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Overview

* Down syndrome
— Transient Myeloproliferative Disorder
— Acute Megakaryocytic Leukemia

* Genetic basis for leukemogenesis
— Evidence for a chromosome 21 gene

* Genetic proof
— Hsa21 gene in trisomy predisposing to
malignant myeloproliferation



Down Syndrome

Commonest human aneuploidy
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Antonarakis, Nature Rev Genetics, 2004

* Mosaic Trisomy 21

* Partial Trisomy 21

*Lejeune, Etudes des chromassomatiques de neuf enfot mongoliens, C.R. Acad. Sci,, 1959



Down Syndrome

* Acute Megakaryocytic Leukemia
(DS-AMKL)

* Transient Myeloproliferative Disorder
(DS-TMD)



Natural History DS-TMD and DS-AMKL

 Megakaryoblasts in blood film
* Uniquely associated with DS (~incidence 10%)

DS-TMD (< 3 months)
— * Asymptomatic
— Megakaryoblasts (>20%) blood film
— Spontaneous resolution (60%)

* |Infiltration (liver fibrosis, failure), ascites, thrombocytopenia, leukocytosis, hydrops
— DS-AMKL (20%)

DS-AMKL (< 4 years)
— Megakaryoblasts (>20%) on blood film
— No previous (symptomatic) DS-TMD in majority
— No spontaneous resolution
— Additional cytogenetic abnormalities

Massey, et al, POG-9481, Blood 2006



Cancer is a genetic disease

 DS-TMD and DS-AMKL are associated with
(at least) two unique genetic lesions

— GATA1ls mutation

 Weschler, et al., Nature Genetics, 2002
 Rainis et at., Blood 2003

— Trisomy of chromosome 21 gene



High Resolution Analysis of
Human Segmental Trisomies
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Mouse models of Down Syndrome

Myeloproliferative phenotype
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Malinge and Crispino, Blood, 2009

Partial trisomic mouse models
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Ts(171%)65Dn DS model

 Myeloproliferative Phenotype
 Absence of GATA1 mutations

* Critical gene in segmental trisomy
— Drives the myeloproliferative phenotype
— Syntenic DSCR implicated in DS-TMD and DS-AMKL
* RUNX1
 ETS2
* ERG



MId2 is a non-functioning allele of Erg

— ENU mutagenesis
— Mutation Ser=»Pro DNA binding region
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Erg*/mld2 x Ts65Dn
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2 Erg gene dose prevent/modify phenotype



Thrombocytosis
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Megakaryocytosis
Bone marrow

Erg*/mld2 Ts65Dn/Erg***  Ts65Dn/Erg*/*/mld2
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Megakaryocytosis
Spleen
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Bone marrow

Gr1/Mac1 CD41

Ter119
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Stem Cells — LSK compartment
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Number of colonies

per 25,000 cells
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Ts65DnErg*/+/Mld2

Amelioration of Myeloproliferative Disease

* normalisation of thrombocytosis

* normalisation of bone marrow megakaryocytosis

» absent bone marrow reticulin fibrosis

» amelioration of splenic extramedullary haemopoiesis

®* normalisation of stem cells numbers

* normalisation of clonogenic progenitors from bone marrow



Genetic proof

Specifically reducing the Erg gene dose to
disomy mitigates the MPD phenotype in Ts65Dn
(whilst Runx1 and Ets2 remain trisomic)

ldentified ERG as a critical trisomic gene which may
predispose to DS-AMKL and TMD in humans



Model for development
DS-TMD & DS-AMKL

Fetal haemopoietic progenitor

Predisposition @
e Trisomy ERG / \

Fetal liver Bone marrow

In Utero Acquisition
e GATA1 mutation(s)
e * other mutations
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