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Normal hematopoiesis

The normal stem cell
pool interacts normally
with its microenvironment




B-Lineage Lymphopoiesis
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BCRABL: A reciprocal t{%,27) fuses the BCR (breakpoint cluster region)

I 4
gene from chromosome 22 to the ABL {Abelson) gene from chromo-
some 9. The fusion protein is a constitutive protein kinase that alters
signaling pathways that control the proliferation, survival, and self-re-

newal of hematopoietic stem cells.

E2A-PBX1: In the t(1;19), the N-terminal transactivation domain of E2A (a

r helx-loop-helix protein-cading gene on chromosome 19) fused to the
- mm mm C-terminal DNA-binding homeodomain of PBX1 (pre.B-cell transform-
ing) gene on chromosome L The chimeric protein interferes with he-
matopoietic differentiation by disrupting pattems of gene expression
that are normally regulated by HOX-PBX1 complexes

FLT3: This class 3 receptor tyrosine-kinase (fms-refated tyrosine kinase 3)
gene plays an important role in normal hematopoiesss. Constitutive
activation of the gene contributes to the abnormal growth of leukemic

-BCR-ABL

HOX: Homeobox genes, master transcriptional regulators of early devel-
opment, play a critical role in regulating hematopoietic stem-cell sur-

vival and proliferation
[ ] -
E2A PBX-I MLL-AF4: The t{4;11) results in a chimeric protein consisting of the N.tar.

minal portion of MLL (mixed-lineage leukemia) encoded by the gene
on chromosome 11 and the C-terminal portion of AF4 (ALLY fused

° gene from chromosome 4). The fusion protein disrupts the normal ex.

FLT3 pression pattem of hameobox genes, causing a change in the self.re.
newal and growth of hematopoietic stem cells and committed progen.
itor cells

L 1 ’ O X MLL-ENL: The fusion of the MLL gene with the ENL (eleven nineteen leu-
kemia) gene

NOTCH]I: This gene (Notch homologue 1, translocation-associated

° - [Drosphila)) encodes a member of the transmembrane protein family.
MLL AF4 which plays a role in the developmental processes of a variety of tis-

sues, Constitutive Notch signaling in hematopoietic progenitors dis-

rupts both normal T-cell and B-cell development and leads to T-cell

.MLL-ENL CANCErs.

NUP214-ABL1: This fusion between NUP214 (nucleoporin of 214 kD) and
ABL1 is associated with increased HOX expression and contributes to

.NOTCHI the multistep pathogenesis of Tcell ALL

TEL-AMLI: The t{12:21) creates a fusion gene that includes the 5° portion
of TEL (translocation-ETS-leukemia) gene on chromosome 12, which
encodes a nuclear phosphoprotein that is a member of the £TS family

ONUP2 14_AB L1 of transcription factors, and almost the entire coding region of AMLI,

another transcription-factor gene that encodes the alpha subunit of
core-binding factor, a master regulator of the farmation of definitive
hematopoietic stem cells. The fusion protein inhibits normal AML1-

OTEL-AMLI mediated transcriptional activity, resulting in the alteration of seif-re-

newal capacity and the differentiation capacity of hematopoietic stem

cells

.’l Vl 'l( TTK: The tramtrack gene encodes a protein kinase detectable in all prolif.
erating cells and tissues; its expression Is markedly reduced or absent
in narmal resting cells and in tissues with a low proliferative index,
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Figure 2. Estimated Frequencies of Specific Genotypes among Children and Adults with ALL.
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A set of genes that regulate cell proliferation predicts treatment outcome in
childhood acute lymphoblastic leukemia

Christian Flotho,! Elaine Coustan-Smith,2 Deqging Pel,® Cheng Cheng,® Guangchun Song,! Ching-Hon Pui,' 24
James R. Downing, ' and Dario Campana’ 24

Dapartrents of 1Pathology, 20ncclogy, and *Biostatistics, St Jude Children's Research Hospital, Memphis, TN *University of Tennesses College of Madicing,
Mamphis
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Clustering by gene-expression profiling and principal component analysis of 286 diagnostic samples of childhood ALL in
relation to risk of relapse. Signals represent the 15 probe sets (14 genes) that were associated with MRD on day 19, and independently
predicted outcome. (A,B) Heat map and principal component analysis. Clusters are indicated in blue and red. (C) Cumulative incidence of relapse
among the 99 patients enrolled on Total XIII belonging to each cluster (P .001).

FLOTHO et al BLOOD, 15 AUGUST 2007
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Figure 6. Biologic processes influenced by the 40 gene products associated
with MRD on day 19 and with leukemic relapse
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High frequency of leukemic clones in newbomn screening blood samples of
children with B-precursor acute lymphoblastic leukemia

Jeffrey W. Taub, Mark A. Konrad, Yubin Ge, John M. Naber, Jackie 5. Scott, Lamy H. Matherly, and Yaddanapudi Ravindranath

The detection of leukemia cells on new-
born genetic screening cards (“Guthrie
cards"”) of a small group of patients and
several sets of identical twins developing
acute lymphoblastic leukemia (ALL) with
identical phenotypic and chromosomal
markers has provided evidence that child-
hood ALL cases may arise in utero. We
conducted a retrospective study of a ran-
domly selected group of childhood B-
precursor ALL patients to determine the
frequency of the presence of “leukemic”
clones prenatally in ALL cases by testing
newborn screening cards. The 17 ALL
patients analyzed had a median age of 46
months (range, 18 months to 13 years)

and had median presenting white blood
cell (WBC) counts of 10 950/pL (range,
2900-70 300/pL) at diagnosis. A clonal
rearrangement of the immunoglubulin

heavy chain (lgH) gene was identified in
diagnostic lymphoblasts and sequenced
and patient-specific primers were used to
amplify DNA from blood samples on the
patient’'s newborn screening cards.
Twelve of the 17 (71%) analyzed newborn
cards had detectable IgH rearrangements
amplified by seminested polymerase
chain reaction. DNA sequencing con-
firmed that the IgH rearrangements de-
tected matched the lgH sequences identi-
fied from diagnostic leukemia cells,

indicating the presence of a “leukemic”
clone at birth. There were no differences
in age or presenting WBC counts be-
tween the cases with or without positive
newborn screening cards. All 6 patients
with hyperdiploid ALL had detectable “leu-

kemic” clones on their cards. 1The results
of our study support the notion that a
high proportion of childhood B-precursor
ALL cases arise in utero, although postna-
tal events are also important factors in
leukemogenesis. (Blood, 2002;99;2992-2996)

2 2002 by The American Society of Hematology




TEL-AML1

A. TEL-AMLI nested PCR primers
TEL (12p) AMLI (21g)
5 3 s H
e sp3 42 796 953
S'TGCACCCTCTGATCCTGAAC  TELB4SS —» <4— AMLGIIR §' AACGCCTGCTCATCTTGC

5 AAGCCCATCAACCTICTCTCATC TELY28S —» “4+— AMLS7TR 5 TGGAAGGCGGCGTGAAGC
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Molecular tracking of leukemogenesis in a triplet pregnancy

The occurrence of childhood acute lymphoblastic
leukemia (ALL) in 2 of 3 triplets

provided a unique opportunity for the
investigation of leukemogenesis and the
natural history of ALL. The 2 leukemic
triplets were monozygotic twins and

shared an identical, acquired TEL-AML1
genomic fusion sequence indicative of a
single-cell origin in utero in one fetus
followed by dissemination of clonal progeny
to the comonozygotic twin by intraplacental
transfer. In accord with this interpretation,
clonotypic TEL-AML1 fusion

sequences could be amplified from the
archived neonatal blood spots of the leukemic
twins. The blood spot of the third,

healthy, dizygotic triplet was also fusion
gene positive in a single segment, though
atage 3 years, his blood was found

negative by sensitive polymerase chain
reaction (PCR) screening for the genomic
sequence and by reverse transcription—
PCR. Leukemic cells in both twins had, in
addition to TEL-AMLi1 fusion, a deletion

of the normal, nonrearranged TEL allele.
However, this genetic change was found

by fluorescence in situ hybridization to

be subclonal in both twins. Furthermore,
mapping of the genomic boundaries of

TEL deletions using microsatellite markers
indicated that they were individually
distinct in the twins and therefore must
have arisen as independent and secondary
events, probably after birth. These

data support a multihit temporal model

for the pathogenesis of the common form
of childhood leukemia.

(Blood. 2001;98: 478-482)




Molecular tracking of leukemogenesis in a triplet pregnancy

« The occurrence of childhood acute lymphoblastic leukemia (ALL) in 2 of 3 triplets
provided a unique opportunity for the investigation of leukemogenesis and the
natural history of ALL.

- The 2 leukemic triplets were monozygotic twins and shared an identical, acquired
TEL-AML1 genomic fusion sequence indicative of a gingle-cell origin in utero in one
fetus followed by dissemination of clonal progeny to the comonozygotic twin by
intraplacental transfer.

- In accord with this interpretation, clonotypic TEL-AML1 fusion sequences could be
amplified from the archived neonatal blood spots of the leukemic twins.

- The blood spot of the third, healthy, dizygotic triplet was also fusion gene positive in
a single segment, though at age 3 years, his blood was found negative by sensitive
polymerase chain reaction (PCR) screening for the genomic sequence and by reverse
transcription— PCR.

» Leukemic cells in both twins had, in addition to TEL-AML1 fusion, a deletion of the
normal, nonrearranged TEL allele. However, this genetic change was found by
fluorescence in situ hybridization to be subclonal in both twins. Furthermore,
mapping of the genomic boundaries of TEL deletions using microsatellite markers
indicated that they were individually distinct in the twins and therefore must have
arisen as independent and secondary events, probably after birth.

- These data support a_multihit temporal model for the pathogenesis, of the common
form of childhood leukemia. (Blood. 2001;98: 478-482)



Etiology of common childhood acute

lymphoblastic leukemia: the adrenal hypothesis
Schmiegelow K, Vestergaard T, Nielsen SM, Hjalgrim H

e Ileproocotepec AOIUMEEIC KATA TA TPWTA XPOViA TNC (w1)¢, oxeTIoOvTal Ue
ukpotepn mbavotnta eupaviong OAA.

e Tati;

e Me Tic AOU®EEIC EMTAYOVTAL TTOIOTIKES KA TTOOOTIKEG AAAAYEC OTOV Aova
VITOBAAAUOV — VTTOPLOTC — EMVEPPIOIWV UE ATTOTEAECUA TNC AVENOT) TV

emedwv KopTI(OANC OTO Aid.

« H av&nuéevn kopti{OAN umopel aueoa va eEQAEPEL TA TTPOAEVYAIUTKA KOl

ASVLYOIKA KUTTAPA IOV TTOAvVA va TpovapyYouV

Leukemia. 2008 Dec
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- KUttapa pe yevetikee PAafeg, omwe BCR-ABL-1,
TEL-AML1, ummopetl va aviyvevovTal OTnV YEVVNON;

« O1 BAGPeg avteg Oev LITOONA®VOLY ATAPALTITA TN
OUYYPOVT] TAPOVOTIA ASUYAULOG

» OAA pmopet va oltayvwodel oe anwtepo YPOvo, Ue
oLVVLITAPEN TN YeveTikne PAAPNC tov aviyvevbnke kata
TNV YEVVOT

- Kata m kAwvikn o1ayvwon e OAA aviyvevovTal kot
npooBetec yevetikee PAaPec.

» ZUVENWG, N ekONAwon OAA OYeTICETAL PE APYIKES KA
npooOeteg, o€ OEVTEPO XPOVO YEVETIKEC LETAPOAES, O1
oatoisgkl}a\mpobv Va ETTAYOVTAL ATTO
TEPIPAANOVTOAOYIKOUC KA ETMTLYEVETIKOUC TTAPAYOVTEC.
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LYMPHOID NEOPLASIA

STAT3 mediates oncogenic addiction to TEL-AMLI in t(12:21) acute
lymphoblastic leukemia

Maurizio Mangolini,' Jasper de Boer,' Vanessa Walf-Vorderwiilbecke,' Rob Pieters,> Monique L. den Boer,?
and Owen Williams'

* STAT3 activity is necessary
for TEL-AML1 leukemia
maintenance.

« TEL-AML1 induces STAT3
activation via RAC1 and
leading to induction of MYC
expression.

Blood. 2013;122(4):542-549



LYMPHOID NEOPLASIA

STAT3 mediates oncogenic addiction to TEL-AMLI in t(12:21) acute
lymphoblastic leukemia

Maurizio Mangolini,' Jasper de Boer,' Vanessa Walf-Vorderwiilbecke,' Rob Pieters,> Monique L. den Boer,?
and Owen Williams'

Discussion

In this study, we descnbe a new signaling pathway operating in
t(12:21) leukemia, actively regulated by TEL-AMLI and for the
first ime susceptible to pharmdu)kwx.a] inhibition n primary leu-
cermua cells. In this pathway, N achvales | Cl. m tum,
that nduces STAT3 activation STAT"\ activation is necessary for
the survival, proliferation, and self-renewal of TEL- AML! " leukemia
through manscnptional mduction of MYC expression (Figure 7).




« STATS3 activity is necessary
for TEL-AML1 leukemia
maintenance.

« TEL-AML1 induces STAT3
activation via RAC1 and
leading to induction of MYC
expression.

shTEL-AML1

NSC23766

Y70z

S31-201
shSTAT3

Leukem®genesis

Figure 7. Model of TEL-AML1-induce!
RAC1 activation that, in tum, promotes STAT3 phosphorylation and conSj
the induction of MYC transcription. Active STAT3 is necessary for the
proliferation, and seff-ranewal of TEL-AML 1exprassing ALL calls.
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