pinyol M., Campo E., Jaffe E.S., 
Raffeld M. Mantle cell lymphomas lack expression of p27Kip1, a cyclin-dependent kinase 
inhibitor. American Journal of Pathology, 1998; 153: 175–182.  
 



 87 

Quintanilla-Martinez L., Davies-Hill T., Fend F., Calzada-Wack J., Sorbara L., Campo E., Jaffe 
E.S., Raffeld M. Sequestration of p27Kip1 protein by cyclin D1 in typical and blastic variants of 
mantle cell lymphoma (MCL): implications for pathogenesis. Blood, 2003; 101: 3181–3187.  
 
Raman C., Kimberly R.P. Differential CD5-dependent regulation of CD5-associated CK2 activity 
in mature and immature T cells: Implication on TCR/CD3-mediated activation. J. Immunol., 1998; 
161: 5817–5820. 
 
Raman C., Kuo A., Deshane J., Litchfield D.W., Kimberly R.P. Regulation of casein kinase 2 by 
direct interaction with cell surface receptor CD5. J. Biol. Chem., 1998; 273: 19183-19189. 
 
Ramsay AG, Johnson AJ, Lee AM, et al. Chronic lymphocytic leukemia T cells show impaired 
immunological synapse formation that can be reversed with an immunomodulating drug. J Clin 
Invest, 2008; 118(7): 2427-2437.  
 
Rassenti L.Z., Huynh L., Toy T.L., Chen L., Keating M.J., Gribben J.G., Neuberg D.S., Flinn I.W., 
Rai K.R., Byrd J.C., Kay N.E., Greaves A., Weiss A., Kipps T.J. ZAP-70 compared with 
immunoglobulin heavy-chain gene mutation status as a predictor of disease progression in chronic 
lymphocytic leukemia. New England Journal of Medicine, 2004; 351: 893–901.  
 
Raynaud S. D., Bekri S., Leroux D., Grosgeorge J. et al. Expanded range of 11q13 breakpoints with 
differing patterns of cyclin D1 expression in B-cell malignancies. Genes Chromosomes Cancer 
1993; 8: 80–87. 
 
Rikova K, Guo A, Zeng q, Possemato A, Yu J, Haack H, Nardone J, Lee K, Reeves C, Li Y, Hu Y,  
Tan Z, Stokes M, Sullivan L, Mitchell J, Wetzel R, Macneill J, Ren JM, Yuan J, Bakalarski CE, 
Villen J, Kornhauser JM, Smith B, Li D, Zhou X, Gygi SP, Gu TL, Polakiewicz RD, Rush J, Comb 
MJ. Global survey of 16 phosphotyrosine signaling identifies oncogenic kinases in lung cancer. 
Cell, 2007; 131: 1190-1203. 
 
Rinaldi A., Kwee I., Taborelli M., Largo C., Uccella S., Martin V., Poretti G., Gaidano G., 
Calabrese G., Martinelli G., Baldini L., Pruneri G., Capella C., Zucca E., Cotter F.E., Cigudosa J.C., 
Catapano C.V., Tibiletti M.G., Bertoni F. Genomic and expression profiling identifies the B-cell 
associated tyrosine kinase Syk as a possible therapeutic target in mantle cell lymphoma. British 
Journal of Haematology, 2006; 132: 303–316.  
 
Rizzatti E.G., Falcao R.P., Panepucci R.A., Proto-Siqueira R., Anselmo-Lima W.T., Okamoto O.K., 
Zago M.A. Gene expression profiling of mantle cell lymphoma cells reveals aberrant expression of 
genes from the PI3K-AKT, WNT and TGFbeta signalling pathways. British Journal of 
Haematology, 2005; 130: 516–526.  
 
Rizzatti EG, Mora-Jensen H, Weniger MA, et al. Noxa mediates bortezomib induced apoptosis in 
both sensitive and intrinsically resistant mantle cell lymphoma cells and this effect is independent of 
constitutive activity of the AKT and NF-kappaB pathways. Leuk Lymphoma, 2008; 49(4): 798-808. 
 
Rizzieri DA, Feldman E, Dipersio JF, et al. A phase 2 clinical trial of deforolimus (AP23573, MK-
8669), a novel mammalian target of rapamycin inhibitor, in patients with relapsed or refractory 
hematologic malignancies. Clin Cancer Res, 2008; 14(9): 2756-2762. 
 
Romaguera J.E., Medeiros L.J., Hagemeister F.B., Fayad L.E., Rodriguez M.A., Pro B., Younes A., 
McLaughlin P., Goy A., Sarris A.H., Dang N.H., Samaniego F., Brown H.M., Gagnej, H.K., 



 88 

Cabanillas F. Frequency of gastrointestinal involvement and its clinical significance in mantle cell 
lymphoma. Cancer, 2003; 97: 586–591.  
 
Romaguera J.E., Fayad L., Rodriguez M.A., Broglio K.R., Hagemeister F.B., Pro B., McLaughlin 
P., Younes A., Samaniego F., Goy A., Sarris A.H., Dang N.H., Wang M., Beasley V., Medeiros 
L.J., Katz R.L., Gagneja H., Samuels B.I., Smith T.L., Cabanillas F.F. High rate of durable 
remissions after treatment of newly diagnosed aggressive mantle-cell lymphoma with rituximab 
plus hyper-CVAD alternating with rituximab plus high-dose methotrexate and cytarabine. Journal 
of Clinical Oncology, 2005; 23: 7013–7023.  
 
Rosenwald A, Ott G, Krumdiek AK, Dreyling MH, Katzenberger T, Kalla J, et al. A biological role 
for deletions in chromosomal band 13q14 in mantle cell and peripheral t-cell lymphomas? Genes 
Chromosomes Cancer 1999; 26: 210-214. 
 
Rosenwald A., Wright G., Wiestner A., Chan W.C., Connors J.M., Campo E., Gascoyne R.D., 
Grogan T.M., Muller-Hermelink H.K., Smeland E.B., Chiorazzi M., Giltnane J.M., Hurt E.M., 
Zhao H., Averett L., Henrickson S., Yang L., Powell J., Wilson W.H., Jaffe E.S., Simon R., 
Klausner R.D., Montserrat E., Bosch F., Greiner T.C., Weisenburger D.D., Sanger W.G., Dave B.J., 
Lynch J.C., Vose J., Armitage J.O., Fisher R.I., Miller T.P., LeBlanc M., Ott G., Kvaloy S., Holte 
H., Delabie J., Staudt L.M. The proliferation gene expression signature is a quantitative integrator 
of oncogenic events that predicts survival in mantle cell lymphoma. Cancer Cell, 2003; 3: 185–197.  
 
Roue G., Perez-Galan P., Lopez-Guerra M., Villamor N., Campo E., Colomer D. Selective 
inhibition of IkappaB kinase sensitizes mantle cell lymphoma B cells to TRAIL by decreasing 
cellular FLIP level. Journal of Immunology, 2007; 178: 1923–1930.  
 
Roue G, Perez-Galan P, Lopez-Guerra M, Villamor N, Campo E, Colomer D. The HSP90 inhibitor 
IPI-504 overcomes bortezomib resistance in mantle cell lymphoma by downregulation of the 
prosurvival ER chaperone BiP/Grp78 [abstract]. AACR Meeting. 2009; Abstract 5650. 
 
Rubio-Moscardo F., Blesa D., Mestre C., Siebert R., Balasas T., Benito A., Rosenwald A., Climent 
J., Martinez J.I., Schilhabel M., Karran E.L., Gesk S., Esteller M., DeLeeuw R., Staudt L.M., 
Fernandez-Luna J.L., Pinkel D., Dyer M.J., Martinez-Climent J.A. Characterization of 8p21.3 
chromosomal deletions in B-cell lymphoma: TRAIL-R1 and TRAIL-R2 as candidate dosage-
dependent tumor suppressor genes. Blood, 2005; 106: 3214–3222.  
 
Rubio-Moscardo F., Climent J., Siebert R., Piris M.A., Martin-Subero J.I., Nielander I., Garcia-
Conde J., Dyer M.J., Terol M.J., Pinkel D., Martinez-Climent J.A. Mantle-cell lymphoma 
genotypes identified with CGH to BAC microarrays define a leukemic subgroup of disease and 
predict patient outcome. Blood, 2005; 105: 4445–4454.  
 
Rudelius M., Pittaluga S., Nishizuka S., Pham T.H., Fend F., Jaffe E.S., Quintanilla-Martinez L., 
Raffeld M. Constitutive activation of Akt contributes to the pathogenesis and survival of mantle cell 
lymphoma. Blood, 2006; 108: 1668–1676.  
 
Rudolph C, Steinemann D, Von Neuhoff N, Gadzicki D, Ripperger T, Drexler HG, et al. Molecular 
cytogenetic characterization of the mantle cell lymphoma cell line GRANTA-519. Cancer Genet 
Cytogenet 2004; 153: 144-150. 
 
Rummel M.J., De Vos S., Hoelzer D., Koeffler H.P., Hofmann W.K. Altered apoptosis pathways in 
mantle cell lymphoma. Leukemia & Lymphoma, 2004; 45: 49–54.  



 89 

 
Rush J., Moritz A., Lee K.A., Guo A., Goss V.L., Spek E.J., Zhang H., Zha X.M., Polakiewicz 
R.D., Comb M.J. Immunoaffinity profiling of tyrosine phosphorylation in cancer cells Nat 
Biotechnol, 2005; 23: 94-101.  
 
Rutjes S.A., Utz P.J., van der Heijden A., Broekhuis C. et al. The La (SS-B) autoantigen, a key 
protein in RNA biogenesis, is dephosphorylated and cleaved early during apoptosis. Cell Death 
Differ, 1999; 6: 976–986. 
 
Saito Y., Yamagishi N., Ishihara K., Hatayama T., Identification of alpha-tubulin as an 
hsp105alpha-binding protein by the yeast two-hybrid system. Exp. Cell Res. 2003, 286, 233–240. 
 
Salar A., Juanpere N., Bellosillo B., Domingo-Domenech E., Espinet B., Seoane A., Romagosa V., 
Gonzalez-Barca E., Panades A., Pedro C., Nieto M., Abella E., Sole F., Ariza A., Fernandez-Sevilla 
A., Besses C., Serrano S. Gastrointestinal involvement in mantle cell lymphoma: a prospective 
clinic, endoscopic, and pathologic study. American Journal of Surgical Pathology, 2006; 30: 1274–
1280.  
 
Salaverria I., Perez-Galan P., Colomer D., Campo E. Mantle cell lymphoma: from pathology and 
molecular pathogenesis to new therapeutic perspectives. Haematologica, 2006; 91: 11–16.  
 
Salaverria I., Zettl A., Bea S., Moreno V., Valls J., Hartmann E., Ott G., Wright G., Lopez-
Guillermo A., Chan W.C., Weisenburger D.D., Gascoyne R.D., Grogan T.M., Delabie J., Jaffe E.S., 
Montserrat E., Muller-Hermelink H.K., Staudt L.M., Rosenwald A., Campo E. Specific secondary 
genetic alterations in mantle cell lymphoma provide prognostic information independent of the gene 
expression-based proliferation signature. Journal of Clinical Oncology, 2007; 25: 1216–1222.  
 
Saltman D.L., Cachia P.G., Dewar A.E., Ross F.M. et al. Characterization of a new non-Hodgkin’s 
lymphoma cell line (NCEB-1) with a chromosomal (11:14) translocation [t(11:14)(q13;q32)]. 
Blood 1988, 72, 2026–2030. 
 
Samaha H., Dumontet C., Ketterer N., Moullet I., Thieblemont C., Bouafia F., Callet-Bauchu E., 
Felman P., Berger F., Salles G., Coiffier B. Mantle cell lymphoma: a retrospective study of 121 
cases. Leukemia, 1998; 12: 1281–1287.  
 
Sanchez-Izquierdo D, Buchonnet G, Siebert R, Gascoyne RD, Climent J, Karran L, et al. MALT1 is 
deregulated by both chromosomal translocation and amplification in B-cell non-Hodgkin 
lymphoma. Blood 2003; 101: 4539–4546. 
 
Sander B., Flygare J., Porwit-MacDonald A., Smith C.I., Emanuelsson E., Kimby E., Liden J., 
Christensson B. Mantle cell lymphomas with low levels of cyclin D1 long mRNA transcripts are 
highly proliferative and can be discriminated by elevated cyclin A2 and cyclin B1. International 
Journal of Cancer, 2005; 117: 418–430.  
 
Sander S, Bullinger L, Leupolt E, et al. Genomic aberrations in mantle cell lymphoma detected by 
interphase fluorescence in situ hybridization. Incidence and clinicopathological correlations. 
Haematologica. 2008; 93(5): 680-687. 
 
Sandhu JS, Clark BR, Boynton EL, et al. Humanhematopoiesis in SCIDmice implanted with human 
adult cancellous bone. Blood, 1996; 88: 1973-82. 
 



 90 

Sarfarazi M, Wijmenga C, Upadhyaya M, Weiffenbach B, Hyser C, Mathews K, et al. Regional 
mapping of facioscapulohumeral muscular dystrophy gene on 4q35: combined analysis of an 
international consortium. Am J Hum Genet, 1992; 51: 396-403. 
 
Shishodia S, Amin HM, Lai R, Aggarwal BB. Curcumin (diferuloylmethane) inhibits constitutive 
NF-kappaB activation, induces G1/S arrest, suppresses proliferation, and induces apoptosis in 
mantle cell lymphoma. Biochem Pharmacol, 2005; 70(5): 700-713. 
 
Shishodia S., Aggarwal B.B. Nuclear factor-kappaB activation: A question of life or death. J. 
Biochem. Mol. Biol. 2002; 35: 28–40. 
 
Schlette E., Fu K., Medeiros L.J. CD23 expression in mantle cell lymphoma: clinicopathologic 
features of 18 cases. American Journal of Clinical Pathology, 2003; 120: 760–766.  
 
Schrader C., Meusers P., Brittinger G., Teymoortash A., Siebmann J.U., Janssen D., Parwaresch R., 
Tiemann M. Topoisomerase IIalpha expression in mantle cell lymphoma: a marker of cell 
proliferation and a prognostic factor for clinical outcome. Leukemia, 2004; 18: 1200–1206.  
 
Schrader C., Janssen D., Klapper W., Siebmann J.U., Meusers P., Brittinger G., Kneba M., Tiemann 
M., Parwaresch R. Minichromosome maintenance protein 6, a proliferation marker superior to Ki-
67 and independent predictor of survival in patients with mantle cell lymphoma. British Journal of 
Cancer, 2005; 93: 939–945.  
 
Schraders M., Pfundt R., Straatman H.M., Janssen I.M., Van Kessel A.G., Schoenmakers E.F., Van 
Krieken J.H., Groenen P.J. Novel chromosomal imbalances in mantle cell lymphoma detected by 
genome-wide array-based comparative genomic hybridization. Blood, 2005; 105: 1686–1693.  
 
Schraders M, Jares P, Bea S, et al. Integrated genomic and expression profiling in mantle cell 
lymphoma: identification of gene-dosage regulated candidate genes. Br J Haematol. 2008; 143(2): 
210-221. 
 
Schulz H., Bohlius J.F., Trelle S., Skoetz N., Reiser M., Kober T., Schwarzer G., Herold M., 
Dreyling M., Hallek M., Engert A. Immunochemotherapy with rituximab and overall survival in 
patients with indolent or mantle cell lymphoma: a systematic review and meta-analysis. Journal of 
the National Cancer Institute, 2007; 99: 706–714.  
 
Seldin D.C., Landesman-Bollag E., Farago M., Currier N. et al. CK2 as a positive regulator of Wnt 
signalling and tumourigenesis. Mol. Cell. Biochem. 2005, 274, 63–67. 
 
Seto M., Yamamoto K., Iida S., Akao Y., Utsumi K.R., Kubonishi I., Miyoshi I., Ohtsuki T., 
Yawata Y., Namba M. Gene rearrangement and overexpression of PRAD1 in lymphoid malignancy 
with t(11;14)(q13;q32) translocation. Oncogene, 1992; 7: 1401–1406.  
 
Sherr C.J., Roberts J.M. CDK inhibitors: positive and negative regulators of G1-phase progression. 
Genes and Development, 1999; 13: 1501–1512.  
 
Smith MR. Mantle cell lymphoma: advances in biology and therapy. Curr Opin Hematol. 2008 
Jul;15(4):415-21. 
 
Soh J.W., Weinstein I.B., Roles of specific isoforms of protein kinase C in the transcriptional 
control of cyclin D1 and related genes. J. Biol. Chem. 2003, 278, 34709–34716. 



 91 

 
Solomon D.A., Wang Y., Fox S.R., Lambeck T.C., Giesting S., Lan Z., Senderowicz A.M., Conti 
C.J., Knudsen E.S. Cyclin D1 splice variants. Differential effects on localization, RB 
phosphorylation, and cellular transformation. Journal of Biological Chemistry, 2003; 278: 30339–
30347.  
 
Staudt LM, Ott G, Bea S, Delabie AR, Elaine S. Jaffe, Randy D., Mueller-Hermelink HK, Xiao W, 
Braziel RM, Rimsza LM, Chan WC, Weisenburger DD, Hartmann JE, Campo E, Wright G, Lenz 
G, Salaverria I, Jares P. High-resolution gene expression and copy number profiling Pathway 
discovery in mantle cell lymphoma by integrated analysis. Blood, 2010; 116: 953-961. 
 
Steinemann D, Gesk S, Zhang Y, Harder L, Pilarsky C, Hinzmann B, et al. Identification of 
candidate tumorsuppressor genes in 6q27 by combined deletion mapping and electronic expression 
profiling in lymphoid neoplasms. Genes Chromosomes Cancer 2003; 37: 421-426. 
 
Stilgenbauer S., Winkler D., Ott G., Schaffner C., Leupolt E., Bentz M., Moller P., Muller-
Hermelink H.K., James M.R., Lichter P., Dohner H. Molecular characterization of 11q deletions 
points to a pathogenic role of the ATM gene in mantle cell lymphoma. Blood, 1999; 94: 3262–
3264.  
 
Sydor JR, Normant E, Pien CS, et al. Development of 17-allylamino-17-demethoxygeldanamycin 
hydroquinone hydrochloride (IPI-504), an anticancer agent directed against Hsp90. Proc Natl Acad 
Sci U S A. 2006; 103(46): 17408-17413. 
 
Swerdlow S.H., Berger F., Isaacson P., Muller-Hermelink H.K., Nathwani B.N., Piris M.A., Harris 
N.L. Mantle cell lymphoma. In: World Health Organization Classification of Tumors. Pathology 
and Genetics of Tumours of Haematopoietic and lymphoid Tissues (ed. by E.S.Jaffer, N.L.Harris, 
H.Stein & J.W.Vardiman), 2001, IARC Press, Lyon. pp. 168–170.  
 
Tagawa H., Karnan S., Suzuki R., Matsuo K., Zhang X., Ota A., Morishima Y., Nakamura S., Seto 
M. Genome-wide array-based CGH for mantle cell lymphoma: identification of homozygous 
deletions of the proapoptotic gene BIM. Oncogene, 2005; 24: 1348–1358.  
 
Taldone T, Gozman A, Maharaj R, Chiosis G. Targeting Hsp90: small-molecule inhibitors and their 
clinical development. Curr Opin Pharmacol. 2008; 8(4): 370-374. 
 
Tanaka T, Kitamura F, Nagasaka Y, et al. Selective long-term elimination of natural killer cells in 
vivo by an anti-interleukin 2 receptor β chain monoclonal antibody in mice. J Exp Med 
1993;178:1103–7. 
 
Tapia J.C., Bolanos-Garcia V.M., Sayed M., Allende C.C., Allende J.E. Cell cycle regulatory 
protein p27KIP1 is a substrate and interacts with the protein kinase CK2. J. Cell. Biochem. 2004; 
91: 865–879. 
 
Teramoto N., Pokrovskaja K., Szekely L., Polack A., Yoshino T., Akagi T., Klein G. Expression of 
cyclin D2 and D3 in lymphoid lesions. International Journal of Cancer, 1999; 81, 543–550.  
 
Thelander E.F., Walsh S.H., Thorselius M., Laurell A., Landgren O., Larsson C., Rosenquist R. 
Lagercrantz S. Mantle cell lymphomas with clonal immunoglobulin V(H)3-21 gene rearrangements 
exhibit fewer genomic imbalances than mantle cell lymphomas utilizing other immunoglobulin 
V(H) genes. Modern Pathology, 2005; 18: 331–339.  



 92 

 
Thorselius M., Walsh S., Eriksson I., Thunberg U., Johnson A., Backlin C., Enblad G., Sundstrom 
C., Roos G., Rosenquist R. Somatic hypermutation and V(H) gene usage in mantle cell lymphoma. 
European Journal of Haematology, 2002; 68: 217–224.  
 
Tiemann M., Schrader C., Klapper W., Dreyling M.H., Campo E., Norton A., Berger F., Kluin P., 
Ott G., Pileri S., Pedrinis E., Feller A.C., Merz H., Janssen D., Hansmann M.L., Krieken H., Moller 
P., Stein H., Unterhalt M., Hiddemann W., Parwaresch R. Histopathology, cell proliferation indices 
and clinical outcome in 304 patients with mantle cell lymphoma (MCL): a clinicopathological study 
from the European MCL Network. British Journal of Haematology, 2005; 131: 29–38.  
 
Tilney. Patterns of lymphatic drainage in the adult laboratory rat, Journal of Anatomy, 1971; 109: 
369.  
 
Tirier C, Zhang Y, Plendl H, Weber-Matthiesen K, Langer W, Heit W, et al. Simultaneous presence 
of t(11;14) and a variant Burkitt's translocation in the terminal phase of a mantle cell lymphoma. 
Leukemia 1996; 10: 346-50. 
 
Tort F., Hernandez S., Bea S., Martinez A., Esteller M., Herman J.G., Puig X., Camacho E., 
Sanchez M., Nayach I., Lopez-Guillermo A., Fernandez P.L., Colomer D., Hernandez L., Campo E. 
CHK2-decreased protein expression and infrequent genetic alterations mainly occur in aggressive 
types of non-Hodgkin lymphomas. Blood, 2002; 100: 4602–4608. 
 
Tort F., Camacho E., Bosch F., Harris N.L., Montserrat E., Campo E. Familial lymphoid neoplasms 
in patients with mantle cell lymphoma. Haematologica, 2004; 89: 314–319.  
 
Tort F., Hernandez S., Bea S., Camacho E., Fernandez V., Esteller M., Fraga M.F., Burek C., 
Rosenwald A., Hernandez L., Campo E. Checkpoint kinase 1 (CHK1) protein and mRNA 
expression is downregulated in aggressive variants of human lymphoid neoplasms. Leukemia, 
2005; 19: 112–117.  
 
Tracey L, Perez-Rosado A, Artiga MJ, et al. Expression of the NF-kappaB targets BCL2 and 
BIRC5/Survivin characterizes small B-cell and aggressive B-cell lymphomas, respectively. J 
Pathol. 2005; 206(2): 123-134. 
 
Tripodi F., Zinzalla V., Vanoni M., Alberghina L., Coccetti P. In CK2 inactivated cells the cyclin 
dependent kinase inhibitor Sic1 is involved in cell-cycle arrest before the onset of S phase. 
Biochem. Biophys. Res. Commun. 2007; 359: 921–927. 
 
Tucker CA, Bebba G, Klasa RJ, Chhanabhai M, Lestou V, Horsmanc DE, Gascoyne RD, Wiestner 
A, Masin D, Bally M, Williams ME. Four human t(11;14)(q13;q32)-containing cell lines having 
classic and variant features of Mantle Cell Lymphoma. Leukemia Research 2006; 30: 449–457. 
 
Vaandrager J.W., Schuuring E., Zwikstra E., De Boer C.J., Kleiverda K.K., Van Krieken J.H., 
Kluin-Nelemans H.C., Van Ommen G.J., Raap A.K., Kluin P.M. Direct visualization of dispersed 
11q13 chromosomal translocations in mantle cell lymphoma by multicolor DNA fiber fluorescence 
in situ hybridization. Blood, 1996; 88: 1177–1182.  
 
Vater I, Wagner F, Kreuz M, et al. GeneChip analyses point to novel pathogenetic mechanisms in 
mantle cell lymphoma. Br J Haematol. 2009;144(3): 317-331. 
 



 93 

Viswanatha D.S., Foucar K., Berry B.R., Gascoyne R.D., Evans H.L., Leith C.P. Blastic mantle cell 
leukemia: an unusual presentation of blastic mantle cell lymphoma. Modern Pathology, 2000; 13: 
825–833.  
 
Wang W., Mouneimne G., Sidani M., Wyckoff J. et al. The activity status of cofilin is directly 
related to invasion, intravasation, and metastasis of mammary tumors. J. Cell Biol. 2006; 173: 395–
404. 
 
Wang M, Liang Zhang, Xiaohong Han, et al. Model of Human Primary Mantle Cell Lymphoma A 
Severe Combined Immunodeficient-hu In vivo Mouse. Clin Cancer Res 2008; 14: 2154-2160. 
 
Walsh S.H., Thorselius M., Johnson A., Soderberg O., Jerkeman M., Bjorck E., Eriksson I., 
Thunberg U., Landgren O., Ehinger M., Lofvenberg E., Wallman K., Enblad G., Sander B., Porwit-
MacDonald A., Dictor M., Olofsson T., Sundstrom C., Roos G., Rosenquist R. Mutated VH genes 
and preferential VH3-21 use define new subsets of mantle cell lymphoma. Blood, 2003; 101: 4047–
4054.  
 
Weigert O., Pastore A., Rieken M., Lang N., Hiddemann W., Dreyling M. Sequence-dependent 
synergy of the proteasome inhibitor bortezomib and cytarabine in mantle cell lymphoma. Leukemia, 
2007; 21: 524–528.  
 
Weisenburger D.D., Vose J.M., Greiner T.C., Lynch J.C., Chan W.C., Bierman P.J., Dave B.J., 
Sanger W.G., Armitage J.O. Mantle cell lymphoma. A clinicopathologic study of 68 cases from the 
Nebraska Lymphoma Study Group. American Journal of Hematology, 2000; 64: 190–196.  
 
Weisenburger DD, Kim H, Rappaport H. Mantle-zone lymphoma: a follicular variant of 
intermediate lymphocytic lymphoma. Cancer. 1982; 49(7): 1429-1438. 
 
Weisenburger DD, Armitage JO. Mantle cell lymphoma: an entity comes of age. Blood 1996; 87: 
4483–4494. 
 
Welzel N., Le T., Marculescu R., Mitterbauer G., Chott A., Pott C., Kneba M., Du M.Q., Kusec R., 
Drach J., Raderer M., Mannhalter C., Lechner K., Nadel B., Jaeger U. Templated nucleotide 
addition and immunoglobulin JH-gene utilization in t(11;14) junctions: implications for the 
mechanism of translocation and the origin of mantle cell lymphoma. Cancer Research, 2001; 61: 
1629–1636.  
 
Weston VJ, Ceri E. Oldreive CE, Skowronska A, Oscier DG, Pratt G, Dyer MJS, Smith G, Powell 
JE, Rudzki Z, Kearns P, Moss PAH, Taylor MR, Stankovic T. The PARP inhibitor olaparib induces 
significant killing of ATM-deficient lymphoid tumor cells in vitro and in vivo. Lymphoid 
Neoplasia, 2010; 116: 4578-4587. 
 
Wiestner A., Tehrani M., Chiorazzi M., Wright G., Gibellini F., Nakayama K., Liu H., Rosenwald 
A., Muller-Hermelink H.K., Ott G., Chan W.C., Greiner T.C., Weisenburger D.D., Vose J., 
Armitage J.O., Gascoyne R.D., Connors J.M., Campo E., Montserrat E., Bosch F., Smeland E.B., 
Kvaloy,S., Holte H., Delabie J., Fisher R.I., Grogan T.M., Miller T.P., Wilson W.H., Jaffe E.S., 
Staudt L.M. Point mutations and genomic deletions in CCND1 create stable truncated cyclin D1 
mRNAs that are associated with increased proliferation rate and shorter survival. Blood, 2007; 109: 
4599–4606.  
 



 94 

Williams M.E., Whitefield M., Swerdlow S.H. Analysis of the cyclin-dependent kinase inhibitors 
p18 and p19 in mantle-cell lymphoma and chronic lymphocytic leukemia. Annals of Oncology, 
1997; 8(Suppl. 2): 71–73.  
 
Winokur ST, Chen YW, Masny PS, Martin JH, Ehmsen JT, Tapscott SJ, et al. Expression profiling 
of FSHD muscle supports a defect in specific stages of myogenic differentiation. Hum Mol Genet 
2003; 12: 2895-907. 
 
Witzig TE, Vose JM, Zinzani PL, Reeder A, Buckstein R. Durable responses after lenalidomide 
oral monotherapy in patients with relapsed or refractory (R/R) aggressive non-Hodgkin’s 
lymphoma (a-NHL): results from an international phase 2 study (CC-5013-NHL-003). Blood. 2009; 
114(22): Abstract 1676. 
 
Wolf S, Mertens D, Schaffner C, Korz C, Dohner H, Stilgenbauer S, et al. Bcell neoplasia 
associated gene with multiple splicing (BCMS): the candidate B-CLL gene on 13q14 comprises 
more than 560 kb covering all critical regions. Hum Mol Genet 2001; 10: 1275-85. 
 
Xiong Y., Connolly T., Futcher B., Beach D. Human D-type cyclin. Cell, 1991; 65: 691–699.  
 
Yaccoby S, Barlogie B, Epstein J. Primary myeloma cells growing in SCID-hu mice: a model for 
studying the biology and treatment of myeloma and itsmanifestations. Blood, 1998; 92: 2908-2913. 
 
Yaccoby S,Wezeman MJ, Henderson A, et al. Cancer and the microenvironment: myeloma-
osteoclast interactions as amodel. CancerRes, 2004; 64: 2016-23. 
 
Yamagishi N., Ishihara K., Saito Y., Hatayama T. Hsp105 family proteins suppress staurosporine-
induced apoptosis by inhibiting the translocation of Bax to mitochondria in HeLa cells. Exp. Cell 
Res. 2006, 312, 3215–3223. 
 
Yang DT, Young KH, Kahl BS, Markovina S, Miyamoto S. Prevalence of bortezomib-resistant 
constitutive NF-kappaB activity in mantle cell lymphoma. Mol Cancer. 2008;7:40-42. 
 
Yecies D, Carlson NE, Deng J, Letai A. Acquired resistance to ABT-737 in lymphoma cells that 
upregulate MCL-1 and BFL-1. Blood, 2010; 115(16): 3304-3313. 
 
Yin C.C., Medeiros L.J., Cromwell C.C., Mehta A.P., Lin P., Luthra R., Abruzzo L.V. Sequence 
analysis proves clonal identity in five patients with typical and blastoid mantle cell lymphoma. 
Modern Pathology, 2007; 20: 1–7. 
 
Zamò A., Ott G., Katzenberger T., Adam P. et al. Establishment of the MAVER-1 cell line, a model 
for leukemic and aggressive mantle cell lymphoma. Haematologica, 2006; 91: 40–47. 
 
Zhai D, Jin C, Satterthwait AC, Reed JC. Comparison of chemical inhibitors of antiapoptotic Bcl- 
2-family proteins. Cell Death Differ. 2006; 13(8): 1419-1421. 
 
Zhang L., Pan X., Hershey J.W. Individual overexpression of five subunits of human translation 
initiation factor eIF3 promotes malignant transformation of immortal fibroblast cells. J. Biol. Chem. 
2007, 282, 5790–5800. 
 



 95 

Zukerberg L.R., Benedict W.F., Arnold A., Dyson N., Harlow E., Harris N.L. Expression of the 
retinoblastoma protein in low-grade B-cell lymphoma: relationship to cyclin D1. Blood, 1996; 88: 
268–276. 
 
 



 96 

THANKS TO 

 

All these study and the future ones too wouldn’t have been possible without the good team job of 

all staff of the group coordinate by dott. Alberto Zamò.  

Thus I’d like to thank very much dott. Anna Bertolaso, dott. Daniela Cecconi, dott. Irene Dalai, 

dott. Marta Franchini, dott. Claudia Parolini, dott. Serena Pedron, dott. Chiara Pighi and dott. 

Stefano Barbi. 


