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Word of welcome

On behalf of the EHA Board and the Scientific Program Committee we would like to welcome you to Barcelona for the 15*
Congress of the European Hematology Association.

This year, over 2100 abstracts have been submitted - a new record- showing the growing significance of the EHA-Congress to
hematologists in Europe and abroad. The Scientific Program Committee is pleased with the steadily increasing quality of the data
presented. From these abstracts, an exciting program has been composed including the Presidential Symposium (6 best abstracts),
Simultaneous Oral Sessions and Poster Sessions with organized poster walks.

On behalf of the EHA Board, the committees and all people involved in this years’ EHA congress, we thank you for coming to
Barcelona and hope that this Abstract Book will provide you with an important reference of the recent advances in hematology
research.

Christine Chomienne Jests San Miguel
Chair Scientific Program Committee Congress President

o
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HIGH-RESOLUTION PHARMACOGENETIC PROFILES OF GENES
INVOLVED IN DRUG ABSORPTION, DISTRIBUTION, METABOLISM AND
ELIMINATION IN ADULT PHILADELPHIA-POSITIVE ACUTE LYMPHOBLAS-
TIC LEUKEMIA PATIENTS

I Iacobucci,' A Lonetti,' M Sazzini,” S Formica,’ A Ferrari,

C Papayannidis,' P Garagnani,” A Boattini,” A Astolfi,’ S Paolini,’
D Cilloni," MC Abbenante,' V Guadaguolo,' A Vitale,” F Pane,*
S Soverini,' M Vignetti,® R Foa,” M Baccarani,' G Martinelli'

'Institute of Hematology Seragnoli, Bologna, Italy; *Department of Evolutionary
Biology Laboratory of Molecular Anthropology, University of Bologna, Italy;
*Pediatric Oncology and Hematology Lalla Seragnoli- Sant'Orsola-Malpighi
Hospita, Bologna, Italy; ‘Dept. of Clinical and Biological Sciences, University
at Orbassano, Turin, Italy; "Dept. of Cellular Biotechnologies and Hematology,
Sapienza University of Rome, Rome, Italy; *Ceinge-Advanced Biotechnology,
University of Naples Federico II, Naples, Italy

Background. Inter-individual variations in genes encoding drug metabo-
lizing enzymes and transporters have been demonstrated to influence the
response to therapy. However so far, how these genetic variations inter-
act to produce specific drug related phenotypes in Philadelphia-positive
(Ph?) acute lymphoblastic leukemia (ALL) has not yet been investigated.
Aim. In order to investigate potential genetic structure and related pharma-
cogenetic profiles, around 2000 variants in more than 200 genes involved
in drug absorption, distribution, metabolism and elimination were geno-
typed and studied with a population genetics approach in 45 Ph* ALL
patients. Methods. The Drug Metabolizing Enzymes and Transporters
(DMET™, Affymetrix) platform, covering more than 90% of the most bio-
logically relevant drug absorption, distribution, metabolism and excretion
(ADME) markers was used for successfully genotyping 1931 variants in Ph*
ALL patients treated with the tyrosine kinase inhibitor Dasatinib. A mod-
el-based clustering method for inferring population structure using geno-
type data was applied by means of the Structure software assuming a
model in which there are K populations - each one of them being charac-
terized by a set of allele frequencies at each locus - to which individuals
are probabilistically assigned according to their genotypes. Distribution of
the genetic variance observed among the identified leukemia sub-groups
was investigated with a locus by locus Analysis of the Molecular Variance
(AMOVA) by means of the Arlequin 3.01 package, exploiting information
on genotypes allelic content and frequencies. Results. Three different sub-
groups (G1, G2, G3), made up of 2, 12 and 31 patients respectively, were
identified in the examined ALL sample, according to their different pat-
terns of allele frequency. A statistical support for this finding was provid-
ed by AMOVA results which pointed out a substantial level of genetic dif-
ferentiation among G1 and the other two sub-groups (Fst=0.099, P<0.001)
and a milder but still remarkably significant differentiation between G2
and G3 (Fst=0.020, P<0.001). Fst values for each genotyped variant were
also computed in order to single out those changes which were actually
responsible for such statistical significances. As regards the comparison of
allele frequencies among G1 and G2-G3, 56 variants, affecting the NAT1,
NAT2, CYP1A2, CES2, CYP1A2, CDA, SLC22A1, CYP3A5, CYP2B6,
CYP3A43, FMO2, UGT1A1, CYP3A7 and VKORCI genes, showed very
high (>0.3) and significant Fst values; whereas a total of 50 loci, located on
the NAT2, VKORC1, CYP4F2, CYP2B6, UGT2B7 and CYP2D6 genes,
showed moderate to high (>0.08) significant Fst values in the G2/G8 com-
parison. Conclusions. Differences of allele frequencies observed among the
identified ALL sub-groups prove that an evident genetic structure is
detectable in our sample by genotyping loci involved in drug metabolism.

Supported by: Fondazione GIMEMA Onlus, European LeukemiaNet, AIL,
AIRC, Fondazione Del Monte di Bologna e Ravenna, FIRB 2006, Ateneo RFO
grants, Project of integreted program (PIO), Programma di Ricerca Regione -
Universita 2007-2009.
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INTACT APOPTOSIS SIGNALING IN PEDIATRIC ALL IS ASSOCIATED
WITH PROLONGED NOD/SCID ENGRAFTMENT, LOW EXPRESSION OF
ANTI-APOPTOTIC MOLECULES AND FAVORABLE PATIENT OUTCOME

M Queudeville, F Seyfried, S Eckhoff, KM Debatin, L Meyer
University of Ulm, Ulm, Germany

Background. Defects in cell death signaling have been attributed to be
responsible for treatment failure and relapse in acute leukemia. We
recently reported the importance of intact apoptosis signaling for good
outcome in pediatric ALL and AML in two retrospective studies. Using
a NOD/SCID mouse xenotransplant model for pediatric ALL we have
also shown that rapid engraftment of primary ALL cells (short time to
leukemia/T TLshort) is characteristic for early relapse of the correspon-
ding patient. Aims. In this prospective study the impact of the function-
al integrity of apoptosis signaling in xenograft ALL samples on
NOD/SCID engraftment and patient outcome was investigated. Fur-
thermore, expression of apoptosis regulating molecules was analyzed
and correlated to NOD/SCID engraftment, treatment response and
apoptosis signaling. AMethods. Primary BCP-ALL samples (N=20)
obtained at diagnosis were transplanted onto NOD/SCID mice and
time to leukemia (TTL) was estimated as weeks from transplant to
onset of disease for each sample transplanted. Apoptosis signaling in
xenograft leukemia samples was assessed by flowcytometry analyzing
two key apoptogenic events, cytochrome c release and caspase-3 acti-
vation. Expression of the anti-apoptotic molecules Mcl-1, XIAP, Bcl-2
and Livin was analyzed by qRT-PCR. Results. Of the 20 ALL samples
transplanted 6 led to rapid leukemia manifestation in the recipient ani-
mals (T TLshort) with an inferior relapse free survival of the correspon-
ding patients in contrast to 14 patients with TTLlong phenotype (log
rank P.002). Apoptosis signaling was investigated in xenograft leukemia
samples by analysis of caspase-3 activation and cytochrome c release.
Both events were closely correlated to each other indicating intact sig-
naling in patients stratified into non-high risk groups, patients showing

ood response to treatment (remission on day 15, negative MRD on day
33), and patients without relapse. In contrast, no correlation was found
in patients with Epoor outcome. Most importantly, intact apoptosis sig-
naling was also found in TTLlong but not in TTLshort patients strong-
ly indicating that mitochondrial cytochrome c release and consecutive
apoptosome formation resulting in activation of downstream effector
caspases such as caspase 3 is characteristic for a long engraftment phe-
notype and prognostic favorable ALL. The functional integrity of this
apoptogenic checkpoint is subsumed by the parameter cytochrome c
related activation of caspases (CRAC). Patients with positive CRAC
values reflecting intact apoptosis signaling showed a significantly supe-
rior relapse free survival in contrast to patients with disturbed
cytochrome c related caspase activation/negative CRAC (log rank,
P<.001). Transcript expression of apoptosis regulating molecules was
analyzed. A correlation of cytochrome c release and caspase-3 activa-
tion indicating proficient apoptosis signaling was exclusively observed
in leukemia samples with low expression of the anti-apoptotic mole-
cules Mcl-1, XIAP, Bcl-2 and Livin. Furthermore, patients samples with
low Mcl-1 expression showed a significantly longer time to leukemia
(TTL) and lower blast cells on day 8 than samples with high Mcl-1
expression. Conclusions. Thus, the propensity leukemia cells to under-
go apoptosis (CRAC positive) leads to prolonged engraftment upon
transplant in the NOD/SCID/huALL model (TTLlong), is associated
with low expression of anti-apoptotic molecules, and results in favor-
able treatment response and superior survival of pediatric ALL patients.
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PHOSPHOPROTEOMIC PROFILING OF PEDIATRIC T-LINEAGE ACUTE
LYMPHOBLASTIC

G Milani, B Accordi, M Giordan, S Bresolin, M Sciro, L Galla,
G TeKronnie, G Basso

University of Padova, Padova, Italy

Background. T-lineage Acute Lymphoblastic Leukemia (T-ALL)
accounts for about 15% of paediatric ALL. Although the outcome of
T-ALL has improved with current therapies, T-ALL paediatric
patients remain at risk for early relapse. It is therefore very impor-
tant to develop more specific and less toxic therapies through the
identification of molecules, such as aberrantly activated phospho-
proteins that offer the possibility to use specific kinase inhibitors.
Aim. The aim of this research was to study the phosphorylation pro-
file of paediatric T-ALL patients at diagnosis, through Reverse Phase
Protein Arrays (RPPA), to find aberrantly activated phosphoproteins.
Methods. We analyzed 98 paediatric patients with T-ALL using RPPA
technique. This innovative approach allows to investigate post-
translation modifications, such as phosphorylation, and thus to char-
acterize the activation state of cellular protein networks. For all
patients included in this study informed consent was obtained fol-
lowing the tenets of the Declaration of Helsinki. Twenty-seven sam-
ples were from the Padova hospital and were directly processed
whereas 71 patients were from other Italian hospitals. The whole
proteome of each patient was immobilized on nitrocellulose coat-
ed glass slides and each slide was stained with a different antibody,
for a total of 53 antibodies. Protein expression/activation was com-
pared between patients subgroups defined by clinical/molecular fea-
tures. Results. We first found that the phosphorylation state of sam-
ples from Padova is comparable with that of samples from other
Italian hospitals. Shipment of samples to Padova at room tempera-
ture does not influence in a systematic way protein phosphoryla-
tion, thus allowing the study by RPPA also for samples collected in
other centers. Comparison between T-ALL patients with and with-
out del(1p32) revealed that mTOR(52448) is differentially activated
between these two groups (t test with Benjamini-Hochberg multi-
plicity corrections P=0.003). This protein kinase that regulates cell
growth and survival is less activated in 1p32 deleted patients. We
then compared relapsed vs non relapsed patients. Statistical analy-
sis revealed that PKCa(S657) is hyperactivated in the non relapsed
group (t test with Benjamini-Hochberg multiplicity corrections
P=0.02). Moreover, we performed a Relapse Free Survival analysis
through Kaplan-Meier estimates. We searched a threshold value for
PKCa(S657) that resulted in the largest difference in survival
between the two groups defined by that threshold: PKCa(5657)
threshold 50750.33, log rank test with Holm corrections P=0.02.
Patients who show PKCa(S657) lower than 50750.33 have a higher
probability to relapse: 15 of 32 (47 %) patients with PKCa(S657)
lower than 50750.33 relapsed, while among the 58 patients with
PKCa(S657) higher than 50750.33 only (17%) relapsed. Of note,
mRNA expression analysis for mTOR and PKCa did not reveal any
significant difference in gene expression levels among the above
studied T-ALL patients. Conclusions. This research identified the dif-
ferent activation state of proteins in subgroups of T-ALL patients
with clinical relevance that may be explored for new therapies.
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COMBINED BCL-2 AND MTOR INHIBITION IN ACUTE LYMPHOBLAS-
TIC LEUKEMIA CELLS

S Tacovelli," MR Ricciardi,' S Decandia,' P Bergamo,” A Miele,'
A Vitale,' AM Testi,' MT Petrucci,’ M Milella,” R Foa," A Tafuri'

'Haematology Sapienza University of Rome, Rome, Italy; *Medical Oncol-
ogy A Regina Elena National Cancer Institute, Rome, Italy

Background. Acute lymphoblastic leukemia (ALL) is a malignant
disorder of lymphoid progenitor cells. Leukemic cells resistant to
induction chemotherapy lead to persistence of disease or relapse
and ultimately to patients’ death. We have previously observed that
ABT-737 (kindly provided by Abbott Laboratories), a Bcl-2/Bcl-xL
(BH3 mimetic) inhibitor, exerts potent cell growth inhibition and
apoptosis induction in ALL cell lines and primary samples. It has
also been reported that deregulation of mTOR signalling is frequent-
ly found in ALL and mTOR inhibition by CCI-779 is associated with
anti-leukemic effects in pre-clinical models. Aim. Aim of the study
was to investigate in ALL cell lines and primary leukemic blasts the
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effect on cell proliferation and apoptosis of ABT-737 and CCI-779
alone or in combination Results. In MOLT-4 cells, ABT-737 induced
a dose and time-dependent growth inhibition (IC-50= 198 nM) fol-
lowed, at higher concentrations (250-500 nM), by apoptosis induc-
tion. In contrast, CEM-S (IC-50=12.1 uM), JURKAT (IC-50=66 uM),
DAUDI (IC-50=67.8 wM) and RAJI (IC-50=1.6x10" uM) proved
resistant. Western Blot (WB) analysis revealed that all of them share
Mcl-1 overexpression, already reported as a resistant factor to ABT-
737. When we explored the effects of CCI-779 on the aforemen-
tioned cell lines, only minor cytotoxic effects were found at higher
concentrations (IC-50 ranging between 0.5 uM to 28.2 uM), as
demonstrated in the MOLT-4 cells which showed a biphasic dose
response with a flat curve (35-55% growth inhibition) at concentra-
tions ranging between 1 nM and 5000 nM (IC50=9,87 uM). Apop-
tosis induction, as measured by Annexin-V positivity, was not
observed until 72h at 10000 nM. Instead, cell cycle effects were
noticed, as shown by a S-phase decrease, from 38.03%=3.7 (vehi-
cle) to 27.7+7.8% at 5000nM (P=0.03). Aiming at investigating the
activity of ABT-737 plus CCI-779 on the resistant phenotypes, we
exposed JURKAT cells to the above combination (each of them at
1000nM). A significant (P=0.04) induction of apoptosis was found,
as measured by an increase of the sub-G1 peak, to 47.7+5.9% (CCI-
779+ABT-737) compared to the effects of the single agents
(17.4+1.5% and 4.2+1.5% in the presence of ABT-737 and CCI-779,
respectively). WB analysis revealed in the presence of CCI-779 and,
particularly, its combination with ABT-737, a decrease of Mcl-1 lev-
el. Results obtained on primary cells from 8 ALL patients treated in
vitro with of ABT-737 (ranging from 50 to 100 nM) and CCI-779
(ranging from 5000-10000 nM) alone or in combination, showed an
increase of the sub-G1 peak in 5/8 and in 3/8 samples exposed to
ABT-737 and to CCI-779, respectively, while synergistic effects on
apoptosis induction were found in 2/8 primary samples.
Summary/Conclusions. We observed that CCI-779 can potentiate
growth inhibition and apoptosis induction of ABT-737 on ALL cells.
Interestingly, the combined use of both inhibitors exerts synergis-
tic cytotoxic effects on the JURKAT cells, mediated by the down-
regulation of Mcl-1. Pre-clinical studies on an initial series of primary
ALL samples, support the investigation of the active oral ABT-737
compound, ABT-263, as a novel therapeutic approach in ALL, aimed
at overcoming selected resistance mechanisms.
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GENOME WIDE ANALYSIS REVEALS WNT11, A NONCANONICAL
WNT GENE AS A TARGET OF THE ETS TRANSCRIPTION FACTOR
ERG

L Mochmann,' ] Bock,' ] Ortiz-Tanchez,' C Schlee,' K Neumann,’
WK Hofmann, E Thiel,' C Baldus'

'Charite, Campus Benjamin Franklin, Berlin, Germany; *Charite, Campus
Mitte, Berlin, Germany; *University Hospital Mannheim, Mannheim, Ger-
marny

Background. ERG is an ETS transcription factor that is involved in
leukemogenesis and mRNA overexpression is associated with poor
prognosis in patients with T-cell acute lymphoblastic (T-ALL) and
acute myeloid leukemia (AML). Normal ERG expression peaks dur-
ing T-cell lineage commitment and furthermore is required for
hematopoietic stem cell maintenance. Thus far, ERG transcription-
al networks in leukemia are unknown. Methods. Herein, a genome-
wide analysis of ERG target genes was conducted in a T-ALL cell line
by chromatin immunoprecipitation-chip (ChIP-chip). Enriched ERG-
bound DNA and total chromatin were differentially hybridized to
high resolution tiled promoter chip array. Results. Of the significant-
ly fluorescent annotated regions derived from duplicate ChIP-chip
experiments, a total of 340 annotated genes were categorized using
DAVID Gene Ontology Tools. Significant biological processes of the
candidate genes with gene count out of total are listed as follows:
cellular processes (232), biological regulation (118) and developmen-
tal processes (98). These data suggest a broader functional role or
anomalous role for ERG in leukemia. In addition, 17 candidate pro-
moter regions resulted in >2-fold enrichment over total chromatin
by quantitative PCR. Notably, candidate genes WNT2, WNT9A4,
WNT11, CCND1 and FZD7, of the WNT signaling pathway, were
among the 17 candidate genes. Expression of WNT71, the most sig-
nificantly enriched gene promoter by ChIP-chip, was directly
reduced by 40-50% with siRNA knockdown of ERG (70-90% tran-
script level knockdown). Conversely, through a Tet-on ERG-
inducible cell based system in K562 cells, ERG induction (>50-fold



relative to uninduced status) substantially upregulated WNT71
mRNA expression ranging from 10 to 100-fold relative to the unin-
duced status from 3 independent clones. Moreover, modulation of
glycogen synthase 3p (GSK-3p), a central regulator in WNT signal-
ing, was inhibited with 6-bromoindirubin-3’-oxime (BIO) addition
in the Tet-on ERG inducible system. ERG-induced cells treated with
BIO (1-2 uM) elicited a growth advantage at 72 hours over unin-
duced BIO treated cells in a WST proliferation assay. Thus, applica-
tion of GSK-3f inhibitor (BIO) confers resistance upon ERG induc-
tion. Lastly, ChIP of primary bone marrow samples of six newly
diagnosed acute leukemia patients (one T-ALL and five AML) and
one healthy bone marrow donor showed that WNT71 promoter
enrichment correlated with ERG mRNA expression. Conclusions. ERG
transcriptional networks in leukemia are revealed in this study.
Specifically, we demonstrated that ERG functionally is a positive
regulator of WNT71. From our observation of a proliferation advan-
tage of ERG induction in combination with GSK3-f inhibition, we
propose a functional role for ERG as an upstream regulator in the
WNT pathway.
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HUMAN BONE-MIARROW MESENCHYMAL STEM CELLS PROTECT B-
CELL ACUTE LYMPHOBLASTIC LEUKEMIA CELLS FROM APOPTOSIS
IN VITRO BY UPREGULATING NOTCH-3 AND -4 ON BOTH CELL
TYPES

AH Nwabo Kamdje, F Mosna, F Bifari, V Lisi, E Mimiola,
O Perbellini, G Pizzolo, M Krampera

University of Verona, Verona, Italy

Background. Notch signaling pathway plays a crucial role in pro-
moting self-renewal in either normal hematopoietic and leukemic
stem cells. In fact, deregulation of Notch signaling is involved in the
pathogenesis of several forms of acute lymphoblastic leukemia
(ALL), most importantly in the T-ALL with the translocation
t(7;9)(q34;q34.39). However, little is known about the role of Notch
signaling in B-lineage ALL. Bone marrow-derived mesenchymal stem
cells (BM-MSCs) are non-hematopoietic precursors that may support
hematopoietic progenitors using Jagged-1/Notch-1 signaling. Aims.
to evaluate the role of the Notch signaling pathway in the mainte-
nance of B-ALL cells in coculture with BM-MSCs. Methods. MSCs
were obtained from normal BM samples collected after informed
consent, and expanded up to passage 3-4, displaying a homogeneous
mesenchymal immunophenotype and multipotent differentiation
capability. B-ALL cells were obtained by density gradient centrifu-
gation from BM samples of 5 newly-diagnosed patients with high
blast count (mean purity: 91.2%, range: 82-97), and were cocultured
with BM-MSCs at 10/1 ratio for 3, 7 and 28 days. Apoptosis of B-
ALL cells was evaluated by Annexin-V/7-AAD staining, while pro-
liferation was assessed with the Carboxyfluorescein-diacetate Suc-
cinimyl-ester (CFSE) method and flow cytometry. Expression of
Jagged-1 and Notch-1, -2, -3 and -4 was assessed on both cell types
with flow cytometry. Results. At each time point the number of sur-
viving B-ALL cells was increased by the coculture with BM-MSCs
(day 3: 56.5£1.6% vs 73.5£0.2%, P<0.001; day 7: 15.8+2.7% vs
58.0+1.4%, P<0.001; day 28: 4.6+1.5% vs 30.6+2.1%, P<0.001). This
finding was due to a dramatic reduction in apoptosis rather than to
the proliferation of B-ALL cells, which was negligible. At the same
time, the expression of Notch-1, Notch-3, Notch-4 and Jagged-1 by
B-ALL was markedly upregulated by the coculture with BM-MSCs
(Notch-1: 1.7+£0.6% vs 21.0+1.3%, P<0.001; Notch-3: 5.3+0.7 % vs
16.3+0.7%, P<0.001; Notch-4: 1.8+0.5% vs 3.8+0.8%, P<0.001;
Jagged-1: 8.4+0.7% vs 37.4+1.5%), P<0.001; all at day +3). On the
other hand, Notch-3 and -4 were upregulated on BM-MSCs (Notch-
3: 8.8£1.1% vs 54.8+1.1%, P<0.001 at day +3; 7.9+0.7% vs
88.5+1.7%), P<0.001 at day +7; Notch-4: 1.0£0.2% vs 5.8+0.5%,
P<0.001 at day +3; 2.2+0.3% vs 48.5+1.4%, P<0.001 at day +7).
Notch-2, expressed at low levels at basal conditions on both B-ALL
and MSCs, became undetectable from day +3 onwards. We then
blocked all the Notch signaling with the y-secretase inhibitor XII:
consequently, B-ALL cells were all dead at day +3 when cultured
alone, but still 42.5+0.5% of the total population was alive by cocul-
turing B-ALL with BM-MSCs. We next blocked single Notch recep-
tors through specific neutralizing antibodies: 61.2+0.4%, 51.4+0.5%
and 30.8+0.8% of B-ALL cells were still alive using anti-Notch-1, -3
and -4 antibodies, respectively (Figure 1). Conclusions. considered
together, these data show how BM-MSCs contribute to the survival
of B-ALL blasts by activating Notch signaling. Notch-3 and -4 appear
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mainly responsible for these phenomena and might become future
additional targets in the treatment of B-ALL.
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Figure 1. Viable B-ALL cells at day +3 of culture.
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RNAI MEDITED SILENCING REVEALS TEL/AML1 IS DISPENSABLE FOR
LEUKEMIC CLONE SURVIVAL

M Zaliova,' ] Madzo,” G Cario,’ ] Trka'

"2nd Faculty of Medicine, Charles University Prague, Prague, Czech Repub-
lic; *University of Chicago, Chicago, USA; *University Hospital Schleswig-Hol-
stein, Kiel, Germany

Backround. Translocation (12;21), the most frequent chromosomal
aberration in childhood ALL results in TEL/AML1 fusion gene.
TEL/AML1 hybrid protein most likely acts as an aberrant transcription
factor that deregulates AML1-dependent transcription but its target
genes, and thus also the exact role in leukemic cells remain unknown.
in vivo studies showed that TEL/AMLI itself is not sufficient to cause
leukemia but may induce a preleukemic state characterized by the
increased numbers of multipotent or B-cell progenitors with an incom-
plete block of differentiation. Role of TEL/AMLI1 for leukemic clone
establishment is being studied intensively, however, relevance of
TEL/AMLI1 fusion gene for definitive leukemia persistance has not been
approached yet. Aims. To address this question and to explore the poten-
tial of TEL/AMLI1-targeted therapy, we aimed to study the effect of
RNAi-mediated TEL/AMLI silencing on leukemic cells. Methods. Trans-
fection of siRNAs was used to silence TEL/AML1 and AML1 genes.
HeLa cells were transfected by lipofection, REH and UOC-B6 cells (only
available TEL/AML1-positive cell lines) by rectangular pulse-electropo-
ration. TEL/AMLI level was monitored at mRNA and protein levels
using gRT-PCR and western blot, respectively. Cell viability was meas-
ured using trypan blue staining followed by microscopy, apoptosis rate
was monitored by staining with annexin V and propidium iodide using
flow cytometry. Analysis of DNA content using staining with propidi-
um iodide was performed to assess cell-cycle distribution. Incorporation
of nucleoside analogue was measured by flow cytometry to analyse de
novo DNA synthesis as an indicator of proliferation rate. GEP was per-
formed in TEL/AML1-positive cells after TEL/AML1 silencing. Results.
We designed eleven different siRNAs specifically targeting the fusion
sequence to silence TEL/AML1 but prevent silencing of TEL and AML1
wild type alleles. In the first step siRNAs efficiency was measured in
HelLa cells transgenic for TEL/AML1-ires2-EGFP reporter as a decrease
of EGFP fluorescence by flow cytometry. In the second step five most
efficient siRNAs were tested at mRNA level in TEL/AML-positive
leukemic cell line. Two most efficient siRNAs were pooled and used for
TEL/AML1 knock-down in REH and UOC-B6 TEL/AML1-positive cell
lines. Applying two rounds of transfection within 48 hours interval we
achieved 74% and 86% TEL/AML1 protein knockdown in REH and
UOC-B6 cells, respectively. Seemingly counter-intuitively (based on the
results from studies on other fusion oncogenes including BCR/ABL,
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AMLI1/ETO, E2A/PBX1), TEL/AMLI silencing neither decreased cell
viability, nor induced apoptosis. On the contrary, TEL/AML1 depletion
was accompanied by modest but significant increase in the fraction of
S-phase cells and corresponding rise in the proliferation rate. Opposite
effects on cell cycle and proliferation were induced by AMLI1 silencing,
supporting our hypothesis that TEL/AML1 may block previously
demonstrated AML1 role in G1/S progression through the cell cycle. In
line with the lack of effect on cell viability and discreet effect on cell-
cycle distribution and proliferation we found no significant changes in
global gene expression pattern upon TEL/AML1 depletion. Conclusions.
Our data indicate, that TEL/AMLI1 is dispensable for leukemia persist-
ence, at least in studied cell lines, and, as such, would not be a suitable
target for gene specific therapy.
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CHARACTERIZATION OF THE NOVEL ABL1 FUSION TO THE PUTATIVE
TUMOR SUPPRESSOR GENE SHIP1 IN ALL

P Kakadia,' B Tizazu,” G Mellert,' K Spiekermann,' S Bohlander’

'Labor fiir Leukdmiediagnostik, Munich, Germany; *Klinische Kooperations-
gruppe Leukdmie am Himatologikum des Helmholz Zentrums M, Munich,
Germany

Background. BCR/ABL is the most common fusion gene in leukemia.
The BCR/ABL fusion is the hallmark of CML and is frequently associ-
ated with B-lineage ALL. Up to now only 5 other mostly rare fusion
partners of ABL1 have been described: ETV6, RCSD1, EML1, NUP214
and ZMIZ 1. Here, we describe a novel fusion of ABL1 to SHIP1 (Inos-
itol Polyphosphate-5 Phosphatase, INPP5D) in an 18-year-old woman
with c-ALL. Aim. We aimed to characterize the SHIP1-ABL1 fusion at
the genomic, molecular and functional level. Methods. Fluorescence in
situ hybridization (FISH) analysis was performed using the BCR/ABL1
and SHIP1/ABL1 dual color dual fusion (DCDF) probes. Coimmunopre-
cipitations were performed by co-expressing differentially tagged ver-
sions of the SHIP1/ABL1 protein. The dimerization domain of SHIP1
was mapped using the Yeast-two hybrid (Y2H) system. Ba/F3 cells were
stably transduced with a retroviral vector expressing SHIP1/ABL1 or
various deletion mutants of SHIP1/ABL1. Results. Sequence analysis of
an unexpected PCR product obtained from the diagnostic screening for
a BCR-ABL1 fusion from a patient with c-ALL, revealed an in-frame
fusion of the first 343 amino acids of SHIP1 to the second exon of the
ABL1. The SHIP1/ABL1 fusion protein contains an SH2 domain in the
SHIP1 portion (amino acids 2 to 102) and the ABL1 protein starting
from exon 2. As the SHIP1 gene is located on 2g37 and is transcribed
centromere to telomere like the ABL1 gene on 9q34, we predicted the
SHIP1/ABL1 fusion to be on chromosome 2. Interestingly, FISH analy-
ses using a BCR/ABL1 DCDF probe on metaphase chromosomes did
not show an ABL1 signal on chromosome 2 but detected four ABL1 sig-
nals in interphase nuclei. Additional analyses with various combina-
tions of SHIP1 and ABLI1 probes revealed the presence of two
SHIP1/ABL1 and one ABL1/SHIP1 fusion in the interphase nuclei from
the patients. By using an anti-FLAG antibody an HA-SHIP1/ABL1 pro-
tein coimmunoprecipitated with a FLAG-SHIP1/ABL1 protein. This
suggested that the SHIP1/ABL1 fusion is using a similar dimerization-
dependent kinase activation mechanism like the other ABL1 fusion pro-
teins. SHIP1/ABL1 transduced Ba/F3 cells exhibited IL3 independent
growth, which was sensitive to Imatinib. Moreover, we could show
that the expression of the SHIP1/ABL1 fusion protein in Ba/F3 cells
leads to strong tyrosine phosphorylation of a number of proteins includ-
ing STAT5a, MAPK, CRKL, and SHIP1/ABL1 itself. Using the Y2H sys-
tem we were able to show that amino acids 100 to 343 of SHIP1 are
necessary and sufficient for dimerization and for the induction of fac-
tor independent growth of Ba/F3 cells. Conclusions. Since SHIP1 func-
tions as a negative regulator of myeloid proliferation and SHIP1 knock-
out mice develop a myeloproliferative syndrome-like disease, it is
tempting to speculate that in addition to the activation of the ABL1
tyrosine kinase, the formation of the SHIP1/ABL1 fusion might con-
tribute to cellular transformation by compromising the putative tumor
suppressor function of SHIP1 through: 1) haploinsufficiency and 2) a
dominant negative effect mediated by the interaction between
SHIP1/ABL1 and SHIP1. This is the first report describing genetic lesions
of SHIP1 in ALL.
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IL-27 ERADICATES PEDIATRIC B-ALL CELLS IN VIVO BY TARGETING
TUMOR INITIATING CELLS

I Airoldi,' C Cocco,' S Canale,' C Frasson,” E Ognio,’ E Seganfreddo,’
D Ribatti,* E Di Carlo,” G Basso,” C Dufour'

'G.Gaslini Institute, Genova, Italy; *University of Padova, Padova, Italy;
*National Institute of cancer research, Genova, Italy; *University of Bati, Bari,
Italy; °G. d'Annunzio University Foundation, Chieti, Italy

Background. B-acute lymphoblastic leucemia (B-ALL) is the most com-
mon pediatric hematologic cancer which derives from aberrant expan-
sion of early B lymphocytes in the bone marrow (BM). B-ALL is organ-
ized as a cellular hierarchy sustained by tumor initiating cells (TIC) at
the apex which are the only cells with self-renewal ability, which gen-
erate both rapidly proliferating clonogenic progenitors and leukemic
blasts, and maintain the bulk population of cancer cells. TIC are quies-
cent, slowly dividing cells and are refractory to chemotherapeutic
agents that kills highly proliferating cells within the tumor. Therefore,
complete eradication of this tumor may depend on the efficacy of ther-
apies that target also TIC cells. IL-27 is a pro-inflammatory cytokine and
shows anti-tumor activity in different murine solid tumors through
indirect mechanisms such as immune stimulation and/or inhibition of
angiogenesis. Aims. Objective of this study was to investigate the role
of IL-27 as potential anti-tumor agent against primary B-ALL cells in vivo
by targeting blasts and/or TIC populations. No information is avail-
able on the role of IL-27 in these cells. Methods. Blasts and TIC from BM
of B-ALL patients after informed consent were tested for the expression
of both chains of IL-27 receptor (R) (i.e. gp130 and WSX-1), by flow
cytometry. The in vivo experiments were performed using primary B-
ALL cell samples injected into SCID/NODII2rg-/- (NOG) mice that
were treated with PBS (controls) or human recomibinant (hr) IL-27.
The IL-27 anti-tumor activity was evaluated in terms of tumor mass for-
mation and spreading. Leukemic cells were searched at the primary
site of tumor cell inoculation (subcutaneously and in the peripheral
blood ) as well as in the lymphoid organs (spleen, BM, lymph nodes)
by flow cytometry and immuohistochemical analysis. In order to
demonstrate unambiguously that IL-27 functions directly on B-ALL
cells we cultured primary B-ALL cells in the presence or absence of
hrlL-27 and tested them for apoptosis and proliferation (flow cytome-
try) and angiogenesis by chorioallantoic membrane (CAM) assay:.
Results. Both blast and TIC popultions expressed complete IL-27R. In
the in vivo experiments, B-ALL cells were found in the PB, BM and
spleens from controls, whereas the same cells were present in the BM
only from IL-27 treated animals. The TIC population was also reduced
in the BM from treated mice as compared to BM of controls. The i vit-
ro experiments showed that IL-27 inhibited proliferation and angiogen-
esis, and induced apoptosis of B-ALL cells, demonstrating that IL-27 tar-
gets directly neoplastic B-ALL cells. Conclusions. Taken together, our
results show for the first time that IL-27 inhibits B-ALL spreading in vivo
and may act against both leukemic blasts and TIC. This study may
open new perspectives for playing therapeutic protocols based on such
double anti-tumor effect by IL-27, and aimed to obtained a complete
eradication of B-ALL in pediatric patients at diagnosis and/or relapse.
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NOTCH3: A MORE PROMINENT PLAYER THAN NOTCH1 IN THE
PATHOGENESIS OF T-ALL?

E Radwan,' E Ferretti,’ S Checquolo,” P Grazioli,” C Talora,” H Mous-
sa,” A Campese,” M El-Ansary,' S Hussein,' D Yassin,® A Kamel,®
I Screpanti®

"Faculty of Medicine, Cairo University, Cairo, Egypt; *Sapienza University of
Rome, Rome, Italy; *NCI, Cairo University, Cairo, Egypt

Background. T-acute lymphoblastic leukemia (T-ALL) includes sever-
al subtypes that correlate with genetic aberrations at different stages of
thymocyte differentiation. NOTCH family controls various steps of T-
cell development; hence dysregulated NOTCH signaling could be
involved in the development of T-ALL. NOTCHS3 gene was previous-
ly shown to be expressed in all T-ALL patients, whereas its expression
was reduced in remission; it is associated with the expression of HES1
and the invariant chain of pre-TCR (p-Talpha). Thus, a T-ALL signature
characterizes the active or relapsing disease. NOTCH1 was discovered
as a partner gene in the rare t(7;9), representing <1% of T-ALLs, yet
about 50% of human T-ALLs were noted to harbor activating point
mutations in NOTCHI that lead to aberrant activation of NOTCH sig-
naling, placing it at the center of T-ALL pathogenesis. Other studies



reported that NOTCH1 expression was not pathognomonic for T-ALL,
as it was detected not only in normal peripheral blood T lymphocytes
but also in non-T cell leukemias. More recently NOTCHI activating
mutations were reported as secondary events in T-ALL. Aims. The aim
was to study the expression of the main genes involved in the NOTCH
pathway, to verify the possible specific role of NOTCHI1 versus
NOTCHS in the pathogenesis of T-ALL and to correlate the level of the
expression of such genes to other prognostic parameters. Methods.
Under informed consent the study was performed on 46 T-ALL patients
(38 children/8 adults, 33 males/13 females); 12 cases of precursor B-
ALL and 13 healthy subjects served as control groups. Gene expression
was evaluated using Real Time PCR. Results. NOTCH1, NOTCHS, pTal-
pha and HES1 expression was increased in T-ALL compared to precur-
sor B-ALL (P=0.015-0.044) and healthy subjects (P=0.0001-0.022). Genes
expression was higher in children compared to adults; the difference
was significant for NOTCHS (P=0.02) and pTalpha (P=0.005). The genes
level in early, intermediate and late T-ALL was examined. Due to the
comparable level of gene expression in both intermediate and late T-
ALL they were considered as one group in comparison with early T-
ALL. Gene expression was higher in intermediate and late T-ALL group
compared to early T-ALL for all the studied genes (P=0.006-0.016)
except for HES1 (P=0.11). A correlation was found between NOTCH1
and NOTCHS3 (r=0.508/P=0.0001) and between each of them and pTal-
pha (r=0.481, P=0.0001 and r=0.871,P=0.0001 respectively). HES1 mod-
erately correlated with NOTCH1 (r=0.48, P=0.021). No association was
encountered between genes expression and any of the prognostic
parameters: age, TLC, mediastinal involvement, CNS involvement,
hepatosplenomegaly, or lymphadenopathy except for a high expres-
sion of NOTCHI in association with hemoglobin level <10 g/dL
(P=0.049) and a negative correlation between them (r=-0.476/P=0.003).
NOTCHS3/NOTCHLI ratio was calculated for the different groups. Both
T-ALL and precursor B-ALL showed comparable ratios to each other
(P=0.312) while both showed a higher ratio in comparison to healthy
subjects (P=0.0001 and 0.013 respectively) Conclusions. Our study con-
firms a pivotal role of NOTCH pathway in the pathogenesis of T-ALL
together with pTalpha and HES1. The higher NOTCH3/NOTCH]1 ratio
suggests that NOTCH3 dysregulation may play a more central role than
NOTCH1 in ALL pathogenesis.
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THE PROSURVIVAL CYTOKINE ANGIOPOIETIN-1 IS OVEREXPRESSED IN
T(4;11)-POSITIVE ALL AND REGULATED IN A MLL/AF4-DEPENDENT
MANNER

P Garrido Castro,' S Bomken,' ] Vormoor,' ] Greil,> O Heidenreich'

'Newecastle University, Newcastle upon Tyne, UK; *Dept. of Paediatric Haema-
tology and Oncology, University Children’s Hospital, Heidelberg, Germany

Background. The chromosomal translocation t(4;11)(q21;q23) marks
an acute lymphoblastic leukaemia (ALL) subtype prevalent in infants
and associated with poor outcome. ALL cells carrying this translocation
express the fusion gene MLL/AF4; in concordance with the adverse
prognosis of t(4;11)-positive paediatric ALL, cell lines expressing
MLL/AF4 are associated with resistance to chemotherapy-related stress
and cell death. In order to address the functional role of MLL/AF4 in
leukaemogenesis and leukaemic maintenance, we employ siRNA
oligonucleotides targeting the fusion site of the MLL/AF4 transcript
inherent of our cell line model, the t(4;11)-positive ALL cell line SEM.
As previously reported by us, sustained MLL/AF4 depletion induces
cell death. Gene expression profiling of the SEM cell line transfected
with siMLL/AF4 revealed a subset of differentially expressed angio-
genic genes, most prominently ANGIOPOIETIN-1 (ANGPT1), a proan-
giogenic cytokine previously reported to play a role in proliferation and
survival of acute myeloid leukaemia (AML) cells, but to date not impli-
cated in ALL. Recently, ANGPT1 signalling has been linked to
haematopoietic stem cell (HSC) quiescence and bone marrow (BM)
niche maintenance; pathways activated downstream of ANGPT1
include several prosurvival cascades associated with leukaemia, such as
PISK/AKT, MAPK and STAT3/5 signalling. Methods. ANGIOPOIETIN
mRNA transcript levels were analysed by real-time RT-PCR (Q-RT-
PCR), and ANGPT1 protein secretion determined using enzyme-linked
immunosorbent assay (ELISA). Expression of ANGIOPOIETIN recep-
tors and integrins was detected using RT-PCR. The MLL/AF4 status of
cells was modulated using fusion transcript-specific siRNA oligonu-
cleotides; successful knock-down was monitored by Q-RT-PCR. Resuls.
Screening of a B-cell precursor ALL cell line cohort showed ANGPT1
mRNA expression to be restricted to the t(4;11) ALL subtype, where it
is upregulated up to 100-fold compared to peripheral blood B cells from
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healthy donors. High levels of ANGPT1 were also detected in 1123
rearranged infant ALL patient samples. Conversely, 1123 rearranged
AML cell lines show substantially lower ANGPT1 levels. Notably, in
addition to its expression being restricted to t(4;11)-positive ALL,
ANGPT]1 levels are dependent on MLL/AF4; reduction of ANGPT1
mRNA and protein levels correlated with siRNA-mediated MLL/AF4
depletion in a time-dependent manner. Conversely, ANGIOPOIETIN-
2 (ANGPT?2), the biological antagonist of ANGPT1 and an independent
prognostic marker in AML, showed increased RNA levels in response
to MLL/AF4 knockdown in SEM cells. Expression analyses of receptors
reported to mediate ANGPT1 and ANGPT2 signalling revealed presence
of the integrins ITGB1 and ITGB5 in t(4;11)-positive ALL cell lines,
enabling an autocrine function of secreted ANGPT1. Conclusions. Here
we report for the first time a possible implication of ANGIOPOIETIN-
1in t(4;11) ALL, as defined by its overexpression and the regulation of
mRNA and protein levels by the MLL/AF4 status of cells. ANGPT1 sig-
nalling represents an attractive potential target, both in an autocrine
manner and in the context of crosstalk with the BM niche, which may
promote ALL cell survival. We are currently assessing the functional
role of ANGPT1 in t(4;11) ALL cells.

This work was supported the North of England Children's Cancer Research
Fund, the Leukaemia & Lymphoma Research Fund and the Deutsche Jose Car-
retas Leukaemie-Stiftung.
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COMBINED INTERPHASE FLUORESCENCE IN SITU HYBRIDIZATION
(CI-FISH) DELINEATES THE GENOMIC PROFILE OF T-CELL ACUTE
LYMPHOBLASTIC LEUKEMIA IN CHILDREN

R La Starza,' V Pierini,' B Crescenzi,' C Matteucci,' V Nofrini,'
AlLeszl? G Cazzaniga,’ P Gorello,' S Romoli," A Lettieri,’ F Aversa,'
G Basso,” C Mecucci'

'University of Perugia, Perugia, Italy; *Universita degli studi di Padova, Pado-
va, Italy; *Ospedale S Gerardo, Monza, Italy

Background. In T-cell acute lymphoblastic leukemias (T-ALL) diverse
molecular lesions deregulate genes involved in cell cycle control, prolif-
eration, differentiation, survival and apoptosis. Our combined inter-
phase fluorescence in situ hybridization (CI-FISH) assay reliably detect-
ed cryptic aberrations and elucidated preferential and forbidden asso-
ciations of multiple genetic events concurring in adult T-ALL pathogen-
esis.! It also provided great advantages of major savings in time, costs
and biological material as it combined over eight molecular assays in
one slide. Aims. To extend our CI-FISH assay to include 30 loci/genes
for a pilot study in children with T-ALL. Methods. We analysed 33 cyto-
§enetic pellets of children with T-ALL who were enrolled and uniform-
y treated under the AIEOP LLA 2000 protocol. Immunophenotyping
indicated early pre-T in 16 cases, thymic in 10, and mature in 7. Kary-
otyping was informative in 10 (30%), showing abnormalities in 4
(12%), but failed in the others. RT-PCR detected MLL-ENL and CALM-
AF10 fusion in 1 case each. Results. CI-FISH was abnormal in 30/33
patients, detecting =2 genetic changes in 20. Mono- or bi- allelic
del(9)(p21)/CDKN2AB deletion was the most frequent abnormality (17
patients; 51%). In 5/17 cases del(9)(p21)/CDKN2AB included JAK2/9p24
and PAX5/9p13 and in 4/17 cases it included PAX5. Monoallelic
del(6)(q16)/GRIK2 was found in 5 cases (15%). TCRB-rearrangements
were detected in 5 patients (15%): inv(7)(p15q34)/TCRB-HOXA (2 cas-
es), t(7;11)(q34;p15)/TCRB-LMO1 (2 cases), t(7;9)(q34;q32)/TCRB-TAL2
(1 case). TCRA/D wunderwent rearrangement in 3 cases:
t(11;14)(p13;q11)/TCRAD-LMO2 (2) and t(10;14)(q24;q11)/TCRAD-
HOX11 (1). Other expected changes were: del(1)(p32)/SIL-TAL1 (8 cas-
es), TLX3-translocation (5), CALAM-AF10 (3), MYB duplication (2), MLL-
translocation, dup(9)(q34)/ABL1-NOTCH1-NUP214, and PTEN/10q24,
WT1/11p18, and ETV6/12p13 deletion (in 1 case each). We detected
loss of LEF1/4¢25, in 2 cases, and of IKAROS/7p11, 1 case. Genomic
imbalances which have still not been characterised molecularly were
observed in individual cases: 1p32/SIL-TAL1 and 5g35/TLX3 losses,
1p32/SIL-TAL1 and 17q11/NF1 gains. Summary/conclusions. Although
conventional cytogenetics and RT-PCR were uninformative in the
majority of T-ALL cases our new CI-FISH assay identified molecular
lesions in 91% of cases and multiple changes in 60%. It provided a pic-
ture of a myriad of genomic lesions in T-ALL, the roles of which as
driver or passenger hit still needs investigation. Remarkably, 73% of our
cases could be classified according to well-established gene expression
profiling signatures, i.e. SIL-TAL1; CALM-AF10, MLL, and HOXA;
TLX3; LMO1 and LAMO2. Two broad groups of predominant associa-
tions emerged: the del(9)(p21)/CDKN2AB was preferentially associat-
ed with HOX11L2, LMO1, or CALM-AF10 while the del(6)(q16)/
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GRIK2 appeared preferentially associated with TAL2 or LMO2. Approx-
imately 18% of children had del(9)(p21)/CDKN2AB alone or associat-
ed with loss of GRIK2/6q16 or gain of NF1/17q11. In conclusion, as
present findings indicate our CI-FISH assay is a valid tool in the genet-
ic characterization of pediatric T-ALL, we propose its use in the diag-
nostic work-up. Its application in large prospective studies will serve to
evaluate the clinical impact of a genome-based classification in this spe-
cific ALL subtype. Aknowledgments. PRIN 20078 CINRT_003.
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PROMOTER REGION HYPERMETHYLATION CONTRIBUTES TO C-MET
DOWNREGULATION IN PEDIATRIC MLL-REARRANGED BCP-ALL

B Accordi, G Milani, L Marchioretto, L Galla, M Sciro, G Te Kronnie,
G Basso

University of Padova, Padova, Italy

Background and Aims. c-Met is the tyrosine-kinase receptor for HGE
We previously observed that c-Met is expressed in normal B cells and
in TEL/AML1-rearranged patients,' while its expression is strongly
reduced in MLL-rearranged BCP-ALL patients. c-Met forms a protein
complex with Fas in TEL/AML1-rearranged leukemias, and the activa-
tion of the c-Met pathway was demonstrated to result in increased Fas-
mediated apoptosis. This implies that c-Met has an important role in
cellular homeostasis and enhanced pharmacological response of
TEL/AML1 BCP-ALL cells, and c-Met downregulation in MLL-
rearranged leukemias could contribute to chemotherapy resistance
observed in these patients. We decided to investigate by which mech-
anisms c-Met transcription is regulated in BCP-ALL with particular
attention to MLL-rearranged cells, first of all focusing on the methyla-
tion status of the c-Met promoter. Methods. For all patients included in
this study the informed consent was obtained following the tenets of
the Declaration of Helsinki. We analyzed c-Met expression by Sybr-
Green RQ-PCR in 22 TEL/AML1-, 14 MLL-rearranged patients and the
two human cell lines REH (BCP-ALL with TEL/AML1) and RS4;11
(BCP-ALL MLL-rearranged). REH and RS4;11 cells were treated with 5-
aza-dc to test c-Met expression induction by demethylation treatment.
To determine the methylation status of the c-Met promoter region in
patients (15 TEL/AMLI1, 13 MLL) and cell lines we then performed
bisulfite modification, Methylation Specific PCR (MS-PCR) and
sequencing. Quantification of methylation status was performed by
measuring relative peak heights in MS-PCR sequencing.” Results.
TEL/AML1-rearranged patients express c-Met more than MLL-
rearranged ones (Wilcoxon test, P=0.0001). Demethylating treatment of
72h induced c-Met expression by 150 times in RS4;11 cells, while only
15 times in REH cells. MS-PCR demonstrated that RS4;11 cells are com-
pletely methylated, while REH cells are only partly methylated. All
MIL-rearranged patients show both methylated and unmethylated
bands, while 2/15 TEL/AML1-rearranged patients are completely
unmethylated. To better define the difference in the methylation sta-
tus between MLL- and TEL/AML1-rearranged patients, the degree of
methylation of the 6 CpG islands included in the MS-PCR methylated
amplicones were quantified by MS-PCR sequencing. We measured the
relative peak heights of C (corresponding to methylated C) and T (cor-
responding to unmethylated C) at the CpG sites. The methylation
degree of TEL/AML1-rearranged patients was relatively even (17-50%)
at the 6 CpG sites, whereas the methylation level of MLL-rearranged
specimens ranged from 45-89%. Conclusions. As expected from our pre-
liminary results, c-Met expression was found to be downregulated in
MLL-rearranged human BCP-ALL. Responsible of this downregulation
appears to be, at least in part, a higher methylation degree of its pro-
moter region. As to our knowledge this is the first study reporting c-
Met methylation levels in human cancers. This research will give new
insights on the molecular mechanisms at the base of chemotherapy
resistance observed in MLL-rearranged patients.
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THE GERMLINE STEM CELL SELF-RENEWAL GENE PIWIL2 IS
EXPRESSED IN BOTH MALIGNANT AND NON-MALIGNANT LYMPHOID
CELLS
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Background. The PIWI-Like genes (PIWIL1-4) are human homologues
of the highly conserved family of PIWI-PAZ Domain genes. The pro-
tein products of this family perform a central role in endogenous RNA
interference pathways. However, PIWI-Like proteins and their non-
coding RNA partners, known as PIWI interacting RNA’s, function via
novel and poorly understood mechanisms, distinct from classical RNA
interference. In health, PIWIL2 is believed to be expressed only in
germline stem cells where it is essential for self renewal. More recent-
Iy, PIWIL2 expression has been identified in a number of human malig-
nancies raising the possibility that it is involved in the self-renewal pro-
gramme of cancer stem cells. This gene has been designated as cancer-
testis antigen 80. Aims. This project aimed to investigate the role of
PIWIL? in the self-renewal programme of cancer stem cells in childhood
acute lymphoblastic leukaemia. Unexpected expression of PIWIL2 in
normal peripheral leukocytes extended the scope of the project to
include a wider range of normal leukocyte populations. Methods. Fol-
lowing sequencing of the PIWIL2 amplicon to ensure specificity, quan-
titative RT-PCR was used to assess expression of the PIWI-Like genes.
Expression in the t(4;11)(q21;23) positive cell line SEM was modified by
transfection of cells with siRNAs specific for the PIWIL2 transcript.
Healthy donor leukocyte populations were purified by immunomag-
netic cell separation to provide CD3* T lymphocytes, CD19* B lympho-
cytes, CD14* monocytes, CD15" granulocytes. Purity was assessed by
flow cytometry, complemented by morphological analysis. Results.
Expression of PIWIL2 was demonstrated in a range of acute leukaemic
cells lines and primary leukaemic blasts. Expression in the SEM cell line
was knocked-down following transfection with PIWIL2 specific siRNA.
Initial studies suggest a substantial proportion of PIWIL2 transcript may
be retained within the nucleus, limiting overall knock-down. Peripher-
al lymphoid cells from five healthy donors (three male) showed con-
sistent expression of PIWIL2 and PIWIL4 (known universal expression),
whilst PIWIL1 and PIWIL3 were not expressed. Monocytes maintain
expression of PIWIL2, although to a lesser degree than lymphocytes.
Terminally differentiated granulocytes showed no expression of
PIWIL2. Conclusions. Expression of the germline stem cell self-renewal
gene PIWIL2 in cell line and primary acute lymphoblastic leukaemia
specimens suggests that this gene may have a role in the self-renewal
of leukaemic stem cells. Originally, we hypothesised that the specifici-
ty of this gene for germline stem cells and malignant diseases would
make it an attractive target for novel therapy development. However,
the unexpected finding in the present study - that mature lymphoid
cells, a population known to possess substantial potential for clonal
expansion and self-renewal also expresses PIWIL2 - raises doubt over
the suitability of PIWIL2 as a therapy target. Furthermore, the poten-
tial role of PIWIL2 in other mature tissue stem cells should be consid-
ered. This work will now be extended to assess the expression of PTWI-
Like genes in CD34" haematopoietic stem cells where we hypothesise
PIWIL2 will play a role in self-renewal.
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SQSTM1: A NEW PARTNER FOR NUP214 IN ADULT T-CELL ACUTE
LYMPHOBLASTIC LEUKEMIA
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Background. NUP214, a FXFG nucleoporin located on the cytoplasmic
side of the nuclear pore complex (NPC), plays a critical role in cell cycle
progression and import/export trafficking. In T-cell acute lymphoblas-
tic leukemia (T-ALL) NUP214 fusions appear to predict a poor progno-
sis. So far two NUP214 fusions were identified in T-ALL: when cryptic
del(9q) is present SET fuses with NUP214, while episomal amplification
leads NUP214 to rearrange with ABL1. Supervised gene expression pro-
filing (GEP) analysis in adult T-ALL identified SET-NUP214 positive
cases with high expression of HOXA cluster genes, MEIS1 and NUP214,
and low expression of SET, FNBP1. C9orf78 and USP20 genes.' Among
69 cases of T-ALL, an additional case emerged at GEP analysis with
over-expression of HOXA, MEIS1, NUP214, and also of SET. This 20-
year old man with a chemo-resistant pre-T ALL showed 46,XY, del(6p)
karyotype at diagnosis. Aims. To investigate last case as an hypotheti-
cal new rearrangement involving NUP214 in T-ALL. Methods. We set up
FISH assays with RP1-112N13 for the 9q sub-telomere, RP11-143H20,
flanking the 3'NUP214, RP11-544A12, spanning the gene, and two over-
lapping fosmids, G248P89801E11 (exons 25-31) and G248P8659A12
(exons 31-36). Additional FISH experiments were done with 5q35-qter
probes: RP11-117L6, RP11-286C20, RP11-549A4, RP11-319K2, RP11-
718N2, RP1-240G13. NESTED RT-PCR was performed using primers
SQSTM1_ex3_528F  (5-TGCCCAGACTACGACTTGTG-3) /
NUP214_ex36_6543R (5’-AGTAATCATGCGCCTTGTGAGTTI-3), for
the first amplification round, and SQSTMI1_ex4/5_763F (5'-
AATCAGCTTCTGGTCCATCG-3")/NUP214_ex33/34_6337R  (5'-
CAAAGCTGAACCCTCCTGTG -3’) for the second. PCR products
were cloned into pGEM-T easy vector system and sequenced. Results.
FISH probe RP11-143H20 gave two signals on normal chromosomes 9
while RP11-544A12 and RP1-112N13 gave 3 signals on chromosomes
9 and on der(5). The NUP214 breakpoint fell between G248P89801E11,
which was retained on chromosome 9, and G248P8659A12, translocat-
ed to der(5). The 5q35 breakpoint was telomeric to RP11-718N2, a
~1.7Mb region containing 15 candidate genes, with an appropriate cen-
tromere-telomere orientation. GEP indicated down-regulation of genes
telomeric to SQSTAM1, which was thus selected as first candidate gene.
RT-PCR detected an amplification product of 852bp. Molecular cloning
and sequencing identified the in-frame fusion between nucleotide 849
(exon 5) of SQSTM1 and nucleotide 6014 (exon 33) of NUP214. Nest-
ed-PCR and molecular screening of 60 T-ALL adults did not identify any
additional case. Conclusions. SQSTM1 point mutation and over-expres-
sion were described in congenital Paget’s Bone Disease and solid
tumours, respectively. No translocations involving SQSTAI1 have been
reported, yet. In this adult with T-ALL NUP214/9434 rearranged with
SQSTM1 as aresult of a cryptic unbalanced translocation with an appar-
ently normal chromosome 3, i.e, ish der(5)t(5;9)(q35;q34). As in other
NUP214 leukemic fusions, the FG repeats were maintained, suggesting
similarities with leukemic recombinations of other nucleoporins such
as NUP98. However, together with the NUP214 FG repeats, the
SQSTM1 N-terminal structural and regulatory motifs, such as the Zinc-
finger domain may contribute to the leukemogenic process. To elucidate
the incidence and the clinical impact of NUP214 rearrangements in T-
ALL we strongly recommend NUP214 FISH screening in large prospec-
tive studies. DDG and PG shared co-authorship. Aknowledgements. PRIN
20078C9NRT_003
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INSULIN RECEPTOR SUBSTRATE 1 (IRS1) AND 2 (IRS2) SIGNALING IN
HUMAN ACUTE LEUKEMIAS; A POSSIBLE ROLE OF IRS SIGNALING IN
THE LEUKEMIA PHENOTYPE

] Machado-Neto, P Favaro, M Lazarini, A Antolini,
L Frohlich-Archangelo, A Duarte, F Costa, S Saad, F Traina

Faculty of Medical Sciences, University of Campinas, Campinas, Brazil

Background. Insulin-like growth factor 1/Insulin Receptor Substrates
(IGF-I/IRS) signaling pathway plays an important role in the develop-
ment of various cancers such as breast, colon and prostate. In ALL
Philadelphia-positive, IRS1 expression was noted to be overexpressed
and correlated negatively with survival. IRS proteins, including IRS1
and IRS2 play an important role in mTOR/P70S6K and MAPK path-
ways, through their interaction with effectors such as PI3K, SHP2 and
Grb2. PISK and Grb2 activation leads to higher ERK1/2 and mTOR
phosphorylation, respectively, culminating in a proliferation increase.
Despite both IRS-1 and IRS-2 being two important adaptor molecules
essential for intracellular signaling of insulin and IGF-, the distinct bio-
logical pattern of IRS-2 versus IRS-1 and their roles in acute leukemia
remains an interesting issue to be clarified. Aims. To investigate IRS1 and
IRS2 expression in leukemia cell lines and AML and ALL patient bone
marrow samples. We also evaluated the effects of IRS1 knockdown, by
lentiviral vector, in MAPK and mTOR signaling pathways in K562 cell
line. Methods. Myeloid (HL60, P39, KG1, K562, NB4) and lymphoid cell
lines (Jurkat, MOLT-4, Raji and Daudi) were used. Primary leukemia
cells were obtained from bone marrow of 22 AML and 10 ALL patients.
Normal hematopoietic cells were obtained from bone marrow of 07
healthy donors. The National Ethical Committee Board approved the
study. Real-time RT-PCR analysis from total bone marrow cells and
western blot from mononuclear cells were performed to determine dif-
ferential expression of IRS1 and IRS2. Specific shRNA-expressing
lentiviral vector to IRS1 gene was used in K562 cell line. Western blot
and immunoblotting with specific antibodies was used to evaluate ERK
and P70S6K expression and phosphorylation. Results. IRS1 gene and
protein expression were observed in all leukemia cell lines studied,
whereas IRS2 gene and protein were preferentially expressed in myeloid
cell lines. Decreased IRS1 and IRS2 gene and protein expression was
observed in primary AML cells compared to normal hematopoietic cells.
The relative gene expression of IRS1 was 0.40 [1.41-0.10] for AML ver-
sus 0.009 [7.14-0.008] for normal cells (P=0.03); of IRS2 was 4.53 [9.37-
1.00] for AML versus 0.98 [4.34-0.10] for normal cells (P=0.007). IRS1
and IRS2 phosphorylation was not detectable in AML samples. In ALL
samples, IRS1 expression was not significantly different from normal
hematopoietic cells (0.60 [11.64-0.008] versus 0.40 [1.41-0.10], P>0.05).
IRS2 expression was decreased in primary ALL compared to normal
cells (0.11 [0.53-0.01] versus 4.53 [9.37-1.00], P<0.0001). Interestingly,
IRS1 phosphorylation was slightly increased in ALL samples compared
to normal cells. IRS1 silencing (65 % of inhibition) in K562 cells result-
ed in decreased ERK and P70S6K phosphorylation. Conclusions. IRS1
and IRS2 are differentially expressed in AML and ALL cells. The up-reg-
ulation and phosphorylation of IRS1 in ALL cells suggests an important
role of IRS1 in the leukemia phenotype. In K562 cells (Philadelphia-
positive cells) lacking IRS1, the decreased phosphorylation of ERK and
P70S6K indicates a down-regulation of MAPK and mTOR pathways.
Further studies would be necessary to better elucidate the role of IRS1
and IRS2 in leukemogenesis. This work was supported by FAPESP and
CNPq.
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EVI1 OVEREXPRESSION ROLE IN ACUTE LYMPHOBLASTIC LEUKEMIA
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Background. The ecotropic viral integration site 1 (EVI1), located in
chromosome 3q26, has been recognized in the last years as one of the
most aggresive oncogenes associated with neoplastic diseases of
myeloid cells. The inappropiate expression of EVI1 without rearrange-
ments of chromosome 3q26 has been implicated in the development or
progression of Acute Myeloblastic Leukemia (AML). Correlation
between overexpression of EVI1 and high risk AML is a frecuent dis-
cussion issue in the literature. In our knowledge, EVI1 overexpression
has not been associated with lymphoid pathology and its prognostic
value in Acute Lymphoblastic Leukemia (ALL) has not been evaluated
yet. Aims. To analyze the incidence of EVI1 expression in ALL and its
value as a prognostic factor. Methods. The study was performed restro-
spectively on a total of 48 patients with ALL. Expression of EVI1 gen
(EVI1") was examined in bone marrow samples and/or peripheral blood
at diagnosis by QRT-PCR, adapting the technique developed by M.
Russell et al (Blood 1994) to the LightCycler 480 system, using as a flu-
orescent tracer SybrGreen I. Survival curves were plotted following the
Kaplan Meier method and differences between the curves were ana-
lyzed with the Log Rank test. Results. Out of 48 patients, 12 overex-
pressed EVI1 (26,1%). We also analyzed other cytogenetic lesions that
are frequently seen in association with EVI1*. Results showed that with-
in 12 cases EVI1", 3 patients were Ph* (25%), deletion of chromosome
7 was found in only 1 case (8.3%), translocations involving 1123 in 2
cases (16.6%) and a normal caryotype in 3 cases (25%). 3q26 chromos-
mal abnormalities weren’t found. In contingent-valuation study (Fish-
er test) associations between EVI1 overexpression and Philadelphia cro-
mosome were not observed. In the EVI1* group the complete remission
was achieved up to a 67% of the patients compared to the 86%
achieved in the EVI1- group (p (Mantel-Haenszel)= 0.098). Survival
curves didn’t show any significant differences in overall survival (OS)
and disease free survival (DFS) when compared the EVI1* and EVI1-
population, though we observed an initial higher mortality in the EVI*
group. Neither significant differences in OS and DES were observed
when compared EVI'/Ph* and EVI'/Ph™ population. Conclusions. 1) Our
study shows for the first time EVI1 overexpression in a high percent-
age of ALL. 2) No relationship was found between the expression of
EVI1 with normal caryotype or other cytogenetc alterations previous-
ly related to EVIL. 3) There is a trend toward a lower achievement of
CR in the EVI1+ group compared with the EVI1- group, without sta-
tistical relevance. This may be due to the low number of samples in
this study. It seems that EVI1 overexpression doesn’t have an impor-
tant role in the OS, DEFS or relapse in ALL patients.

0019

IN PEDIATRIC LYMPHOBLASTIC LEUKEMIA OF B CELL ORIGIN A
SMALL POPULATION OF PRIMITIVE BLAST CELLS IS NON-CYCLING,
CONSISTENT WITH LEUKEMIA STEM CELLS

A Hirt, AM Schmid, R Ammann, K Leibundgut
Pediatric Hematology-Oncology, Bern, Switzerland

Background and Aims. In pediatric precursor-B cell acute lymphoblas-
tic leukemia (PBC ALL), the majority of blast cells express the B cell anti-
gen CD19. However, a minor fraction of blast cells lack CD19 expres-
sion corresponding to a more primitive cell population. Investigations
on cell proliferation in pediatric ALL are usually based on the entire
leukemic cell population reflecting the proliferative behavior of the pre-
dominant CD19" blast cells. In light of the ongoing debate on the
immunophenotype of leukemia stem cells in pediatric PBC ALL, we
analyzed the proliferative characteristics of ALL cells at different stages
of immunophenotypic maturation. Methods. Isolated mononuclear bone
marrow cells of 16 children with untreated PBC ALL were stained with
monoclonal antibodies against CD19 and CD3 and then separated by
fluorescence-activated cell sorting (FACScan Becton-Dickinson). The
sorted cells were incubated in vitro with bromo-deoxy-uridine (BrdU)
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and, after preparation of cytocentrifuge smears, stained with an anti-
BrdU antibody to enable detection of cells in the S phase of the cell cycle
(BrdU-LI). In addition, individual smears of sorted CD19-CD3- cells
were stained with monoclonal antibodies against myeloperoxidase
(MPO), glycophorin A (GLA), CD34 or CD10. Because the data were
non-normally distributed median and interquartile ranges (IQR) were
calculated. Results. Bone marrow cells were sorted into CD19-CD3",
CD19*CD3 and CD19CD3" populations. Whereas the CD19*CD3"
cell compartment represented a pure blast cell population, the
CD19CD3 compartment was composed of both leukemic blast cells
and residual normal hematopoietic cells. Therefore, smears were
stained for MPO and GLA to exclude normal hematopoietic cells. By
staining of sorted CD19CD3" cells for CD34 or CD10 the compartment
of these blast cells was further subdivided. The relative frequencies and
the BrdU-LI of these subpopulations are shown in the Table. Conclusions.
In untreated pediatric PBC ALL the continuous expansion of the
leukemic cell population is exclusively based on the proliferative activ-
ity of CD19* blast cells. The very low proliferative activity of primitive
CD19 blast cells is consistent with self-renewal but not with expan-
sion. Due to their immature immunophenotype and their low prolifer-
ative activity, CD19 blast cells may represent leukemia-initiating cells.
Whereas actively proliferating CD19* cells may be killed by current
treatment approaches, the primitive non-cycling population may sur-
vive and subsequently contribute to disease relapse.

Table.
Frequency in % BrdU-Llin %
Immunophenotype median (IQR) | median (IQR)
All leukemic cells 100 7.1(5.3-8.1)
CD19* leukemic cells 97.5(96.2-98.3) 7.2 (5.7-8.8)

CD19 leukemic cells 2.4(1.8-3.5)
1.4 (0.6-2.8)

0.8 (0.5-1.6)

0.2 (0.1-0.5)
0.2 (0.1-0.4)
<0.1 (0-0.1)

CD19-CD34* leukemic cells
CD19-CD34 leukemic cells

CD19" leukemic cells 2.4 (1.8-3.5)
1.2 (0.6-2.1)

1.3 (0.4-2.0)

0.2 (0.1-0.7)
0.3 (0-0.7)
<0.1(0-0.2)

CD19-CD10* leukemic cells
CD19-CD10" leukemic cells
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CD34'CD38 LEUKEMIC STEM CELL PROFILE CORRELATED WELL

WITH THE CYTOGENETIC AND MOLECULAIRE FEATURES IN ACUTE
MYELOIDE AND LYMPHOIDE LEUKEMIA AT DIAGNOSIS
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Background. Acute leukemia is thought to arise from a rare putative
‘leukemic stem cell’(LSC) that is capable of self-renewal and formation
of leukemic blasts. CD38 is expressed in acute lymphoblastic leukemia
(ALL) and in acute myeloide leukemia (AML) and its prognostic signif-
icance is still unknown. Aims. We investigated CD34 and CD38 expres-
sionin 93 AML and 73 ALL adults and paediatric patients, and we asked
if the frequency of LSC at diagnosis is correlated with specific cytoge-
netics or molecular events and with the CR and survival. Methods. Diag-
nosis of leukaemia was based on FAB and WHO classifications. Blasts



were identified by CD45dim/SSC characteristics. The “LSC profile”was
defined as % of CD34°CD38" in CD34* gated cells and based on rMFI
of CD38 from all CD34" and CD45%"/SCC gated cells. Results. CD38
was lower in AML-M3 compared to other FAB subtypes. Interestinge-
ly, we observed that higher frequency of CD34°CD38" was more asso-
ciated with secondary AML or AML-MRC (myelodysplasia-related
changes), but was similar among the primary AML. We show that
reduced relative mean fluorescence of CD38 on CD34* cells correlate
well with the cytogenetics unfavourable and intermediate risk groups
in the adults AML (P 0.082 or P 0.014 for variance test). The Ph* ALL
patients showed significant lower CD38 expression than in nonPh"
patients (P 0.0032). Overall survival favored AML and ALL patients with
higher CD38 levels. Conclusions. Our results showed that frequency of
LSC profile at diagnosis could be predictive for cytogenetics and mol-
eculaire features in acute leukaemia. Screening of CD34'CD38p-value
cells is a simple flow cytometry method that might be considered to
design a multicolor panel setting in parallel with MRD evaluation. The
goal in leukaemia therapy is to eradicate LSC and targeting them after
reaching CR should be required. The possibility to detect and charac-
terize LSC should help to reach this goal.
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DIVERSE ASPARAGINE SYNTHETASE EXPRESSION IN LYMPHOID
BLASTS IS NOT RELEVANT TO THE SENSITIVITY TO L-ASPARAGINASE

I Hermanova, ] Trka, JS Starkova
Charles University, *nd Faculty of Medicine, Prague, Czech Republic

Background. Acute lymphoblastic leukaemia (ALL), the most com-
mon haematological malignancy in childhood, is treated by combined
chemotherapy, which includes the enzyme L-Asparaginase (L-Asp). The
cytotoxic effect of L-Asp consists in its ability to deplete extracellular
asparagine and glutamine. The sensitivity of primary ALL cells to this
depletion is traditionally explained by decreased activity of glutamine-
dependent enzyme asparagine synthetase (ASNS). Despite the fact that
increased ASNS level was indeed shown to be connected with L-Asp
resistance, the exact relationship between ASNS expression and L-Asp
sensitivity has not been elucidated so far. Glutamate dehydrogenase
(GDH) is an enzyme necessary for glutamine synthesis. Microarray
analysis showed significantly lower expression of GDH gene in pri-
mary TEL/AMLIT" blasts in comparison with TEL/AML1[-], which might
lead to deficiency of glutamine in these cells and consequently higher
sensitivity to L-Asp. Aims. The aim of this study was to pursue the asso-
ciation of ASNS gene expression, protein level and sensitivity to L-Asp
in ALL cell lines and primary paediatric ALL samples. We also focused
on the role of GDH in the L-Asp mechanism of action. Methods. ALL
patient samples and 4 leukemic cell lines were used in this study: Nalm6
(TEL/PDGFRB"); RS4;11 (MLL/AF4); REH (TEL/AML1") and UOCB6
(TEL/AMLY"). The gene expression was determined by qRT-PCR, ASNS
protein content was detected by Western Blot. The L-Asp sensitivity
was evaluated by MTS assay. Gene knock-down was performed by
electroporation of specific siRNA. Results. We showed that ASNS pro-
tein levels reflected ASNS mRNA levels and these. correlated negative-
ly with L-Asp sensitivity. UOCB6 as the most resistant cell line
(IC5,=0.04U/mL) had the highest expression of ASNS (normalized
ASNS, nASNS=4.946), followed by NALM6 (IC50=0.01U/mlL;
nASNS=1.8), REH (IC50=0.6x10"% nASNS=1.176) and RS4;11
(IC50=0.3x10"; nASNS=0.024). Detection of protein content in primary
ALL blasts was not possible due to significantly lower (2log) ASNS gene
expression compared to cell lines. We were interested in how the sen-
sitivity to L-Asp is affected by ASNS gene silencing. Gradient knock-
down was realized in 2 ALL cell lines: REH with intermediate basal
expression and RS4;11 with very low basal expression. A gradual silenc-
ing of ASNS gene in REH cell line led to gradual increase of L-Asp sen-
sitivity till the level of 50%. Further knock-down did not influence the
L-Asp sensitivity. The reduction of ASNS did not potentiate L-Asp cyto-
toxicity in RS4;11 cell line with primary lowest ASNS expression. We
found lower GDH gene expression in primary TEL/AML1" compared
to TEL/AML1 leukaemias (P=0.019). Silencing of GDH gene in
TEL/AML1" REH cell line increased L-Asp sensitivity. Conclusions. Our
data demonstrate thatin cells with very low ASNS expression, as shown
in primary ALL blasts of various subtypes, the difference in ASNS lev-
els is not relevant to the sensitivity to L-Asp. We identified GDH as a
new player in the response to cytotoxic effect of L-Asp. Furthermore,
we suggest a relationship between ASNS and GDH based on our obser-
vations of increased GDH expression in cells with silenced ASNS gene.
Supported by NMSN 0021620813 and GAUK 7835.
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Background. T-cell acute lymphoblastic leukemia (T-ALL) is a hetero-
geneous subtype of acute lymphoblastic leukemia with cure rate of
approximately 70%. Significant effort is currently being aimed at bet-
ter understanding of T-ALL biology. This could contribute to better sub-
classification of patients into risk groups and, in result, it could lead to
improved therapy adjustment. DNA methylation seems to be a possi-
ble disease delineating marker. Different authors note that the DNA
methylation status changes in various tumours, compared to healthy tis-
sues. Methylation patterns are known to be specific for tumour types
and hence, potentially, could be used as a tumour marker. Aim. We
investigated promoter methylation status of 16 genes known to be
involved in T-ALL pathology (NFkB, CDKN1C, SYK, CDHI, sFRP1,
NES1, CDKN1B, p73, FBXW7, ASPP1, ADAMTS5, DIABLO, WIF1,
RB1, CDKN2A, LATS1). Patients and Methods. The study group consist-
ed of 54 consecutive children with T-ALL treated at 11 centers of Pol-
ish Pediatric Leukemia and Lymphoma Study Group (PPLLSG). We also
analyzed peripheral blood T cells from 11 healthy children at similar age
as controls. Additionally, we tested thymocytes at different develop-
mental stages pooled from 5 healthy donors: DN1, DN2, DN3, ISE,
DP3-, DP3, SP CD4, SP CD8*, TCRaf and TCRyd. Patient, control and
thymic DNA was first modified by sodium bisulfite and then, promot-
er regions of each gene of interest were analyzed by methylation spe-
cific PCR (MS-PCR). Results. The CpG methylation pattern in the study
group of T-ALL patients was altered when compared to the control
group of healthy children, showing hypermethylated promoter regions
in 7 out of 16 analyzed genes (43%) (sFRP1, CDH1, NES1, WIF1,
CDKN1C, DIABLO and SYK). However, when T-ALL group was com-
pared to thymlc subsets, the CpG methylatlon attern was altered in
promoter regions of only 30f12 (25%) genes analP zed until now. When
T-ALL group was compared to thymic subsets, hypermethylation was
observed for ADAMTSS gene (in 57% of patients), CDH1 (50%
patients), CDKN1C (26% patients). No change in methylation pattern
was observed for sFRP1, DIABLO, CDKN1B, ASPP1, p73, FBXW7,
LATS1 and RB1. CDKN2A seems to be hypomethylated in T-ALL com-
pared to healthy T cell subsets. Additionally, methylation status seems
to be changing depending on the developmental stage of thymocyte.
Conclusions. The results o? our study indicate that DNA hypermethyla-
tion occurs in T-ALL, which largely seems to reflect the ditferentiation
stage arrest, at which maturation of T cell entering tumor transforma-
tion was stopped. However, we postulate that altered methylation pat-
terns of several genes (ADAMTS5, CDH1, CDKN1C) might be related
to T-ALL pathogenesis and might possibly be useful for T-ALL subclas-
sification and, in the future, for better therapy adjustment.
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QUANTITATIVE ASSESSMENT OF WT1 EXPRESSION FOR MONITORING
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Wilms’ tumor 1 (WT1) gene encodes a transcriptional factor involved
in normal cellular development and is abnormally expressed in many
types of haematological malignancies. It is over-expressed in most cas-
es of acute myeloid leukemia (AML). Aims. Our study aims to estimate
the usefulness of WT1 expression quantitative assessment for monitor-
ing MRD and for relapse prediction in acute myeloid leukemia and in
acute lymphoblastic leukemia (ALL). Methods. Real time quantitative
RT-PCR was made according to the Europe Against Cancer Protocol.
WT1 transcript level was determined in BM samples of adult patients
with AML (except acute promyelocytic leukemia) and ALL. We exam-
ined the samples of 65 patients with AML and 33 patients with ALL at
diagnosis. We also analyzed 106 specimens of AML patients and 100
specimens of ALL patients during follow-up. The obtained WT1 values
were normalized with respect to the BGUS transcripts. Results. The
median value of WTT1 levels at diagnosis was 649 (range 1,6-8462) in
AML patients and 1188 (range 1,5-14879) in ALL patients (no statisti-
cal difference in Student’s t-test). The median value of WT1 levels of
patients in complete remission was 4,3 (range 1,1-9,7) for AML and 7,5
(range 1,0-36,5) for ALL (P=0,05) . At diagnosis 91% of AML patients
and 61% of ALL patients showed the expression of WT1 one log high-
er than the median values in complete remission. There were 2 patients
(10%) with BCR-ABL (one p190 and one p210) within the ALL sub-
group with high WT1 expression at diagnosis whereas within the ALL
patients with low WT1 expression at diagnosis were 7 ones (54 %) with
BCR-ABL (6 patients with p190 and 1 with p210) (10% versus 54%,
P=0,02 in chi-sguare test with Yate’s correction). We had 6 patients
with T-ALL, all of them showed the over-expression of WT1 at diag-
nosis. In the patients bearing a fusion gene transcript we performed a
simultaneous analysis of WT1 and fusion-gene transcript expression: in
15 patients with AML (7 AML1-ETO, 1 CBEB-MYH11, 2 BCR-ABL, 1
DEK-CAN, 4 MLL duplications) and in 15 patients with ALL (9 BCR-
ABL, 3 MLL-AF4, 1 MLL-ENL, 2 E2A-PBX1). It was found the paral-
lelism between the dynamics of WT1 level and fusion-gene transcript
level during follow-up. The haematological relapse was correlated with
the increase of WT1 expression: 8 AML patients had a median of 1545
(range 140-2578) and for 7 ALL patients a median value was 263 (range
8,0-2665) in relapse (no statistical difference in Mann-Whitney U test).
We observed that the increase of WT1 level was occurred earlier than
the relapse was stated for AML patients and also for ALL patients with
high WT1 expression at diagnosis. Except one AML patient with BCR-
ABL (p190): the increase of fusion gene expression was occurred in
haematological remission without the increase of WT1 level. Conclu-
sion. Quantitative assessment of WT1 expression may be useful for
detection of MRD and can predict imminent relapse during follow-up
in patients without additional molecular markers in AML and in ALL
with high WT1 expression at diagnosis.
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IDENTIFICATION OF CRITICAL TUMOR SUPPRESSOR GENES (TSGS)
AND NEW PROGNOSTIC FACTORS IN HUMAN MYELOID DISORDERS
USING RETROVIRAL INSERTION MUTAGENESIS
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V Rockova, W van Putten, B Léwenberg, I Touw
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Background. Although a major improvement in diagnostic tools for
AML and MDS has been established in the past few years, the exact
(epi)genetic defects underlying these diseases are still unknown in many
patients. Genome-wide methods (e.g. gene expression profiling, array-
CGH and methylation profiling) are currently being used to better
understand the etiology of these diseases. Although these techniques
generate invaluable information, it remains difficult to discriminate
“drivers”contributing to the pathogenesis of these disorders from “pas-
sengers, which do not. Other approaches, as retroviral integration muta-
genesis in mice have been proven powerful to identify “driver’genes
which play an essential role in human myeloid malignancies. Aims. We
aimed to identify new candidate TSGs in human myeloid malignancies.
This was achieved by developing a new approach to retroviral integra-
tion mutagenesis to enrich for TSGs in combination with extensive
comparative analysis in human AML. Methods. Genomic DNA of 6
murine tumors, induced by Graffi 1.4 murine leukemia virus, was iso-
lated and digested. Methylated viral integration sites (mVIS) were deter-
mined using a combination of methylated DNA immunoprecipitation
(MeDIP), inverse PCR and promoter array hybridisation. Genes flank-
ing mVIS were identified using CEAS and their human orthologues
were determined in HomoloGene. Gene expression and arrayCGH data
of a de novo AML cohort were used for further comparative studies and
DAVID was used for functional annotation analysis. Results. We iden-
tified 615 known (e.g. CDKN2A and CDKN2B) and new candidate
TSGs. Interestingly, 149 candidates were down regulated in 454 de novo
AML patients compared to 11 normal CD34 positive counterparts.
These were enriched for genes involved in cell cycle regulation, specif-
ically with functions in mitotic spindle formation (MAD2L2, PRC1)
and genomic stability (H2AFX, SMC1A, DDX11 and DDX12). Second-
ly, we identified 271 genes down regulated within one or multiple AML
subgroups (defined by the WHO). Strikingly, these were enriched for
genes involved in DNA damage and repair, indicating that down regu-
lation of different critical genes all may lead to a suboptimal function
of DNA damage and repair pathways within different AML subgroups.
Additionally, we identified 56 candidate TSGs located at small regions
affected by deletion causing LOH in one or multiple AML cases, 30 of
which (53,6%) were located on chromosome 7. Loss of chromosome
7 is usually seen in MDS progression towards AML and in AML with
a poor prognostic outcome. Although minimal affected regions are
identified, it remains unclear which are the critical genes on chromo-
some 7 that contribute to leukemogenesis. The 30 identified genes are
potential candidates playing a role in this process. Interestingly, the rel-
evance of the study was even further illustrated by the identification of
4 TSGs candidates with prognostic value in AML. Conclusion. By using
anew approach to retroviral integration mutagenesis in mice and exten-
sive comparative studies in human AML, we identified many new
potential TSGs. Not only the enrichment of these genes for essential
molecular pathways, as DNA damage and repair, but also the identifi-
cation of new potential prognostic factors demonstrate the high poten-
tial of this screen.
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Background. Acute Myeloid Leukaemia (AML) is dependent on a small
subfraction of cells, termed Leukaemia Initiating Cells (LICs) (or
“Leukaemia Stem Cells”, LSCs). These cells display the ability to self-
renew and initiate, maintain or regenerate the disease. Recent studies
have demonstrated that within the bone marrow (BM) not only a cell



subset with an immature HSC-like phenotype, but also committed
myeloid progenitors can acquire LIC function to sustain AML. One of
the common genetic abnormalities associated with around 12% of de
novo AML involves the t(8;21)(q22;q22) chromosomal translocation,
which generates the AML1-ETO (AE) DNA-binding fusion protein.
Studies in mouse models have demonstrated that additional secondary
mutagenic events are required for AE leukaemogenesis. However, the
truncated AML1-ETOtr (AEtr) and AML1-ETO9%a (AE9a) C-terminal AE
isoforms have been shown to promote AML in mouse retroviral trans-
duction-transplantation models. Thus, AE9a seems to play a key role in
the multistep model of AML pathogenesis. Aims. To better define the
role of AE9a as an initiating mutation we aim to develop an AE9a
inducible murine model of AML. This system will allow us to investi-
gate at different disease stages the effect of AE9a on LICs and on dis-
ease progression. Methods. We have generated a tet-on mouse line using
Embryonic Stem (ES) cells with a hemagglutinin (HA)-tagged-AE9a-
IRES-GFP inducible cassette. AE9a mice were also backcrossed with
p53-null mice. To restrict the expression of AE9a to the haematopoiet-
ic system bone marrow (BM) cells from the generated mouse lines were
used in transplantation assays to reconstitute sublethally irradiated
recipients following doxycycline treatment. Alterations of the
haematopoietic system were investigated by flow cytometry, haema-
tological and histological analysis and molecular assays. Results. Our
data suggest that AE9a-expressing murine cells display enhanced replat-
ing ability in methocult cultures ex vivo. The replated cells confer an
immature immunophenotype but are not able to dramatically expand.
in vivo AE9a induction demonstrates the presence of a GFPlowLin+/-
cKit-/low cell population, as well as the emergence of a GFPhiLin-Scal-
cKit" immature, premalignant subpopulation, which progressively
increases over time. This GFPhi cell subset emerges initially in the BM
following infiltration of the peripheral blood (PB) and spleen and disap-
pears after dox withdrawal. Preliminary experiments suggest that this
cell population cannot be transplanted in secondary recipients. Interest-
ingly, AE9a enforced expression in a p53-null background can lead to a
more rapid accumulation of the GFPhi subpopulation following disease
development with a latency of 21-48 days. Summary/Conclusions. Alto-
gether, our data demonstrate that although AE9a impairs normal
haematopoiesis, it can not induce AML without additional mutations.
Thus, the proposed AE9a inducible model could be a useful tool for the
dissection of the multistep pathogenesis of leukaemia and for the bet-
ter understanding of the LIC origin.
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Background. RAF kinase inhibitor protein (RKIP) has been described
as a negative regulator of the RAS-mitogen activated protein kinase
(MAPK) signaling cascade. Several solid neoplasms show decreased or
absent expression of RKIP and its role as a metastasis suppressor has
been firmly established in animal models and studies of human tumors.
Aims. As constitutive activation of the RAS-MAPK pathway occurs fre-
quently in acute myeloid leukemia (AML), we investigated the involve-
ment of RKIP in the pathogenesis of this disorder. Methods. RKIP pro-
tein expression was analyzed by Western blot and subsequently corre-
lated to AML subgroups as represented by the French-American-British
(FAB) classification. Results were confirmed using a microarray data set
of 285 AML patients (GEO accession GSE1159). Stable transfection of
RKIP was performed in THP-1 and 32D cells and soft agar colony for-
mation assays were performed. Proliferation was measured by BrdU-
incorporation and apoptosis by Caspase-3 and PARP cleavage, respec-
tively. Differentiation assays were performed in HL-60 AML cells by
incubation with 1,25 dihydroxyvitamin D3 (1,25 D3) following RKIP
overexpression or knockdown. Results. Twenty-one of 96 (22%) AML
patients’ samples and five of 19 (26%) AML cell lines, but none of ten
purified CD34" hematopoietic stem and progenitor cell specimens
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exhibited complete or partial loss of RKIP. To test the biological conse-
quences of RKIP loss in AML, we examined the effect of introducing an
RKIP transgene in the monocytic AML cell line THP-1, which is char-
acterized by decreased RKIP expression. Re-expression of RKIP induced
a decrease in cell numbers, a finding that was confirmed in murine 32D
hematopoietic cells. Reduced cell numbers were due to a decrease in
proliferation, rather than increased apoptosis. Importantly, the onco-
genic potential of THP-1 cells - as assessed by colony formation in soft
agar - was significantly diminished following RKIP reconstitution.
When we correlated RKIP expression with morphological criteria of
leukemic cells in 96 AML patients, RKIP loss was significantly corre-
lated to subgroups with a monocytic phenotype (FAB types M4 and
M5; P =2.18x107). This finding could be corroborated in a previously
described transcriptomic data set of 285 AML patients (P = 1.6x10°).
To test for a causative role of RKIP silencing in the development of a
monocytic phenotype, we performed cell differentiation assays using
the immature AML cell line HL-60. Its monocytic differentiation,
induced by treatment with 1,25 D3, was paralleled by significant RKIP
downregulation. Concomitant knockdown of RKIP with siRNA further
increased differentiation, whereas RKIP overexpression resulted in
inhibition of maturation indicating that RKIP is cooperating in the
development of a monocytic AML phenotype. Summary/Conclusions.
Loss of RKIP is a frequent molecular event in AML and highly associ-
ated with a monocytic phenotype. In contrast to solid tumors, RKIP
acts as a tumor suppressor in hematopoietic cells and is causally con-
tributing to the development of a monocytic phenotype of AML blasts.
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DIFFERENTIAL RESPONSES TO CXCR4 ANTAGONISM IDENTIFY TWO
BIOLOGICAL DISTINCT SUBTYPES OF ACUTE MYELOID LEUKEMIA IN
TRANSPLANTED NOD/SCID MICE
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Background. Stromal cell-derived 1 (SDF-1)/CXCR4 interactions par-
ticipate in the development of leukemic blasts in acute myeloid
leukaemia (AML) influencing their trafficking, survival and differentia-
tion. Aims. and Methods. We used the xenotransplantation model of
nonobese diabetes/severe combined immunodeficiency rcnull (NOG)
mice reconstituted with human primary cells from AML patients and 2
small molecule competitive antagonists of CXCR4, AMD3100 and
TN140 to better define the role of CXCR4/SDF-1 on the leukemic blast
burden within the bone marrow and in extramedullary sites. Results. We
first investigated the correlation between CXCR4 expression or func-
tion on leukemic blasts and their ability to engraft the bone marrow
of NOG mice in 34 patients. Using flow cytometric analyses, we
observed that CXCR4 membrane expression was highly variable
between patients. In most cases, the cells expressed relatively low lev-
els of CXCR4. This expression did not correlate with engraftment. In
addition, SDF-1 responsiveness evaluated by transwell migration only
marginally correlated with engraftment. However, in these initial
analyses, we observed that the differences between engrafters and
nonengrafters were significant if the cut-point migration is set to 20%.
Patients with higher chemotactic response to SDF-1 had a significant-
ly increased NOG repopulating ability. In order to evaluate the impor-
tance of CXCR4/SDF-1 axis in AML development, NOG mice recon-
stituted with cells from 6 different patients were treated with optimal
concentration of either AMD3100 or TN140 for 1 week. We observed
that CXCR#4 inhibition by TN140 (used as a single therapy) had pro-
found inhibitory effects on the proliferation and the development of
extramedullary dissemination of the disease in this xenotransplantation
for 3 patients. These patients had initially high CXCR4 level on blasts.
Conclusions. These findings demonstrate that CXCR4/SDF-1 axis con-
tribute to organ infiltration in AML with extramedullary leukemia. In
addition, CXCR4 blocking agents effectively antagonize SDF-1 promot-
ing leukemic development in selected patients characterized by high
CXCR4 expression.
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Background. One important cytogenetic subgroup of pediatric acute
myeloid leukemia (AML) is characterized by translocations of chromo-
some 11¢23, which accounts for 15-20% of all cases with an evaluable
chromosome analysis. In most of these cases, the mixed lineage leukemia
(MLL) gene is involved. More than 50 fusion translocation partners of the
MLL gene have been identified and outcome differs by translocation
partner, suggesting differences in the biological Background. Aim. In the
present study, we used supervised analysis of gene expression profiles to
identify and analyze differentially expressed genes between the different
MLL-rearranged AML cases by translocation partners that may underline
the observed differences related to outcome. Methods. We used microar-
rays to generate gene expression profiles of 245 pediatric AML cases,
including 53 MLL-rearranged cases. To find gene expression signatures
characteristic for the different groups, an empirical Bayes linear regres-
sion model was used. Results. Using these profiles, we were able to iden-
tify a specific gene expression signature for t(9;11)(p22;G23), the most
common 1123 rearrangement in AML, and identified BRE (brain and
reproductive organ-expressed) as one of the genes to be discriminative
for (9;11)(p22;423) (P<0.001). The mean average VSN normalized expres-
sion for BRE in the t(9;11)(p22;q23) subgroup was 3.7-fold higher com-
pared with that in other MLL-rearranged cases (P<0.001). Validation by
RQ-PCR confirmed this higher expression in t(9;11)(p22;q23) cases
(P<0.001). In addition, we confirmed that overexpression of BRE was
predominantly found in t(9;11)(p22;q23) in an independent gene expres-
sion profile cohort (Ross et al, Blood 2002). Remarkably, patients with
high BRE expression showed a significant better outcome for 3 year dis-
ease free survival (pDFS) (80+13 vs. 30+10%, P=0.02) within the MLL-
rearranged AML. Moreover, multivariate analysis, including, age, WBC
and favorable karyotype, showed that next to favorable karyotype, BRE
overexpression is an independent favorable prognostic factor within pedi-
atric AML for DFS (HR=0.2, P=0.03). However, in vitro studies did not
identify differences in cell proliferation, apoptosis or drug sensitivity for
overexpression of BRE. Summary/Conclusions. Recently, overexpression
of BRE has been described in hepatocellular and oesophageal carcinomas.
However, to the best of our knowledge, BRE had never been associated
with hematological malignancies before. Our study shows that overex-
pression of BRE is predominantly found in MLL-rearranged AML with a
t(9;11)(p22;q23). Moreover, high BRE expression is an independent favor-
able prognostic factor due to a reduced relapse rate in remission. So far,
we could not elucidate the exact underlying mechanism, but in vitro exper-
iments did not provide evidence for differences in cell proliferation, drug
sensitivity or apoptosis. Further research is warranted to explore this and
to identify the link between MLL-AF9 and the transcription of BRE. Our
data show that within pediatric MLL-rearranged AML specific factors, i.e.
translocation partner and overexpression of specific genes, can refine risk
stratifications and the development of novel therapeutic targets.
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DIFFERENTIAL ROLE OF MYELOID TRANSCRIPTION FACTORS, C/EBPa
AND PU.1 IN LEUKEMOGENESIS BY MLL-FUSION ONCOGENES
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Background. MLL translocations found in acute leukemia possess
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unique clinical characteristics. They have over 50 different fusion part-
ners and show poor prognosis. These MLL fusion proteins lost H3K4
methyltransferase activity of wild-type MLL, but gained the ability to
induce aberrant expression of HoxA cluster genes. Moreover, these pro-
teins are able to transform hematopoietic stem/progenitor cells into
leukemic stem cells (LSCs). Previous studies have shown that C/EBPa
and PU.1, well-known myeloid specific transcription factors, were com-
mon molecular targets of myeloid malignancies. We and others have
recently shown that C/EBPa and PU.1 are negative regulators of
hematopoietic stem cells, suggesting that these transcription factors
may play a role in the generation of LSCs. Because we have little knowl-
edge on the role of C/EBPa and PU.1 in MLL-leukemia, we asked
whether these key myeloid transcription factors are involved in the
leukemogenesis by MLL-fusion proteins. Aims. We aimed to clarify the
role of C/EBPa and PU.1 in the leukemogenesis induced by MLL-fusion
oncogenes. Notably, we focused on the role of these transcription fac-
tors during the stages of leukemia initiation and progression. Methods.
5-FU (150 mg/kg) treated bone marrow (BM) cells from C57BL/6] mice
were harvested, pre-stimulated with recombinant mouse (rm) SCE
rmlL-6, thFL, thTPO (50 ng/mL each), then transduced with pMYs-IG-
MLL-ENL or pMXs-IG-MLL-Septin6. These cells were serially replat-
ed in methylcellulose, then transferred to rmIL-3 (10 ng/mlL) contain-
ing liquid culture (immortalized cells), or were transplanted into lethal-
ly irradiated recipients (primary leukemic cells). MLL-ENL (or MLL-
Septin6) immortalized cells or MLL-ENL primary leukemic cells were
transduced with pMXs-IRed-C/EBPa-ER or pMXs-IRed-PU.1-ER. After
sorting of GFP+DsRed+ cells, these cells were serially replated in
methylcellulose with or without 4-hydroxytamoxifen (4-HT) (1 uM),
or were treated with or without 4-HT (1 uM) for 5 days, then trans-
planted into sublethally irradiated secondary recipients. BM cells from
PU.1 +/- mice, or E14.5 fetal liver (FL) cells from PU.1 knockout or +/-
mice were harvested, pre-stimulated with rmSCE, rmIL-6, thFL, thTPO,
then transduced with pMYs-IG-MLL-ENL. These cells were also trans-
planted into lethally irradiated recipients. Results. Overexpression of
PU.1, but not C/EBPa, suppressed the serial replating capacity of the
cells immortalized by MLL-ENL and MLL-Septin6. Moreover, activation
of PU.1 suppressed the propagation of MLL-ENL leukemic cells in the
secondary transplanted animals. In contrast, activation of C/EBPa did
not eradicate leukemic cells in the same settings. PU.1 deficiency per-
turbed leukemia development by MLL-ENL. Haploinsufficiency of PU.1
delayed leukemia development by MLL-ENL and prolonged survival of
the recipients. Summary/Conclusions. These results indicate that the
dosage of PU.1 activity has profound impact on the self-renewal of
LSCs and in vivo leukemia formation induced by MLL-fusion oncopro-
teins. Therefore, PU.1 may serve as a potential therapeutic target for
MLL-leukemia.
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Background. Mutations in the tet oncogene family member 2 (TET2) gene
occur in various myeloid malignancies, including myelodysplastic syn-
dromes, myeloproliferative neoplasms, and secondary and de novo acute
myeloid leukemia (AML). The frequency and age distribution of TET2
mutations and their association with clinical characteristics and other
molecular markers have not been defined in de novo cytogenetically
normal (CN-) AML. Aims. To determine the incidence and spectrum of
TET2 mutations and their association with patient characteristics and
outcomes in a relatively large cohort of de novo CN-AML patients. Meth-
ods. Pretreatment marrow or blood samples from 339 de novo CN-AML
patients (age range, 18-81 years [y]) enrolled on cytarabine/daunoru-
bicin-based CALGB protocols [CALGB 8525, 8923, 9420, 9621, 9720,
19808, 10201] were studied for mutations in TET2 and a panel of oth-



er genetic alterations (NPA11, WT1, CEBPA, and IDH1/IDH2 mutations,
FLT3 internal tandem duplications and tyrosine kinase domain muta-
tions, MLL partial tandem duplications). All coding exons of TET2
(GeneBank accession NM_001127208) were PCR-amplified from
genomic DNA; mutations were identified by direct sequencing. Known
single nucleotide polymorphisms, synonymous sequence changes, and
intronic variations were not considered as mutations. Results. Overall,
101 TET2 mutations were found in 75/339 patients (22%): 46 patients
had single heterozygous mutations, 24 patients had two, and one
patient had three mutations. In the four remaining patients, mutations
appeared to be homozygous or hemizygous, suggesting loss of het-
erozygosity at the TET2 locus. Of the 101 mutations, 38 were frameshift
mutations, 29 missense mutations, 26 nonsense mutations, two in-
frame insertions/deletions, and 6 affected splice sites. We did not iden-
tify “hot spots”for nonsense and frameshift mutations, which occurred
throughout all coding exons. However, the majority of missense muta-
tions and in-frame changes (22/31 mutations) clustered in the two evo-
lutionarily conserved regions of the gene. TET2 mutations were signif-
icantly more common in CN-AML patients aged =60y (41/150; 27 %)
than in patients <60y (34/189; 18%) (P=.048). The proportion of TET2
mutated patients gradually increased with age, from 10% in adults <30y
to 31% in patients aged =70y. Moreover, the proportion of patients
with double TET2 mutations was also higher among patients =60y
(18/41; 44%) than among younger patients (7/34; 21%) (P=.049). We
observed no correlation between the presence/absence of any TET2
mutation and other pretreatment characteristics (leukocyte and platelet
counts, hemoglobin level, blast percentage, FAB category, or
extramedullary involvement). Both /[DH1 and IDH2 mutations were
less common in TET2 mutant than in TET2 wild-type patients, although
the difference only reached statistical significance in patients =60y,
where IDH1/IDH?2 and TET2 mutations were mutually exclusive IDH1,
P=.006; IDH2, P<.001). No significant association with other molecu-
lar markers and no impact of TET2 mutations on clinical outcome (com-
plete remission rate, disease-free, or overall survival) were observed in
either age group. Summary. TET2 mutations are relatively frequent in de
novo CN-AML patients, and their prevalence increases with age. The
presence of TET2 mutations is inversely associated with IDH1/[DH2
mutations but not with other molecular markers or clinical character-
istics, and seemingly does not affect outcome.
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BONE MARROW FAILURE IN ACUTE MYELOID LEUKEMIA IS INDUCED
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Background. Bone marrow failure (reduced production of neutrophils,
platelets and erythrocytes) is an important cause of morbidity and mor-
tality in leukemia. The mechanism of bone marrow failure in AML
(Acute myeloid leukemia) is believed to be different to that seen in lym-
phoid malignancies such as chronic lymphocytic leukemia (CLL). In
AML bone marrow failure occurs early in the disease course. By con-
trast, in CLL the blood count may be relatively preserved even where
the majority of cells in the marrow are leukemic. Aim. Understand the
mechanism of bone marrow failure in AML. Methods. Two approaches
were used to study bone marrow failure: 1) Six primary AML samples
were transplanted into immunodeficient mice to see the effect of the
AML on normal residual hematopoietic cells. Immunophenotyping was
used to assess numbers of normal mouse differentiated cells (mouse
CD45" Lineage marker"), normal progenitors (mouse CD45" Lineage-
CD117%) and normal hematopoietic stem cells (HSCs) (mouse CD45*
Lineage” CD117* CD150* CD48") within the mouse bone marrow. Mice
were sacrificed at different time points to allow us to follow the evolu-
tion of marrow failure. Colony forming assays and transplant assays
were used to complement the immunophenotyping. 2) We have recent-
ly shown that the CD34" fraction of certain types of AML is normal and
contains normal colony forming units (thought to equate to normal pro-
genitors) and normal SCID-repopulating cells (thought to equate to nor-
mal HSCs)(Taussig et al Blood 2010). We used these types of AML to
study the numbers of normal HSCs (CD34* CD38") and progenitor cells
(CD34* CD38") in the bone marrow at diagnosis. Results. Within the
immunodeficient mice two phases were observed as the AML devel-
oped. In the first phase, the numbers of normal differentiated cells and
normal progenitors were significantly reduced while the number of
HSCs was not significantly different to controls (Figure 1). Functional
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assessments using colony forming assays and secondary transplants
confirmed the phenotyping data. Annexin-V (a marker of apopotosis)
staining on normal hematopoietic cells from mice transplanted with
AML was not significantly different to controls. In the second phase the
numbers of HSCs, progenitors and differentiated cells were all reduced.
Within humans the number of normal progenitors was reduced by
approximately 10 fold in the bone marrow of AML patients (P<0.05)
while the number of normal HSCs was not significantly different to
control (Controls n=28, AML patients n=12). These effects were simi-
lar to that seen in the first phase in the mice. The data are consistent
with a block in differentiation of normal HSCs. Conclusions. AML
induces bone marrow failure by blocking differentiation of normal
residual HSCs in a mouse model of AML and in humans. By further
understanding this mechanism it may be possible to reverse this process
and ameliorate the effects of bone marrow failure.
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Background. The prognostic value of NPM1 and FLT3-ITD mutations
has now been well established in AML patients with normal karyotype
(NK). An international expert panel, on behalf of the European
Leukemia Net (ELN), has recently proposed to include NPM1mut/FLT3-
ITDwt NK-AML patients in a favorable prognostic subset (Déhner ez al.,
Blood 2010). Autologous hematopoietic stem cell transplantation (auto-
HSCT) represented a good alternative therapeutic option for patients
without sibling HSC donor. However, the impact of auto-HSCT vs allo-
HSCT according to molecular status has been poorly studied. The prog-
nostic impact of the NPM1/FLT3-ITD status was evaluated here in a
cohort of 135 NK AML patients prospectively treated by allo-HSCT or
auto-HSCT within the randomized GOELAMS LAM-2001 trial (Lioure,
ASH 2006, abstracts 319 & 608). Patients and Methods. A total of 135 NK-
AML patients, aged between 18 and 60 years old (median 47), who had
reached a first complete remission (CR) were characterized for
NPM1/FLT3-ITD status using previously reported methods (Schnittger
et al., Blood 2002 & 2005). According to the ELN classification, the
NPMImut/FLT3-ITDwt status was compared to all other combinations.
Randomization allotted these patients to receive an allo-HSCT in case
of an available HLA sibling donor while patients lacking such a donor
were randomized between one (Arm A) or two (Arm B) auto-HSCT(s).
The conditioning regimen was Busulfan + HDM 140 mg/m’ in Arm A.
In Arm B patients received first an auto-HSCT conditioned by HDM
200 mg/m’ followed by a second auto-HSCT conditioned as for arm A.
Results. Forty-one patients were programmed to receive an allo-HSCT
including 16 with a favorable molecular status, while 94 patients were
programmed to receive 1 (n=48) or 2 (n=46) autografts, including 30
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with a favorable molecular status. Comparisons of 4-year LFS and OS
according to different sub-groups are given in Table 1. No significant dif-
ference was observed according to the NPM1/FLT3-ITD molecular sta-
tus in the group of allo-HSCT patients. Conversely, in the auto-HSCT
group, 4-year LES and OS appeared to be significantly higher in the
NPM1mut/FLT3-ITDwt sub-group as compared to other patients
(P=0.01 for both). As for the overall auto-HSCT group, no significant
benefit of double auto-HSCT vs. single auto-HSCT could be observed
regarding each subset of molecular profile. Among the NPM1mut/FLT3-
ITDwt subgroup, there was no benefit for allo-HSCT as compared to
auto-HSCT. Since there was no significant difference in outcome
between allo-HSCT and auto-HSCT patients, the whole cohort was
tested for the significance of the molecular status. The statistically sig-
nificant favorable impact of NPM1mut/FLT3-ITDwt was retrieved in
this whole group. Conclusions. Molecular analysis of available samples
of the GOELAMS LAM-2001 trial of younger AML patients with NK
in first CR confirms the favorable prognostic impact of the
NPM1mut/FLT3-ITDwt status in patients treated with a single or dou-
ble auto-HSCT. This procedure represents a valid therapeutic option,
providing similar outcomes as allo-HSCT which is not recommended
anymore. For patients with other molecular profiles of NPM1/FLT3-
ITD, allo-HSCT has to be considered, since this strategy conferred the
same outcome as in patients with the favorable mutational status.

Table 1. Outcomes according to different sub-groups.

Normal Karyotype AML d-year LFS d-year OS5

Allo-HSCT N=41

NPMIMUUFLT3-ITDwWE N=16 62% 69%

Othar NPMA/FLT3-ITD status N=25 60% P=NS 55% P=NS

Auto-HSCT N=34

1 auto-HSCT N=48 46% 5T%

2 auto-HSCT N=46 41% P=NS 50% P=NS

NPM1Imut/FLT3-ITDwt N=30 58% TI%

Other NPM1FLT3-ITD status N=64 6% P=0.01 4% P=0.01

NPMAmuUFLTI-ITDwi

1 auto-HSCT N=16 68% 2%

2 auto-HSCT N=14 4% P=NS 5% P=NS

Other NPM1/FLT3-ITD status

1 auto-HSCT N=32 5% 4%

2 auto-HSCT N=32 % P=NS 4T% P=NS
0033

INDUCTION OF A CD8* T CELL RESPONSE TO THE MAGE CANCER
TESTIS ANTIGEN BY COMBINED TREATMENT WITH AZACITIDINE AND
SODIUM VALPROATE IN PATIENTS WITH ACUTE MYELOID LEUKEMIA
AND MYELODYSPLASIA

O Goodyear,' I Novitzky-Basso,” S Siddique,” G Ryan,' P Vyas,’®
J Cavenagh,’ P Moss,' C Craddock®

'University of Birmingham, Birmingham, UK; *Centre for Clinical Haematol-
ogy, Queen Elizabeth Hospital, Birmingham, UK; *Weatherall Institute of
Molecular Medicine, John Radcliffe Hospital NHS Trust, Oxford, UK; ‘Depart-
ment of Haematology, St Bartholomew'’s Hospital, London, UK

Background. Epigenetic therapies, including DNA methyltransferase
(DNMT) and histone deacetylase (HDAC) inhibitors, represent impor-
tant new treatment modalities in haematological malignancies but their
mechanism of action remains unknown. Cancer testis antigens (CTAgs)
represent a family of immunodominant proteins normally expressed
only in germ line tissue. As a consequence immunological tolerance to
CTAgs is not ordinarily established. We and others have demonstrat-
ed that the CTAg MAGE is expressed in AML. Since epigenetic thera-
pies result in tumor specific up-regulation of MAGE expression this
represent a promising and manipulable tumor antigen in AML. We rea-
soned that up-regulation of MAGE antigens by DNMT and HDAC
inhibitors may induce an immunologically mediated anti-tumor
response and contribute to their clinical activity in patients with high
risk AML. Aims.We therefore characterised the immune response to
MAGE antigens in patients with AML undergoing treatment with the
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epigenetic therapies 5’-azacitidine (AZA) and sodium valproate (VPA).
Methods.CD8" T cell responses to MAGE antigens were measured in 21
patients with de novo or relapsed AML undergoing treatment on a Phase
II clinical trial incorporating AZA (75 mg/m’ x 7 days per 28 day cycle)
and VPA (1-2.5 g daily administered continuously as tolerated). All
patients gave informed consent and the clinical trial was approved by
the Local Research Ethics Committee. Clinical responses to combined
treatment with AZA/VPA were assessed using criteria defined by Che-
son. MAGE-specific CD8" T cells were measured in peripheral blood
using a CD137 expression and enrichment assay. In some patients
responses were also quantitated by the interferon gamma cytokine
secretion assay (Miltenyi Biotec). Results. CD8" CTL responses to
MAGE antigens were documented in only 1/21 patients prior to com-
mencement of therapy. 12 patients received at least three cycles of
VAL/AZA therapy and were assessable for induction of an immunolog-
ical response. Of these, treatment with VAL/AZA induced a CD8" T cell
response to MAGE antigens in 10 patients of whom 7 achieved a major
clinical response (CR or PR). Responses were maintained over-time (70-
799 days) and the CTL response increased in frequency with repeated
cycles in the majority of cases. A polyclonal T cell line was generated
from one patient and tetramer staining of this line confirmed peptide
specificity. The MAGE-specific CTL response detected in two patients
was further validated using the IFN-y cytokine secretion assay. Char-
acterization of the memory phenotype of the CD8* MAGE-specific
response indicated that they were effector memory demonstrating
recent T cell activation. Comparison with a control group of 66 patients
with high risk AML treated with VAL/AZA demonstrated that gener-
ation of a MAGE specific T cell response was associated with a signif-
icantly increased chance of achieving a major clinical response (P=
0.038). Conclusions. This is the first demonstration of a MAGE specific
CTL response in AML. Furthermore, it appears that epigenetic thera-
pies have the capacity to induce a CTL response to MAGE antigens in
vivo which may contribute to their clinical activity in AML. These data
identify a novel mechanism by which epigenetic therapies may induce
an anti-tumor response in AML and other malignancies.

0034

DISTINCT CLINICAL AND BIOLOGICAL CHARACTERISTICS OF ADULT
PATIENTS WITH DE NOVO ACUTE MYELOID LEUKEMIA WITH ADDI-
TIONAL SEX COMB-LIKE 1 (ASXL1) MUTATION

HH Huang, WC Chou, HA Hou, CY Chen, HF Tien
National Taiwan University Hospital, Taipei, Taiwan

Background. Additional sex comb-like 1 (ASXL1) is a member of
Enhancer of Trithorax and Polycomb genes and is involved in chro-
matin modification and retinoic acid pathway regulation. Recent stud-
ies showed mutation in this gene in various myeloid malignancies such
as myelodysplastic syndrome (MDS), myeloproliferative neoplasm
(MPN), and MDS/MPN. However, the ASXL1 mutation in de novo acute
myeloid leukemia (AML) has not been comprehensively investigated.
In this study, we studied this mutation in a large cohort of Chinese pri-
mary AML patients. Aims. To analyze ASXL1 mutation in adult de novo
AML patients. Methods. We retrospectively analyzed mutation in
ASXL1 exon 12 by polymerase chain reaction (PCR) and direct sequenc-
ing in 501 adult Chinese AML patients, who were diagnosed at the
national Taiwan university hospital from 1995 to 2007. The result was
then correlated with the clinical presentations, laboratory data and a
panel of 13 important genetic mutations in AML. Results. ASXL1 muta-
tions in exon 12, including frame shifting and non-sense mutations,
were found in 54 patients (10.8%). The most frequent type is insertion
of G between nucleotide 1934 and 1935. The mutation occurred more
frequently in elder (P<0.001) and male patients (P=0.016), and was sig-
nificantly associated with FAB MO subtype (P=0.003), isolated trisomy
8 (P=0.003), RUNX1 mutation (P<0.001), and expression of HLA-DR
(P<0.001) and CD 34 (P=0.020). In contrary, this mutation was inverse-
ly associated with NPM1 mutation (P=0.001), FLT3/ITD (P=0.004), and
t(15;17) (0/38 vs. 54/425, P=0.029). Among the patients who received
standard induction chemotherapy (n=360), those with ASXL1 mutation
had lower complete remission rate (85.9% vs 65.2%, P=0.015) and
worse overall survival than those without ASXL1 mutation (median
overall survival 14 months vs 58 months; P=0.009). This survival differ-
ence remained significant when the patients with acute promyelocyt-
ic leukemia were excluded (median, 14.0 months vs. 31 months,
P=0.028), and became even more pronounced in the subgroup with
intermediate cytogenetics (P=0.007). Multivariate analysis including
covariates NPM1 mutation, FLT3/ITD, age, and cytogenetics showed
a borderline poor prognostic impact of ASXL1 mutation on overall sur-



vival (P=0.049). Conclusion. Our study revealed distinct clinical and bio-
logical features of de novo adult AML patients bearing ASXL1 mutation.
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SUPPRESSOR OF CYTOKINE SIGNALING (SOCS1) COOPERATES WITH
FLT3-ITD IN THE DEVELOPMENT OF MYELOPROLIFERATIVE DISEASE
BY PROMOTING THE ESCAPE FROM EXTERNAL CYTOKINE CONTROL

C Brandts, N Pavankumar Reddy, H Serve
University of Frankfurt, Frankfuri, Germany

Background. Internal tandem duplications of the receptor tyrosine
kinase FLT3 (FLT3-ITD) are frequently found in acute myeloid
leukaemia and lead to constitutive activation of the receptor. Gene
expression analysis comparing cells expressing FLT3-ITD with FL-stim-
ulated cells expressing wild-type FLT3 demonstrated differences in
STATS5 target genes. Among the most differentially regulated genes
were members of the SOCS (suppressor of cytokine signaling) family,
which are known to terminate cytokine signalling by inhibition of JAK
kinases. This finding was surprising, as expression of SOCS proteins is
associated with anti-proliferative effects. Aims. We hypothesised that
SOCS proteins function as conditional oncogenes in the context of
FLT3-ITD by protecting transformed cells from external cytokine con-
trol. The aim of this study was to examine the role of SOCS proteins
in FLT3-ITD mediated disease. Methods. First, we performed in vitro
experiments in cell lines and primary AML samples to confirm the
microarray data. We performed functional experiments in murine bone
marrow cells expressing either SOCS1, FLT3-ITD or both. Finally, in
vivo bone marrow transplantation experiments were performed to deter-
mine the influence on latency and phenotype in this cell system. Results.
Here we show that FLT3-ITD leads to induction of the suppressors of
cytokine signaling (SOCS) family proteins in cell lines, murine bone
marrow and patient samples. As SOCS proteins are known to inhibit -
rather than promote - growth of hematopoietic cells, we investigated
their role in FLT3-ITD mediated transformation. While SOCS1 expres-
sion severely impaired cytokine-induced colony growth of murine bone
marrow, it failed to inhibit FLT3-ITD supported colony growth, indicat-
ing resistance of FLT3-ITD to SOCS1. Also, SOCS1 co-expression did
not affect FLT3-ITD mediated signaling or proliferation. Importantly,
SOCS!1 co-expression inhibited interferon-y signaling and protected
FLT3-ITD cells from interferon-y mediated growth inhibitory effects. In
a murine bone marrow transplantation model, the co-expression of
SOCS1 and FLT3-ITD significantly shortened the latency of a myelo-
proliferative disease when compared to FLT3-ITD (P=0.01).
Summary/Conclusions. These data demonstrate that in the context of the
oncogene FLT3-ITD, SOCS1 acts as a conditional oncogene: expression
of SOCS proteins shields FLT3-ITD-expressing cells from external
cytokine control, thereby cooperating in the development of a myelo-
proliferative disease.
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THE NON-HOMEODOMAIN SPLICE VARIANT HOXA9T CAUSES
LEUKEMIA ON ITS OWN AND COLLABO-RATES WITH HOXA9 TO
INDUCE SHORT - LATENCY AML IN MICE

C Stadler,' V Rawat,” K Petropoulos,' W Hiddemann,'
M Feuring-Buske,” C Buske’

'Clinical Cooperative Group Leukemia, Helmholtz Zentrum Muenchen,
Munich, Germany; “Institute of Experimental Cancer Research, CCCU and
University Hospital, Ulm, Germany

Background. Alternative splicing is known to affect more than half of
all human genes, and has been proposed as a primary driver of the evo-
lution of phenotypic complexity in mammals. Various Hox genes are
known to produce alternative transcripts encoding different isoforms
whose physiological relevance during development is not yet under-
stood. Hoxa9 is a homeo-box transcription factor with a central role in
both hematopoiesis and leukemia. High level of HOXA9 expression is
a characteristic feature of acute myeloid leukemia (AML) and is asso-
ciated with dismal prognosis. Previously a highly conserved alternative
splice variant - trun-cated Hoxa9 (Hoxa9T) - has been identified that
lacks the homeodomain. So far the biological relevance of Hoxa9T in
normal and malignant hematopoiesis is not known. Aim. The aim of this
project is to identify, characterize and understand the role of the
Hoxa9T isoform and Hoxa9 in normal and malignant hematopoiesis.
Methods. Expression of Hoxa9 and Hoxa9T was analysed in human and
murine normal and malignant hematopoiesis by qPCR. To understand
the function of the naturally occurring splice variant of HOXA9 we
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generated two mutants: first, we silenced the pseudo-intron rec-ogni-
tion sites of Hoxa9 wild-type to eliminate splicing of Hoxa9 (Hoxa9 FL)
and secondly we generated Hoxa9T. in vivo function of Hoxa9T was
tested in the syngenic murine bone mar-row transplantation model and
colony forming unit spleen assay (CFU-S). Results. Expression levels of
Hoxa9 and Hoxa9T were significantly higher in KSL cells com-pared to
normal total BM (>90-fold and >20-fold, respectively). Interestingly,
Hoxa9T was higher expressed in murine BM progenitors compared to
Hoxa9. HOXA9 and HOXA9T were co-expressed in human leukemic
celllines as well as in 115 AML patient samples with normal karyotype.
Interestingly, 90% of the analyzed AML patient samples showed an
aberrant ratio between HOXA9 and HOXA9T expression compared to
highly purified CD34* bone marrow cells of healthy donors (ratio=3.2).
The vast majority of the AML patients (69 %) showed an increased ratio
of expression due to an elevated HOXA9- versus HOXA9T-expression,
whereas 21% showed a decrease in this ratio. To test the hematopoi-
etic activity of different Hoxa9 iso-forms, we performed CFU-S assay.
All the different Hoxa9 forms (Hoxa9WT, Hoxa9T and Hoxa9FL
induced an increase in the frequency of short - term repopulating stem
cells com-pared to the empty retroviral control in CFU-S assay (n at
least12). Importantly, activity of Hox9WT and Hoxa9FL could be fur-
ther enhanced by co-expression of Hoxa9T. In contrast to the splicable
Hoxa9WT (n=21, 135 d), overexpression of Hoxa9T in the BM trans-
plantation model induced AML only after long median latency of 214
days (n=21). Also the non-spliced isoform Hoxa9FL did show a delay
in median latency compared to Hoxa9WT (median latency 208 vs. 135
days). To confirm the hypothesis that this delay is due to a loss of
Hoxa9T, we co-expressed Hoxa9T and Hoxa9FL (n=10) which again led
to a median latency of 144 days comparable to Hoxa9WT. Conclusions.
These results indicate that that the leukemogenic po-tential of Hoxa9
depends on the collaboration with its own spliced isoform
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HIGH-RESOLUTION MOLECULAR ALLELOKARYOTYPING IDENTIFIES
NOVEL UNIPARENTAL DISOMY AND FOCAL COPY NUMBER
ALTERATIONS IN ACUTE PROMYELOCYTIC LEUKEMIA (APL)
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Introduction. Experimental evidence obtained in transgenic mice
revealed that PML-RARA is necessary but not sufficient for the devel-
opment of APL, suggesting that additional genetic mutations are also
required for its development. Aim. To define whether additional submi-
croscopic genomic alterations may characterize APL and may be used
to better classify the disease by dissection of genomic subsets. Patients
and Methods. 105 adult patients with acute myeloid leukemia were ana-
lyzed. These cases included all French-American-British subtypes, mis-
cellaneous cytogenetic abnormalities and normal karyotype subgroups.
Among these, the M3 subtype included 28 patients, representing the
33% of the whole study population. Genomic DNA was isolated from
blast cells and applied to Genome-Wide Human SNP 6.0 array
(Affymetrix, Santa Clara, CA) following the manufacturer’s instruc-
tions. Fluorescence in situ hybridization, quantitative PCR and
nucleotide sequencing were used to confirm genomic alterations.
Results. A wide spectrum of different copy number alterations (CNAs)
were identified in all cases and no significant difference in the average
number of alterations was detected among different leukemia cytoge-
netic subgroups except for the complex subgroup, which had an aver-
age of 55 CNA/patient. In APL cases an average of 8 CNAs per case
(range, 1-24) was found. The macroscopic alterations were rare, con-
firmed conventional cytogenetics and involved trisomy of chromosome
8 in 3 cases, loss of chromosome 6, loss of chromosome 20 and dele-
tions on chromosome 9 and 7. Microscopic CNAs (<1.5 Mbps) involved
every chromosome at least once and predominantly chromosomes 1,
2,9, 15 and 17. For each alteration we interrogated a collated library of
copy-number variants (CNVs, Database of Genomics Variants and
USCS Genome Browser) to assure that these regions were not known
as CNVs and therefore to decrease the noise of raw copy number data.
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Genetic gains were more common than losses and their median size
was 300 kb (range 0.2- 1.4 Mb). The majority of lesions were not recur-
rent, being identified in only a single patient. Focal genetic alterations
were detected at the breakpoints of t(15;17)(q22;q21) in PML and RARA
genes, in genes involved in activation of transcription (loss of LMX1 on
1q23.3, loss of MLXIPL and BCL7 on 7q11.23), regulation of cell cycle
(gain of PVT1 and MYC on 8¢24) and cell adhesion (gain of NCAM1
on 11¢23). In order to identify potential pathogenetic alterations, all
microscopic CNAs were compared with the list of genes from the Can-
cer genome project (http://www.sanger.ac.uk/genetics/CPG/Census)
finding out that six alterations involved a known cancer-related gene.
Most of these genes encode tyrosine kinase proteins (ERBB4) or tran-
scription factors (ETV1, ETV6, ERG). Copy neutral loss of heterozygos-
ity events affected 1p34.2-1p32.3, 10p11.2 (MLLT10), 11p11.2 (WTT1,
CDKN1C, HRAS). Finally, patients with more than 10 CNAs were
found to be associated with a worse prognosis. Conclusions. These data
demonstrate that different cooperating events may be involved in the
generation of APL. Furthermore, these novel findings may be used to
stratify patients according to genomic changes. Supported by: Euro-
pean LeukemiaNet, AIL, AIRC, Fondazione Del Monte di Bologna e
Ravenna, FIRB 2006, Ateneo RFO grants.
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CLINICAL IMPLICATIONS OF A SPECIFIC METHYLATION PROFILE IN
ACUTE MYELOID LEUKEMIA

A Ana, ] Cervera, E Such, M Ibafez, I Gémez, E Barragan, O Fuster,
I Luna, B Costan, F Moscardé, M Sanz

Hospital La Fe, Valencia, Spain

Background. Several reports have identified a growing number of
genes that may be inactivated due to aberrant hypermethylation in
acute myeloid leukemia (AML). However, in most cases the methyla-
tion status has been investigated in small number of AML patients and,
therefore, its clinical impact has not been yet clarified. Objectives. To
analyze the clinical relevance of aberrant methylation in a panel of key
cancer genes: p15INK4B, RARB, p73, APAF1, SHP1, CDH1 and BLU in
a large series with de novo AML. These genes were selected based on
previous reports where aberrant methylated genes in AML were iden-
tified. Methods. Bone marrow samples from 184 AML patients at diag-
nosis were analyzed (110 male/74 female; median age: 60 yr, range:
16-92). Genomic DNA was extracted using standard protocols. After
bisulphite treatment DNA was amplified with Methylation Specific
Polymerase Chain Reaction using primers specific to the methylated
and unmethylated alleles of the genes. Results. The methylation fre-
quencies were as follows: 59% p15INK4B, 43% BLU, 42% CDHI, 41%
p73, 33% SHP1, 30% RARB and 22% APAF1. A total of 163 patients
(88%) had atleast one gene methylated. Only three patients were found
to have concurrent methylation of the seven genes studied. Aberrant
methylation of any individual gene was compared with patient char-
acteristics, including: age, sex, WBC count, FAB subtype, cytogenetic
risk groups and FLT3-ITD mutations. Methylation of p15INK4B and
RARB were associated with a leukocyte count <10x10°/L (P=0.04),
while methylation of p73 was associated with age =60 years (P=0.04)
and leukocyte count < 10x10°/L (P= 0.02). In univariate analysis, methy-
lation of p15INK4B and BLU were found to have a negative impact in
both overall survival (OS) and relapse-free survival (RES). Therefore, we
classified AML patients into two methylation groups according to the
presence of concurrent methylation of both p15INK4B and BLU, irre-
spective of the other genes methylated, (Group A) and the rest of
patients (Group B). In univariate analysis, patients belonging to the
Group A had a significantly reduced OS than Group B at 4 years (10%
versus 28%, respectively, P=0.005), disease-free survival (DFS) (25%
versus 6%, respectively, P=0.009) and RES (28% versus 47 %, respec-
tively, P=0.04). In multivariate analysis, the concurrent methylation in
both p15INK4 and BLU genes retained an independent adverse signif-
icance for OS, DFS and RES. Similar results were obtained when the
analysis was restricted to patients younger than 60 years with interme-
diate risk cytogenetics. Patients belonging to Group A had a signifi-
cantly reduced DFES than Group B at 4 years (23% versus 48%, respec-
tively, P=0.03) and RFES (27 % versus 66 %, respectively, P=0.003). Con-
clusions. Our results indicate that simultaneous aberrant methylation
affecting key cancer genes is a common phenomenon in AML. More-
over, the concurrent methylation of p15INK4 and BLU seems to be an
important factor in predicting the clinical outcome of AML patients.

This study was partially supported by research funding from “Ministetio de
Ciencia e Innovacion”grant BES2008-008053 and the ISCII grants
R06/0020/0031, RD07/0020/2004, PI 06/0657 and CA08/00141.
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IL-12 DEBULKS PEDIATRIC ACUTE MYELOID LEUKEMIA CELLS BY
ACTING ON TUMOR INITIATING CELLS IN VIVO
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Background. Acute myeloid leukemia (AML) is a hematologic tumor
which represents 15-20% of all childhood acute leukemias and is
responsible for more than half of leukemic death in these patients who
frequently relapse. The bulk tumor is continuously regenerated and
sustained by rare tumor initiating cells (TIC), that proliferate slowly
thus resulting refractory to chemotherapeutic agents that target highly
proliferating cells within the tumor. Therefore, complete eradication of
the bulk tumor may depend on efficacy of therapies that target TIC. IL-
12 is an immunomodulatory cytokine which functions as anti-tumor
agent in solid and hematologic malignancies through direct effects on
tumor cells, stimulation of the immune system and anti-angiogenic
mechanisms. The ability of IL-12 to target the bulk AML cells has nev-
er been investigated. Aims. Therefore, we asked whether this cytokine
may affect in vivo blast AML cells and TIC compartment. Methods. First,
the expression of both chains of the IL-12 receptor was investigated, by
flow cytometry, in TIC and in blast AML cells, obtained from pediatric
patients at diagnosis (n=16). Next, the i vivo IL-12 anti-tumor activity
was evaluated by sub-cutaneous (s.c) and intra-venous (i.v.) inocula-
tion of primary AML cells into SCID/NOD II2rg-/- (NOG) mice that
were treated with human recombinant (hr)IL-12 or PBS (controls). AML
cells were analyzed at the primary site of tumor cell inoculation, in the
peripheral blood and lymphoid organs (e.g. bone marrow and spleen)
using human cell surface markers and flow cytometry analysis and/or
immunohistochemistry. The IL-12 anti-tumor activity in vivo was test-
ed in terms of inhibition of tumor mass formation, cell spreading and
angiogenesis. Results. We found that i) primary blast AML cells and TIC
express both chains of the IL-12R at surface level, ii) AML cells inject-
ed into NOG mice displayed enriched TIC population as compared to
the original AML cell sample, iii) AML cells injected s.c. into NOG mice
gave rise to a tumor mass including TIC at the primary site of cell inoc-
ulation. TIC and bulk tumor were eliminated by hrIL-12 treatment, iv)
hrIL-12 treatment hindered AML cell homing to the spleen and bone
marrow once injected i.v., v) TIC were virtually absent in spleens and
bone marrow from NOG mice inoculated with AML cells and subse-
quently treated with hrIL-12, and viii) IL-12 reduced primary AML
angiogenesis in vitro. Conclusion. The novelty of these results is manifold
and may be deals with the demonstration that IL-12 may target blast
AML cells and TIC in vivo.
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THE VENT-LIKE HOMEOBOX GENE VENTX IS A NOVEL HUMAN
HEMATOPOIETIC FACTOR, WHICH PROMOTES MYELOID DEVELOP-
MENT AND IS HIGHLY EXPRESSED IN ACUTE MYELOID LEUKEMIA
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Background. Recent studies suggest that a variety of regulatory mol-
ecules active in embryonic development such as clustered and non-
clustered homeobox genes play an important role in normal and malig-
nant hematopoiesis. Since it was shown that the Xvent-2 homeobox
gene is part of the BMP-4 signalling pathway in Xenopus, it is of par-
ticular interest to analyse the function of its only recently discovered
human homologue VENTX in normal hematopoietic and leukemic
development. Aim. The aim of this project is to identify, characterize
and understand the role of the Vent-like homeobox gene VENTX in nor-
mal and malignant haematopoiesis. Methods. Expression of the VENTX
gene was analysed in human normal and malignant haematopoiesis by
microarray and gPCR. To test the impact of VENTX2 overexpression
on human clonogenic progenitor cells, CD34* cord blood (CB) cells



were retrovirally transduced with VENTX or empty vector and we per-
formed in vitro and in vivo assays. Results. So far we and others have not
been able to identify a murine Xenopus xvent gene homologue. How-
ever, we were able to document the expression of this gene by gPCR
in human lineage positive hematopoietic subpopulations. Amongst
committed progenitors VENTX was significantly 13-fold higher
expressed in CD33" BM myeloid cells (4/4 positive) compared to CD19*
BM lymphoid cells (5/7 positive, P=0.01). Of note, expression of VEN-
TX was negligible in normal CD34'/CD38" but detectable in CD34*
BM human progenitor cells. In contrast to this, leukemic CD347/CD38-
from AML patients (n=3) with translocation t(8,21) showed significant-
ly elevated expression levels compared to normal CD34* BM cells (n=5)
(50-fold higher; P<0.0001). Furthermore, patients with normal kary-
otype NPM1c+/FLT3-LM- (n=9), NPM1c-/FLT3-LM" (n=8) or patients
with t(8;21) (n=9) had an >100 fold higher expression of VENTX com-
pared to normal CD34* BM cells and a 5- to 7.8-fold higher expression
compared to BM MNCs. Gene expression and pathway analysis
demonstrated that in normal CD34- cells enforced expression of VEN-
TX initiates genes associated with myeloid development and down-
regulates genes involved in early lymphoid development. Functional
analyses confirmed that aberrant expression of VENTX in normal
CD34* human progenitor cells induced a significant increase in the num-
ber of myeloid colonies compared to the GFP control with 48+6.5 com-
pared to 28.9+4.8 CFU-G per 1000 initially plated CD34 cells (n=11;
P=0.08) and complete block in erythroid colony formation with an 81%
reduction of the number of BFU-E compared to the control (n=11;
P<0.003). In a feeder dependent co-culture system, VENTX impaired the
development of B-lymphoid cells. In the NOD/SCID xenograft model,
VENTX expression in CD34" CB cells promoted generation of myeloid
cells with an over 5-fold and 2.5-fold increase in the proportion of
human CD15" and CD33" primitive myeloid cells compared to the GFP
control (n=5, P=0.01). Summary: Overexpression of VENTX perturbs
normal hematopoietic development, promotes generation of myeloid
cells and impairs generation of lymphoid cells in vitro and in vivo. Taken
together, these data extend our insights into the function of human
embryonic mesodermal factors in human hematopoiesis and indicate a
role of VENTX in normal and malignant myelopoiesis.
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BIOLOGICAL CHARACTERIZATION OF AML AT THE SINGLE CELL LEVEL
BASED ON RESPONSE TO DNA DAMAGING AGENTS
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A Cesano,' G Nolan®
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Background. Standard approaches to treating AML are predominant-
ly based on DNA damaging agents. Yet the long-term outcomes of these
patients continue to be sub-optimal, most likely due to the cytogenet-
ic and molecular heterogeneity of the disease. We hypothesized that
this heterogeneity is reducible to a limited number of intracellular sig-
naling phenotypes that can classify the disease into biologic, mechanis-
tic and clinical subgroups relevant to disease management. A very rel-
evant technology for evaluating these responses is single cell network
profiling (SCNP) utilizing flow cytometry which differs from most pro-
teomic technologies by measuring multiple modulated signaling
responses at the single cell level and in a manner associated with cell
type and other co-expressed proteins. Aims. In this study SCNP was
utilized to define myeloid growth factor and cytokine-mediated intra-
cellular signaling responses in AML samples and how they relate to in
vitro responsiveness to DNA damaging agents currently used in thera-
peutic regimens. Identification of pathways associated with respon-
siveness or refractoriness to DNA damaging agents may inform the
choice of specific therapeutic regimens. Methods. Modulated Jak/Stat
and PISK pathway activity was measured after exposure of 34 diagnos-
tic non-M3 AML blasts to myeloid growth factors (e.g FIt3L, SCF),
cytokines (e.g G-CSE GM-CSF) and interleukins (e.g IL-6, IL-27). DNA
damage response (DDR) and apoptosis pathway activity of AML blasts
exposed to etoposide was determined by measuring levels of p-Chk2
and cleaved PARP respectively. Samples were processed for cytometry
by paraformaldehyde/methanol fixation and permeabilzation followed
by incubation with panels of fluorochrome-conjugated antibodies that
recognize cell surface proteins to delineate cell subsets and intracellu-
lar pathway molecules. Results. Analysis of modulated Jak/Stat and PISK
pathway responses in individual patient samples identified blast sub-
groups with distinct pathway profiles: A) high Jak/Stat activity B) high
PISK activity C) high activity in both pathways D) low activity in both
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pathways. in vitro exposure of samples to etoposide revealed three dis-
tinct “DDR/apoptosis”profiles: 1) AML blasts with a defective DDR
and failure to undergo apoptosis 2) AML blasts with proficient DDR and
failure to undergo apoptosis 3) AML blasts with proficiency in both
DDR and apoptosis. AML samples from clinical responders fell within
the third “DDR/apoptosis”profile and had low PI3K and Jak/Stat signal-
ing responses. However, AML blasts from clinically non-responsive cas-
es fell within all the Jak/Stat and PI3K pathway profiles A-D and with-
in all the “DDR/apoptosis”profiles 1-3. Notably, analysis of Jak/Stat,
PISK and apoptosis pathway responses characterized biologically dis-
tinct patient-specific profiles of chemo-resistance, even within cytoge-
netically and phenotypically uniform patient subgroups. Conclusions.
SCNP revealed cell subsets with distinct signaling, DDR and apoptosis
responses between AML samples. The data from this study generated
the hypothesis that the requirements for chemo-sensitivity are very
restricted: low PISK and Jak/Stat signaling and proficient DDR and
apoptosis. By contrast many pathway aberrations could result in refrac-
toriness to chemotherapy. Further dissection of these and additional
pathways in independent AML sample cohorts could provide guidance
for the most appropriate choice of therapy in individual patients.
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A HIGH AMOUNT OF CD34* CD38LOW/NEG CD123* CELLS HAS AN
ADVERSE IMPACT ON DISEASE FREE AND OVERALL SURVIVAL IN AML
PATIENTS TREATED BY INTENSIVE CHEMOTHERAPY
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Background. The characterization of new prognosis tools is of major
importance in acute myeloid leukemia (AML). The high expression of
CD123 (the IL3 alpha chain receptor/IL3-R) on myeloid blast cells was
previously reported as a marker of adverse outcome in AML and anti-
IL3-R therapies are currently in development and may be useful to pre-
vent AML relapses. The CD34* CD38"**¢ CD123* phenotype identifies
a subset of AML cells enriched in leukemic stem cells. Aims. The aim of
the study was to evaluate the prognostic impact of the amount of
CD34* CD38" CD123" cells detected at diagnosis among the AML
bulk. Patients and Methods. Quantification of blast cells with the CD34+
CD38low/neg CD123" phenotype was achieved by flow cytometry in
144 patients with de novo AML (median age 56 y). Distribution among
cytogenetic groups was: unfavourable 15%, intermediate 65% and
favourable 19%. The survival studies were performed for 116 CD34
positive patients homogeneously treated according to intensive
chemotherapy trials from the French GOELAMS group. Informed con-
sent was obtained in accordance to the declaration of Helsinki. Results.
The percentage of CD34* CD38**¢ CD123" cells (LSC %) is highly vari-
able between samples (0-67 %, median: 2.7 %) and appeared independ-
ent from the FAB classification, the age or the cytogenetic group. The
LSC% has no impact on the achievement of complete remission
(CR=85%) among the 116 patients treated with intensive chemother-
apy but is higher in patients who died (3.7 vs 0.6%, P=0.003) or relapsed
(4.3 vs 0.7%, P=0.02). With a 1% cut-off, LSC% is tightly correlated
with overall survival (OS), with a median survival of 32 months versus
16 months (P=0.005). Similarly, the disease free survival (DES) is 37 vs
11 months in the 91 patients who achieved complete remission (CR)
(P=0.001). Considering the intermediate cytogenetic group (n=795), the
LSC% is also predictive for a better OS (32 vs 16 months, P=0.017) and
DEFS (37 vs 14 months, P=0.01), even in the Flt3 wild type subgroup
(OS: 78 vs 26 months, P=0.01). Interestingly, in CBF leukemias (n=25),
the LSC% is still predictive for a better DFS (36 vs 13 months, P=0.02).
Conclusion. This study emphasizes the prognosis impact of the CD34*
CD38**& CD123" cell burden in AML patients, which is predictive of
shorter OS and DFS when representing over 1% of the leukemic cells,
regardless of the usual prognosis categories. We provide here a new
prognosis marker that may be easily translated to the clinical practice
in AML although it remains to be validated on a large prospective cohort
of patients. Moreover, new therapies targeting this subpopulation could
help to improve outcome in AML patients.
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THE MOLECULAR PATHWAYS AFFECTED BY THE AML ASSOCIATED
ONCOFUSION PROTEINS AML1-ETO AND PML-RAR
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Background. Recurring chromosomal abnormalities have been iden-
tified in a variety of cancers, but are most frequently associated with
hematological malignancies such as acute myeloid leukemia (AML) and
acute lymphocytic leukemia (ALL). At present, more than 1000 recur-
ring cytogenetic abnormalities have been reported for AML alone.
Three main cytogenetic changes have been detected in leukemic cells:
chromosomal deletions, inversions and translocations, with transloca-
tions being by far the most frequent. In addition to transcriptional acti-
vation of proto-oncogenes these cytogenetic changes often cause gene
fusions. In these cases the translocation splits the genes on both part-
ner chromosomes leading to the juxtaposition of part of each gene. The
resulting fusion gene often encodes a chimeric protein. Although many
of the breakpoints involved in specific chromosomal translocations
have been cloned, in most cases the role of the chimeric oncofusion pro-
teins in tumorigenesis is not elucidated. Aim. A rational approach
towards the definition of specific treatment for AML requires identifi-
cation of the molecular mechanisms that are utilized to transform
hematopoietic progenitors. For this, we wished to characterize the
genome-wide binding profiles of the fusion products of 2 transloca-
tions that are frequently associated with AML: t(8;21) and t(15;17) and
characterize their common gene programs and associated pathways.
Methods. Both cell lines and patient blasts expressing either PML-RAR
or AMLI-ETO were subjected to chromatin immunoprecipitation
experiments using sets of antibodies that could recognize different epi-
topes within the oncofusion proteins. Precipitated DNA was subse-
quently analyzed with large-scale sequencing techniques allowing the
identification of the global binding patterns of the chimeric proteins.
Results. Comparison of AML1I-ETO and PML-RAR target regions
revealed many common target genes, amongst which the hematopoi-
etic master regulator SPI1/PU.1. In addition, bioinformatic analysis of
the common binding sites revealed that both proteins target various sig-
naling pathways. Finally, genome-wide epigenetic studies revealed
decreased histone acetylation upon binding of both proteins, suggest-
ing the involvement of the oncofusion proteins in the recruitment of
enzymes that modulate histone acetylation levels. Conclusions. Togeth-
er, these results suggest that the molecular mechanisms AMLI-ETO
and PML-RAR use to transform hematopoietic progenitors significant-
ly overlap. The results suggest that both proteins utilize the recruit-
ment of histone deactylases to modulate expression of genes important
for hematopoietic differentiation and for various signaling pathways.
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TARGETED INHIBITION OF MTOR BY AZD8055 BLOCKS PROTEIN
TRANSLATION AND HAS ANTI-LEUKEMIC ACTIVITY IN ACUTE MYELOID
LEUKEMIA
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Background. The treatment of acute myeloid leukemia (AML) still
represents a challenge. Major efforts are therefore made to develop tar-
geted molecules against deregulated signaling pathways that sustain
AML cells growth and survival. The mTOR serine/threonine kinase
belongs to two separate complexes, mTORC1 and mTORC2. The
mTORC1 complex, which is inhibited by rapamycin in most models,
controls mRNA translation through the phosphorylation of the trans-
lation repressor 4E-BP1. The frequent activation of mTORCI in pri-
mary AML cells underscored this complex as a major target for AML
therapy. However, the allosteric inhibition of mTORC1 by rapamycin
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has only modest effects in AML. The rather low anti-leukemic activi-
ty of rapamyecin has already been linked to different resistance mech-
anisms. We recently showed that the translation process is deregulat-
ed and resistant to rapamycin in AML. Moreover, the mTORC2 com-
plex, which is responsible for the full activation of the oncogenic kinase
Akt through its PDK2 activity, is generally reported as resistant to
rapamycin. Finally, mTORCI inhibition by rapamycin induces a posi-
tive feedback on the PI3K/Akt signaling involving mTORC2 activity.
The AZD8055 compound (AstraZeneca, UK) is an ATP-competitive
inhibitor specific of the mTOR kinase. We thus hypothesized that
direct inhibition of the catalytic activity of mTOR by AZD8055 could
overcome the rapamycin resistance phenotype in AML. Materials and
Methods. AZD8055 was used from 1 nM to 1000 nM. The anti-leukemic
activity of AZD8055 was tested in both human AML cell lines (MV4-
11, MOLM-14, OCI-AML3) and in 20 primary AML samples all includ-
ed in trials initiated by the French GOELAMS group. Protein translation
was tested by 7Methyl Guanosine cap affinity assay, polysomes analy-
sis and [3H]Leucine incorporation assay. Blast cell proliferation and
apoptosis were quantified by [3H]Thymidine incorporation and annex-
in-V staining, respectively. Results. We first observed that in contrast to
rapamycin, AZD8055 dose-dependently inhibits mTOR catalytic activ-
ity, attested by the inhibition of mTOR S2481 phosphorylation.
Accordingly, AZD8055 blocks mTORC1 activity, attested by the
decrease of P70S6K T389 phosphorylation and also mTORC?2 activity,
as shown by the inhibition of Akt S473 and of NDRG1 T346 phospho-
rylations. Furthermore, AZD8055 inhibits the rapamycin-resistant
phosphorylation of the translation repressor 4E-BP1 on T37/46, T70
and S65 residues. This results in a marked inhibition of mRNA trans-
lation in AML cells, attested by (i) an inhibition of the assembly of the
translation initiating complex elF4E (ii) a shift from large to small
polysomes in AZD8055-treated AML cells and (iii) a decreased expres-
sion of the oncogenic cap-dependant proteins Bcl-xL, c-Myc and
cyclinD1. Accordingly, AZD8055 has a marked anti-leukemic activity
in AML. Indeed, it strongly reduces the proliferation of AML cells and
blocks the cell-cycle progression. AZD8055 also represses the clono-
genic growth of AML progenitors and induces in the killing of AML
blast cells, but not of normal CD34" hematopoietic cells. Conclusion.
AZDB8055 compound demonstrates a remarkable anti-leukemic activi-
ty through specific inhibition of both mTORC1 and mTORC?2 activi-
ties in AML cells. The absence of toxicity against normal hematopoi-
etic cells ex vivo highly suggests a favourable therapeutic index, which
emphasize the development of AZD8055 as a clinical candidate for
therapy in AML.
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TARGETING HEMATOPOIETIC STEM CELLS EXPANSION IN C/EBPAL-
PHA MUTANT AML
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Background. Acquisition of oncogenic mutations in stem cells is an
attractive model for multistep tumorigenesis in highly self-renewing
tissues. We therefore demonstrated that acute myeloid leukemia (AML)
is a multistep disease with premalignant hematopoietic stem cells
(HSC) expansion preceding the formation of leukemia initiating cells
(LIC) with committed myeloid phenotype. Patient-derived C-terminal
C/EBPalpha mutations increase the proliferation of long-term
hematopoietic stem cells (LT-HSCs) in a cell-intrinsic manner and over-
ride normal HSC homeostasis, leading to expansion of premalignant
HSCs. Such mutations impair myeloid programming of HSCs and block
myeloid lineage commitment when homozygous. N-terminal C/EBPal-
pha mutations instead are silent with regards to HSC expansion, but
allow the formation of committed myeloid progenitors, the templates
for LICs. The combination of N- and C-terminal C/EBPalpha muta-
tions incorporates both features, leading to accelerated AML develop-
ment in mice, thus explaining the most prevalent C/EBPalpha mutation
pattern in AML patients. Aims. Since HSC expansion in biallelic
C/EBPalpha mutant AML is associated with accelerated disease, these
expanding HSCs represent a novel target for cancer therapy, distinct
from successively generated LICs. We would like to find genetic and
pharmacologic ways to impede abberrant mutant HSC expansion. Cell
cycle analysis have demonstrated that all mutant HSC compartments
including LT-HSCs have increased cycling, suggesting that they can be
targeted by antiproliferative drugs used in conventional chemotherapy.
We use cytosine arabinoside (Ara-C) to check whether 1) it leads to
selective mutant HSCs apoptosis and consequent drop in cell number;
2) whether it affects long-term survival of leukemic mice. Methods. We



use recently described mouse model of biallelic C/EBPalpha mutant
AML. We perform Ara-C treatments in radiation chimeras competitive-
ly transplanted with a mix of wild type and C/EBPalpha mutant fetal
liver cells. This way the effect of chemotherapy is evaluated on both
wild-type and mutant HSCs in the same mouse. Apoptosis in wild type
(CD45.1+) and mutant (CD45.2+) LT-HSCs is measured by fluocytom-
etry (LT-HSCs are defined as Lin-c-kit+Sca-1+CD150+) using Anex-
inV/SytoxBlue staining. Frequency and total number of HSCs is calcu-
lated in mice after 24 and 72 hours post-treatment. Results. We found
that Ara-C efficiently and selectively induced apoptosis in mutant HSCs
and downregulated their frequency and total number. However it did
notlead to their complete elimination. Future studies will focus on char-
acterization of the Ara-C resistant cells to find possible combination
treatment strategies to block HSC expansion and slow down or prevent
leukemia progression. Summary. This study provides proof of principle
that hyper-proliferating mutant LT-HSCs can be selectively targeted by
antiproliferative agents. Future work will focus on characterization of
therapeutic relevance of the described results and finding complemen-
tary pathways that would allow elimination or proliferation block of the
residual leukemogenic HSCs.
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TARGETING IRON HOMEOSTASIS INDUCES CELLULAR DIFFERENTIA-
TION AND SYNERGIZES WITH DIFFERENTIATING AGENTS IN ACUTE
MYELOID LEUKEMIA
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Background. Differentiating agents have been proposed to overcome
the impaired cellular differentiation in acute myeloid leukemia (AML).
However, only the combinations of all-trans retinoic acid or arsenic tri-
oxide with chemotherapy have been successful, and only in treating
acute promyelocytic leukemia. Iron is required as a cofactor for a num-
ber of critical cellular enzymes involved in energy metabolism and cell
proliferation and therefore is essential for all living cells. Iron chelators
represent an alternative anti-cancer therapy and effectively induce cell
growth arrest and apoptosis in prostate and melanoma cancer cells i
vitro and in vivo. Aims. We aimed to characterize the molecular mecha-
nisms underlying the anti-tumor effect of iron-chelating therapeutic
approaches and to validate their potential value in AML therapy. Meth-
ods. We worked with HL60, OCI-AML3, THP1, U937 and NB4
leukemia cell lines and peripheral blood cells issued from AML patients
and healthy donors after obtaining their written informed consent. Cell
differentiation was assessed by CD14 and CD11b expression and
esterases activity. Fluorescence analysis was used to determine the rel-
ative levels of reactive oxygen species (ROS). Mitogen-activated protein
kinases (MAPKinases) and Vitamin D (VD) pathways were studied by
RQ-PCR and western blots. in vitro observations were confirmed in a
nude mice model subcutaneous xenografted with HL60 and OCI-AML3
cell lines. Results. Here we showed that iron homeostasis is an effective
target in the treatment of AML. Iron chelating therapy induces the dif-
ferentiation of leukemia blasts and normal bone marrow precursors
into monocytes/macrophages in a manner involving modulation of ROS
expression and the activation of MAPKinases. By comparing the pattern
of genes induced by VD and iron-chelating agents in a non-supervised
transcriptome analysis, we found that thirty percent of the genes most
strongly induced by iron deprivation are also targeted by VD, a well-
known differentiating agent. Iron chelating agents induce expression
and phosphorylation of the VD receptor, and iron deprivation and VD
act synergistically. VD magnifies activation of MAPK JNK and the induc-
tion of VD receptor target genes. The efficacy of differentiation thera-
py was further evaluated in vivo in a mouse tumor xenograft model.
The combination of VD with DFO significantly reduced tumor growth.
When used to treat one AML patient refractory to chemotherapy, the
combination of iron chelating agents and VD resulted in reversal of pan-
cytopenia and blast differentiation. Conclusions. We propose that iron
availability modulates myeloid cell commitment, and that targeting this
cellular differentiation pathway together with conventional differenti-
ating agents provides new therapeutic modalities for AML. This com-
bined therapy would be particularly useful in elderly patients who are
not eligible for high dose chemotherapy and bone marrow transplan-
tation. This association could be also relevant in other diseases involv-
ing a deregulation of BM differentiation, such as myelodysplastic syn-
dromes. Additional clinical studies are needed to validate its efficacy.
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MONITORING OF ABERRANTLY METHYLATED GENES IN AML PATIENTS
H Hiéjkové, R Petrbokova, L Novakova, ] Cermak, C Haskovec
Institute of Hematology and Blood Transfusion, Prague, Czech Republic

Changes in methylation pattern are well known to be involved in
pathogenesis of patients with acute myeloid leukemia (AML). Aber-
rant methylation pattern has been described as a potential biomarker
for cancer cells detection. The aim of the current study was to introduce
quantitative methylation specific real-time PCR based method called
MethyLight for routine monitoring of disease progression by quantify-
ing the level of methylation. We also searched for novel genes influ-
enced by DNA methylation. To evaluate DNA methylation levels of
patients with AML, 52 AML samples at diagnosis and 196 at remission
were examined. Median follow-up after diagnosis was 16 months
(range 2-30) Genes previously described as often affected by hyperme-
thylation either in hematological or other malignancies were chosen.
These genes included: CDKN2B, ESR1, ECAD, DAPK1, CALCA,
ICAM1, MYOD1, SOCS1, TIMP-3 and TERT. 100% methylated DNA
was utilized as a reference to which methylation levels were expressed
as a percentage of methylated reference (PMR). We also searched for
novel genes affected by DNA hypermethylation. ML-2 cell line were
treated for 3 days with 1 pM decitabine alone, 0.1 pM TSA alone or
decitabine plus TSA, followed by Human Signal Transduction Pathway
Finder PCR expression array. We confirmed high methylation frequen-
cy of studied genes (75%) in 52 AML patients at diagnosis. The most
frequently hypermethylated genes were the following: CDKN2B (71 %),
ECAD (63%), CALCA (50%) and MYOD1 (33%). All remission sam-
ples showed negativity for methylation, which means they were under
the level of methylation found in normal peripheral blood cells. Reoc-
currence of DNA hypermethylation in AML patients with at least one
hypermethylated genes at diagnosis were observed in disease relapse
(5/5). After cultivation of ML2 cell line about 15 genes were significant-
ly upregulated by twofold or greater when comparing to the control
without hypometylating agents. Comparison of gene expression pat-
terns in the treated versus control cells has revealed cohorts of genes that
play role in differentiation (EGR1, CEBPB, BMP2), activation of immune
system (CCL2, CCL20, IL8, IL4R, ICAM1), apoptosis (BAX, IL1A, LTA,
GADDA45A) and cell cycle regulation (CDKN1A, CDKN2B). The EGR1
gene was of particular interest, because it has been desribed as a poten-
tial tumour suppressor gene in hematological malignancies. We verified
changes in EGR1 expression by performing TagMan RQ-RT PCR not
only in cultivated cells but also in AML patients at diagnosis versus
healthy donors. A substantial proportion of AML patients were noted
to have decreased level of EGR1 expression. To clarify the correlation
between EGR1 expression and methylation, bisulfite sequencing was
performed. It showed no correlation between changes in EGR1 expre-
sion and aberrant DNA promoter methylation. Our data demonstrate
the utilization of methylation biomarkers for monitoring minimal resid-
ual disease in AML patients and the clear connection between reoccur-
rence of DNA hypermethylation and disease reoccurrence. Further stud-
ies on the rest of upregulated genes after decitabine and TSA exposure
are ongoing.

Supported by NS10632-3/2009 and OC10042.
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ACQUIRED GENOMIC ALTERATIONS IN AML COPY NUMBER VARIA-
TIONS OR UNIPARENTAL DISOMY (A STUDY OF THE ALFA GROUP)
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Introduction. Acute myeloid leukemia (AML) is a heterogeneous group
of pathology with variable response to treatment. In addition to the
age and leukocytosis at diagnosis, cytogenetic abnormalities are key
factors to assess prognosis. Although the identification of alteration

affecting CEBPa, NPM1 and FTL3 improved the characterization of
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AML, the variability can not be completely explained and several
genomic alterations are likely to be discovered. In this study, we per-
formed genomic profiling on a cohort of 130 AML patients in order to
identify new genomic alterations and determine candidate gene poten-
tially involved in oncogenesis or tumoral progression. Methods. This
study was conducted on a cohort of 130 AML patients who have
reached complete remission (CR). Cases were classified according to
MRC cytogenetic classification (28 favourable; 85 intermediates, 7
adverse, 10 without any informative karyotype). Patients were aged
from 3 to 65. Cases were distributed across all French-American-British
(FAB) classes except M3 (8 MO, 25 M1, 39 M2, 26 M4 and 11 M4Eo, 12
M5, 2 M6, 1 M7), In all patients, DNA was extracted from bone mar-
row sample obtained at diagnosis and after CR achievement. Paired
diagnosis and CR DNAs were analyzed using Affymetrix SNP Array 6.0
in order to distinguish acquired from constitutional anomalies. Acquired
Copy number variations (CNA) were validated on a custom Agilent
microarray 105k. Results. In this cohort, we found 209 genomic abnor-
malities in 73 patients (56%): 197 CNA and 13 copy neutral losses of
heterozygoty (partial uniparental disomy or UPD). Each patient had 0
to 16 anomalies (median=1). Among CNA, deletions were more fre-
quent than gains (130 vs 66). CNA spanned from 8 kb to 191 MB (medi-
an of gains 24 MB, median of losses 2 MB). 116 of them had not been
detected by conventional cytogenetics. UPD spanned from 23 MB to
150 MB (median, 33 MB). In our cohort, anomalies were located over
all chromosomes except chromosome 14 and were particularly frequent
on chromosomes 2, 7, 11, 16, 17, and 21 (54% of all anomalies). We
defined 72 minimal common regions which were altered in at least 2
patients. Among the 43 common regions shorter than 5 Mb, 16 contain
at least one gene reported in AML or cancer: Among the 73 patients
with CNA or UPD, 17 had a normal karyotype (30% of patients with
normal cytogenetics). Frequency of CEBPa and FLT3 mutations (FLT3-
TKD) was not significantly different in comparison to patients without
any CNA or UPD. However, FLT3 duplication (FLT3-ITD) and NPM1
mutations were significantly associated with the absence of CNA or
UPD (respectively P=0.01 and P<0.001). This lower frequency of NPA11
mutations was still significant within the intermediate cytogenetic sub-
class (P<0.001). Conclusions. In our cohort, CNA or UPD was detected
in 56% of patients, frequently altering gene previously reported in onco-
genesis. These alterations were associated with a specific genotype. In
association with conventional cytogenetic, microarray Genomic profil-
ing could better define prognosis subgroup
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ACCUMULATION OF 2-HYDROXYGLUTARATE (2-HG) IN NORMAL KARY-
OTYPE AML PATIENTS WITH IDH1 MUTATION
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Background. Heterozygous mutations in isocitrate dehydrogenase 1
(IDH1) were recently identified in AML using massively parallel DNA
sequencing. These mutations occur in ~8% of AMLs and appear to
have a higher frequency in normal karyotype patients. The IDH1 gene
is a major mutational target in brain cancer, where the mutation leads
to a gain-of-function. This results in the production and accumulation
of 2-HG from the normal IDH1 metabolic product a-ketoglutarate, pro-
duced by the unaffected copy of the protein. Aim. In this study we set
out to determine whether elevated 2-HG resulting from IDH1 muta-
tions is also present in acute leukaemia. Methods. R132 mutation screen-
ing was performed by PCR-sequencing in 66 AML cell-lines and 48
normal karyotype AMLs. Intracellular 2-HG concentration in primary
AML cells was determined using a LC/MS-MS technique. Results. The
R132 mutation was not detected in any of the 66 AML cell lines test-
ed, but was present in 4/48 (8.5%) normal karyotype primary cases of
AML. Three samples showed a R132H mutation with one sample con-
taining an R132C alteration. Sufficient stored material was available
from IDH1 mutated (n=3) and wild-type (n= 25) primary AMLs to
determine intracellular 2-HG. Markedly elevated 2-HG was found in all
three of the mutated cases (531, 919 and 1765 ng/10° cells). In contrast,
in 25 of 25 primary AMLs without the mutation intracellular 2-HG was
<17.5 ng/10° cells. In IDH1"" AML cell lines, exposure to exogenous 2-
HG at concentrations of 1-10 pg/mL resulted in intracellular concentra-
tions of 380-670 ng/10° cells. Although the uptake of 2-HG was not lin-
ear, the resulting intracellular concentration was similar to that seen in
IDH1"" cells. Conclusions. Markedly elevated 2-HG levels are found in
AML cells heterozygous for mutations in /[DH1 and likely lead to ele-
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vated 2-HG in cells of the neighbouring microenvironment. We are cur-
rently investigating the mechanisms by which elevated 2-HG may be
linked to leukaemogenesis or outcome.

0050

THE FOUR AND A HALF LIM DOMAIN PROTEIN 2 (FHL2) INTERACTS
WITH CALM AND IS HIGHLY EXPRESSED IN ACUTE ERY-
THROLEUKEMIA

Z Pasalic,' P Greif,' V Jurinovic,” M Mulaw,' P Kakadia,' S Bohlander'

'Helmholtz Center-CCG Leukemia, Munich, Germany; *Institute for Medical
Informatics, Biometry and Epidemiology, Munich, Germany

Background. The CALM/AF10 fusion resulting from the translocation
t(10;11)(p13;q14) is found in acute myeloid leukemia (AML), T-cell
acute lymphoblastic leukemia (T-ALL) and malignant lymphoma. The
CALM/AF10 fusion gene has been shown to cause biphenotypic
leukemia in a murine bone marrow transplant model. The CALM
(Clathrin Assembly Lymphoid Myeloid leukemia gene) protein is a
clathrin assembly protein which plays a role in clathrin-mediated endo-
cytosis and trans Golgi network trafficking. AF10 is a putative tran-
scription factor likely involved in processes related to chromatin organ-
ization. Aim/Method. To learn more about the function of CALM/AF10
fusion protein, we searched for protein interaction partners of CALM
using a yeast-two-hybrid screen. Results. The four and a half LIM
domain protein FHL2 was identified as one of the putative CALM inter-
acting partners. The CALM-FHL2 interaction was confirmed by GST
pull-down and co-immunoprecipitation experiments. Additionally, in
co-localization studies CALM and FHL2 could be shown to co-localize
in the cytoplasm. Gene expression profiling (Affymetrix based) of
chronic myeloid leukemia (CML) and AML samples showed high
expression of FHL2 in CML and in AML samples with complex aber-
rant karyotypes compared to AML with normal karyotypes or balanced
chromosomal translocations. The higher expression of FHL2 in CML
and in AML with complex aberrant karyotypes did not reach statisti-
cal significance at the 0.05 level but suggested a trend, which was then
examined in a larger patient cohort (n=308). This analysis showed a sig-
nificantly higher FHL2 expression in patients with AML M6 (acute ery-
throid leukemia) and also in AML patients with complex aberrant kary-
otypes compared to AML patients with normal karyotypes. Ery-
throleukemia and AML with complex aberrant karyotypes have a poor
prognosis. Interestingly, high FHL2 expression in breast- gastric-, colon-
, lung- as well as in prostate cancer has also been shown to be associ-
ated with an adverse prognosis. Conclusions. The interaction of FHL2
and CALM/AF10 makes it tempting to speculate that this interaction
is in part responsible for the poor prognosis of CALM/AF10 positive
leukemias. FHL?2 is highly expressed in poor prognosis leukemias like
erythroleukemia and AML with complex aberrant karyotypes.

0051

GENOME WIDE STUDY OF DNA METHYLATION IN AML
M Saied

Institute of Cancer, London, UK

DNA methylation is the most stable epigenetic modification and has
a major role in cancer initiation and progression. The two main aims
for this research were, firstly, to use the genome wide analysis of DNA
methylation as a method for better understanding the development of
acute myeloid leukemia (AML). The second aim was to detect differ-
entially methylated genes between the subtypes of AML and normal
bone marrow. We used the methylated DNA immunoprecipitation
technique followed by high-throughput sequencing by Illumina
Genome Analyser II (MeDIP-seq) for 9 AML patients for whom ethi-
cal approval has been obtained. The samples include 3 processing
t(8;21), 3 t(15;17) translocations and 3 normal karyotype (NK) plus 3
Normal Bone Marrow (NBMs) from healthy donors. The number of
reads generated from I[llumina ranged between 18- 20 million paired-
end reads/lane with a good base quality from both ends (base quality
>30 represent 75%-85% of reads). The reads have been aligned using
2 algorithms (Maq and Bowtie) and the methylation analysis was per-
formed by Batman software (Bayesian Tool for Methylation Analysis).
The preliminary results of 4 cases of leukemia [2 of t(8;21), one case of
t(15;17), one case of NK ] and a NBM sample showed that the average
promoter methylation in the 5 samples ranged between 0.3-0.5 (Batman
score >0.6 equals methylation). The median of chromosomes’ methy-
lation in the NK leukemia was significantly less than the other 4 cases
(P<0.05). An inverse correlation was observed between CpG



observed/expected ratio and promoter methylation in both leukemic
patients and in NBM (Spearman r= -0.6201, P<0.0001). The investiga-
tion of the 35,072 promoter regions identified 740 genes, which showed
a significantly higher methylation level in leukemic cases in compari-
son to NBM (P<0.0001). Among these genes previously identified as
having distinctive methylation patterns in cancer e.g. DLK1, PITX2,
MYOD1, AMN, MAEL, TERT and CYP1B1. The full results of genome
wide analysis of the 12 samples will be presented.
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Figure. Batman calibration of MeDIP signals.
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NUCLEOPHOSMIN (NPM) IS UNIVERSALLY DEREGULATED IN ACUTE
PROMYELOCYTIC LEUKEMIA

M Sukhai, M Thomas, Y Xuan, S Mahindra, T Zhang, P Reis,
S Kamel-Reid

University Health Network, Toronto, Canada

Background. NPM is a multifunctional nucleolar phosphoprotein with
roles in ribosome biogenesis, centrosome duplication, p53 response and
DNA repair, and is commonly mutated in Acute myelogenous leukemia
(AML). NPM is juxtaposed with retinoic acid receptor a (RARa)) in
Acute Promyelocytic Leukemia (APL), raising the possibility that NPM
functions are disrupted in this leukemia. Aims. We therefore sought to
determine the extent of NPM deregulation in the U937-NPM-RARa+
cell line model, and to extend this analysis more generally to APL. Meth-
ods and Results. Immunofluorescent microscopy (IF) demonstrated
abnormal distribution of NPM in patient-derived APL cells carrying
NPM-RARa or PML-RARa, as well as cell lines expressing X-RARa:
NPM was distributed into abnormally large aggregates within the nucle-
us and/or throughout the cytoplasm. NPM distribution reverted to nor-
mal after 48 hr of treatment with 1.0 uM all-trans retinoic acid (ATRA).
NPM protein levels were also significantly increased in X-RARo+ cell
lines. This is likely due to an alteration at the protein level, as NPM
mRNA expression was unaffected by X-RARa, and no mutations were
detected in the NPM locus. Indeed, we found that NPM protein half-
life was increased in U937 cells expressing X-RARa. Taken together,
these data suggested a potential disruption in nucleolar architecture in
APL cells. Alterations in size and number of nucleolar organizing regions
(NORs) in NB4 and U937-X-RARa cells were evident by light
microscopy, when compared to U937 controls. Defects in nucleolar
organization may lead to altered ribosome biogenesis, protein synthe-
sis, as well as cell size and proliferation. Ribosomal RNA precursor
expression was found to be increased significantly in U937-NPM-RARa
cells, compared to controls. Relative cell volume, assessed by a flow
cytometric assay, was moderately increased, by approximately 10%
(mean of 5 independent replicates) in NPM-RARa" cells, while cell pro-
liferation rates were significantly increased, and doubling time
decreased, compared to U937 controls. Analysis of protein synthesis
rates in U937-NPM-RARa cells indicated that the incorporation of a flu-
orescent Methionine analogue was twice that in control U937 cells.
Finally, in order to determine the applicability of our in vitro functional
assays to APL patients, we analyzed pre-rRNA and 18S rRNA expres-
sion in bone marrow RNA extracted at diagnosis from 16 APL patients
(10 BCR1/2 and 6 BCR3), in order to determine whether evidence of ele-
vated nucleolar function were found in APL. When taken as a group,
10/16 APLs had elevated 18S rRNA levels (>1.5-fold compared to nor-
mal BM); 8/16 had similarly elevated pre-rRNA levels. Overall, pre-
rRNA levels were elevated an average of 2-fold compared to normal
controls, while 18S rRNA levels were elevated an average 1.8-fold
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(P<0.05 for both comparisons). Summary/Conclusions. We therefore pres-
ent the first evidence that NPM may be universally deregulated in APL,
leading to defective NPM function within the leukemic cell.

0053

IDENTIFYING MECHANISMS OF MLL-FUSION ONCOGENICITY IN ACUTE
MYELOID LEUKAEMIA

V Walf-Vorderwuelbecke,' ] de Boer,' S Horton,” H Osaki,' K Pearce,’
M Hubank,' O Williams'

'UCL Institute of Child Health, London, UK; *Department of Hematology,
UMCG, Groningen, Netherlands; *UCL Genomics, London, UK

The MLL gene, located on 1123, is involved in a large number of
chromosomal translocations, including t(9;11)(p22;q23) and
t(11;19)(p22;q23). These translocations encode the MLL-AF9 and MLL-
ENL fusion transcription factors and are prevalent in infant acute
leukaemia and treatment-related leukaemia. Leukaemias associated
with these translocations have a particularly poor outcome. In order to
identify novel mediators of MLL-fusion oncogenic activity, and gain a
more complete understanding of the molecular pathways involved, we
developed a system for conditional expression of the MLL-ENL fusion.
Using a dual retroviral ‘Tet-Off’ system, we have previously immor-
talised primary mouse haematopoietic progenitor cells (HPC) and
demonstrated that loss of MLL-ENL expression resulted in decreased
HoxA gene expression, terminal myeloid differentiation in vitro and
reversal of established leukaemia in vivo. These experiments have now
been extended to generate conditionally immortalised MLL-AF9
myeloid cell lines. We aimed to define critical target genes involved in
the immortalisation pathways of MLL-fusion oncogenes, by analysing
both MLL-AF9 and MLL-ENL immortalised cells. Global gene expres-
sion analysis after treatment of immortalised cells with Doxycycline,
confirmed the dependency of known transcriptional target genes, such
as genes of the HoxA cluster, Meis1 and cMyb, on the presence of MLL-
fusions. In addition our analysis revealed the differential expression of
a number of genes known to be involved in cancer, for example Msi2.
We have used shRNA knock-down of these target genes to analyse sur-
vival, proliferation and differentiation of the immortalised cells. This
study will establish whether interfering with identified target genes
may offer novel approaches to disrupt MLL-fusion activity and offer
new targets for therapeutic strategies.

0054

REGULATION OF THE LEUKEMIA ASSOCIATED ETO NUCLEAR REPRES-
SOR GENE IS DRIVED BY GATA-1 IN ERYTHROID/ MEGAKARYOTIC
CELLS

A Ajore, S Dhanda, G Gullberg, O Olsson
Lund University, Lund, Sweden

Background. The Eight-Twenty-One (ETO), a nuclear co-repressor
gene, is part of the AML1-ETO fusion protein produced by the chromo-
somal translocation t(8:21) in acute myeloid leukemia. ETO gene con-
sists of 13 exons distributed over 87 kb of genomic DNA and belongs
to the ETO homologue family. Expression of this gene has been report-
ed in a variety of tissues as well as in erythroid cells. The normal func-
tion of ETO is essentially unknown and the gene regulatiom is also
unknown. Aims. We tried to identify structural and functional promot-
er elements upstream of the coding sequence of the ETO gene in order
to explore lineage-specific hematopoietic ETO expression to give clues
to function. Methods. Transcription start site (TSS) was identified by
RNA Ligase Mediated Rapid Amplification of c-DNA Ends (RLM-
RACE). Reporter constructs of ETO proximal promoter upstream to
the luciferase reporter gene in pGL3 Basic vector was made and activi-
ty was tested in hematopoietic cells. Chromatin immunoprecipitation
(ChIP) and Electrophoretic mobility shift assays (EMSA) were per-
formed to identify the promoter driving transcription factors. Results. A
putative proximal ETO promoter was identified upstream of the tran-
scription start site. Hematopoietic expression of an ETO promoter was
specifically observed upon transfection in erythroid/megakaryocytic
cells, which have appropriate endogeneous ETO gene activity. Results
from electrophoretic mobility shift and antibody supershift assays
showed GATA-1 of the nuclear extracts of erythroid/megakaryocytic
cells to bind in vitro to probe including the GATA site within the con-
served region of the ETO promoter. Furthermore, results from chro-
matin immunoprecipitation showed GATA-1 binding i vivo to elements
within the conserved region of the ETO promoter. The results suggest
that GATA-1 may have a role in activation of the ETO gene in cells
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with erythroid/megakaryocytic potential. Leukemia associated AML1-
ETO fusion gene strongly suppressed the ETO promoter in erythroid/
megakaryocytic cells. Conclusions. We demonstrate that the GATA-1
transcription factor binds and transactivates the ETO proximal promot-
er in an erythroid/megakaryocytic-specific manner. Thus, trans-acting
factors that are essential in erythroid/megakaryocytic differentiation
govern ETO expression. We speculate that ETO is involved in repress-
ing genes associated with self-renewal and proliferation. Suppression
of the ETO gene by AMLI-ETO could facilitate the AML1-ETO

induced block of erythroid lineage commitment.

0055

THE IMPACT OF LENGTH AND INTEGRATION SITE OF THE INTERNAL
TANDEM DUPLICATION OF FLT3 GENE ON THE CLINICAL OUTCOME OF
PATIENTS WITH AML

J Markova, K Burckov4, ] Maaloufova, P Cetkovsky, ] Schwarz
Institute of Hematology and Blood Transfusion, Prague 2, Czech Republic

Background. FLT3/ITD is known to confer poor prognosis in AML
patients owing to higher incidence of relapses, shorter disease free sur-
vival and overall survival (OS). However, there may be differences in
outcome even within the FLT3/ITD" group of patients. Aims. We have
analysed the impact of the length and integration site of ITDs on
patients’ clinical outcome. Methods and patients. The presence of
FLT3/ITD was examined by RT-PCR. Positive patients were recognized
according to abnormally longer PCR products in gel electrophoresis
and confirmed by direct sequencing. We have studied 93 AML patients
positively screened for FLT3/ITD. The median age at diagnosis was
51.5 (18.3-81.0) years; the initial median WBC count was 56.6x10°/L
(0.7-488.0x10°/L). 17/93 (18.8%) patients had APL. Results. The major-
ity of FLT3/ITD" cases had a single duplication. Two ITDs were pres-
entin 11 (11.4%) cases and one patient carried three different ITDs. 5
patients lacked the wild-type allele. The size of ITDs varied between
12-120 bp. Borderline length of 39 bp was set up, and in patients with
more than one ITD, the longest was used for further analyses. WBC
counts at diagnosis were not influenced by the length of ITD. Among
non-APL AML (AML) cases, patients with ITD =39 bp had lower com-
plete remission (CR) rate (13/29; 44.8%) compared to those with longer
ones (25/39; 64.1%; P=0.0567). In contrast, among APL patients, low-
er CR rate was observed in patients with longer ITDs (5/8; 62.5% vs.
7/8; 87.5%; P=0.1241). In AML, relapses insignificantly more frequent-
ly occurred in cases with longer ITD (13/26; 50.0%) than in those with
shorter ones (5/13; 38.5%; P=0.2478). An opposite result was again
found in APL patients, 3/7 cases with ITD <39 bp relapsed whereas no
relapse among 5 patients with longer ITD was observed (P=0.0455).
The length of ITD influenced OS neither in APL nor in AML subgroups.
Among 81 patients with a single FLT3/ITD, 61 (75.3%) had their ITDs
integrated in juxtamembrane (JM) domain (between codons 572-609)
and 20 cases within the tyrosine kinase (TK) domain 1. These patients
had significantly higher WBC counts at diagnosis (medians 107.7 vs.
54.3x10°/L; P=0.0334). Patients carrying ITD in JM domain more easi-
ly reached CR (84/60; 56.7 % vs. 8/20; 40.0%; P=0.0981). Relapses were
observed in 6/9 (66.7 %) patients with TK1 and in 12/34 (35.3%) cases
with JM domain insertions (P=0.0449). The OS was longer in cases
with ITDs integrated within JM domain (10.7 vs. 1.8 months;
P=0.0774). Conclusions. We have confirmed inferior outcome of AML
patients with ITDs integrated within the TK1 domain (codons 610-
615). They more often relapsed and accordingly, had shorter OS than
patients with ITDs in JM domain. The longer ITDs tended to correlate
with higher CR rates and with more relapses, therefore the resulting OS
was nearly identical in patients with longer and shorter ITDs. The
opposite holds true for APL: less CRs and less relapses were seen in cas-
es with longer ITDs. The position rather than the length of FLT3/ITD
can prognostically stratify FLT3/ITD* AML.

0056

ABERRANT EXPRESSION OF THE CAUDAL-LIKE HOMEOBOX GENE
CDX4 INDUCES ERYTHROID LEUKEMIA IN THE MURINE BONE
MARROW TRANSPLANTATION MODEL

S Thoene,' V Rawat,” N Vegi,’ L Quintanilla-Fend,® M Feuring-Buske,’
C Buske’

'Insitute for Experimental Tumor Research, Ulm, Germany; *Institute for Exper-
imental Tumor Research, Ulm, Germany; *Institute for Pathology, Tuebingen,
Germany

Background. In normal hematopoiesis, balanced expression of devel-
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opmental factors such as homeobox genes is important for fate deci-
sion. Aberrant expression of these factors has been shown to contribute
to development of leukemia. The caudal-like Cdx members are impor-
tant upstream regulators of Hox genes during embryogenesis and as
such have the potential to act as potential oncogenes. Aim. In this study
the effect of aberrant Cdx4 expression on murine hematopoiesis was
to be analyzed in vitro and in vivo using the murine BM transplantation
model. Methods. To test the impact of aberrant Cdx4 expression on the
level of murine progenitors, 5-FU enriched BM cells were retrovirally
transduced with Cdx4 as well as empty vector control and analyzed by
in vitro and in vivo assays. Expression of Cdx4 in different hematopoiet-
ic subpopulations was analyzed by qPCR and microarray experiments
were performed to identify possible target genes. Results. Expression
analyses showed high expression of Cdx4 in early murine hematopoi-
etic progenitors followed by a highly significant downregulation
towards the more differentiated hematopoietic stages (P=0.005).
Among different lineage positive hematopoietic subpopulations, Cdx4
was lowest expressed in Ter119* erythroid precursors. In vitro, overex-
pression of Cdx4 conferred proliferative potential to BM progenitors in
liquid expansion assay. Expression of Cdx4 conferred serial replating
capacity to murine BM progenitors compared to empty vector control
(CFU total after 2™ replating: 2.6x107+3.2x10° SEM/ 500 input cells in
1st CFC, n=8). Interestingly, immunophenotyping of the colonies
revealed a significant 4.1-fold increase of erythroid Ter119" cells in 1°
and 72.9-fold increase in 2° CFC (n=4, P=0.02 and 0.03, respectively).
Even after 4th CFC colonies were positive for expression of Ter119.
Lethally irradiated mice received 16+6% SEM Cdx4-GFP* BM cells
together with GFP~ helper cells. PB analysis after four week post trans-
plantation revealed a GFP-positivity of 41.8+6% SEM (n=11) indicat-
ing a growth advantage of Cdx4-overexpressing BM cells. Furthermore,
immunophenotypic analysis of GFP* cells showed multilineage engraft-
ment indicating a role of Cdx4 in the expansion of short-term progen-
itors without perturbation of their hematopoietic differentiation pro-
gram. In contrast to the data previously published by Bansal ez al. in
BALB/c mice where Cdx4 was shown to induce AML with
myelomonocytic features, all our Cdx4-transplanted mice died with a
median latency of 309 days which by Ter119 staining was histopatho-
logically diagnosed as erythroid leukemia (n=10). Furthermore
immunophenotyping revealed the majority of the leukemic cells to be
positive for CD71 expression. Secondary mice died after a median of
74 days. At time of death, Cdx4-transplanted mice displayed
splenomegaly with massive erythroid infiltration, a severely decreased
lymphoid:myeloid ratio <1:5 and presence of erythroid blasts in PB,
BM and spleen. Gene expression profiling of BM progenitor cells trans-
duced with Cdx4 showed deregulation of genes involved in signal trans-
duction processes as well as leukemogenic Hox genes compared to emp-
ty vector control. Conclusions. Overexpression of Cdx4 confers serial
replating capacity to transduced murine BM progenitor cells and in vivo
induces erythroid leukemia. This suggests Cdx4 to be a novel factor in
the development of erythroid leukemia.
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THE CALM/AF10 INTERACTOR CATS IS A SUBSTRATE OF KIS, A POSI-
TIVE REGULATOR OF CELL CYCLE PROGRESSION IN LEUKEMIA CELLS

L Frohlich Archangelo,' P Pernambuco Filho,' F Traina,' V Manceau,”
A Maucuer,” S Bohlander,” S Saad'

'Hematology and Hemotherapy Center, Campinas-SE, Brazil; *Institut du Fer
a Moulin-INSERM, Paris, France; *CCG-Leukemia & HelmholtzZentrum,
Munich, Germany

Background. CATS is a phosphoprotein initially identified in a Y2H
screen as the CALM (PICALM) interacting protein expressed in thymus
and spleen. The CATS interaction region of CALM is contained in the
leukemogenic fusion protein CALM/AF10, which is found in acute
myeloid leukemia (AML), acute lymphoblastic leukemia (ALL) and in
malignant lymphoma. CATS sequesters CALM/AF10 in the nucleolus
and interferes with the transactivation capacity of CALM/AF10 in a
dose-dependent manner. However, the involvement of CATS in malig-
nant transformation seems to go beyond its interaction with
CALM/AF10. CATS is highly expressed in leukemia, lymphoma and
tumor cell lines but not in non-proliferating T-cells or PBLs. The pro-
tein levels of CATS are cell cycle-dependent, induced by mitogens (e.g.
PHA) and correlate with the proliferative state of the cell. Thus CATS
can be viewed as a marker for proliferation. Aim. To further study
CATS function, we searched for CATS interacting proteins. In addi-
tion, we analyzed KIS protein expression in primary cells from MDS
and leukemia patients. Methods and Patients. CATS was used as a bait



in a yeast two-hybrid screen. Protein interaction identified was con-
firmed by coimmunoprecipitation of overexpressed proteins. in vitro
kinase assay was performed to investigate whether CATS is a substrate
of KIS and to map the residue within CATS, which is phosphorylated.
KIS expression was analyzed on bone marrow mononuclear cells
(MNCs) of MDS, AML and ALL patients by Western blotting. We stud-
ied 05 healthy donors, 11 MDS patients (07 low-risk [RA/RARS] and 04
high-risk [RAEB/RAEBt] according to FAB classification), 07 AML and
1 ALL. Results. We identified the kinase interacting with stathmin (KIS
or UHMK1) as a CATS interacting partner. KIS is a nuclear serine/thre-
onine kinase that possesses an RNA recognition motif and phosphory-
lates and regulates the activity of RNA associated factors. Moreover
KIS positively regulates cell cycle progression through phosphorylation
of p27KIP in leukemic cell lines. We confirmed the CATS-KIS interac-
tion in the yeast system and by co-IP for both CATS isoforms. Using
kinase assay we could show that CATS is a substrate for KIS being
strongly phosphorylated on its serine 131, which lies within the SGSP
consensus sequence for KIS phosphorylation. Finally, Western blotting
analysis revealed elevated levels of KIS in MDS, AML and ALL com-
pared to the control samples. Summary/Conclusions. Our results show
that CATS not only interacts with but is also a substrate for KIS, sug-
gesting that CATS function might be modulated through phosphoryla-
tion events. The identification of the CATS-KIS interaction further sup-
ports the hypothesis that CATS plays an important role in the control
of cell proliferation. Moreover the elevated levels of KIS in hematolog-
ical malignances suggest that KIS could regulate CATS activity and/or
function in highly proliferating leukemic cells. Thus our results indi-
cate that CATS function might be important to understand the malig-
nant transformation mediated by CALM/AF10.
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I-B KINASE OVERCOMES PI3K/AKT AND ERK/MAPK TO CONTROL
FOXO3A ACTIVITY IN ACUTE MYELOID LEUKEMIA

N Chapuis,' S Park,' L Leotoing,' ] Tamburini,' F Verdier,' V Bardet,’
A Green,' L Willems,' F Agou,” N Ifrah,’ F Dreyfus,’ G Bismuth,’
V Baud,' P Mayeux,' C Lacombe,' D Bouscary*

'Institut Cochin, Paris, France; *Institut Pasteur, Paris, France; *°CHU Angers,
Angers, France; *Hopital Cochin APHE, Paris, France

Background. The human FOXO transcription factors, which include
FOXO1, FOX0O3a, FOXO4 and FOXO6, function as tumour suppres-
sors by upregulating genes involved in cell cycle control (p27Kip1 and
p21Cip1) or apoptosis (Fas-L and Bim). Loss of FOXO function due to
genetic defects or posttranslational modifications are commonly
observed in cancers. In acute myeloid leukemia (AML), chromosomal
breakpoints involving FOXO3a and FOXO4 result in the suppression of
FOXO transcriptional activity. Furthermore, deregulation of oncogenic
kinases such Akt, ERK1/2 and IKK is frequently observed in AML. Inter-
estingly, these kinases have been proposed to negatively regulate
FOXO3a activity in most models by promoting its translocation from
the nucleus to the cytoplasm and its proteasomal degradation via phos-
phorylation on different residues. Aims. We speculated that loss of
FOXO3a tumour suppressor function may be a common feature of
AML. We therefore analysed FOXO3a regulation by the PI3K/Akt,
ERK/MAPK and IKK signaling pathways in both primary AML samples
and a MV4-11/FOXO38a-GFP cell line. Methods. Bone marrow samples
were obtained from 38 newly diagnosed AML patients included in tri-
als initiated by the French GOELAMS group. PISK/Akt ERK/MAPK and
IKK signaling pathways were inhibited respectively using 1C87114,
UO126 and a specific IKKy/NEMO-antagonistic peptide (referred as
anti-Nemo). FOXO3a localization was tested using immunofluores-
cence. Primary AML cells and MV4-11 cells were infected with a
lentivirus expressing either a FOXO3A-GFP or a FOXO3aS644A-GFP
fusion protein. Expression of p21Cipl and Fas-L mRNA was assessed
on purified GFP" blast cells using qRT-PCR. Blast cell proliferation and
apoptosis were quantified by [3H]-thymidine incorporation and annex-
in-V staining respectively. Results. We focused our study on FOXO3a as
we found, using gRT-PCR and Western Blot analysis, that it was the
only FOXO protein constantly expressed in primary AML cells. We
observed in all AML samples tested that FOXO3a is inactivated due to
its cytoplasmic localization. This inactivation of FOXO3a is not due to
deregulation of the PI3K/Akt or ERK/MAPK signaling pathways as nei-
ther PISK/Akt nor ERK1/2 specific inhibition results in FOXO3a nuclear
translocation. In contrast, specific inhibition of IKK with the anti-Nemo
peptide induces FOXO3a nuclear localization thereby suggesting that
the deregulated activity of IKK in leukemic cells could be responsible for
the inactivation of FOXO3a via its phosphorylation on S644. To con-
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firm this result, leukemic cells from one patient and MV4-11 cells were
infected with a lentivirus expressing a FOXO3aS644A-GFP mutant pro-
tein in which the IKK phosphorylation is abrogated. We found that the
FOX0O3aS644A-GFP protein is localized primarily within the nucleus in
both AML cells and MV4-11 cells infected whereas FOXO3a-GFP pro-
tein is retained in the cytoplasm. This nuclear localization of
FOXO3aS644A-GFP protein in MV4-11 cells correlates with an
increased mRNA level of the FOXO3a target genes p21Cip1 (2.3-fold)
and Fas-L (2.4-fold). Accordingly, FOXO3aS644A-GFP protein expres-
sion markedly decreased cell proliferation (reduction of 67%) and
induced a slight but significant apoptotic response (2.5-fold increase;
P=0.011). Conclusion.. Our results show that IKK controls FOXO3a activ-
ity and emphasize the control of FOXO3a activity as a new mecha-
nism implicated in the pro-leukemic effects of IKK deregulation in AML.
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OVEREXPRESSION OF EVI-1 AND MN1 MAY PREDICT WORSE
OUTCOME IN DE NOVO AML WITH MLL TRANSLOCATIONS

DC Liang,' LY Shih” TL Lin,” CF Huang,” CH Chang,* MC Kuo,’
CL Lai,” TH Lin’

'Mackay Memorial Hospital, Taipei, Taiwan; *Chang Gung Memorial Hos-
pital and Chang Gung University, Taipei, Taiwan

Background and purpose Our previous study showed that overexpres-
sion of BAALC and MNT1 predicted worse outcome in de novo AML
with partial tandem duplication of MLL (Blood 114: 415a, 2009). The
prognostic relevance of overexpression of FLT3, BAALC, EVI-1, MNT1,
FHIT and ERG genes in AML patients with MLL translocation (MLL-T)
was not clear. We aimed (1) to measure the mRNA expression levels of
these genes in AML patients with MLL-T, (2) to compare the expression
levels of these genes with normal controls, and (3) to determine their
prognostic significance. Patients and Methods. Bone marrow samples
from 60 de novo AML patients with MLL-T at diagnosis were analyzed.
The MLL fusion partners included AF4 (n=2), AF6 (n=10), AF9 (n=19),
AF10 (n=8), ELL (n=10), ENL (n=3), and other rare subtypes (n=8). Real-
time quantitative PCR assay with TagMan probe was performed to
measure the expression of genes in patients and controls. The expres-
sion levels of target genes were calculated as the copy number of each
gene normalized to the copy number of ABL control gene and were
dichotomized at the median value to low and high expression groups.
The event-free survival (EES) and overall survival (OS) were compared
between the two groups. Results. MLL-T patients had significantly high-
er expression levels of FLT3 (P<0.0001), EVI-1 (P<0.0001) and a border-
line higher level of MN1 as compared to controls (P=0.053) (Table 1).
The EES of the 48 patients who received standard induction chemother-
apy was 33.0+8.7 mos (95% CI: 15.9 - 50.1 mos) and OS was 36.2+7.9
mos (95% CI: 20.7 - 51.7 mos). The CR rates were significantly differ-
ent between low and high expression groups for EVI-1 (P=0.019), a bor-
derline significance for FHIT (P=0.072) and MN1 (P=0.059), but no sig-
nificant differences for FLT3, BAALC, or ERG. There were a borderline
difference in EFS between high and low expression of EVI-1 (P=0.087)
and MNT1 (P=0.068). Patients with low expression of EVI-1 had a bor-
derline longer OS than those with high expression levels (p = 0.066). No
significant difference in OS was observed for MN1 expression. The EFS
and OS were not significantly different between low and high expres-
sion groups for FLT3, BAALC, FHIT, and ERG. Conclusions. Our results
showed that in MLL-T, there were overexpression of FLT3, and EVI-1,
and a borderline overexpression of MN1. The patients with lower
expression levels of EVI-1 and MN1 had a higher CR rate and favorable
survival.

Supported by grants NSC97-2314-B-182 -011-MY3, NSC96-2314-B-
195-006-MY3, MMH-E-96009 and NHRI-EX96-943451.

Table 1. The expression levels of genes in MLL-T AML at diagnosis.

Gene MLL-T (MeantSE) Control (MeantSE) P

FLT3 6.19+0.76 (N=59) 0.66+0.06 (N=43) <0.0001
BAALC  0.42%0.12 (N=59) 0.2710.04 (N=43) 0.257
EVI1 6286.1411179.96 (N=46) 219.92+27.64 (N=35) <0.0001
FHIT  0.25:0.05 (N=58) 0.28+0.03 (N=43) 0.688
MN1 0.10£0.02 (N=51) 0.06+0.01 (N=41) 0.053
ERG 1.4310.24 (N=57) 1.6310.20 (N=42) 0.553
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FISH TO INVESTIGATE TET2 INVOLVEMENT IN THERAPY-RELATED
MYELODYSPLASTIC SYNDROMES (T-MDS) AND ACUTE MYELOID
LEUKEMIA (T-AML)

P Bernasconi,' I Dambruoso,” M. Boni,” C Astori,” P Zappasodi,’
PM Cavigliano,” I Giardini,” B Rocca,” R Zappatore,” C Calvello,®
M Caresana,” E Brusamolino,” C Castagnola,” M Lazzarino’

'Fondazione IRRCS Policlinico San Matteo, Pavia, Italy; *Divisione di Ema-
tologia Fondazione IRCCS Policlinico San Matteo, Italy

Recently, deletions/mutations of the TET2 gene, a tumour suppres-
sor gene mapped at band 4q24, have been revealed as an early event in
the pathogenesis of many disparate myeloid disorders. TET2 muta-
tions are discovered in 24% of t-MDS/t-AML patients whereas dele-
tions in only 5% of patients. Based on these findings, the present study
was aimed at establishing the incidence of band 4q24 deletions/struc-
tural defects in a series of 93 t-MDS/t-AML examined between Janu-
ary 1993 and January 2009 and to test whether TET2 deletions were
correlated with any peculiar gene mutation and clinical findings. Our
patients were forty-seven females and forty-six males, whose median
age was 59 years (range 25-78). Nine patients had received radiothera-
py (RT) only, fifty-one chemotherapy only and thirty-three both treat-
ment modalities. Overall, alkylating agents (AA) were given to sixty-
three patients, topoisomerase inhibitors (TI) to twenty-five and antra-
cyclines (A) to five patients. Patients treated with AA developed t-MDS
after a median time of 66 months (range 55-78) and t-MDS had a medi-
an duration of 11 months (range 4-17). In contrast, patients treated with
TIand A developed t-AML without a preceding t-MDS after a median
time of 18 months (range 12-26). At our observation, eighty-five
patients presented with t-AML and eight patients with t-MDS. On clin-
ical diagnosis, 81 patients (84.9%) presented clonal cytogenetic abnor-
malities involving chromosome 5 only (22.3%), chromosome 7 only
(30.1%), both chromosomes (25.8%) and recurring balanced rearrange-
ments (16.1%). A structural defect of chromosome 4 was revealed by
conventional cytogenetics (CC) in three patients. A der(4)t(1;4)(p22;q23)
and a t(3;4)(q21;q24) were revealed in one patient each, a 4q deletion
in two. Up to now FISH with the 144B4 (mapped at 14g22.3), 810D13,
571L19, 41417 (all mapped at 4q23), 356L5 and 16G16 (both covering
the TET?2 gene at band 4q24), 642P17, 788K3, 752]J12 (all mapped at
4q24) and 66]16 (mapped at 4q25) probes was carried out in 24 patients.
All these probes were obtained from BACPAC Resources Center at
C.H.O.R.L (Oakland, USA), labelled and applied as previously report-
ed. The cut-off values for interphase FISH (i-FISH) were obtained from
the analysis of 300 nuclei from ten normal samples and were fixed at
10%. The patient with the unbalanced t(1;4) translocation showed that
88% of interphase and mitotic cells had lost the 356L5, 16G16, 788K3
and 642P17 probes and had maintained the 752]J12 and 66]6 probes. So,
this patient presented a loss of the TET2 gene and of the 788K3 and
642P17 probes even if the breakpoint of the chromosomal translocation
was localized at band 4g25. The other three patients presented a cryp-
tic deletion of the 356L5, 16G16 and 788K3 probes. In conclusion, i)
FISH is a good method for identifying cryptic TET2 deletions, as the
chromosomal area containing this gene is often deleted independently
of the chromosomal breakpoints; ii) TET2 deletions are rare events
occurring at an incidence of 5.1%. The 16% frequency of our study is
probably due to bias in sample collection; iii) TET2 deletion is not
always associated with chromosome 4 rearrangements on convention-
al cytogenetics.
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PROGNOSTIC VALUE OF THE ALLELIC BURDEN OF FLT3 INTERNAL
TANDEM DUPLICATION IN PATIENTS WITH INTERMEDIATE-RISK CYTO-
GENETICS ACUTE MYELOID LEUKEMIA DEPENDS ON UNDERLYING
MUTATIONAL STATUS OF NPM

M Pratcorona,' S Brunet,” ] Nomdedéu,” M Torrebadell,* JM Ribera,*
M Tormo,” R Duarte,’ L Escoda,” R Guardia,” MP Queipo de Llano,’
O Salamero,"” C Pedro," JM Marti,” M Diaz-Beya,' ] Sierra,* ] Esteve®

'IDIBAPS, Hospital Clinic, Barcelona, Spain; *Hospital de la Santa Creu i Sant
Pau, Barcelona, Spain; *Hospital Clinic, Barcelona, Spain; *Hospital Germans
Trias i Pujol, Badalona, Spain; *Hospital Clinico, Valencia, Spain; ‘Hospital
Duran i Reynals, Hospitalet de Llobregat, Spain; "Hospital Joan XXIII, Tar-
ragona, Spain; *“Hospital Josep Trueta, Girona, Spain; "Hospital Virgen de la
Victoria, Malaga, Spain; “Hospital Vall d'Hebron, Barcelona, Spain; ''Hos-
pital del Mar, Barcelona, Spain; “Hospital Miitua Terrassa, Terrassa, Spain

FLT3 internal tandem duplication (FLT3-ITD) confers an adverse
prognosis to patients with intermediate-risk AML (IR-AML), with a
high risk of relapse. Nonetheless, FLT3-ITD allelic burden has been
reported to modulate the unfavourable prognosis of this mutation, and
this effect might be influenced by NPM mutational status. In this con-
text, we aimed to analyze the prognostic impact of the ratio FLT3-
ITD/FLT3 wild type (FLT3wt) in IR-AML patients according to NPM
status. We analyzed 409 patients (age: 51, 17-73) diagnosed with de
novo IR-AML included in three consecutive CETLAM trials (LAM-94,
LAM-99, and LAM-03), with available molecular information. NPM
mutation (NPMmut), FLT3-ITD, CEBPA mutations (CEBPAmut), and
MLL partial tandem duplication (MLL-PTD) were determined as previ-
ously described. The FLT3-ITD/FLT3wt ratio (FLT3 ratio) was defined
as the ratio of the area under the curve of the mutated and wild-type
peaks obtained by Genescan. NPMmut was detected in 205 patients
(60%), 93 of them with concomitant FLT3-ITD (23%), 45 patients
(11%) harbored a wild-type NPM (NPMwt) with FLT3-ITD, 25 patients
had CEBPAmut, and MLL-PTD was identified in 11. In the overall
series, complete response rate (CR), survival (OS), and relapse incidence
(RI) were 82.6% (95% CI: 0.79-0.86), 40+4% (5-yr), and 48+5% (5-yr),
respectively. Independent prognostic variables were age (P=0.006),
WRBC at diagnosis (<0.001), and NPM status (P=0.002) for CR achieve-
ment, and WBC at diagnosis (P<0.001, relative risk, RR=1.004, 1.002-
1.007) and molecular category (NPMmut/FLT3wt vs. other; P<0.001,
RR=2.79, 1.9-4.05) for relapse.
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Figure.

Moreover, among patients with FLT3-ITD, FLT3 ratio showed inde-
pendent prognostic value (P=0.037). The effect of FLT3 ratio on RI was
further analyzed according to NPM status. For this purpose, FLT3 ratio
was categorized in two groups (below or above the median value,
0.6183). In patients with NPMmut, RI did not differ between patients
with a low FLT3 ratio and those patients lacking FLT3-ITD (Figure). In
accordance, two molecular categories were defined: a group of patients



with low-risk features (LOWRISK: NPMmut without FLT3-ITD or low
FLT3 ratio, or CEBPAmut), and another group of high-risk molecular
lesions (HIGHRISK: NPMwt regardless FLT3-ITD, high FLT3 ratio, or
MLL-PTD). Thus, LOWRISK patients showed a better outcome com-
pared to HIGHRISK patients, with an inferior RI (5-yr RI: 40£5% vs.
72+4%, P<0.001) and longer OS (5-yr: 58+4% vs. 31+4%, P<0.001).
Finally, the effect of post-remission strategy in CR1 was analyzed
according to this categorization. Thus, in LOWRISK patients, a similar
outcome was observed after autologous stem-cell transplantation
(HSCT) and allogeneic HSCT. On the contrary, in the HIGHRISK sub-
group, alloHSCT in CR1 was followed by a significantly decreased RI
(31£8% vs. 64+6%, P=0.001) and a trend to a longer survival (5-yr OS:
57+8% vs. 34+6%, P=0.07). In conclusion, FLT3-ITD allelic burden
influences the outcome of patients with IR-AML, and this effect seems
to interact with NPM mutational status. Thus, RI of patients with NPM-
mut IR-AML and low FLT3 ratio was similar to that of NPMmut IR-
AML patients lacking FLT3-ITD. Therefore, estimation of FLT3 ratio
might refine the prognosis determined by molecular markers, although
its prognostic impact should be confirmed in a prospective fashion.
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DYNAMIC SINGLE CELL NETWORK PROFILES (SCNP) IN AML ARE
ASSOCIATED WITH PATIENT RESPONSE TO STANDARD INDUCTION
THERAPY

A Cesano,' M Minden,” D Rosen,' S Putta,' A Cohen,' W Fantl,!
U Gayko,' S Kornblau®

'Nodality, South San Francisco, USA; *Princess Margaret Hospital, Toronto,
Canada; *MD Anderson Cancer Center, Houston, USA

Background. Complete response (CR) to induction chemotherapy is
observed in approximately 60% of patients with FAB non-M3 Acute
Myeloid Leukemia (AML) at diagnosis. However, no methods exist to
predict with high sensitivity/specificity the disease response to standard
AML induction chemotherapy at the level of individual patients. Ais.
We performed a comprehensive functional assessment of intracellular
signaling pathways to predict the likelihood of response to standard
induction therapy in two sequential training cohorts of AML samples
(N=34 and 88) Methods. Single Cell Network Profiling (SCNP) is an
approach for analyzing and interpreting post-translational protein mod-
ifications (e.g. phosphorylation, acetylation etc.) at the single cell level.
This technology allows simultaneous characterization of the range of
critical cellular processes within AML, such as growth (cell cycle), via-
bility (apoptosis), DNA damage, presence and function of drug trans-
porters, and in-vitro effects of therapies on signaling networks. Using
viable cells, measurements are made on endogenous proteins before
and after exposure to extracellular modulators such as growth factors,
cytokines or drugs. The modulators are meant to mimic the stimuli that
the cell encounters in the body and are chosen to evoke a response
from the cell that echoes how the signaling system is normally, or
abnormally, patterned. The proteomic readout in the presence or
absence of a specific modulator is termed “signaling node”. Signaling
nodes are evaluated within cells from samples that have associated rel-
evant clinical information regarding response to the therapy of interest.
Multivariate analysis can then be performed to create predictive mod-
els that can be validated in subsequent independent studies. Results. In
the first study, univariate analysis identified multiple “signaling
nodes”that correlated with response to induction chemotherapy (i.e.
AUCROC =0.66; P<0.05) at a level greater than age, a known factor
associated with response to induction therapy. After accounting for age,
similar findings were observed in the second study. For patients < 60
years old, CR was associated with the presence of intact apoptotic path-
ways. In patients =260 years old, non-response (NR) was associated with
FLT3 ligand mediated increase in phospho (p)-Akt and p-Erk. Results
were independent of cytogenetics, secondary AML, or FLT3 mutation-
al status. Finally, we observed the value of multivariate models using
independent nodes since they can provide improved sensitivity/speci-
ficity over single nodes performance. Summary/Conclusions. The data
emphasize the value of quantitatively measuring single cell networks
(SCN) under modulated conditions as a basis for the development of
highly predictive tests for response to induction chemotherapy. These
SCN profiles are predictive of disease outcome and distinct from other
known prognostic factors such as age, secondary AML, and cytogenet-
ics and importantly should be validated in future, independent studies.

Barcelona, Spain, June 10 — 13, 2010
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PHASE 1 STUDY OF SORAFENIB IN PATIENTS WITH REFRACTORY
ACUTE LEUKEMIAS AND MYELODYSPLASTIC SYNDROMES

A Al-Kali, G Borthakur, H Kantarjian, F Ravandi, W Zhang,
M Konopleva, ] Wright, S Fadetl, S Verstovsek, S Mathews,
M Andreef, ] Cortes

UT MD Anderson Cancer Center, Houston, USA

Background. Activation of Ras/Raf/MEK/Erk (MAPK) signaling cas-
cade is ubiquitous in cancer and represents attractive targets for cancer
therapy. Inhibition of MAPK pathway has been shown to impair cell
growth and survival of acute myeloid leukemia (AML) cell lines and pri-
mary samples with constitutive MAPK activation. Sorafenib is a Raf
kinase inhibitor with additional inhibitory activity against fms-like tyro-
sine kinase 3 (FLT3) with internal tandem duplication (ITD) mutation.
Aim. Define the maximal tolerated dose (IMTD) for sorafenib in patients
(pts) with relapsed/ or refractory acute leukemias and advanced
myelodysplastic syndrome (MDS). Methods. Pts received one of two
different schedules: Schedule “A”: Once or twice daily, 5 days per week,
every week; and Schedule “B”: Once or twice daily, for 14 days every
21 days. Evaluation of response was done according to the modified
International Working Group (IWG) criteria. Dose escalations were car-
ried out in standard “3+3”design with a starting dose of 200 mg twice
daily. Correlative studies using whole-blood samples were collected
day 1, day 4 and day 14 during administration of the first course of
sorafenib. Pts signed an informed consent. Results. From 2006 to 2009,
50 pts were enrolled (including 48 pts with AML) at UTMDACC in a
phase I study: 31 to schedule A and 19 to schedule B. Median age was
61 years (range, 21 to 88 years) with a median 3 prior therapies. Forty
pts had positive FLT3 ITD/ and or TKD mutation. Dose limiting toxic-
ities were grade 3/4 hypertension, hyperbilirubinemia, and amylase ele-
vation. The recommended phase 2 dose in hematologic malignancies is
400 mg twice daily for both schedules. Complete remissions (CR) or CR
with incomplete recovery of platelets (CRp) were achieved in 5 pts.
Significant reduction in bone marrow and/or peripheral blood blasts
was seen in an additional 17 pts. Eleven of these responses (including
3 CR/CRp) lasted for 2 cycles or beyond. Two thirds of patients with
AML and FLT3 ITD responded. Apoptosis induction and changes in
mitochondrial membrane potential were significantly increased in
peripheral blood mononuclear cells in patients with FLT3 ITD mutation
on days +1 and +4 compared to baseline. Conclusions. Sorafenib is an
active and well tolerated agent in AML with FLT3 ITD mutation.
Sorafenib-based combinations are warranted in pts with AML, partic-
ularly in those with FLT3 ITD.

0063

IN ACUTE MYELOID LEUKEMIA, THE USE IN INDUCTION OF STANDARD
DOSE CYTARABINE IS ASSOCIATED WITH A BETTER QUALITY OF
RESPONSE AS COMPARED TO AN INDUCTION REGIMEN CONTAINING
HIGH DOSE CYTARABINE
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MG Cefalo, G De Angelis, A Picardi, C Ditto, E Ammatuna,
G Del Poeta, W Arcese, F Lo Coco, S Amadori, A Venditti
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Background. The clinical advantage of high-dose cytarabine (HDAC)
in induction chemotherapy for acute myeloid leukemia (AML) is still
controversial. Aims. The purpose of our study was to explore the impact
on the “quality of response”of an induction regimen containing standard
dose cytarabine (SDAC) versus HDAC by measuring minimal residual
disease (MRD) once CR was achieved. Methods. MRD was determined
by multiparametric flow cytometry on bone marrow samples collect-
ed at the end of induction and consolidation therapy. The threshold for
MRD negativity was set below a number of 3.5x10* residual leukemic
cells. We evaluated 123 patients with de novo AML, enrolled sequential-
ly in DCE arm of AMLIO (n=40) and in AML12 (n=83)
EORTC/GIMEMA randomized trials between 1995 and 2007. In DCE
arm of AML10, induction treatment combined AC (100 mg/m’, day 1-
10), etoposide (50 mg/m’, day 1-5), and on days 1,3,5, daunorubicin (50
mg/m’). In AML12 trial, patients received the same treatment of DCE
arm except for AC dose that was 100 mg/m’, day 1-10 or 3000
mg/m’/q12 hrs on days 1, 3, 5, and 7 according to randomization. As
consolidation, all patients received AC (500 mg/m?*/q12 hrs day 1-6)
and daunorubicin (50 mg/m’, day 4-6). Median age was 45 yrs (range
18-60), 73 males and 50 females. Seventy-five patients were treated
with SDAC regimen and 48 with HDAC regimen. The two groups
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were well balanced in terms of FAB distribution, WBC count, cytoge-
netics, FLT3 and NPM1 mutation and post-remissional transplantation
therapy (autologous or allogeneic). Results. After induction, we observed
a significantly (P=0.01) higher frequency of MRD negativity in SDAC
arm vs HDAC arm (78.4% vs 21.6%, respectively). After consolida-
tion, this figure was confirmed (78.6% vs 21.4%, P=0.005). At this
stage, 4 further patients treated in the SDAC arm, became MRD nega-
tive, whereas only one of the HDAC arm did so. Overall, median lev-
el of MRD was significantly lower in SDAC group both after induction
(1.1x107 vs 4.1x10?, P=0.02) and consolidation (5.3x10-3 vs 3x10-2,
P=0.007). Based on the combination of MRD status after consolidation
and AC schedule delivered, we identified 4 different groups of patients.
Five years OS for SDAC-MRDneg, HDAC-MRDneg, HDAC-MRDpos
and SDAC-MRDpos was 66%, 45%, 29% and 24%, respectively
(P=0.008). Similarly, 5 years RES for SDAC-MRDneg, HDAC-MRD-
neg, HDAC-MRDpos and SDAC-MRDpos was 66%, 45%, 34% and
18%, respectively (P=0.0002). Since 16 patients, 7 in the SDAC and 9
in the HDAC group, died because of toxic complications, cumulative
incidence of relapse (CIR) was also evaluated. Five years CIR for SDAC-
MRDneg, HDAC-MRDneg, HDAC-MRDpos and SDAC-MRDpos was
21% (95% CI, 19-21), 15% (95% CI, 12-24), 51% (95% CI, 55-60), and
75% (95% CI, 74-76), respectively (P<0.0001). Conclusions. Delivery of
an induction regimen containing daunorubicin, etoposide and SDAC
given for 10 days, results in a more efficient clearance of leukemic bur-
den compared to a similar regimen HDAC based. Such superior effi-
ciency translates into a better “quality”of response, as demonstrated
by the more frequent achievement of a MRD negative status, and then
into a more favorable outcome.
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PRIMING WITH ARSENIC TRIOXIDE IMPROVES THE OUTCOME OF
NEWLY DIAGNOSED ACUTE MYELOID LEUKEMIA PATIENTS <60 YEARS
OLD TREATED WITH HIGH-DOSE CYTARABINE AND IDARUBICIN
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Background. Constitutive signal transducer and activator of transcrip-
tion (STAT) 3 activity was shown to be present in leukemia cells from
approximately 50% of acute myeloid leukemia (AML) patients (pts)
and to correlate with adverse treatment outcome. We have shown that
arsenic trioxide (ATO) down-regulates STAT3 activity in AML cells
within six hours with a reduction of cell survival manifested after 48
hours in vitro. We therefore hypothesized that in vivo exposure of AML
cells to ATO prior to induction chemotherapy might sensitize the blasts
to the chemotherapy agents. Aim. To conduct a phase I clinical trial to
evaluate the biologically effective and/or the maximally tolerated dose
of ATO administered prior to induction chemotherapy with high-dose
cytarabine (Hidac) and idarubicin (Ida) for previously untreated AML
in pts <60 years old. Methods. We compared retrospectively the out-
come of the 61 <60 year old AML pts enrolled on our phase I clinical
trial with ATO followed by Hidac/Ida to that of 118<60 year-old pre-
viously untreated AML pts undergoing induction therapy at Roswell
Park Cancer Institute with Hidac/Ida without ATO. All pts signed
informed consent. Results. There was no significant difference in the
median age (47.0 vs. 45.5; Wilcoxon P=0.7) or presenting white blood
cell count (9.0 vs. 17.8; Wilcoxon P=0.8) between pts treated with
Hidac/Ida and those treated with ATO/Hidac/Ida. Similarly, the two
cohorts had similar representation of pts with de novo AML (79% vs.
87 %; Fisher P=0.2). Finally, the two cohorts had similar karyotype sub-
group representation [favorable/intermediate/unfavorable 14%/48%/
39% vs. 14%/51%/ 35%; Fisher P=0.9]. The complete remission (CR)
rate was similar between the two cohorts (72% vs. 66%; Fisher P=0.40).
A total of 41% of the Hidac/Ida pts proceeded to an allogeneic trans-
plantation in first CR compared to 49 % of the ATO/Hidac/Ida pts (Fish-
er P=0.3). The median follow-up for pts treated with Hidac/Ida was
17.4 months compared to 19.4 months for the pts treated with
ATO/Hidac/ida (Wilcoxon P=0.7). Interestingly, the overall survival of
pts treated with ATO/Hidac/Ida was significantly better compared to
those treated with Hidac/Ida (median survival 39.9 vs. 17.6 months;
logrank P=0.039). Summary. Priming with ATO improved the outcome
of <60 year old AML pts treated with Hidac/Ida compared to histori-
cal controls. These data, if reproduced in a randomized phase III clini-
cal trial, suggest that priming the leukemia-initiating cells with ATO
may be a means to enhance the effect of chemotherapy.
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TWO-STEP RESPONSE-ORIENTED INDUCTION PREDICTS LONG-TERM
OUTCOME OF ADULT PATIENTS WITH STANDARD- AND HIGH-RISK
ACUTE MYELOID LEUKAEMIA (AML): A NORTHERN ITALY LEUKAEMIA
GROUP (NILG) STUDY
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Background. In AML it is unclear whether long-term survival of dif-
ferent risk groups is affected by complete remission (CR) being achieved
after the first or second chemotherapy course, the approach to patients
who fail a first conventional cycle is not standardized, and relatively
few of these cases enter CR repeating the same induction programme.
Aims. A two-step response-oriented induction was designed to opti-
mize CR results, adopting a sequential high-dose schedule for patients
refractory to standard chemotherapy cycle 1. This report describes the
relationship between achievement of CR after cycle 1 or 2 and the
probability of survival at 5 years in different risk groups. Methods. CR
induction therapy consisted of (1) standard ICE therapy followed, in
refractory cases, by (2) sequential HAI (ICE: idarubicin 12 mg/m?/d dd
1-3, etoposide 100 mg/m’/d dd 1-5, cytarabine 100 mg/m*/bd dd 1-7,
G-CSF from d 8; s-HAI: idarubicin 17.5 mg/m*/d dd 1 and 8, cytarabine
3 g/m’/bd dd 2, 3, 9, and 10, G-CSF from d 11). Patients were stratified
as standard- or high-risk (SR, HR) according to cytogenetics (i.e.
favourable, unfavourable) and additional risk factors in case of interme-
diate/normal/unknown cytogenetics (HR with any: WBC count
>50x10°/L, FAB class M0/6/7, hepato/splenomegaly, MDS-related/sec-
ondary AML, FLT3/ITD mutation; SR with none).

Survival probabilities at 5 years according to risk class (SR, HR)
and CR achieved after cyde 1 or 2 (C1, C2) NR denotes refractory AML;
all patients (A). patients with de novo AML aged <60 years (B)
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Figure 1.

Results. The prospective NILG-AML 01/00 study enrolled 581



patients, with median age 52 years (range 19-68). Cytogenetic risk
groups were favourable 8.5% (n=50), intermediate/normal 59% (n=342;
[SR=123; HR=219]), unfavourable 20.5% (n=120), unknown 12% (n=69
[SR=24; HR=45]). SR (n=197) and HR (n=384) groups differed signifi-
cantly (P<0.05) with regard to WBC count (median 9.2 vs. 15.3), adverse
FAB classification (0% vs. 15.5%), MDS/secondary AML (1% vs. 22%),
hepato/ splenomegaly (5.5% vs. 28%), and FLT3/ITD" status (2% vs.
33%). After ICE cycle 1, CR was 82% in SR and 68% in HR (P=0.002)
and 129 patients had resistant AML (22%); 95 ICE-refractory patients
(73.6%; SR=22, HR=73) had s-HAI cycle 2, with a response rate of 64%
in SR vs. 55% in HR (P=0.46). Thus final CR rate was 89% in SR and
78% in HR. Planned postremission therapy was allogeneic stem cell
transplantation in HR and/or late responders, high-dose cytarabine
cycles in SR early responders. Looking at long-term outcome, 5-year sur-
vival varied significantly according to both risk class and achievement
of CRafter cycle 1 or 2: 56 % vs. 39% in SR (P=0.004), and 40% vs. 17 %
in HR (P=0.0000). The best outcome was observed in SR early respon-
ders aged <60 years with de novo AML (Figure 1). Conclusions. Because
the number of cycles to CR impacts on long-term survival of both SR
and HR patients, the achievement of CR at cycle 1 should be a primary
therapeutic endpoint of clinical studies. Patients who fail standard
induction should not repeat the same regimen; for these cases, sched-
ules like s-HAI yielding a >50% success rate are preferable.
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A PHASE Il STUDY OF GTI-2040, AN ANTISENSE TO RIBONUCLEOTIDE
REDUCTASE IN COMBINATION WITH HIGH-DOSE CYTARABINE IN
RELAPSED OR REFRACTORY ACUTE MYELOID LEUKEMIA
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Background. GTI-2040 is a 20-mer antisense to the R2 component of
ribonucleotide reductase (RNR) mRNA. RNR is required for the conver-
sion of ribonucleotides to deoxyribonucleotides, a crucial step during
DNA synthesis and repair. Cytarabine (AraC) is a cytotoxic agent convert-
ed into AraC triphosphate (AraCTP) and is the backbone of several reg-
imens in acute myeloid leukemia (AML). AraCTP competes with deoxy-
cytidine for DNA incorporation, and AraC cytotoxicity correlates with
AraCTP incorporation into DNA. Therefore, we hypothesized that RNR
downregulation by GTI-2040 results in decreased levels of endogenous
deoxycytidine, leading to a preferential DNA incorporation of AraCTP
and increased cytotoxic activity. Aims. To test this hypothesis, we under-
took a multi-center, Simon two stage Phase II (P2) study of GTI-2040
plus high dose cytarabine (HiDAC) in patients with relapsed or refracto-
ry AML (ages 18-59 years). The primary objective was to determine the
overall response rate (complete remission (CR) and CR with incomplete
blood count recovery (CRi)) of GTI-2040 with HIDAC. Secondary objec-
tives included pharmacokinetic (PK) studies including intracellular GTI-
2040 and exploration of the combination’s pharmacodynamic (PD) activ-
ity, including changes in dNTPs, NTPs, and AraCTP. Methods. Patients
received HIDAC at 3 gm/m’ every 12 hours for a total of 8 doses and GTI-
2040 5 mg/kg/day continuous intusion (CI) for 6 days beginning 24 hours
before HIDAC (P2 group). To further explore the PD activity of the com-
bination, an additional PD group received the same HiDAC dose and
schedule with GTI-2040 5 mg/kg/day CI for 4 days beginning 24 hours
after HIDAC initiation. In the Stage 1 P2 arm, if 3 or more patients
achieved CR/CR, the regimen would be deemed worthy of further study.
All patients provided informed consent. Results. Twenty-five patients
were enrolled; 15 in the P2 group and 10 in the PD arm. Median age was
43 years (range 18-59 years); men comprised 72% of patients. Fourteen
patients (56%) had primary refractory AML, 9 (36%) had relapsed less
than 1 year after achieving first complete remission (CR1), and 2 (8%) had
relapsed >1 year after achieving CR1. Overall, 15 (60%) pts had received
prior HIDAC. Fourteen patients (56 %) had intermediate risk cytogenet-
ics, and 11 (44%) had adverse risk karyotypes by CALGB classification.
Toxicities were comparable to those observed with HIDAC therapy
alone. Grade 3/4 treatment emergent non-hematologic toxicities at least
possibly related and seen in 2 or more patients included febrile neutrope-
nia, catheter related infections, and reversible elevations in ALT/AST.
Only 1 patient had a grade 3 reversible cerebellar toxicity. Overall, 7
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(28%) patients (P2 arm n=4; PD group n=3) achieved CR/CRi (CR n=6;
CRi n=1) and 1 patient achieved partial remission. Pharmacokinetic
parameters and intracellular GTI-2040 concentration evaluated using an
ELISA-based assay developed by our group, and dNTP/NTF, and AraCTP
levels using a LC-MS/MS assay will be presented. Summary/Conclusions.
The combination of GTI-2040/HiDAC was tolerable and met efficacy cri-
teria for Stage 2 enrollment. Safety and efficacy demonstrated in this
Phase II and prior Phase I in similar high risk AML patients supports fur-
ther development in a larger randomized trial. [NCI R21 CA133879-01]
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MYELOID LEUKEMIA OF DOWN SYNDROME - MONITORING OF
MINIMAL RESIDUAL DISEASE
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Background. Children with Down syndrome (DS) have a 5 to 10% risk
of transient leukemia (TL) and a ~2% risk of myeloid leukemia (ML-DS).
Children with ML-DS had a favorable outcome with less intensive
chemotherapy compared to non-DS AMKL. Somatic mutations of the
GATA1 gene were detected in almost all DS TL and ML-DS children’s.
Aims. To demonstrate the feasibility to monitor the GATA1 positive
leukemic clone (minimal residual disease, MRD). We compared the MRD
monitoring by qPCR, immunophenotyping and morphology. Patients. In
Germany 56 children with ML-DS (£=26; m=34; age 1.56 years (0.7-4.0)
were enrolled to the ML-DS 2006 registry. Treatment consisted of 4 cours-
es of chemotherapy with significantly lower cumulative dosages of
cytarabine (27.4 g/m?) and anthracyclines (190 mg/m?) compared to con-
ventional protocols (AML-BFM 2004: cytarabin 47.3 g/m?; anthracyclines
450 mg/m?). The median WBC was 4.7g/l (range 1-160 g/L), Hb 9.5g/dL
(3.1-13.4), platelets 45 g/L (1.5-257 g/L). Four children of the cohort had
trisomy 21 mosaicism. Methods. Morphology, immunophenotyping and
molecular genetics were centrally performed. For screening of GATA1
mutation a direct sequencing of exon 1, 2, and 3 was performed. If no
mutation could e detected blasts sorting or subcloning was added. For
monitoring of GATA1 mutant clone we used a gPCR with patient spe-
cific TagMan probes and primers. The standard curve was a serial dilu-
tion series of initial patient DNA. We achieved a sensitivity of 10 -5 and
quantitative range of 10 -4. As negative control we used the cell line 293T
(Human embryonic kidney cell line) and healthy donor DNA. Results.
GATA 1 mutations were confirmed in 54 patients (96%). GATA1 detec-
tion was not possible in 2 patients with initial blasts count less than 2%
and lack of sufficient material. The 3-years-eventfree and overall survival
were 94+3% and 96+2%, respectively. Two children died early due to
infections. All others were in complete remission (follow-up 2 years; 0,2-
4 yrs). Sixteen children had a history of TL (28%). In 4 out of them, the
GATAL1 clone have been successfully monitored by qPCR. All patients
showed spontaneous reduction of blasts after TL, however never became
negative (all time points >10~) by qPCR monitoring and developed ML-
DS within 0.7 to 3.2 years. To date 15/56 children with ML-DS the
GATA1 mutant clone has been monitored prospectively. By morpholo-
gy and immunophenotyping the blasts decreased from 30.5% (5-76% at
diagnosis to 2.4% (0.4-4.5%). After the 3rd element only one child remain
MRD- positive. The qPCR confirmed the results, although the sensitivi-
ty was about 1-log higher). All 54 patients are still in continuous complete
remission with a median follow-up of 2.3 years (0.5 to 4.3 years). Con-
clusions. This preliminary data demonstrates the feasibility to monitor
MRD in children with ML-DS. The GATA1 clone specific qPCR showed
a high sensitive and might help to define new risk groups in ML-DS aim-
ing further reduction of treatment intensity.
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PHASE | CLINICAL TRIAL OF THE ANTI-CD33 IMMUNOTOXIN
HUM195/RGEL IN PATIENTS (PTS) WITH ADVANCED MYELOID
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Background. HuM195 is a humanized version of the mouse M195 anti
CD-33 monoclonal antibody. CD33 is heavily expressed on the surface
of myeloid leukemia cells. The anti-CD33 immunotoxin HuM195/rGel
combines HuM195 with recombinant gelonin, a RNA glycosidase that
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inhibits protein synthesis. Aim. The primary objective of this study was
to determine the safety and toxicity of HuM195/rGel in pts with refrac-
tory or relapsed leukemia. Methods. Pts age =18 years with relapsed or
refractory AML, RAEB-t, RAEB, CMML or CML-AP/BP and CD 33
expression =280% by flow cytometry, were eligible. Pts received doses
of 2.5 to 10 mg/m’ using a standard 3 + 3 design. Therapy was admin-
istered over 2 one-hour infusions per week for 2 weeks followed by a
2 week period of observation. Pts taken off study before 28 days for rea-
sons other than toxicity were replaced for MTD calculations. Results. 28
patients were enrolled: 23 AML, 4 MDS, and 1 CMML. Median age was
68 years, median number of prior therapies was 2, median peripheral
blood blasts 24 %, median bone marrow blasts 39%, and median per-
centage of CD 33 was 95%. The highest achieved blood levels of
HuM195/rGel were 200-300 ng/mL which cleared with a half-life of
~20 hrs. Two (<10%) out of 23 patients developed antibodies to the
rGel portion of the drug as assessed by ELISA. Twenty two pts were
evaluable for dose limiting toxicity (DLT). Two patients developed DLT
(allergic reaction) at a dose of 10 mg/m’, thus 7mg/m’ was declared the
maximum tolerated dose. Drug related adverse events at <7mg/m’
include: grade =< 2 fever and chills at all dose levels. Six (27 %) out of the
evaluable patients had a 250% decrease in PB blasts or BM blasts. In
addition, 4 pts had an increase in platelet count to >100x10°/L and 4 pts
demonstrated increased neutrophils to >1x10°/L. There were no com-
plete or partial responses. Conclusions. HuM195/rGel can be adminis-
tered safely at doses up to 7 mg/m’ with an improvement in the tumor
load in some patients.
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Background. Mutations of the nucleophosmin gene (NPM1), in the
absence of concurrent FLT3-internal tandem duplication (FLT3-1TD)
have impressive prognostic value in patients with acute myeloid
leukemia (AML), carrying normal karyotype (NK). However, while
there is a general consent that allogeneic stem cell transplantation (SCT)
has no role in patients with NPM1'FLT3" AML in first complete remis-
sion (CR), no studies have specifically focused on the therapeutic results
of autologous SCT (ASCT) in NK AML patients presenting with
NPM1+/FLT3" genotype. Aims. To describe treatment results from a
series of 19 patients with NPM'/FLT3" autografted in first CR after con-
ditioning with a regimen, named Bul, based on high dose continuous
infusion idarubicin and Busulphan and perform a comparison with a
control group of 80 NK AML patients with no or different molecular
abnormalities. Methods. Ninety-nine consecutive patients with NK
AML, treated at our Institutions between April 2003 and June 2009, in
which ASCT was actually given in first CR were analyzed. There were
62 male patients (64 %) and 37 female patients (36 %) with a median age
of 54 years (range 15-77). Overall 83 patients (84%) were diagnosed as
having de novo AML, while in 16 patients (16%) AML arose after a pre-
viously diagnosed myelodysplastic syndrome (MDS). Results. Overall,
19 out of 99 patients autografted after conditioning with Bul regimen
(19%) had NPM1 mutation in absence of FLT3 mutations. The control
group, accounting for 80 patients, included sixteen cases (15%) with
both mutations, 10 (12%) with FLT3/ITD mutation and no NPM1
mutation, and 54 (68%) in whom neither NPM1 nor FLT3 mutations
were detectable. Median time from CR achievement to ASCT was sim-
ilar between the two groups (3 months, range 2-5 for NPM1* patients)
as opposed to 3 for the control group (range 2-6), p: 0.87. The median
survival (OS) for the whole patient population was 34 months, the
median disease free survival (DFS) was 22 months. Median OS and
DEFS were significantly longer for patients with isolated NPM1 muta-
tion as opposed to controls (OS: not reached vs. 25 months, P:0.02;
DES: not reached vs. 16 months, P:0.007, respectively). Of interest,
patients with isolated NPM1 mutation had a better outcome in terms
of either survival or DFS as compared to the group of 16 NMP1+/FLT3*
patients. Relapse post-ASCT occurred in 3 out of 19 patients with
NPM1 isolated mutation (16%), 2 with de novo AML and 1 with AML
post-MDS, as opposed to 49 of 80 in the control group (61%), P:0.001.
Overall, second CR was achieved in 12 out of 52 relapsed patients
(23%) and was almost exclusively limited to those whose first CR last-
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ed more than 6 months. Summary and Conclusions. Our study suggest
that Bul regimen results in favorable clinical outcome in patients with
isolated NPM1 mutation and could be investigated in a randomized
study versus other conditioning regimes or repeated courses of
chemotherapy with high dose cytosine-arabinoside.
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Background. Voreloxin, an anticancer quinolone derivative that
inhibits topoisomerase I, has demonstrated clinical activity in ovarian
cancer and acute myeloid leukemia (AML). Final results are reported
from this phase 2 study (N=1183). Aims. Assess clinical activity and safe-
ty/tolerability of voreloxin treatment in 3 dosing schedules. Methods.
Eligible patients provided informed consent and had AML (WHO sub-
type, except APL) considered unlikely to benefit from standard induc-
tion therapy, with =1 adverse risk factor: age =70, secondary AML,
intermediate (I) or unfav