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El món exigeix resultats.

No expliquis als altres els teus dolors de part. Ensenya´ls el nen. (Indira Gandhi)

Si busques resultats diferents, no facis sempre el mateix (Albert Einstein)

RESULTATS
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TREBALL 1: PROLIFERACIÓ EN NHL

Un model de cinc gens pot predir la supervivència del limfoma de cèl·lules
del mantell i aplicar-se en teixit fixat amb formol i inclós en parafina

Journal of Clinical Oncology, 2007 (en revisió)

(Journal impact factor 2006: 13.598)

L´augment de l ´expressió de MDM2 s´associa amb menor supervivència
en el limfoma de cèl·lules del mantell, però no es relaciona amb la

presència del SNP309

Haematologica 2007, 92: 574-575
(Journal impact factor 2006: 5.032)
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Un model de cinc gens pot predir la supervivència del limfoma de cèl·lules

del mantell i aplicar-se en teixit fixat amb formol i inclós en parafina

Objectius.Tot i la presència de la translocació t(11;14) que afecta el gen de la CCND1

i que es troba en pràcticament tots els casos de limfoma de cèl·lules del mantell

(MCL), el curs clínic de la malaltia és molt variable. L´objectiu del present estudi és

desenvolupar un model quantitatiu basat en l´expressió gènica per predir la

supervivència de pacients amb MCL acabats de diagnosticar, format pel mínim nombre

de gens i que es pugui aplicar en mostres tumorals fixades en formol i incloses en

parafina (FFPE, de l´anglès Formalin-Fixed and Paraffin-Embedded). Material i

Mètodes. L´expressió de 33 gens amb potencial impacte pronòstic i patogènic es va

analitzar mitjançant la reacció en cadena de la polimerasa quantitativa a temps real

(qPCR) en un format d´array de baixa densitat (targetes microfluídiques) en mostres

tumorals congelades de 73 pacients amb MCL. Es van aplicar mètodes Cox

multivariants i algoritmes stepwise per construir predictors de supervivència basats en

l´expressió gènica, obtenint un model optimitzat de cinc gens. Aquest predictor es va

aplicar posteriorment en mostres tumorals en FFPE de 13 pacients amb MCL de la

sèrie inicial i en 42 mostres de MCL d´una sèrie independent. Resultats. El predictor

de supervivència optimitzat es componia dels 5 gens RAN, MYC, TNFRSF10B, POLE2

i SLC29A2, i es va validar per l´aplicació en mostres de teixit en FFPE. Va permetre la

predicció de la supervivència de pacients amb MCL amb diferent pronòstic clínic i va

demostrar ser més acurat que el marcador immunohistoquímic Ki67, molt usat en

MCL. Conclusions. Presentem un test basat en qPCR que permet la predicció de la

supervivència dels pacients de MCL i que es pot aplicar tant en material congelat com

en FFPE. Aquest predictor pot esdevenir molt útil pel desenvolupament

d´aproximacions terapèutiques individualitzades pels pacients de MCL.

* La contribució personal en aquest treball ha estat la participació en el disseny

experimental del projecte, l´extracció de material genètic de les mostres (RNA) i

posterior anàlisi de l´expressió gènica de certs gens mitjançant la tecnologia de la PCR

quantitativa a temps real (qPCR); així com la interpretació dels resultats i la redacció

del treball.
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ABSTRACT

Purpose: Despite the common underlying translocation t(11;14) involving Cyclin D1

that is present in nearly all cases of mantle cell lymphoma (MCL), the clinical course of

the disease is highly variable. The aim of the present study was to develop a

quantitative gene expression-based model to predict survival in newly diagnosed MCL

patients involving a minimum number of genes and applicable to formalin-fixed

paraffin-embedded (FFPE) tumor samples.

Patients and Methods: The expression of 33 genes with potential prognostic and

pathogenetic impact in MCL was analysed using quantitative reverse-transcription

polymerase chain reactions (qRT-PCR) in a low density array format in frozen tumor

samples from 73 MCL patients. Multivariate Cox methods and stepwise algorithms

were applied to build gene expression-based survival predictors. An optimized 5-gene-

model was subsequently applied to FFPE tumor samples from 13 MCL patients from

the initial series and to 42 independent MCL samples.

Results: The optimized survival predictor was composed of the 5 genes RAN, MYC,

TNFRSF10B, POLE2 and SLC29A2 and validated for application in FFPE tissue

samples. It allowed the survival prediction of MCL patients with widely disparate clinical

outcome and was superior to the immunohistochemical marker Ki-67, an established

prognostic factor in MCL.

Conclusion: We here present a validated qRT-PCR based test for survival prediction

in MCL patients that is applicable to fresh frozen as well as to FFPE tissue specimens.

This test may prove useful to guide individualized treatment approaches for MCL

patients.
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INTRODUCTION
Mantle cell lymphoma (MCL) is a distinctive subtype of B-cell non-Hodgkin’s lymphoma

(B-NHL) characterized by the translocation t(11;14)(q13;32) and the overexpression of

Cyclin D11-3. The clinical course of these patients can be highly variable. In general,

MCL shows an aggressive clinical behaviour with poor response to current therapeutic

approaches2,4, and the median survival of MCL patients following diagnosis is between

3 and 5 years. However, some patients succumb to their disease in less than 6

months, while others survive more than 10 years. The current treatment approaches for

MCL patients are rather uniform and rarely reflect the widely varying clinical behavior.

However, before more individualized and risk-adapted treatment strategies can be

tested in prospective clinical trials, it is a prerequisite to develop molecular tests for

newly diagnosed MCL patients that reliably predict their clinical course and that are

applicable in a routine diagnostic setting.

In the recent years, many attempts have been made to identify clinical, histological and

molecular markers that allow the stratification of MCL patients into different risk groups.

Morphologically, two major variants of MCL have been identified, namely the typical or

classical and the blastoid variants, and blastoid MCL cases show a worse clinical

outcome5,6. Genetically, alterations affecting the cell cycle machinery and the DNA

damage response pathways appear to be the hallmarks of MCL1-3. Secondary genetic

alterations in MCL frequently target key regulators of these pathways and are also

associated with inferior clinical outcome7-12.

The strongest predictor of survival in MCL patients was identified by gene expression

profiling in a large series of MCL13. In particular, a gene expression-based molecular

predictor consisting of 20 proliferation-associated genes was constructed that allowed

the definition of prognostic subgroups of MCL patients in which the median survival

differed by almost 6 years. This survival predictor was shown to be superior to other

prognostic molecular markers either alone or in combination and was therefore viewed

as an integrator of multiple oncogenic events13. It is obvious that a microarray-based

technical platform is currently not feasible for routine clinical application and,

accordingly, the potential surrogate marker Ki-67 measured by immunohistochemistry

has attracted major attention recently. In several studies, increased Ki-67 indices in

MCL tumor cells were related to a shorter survival of the patients14-16 and measurement

of the tumor cell proliferation by Ki-67 is now part of the routine diagnostic procedure in

many lymphoma centers. However, immunohistochemical techniques are only

semiquantitative in nature and, in a recent multi-center immunohistochemistry study,
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the concordance of the staining and scoring procedures for Ki-67 between several

experienced laboratories was less than satisfactory17.

The aim of the present study was therefore to develop an accurate and quantitative

gene-expression based survival model for MCL patients that involves a minimum

number of genes and is applicable in a routine diagnostic setting to formalin-fixed

paraffin-embedded (FFPE) tissue specimens from MCL patients.

MATERIAL AND METHODS
Case selection

Frozen tumor samples from 73 newly diagnosed mantle cell lymphoma (MCL) patients

were obtained from the Institute of Pathology, University of Würzburg and the Hospital

Clínic, University of Barcelona. 15 of the 73 MCL specimens had been included in a

previous, gene expression-based study13. Corresponding formalin-fixed and paraffin-

embedded (FFPE) tumor samples from 13 of the 73 MCL patients as well as FFPE

tissue samples from 57 independent MCL cases, including 22 cases from the Institute

of Pathology in Kiel, were also obtained for further validation purposes. Of these, 42

tumors had amplifiable cDNA. The diagnosis was established according to the WHO

criteria18, and the study was approved by the local Institutional Review Boards (IRB).

Among the 73 MCL cases with available frozen material, 54 showed typical

morphology and 19 corresponded to the blastoid variant. Within the independent set of

42 FFPE MCL cases, 35 were typical and 7 were blastoid variants.

Immunohistochemical staining for Ki-67 and evaluation of the proliferation fraction was

performed as previously described15 (Table 1, Supplementary Table 1).

RNA extraction and reverse-transcription PCR

RNA from frozen samples was extracted using the TRIzol® reagent following the

manufacturer’s instructions (Invitrogen Life Technologies®, Carlsbad, CA, USA). RNA

from FFPE samples was extracted as previously described with minor modifications19.

A detailed protocol is provided in the supplementary information. RNA integrity was

examined with the Agilent 2100 Bioanalyser (Agilent Technologies®, Palo Alto, CA,

USA). Complementary DNA synthesis was carried out from 1 μg of total RNA with the

High Capacity cDNA Archive Kit (Applied Biosystems®, Foster City, CA, USA) as

recommended by the supplier.
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Real time quantitative RT-PCR (qRT-PCR)

The expression of 33 genes with potential prognostic and pathogenetic impact in MCL

was analyzed using a custom TaqMan® low-density array platform (Micro Fluidic

Cards, Applied Biosystems®). In particular, the selection included genes implied in the

proliferation signature13, cell cycle2,20-24, apoptosis25-31, nucleoside transport32 and

metabolism processes33,34. The chosen pre-developed assays are summarized in

Table 2. QRT-PCR was performed using the ABI Prism®7900 HT Sequence Detection

System under standard conditions (Applied Biosystems®). The raw data analysis was

carried out with the Sequence Detector System (SDS) software version 2.1 (Applied

Biosystems®). Two control genes were included in the study: 18S (mandatory for the

technique) and β2-microglobulin (B2M, chosen according to previous work13). Gene

expression levels were further calculated with the 2-ΔΔCt method by using 18S and B2M

as endogenous controls35 (Supplementary Table 2). One MCL case of the series was

used as mathematical calibrator. For optimal qRT-PCR performance in FFPE material

the amplicon sizes were reduced to less than 80bp in the four genes that was required.

Therefore, optimized pre-developed assays were chosen for SLC29A2

(Hs01546959_g1) and TNFRSF10B (Hs01043164_m1), and probe/primer sets were

modified (using the Primer Express® software, Applied Biosystems®) for MYC (Probe:

5´-CTTAGAGGTTGCTCAGACAA-3´, Primer forward:

5´GGCAGCACAGTATGAGCACG-3´, Primer reverse: 5´-

ATCCTCATCCGGGAGAGCA-3´) and RAN (Probe: 5´-AGGAGGAACAAGAAGAT-3´,

Primer forward: 5´-CACCACCAGCAGCGACTCT-3´, Primer reverse: 5´-

ACAGAAACAACATCGATTTCTTCCT-3´). Gene expression levels were calculated as

described above using B2M as a housekeeping gene. The amplicon for POLE2 was

already less than 80 bp (Table 2)

Statistical analysis

Survival was estimated with Kaplan-Meier method and compared by log rank tests.

Multivariate Cox's proportional hazards models were used to identify the best subset of

genes with prognostic value. Hazard ratios and 95% confidence intervals were

estimated from the models and likelihood ratio tests were used to assess statistical

significance. The predictive accuracy was calculated using the area under the ROC

(Receiver Operating Characteristic) curve (C-index) derived from the Sommers' D

statistic adapted for censored observations. Bootstrap internal validation of the

stepwise selection procedure was used to assess the predictive accuracy corrected for

overfitting. P-values less than 0.05 were considered significant.
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RESULTS
Characteristics of MCL patients

The clinical and histological details, survival data and information on the Ki-67 index for

each patient are provided in Table 1 and in the Supplementary Table 1. Importantly, no

differences were observed between the frozen and FFPE MCL specimens regarding

the distribution of median age, sex, histological features, median survival and median

Ki-67 index (Table 1). The vast majority (78%) of MCL patients received an

anthracyclin-based (CHOP-like) therapy as first-line treatment, 10% received an

intensified chemotherapy regimen (mostly hyperCVAD), 6% did not receive

chemotherapy and in 6% the therapy was unknown. No differences in gender

distribution, histological features and overall survival were observed between the

treatment groups. The group with intensified treatment included more younger patients

(p=0.002) and was enriched for tumors with increased proliferation rates (Ki-67≥40%), 

although this feature was not statistically significant (p=0.07).

Development of a quantitative real time RT-PCR based predictor of survival in
frozen MCL specimens

A flow-chart demonstrating the set-up of the entire study is provided in Figure 1. First,

we investigated the gene expression levels of the selected 33 genes (Table 2) in fresh

frozen tumor samples from 73 MCL patients by qRT-PCR in order to build a

quantitative predictor of survival in frozen specimens. In a univariate analysis using

B2M as a control gene, 10 out of 33 genes showed significant association with survival,

and these genes are marked with an asterisk in Table 2 (p-value<0.05). When using

18S as a control gene, the gene expressions of these 10 genes were also significantly

associated with survival demonstrating the robustness of the chosen reference genes

and the array platform. Two additional genes showed borderline significance (CDC2,

p=0.053 and TUBA1B, p=0.054). Importantly, all of these genes are involved in the

biological process of proliferation and 10 of the 12 genes were included in the gene

expression-based proliferation signature described earlier13. This finding highlights the

prognostic value of the proliferation signature in MCL tumor specimens and confirms its

value in a large independent series of cases.

When stepwise statistical methods were applied to the data set using bootstrap

replication samples, the most frequently selected genes in prognostic models

comprising between one and five genes were the following: MYC (45%), RAN (35%),

SLC29A2 (31%), HPRT1 (28%), POLE2 (26%), TNFRSF10B (25%) and CDKN3

(24%). Using the gene expression data from these genes, all possible models were
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fitted and those with the smaller prediction error were kept. The best survival predictor

was composed of the five genes RAN, MYC, TNFRSF10B, POLE2 and SLC29A2 (C-

index=0.762, C-index corrected for overfitting using bootstrap= 0.71, 95%CI= 0.65-

0.76) (Table 3, Figure 2 and Supplementary Table 2). Whereas RAN, MYC and

TNFRSF10B were essential for the predictor, POLE2 and SLC29A2 could be replaced

by other genes with similar predictive capacity (data not shown). Interestingly, the

addition of up to two more genes did not improve the predictive accuracy of the five-

gene model (Figure 2). In the model, increased expression levels of RAN, MYC,

POLE2 and SLC29A2 were correlated with inferior survival, whereas higher levels of

TNFRSF10B were associated with improved survival. Since all five genes included in

the model had similar coefficients, a simplified prognostic score was calculated using

identical coefficients (+1; -1 for TNFRSF10B). The application of this model resulted in

the definition of MCL subgroups that differed in median survival for more than 5 years

(Figure 3A, logrank p-value=1.1e-06). Since tumors with elevated Ki-67 indices were

enriched (but not statistically different) among MCL patients with intensified treatment,

adjustment of the model for treatment resulted in a p-value of similar significance

(logrank p-value=1.7e-07). The five-gene predictor and the Ki-67 index were shown to

be correlated (Pearson correlation=0.58). However, both provided significant

independent prognostic value in a multivariate model with both factors. Importantly, the

five-gene predictor was superior compared to the predictive power of the Ki-67

proliferation index (p-value <0.0001 for the five-gene predictor adjusted for Ki-67). Vice

versa, the Ki-67 index also added independent prognostic information to the five-gene

predictor, but to a much lesser extent (p-value=0.01 for Ki-67 adjusted for the five-gene

predictor).

Application of the five-gene-predictor to routinely formalin-fixed paraffin-
embedded (FFPE) tissue

To evaluate the potential of the five-gene model for widespread application in a routine

diagnostic setting, we tested the qRT-PCR-based predictor in a series of routinely

formalin-fixed paraffin-embedded (FFPE) MCL samples (Figure 1 and Supplementary

Table 2). For 4 out of the 5 genes in the model, the amplicon length of the pre-

developed assays chosen for the low-density array platform (Micro Fluidic Cards) was

longer than 100 bp. These amplicons show very late or no amplification in FFPE

samples. For this reason, the assays were slightly modified to shorten the amplicon

size and to optimize the yield of the qRT-PCR, as described in the Material and

Methods section. In a first step, a randomly selected set of 22 frozen MCL samples,

that were part of the initial series, were used to test the modified qRT-PCR assays.
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This analysis demonstrated an excellent correlation between the original pre-developed

and modified assays (p-value<0.0001). In a second step, 18 cases from the initial

series were selected with available FFPE tumor tissue obtained from the same

diagnostic biopsy and subsequently analysed using the optimized assays. 13 out of

these 18 samples (72%) showed successful amplification for all five genes using the

modified qRT-PCR assays. Although FFPE samples generally amplified at higher CT

values, the normalized gene expression levels obtained from RNA extracted from

FFPE tissue were comparable to those obtained from frozen tissues (Pearson

correlation=0.77, p=0.002).

Validation of the five-gene survival predictor in an independent series of FFPE
MCL tumor samples

For further validation in an independent data set, we examined the performance of the

five-gene predictor in an additional series of 57 MCL specimens with clinical data and

FFPE tissue blocks available. 42 out of the 57 FFPE samples (74%) were amplifiable

for all five genes of the model (Table 1, Supplementary Table 1 and Supplementary

Table 2). Importantly, the success rate among more recent cases (1998-2003)

collected as part of prospective clinical trials was 86%. In this independent series of

cases, the model successfully predicted survival of MCL patients (logrank p-

value=0.011). For illustration, Kaplan-Meier curves are displayed in Figure 3B showing

two subgroups that differ in median survival of more than 3 years (Figure 3B). It is

noteworthy however, that the five-gene model predicts survival in a linear fashion with

a definite predicted survival time for each individual patient. In the validation series, the

Ki-67 proliferation index was also a significant predictor of survival (p-value=0.008).

DISCUSSION

Mantle cell lymphoma (MCL) shows a widely varying clinical behavior, but current

treatment approaches are rather uniform for most patients newly diagnosed with this

lymphoid neoplasm. Depending on the patient’s eligibility, MCL may be treated by

combined immunochemotherapy followed by stem cell transplantation or by

immunochemotherapy alone36. However, given that the survival of MCL patients

ranges anywhere between a few months and more than ten years, risk-adapted

therapeutic approaches could be tested in future clinical trials. Obviously, such

strategies will require the development of precise and clinically applicable tests at the

time of diagnosis that would reliably predict the clinical course of the disease. In the

search for clinical, histological and molecular prognostic predictors, several features
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have been identified that appear to be correlated with clinical aggressiveness1. In

particular, the blastoid variant of MCL5,6, deletions affecting the INK4a/ARF locus21,37,

inactivation of the p53 gene7-9, altered expression of MDM220,38,39 and point mutations

and genomic deletions in the Cyclin D1 gene locus40 are associated with inferior

survival. On the mRNA expression level, increased expression of c-myc has been

described in MCL patients with poor outcome41.

The strongest predictor of survival described to date in MCL patients appears to be the

proliferation signature measured by gene expression profiling13. Since microarray-

based clinical tests require the availability of fresh frozen tumor tissue, immunostaining

for Ki-67 that can be performed on routinely obtained formalin-fixed and paraffin-

embedded (FFPE) specimens was viewed as a good surrogate marker for the

proliferative activity of the tumor cells in recent years. Indeed, the Ki-67 index is able to

define risk groups among MCL patients, as described in several studies14-16. However,

most of the published series represent investigations conducted by single institutions,

and, in a recent multi-center immunohistochemistry study, the inter-laboratory variation

of the staining and scoring procedures for Ki-67 was surprisingly high17. Moreover,

there is evidence that a quantitative measurement of proliferation-associated gene

expression levels may be superior in their predictive capacity to immunohistochemical

techniques that are at most semiquantitative13.

To predict the clinical course of MCL patients at the time of diagnosis, we here present

a molecular test that is quantitative in nature, comprises the gene expression

measurements of only fine genes and is applicable in most MCL cases with available

FFPE tissue. The five-gene model is composed of the genes RAN, MYC, TNFRSF10B,

POLE2 and SLC29A2; this model predicts survival more precisely than any

combination of fewer genes (between 1 and 4) or the Ki-67 index, whereas the addition

of up to two additional genes does not improve the predictive power any further. High

expression of RAN, MYC, POLE2 and SLC29A2 is related to a worse prognosis, while

increased expression of TNFRSF10B correlates with a more favorable clinical course.

There is no indication that the validity of the model may be affected by the

heterogeneity of treatments in our cohort, since all biological and clinical parameters

(except for age) were equally distributed between the different treatment groups. In

addition, the model maintained its prognostic value when adjusted for the treatment of

the patients.
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RAN is a small GTP binding protein that belongs to the RAS superfamily and is

required for the translocation of RNA and proteins through the nuclear pore complex,

as well as the control of DNA synthesis and cell cycle progression42,43. It is a member

of the gene expression-based proliferation signature in which high expression was

related to worse prognosis in MCL13. MYC is a transcription factor that plays a key role

in cell cycle progression and apoptosis44. Deregulation of MYC by mutation,

overexpression or chromosomal rearrangements are common events in hematological

malignancies45. MYC has been found to be highly expressed in MCL46,47 and increased

expression is associated with poor prognosis41. TNFRSF10B is a member of the TNF-

receptor superfamily that triggers an apoptotic signal upon activation by the cytokine

TRAIL. Inactivating mutations of TNFRSF10B have been found in different types of

solid tumors and some types of non-Hodgkin’s lymphomas48. POLE2 is the DNA

polymerase epsilon B-subunit and, accordingly, is implicated in DNA replication, repair,

recombination and cell cycle control functions49,50. Like RAN, POLE2 was also included

in the array-based proliferation signature13. SLC29A2 is a member of the SLC29 family

of nucleoside carriers that transport a broad range of purine and pyrimidine

nucleosides51. Interestingly, gene expression changes of this gene can affect the

cellular uptake of nucleoside analogs in MCL cells and thus the therapeutic response to

this group of anticancer agents32,52.

An important feature of the proposed assay is its applicability to FFPE tumor tissue

specimens. Nucleic acids from FFPE material are often degraded following the formalin

fixation process53. In addition, fixation chemically modifies the RNA structure in tumor

tissues impeding subsequent analysis by molecular techniques such as quantitative

RT-PCR54. Nevertheless, numerous studies have demonstrated that mRNA from FFPE

tissues can be extracted55-57 and analyzed by qRT-PCR19,58. In our series, successful

qRT-PCR analysis from mRNA derived from FFPE tissue strongly depended on short

amplicon lengths (optimally up to 80 bp). Using optimized qRT-PCR assays we were

able amplify RNA from almost 75% of the archival samples examined. Importantly, the

success rate among more recent cases collected as part of prospective clinical trials

rose to 86% which is in the range of analyzable Ki-67 stainings in a recent study17.

Although the five-gene model derived from the analysis of a large series of fresh frozen

MCL specimens was clearly validated as a whole in the FFPE series, it should be

noted that the performance of the qRT-PCR assays for RAN and MYC in FFPE tissue

may need improvement before broader implementation in a routine setting or for

guiding treatment decisions within future prospective clinical trials. Towards this goal,

large cohorts of MCL patients from prospective clinical trials by the European Mantle
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Cell Lymphoma Consortium will now be analyzed in order to validate the prognostic

value of the proliferation signature in the context of current treatment approaches.

In summary, we developed a molecular test to predict survival in MCL patients at the

time of diagnosis. This test is based on the quantitative measurement of the gene

expression levels of five genes and can be applied to routinely obtained formalin-fixed

and paraffin-embedded MCL tissue specimens. This test appears superior and more

objective than the immunohistochemical measurement of the Ki-67 index and may be

applied using an automated technical platform. Using this approach, large cohorts of

MCL patients from prospective clinical trials will now be analyzed in order to validate

the prognostic value of the proliferation signature in the context of current treatment

approaches and, possibly, to make a step forward towards risk-adapted therapy in

MCL patients.
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Supplementary Methods: RNA extraction from FFPE material

The present protocol was adapted from the method already described by Specht et al.

(Specht K, Richter T, Muller U, et al, Am J Pathol 158:419-29, 2001). All centrifugations

were carried for 5 minutes at maximum speed unless specified otherwise. All chemicals

and solutions used were RNAse-free. 5 to 10 cuts of 10-20 μm were obtained from

each FFPE tumor specimen, and sealed in a sterile tube. Paraffin was removed by

washing the tissue twice with 1 ml xylene, followed by centrifugation. The supernatant

was discarded and the samples were rehydratated by three sequential washes with

100%, 90% and 75% ethanol, respectively, followed by centrifugation to collect the

tissue. Afterwards, the tissue pellet was air-dried and resuspended in 200 μl of lysis

buffer (10 mM Tris-HCl, pH8.0; 0.1 mM EDTA, pH 8.0; 2% SDS; pH 7.0) and 500 μg/ml 

proteinase K (Roche Applied Science®, Mannheim, Germany). Samples were

incubated overnight in a thermomixer at 58ºC and 1000rpm. The following day samples

were centrifuged at 4 ºC, and transferred to a new tube without taking any non-

digested material. The RNA was purified by Phenol-Chloroform-extraction. The

aqueous phase was transferred to a new tube, and 1 μl glycogen 20 mg/ml

(InvitrogenTM, Carlsbad CA, USA), 1 μl Pellet Paint (optional) (Novagen®, Darmstadt,

Germany) and 500 μl isopropanol were added. The samples were precipitated at –

20ºC for 1-2 hours, followed by centrifugation for 20 minutes at 4ºC. Finally, the pellets

were washed with 75% ethanol, resuspended with DEPC water and quantified. The

RNA samples were stored at –80ºC until cDNA synthesis was started.



Desenvolupament i progressió en limfomes de cèl·lula B petita Resultats

161

Table 1: Clinical characteristics of the MCL patients.

Characteristics of MCL cases Frozen specimens FFPE specimens

Median Age (years) 64 66

Sex
Male
Female

58 (80%)
15 (20%)

31 (74%)
11 (26%)

Histology
Typical
Blastoid

54 (74%)
19 (26%)

35 (83%)
7 (17%)

Median Survival (months) 34.5 36.3

Median Proliferation Index (Ki-67 staining) 30% 22%

Total number of cases 73 42

Abbreviations: MCL, mantle cell lymphoma; FFPE, formalin-fixed paraffin-embedded.
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Table 2: Configuration of the Custom TaqMan® low-density array platform
(Micro Fluidic Card).

Gene Assay Amplicon

size (bp)

Function Reference

ASPM Hs00411505_m1 77 Proliferation 13

BCL2L11 Hs00708019_s1 92 Apoptosis 29,31

BMI1 Hs00180411_m1 105 Cell cycle 22,23

CCND1 Hs00277039_m1 94 Cell cycle 2

CDC2 Hs00176469_m1 101 Proliferation 13

CDC20 * Hs00415851_g1 108 Proliferation 13

CDK4 Hs00175935_m1 65 Cell cycle 20

CDKN2A Hs00233365_m1 117 Cell cycle 21,37

CDKN3 * Hs00193192_m1 83 Proliferation 13

CEBPB Hs00270923_s1 75 Proliferation 13

CENPF Hs00193201_m1 99 Proliferation 13

DBF4 Hs00272696_m1 77 Proliferation 13

GSTP1 Hs00168310_m1 54 Metabolism 33,34

GTF2B Hs00155315_m1 66 Proliferation 13

HMGB2 * Hs00357789_g1 99 Proliferation 13

HPRT1 * Hs99999909_m1 100 Proliferation 13

MCL1 Hs00172036_m1 124 Apoptosis 25,27

MCM2 Hs00170472_m1 82 Proliferation 13

MDM2 Hs00170472_m1 82 Cell cycle 20

MKI67 * Hs00606991_m1 137 Proliferation 15

MYC * Hs00153408_m1 107 Multiple 46,47

NEIL3 Hs00157387_m1 82 Proliferation 13

PCNA * Hs00427154_g1 138 Proliferation 13

PIF1 Hs00228104_m1 104 Proliferation 13

POLE2 * Hs00160277_m1 70 Proliferation 13

RAN * Hs00741099_g1 146 Proliferation 13

SLC29A1 Hs00191940_m1 77 Nucleoside transport 32

SLC29A2 Hs00155426_m1 110 Nucleoside transport 32

TNFRSF10A Hs00269491_m1 83 Apoptosis 26,28,30

TNFRSF10B Hs00187196_m1 114 Apoptosis 26,28,30

TOP2A * Hs00172154_m1 125 Proliferation 13



Desenvolupament i progressió en limfomes de cèl·lula B petita Resultats

163

Gene Assay Amplicon

size (bp)

Function Reference

TUBA1B Hs00744842_sH 110 Proliferation 13

UHRF1 Hs00273589_m1 105 Proliferation 13

18S 4342379 - Control gene -

B2M Hs00187842_m1 64 Control gene 13

Abbreviations: bp, base pairs. Genes marked with an asterisk are significantly
correlated with survival in univariate analysis.
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Table 3: Predictive power of one- to five-gene models according to the C-index.

Genes C-Index
1-Gene-Model RAN 0,690
2-Gene-Model RAN, MYC 0,721
3-Gene-Model RAN, MYC, TNFRSF10B 0,730
4-Gene-Model RAN, MYC, TNFRSF10B, POLE2 0,754
5-Gene-Model RAN, MYC, TNFRSF10B, POLE2, SLC29A2 0,762
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Figure 1: Flow-chart describing the set-up of the study.
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Figure 2: C-index value according to the number of genes included
in the survival predictor.
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Figure 3: Kaplan-Meier plots visualizing survival groups according to the five-gene
predictor in A) fresh frozen tumor samples from 73 MCL patients;

and B) FFPE samples from 42 MCL patients.



Desenvolupament i progressió en limfomes de cèl·lula B petita Resultats

168

Supplementary Table 1: Clinical characteristics of the MCL patients

MCL patient
Age
(years) Sex Histology

Survival
(months) Status

Ki-67
(%) Tissue

MCL1 63 M blastoid 24 dead 40 frozen
MCL2 58 F typical 52.5 dead 10 frozen
MCL3 74 M blastoid 64.1 dead 30 frozen/FFPE
MCL4 n.a. M typical 69.4 dead 10 frozen
MCL5 63 M typical 29.5 alive 10 frozen
MCL6 60 M typical 81.3 dead 15 frozen
MCL7 39 M typical 22.9 alive 20 frozen
MCL8 57 F typical 80.1 dead 10 frozen
MCL9 50 M typical 21.2 dead n.a. frozen
MCL10 61 M typical 11.7 alive 10 frozen/FFPE
MCL11 59 M typical 37.4 dead 30 frozen
MCL12 62 M blastoid 16.8 dead 50 frozen
MCL13 51 F typical 136 dead 20 frozen
MCL14 75 M typical 67.1 dead 20 frozen
MCL15 69 F blastoid 9.1 dead 50 frozen
MCL16 64 F typical 48 dead 3 frozen
MCL17 n.a. M typical 122.4 dead 10 frozen
MCL18 70 M typical 81.1 alive 30 frozen
MCL19 60 M typical 10.6 alive 60 frozen/FFPE
MCL20 71 F blastoid 20 dead 70 frozen
MCL21 51 M typical 81.2 alive 10 frozen
MCL22 61 F typical 32 dead 40 frozen
MCL23 71 F typical 14 alive 40 frozen
MCL24 n.a. F typical 24.9 dead 50 frozen
MCL25 40 M typical 96.4 alive 10 frozen
MCL26 67 M typical 6.8 dead 60 frozen
MCL27 60 M blastoid 97.4 dead 15 frozen/FFPE
MCL28 80 M blastoid 40.6 dead 90 frozen
MCL29 58 M typical 34 dead 100 frozen/FFPE
MCL30 52 M typical 39.3 alive 30 frozen
MCL31 58 M typical 14 dead 50 frozen/FFPE
MCL32 72 M blastoid 1.6 dead 60 frozen/FFPE
MCL33 53 M typical 7.8 dead 90 frozen/FFPE
MCL34 42 M typical 81.6 alive 30 frozen
MCL35 70 M typical 7.4 dead 20 frozen
MCL36 64 M typical 69.4 dead 25 frozen/FFPE
MCL37 66 F blastoid 1 dead 100 frozen
MCL38 64 M typical 30.6 dead 25 frozen
MCL39 78 M typical 4.7 dead 30 frozen/FFPE
MCL40 61 M typical 106.3 dead 4 frozen/FFPE
MCL41 72 M typical 49 dead 50 frozen
MCL42 61 M typical 12.9 dead 40 frozen
MCL43 77 M typical 30 alive 10 frozen
MCL44 64 F blastoid 8.2 dead 60 frozen
MCL45 71 M blastoid 42.5 dead 50 frozen
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MCL patient
Age
(years) Sex Histology

Survival
(months) Status

Ki67
(%) Tissue

MCL46 51 M blastoid 61.9 dead 5 frozen
MCL47 81 F typical 6.3 dead 40 frozen/FFPE
MCL48 54 M typical 19.5 dead 30 frozen
MCL49 85 M blastoid 51.9 alive 20 frozen
MCL50 52 F blastoid 49.1 dead 10 frozen
MCL51 67 M blastoid 34.5 dead 30 frozen
MCL52 69 M typical 32.6 dead 35 frozen
MCL53 78 M typical 36.6 dead 30 frozen
MCL54 67 F typical 26.5 dead 60 frozen
MCL55 81 M blastoid 16 dead 10 frozen
MCL56 71 M typical 53 dead n.a. frozen
MCL57 71 M blastoid 37 dead 50 frozen
MCL58 37 M typical 126.1 alive 30 frozen
MCL59 64 M typical 49 dead 10 frozen
MCL60 82 M typical 62 alive 30 frozen
MCL61 81 F blastoid 8 dead 50 frozen
MCL62 75 M blastoid 9.8 dead 70 frozen
MCL63 53 M typical 20 alive n.a. frozen
MCL64 67 M typical 142 alive 20 frozen
MCL65 67 M typical 61.6 dead 20 frozen
MCL66 64 M typical 76.2 dead 15 frozen
MCL67 67 M typical 31.9 dead 15 frozen
MCL68 55 M typical 15.3 dead 70 frozen
MCL69 61 M typical 8.6 dead 70 frozen
MCL70 72 M typical 58 dead n.a. frozen
MCL71 80 M typical 1 dead 60 frozen
MCL72 40 M typical 246.7 dead 20 frozen
MCL73 56 M typical 94.2 alive 15 frozen/FFPE
MCL74 63 M blastoid 10.3 alive 80 FFPE
MCL75 73 F typical 52 alive 5 FFPE
MCL76 68 M typical 14.2 dead 30 FFPE
MCL77 69 M typical 10.2 dead 10 FFPE
MCL78 57 M typical 102.5 alive 20 FFPE
MCL79 53 M typical 53.1 alive 10 FFPE
MCL80 67 M typical 57.7 dead 10 FFPE
MCL81 46 M typical 14.9 dead 50 FFPE
MCL82 69 M blastoid 7.5 dead 90 FFPE
MCL83 74 M typical 3.7 dead 10 FFPE
MCL84 72 M typical 7.3 dead 20 FFPE
MCL85 64 M typical 77 alive 20 FFPE
MCL86 59 M typical 47.6 dead 20 FFPE
MCL87 63 M typical 66.3 dead 10 FFPE
MCL88 55 F typical 52.5 dead 40 FFPE
MCL89 69 M typical 38.6 dead n.a. FFPE
MCL90 52 F typical 3.3 dead 40 FFPE
MCL91 77 F typical 2.8 dead 40 FFPE
MCL92 69 M typical 42.3 dead 40 FFPE
MCL93 64 M blastoid 5 dead 70 FFPE
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MCL patient
Age
(years) Sex Histology

Survival
(months) Status

Ki67
(%) Tissue

MCL94 54 M blastoid 6.4 dead 90 FFPE
MCL95 73 F blastoid 60.8 dead 40 FFPE
MCL96 40 M typical 44.8 alive 30 FFPE
MCL97 71 M typical 44.8 dead 20 FFPE
MCL98 64 M typical 53.8 dead n.a. FFPE
MCL99 72 M typical 5.8 alive 20 FFPE
MCL100 68 F typical 86.2 dead 10 FFPE
MCL101 49 M typical 81.3 dead 30 FFPE
MCL102 66 M typical 17.5 dead 10 FFPE
MCL103 58 M typical 71.6 dead 10 FFPE
MCL104 56 M blastoid 52.7 dead 70 FFPE
MCL105 71 F typical 47.9 dead 10 FFPE
MCL106 62 M typical 39.4 dead 20 FFPE
MCL107 73 F typical 38.7 dead 20 FFPE
MCL108 64 M typical 17.8 dead 40 FFPE
MCL109 69 M typical 27.5 alive 20 FFPE
MCL110 61 F typical 34 dead 3 FFPE
MCL111 76 F typical 4.3 alive 20 FFPE
MCL112 68 M blastoid 2.2 dead 90 FFPE
MCL113 65 F typical 23.5 alive 30 FFPE
MCL114 57 M typical 30.3 dead 30 FFPE
MCL115 67 M typical 4.6 dead 30 FFPE

Abbreviations: MCL, Mantle Cell Lymphoma; FFPE, Formalin-fixed, paraffin-
embedded; F, female; M, male; n.a., not available
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Supplementary Table 2: Expression data of the 5 genes included in the predictor for
the MCL patients

MCL
patient RAN* MYC* TNFRSF10B* POLE2* SLC29A2*

Prognostic
score#&

MCL1 2.06 -0.66 0.10 2.72 -0.92 3.10
MCL2 -0.30 0.26 -0.58 0.38 -2.00 -1.08
MCL3# 0.83/-0.26 -1.74/1.19 -0.78/0.5 1.71/0.35 -2.08/1.65 -0.5/2.43
MCL4 1.45 1.08 0.73 -0.02 -0.02 1.76
MCL5 0.80 -0.79 0.18 0.73 -2.59 -2.03
MCL6 0.03 0.16 -0.55 0.28 -0.84 0.18
MCL7 0.92 -0.71 0.11 1.35 -1.68 -0.23
MCL8 0.80 -0.88 -0.26 1.32 0.16 1.66
MCL9 1.39 0.43 0.29 1.23 1.22 3.98

MCL10# 0.04/0.00 0.33/1.07 -0.52/-0.94 1.03/-1.64 -2.17/0.07 -0.25/0.44
MCL11 0.96 -0.87 -0.90 2.07 -3.51 -0.45
MCL12 2.05 1.32 -0.15 2.61 -2.15 3.98
MCL13 0.59 0.16 0.24 1.76 -1.51 0.76
MCL14 -0.79 -1.32 1.61 2.05 1.18 -0.49
MCL15 0.69 -1.43 -0.93 1.35 -2.26 -0.72
MCL16 0.40 -0.18 -1.46 1.28 -1.50 1.46
MCL17 1.29 -0.63 0.31 1.40 -3.05 -1.30
MCL18 0.55 -2.06 -2.11 0.04 -4.88 -4.24
MCL19# 0.89/-0.01 0.61/1.56 -0.65/0.11 2.79/0.75 0.55/1.60 5.49/3.79
MCL20 1.15 -0.72 -1.91 3.07 1.92 7.33
MCL21 0.90 -0.11 0.29 -0.50 -0.33 -0.33
MCL22 1.06 -0.33 -0.33 1.70 0.24 3.00
MCL23 1.10 -0.44 -0.51 1.07 -2.01 0.23
MCL24 1.20 0.54 -0.14 0.18 -0.01 2.05
MCL25 0.06 -0.38 0.05 -0.30 -2.25 -2.92
MCL26 0.91 0.00 -0.91 1.85 -0.90 2.77
MCL27# 1.35/-0.23 -0.02/2.76 -0.32/0.15 2.47/0.47 -1.61/0.73 2.51/3.58
MCL28 1.36 0.17 -0.43 2.12 0.01 4.09
MCL29# 0.62/0.02 -0.16/0.95 -0.78/-0.04 0.32/-0.02 -2.30/0.41 -0.74/1.40
MCL30 0.52 -1.19 -0.64 1.51 -1.16 0.32
MCL31# 1.55/0.79 0.25/0.97 -1.25/-0.22 2.53/-0.14 -1.04/0.22 4.54/2.06
MCL32# 2.08/0.38 1.62/2.14 0.71/0.54 2.45/0.43 0.69/1.67 6.13/4.08
MCL33# 1.42/-0.31 2.58/2.82 -0.10/-0.41 2.24/0.02 0.51/1.47 6.85/4.41
MCL34 1.15 -0.49 -0.59 1.10 -1.46 0.89
MCL35 1.52 1.71 0.00 1.34 1.84 6.41
MCL36# 0.97/-0.01 -0.19/2.47 -0.30/0.47 1.45/0.56 -0.10/1.81 2.43/4.36
MCL37 0.87 0.64 -0.63 1.89 -1.44 2.59
MCL38 1.32 -0.44 0.09 2.10 -2.35 0.54
MCL39# 1.06/0.30 -0.77/-0.21 0.03/0.24 1.86/0.18 -1.43/0.60 0.69/0.63
MCL40# 0.62/1.24 0.18/4.12 0.32/1.43 1.13/0.38 -3.22/-0.29 -1.61/4.02
MCL41 1.78 -1.42 -0.68 1.65 -2.87 -0.18
MCL42 1.15 0.53 -0.24 1.26 -0.74 2.44
MCL43 0.17 -1.85 -0.82 0.60 -2.43 -2.69
MCL44 1.39 1.10 -0.88 1.52 0.17 5.06
MCL45 0.17 -1.12 -0.44 1.97 -3.52 -2.06
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MCL
patient RAN* MYC* TNFRSF10B* POLE2* SLC29A2*

Prognostic
score#&

MCL46 -0.49 -2.03 -1.08 -0.50 -3.11 -5.05
MCL47# 1.68/1.07 1.20/3.26 0.22/0.32 3.33/1.31 0.88/1.51 6.87/6.83
MCL48 1.62 -0.41 0.44 3.23 -1.44 2.56
MCL49 1.55 -1.09 -0.39 2.12 0.18 3.15
MCL50 -1.30 0.81 0.32 -0.61 3.05 1.63
MCL51 1.22 -1.26 -0.87 2.36 0.34 3.53
MCL52 0.50 -1.01 -0.92 2.17 -2.56 0.02
MCL53 1.72 -0.80 -1.25 2.74 -4.00 0.91
MCL54 0.22 -0.16 -0.76 0.15 -1.26 -0.29
MCL55 0.58 -1.67 -0.71 1.12 -2.87 -2.13
MCL56 0.41 -1.06 -0.68 1.48 -2.23 -0.72
MCL57 1.47 0.34 -0.69 2.17 -3.01 1.66
MCL58 -1.61 -0.60 1.10 2.64 2.46 1.79
MCL59 1.26 -1.57 -0.88 1.20 -4.02 -2.25
MCL60 0.14 0.57 -0.98 -0.30 -3.53 -2.14
MCL61 1.95 1.83 -0.23 2.43 0.56 7.00
MCL62 1.46 1.66 1.06 2.86 -1.28 3.64
MCL63 0.52 -1.73 -1.54 1.57 -3.13 -1.23
MCL64 1.02 -0.22 -0.09 1.82 -3.19 -0.48
MCL65 -1.10 0.60 0.62 2.13 1.48 2.49
MCL66 0.34 -1.01 -0.36 0.92 -2.06 -1.45
MCL67 2.08 -0.72 0.90 3.18 -1.16 2.48
MCL68 1.78 -0.44 0.70 2.38 0.65 3.67
MCL69 1.55 1.45 -0.77 2.11 -0.64 5.24
MCL70 0.75 -1.46 -0.93 1.29 -3.53 -2.02
MCL71 1.11 -0.35 -1.43 2.09 -0.50 3.78
MCL72 0.25 -0.10 0.74 2.20 1.08 2.69
MCL73# 0.48/-0.60 -1.04/0.09 0.31/0.75 0.87/-0.81 -1.78/0.54 -1.78/-1.53
MCL74 1.74 -0.46 1.07 0.39 0.00 0.60
MCL75 0.56 0.05 1.46 -1.14 -1.07 -3.06
MCL76 0.89 0.43 1.01 -1.24 2.09 1.16
MCL77 0.35 1.96 1.61 -0.64 0.59 0.65
MCL78 2.01 1.16 2.45 -1.56 -1.49 -2.33
MCL79 2.86 3.26 2.77 -0.61 2.36 5.10
MCL80 0.08 2.47 2.46 -1.30 2.49 1.28
MCL81 1.86 2.88 -0.77 0.68 2.16 8.35
MCL82 0.86 1.87 0.01 -0.29 -3.43 -1.00
MCL83 2.14 1.07 2.97 0.72 3.18 4.14
MCL84 3.24 -0.13 1.05 0.46 0.62 3.14
MCL85 0.49 0.70 1.60 -0.04 1.26 0.81
MCL86 0.50 -2.12 -1.46 -0.12 1.31 1.03
MCL87 0.71 -0.76 0.47 -1.01 1.39 -0.14
MCL88 -0.03 -0.82 1.38 0.71 1.21 -0.31
MCL89 2.82 3.27 3.23 0.09 3.94 6.89
MCL90 1.28 4.46 0.42 1.10 3.22 9.64
MCL91 -0.27 1.27 2.14 -1.02 2.27 0.11
MCL92 3.51 1.46 3.03 0.89 3.19 6.02
MCL93 0.74 3.40 1.34 -0.20 2.40 5.00
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MCL
patient RAN* MYC* TNFRSF10B* POLE2* SLC29A2

Prognostic
score#&

MCL94 2.43 3.74 2.08 -0.20 0.93 4.82
MCL95 0.60 1.73 0.85 0.36 1.39 3.23
MCL96 1.16 0.13 1.21 -0.68 0.82 0.22
MCL97 0.55 2.69 1.30 0.12 0.45 2.51
MCL98 0.11 1.56 0.56 -0.27 1.13 1.97
MCL99 -0.11 1.92 0.32 -1.04 2.06 2.51

MCL100 -0.24 1.42 0.65 -0.89 1.47 1.11
MCL101 -0.35 1.23 0.45 -0.42 -0.15 -0.14
MCL102 1.45 1.65 1.11 -0.61 0.53 1.91
MCL103 1.53 2.07 1.77 0.58 1.26 3.67
MCL104 0.15 1.53 -1.63 1.74 -1.83 3.22
MCL105 0.10 -2.42 -0.56 -1.15 -0.64 -3.55
MCL106 2.36 -0.18 0.43 0.48 0.61 2.84
MCL107 0.38 1.73 0.96 0.59 2.13 3.87
MCL108 0.42 3.2 -0.27 0.77 2.82 7.48
MCL109 -0.53 3.48 0.66 2.09 1.35 5.73
MCL110 0.68 0.03 0.36 -1.28 -0.41 -1.34
MCL111 0.30 0.64 0.26 0.43 -0.76 0.35
MCL112 0.05 2.14 0.68 0.13 1.02 2.66
MCL113 0.62 1.91 1.51 -0.59 2.15 2.58
MCL114 0.20 2.08 0.32 -0.53 2.34 3.77
MCL115 -0.20 -0.25 0.05 -0.61 0.52 -0.59

* :- ΔΔCT value calculated according B2M control gene
# :Value from frozen material (Micro Fluidic cards)/ Value from FFPE

&: Sum of the expression data for the given genes, reversing the sign for TNFRSF10B.
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L´augment de l´expressió de MDM2 s´associa amb menor supervivència

en el limfoma de cèl·lules del mantell, però no es relaciona amb la
presència del SNP309

En aquest treball s´ha vist que l´augment de l´expressió del gen MDM2, un regulador

negatiu de p53, correlaciona amb una menor supervivència en una sèrie de 43

limfomes de cèl·lules del mantell. La sobreexpressió de MDM2 s´associa amb guanys

del nombre de còpies de dit gen però no amb la presència del polimorfisme SNP309,

localitzat al promotor de MDM2.

* La contribució personal en aquest treball ha estat la participació en el disseny

experimental del projecte, l´extracció de material genètic de les mostres (DNA i RNA) i

posterior anàlisi del locus genòmic i de l´expressió del gen MDM2 mitjançant la

tecnologia de la PCR quantitativa a temps real (qPCR); així com la determinació de

l´estat mutacional del gen p53, la interpretació dels resultats i anàlisi de dades, i la

redacció del treball.
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TREBALL 2: APOPTOSI EN NHL

Els canvis polimòrfics però no els mutacionals dels receptors de TRAIL
DR4 i DR5 són freqüents en el limfoma de cèl·lules del mantell i altres

neoplàsies limfoides de cèl·lula B

Haematologica, 2004 (89): 1322-1331

(Journal impact factor 2006: 5.032)
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Els canvis polimòrfics però no els mutacionals dels receptors de TRAIL

DR4 i DR5 són freqüents en el limfoma de cèl·lules del mantell i altres
neoplàsies limfoides de cèl·lula B

Els receptors de TRAIL DR4 (TNFRSF10A) i DR5 (TNFRSF10B) es localitzen a la

regió cromosòmica 8p21-22, una zona freqüentment delecionada en diferents

neoplàsies limfoides. S´ha examinat la presència d´alteracions en els exons 3, 4 i 9

d´aquests gens en un grup de neoplàsies limfoides, concretament 69 MCL, 16 CLL, 12

FL, 17 DLBCL i 4 línies cel·lulars que tenen la translocació t(11;14); així com en 91

donants de sang normals. Tres CLL i tres MCL tenien delecions de 8p. Només es van

trobar dos canvis nucleotídics, situats a dins o al llindar de la seqüència consens

acceptora d´splicing de l´intró 3 en dos MCL; i un canvi silenciós en una CLL. Aquests

canvis també es trobaven a la línia germinal dels pacients. A més al domini de mort del

gen DR4 (TNFRSF10A), el polimorfisme A1322G es va trobar associat

significativament al risc a patir MCL [odds ratio (OR) = 5.9; 95% interval de confiança

(CI), 1.92-18.1] i CLL (OR = 4.5; CI, 1.18-17), comparat amb una població normal

ajustada per edat i sexe. Per altra banda, el polimorfisme C626G de l´exó 4 del gen de

DR4 (TNFRSF10A) s´associa significativament amb una disminució del risc a patir

MCL (OR = 0.3; CI, 0.12-0.8). No es van trobar mutacions ni canvis polimòrfics en els

dominis del gen DR5 (TNFRSF10B). Aquestes troballes indiquen que les mutacions

dels gens DR4 (TNFRSF10A) i DR5 (TNFRSF10B) són poc frequents en neoplàsies

limfoides però que els polimorfismes de DR4 (TNFRSF10A) poden contribuir a la

patogènesi d´aquests tumors.

* La contribució personal en aquest treball ha estat la detecció de mutacions i

polimorfismes en els dominis d´unió a lligand i de mort dels gens DR4 (TNFRSF10A) i

DR5 (TNFRSF10B) en mostres tumorals i normals, mitjançant la reacció en cadena de

la polimerasa (PCR), la cromatografia líquida desnaturalitzant d´alt rendiment (DHPLC)

i tècniques de seqüenciació directa. També s´ha participat en la interpretació dels

resultats, l´anàlisi de dades, i la redacció del treball.
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TREBALL 3: LA PROGRESSIÓ EN LEUCÈMIA
LIMFÀTICA CRÒNICA

Evolució del perfil genòmic i d´expressió en la progressió clínica
primerenca de la leucèmia limfàtica crònica

Haematologica 2007 (Acceptat)

(Journal impact factor 2006: 5.032)
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Evolució del perfil genòmic i d´expressió en la progressió clínica

primerenca de la leucèmia limfàtica crònica

Els mecanismes biològics implicats en la progressió clínica primerenca dels pacients

amb leucèmia limfàtica crònica (CLL) no es coneixen del tot bé. Hem estudiat mostres

seqüencials de 16 pacients de CLL no tractats, obtingudes al diagnòstic i després de la

progressió clínica i abans del tractament. Un pacient presentava una deleció

homozigota del gen p16INK4a en ambdues mostres, i tres pacients van adquirir una

mutació del gen p53, guanys de les regions cromosòmiques 5q21-q23 i 11pter-p14, i

un guany del cromosoma 12, respectivament, durant la progressió de la malaltia.

L´anàlisi de l´expressió gènica va mostrar una modulació significativa de 58 gens,

especialment la disminució de l´expressió de gens que actuen com inhibidors de

l´adhesió i motilitat cel·lulars.

* La contribució personal en aquest treball ha estat la participació en el disseny

experimental del projecte, l´extracció de material genètic de les mostres (DNA i RNA) i

posterior caracterització molecular dels tumors (estat mutacional dels gens de la

cadena pesada de les immunoglobulines, p53 i p16INK4a), l´estudi de l´expressió gènica

dels casos mitjançant la tecnologia dels microarrays, així com la interpretació dels

resultats, l´anàlisi de dades, i la redacció del treball.



Desenvolupament i progressió en limfomes de cèl·lula B petita Resultats

196



Desenvolupament i progressió en limfomes de cèl·lula B petita Resultats

197

GENE EXPRESSION PROFILE AND GENOMIC CHANGES IN DISEASE

PROGRESSION OF EARLY-STAGE CHRONIC LYMPHOCYTIC LEUKEMIA

Verònica Fernàndez1, Pedro Jares2, Itziar Salaverria1, Eva Giné3, Sílvia Beà1,
Marta Aymerich1, Dolors Colomer1, Neus Villamor1, Francesc Bosch3, Emili
Montserrat3, Elias Campo1

1Hematopathology Section, Department of Pathology, 2Genomics Unit, and
3Department of Hematology, Hospital Clínic, Institut d´Investigacions Biomèdiques

August Pi i Sunyer (IDIBAPS), University of Barcelona, Barcelona, Spain.

Running Title: Genetic and Molecular evolution in CLL

Keywords: Chronic lymphocytic leukemia, progression, microarrays, comparative

genomic hybridization

Word count: 1550

Acknowledgments: the authors would like to thank Montserrat Sánchez, Laura Pla,

Dr. Patricia Pérez-Galán and Jordi Altirriba for his helpful collaboration in this project.

Supported by Grants CICYT SAF 05/5855 from the Spanish Ministry of Science, FIS

05/0213 and ISCIII-RETIC RD06/0020 from Ministry of Health, and Generalitat de

Catalunya 2005SGRO870. Verònica Fernàndez is a recipient of a predoctoral

fellowship from Spanish Ministry of Education and Science (MEC).

Corresponding author: Elias Campo, Hematopathology Unit, Hospital Clínic, Villarroel

170, 08036-Barcelona, Spain. Phone 34 93-227 5450, fax 34 93 227 5572; e-mail:

ecampo@clinic.ub.es



Desenvolupament i progressió en limfomes de cèl·lula B petita Resultats

198

SUMMARY

The biological mechanisms involved in the clinical progression from early stages of

patients with chronic lymphocytic leukemia (CLL) are not well known. We investigated

sequential samples from 16 CLL untreated patients obtained at diagnosis in early stage

and after progression before treatment. One patient had a p16INK4a homozygous

deletion at diagnosis and progression, and three patients acquired a p53 mutation,

gains of 5q21-q23 and 11pter-p14, and a gain of chromosome 12, respectively, during

the progression of the disease. Gene expression profile analysis showed a significant

modulation of 58 genes with a particular downregulation of genes that are inhibitors of

cell adhesion and motility.
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INTRODUCTION
Chronic lymphocytic leukemia (CLL) is the most common leukemia in adults in Western

countries and it is characterized by a clonal proliferation and accumulation of mature

neoplastic CD5+ B lymphocytes. The individual clinical course of these patients is

extremely variable 1. Patients with CLL in early stage may not require treatment for

several years but half of them will progress to a more advanced stage and will need

treatment. The median time to disease progression and therapeutic requirement is

shorter in patients with unmutated immunoglobulin genes (U-CLL), increased ZAP-70

expression, or adverse cytogenetic alterations 1. Tumor progression into advanced

stages and transformation into large B-cell lymphoma has been associated with diverse

factors, such as karyotypic evolution2, oncogenic alterations of cell cycle regulatory

genes 3 and inactivation of tumor suppressor genes 4;5. However, the mechanisms that

may be involved in the progression of the disease in early stages before the patient

requires treatment have not been examined.

To determine possible genetic and molecular alterations related to early clinical

progression in CLL, we investigated the genomic and gene expression profile

alterations in a series of sequential samples obtained at diagnosis in early stage and at

the time of clinical progression before treatment.

MATERIAL AND METHODS
Patient’s selection

Sixteen patients diagnosed with CLL were selected based on the availability of two

sequential peripheral-blood cell samples in which the first was obtained at diagnosis in

an early clinical stage (Binet stage A) and the second one when the patient had an

active disease but before the onset of treatment (Binet stage B=10 cases and C=6

cases). Active disease was defined according to standard criteria as follows: evidence

of progressive marrow failure, massive or progressive splenomegaly or

lymphadenopathy, progressive lymphocytosis or lymphocyte doubling time inferior to 6

months, autoimmune phenomena poorly responsive to corticosteroid therapy, or

presence of disease related symptoms 6;7. For comparison, sequential samples from

three patients with stable CLL disease were also included in the study. All patients

gave an informed consent according to the Institutional Ethic Committee. The clinical

details of the patients are provided in Table 1.
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Isolation of tumor cells, purification and ZAP-70 analysis

Mononuclear cells were isolated from peripheral blood by gradient centrifugation,

frozen in DMSO and stored at –180 ºC until analysis. Samples were thawed and tumor

cells were purified using anti-CD19 magnetic microbeads (Miltenyi Biotech®, Bergisch

Gladbach, Germany) prior to nucleic acid extraction.. A purity greater than 98% of CLL

cells was obtained in all samples. The expression of ZAP-70 was determined by flow

cytometry as described 8.

DNA analysis

DNA was isolated according to standard protocols. Comparative genomic hybridization

(CGH), the mutational status of the immunoglobulin heavy chain genes (IgVH), p53

mutations, and p16INK4a deletions were performed as previously described in all

sequential samples 2,8,9.

RNA extraction and microarray analysis

Total RNA was extracted with the TRIzol® reagent (Invitrogen Life Technologies®,

Carlsbad, CA, USA). High quality RNA samples were hybridized to HU133plus2.0

GeneChips (Affymetrix®, Santa Clara, CA, USA), and processed according to standard

protocols. Data normalization was performed with the GeneChip® Operating Software

(GCOS, Affymetrix®) and using the global scaling method (target intensity=500). The

data was then filtered with the DNA-Chip analyzer software v1.3 (dChip, Boston, MA,

USA). To perform the unsupervised analysis, genes were filtered according to their

variation across samples (1<standard deviation for logged data < 10) and the

expression level (≥5 in ≥30 % samples). For the supervised analysis, only the probe

sets with values above 10 for at least the 60% of the samples were considered for

further analysis. Differential expression of paired samples was assessed with the

Linear Model for Microarray Data Analysis (LIMMA) software package 10. The genes

considered as significant were those which met both conditions of p-value<0.05

(corrected using the False Discovery Rate method) and Bayes statistic (B)>1. Clusters

were built with the dChip software. Gene identity and functional annotation was studied

with the Ingenuity Pathways Analysis® v.4.0 program (Redwood City, CA, USA).

Real time quantitative RT-PCR (qRT-PCR) validation

cDNA was synthesized from 1 mg of total RNA by using the High-Capacity cDNA

Archive kit (Applied Biosystems®). ACTL6A, OGG1, PLCB2 and RAPGEF1 expression
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levels were determined with the following pre-developed assays (Applied

Biosystems®): ACTL6A Hs00188792_m1; OGG1 Hs00213454_m1; PLCB2

Hs00190117_m1 and RAPGEF1 Hs00178409_m1. Expression levels were calculated

with the 2-ΔΔCt method using human β-glucoronidase (GUS) as endogenous control.

The differences of expression between sequential samples were analysed using a

paired-T test approach (BRB-Array Tools v.3.3.0 software®, National Cancer Institute,

USA).

RESULTS AND DISCUSSION
IgVH and ZAP-70 status

All sequential samples were clonally related showing the same immunoglobulin heavy

chain genes (IgVH) family switch and mutational status (Table 1). Fifteen of the 16

cases with progressive disease were unmutated and the sequence was stable during

the evolution of the disease. 12 of the 15 unmutated cases were ZAP-70 positive. Two

of the three discordant unmutated CLL had a 17p deletion (CLL8) and a 11q loss

(CLL16) respectively, a common finding in CLL with discordance between the IgVH

mutational status and ZAP-70 expression 11. The 3 patients with stable disease (CLL

control 1-3) had CLL with unmutated for the IgVH genes and ZAP-70 positive.

Comparative Genomic Hybridization (CGH)

The CGH profiles showed a global low number of chromosomal alterations in all the

patients (Table 1, Figure 1). Chromosomal imbalances were detected in 9 of the 16

(56%) initial samples from CLL with clinical progression. The most common alteration

was trisomy 12 (27 %). Two patients with a non-altered initial genomic profile acquired

new karyotypic aberrations: a gain of 5q21-q23 and 11pter-p14 (CLL3) and a gain of

chromosome 12 (CLL9), respectively. Gains of 5q and 11p are uncommon in CLL but

have been observed in cases with complex karyotypes 12;13, although their association

with disease progression had not been previously observed. Interestingly, the patient

that acquired trisomy 12 as a single alteration upon disease progression subsequently

developed transformation into a large B-cell lymphoma in 35 months. Clonal evolution

in CLL has been documented in occasional studies, usually associated with advanced

disease and shorter survival 2;14. Our observations indicate that a moderate increase of

chromosomal imbalances may occur already in early phases of clinical progression in

CLL.
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P53 and p16 status

In the present series two patients had an inactivation of the two tumor suppressor

genes p53 and p16INK4a at tumor progression (Table 1). One case (CLL8) with a 17p

loss at diagnosis acquired the p53 mutation during the progression of the disease,

supporting the notion that inactivation of this tumor suppressor gene in CLL may occur

early in disease progression 14. Concerning the p16INK4a locus, one case (CLL10) had a

homozygous deletion in both sequential samples, associated with a small deletion of

9pter-p23 observed by CGH. The case with a p53 mutation also had a loss of 9pter-

p23, but in this case p16INK4a was not deleted, confirming previous observations that 9p

losses in CLL are not always associated with p16INK4a gene aberrations 2.

Microarrays data analysis

The unsupervised analysis of the 26 paired samples from 13 patients (CLL1-CLL13)

failed to identify the two groups of samples at diagnosis and progression, indicating

that the individual variations in the expression profile were higher that the differences

related to the behavior of the disease. These observations are in line with the results

obtained in a previous gene expression profile study that compared unrelated tumor

samples from progressed and stable CLL and did not find single genes significantly

associated with this phenomenon 15. However, the supervised analysis comparing the

initial and progressed sample of the same patients allowed us to identify a group of 58

genes differentially expressed in these two situations (Figure 2A, Supplementary Table

1). 37 genes were overexpressed (fold-change ratio between 0.3 and 1.7) whereas 21

were downregulated (fold-change ratio between -0.3 and –2). No significant differences

were observed in the expression of these genes in the sequential samples of the 3 CLL

cases with stable clinical evolution (Figure 2B). The functional analysis of the

upregulated genes showed that they are involved in different pathways (Supplementary

Figure 2), including cell cycle and cell growth (MCM4, RAPGEF2, OGG1, ESCO1,

ESR1, ACTL6A, CENPJ, ATG5) and calcium and ion regulation (MYLC2PL, ADRB1,

TRPV5, TMCO3). Interestingly, 6 of the 21 (29%) downregulated genes are considered

negative regulators of integrin mediated cell adhesion and motility (PRAM1,

CDC42EP4, COL4A2, PLCB2, RAPGEF1, FLNA). These findings are concordant with

recent experimental studies suggesting that CLL progression is associated with

increased ability to respond to migratory signals and that ZAP-70 positive tumors are

more sensitive to these signals 16;17.
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Four genes were further chosen to validate the microarray results by qRT-PCR;

according to their higher variation between samples, B-statistic score and biological

meaning. These four genes were ACTL6A (upregulated, cell cycle and cell growth

pathway), OGG1 (upregulated, cell cycle and cell growth pathway), RAPGEF1

(downregulated, cell adhesion and motility pathway) and PLCB2 (downregulated, cell

adhesion and motility pathway). The validation was performed in 10 paired samples

from the microarray study and 3 new paired samples (CLL14-CLL16) (Table 1,

Supplementary Figure 1). The microarray results were confirmed in all cases.

In summary, our results indicate that clinical progression of early stage CLL is

associated with karyotype evolution, inactivation of tumor suppressor genes and

modulation of the expression of a small number of genes, specially a subset that are

inhibitors of cell adhesion and motility.
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Table 1: Clinical and biological characteristics of the CLL patients included in the
study.

CLL with clinical progression

Case Age(yrs) Gender Stage at diagnosis Stage at progression Sampling interval (months) IgVH Mutation

CLL1 46 F A(I) B(I) 11 VH4-39 Unmutated

CLL2 71 F A(I) B(I) 14 VH3-30 Unmutated

CLL3 83 M A(0) C(IV) 9 VH3-33 Unmutated

CLL4 54 M A(I) B(II) 18 VH1-2 Unmutated

CLL5 71 M A(I) C(IV) 6 VH1-69 Unmutated

CLL6 71 F A(0) B(I) 9 VH3-7 Unmutated

CLL7 54 F A(I) C(IV) 14 VH1-69 Unmutated

CLL8 84 F A(0) B(I) 38 VH1-69 Unmutated

CLL9 48 M A(II) B(II) 20 VH3-20 Unmutated

CLL10 69 F A(0) C(IV) 17 VH3-30 Unmutated

CLL11 59 M A(II) B(II) 34 VH3-53 Unmutated

CLL12 86 F A(0) C(III) 13 VH1-69 Unmutated

CLL13 55 F A(I) B(I) 20 VH4-39 Mutated

CLL14 56 F A(0) B(I) 12 VH6-11 Unmutated

CLL15 69 M A(0) C(IV) 14 VH3-11 Unmutated

CLL16 51 F A(I) B(I) 18 VH1-69 Unmutated

Case ZAP-70 p53 p16INK4a CGH initial CGH progressed

CLL1 High wt wt gain 12 gain 12

CLL2 High wt wt not altered not altered

CLL3 High wt wt not altered gain (5q21-q23), gain (11pter-p14r)

CLL4 High wt wt del(13q14-q21) del(13q14-q21)

CLL5 High wt wt del10p del10p

CLL6 High wt wt not altered not altered

CLL7 High wt wt not altered not altered

CLL8 Low mut wt del(9pter-p23), del(17pter-p12) del(9pter-p23), del(17pter-p12)

CLL9 High wt wt not altered gain(12)

CLL10 High wt del del (9pter-p23) del (9pter-p23)

CLL11 Low wt wt gain(12) gain(12)

CLL12 High wt wt gain(12) gain(12)

CLL13 Low wt wt del(1q41-qter) del(1q41-qter)

CLL14 High wt wt not altered not altered

CLL15 High wt wt not altered not altered

CLL16 Low wt wt gain(17q22-qter), del (11q14-q24) gain(17q22-qter), del (11q14-q24)
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CLL with stable clinical evolution

Case Age(yrs) Gender Stage at 1st sample Stage at 2nd sample Sampling interval (months) IgVH Mutation
CLL control 1 n.a F A(0) A(0) 34 VH1-69 Unmutated

CLL control 2 70 F A(0) A(0) 40 VH1-69 Unmutated

CLL control 3 59 M A(0) A(0) 49 VH2-70 Unmutated

Case ZAP-70 p53 p16INK4a CGH 1st sample CGH 2st sample

CLL control 1 High wt wt gain(12) gain(12)

CLL control 2 High wt wt not altered not altered

CLL control 3 High wt wt gain(4q) gain(4q)
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Figure 1: Summary of the CGH data for the 16 B-CLL cases. Red lines on the left side
of the profile indicate loss of the chromosomal material. Green lines on the right side
indicate gain of chromosomal material. Alterations acquired by not altered cases at
diagnosis CLL3B (violet) and CLL9B (orange) are indicated by an asterisk.
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Figure 2: Supervised clustering of the B-CLL sequential samples, performed with the
DNA-Chip Analyser (dChip) software and according to the 58 differentially expressed
genes found in the microarray data analysis. A) CLL with clinical progression; CLLA:
initial samples, CLLB: progressed samples. B) CLL with stable clinical evolution; CLLA:
first samples, CLLB: second samples.
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Supplementary table 1: Genes with a significant differential expression between CLL
samples at diagnosis and after progression in the supervised analysis of the microarray
data.

Overexpressed genes (37)

Probe set ID Gene ID Description Molecular Function
221659_s_at MYLC2PL Myosin light chain 2, precursor lymphocyte-specific calcium and ion metabolism
1554231_a_at ZNF396 Zinc finger protein 396 transcription regulation
235091_at 2'-PDE 2'-phosphodiesterase unknown
229277_at ADRB1 Adrenergic, beta-1-,receptor calcium and ion metabolism
203192_at ABCB6 ATP-binding cassette, sub-family B (MDR/TAP), member 6 mitocondrial activity
1558247_s_at LOC126147 Hypothetical protein BC018697 unknown
212141_at MCM4 MCM4 minichromosome maintenance deficient 4 cell cycle and cell growth
220442_at GALNT4 UDP-N-acetyl-alpha-D-galactosamine proteoglycan metabolism
1553945_at GPHB5 Glycoprotein hormone beta 5 proteoglycan metabolism
230909_at COX18 Mitochondrial COX18 mitocondrial activity
32094_at CHST3 Carbohydrate (chondroitin 6) sulfotransferase 3 proteoglycan metabolism
208267_at TRPV5 Transient receptor potential cation channel calcium and ion metabolism
238260_at RAPGEF2 Rap guanine nucleotide exchange factor (GEF) 2 cell cycle and cell growth
243307_at ZNF592 Zinc finger protein 592 transcription regulation
205301_s_at OGG1 8-oxoguanine DNA glycosylase DNA repair
1570627_at TCEB3 Transcription elongation factor B (SIII), polypeptide 3 transcription regulation
1566476_at ARFGAP3 ADP-ribosylation factor GTPase activating protein 3 intracellular protein transport
215551_at ESR1 Estrogen receptor 1 cell cycle and cell growth
206734_at JRKL Jerky homolog-like (mouse) transcription regulation
235461_at FLJ20032 Hypothetical protein FLJ20032 unknown
215570_s_at LOC163131 Hypothetical protein LOC284323 transcription regulation
219048_at PIGN Phosphatidylinositol glycan, class N proteoglycan metabolism
1561908_a_at HS3ST3B1 Hypothetical protein MGC12916 proteoglycan metabolism
214579_at NPAL3 NIPA-like domain containing 3 unknown
209707_at PIGK Phosphatidylinositol glycan, class K proteoglycan metabolism
235216_at ESCO1 Establishment of cohesion 1 homolog 1 cell cycle and cell growth
230298_at LOC153364 Similar to metallo-beta-lactamase superfamily protein unknown
225717_at KIAA1715 KIAA1715 unknown
1552660_a_at FLJ11193 Hypothetical protein FLJ11193 unknown
220240_s_at TMCO3 Transmembrane and coiled-coil domains 3 calcium and ion metabolism
202666_s_at ACTL6A Actin-like 6A cell cycle and cell growth
224987_at C6orf89 Chromosome 6 open reading frame 89 unknown
220885_s_at CENPJ Centromere protein J cell cycle and cell growth
202749_at WRB Tryptophan rich basic protein unknown
214441_at STX6 Syntaxin 6 protein transport
202512_s_at ATG5 ATG5 autophagy related 5 homolog cell cycle and cell growth
227489_at SMURF2 SMAD specific E3 ubiquitin protein ligase 2 TGF-beta signaling
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Probe set ID Med exp1 Fold chg2 p-value B
221659_s_at 5.15 1.66 0.041 1.51
1554231_a_at 5.23 1.55 0.022 3.73
235091_at 5.34 1.49 0.033 2.06
229277_at 5.45 1.47 0.029 2.53
203192_at 5.31 1.34 0.036 1.87
1558247_s_at 5.3 1.32 0.044 1.35
212141_at 5.93 1.3 0.049 1.03
220442_at 5.76 1.28 0.049 1.03
1553945_at 5.76 1.24 0.041 1.58
230909_at 5.39 1.2 0.049 1.06
32094_at 6.14 1.2 0.022 3.82
208267_at 5.78 1.12 0.049 1.1
238260_at 6.09 1.09 0.047 1.17
243307_at 5.23 1.08 0.029 2.44
205301_s_at 6.78 0.95 0.024 3.13
1570627_at 5.86 0.93 0.032 2.22
1566476_at 5.22 0.91 0.029 2.36
215551_at 6.39 0.84 0.028 2.78
206734_at 8.11 0.79 0.029 2.56
235461_at 7.19 0.73 0.038 1.78
215570_s_at 7.32 0.65 0.028 2.77
219048_at 7.6 0.6 0.024 3.13
1561908_a_at 6.5 0.57 0.047 1.16
214579_at 7.95 0.56 0.049 1.07
209707_at 9.26 0.53 0.031 2.23
235216_at 7.92 0.51 0.045 1.24
230298_at 8.86 0.49 0.04 1.63
225717_at 7.98 0.48 0.038 1.79
1552660_a_at 8.65 0.48 0.041 1.59
220240_s_at 7.89 0.48 0.044 1.35
202666_s_at 9.25 0.46 0.029 2.41
224987_at 8.22 0.43 0.04 1.64
220885_s_at 7.63 0.42 0.036 1.9
202749_at 9.64 0.41 0.045 1.24
214441_at 8.09 0.4 0.027 2.95
202512_s_at 8.65 0.35 0.042 1.46
227489_at 8.9 0.33 0.047 1.18

1 Median expression (log2)
2 Fold change (log2)
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Underexpressed genes (21)

Probe set ID Gene ID Description Molecular Function
232498_at KIAA1833 Hypothetical protein KIAA1833 unknown
241742_at PRAM1 PML-RARA regulated adaptor molecule 1 cell adhesion and motility
227821_at LGI4 Leucine-rich repeat LGI family, member 4 unknown
209464_at AURKB Aurora kinase B cell cycle
208218_s_at ACVR1B Activin A receptor, type IB TGF-beta signaling
206106_at MAPK12 Mitogen-activated protein kinase 12 MAPK signaling
1554332_a_at SLCO4A1 Solute carrier organic anion transporter family, member 4A1 transporter activity
204948_s_at FST Follistatin TGF-beta signaling
216402_at SEC14L4 SEC14-like 4 (S. cerevisiae) transporter activity
214721_x_at CDC42EP4 CDC42 effector protein (Rho GTPase binding) 4 cell adhesion and motility
237624_at COL4A2 Collagen, type IV, alpha 2 cell adhesion and motility
202400_s_at SRF Serum response factor transcription regulation
1555643_s_at LILRA5 Leukocyte immunoglobulin-like receptor leukocyte immune response
204293_at SGSH N-sulfoglucosamine sulfohydrolase proteoglycan metabolism
207582_at PIN1L Protein NIMA-interacting 1-like unknown
202812_at GAA Glucosidase, alpha starch and sucrose metabolism
204046_at PLCB2 Phospholipase C, beta 2 cell adhesion and motility
239474_at SLC6A6 Solute carrier family 6, member 6 transporter activity
242640_at LOC148137 Hypothetical protein BC017947 unknown
226389_s_at RAPGEF1 Rap guanine nucleotide exchange factor (GEF) 1 cell adhesion and motility
214752_x_at FLNA Filamin A, alpha (actin binding protein 280) cell adhesion and motility

Probe set ID Med exp1 Fold chg2 p-value B
232498_at 5.94 -1.99 0.024 3.51
241742_at 5.46 -1.76 0.024 3.31
227821_at 5.7 -1.47 0.034 2.01
209464_at 5.19 -1.47 0.044 1.32
208218_s_at 5.54 -1.45 0.024 3.31
206106_at 5.45 -1.36 0.041 1.52
1554332_a_at 5.86 -1.18 0.049 1.04
204948_s_at 6.3 -1.17 0.049 1.07
216402_at 5.93 -1.15 0.029 2.38
214721_x_at 5.48 -1.11 0.043 1.42
237624_at 5.31 -1.11 0.049 1.09
202400_s_at 6.05 -1.07 0.047 1.16
1555643_s_at 6.19 -0.94 0.044 1.33
204293_at 8.27 -0.79 0.045 1.28
207582_at 7.05 -0.71 0.046 1.2
202812_at 8.45 -0.59 0.038 1.78
204046_at 8.77 -0.49 0.029 2.46
239474_at 8.07 -0.46 0.028 2.64
242640_at 7.43 -0.43 0.045 1.23
226389_s_at 10.29 -0.43 0.043 1.42
214752_x_at 10.91 -0.34 0.048 1.13

1 Median expression (log2)
2 Fold change (log2)
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Supplementary Figure 1: qRT-PCR validation of genes ACTL6A, OGG1, PLCB2 and
RAPGEF1. 10 patients from the microarray study were used for the validation (CLL2-
CLL13) as well as 3 new patients (CLL14-CLL16). White bars correspond to the
sample at diagnosis and black bars to the progressed sample. Expression ratios were
calculated by the 2 -ΔΔCt method using β-glucoronidase (GUS) as endogenous control.
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Supplementary figure 2: Ingenuity pathway Networks, built for the A) Overexpressed
genes, and B) Underexpressed genes (Ingenuity Pathways Analysis v.4.0®). The
nodes display various shapes, representing different functional classes for the gene
product. Straight lines show direct relationships between genes, whereas dotted lines
are for indirect relationships. In grey: significant genes included in the given Ingenuity
network, *: genes chosen for posterior validation purposes.
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