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In human B-acute lymphoblastic leukemia (B-ALL), RAG1-induced genomic alterations are
important for disease progression. However, given that biallelic loss of the RAGL1 locus is
observed in a subset of cases, RAG1's role in the development of B-ALL remains unclear. We
chose a p19Arf(-/-)Ragl(-/-) mouse model to confirm the previously published results
concerning the contribution of CDKN2A (p19ARF /INK4a) and RAG1 copy number
alterations in precursor B cells to the initiation and/or progression to B-acute lymphoblastic
leukemia (B-ALL). In this murine model, we identified a new, Ragl-independent leukemia-
initiating mechanism originating from a Scal(+)CD19(+) precursor cell population and
showed that Notchl expression accelerates the cells' self-renewal capacity in vitro. In human
RAG1-deficient BM, a similar CD34(+)CD19(+) population expressed p19ARF. These
findings suggest that combined loss of p19Arf and Ragl results in B-cell precursor leukemia
in mice and may contribute to the progression of precursor B-ALL in humans.
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Gain of the short arm of chromosome 2 (2p) is a frequent recurring chromosome aberration in
untreated chronic lymphocytic leukemia (CLL) at advanced stages.
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Using array-based CGH, we identified 2p gain in 22/78 (28%) untreated Binet stages B/C CLL,
which was the second most frequent copy number change after 13q deletion. It never occurred as
a sole abnormality and was associated with other changes (6q deletion; 1p gain). The region of 2p
gain frequently included two oncogenes, REL and MYCN. All patients with gain of REL were
unmutated for IGHV (p=0.03). Gain of MYCN was associated with increased mMRNA expression
(p=0.005), suggesting a pathogenic role for MYCN. Gain of 2p appears to be a marker of
progression and may contribute to the poor prognosis.
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Microchimerism in renal allografts: clinicopathological associations according to the type of
chimeric cells Aims: Recent studies have highlighted the presence of microchimerism in various
solid allografts. The biological significance of these chimeric cells is controversial. They may be
beneficial, leading to better tolerance of grafts or participating in tissue repair or, in contrast,
deleterious if involved in chronic lesions. The aim was to assess the frequency and cellular nature
of microchimerism in female renal grafts of male recipients by combined fluorescence in situ
hybridization (FISH) for Y chromosome and immunohistochemistry and to investigate
associations between intragraft microchimerism and histological lesions or allograft outcome.
Methods and results: We screened 33 renal biopsy specimens, including 11 with acute T-cell-



mediated rejection and nine with transplant glomerulopathy, from 22 male recipients transplanted
with female kidneys by FISH and immunohistochemistry with antibodies against smooth muscle
actin (mesangial cells), CD31 (endothelial cells), KL1 (epithelial cells), CD45 (leucocyte
common antigen) and glomerular epithelial protein 1 (podocytes). Tubular microchimerism was
detected in 71% of the patients with a mean percentage of chimeric epithelial cells of 1.4%.
Glomerular microchimerism involving podocytes, mesangial and endothelial cells was present
with a mean number of chimeric cells per glomerular section of, respectively, 0.6, 2.66 and 3.53.
There was an association between endothelial microchimerism and a previous episode of acute T-
cell-mediated rejection. Conclusions: In conclusion, microchimerism in renal grafts occurs
frequently, but at a low level and affects tubular cells and all glomerular cell compartments in
human renal allografts.
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Mutations of the ten eleven translocation 2 gene (TET2) have recently been reported in
myelodysplastic syndrome and myeloproliferative neoplasms. We analyzed the incidence and
prognostic value of TET2 point mutations and other genomic alterations by direct sequencing and
single nucleotide polymorphism microarray analysis in 111 de novo acute myeloid leukemia,
who had all achieved complete remission (CR). Mutations were observed in 19 (17%) of the 111
patients compared with 10 (27%) of 36 patients who had failed to achieve CR (P =.2). In the 111
patients who had achieved CR, TET?2 alterations were only significantly associated with NPM1
mutations but not with other pretreatment characteristics. TET2 gene status was not significantly
correlated with disease-free survival and overall survival, both in the entire cohort and in patients
with normal karyotype.
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Many somatic genetic abnormalities have been identified in T-cell acute lymphoblastic leukemia
(T-ALL) but each individual abnormality accounts for a small proportion of cases; therapeutic
stratification consequently still relies on classical clinical markers. NOTCH1 and/or FBXW?7
mutations both lead to activation of the NOTCHL1 pathway and are among the most frequent
mutations in T-ALL. We screened 141 adult diagnostic T-ALL samples from patients treated on
either the Lymphoblastic Acute Leukemia in Adults (LALA)-94 (n = 87) or the GRAALL-2003
(n = 54) trials. In 88 cases (62%) there were demonstrated NOTCH1 mutations (42%
heterodimerization [HD], 10% HD+proline glutamate serine threonine [PEST], 6% PEST, 2%
juxtamembrane mutations, 2% transactivation domain [TAD]) and 34 cases (24%) had FBXW?7
mutations (21 cases had both NOTCH1 and FBXW?7 mutations); 40 cases (28%) were wild type
for both. There was no significant correlation between NOTCH1 and/or FBXW?7 mutations and
clinico-biologic features. Median event-free survival (EFS) and overall survival (OS) were 36
versus 17 months (P =.01) and not reached versus 32 months (P =.004) in patients with NOTCH1
and/or FBXW?7 mutations versus other patients, respectively. Multivariate analysis showed that
the presence of NOTCH1/FBXW?7 mutations was an independent good prognostic factor for EFS
and OS (P =.02 and P =.01, respectively). These data demonstrate that NOTCH1 pathway
activation by either NOTCH1 or FBXW?7 mutation identifies a large group of patients with a
favorable outcome that could justify individual therapeutic stratification for T-ALL.
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JAKS3 is a non-receptor tyrosine kinase, predominantly expressed in hematopoietic cells and that
has been implicated in the signal transduction of the common gamma chain subfamily of
cytokine receptors. As a result, JAK3 plays an essential role in hematopoieisis during T cell
development. JAKS inactivating mutations result in immunodeficiency syndromes (SCID) in
both humans and mice. Recent data indicate that abnormal activation of JAK3 due to activating
mutations is also found in human hematological malignancies, including acute megakaryoblastic
leukemia (AMKL) and cutaneous T cell lymphoma (CTCL). After a brief summary of the JAK3
structure and function, we will review the evidence on the emerging role of JAK3 activation in
hematological malignancies that warrant further studies to test the relevance of specific inhibition
of JAK3 as a therapeutic approach to these challenging clinical entities.
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The tyrosine kinase JAK3 plays a well-established role during normal lymphocyte development
and is constitutively phosphorylated in several lymphoid malignancies. However, its contribution
to lymphomagenesis remains elusive. In this study, we used the newly identified activating
JAK3A572V mutation to elucidate the effect of constitutive JAK3 signaling on murine
lymphopoiesis. In a bone marrow transplantation model, JAK3A572V induces an aggressive,
fatal, and transplantable lymphoproliferative disorder characterized by the expansion of
CD8(+)TCRalphabeta(+)CD44(+)CD122(+)Ly-6C(+) T cellsthat closely resemble an
effector/memory T-cell subtype. Compared with wild-type counterparts, these cells show
increased proliferative capacities in response to polyclonal stimulation, enhanced survival rates
with elevated expression of Bcl-2, and increased production of interferon-gamma (IFNgamma)
and tumor necrosis factor-alpha (TNFalpha), correlating with enhanced cytotoxic abilities against



allogeneic target cells. Of interest, the JAK3AS572V disease is epidermotropic and produces
intraepidermal microabscesses. Taken together, these clinical features are reminiscent of those
observed in an uncommon but aggressive subset of CD8(+) human cutaneous T-cell lymphomas
(CTCLs). However, we also observed a CD4(+) CTCL-like phenotype when cells are
transplanted in an MHC-I-deficient background. These data demonstrate that constitutive JAK3
activation disrupts T-cell homeostasis and induces lymphoproliferative diseases in mice.

DELHOMMEAU F., DUPONT S., DELLA-VALLE V., JAMES C., TRANNOY S., MASSE
A., KOSMIDER O., LE COUEDIC J.P., ROBERT F., ALBERDI A., LECLUSE Y., PLO I,
DREYFUS F.J., MARZAC C., CASADEVALL N., LACOMBE C., ROMANA S.P.,
DESSEN P., SOULIER J., VIGUIE F., FONTENAY M., VAINCHENKER W., BERNARD
O.A.

Mutation in TETZ2 in myeloid cancers.

N. Engl. J. Med., 360 (22), 2289-2301, 2009

(Services cités : E 0210)

BACKGROUND: The myelodysplastic syndromes and myeloproliferative disorders are
associated with deregulated production of myeloid cells. The mechanisms underlying these
disorders are not well defined. METHODS: We conducted a combination of molecular,
cytogenetic, comparative-genomic-hybridization, and single-nucleotide-polymorphism analyses
to identify a candidate tumor-suppressor gene common to patients with myelodysplastic
syndromes, myeloproliferative disorders, and acute myeloid leukemia (AML). The coding
sequence of this gene, TET2, was determined in 320 patients. We analyzed the consequences of
deletions or mutations in TET2 with the use of in vitro clonal assays and transplantation of
human tumor cells into mice. RESULTS: We initially identified deletions or mutations in TET2
in three patients with myelodysplastic syndromes, in three of five patients with
myeloproliferative disorders, in two patients with primary AML, and in one patient with
secondary AML. We selected the six patients with myelodysplastic syndromes or AML because
they carried acquired rearrangements on chromosome 4q24; we selected the five patients with
myeloproliferative disorders because they carried a dominant clone in hematopoietic progenitor
cells that was positive for the V617F mutation in the Janus kinase 2 (JAK2) gene. TET2 defects
were observed in 15 of 81 patients with myelodysplastic syndromes (19%), in 24 of 198 patients
with myeloproliferative disorders (12%) (with or without the JAK2 VV617F mutation), in 5 of 21
patients with secondary AML (24%), and in 2 of 9 patients with chronic myelomonocytic
leukemia (22%). TET2 defects were present in hematopoietic stem cells and preceded the JAK2
V617F mutation in the five samples from patients with myeloproliferative disorders that we
analyzed. CONCLUSIONS: Somatic mutations in TET2 occur in about 15% of patients with
various myeloid cancers.
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The diagnosis of plasmacytoid dendritic cell leukaemia (pDCL) is based on the
immunophenotypic profile: CD4(+) CD56(+) lineage(neg) CD45RA(+)/RO(neg) CD11c(neg)
CD116(low) CD123(+) CD34(neg) CD36(+) HLA-DR(+). Several studies have reported pDCL
cases that do not express this exact profile or expressing some lineage antigens that could thus be
misdiagnosed. This study aimed to validate pDCL-specific markers for diagnosis by flow-
cytometry or quantitative reverse transcription polymerase chain reaction on bone marrow
samples. Expression of markers previously found in normal pDC was analysed in 16 pDCL, four
pDCL presenting an atypical phenotype (apDCL) and 113 non-pDC - lymphoid or myeloid -
acute leukaemia. CD123 was expressed at significantly higher levels in pDCL and apDCL.
BDCA-2 was expressed on 12/16 pDCL and on 2/4 apDCL, but was never detected in the 113
non-pDC acute leukaemia cases. BDCA-4 expression was found on 13/16 pDCL, but also in 12%
of non-pDC acute leukaemia. High levels of LILRA4 and TCL1A transcripts distinguished pDCL
and apDCL from all other acute leukaemia (except B-cell acute lymphoblastic leukaemia for
TCL1A). We thus propose a diagnosis strategy, scoring first the CD4(+) CD56(+/-) MPO(neg)
cCD3(neg) cCD79a(neg) CD11c(neg) profile and then the CD123(high), BDCA-2 and BDCA-4
expression. Atypical pDCL can be also identified this way and non-pDC acute leukaemia
excluded: this scoring strategy is useful for diagnosing pDCL and apDCL.
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MAL/SRF complex is involved in platelet formation and megakaryocyte migration by regulating
MYL9 (MLC2) and MMP9.
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Megakaryoblastic leukemia 1 (MAL) is a transcriptional coactivator of serum response factor
(SRF). In acute megakaryoblastic leukemia, the MAL gene is translocated and fused with the
gene encoding one twenty-two (OTT). Herein, we show that MAL expression increases during
the late differentiation steps of neonate and adult human megakaryopoiesis and localized into the
nucleus after Rho GTPase activation by adhesion on collagen | or convulxin. MAL knockdown in
megakaryocyte progenitors reduced the percentage of cells forming filopodia, lamellipodia, and
stress fibers after adhesion on the same substrates, and reduced proplatelet formation. MAL
repression led to dysmorphic megakaryocytes with disorganized demarcation membranes and
alpha granules heterogeneously scattered in the cytoplasm. Gene expression profiling revealed a
marked decrease in metalloproteinase 9 (MMP-9) and MYL9 expression after MAL inhibition.
Luciferase assays in HEK293T cells and chromatin immunoprecipitation in primary
megakaryocytes showed that the MAL/SRF complex directly regulates MYL9 and MMP9 in
vitro. Megakaryocyte migration in response to stromal cell-derived factor 1, through Matrigel
was considerably decreased after MAL knockdown, implicating MMP9 in migration. Finally, the
use of a ShRNA to decrease MYL9 expression showed that MYL9 was involved in proplatelet
formation. MAL/SRF complex is thus involved in platelet formation and megakaryocyte
migration by regulating MYL9 and MMP9.
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Haematologica, 94 (12), 1676-1681, 2009

(Services cités : E 0210)

BACKGROUND: Acquired somatic deletions and loss-of-function mutations in one or several
codons of the TET2 (Ten-Eleven Translocation-2) gene were recently identified in hematopoietic
cells from patients with myeloid malignancies, including myeloproliferative disorders and
myelodys-plastic syndromes. The present study was designed to determine the prevalence of
TET2 gene alterations in chronic myelomonocytic leukemias. DESIGN AND METHODS: Blood
and bone marrow cells were collected from 88 patients with chronic phase chronic
myelomonocytic leukemia and from 14 with acute transformation of a previously identified
disease. Polymerase chain reaction analysis and direct sequencing were used to sequence exons 3
to 11 of the TET2 gene. Annotated single nucleotide polymorphisms were excluded. Survival
curves were constructed by the Kaplan-Meier method. RESULTS: We detected TET2 mutations
in 44 of 88 (50%) patients with chronic myelomonocytic leukemia, which suggests that TET2
gene mutations are especially frequent in this myeloid disease. A TET2 gene alteration was
identified in 18 of the 43 patients studied at diagnosis and was associated with a trend to a lower
overall survival rate; confining the analysis to the 29 patients with chronic myelomonocytic
leukemia-1, according to the WHO classification, the difference in overall survival between
patients with or without TET2 gene mutations became statistically significant. CONCLUSIONS:
TET?2 gene alterations are more frequent in chronic myelomonocytic leukemia than in other
subgroups of hematopoietic diseases studied so far and could negatively affect the patients'
outcome. The striking association between TET2 gene alterations and monocytosis, already
observed in patients with systemic mastocytosis, could indicate a negative role of TET2 in the
control of monocytic lineage determination.
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The OTT-MAL fusion oncogene activates RBPJ-mediated transcription and induces acute
megakaryoblastic leukemia in a knockin mouse model.
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Acute megakaryoblastic leukemia (AMKL) is a form of acute myeloid leukemia (AML)
associated with a poor prognosis. The genetics and pathophysiology of AMKL are not well
understood. We generated a knockin mouse model of the one twenty-two-megakaryocytic acute
leukemia (OTT-MAL) fusion oncogene that results from the t(1;22)(p13;913) translocation
specifically associated with a subtype of pediatric AMKL. We report here that OTT-MAL
expression deregulated transcriptional activity of the canonical Notch signaling pathway
transcription factor recombination signal binding protein for immunoglobulin kappa J region
(RBPJ) and caused abnormal fetal megakaryopoiesis. Furthermore, cooperation between OTT-
MAL and an activating mutation of the thrombopoietin receptor myeloproliferative leukemia
virus oncogene (MPL) efficiently induced a short-latency AMKL that recapitulated all the
features of human AMKL, including megakaryoblast hyperproliferation and maturation block,
thrombocytopenia, organomegaly, and extensive fibrosis. Our results establish that concomitant




activation of RBPJ (Notch signaling) and MPL (cytokine signaling) transforms cells of the
megakaryocytic lineage and suggest that specific targeting of these pathways could be of
therapeutic value for human AMKL.

MILPIED P., RENAND A., BRUNEAU J., MENDES DA CRUZ D.A., JACQUELIN S,,
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Neuropilin-1 is not a marker of human Foxp3(+) Treg.
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Treg are immune cells that play a critical role in the regulation of the immune response. Although
the transcription factor Foxp3 is widely accepted as the standard marker of Treg, specific surface
markers are needed to better characterize these cells and decipher their mechanisms of action.
Neuropilin-1 (Nrp-1), a membrane protein primarily involved in the nervous system, was
identified as a specific marker of murine Treg, but its expression has not been rigorously
investigated in human Treg. Here we show that in contrast to murine Treg and regardless of their
origins (blood, thymus, spleen, lymph node or tonsil), human Foxp3(+) Treg do not specifically
express Nrp-1. However, a population of Foxp3(-) Nrp-1(+) T cells can be detected in human
secondary lymphoid organs, and Nrp-1 expression is induced on peripheral blood T lymphocytes
upon in vitro activation. We conclude that Nrp-1 cannot be used as a specific marker of human
Treg, but might represent a novel activation marker of human T cells both in vitro and in vivo.

RAFFEL G.D., CHU G.C., JESNECK J.L., CULLEN D.E., BRONSON R.T., BERNARD
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Ott1(Rbm15) is essential for placental vascular branching morphogenesis and embryonic
development of the heart and spleen.
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The infant leukemia-associated gene, Ott1(Rbm15), has broad regulatory effects within murine
hematopoiesis. However, germline Ott1 deletion results in fetal demise prior to E10.5, indicating
additional developmental requirements for Ottl. The spen gene family, to which Ott1 belongs,
has a transcriptional activation/repression domain and RNA recognition motifs, and in
Drosophila has a significant role in the development of the head and thorax. Early Ott1-deficient
embryos show growth retardation and incomplete closure of the notochord. Further analysis
demonstrated placental defects in the spongiotrophoblast and syncytiotrophoblast layers,
resulting in an arrest of vascular branching morphogenesis. Rescue of the placental defect using a
conditional allele with a trophoblast-sparing cre transgene allowed embryos to form a normal
placenta and survive gestation. This outcome showed that the process of vascular branching
morphogenesis in Ottl-deficient animals was regulated by the trophoblast compartment rather
than the fetal vasculature. Mice surviving to term manifested hyposplenia and abnormal cardiac
development. Analysis of global gene expression of Ott1-deficient embryonic hearts showed
enrichment of hypoxia-related genes and significant alteration of several candidate genes critical
for cardiac development. Thus, Ott1-dependent pathways in addition to being implicated in
leukemogenesis, may also be important in the pathogenesis of placental insufficiency and cardiac
malformations.
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Deregulated expression of cytokine receptor gene, CRLF2, is involved in lymphoid
transformation in B cell precursor acute lymphoblastic leukemia.
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We report two novel, cryptic chromosomal abnormalities in precursor B-cell acute lymphoblastic
leukemia (BCP-ALL): a translocation, either t(X;14)(p22;932) or t(Y;14)(p11;932), in 33 patients
and an interstitial deletion, either del(X)(p22.33p22.33) or del(Y)(p11.32p11.32), in 64 patients,
involving the pseudoautosomal region (PAR1) of the sex chromosomes. The incidence of these
abnormalities was 5% in childhood ALL (0.8% with the translocation, 4.2% with the deletion).
Patients with the translocation were older (median age 16 years), whilst the patients with the
deletion were younger (median age 4 years). The two abnormalities result in deregulated
expression of the cytokine receptor, cytokine receptor-like factor 2, CRLF2 (also known as
thymic stromal-derived lymphopoietin receptor, TSLPR). Over-expression of CRLF2 was
associated with activation of the JAK-STAT pathway in cell lines and transduced primary B-cell
progenitors, sustaining their proliferation and indicating a causal role of CRLF2 over-expression
in lymphoid transformation. In Down Syndrome (DS) ALL and two non DS BCP-ALL cell lines,
CRLF2 deregulation was associated with mutations of the JAK2 pseudokinase domain suggesting
oncogenic cooperation, as well as highlighting a link between non DS ALL and JAK2 mutations.

RUSSELL L.J.,de CASTRO D.G., GRIFFITHS M., TELFORD N., BERNARD O.,
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A novel translocation, t(14;19)(g32;p13), involving IGH@ and the cytokine receptor for
erythropoietin.

Leukemia, 23 (3), 614-617, 2009

(Services cités : E 0210)

TEFFERI A., PARDANANI A, LIM K.H., ABDEL-WAHAB O., LASHO T.L., PATEL J.,
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TET2 mutations and their clinical correlates in polycythemia vera, essential thrombocythemia
and myelofibrosis.
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High-throughput DNA sequence analysis was used to screen for TET2 mutations in bone
marrow-derived DNA from 239 patients with BCR-ABL-negative myeloproliferative neoplasms
(MPNSs). Thirty-two mutations (19 frameshift, 10 nonsense, 3 missense; mostly involving exons 4



and 12) were identified for an overall mutational frequency of approximately 13%. Specific
diagnoses included polycythemia vera (PV; n=89), essential thrombocythemia (ET; n=57),
primary myelofibrosis (PMF; n=60), post-PV MF (n=14), post-ET MF (n=7) and blast phase
PV/ET/MF (n=12); the corresponding mutational frequencies were approximately 16, 5, 17, 14,
14 and 17% (P=0.50). Mutant TET2 was detected in approximately 17 and approximately 7% of
JAK2V617F-positive and -negative cases, respectively (P=0.04). However, this apparent
clustering of the two mutations was accounted for by an independent association between mutant
TET2 and advanced age; mutational frequency was approximately 23% in patients > or =60 years
old versus approximately 4% in younger patients (P<0.0001). The presence of mutant TET2 did
not affect survival, leukemic transformation or thrombosis in either PV or PMF; a correlation
with hemoglobin <10 g per 100 ml in PMF was noted (P=0.05). We conclude that TET2
mutations occur in both JAK2V617F-positive and -negative MPN, are more prevalent in older
patients, display similar frequencies across MPN subcategories and disease stages, and hold
limited prognostic relevance.
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ASNAFI V., MACINTYRE E.

T Cell Receptor Genotyping and HOXA/TLX1 Expression Define Three T Lymphoblastic
Lymphoma Subsets which Might Affect Clinical Outcome.
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PURPOSE: T lymphoblastic lymphomas (T-LBL) are rare disorders of immature T cells which
predominantly involve the mediastinum. Their oncogenic pathways and prognostic variables are
not clear. EXPERIMENTAL DESIGN: We undertook a retrospective study of 41 cytoplasmic
CD3+ T-LBL (nine cases aged <16 years) by assessing stage of maturation arrest based on T cell
receptor (TCR) immunogenotyping, immunohistochemistry, and quantification of the oncogenes
thought to be important in immature T cell malignancies. RESULTS: Application of a TCR-
based immunogenetic classification allowed the identification of three subcategories: 11
immature IMO/D-LBL showed no TCR or only incomplete TCRD DJ rearrangement and
corresponded to cytoplasmic CD3+ precursors of uncertain lineage. Sixteen mature TCRD(del)-
LBL showed biallelic TCRD deletion and both TCRG and TCRB rearrangement, consistent with
TCRalphabeta lineage restriction. Fourteen intermediate LBL (Int-LBL) showed complete TCRD
VDJ and TCRG VJ rearrangement, with TCRB VDJ rearrangement in the majority. All Int-LBL
expressed HOX11/TLX1 or HOXAQ transcripts and a proportion of the latter were associated
with CALM-AF10 or NUP214-ABL fusion transcripts. IMO/D-LBL were restricted to adults with
extrathymic disease and bone marrow involvement, whereas Int-LBL and TCRD(del)-LBL were
found in children and adults with predominantly thymic disease. In adults, the Int-LBL subgroup
was associated with a significantly superior clinical outcome. This subgroup can be identified
either by TCR immunogenotyping or HOXA9/TLX1 transcript quantification. CONCLUSION:
Application of this molecular classification will allow the prospective evaluation of prognostic
effects within pediatric and adult protocols.

BALLERINI P., LANDMAN-PARKER J., CAYUELA J.M., ASNAFI V., LABOPIN M.,
GANDEMER V., PEREL Y., MICHEL G., LEBLANC T.,SCHMITT C., FASOLAS,,
HAGEMEJIER A., SIGAUX F., AUCLERC M.F., DOUAY L., LEVERGER G.,
BARUCHEL A.

Impact of genotype on survival of children with T-cell acute lymphoblastic leukemia treated
according to the French protocol FRALLE-93: the effect of TLX3/HOX11L2 gene expression on
outcome.

Haematologica, 93 (11), 1658-1665, 2008
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BACKGROUND: The prognostic value of the ectopic activation of TLX3 gene expression, a
major oncogenetic event associated with pediatric T-cell acute lymphoblastic leukemia, is
controversial. Likewise, the frequency and the prognostic significance in pediatric T-cell acute
lymphoblastic leukemia of the newly characterized NUP214-ABL1 fusion transcript is not yet
clear. DESIGN AND METHODS: Two hundred children with T-cell acute lymphoblastic
leukemia were treated in the French FRALLE-93 study from 1993 to 1999.The expression of
TLX3, TLX1 and SILTALL genes was analyzed in samples from 92 patients by real-time
guantitative reverse transcriptase polymerase chain reaction. Most of these samples were further




studied for NUP214-ABL1 and CALM-AF10 fusion transcripts. RESULTS: The median follow-
up was 7.9 years. At 5 years the overall survival (+/- standard deviation, %) was 62 (+/-3%) and
leukemia-free survival was 58 (+/-3%). Patients with T-cell acute lymphoblastic leukemia
positive for TLX3 had a poorer survival compared to those with T-ALL negative for TLX3
(overall survival: 45+/-11% vs. 57+/-5%, p=0.049). In multivariate analysis, TLX3 expression
was an independent adverse risk factor predicting relapse with a hazard ratio of 2.44 (p=0.017)
and an overall survival with a hazard ratio of 3.7 (p=0.001). NUP214-ABL1 was expressed in
16.6% of patients with TLX3-positive T-ALL (3 of 18); all of the patients with this association
died before completion of the treatment. SILTAL expression did not significantly affect the
prognosis of patients with T-cell acute lymphoblastic leukemia. Only three of 92 patients
expressed the TLX1 gene and all three are alive. CONCLUSIONS: TLX3 gene expression is an
independent risk factor predicting poor survival in childhood T-cell acute lymphoblastic
leukemia. When co-expressed with TLX3, NUP214-ABL1 transcripts may increase the risk of
poor survival.
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Cytogenetics 2008 and "Pathologie et Biologie™.
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Chromosomal abnormalities and Waldenstrom macroglobulinemia.

Pathol. Biol., 56 (6), 400-406, 2008

(Services cités : E 0210)

Waldenstrom macroglobulinemia (WM) is now defined as an uncommon lymphoplasmocytic
proliferation associated with an immunoglobulin M peak. The associated chromosomal
abnormalities are not specific to the disease, and changes in the diagnostic criteria and techniques
used as well as low-level abnormal cell proliferation made their analysis difficult. A literature
review however, shows that if specific abnormalities were not recognized until now, it is the
frequency of some chromosomal abnormalities (for instance partial deletion of the long arm of
chromosome 6 and trisomy 4) that distinguishes WM from other chronic malignant B-cell
proliferations. The data collected in the present review show directions for future research which
will benefit from use of more recent techniques such as fluorescent in situ hybridization,
comparative genomic hybridization and expression microarrays.

BERNHEIM A., TOUJANI S., GUILLAUD-BATAILLE M., RICHON C., WAXIN H.,
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Intragenic breakpoints localized by array CGH in a t(2;6) familial translocation.

Cytogenet. Genome Res., 119 (3-4), 185-190, 2008
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A 244K genome-wide array based comparative genomic hybridization study was carried out in a
familial translocation t(2;6)(p25;p21) balanced in the mother and unbalanced in her daughter. In
the past, this translocation has allowed us to localize the HLA multigene cluster to chromosome



6. With microarray technology, confirmation of the chromosome localization of the HLA system
was easily obtained, showing that such approach may be applied to the breakpoint localizations
of other familial structural changes when they are unbalanced. The disruption of genes at the
translocation breakpoints that did not have any phenotypic consequences in the parent will allow
the generation of a map of 'haplotolerant genes'. In addition, many genomic variants were
detected with this technology, enlarging the possibility of analyzing their possible contribution to
phenotypic diversity.

CHAPIRO E., RADFORD-WEISS I., BASTARD C., LUQUET I., LEFEBVRE C,,
CALLET-BAUCHU E., LEROUX D., TALMANT P., MOZZICONACCI M.J.,
MUGNERET F., STRUSKI S., RAYNAUD S., ANDRIEUX J., BARIN C., JOTTERAND
M., MOSSAFA H., RAMOND S., TERRE C., LIPPERT E., BERGER F., FELMAN P.,
MERLE-BERAL H., BERNARD O.A., DAVI F., BERGER R., NGUYEN-KHAC F.

The most frequent t(14;19)(q32;913)-positive B-cell malignancy corresponds to an aggressive
subgroup of atypical chronic lymphocytic leukemia.

Leukemia, 22 (11), 2123-2127, 2008
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OTT-MAL is a deregulated activator of SRF-dependent gene expression.

Mol. Cell. Biol., 28 (20), 6171-6181, 2008
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The OTT-MAL/RBM15-MKL1 fusion protein is the result of the recurrent translocation t(1;22)
in acute megakaryocytic leukaemia in infants. How it contributes to the malignancy is unknown.
The 3' fusion partner, MAL/MKL1/MRTF-A, is a transcriptional coactivator of serum response
factor (SRF). MAL plays a key role in regulated gene expression depending on Rho family
GTPases and G-actin. Here we demonstrate that OTT-MAL is a constitutive activator of SRF and
target gene expression. This requires the SRF binding motif and the MAL-derived transactivation
domain. OTT-MAL localises to the nucleus and is not regulated by upstream signalling. OTT-
MAL deregulation reflects its independence from control by G-actin, which fails to interact with
OTT-MAL in co-immunoprecipitation experiments. Regulation cannot be restored by re-
introduction of the entire MAL N-terminus into the fusion protein. OTT-MAL also caused a
delayed induction of the MAL-independent, TCF-dependent target genes c-fos and egr-1, and the
MAPKI/Erk pathway. When tested in heterologous tissue culture systems, however, we observed
considerable anti-proliferative effects of OTT-MAL. Our data suggest that the deregulated
activation of MAL-dependent and -independent promoters results in tissue-specific functions of
OTT-MAL.

HACEIN-BEY S., GARRIGUE A., WANG G.P., SOULIER J., LIM A., MORILLON E.,
CLAPPIER E., CACCAVELLLI L., DELABESSE E., BELDJORD K., ASNAFI V.,
MACINTYRE E., DAL-CORTIVO L., RADFORD-WEISS I., BROUSSE N., SIGAUX F.,
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Insertional oncogenesis in 4 patients after retrovirus-mediated gene therapy of SCID-X1.
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Previously, several individuals with X-linked SCID (SCID-X1) were treated by gene therapy to
restore the missing IL-2 receptor gamma (IL2RG) gene to CD34(+) BM precursor cells using
gammaretroviral vectors. While 9 of 10 patients were successfully treated, 4 of the 9 developed T
cell leukemia 31-68 months after gene therapy. In 2 of these cases, blast cells contained
activating vector insertions near the LIM domain-only 2 (LMO2) proto-oncogene. Here, we
report data on the 2 most recent adverse events, which occurred in patients 7 and 10. In patient
10, blast cells contained an integrated vector near LMO2 and a second integrated vector near the
proto-oncogene BMIL. In patient 7, blast cells contained an integrated vector near a third proto-
oncogene,CCND2. Additional genetic abnormalities in the patients' blast cells included
chromosomal translocations, gain-of-function mutations activating NOTCHZ1, and copy number
changes, including deletion of tumor suppressor gene CDKN2A, 6q interstitial losses, and SIL-
TAL1 rearrangement. These findings functionally specify a genetic network that controls growth
in T cell progenitors. Chemotherapy led to sustained remission in 3 of the 4 cases of T cell
leukemia, but failed in the fourth. Successful chemotherapy was associated with restoration of
polyclonal transduced T cell populations. As a result, the treated patients continued to benefit
from therapeutic gene transfer.
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High-throughput sequence analysis of the tyrosine kinome in acute myeloid leukemia.
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To determine whether aberrantly activated tyrosine kinases other than FLT3 and c-KIT contribute
to acute myeloid leukemia (AML) pathogenesis, we used high-throughput (HT) DNA sequence
ana-lysis to screen exons encoding the activation loop and juxtamembrane domains of 85 tyrosine
kinase genes in 188 AML patients without FLT3 or c-KIT mutations. The screen identified 30
nonsynonymous sequence variations in 22 different kinases not previously reported in single-
nucleotide polymorphism (SNP) databases. These included a novel FLT3 activating allele and a
previously described activating mutation in MET (METT210101). The majority of novel sequence
variants were stably expressed in factor-dependent Ba/F3 cells. Apart from one FLT3 allele, none
of the novel variants showed constitutive phosphorylation by immunoblot analysis and none
transformed Ba/F3 cells to factor-independent growth. These findings indicate the majority of
these alleles are not potent tyrosine kinase activators in this cellular context and that a significant
proportion of nonsynonymous sequence variants identified in HT DNA sequencing screens may
not have functional significance. Although some sequence variants may represent SNPs, these
data are consistent with recent reports that a significant fraction of such sequence variants are
"passenger” rather than "driver" alleles and underscore the importance of functional assessment
of candidate disease alleles.



MALINGE S., RAGU C., DELLA VALLE V., PISANI D., CONSTANTINESCU S.N.,
PEREZ C., VILLEVAL J.L., REINHARDT D., LANDMAN-PARKER J., MICHAUX L.,
DASTUGUE N., BARUCHEL A., VAINCHENKER W., BOURQUIN J.P., PENARD-
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Activating mutations in human acute megakaryoblastic leukemia.
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Oncogenic activation of tyrosine kinase signaling pathway is recurrent in human leukemia. To
gain insight into the oncogenic process leading to acute megakaryoblastic leukemia (AMKL) we
performed sequence analyses of a subset of oncogenes known to be activated in human myeloid
and myeloproliferative disorders. In a series of human AMKL samples from both Down
Syndrome and non-Down Syndrome patients, mutations were identified within KIT, FLT3,
JAK2, JAK3 and MPL genes with a higher frequency in DS than in non-DS patients. The novel
mutations were analyzed using BaF3 cells, showing that JAK3 mutations were activating
mutations. Finally, we report a novel constitutively active MPL mutant, MPLT487A, observed in
a non-Down Syndrome childhood AMKL that induces a myeloproliferative disease in mouse
bone marrow transplantation assay.
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Notch signaling specifies megakaryocyte development from hematopoietic stem cells.
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In the hematopoietic system, Notch signaling specifies T cell lineage fate, in part through
negative regulation of B cell and myeloid lineage development. However, we unexpectedly
observed the development of megakaryocytes when using heterotypic cocultures of
hematopoietic stem cells with OP9 cells expressing Delta-likel, but not with parental OP9 cells.
This effect was abrogated by inhibition of Notch signaling either with gamma-secretase inhibitors
or by expression of the dominant-negative Mastermind-likel. The importance of Notch signaling
for megakaryopoietic development in vivo was confirmed by using mutant alleles that either
activate or inhibit Notch signaling. These findings indicate that Notch is a positive regulator of
megakaryopoiesis and plays a more complex role in cell-fate decisions among myeloid
progenitors than previously appreciated.
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A case of NUP98-NSD1 gene fusion resulting from the insertion of a subtelomeric part of
chromosome 11p15.4 within the subtelomeric part of 5935 was detected in a child with acute
myeloblastic leukemia. This new case illustrates the importance of using fluorescence in situ
hybridization followed by reverse transcriptase-polymerase chain reaction techniques to detect
abnormalities involving subtelomeric chromosomal regions.
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Fusion of ZMIZ1 to ABL1 in a B-cell acute lymphoblastic leukaemia with a t(9;10)(q34;922.3)
translocation.
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MLL insertion with MLL-MLLT3 gene fusion in acute leukemia: case report and review of the
literature.
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A new chromosomal insertion involving the MLL gene was detected by fluorescence in situ
hybridization in a patient with acute myeloblastic leukemia (AML) and a t(9;11)(p21;q13).
Genomic polymerase chain reaction confirmed the MLL-MLLT3 gene fusion. A review of the
literature on MLL insertions shows that the opposite orientation of the genes involved in the
fusion plays a role in the genesis of the rearrangement in most of the cases reported.
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Transcriptional activation of the cardiac homeobox gene CSX1/NKX2-5 in a B-cell chronic
lymphoproliferative disorder.
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Homeobox containing transcription factors are frequently deregulated in human hematologic
malignant diseases either indirectly through an abnormality of an upstream factor, or directly
through rearrangement of the gene itself. Study of T-cell acute lymphoblastic leukemia identified
the related non-clustered homeobox transcription factors, TLX1 and TLX3, as frequently
ectopically expressed as a result of chromosomal translocations. We report the deregulation of a
non-clustered homeobox gene in a new type of t(5;14)(g35;q11) translocation in a mature
peripheral B-cell leukemia. This translocation results in the ectopic expression of the
CSX1/NKX2-5 gene on chromosome 5¢35 due to its juxtaposition to the TCR delta gene on
chromosome 14q11. Expression of the CSX1/NKX2-5 protein conferred enhanced replating
potential to transduced murine bone marrow cells. Our study establishes that deregulation of
homeobox encoding genes is not restricted to acute leukemic proliferations, but is also observed
in chronic malignant diseases.
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Three-way translocation involving band 6921 in an acute lymphoblastic leukemia.
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Interleukin-2 receptor beta chain locus rearrangement in a T-cell acute lymphoblastic leukemia.
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A translocation t(1;22)(p13;q13) was detected in a child with T-cell acute lymphoblastic
leukemia (T-ALL). FISH studies showed that the breakpoint was located in the 5' part of the
interleukin-2 receptor beta chain (IL2RB) locus, but could only be located distal to 1p13.3 on the
partner chromosome. This is the first case of the IL2RB locus rearrangement in T-ALL. The
localization of the breakpoint suggests that the chromosomal translocation results in deregulation
of IL2RB expression.
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The correct enumeration of human chromosomes, only established in 1956, has marked the
starting point of the modern cytogenetics. The introduction of banding techniques, then of in situ
hybridization techniques, and now of genomic microarray technology allowed a dramatic
development of cytogenetics of which the main applications to basic and medical research are
evoked in this review.
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Jumping translocations (JT) are uncommon constitutional or acquired chromosome
rearrangements involving one donor and several recipient chromosomes. They occur in various
pathologic conditions and the mechanism of their formation remains elusive. A review of the
literature showed that the major localizations of the breakpoints of JTs in human samples are
nonrandomly located in pericentromeric and telomeric regions of chromosomes. Interestingly,
comparison of the localization of the chromosomal breakpoints and of presence of interstitial
DNA repeats showed differences between constitutional and acquired JTs suggesting differences
in the mechanisms for the genesis of JTs and their consequences. (c) 2007 Wiley-Liss, Inc.
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Prognostic and oncogenic relevance of TLX1/HOX11 expression level in T-ALLSs.
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TLX1 is a homeodomain transcription factor generally associated with a favourable outcome in
T-ALL. However, the molecular mechanisms of TLX1 deregulation remain unclear and various
transcript levels in the absence of 10g24 abnormalities have been reported. A reproducible and
accurate delineation of TLX1+ T-ALL will be necessary for proper therapeutic stratification. We
have studied 264 unselected T-ALLs (171 adults and 93 children) and show that T-ALLs
expressing high levels of TLX1 (n=35, 13%), defined as a RQ-PCR ratio of TLX1>1.00E+00
ABL, form a homogeneous oncogenic group, based on their uniform stage of maturation arrest
and oncogenetic and transcriptional profiles. Furthermore, TLX1-high T-ALLs harbour
molecular TLX1 locus abnormalities in the vast majority (31/33), a proportion largely
underestimated by standard karyotypic screening. T-ALLS expressing TLX1 at lower levels
(n=57, 22%) do not share these characteristics. Prognostic analysis within the adult LALA94 and
GRAALLO3 prospective protocols demonstrate a better event-free (p=0,035) and a marked trend
for longer overall survival (p=0,059) for TLX1-high T-ALLS, while the expression of lower
levels of TLX1 does not impact on prognosis. We propose that TLX1+ T-ALLS be defined as
cases expressing TLX1/ABL ratios >1 and/or demonstrating TLX1 rearrangement. Therapeutic
modification should be considered for those patients.
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LUQUET I., CORNILLET-LEFEBVRE P., LAURENCE B., PLESSIS G., LEFEBVRE C.,
LEROUX D., ANTOINE-POIREL H., GRAUX C., MAUVIEUX L., HEIMANN P.,
CHALAS C., CLAPPIER E., VERHASSELT B., BENOIT Y., MOERLOOSE B.D., POPPE
B., VAN ROY N., KEERSMAECKER K.D., COOLS J., SIGAUX F., SOULIER J.,
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Recently, we and others described a new chromosomal rearrangement, that is, inv(7)(p15q34)
and t(7;7)(p15;q34) involving the T-cell receptor beta (TCRbeta) (7q34) and the HOXA gene
locus (7p15) in 5% of T-cell acute lymphoblastic leukemia (T-ALL) patients leading to
transcriptional activation of especially HOXA10. To further address the clinical,
immunophenotypical and molecular genetic findings of this chromosomal aberration, we studied
330 additional T-ALLs. This revealed TCRbeta-HOXA rearrangements in five additional
patients, which brings the total to 14 cases in 424 patients (3.3%). Real-time quantitative PCR
analysis for HOXAL10 gene expression was performed in 170 T-ALL patients and detected
HOXAUL10 overexpression in 25.2% of cases including all the cases with a TCRbeta-HOXA
rearrangement (8.2%). In contrast, expression of the short HOXA10 transcript, HOXA10b, was
almost exclusively found in the TCRbeta-HOXA rearranged cases, suggesting a specific role for
the HOXAZ10b short transcript in TCRbeta-HOXA-mediated oncogenesis. Other molecular
and/or cytogenetic aberrations frequently found in subtypes of T-ALL (SIL-TAL1, CALM-AF10,
HOX11, HOX11L2) were not detected in the TCRbeta-HOXA rearranged cases except for



deletion 9p21 and NOTCH1 activating mutations, which were present in 64 and 67%,
respectively. In conclusion, this study defines TCRbeta-HOXA rearranged T-ALLS as a distinct
cytogenetic subgroup by clinical, immunophenotypical and molecular genetic
characteristics.Leukemia (2007) 21, 121-128. doi:10.1038/sj.leu.2404410; published online 12
October 2006.
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Identification of driver and passenger mutations of FLT3 by high-throughput DNA sequence
analysis and functional assessment of candidate alleles.
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Mutations in the juxtamembrane and kinase domains of FLT3 are common in AML, but it is not
known whether alterations outside these regions contribute to leukemogenesis. We used a high-
throughput platform to interrogate the entire FLT3 coding sequence in AML patients without
known FLT3 mutations and experimentally tested the consequences of each candidate
leukemogenic allele. This approach identified gain-of-function mutations that activated
downstream signaling and conferred sensitivity to FLT3 inhibition and alleles that were not
associated with kinase activation, including mutations in the catalytic domain. These findings
support the concept that acquired mutations in cancer may not contribute to malignant
transformation and underscore the importance of functional studies to distinguish "driver"
mutations underlying tumorigenesis from biologically neutral "passenger" alterations.
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Fluorescence in situ hybridization analysis of 110 hematopoietic disorders with chromosome 5
abnormalities: do de novo and therapy-related myelodysplastic syndrome-acute myeloid
leukemia actually differ ?
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A retrospective cytogenetic study of acute myeloid leukemias (AML) and myelodysplastic
syndromes (MDS) was conducted by the Groupe Francophone de Cytogenetique Hematologique
(GFCH) to evaluate the structural abnormalities of chromosome 5 associated with other
chromosomal abnormalities, in particular of chromosome 7, in these pathologies. In all, 110 cases
of AML/MDS were recruited based on the presence of chromosome 5 abnormalities under
conventional cytogenetics and supplemented by a systematic fluorescence in situ hybridization
study of chromosomes 5 and 7. The abnormalities of the long arm of chromosome 5 (5q) were
deletions of various sizes and sometimes cryptic. The 59 abnormalities were associated with
translocations in 54% of cases and were simple deletions in 46%. In 68% of cases, 5q deletions
were associated with chromosome 7 abnormalities, and 90% of these presented a complex



karyotype. Of the 110 patients, 28 had a hematopoietic disorder secondary to chemotherapy,
radiotherapy, or both. Among 82 patients with de novo AML/MDS, 63 were older than 60 years.
Chromosomal abnormalities often associated hypodiploidy and chromosome 5 and 7
abnormalities in complex karyotypes, features resembling those of secondary hemopathies.
Systematic investigation of the exposure to mutagens and oncogenes is thus essential to specify
the factors potentially involved in MDS/AML with 5q abnormalities.
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Activation of tyrosine kinase genes is a frequent event in human hematologic malignancies.
Because gene activation could be associated with gene dysregulation, we attempted to screen for
activating gene mutation based on high-level gene expression. We focused our study on the Janus
kinase 2 (JAK2) gene in 90 cases of acute leukemia. This strategy led to the identification of a
novel JAK2-acquired mutation in a patient with Down syndrome (DS) with B-cell precursor
acute lymphoblastic leukemia (BCP-ALL). This mutation involves a 5-amino acid deletion
within the JH2 pseudokinase domain (JAK2DeltalREED). Expression of JAK2DeltalREED in
Ba/F3 cells induced constitutive activation of the JAK-STAT pathway and growth factor-
independent cell proliferation. These results highlight the JAK2 pseudokinase domain as an
oncogenic hot spot and indicate that activation of the JAK-STAT pathway may contribute to
lymphoid malignancies and hematologic disorders observed in children with DS.
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Tel-Abl and Tel-Jak2 are fusion proteins associated with human haematologic neoplasms. They
possess constitutive tyrosine kinase activity and activate common downstream signalling
pathways like Stat-5, PI3-K/Akt, Ras/MapK and NF-kappaB. In this study, we showed the
specific requirement of Src family members for the Tel-Abl-mediated cell growth, activation of
Stat5, PI13-K/Akt and Ras/MapK while dispensable for Tel-Jak2. Hck was found strongly
phosphorylated in Tel-Abl-expressing Ba/F3 cells and sensitive to imatinib mesylate treatment,
providing evidence that Hck is a target of Tel-Abl tyrosine kinase activity. Overexpression of a
kinase dead form of Hck inhibits the proliferation of Ba/F3 cells expressing Tel-Abl as the
phosphorylation of Akt and Erk1/2. These results argue for an important role of Hck in Tel-Abl
oncogenic signalling.
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OTT1(RBM15) was originally described as a 5' translocation partner of the MAL(MKL1) gene in
t(1,22)(p13;q13) infant acute mega karyocytic leukemia. OTT1 has no established physiological
function, but it shares homology with the spen/Mint/SHARP family of proteins defined by three
amino-terminal RNA recognition motifs and a carboxyl-terminal SPOC (Spen paralog and
ortholog carboxyl-terminal) domain believed to act as a transcriptional repressor. To define the
role of OTT1 in hematopoiesis and help elucidate the mechanism of t(1,22) acute megakaryocytic
leukemia pathogenesis, a conditional allele of Ottl was generated in mice. Deletion of Ottl in
adult mice caused a loss of peripheral B cells due to a block in pro/pre-B differentiation. There is
myeloid and megakaryocytic expansion in spleen and bone marrow, an increase in the Lin(-)Sca-
1(+)c-Kit(+) compartment that includes hematopoietic stem cells, and a shift in progenitor fate
toward granulocyte differentiation. These data show a requirement for Ottl in B lymphopoiesis,
and inhibitory roles in the myeloid, megakaryocytic, and progenitor compartments. The ability of
Ottl to affect hematopoietic cell fate and expansion in multiple lineages is a novel attribute for a
spen family member and delineates Ottl from other known effectors of hematopoietic
development. It is plausible that dysregulation of Ott1-dependent hematopoietic developmental
pathways, in particular those affecting the megakaryocyte lineage, may contribute to OTT1-
MAL-mediated leukemogenesis.
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Identification of a thymus-seeding progenitor originating from human bone marrow (BM)
constitutes a key milestone in understanding the mechanisms of T cell development and provides
new potential for correcting T cell deficiencies. We report the characterization of a novel
lymphoid-restricted subset, which is part of the lineage-negative CD34(+)CD10(+) progenitor
population and which is distinct from B cell-committed precursors (in view of the absence of
CD24 expression). We demonstrate that these Lin(-)CD34(+)CD10(+)CD24(-) progenitors have
a very low myeloid potential but can generate B, T, and natural killer lymphocytes and coexpress
recombination activating gene 1, terminal deoxynucleotide transferase, PAX5, interleukin 7
receptor alpha, and CD3epsilon. These progenitors are present in the cord blood and in the BM
but can also be found in the blood throughout life. Moreover, they belong to the most immature
thymocyte population. Collectively, these findings unravel the existence of a postnatal lymphoid-
polarized population that is capable of migrating from the BM to the thymus.
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