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Drugs that
Kill tumour
stem cells

Tumour loses its
ability to generate
new cells

Stem cells, cancer, and orugs tat

cancer stem cells -
ot GERBC

Tannishtha Reya*s|, Sean J. Morrisonf|, Michael F. Clarkei & Irving L. Weissman*

Figure 5 Conventional therapies may shrink tumours by killing mainly cells with
limited proliferative potential. If the putative cancer stem cells are less sensitive to
these therapies, then they will remain viable after therapy and re-establish the
tumour. By contrast, if therapies can be targeted against cancer stem cells, then they
might more effectively kill the cancer stem cells, rendering the tumours unable to
maintain themselves or grow. Thus, even if cancer stem cell-directed therapies do
not shrink tumours initially, they may eventually lead to cures.
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> Autorinnovamento
>Aultomanten i me nto slow self-renewal
> Potenziale differenziativo
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A cell initiating human acute d coore
- - i T I—
myeloid leukaemia after g0, 0o cow coor
I
transplantation into SCID mice & :
Tsvee Lapidot, Christian Sirard, Josef Vormoor, if 40
Barbara Murdoch, Trang Hoang™, 2
Julio Caceres-Cortes™, Mark MindenT, g 304 Led
Bruce Patersoni, Michael A. Caligiuri} c‘g ]
°
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S ] °
Department of Genetics, Research Institute, =4 L
Hospital for Sick Children and Department of Molecular and Medical E 61 %
Genetics, University of Toronto. 555 University Avenue, Toronto, .
Ontario M5G 1X8, Canada 5 44
* Ciinical Research Institute, Montreal, Quebec H2W 1R7, Canada =
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unit in 250,000 cells. We fractionated AML cells on the basis
of cell-surface-marker expression and found that the leukaemia-
initiating cells that could engraft SCID mice to produce large
numbers of colony-forming progenitors were (D34 " C D38 : how-
ever, the CD34"CD38" and CD34 " fractions contained no cells
with these properties. This in vivo model replicates many aspects
of human AML and defines a new leukaemia-initiating cell which
is less mature than colony-forming cells.

Cells transplanted (10°
5 ” {.’ P &

NATURE - VOL 367 - 17 FEBRUARY 1994
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Humanized mice in translational
biomedical research

NATURE REVIEWS | IMMUNOLOGY Leonard D. Shultz*, Fumihiko Ishikawa* and Dale L. Greiner$
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Human acute myelogenous leukemia stem
cells are rare and heterogeneous when
assayed in NOD/SCID/IL2Ryc-deficient mice

Jean-Emmanuel Sarry,! Kathleen Murphy,! Robin Perry,! Patricia V. Sanchez,' Anthony Secreto,!
Cathy Keefer,! Cezary R. Swider,' Anne-Claire Strzelecki,? Cindy Cavelier,3
Christian Récher,2:3.4 Véronique Mansat-De Mas,2:34 Eric Delabesse,2:34
G. Danet-Desnoyers,! and Martin Carrollt
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Evolution of the Cancer Stem Cell Model

Antonija Kreso'

ohn E. Dick™"

iversity Health Network, Toronto, Ontar
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Three fields in biology—cancer genetics, Can cer s te m Cel l S: B acl( to DarWi n ? Fig. 5. Evolutionary speciation or ancestral tree, from Charles Darwin’s 1837 Trans-
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Transgenic
mouse

Retroviral transfection

< (Oct3/4, Sox2, KIf4, c-Myc)
d Antibiotic selection
-
==
e Growth in culture
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@—ips cell line

Nol Normal mouse
. Shinya Yamanaka made mouse iPS cells in 2006.
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Donor cell leukemia arising from clonal hematopoiesis after

bone marrow transplantation
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DNMT3A mutations after allogeneic stem cell transplantation
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ORIGINAL ARTICLE

Donor cell-derived leukemia after cord blood transplantation and
a review of the literature: differences between cord blood and BM
as the transplant source

H Shiozaki, K Yoshinaga, T Kondo, Y Imai, M Shiseki, N Mori, M Teramura and T Motoji

Bone Marrow Transplantation (2014) 102-109

FGA D18S51 .
4 be 300 350 Several mechanisms for the development of DCL after CBT have

been proposed. One possibility is that the donor cord blood itself
may contain leukemic clones at the time of transplantation. Mori
et al.®® reported the presence of the TEL-AML1 fusion gene in 6 of
567 cases of unselected umbilical cord blood cells and the AMLT-
‘ . . ETO fusion gene in 1 of 496 cases. The presence of the AML1-ETO
[RPHDY, A A A fusion gene sequence was also reported in the neonatal blood
spots of children who developed AML later.”® A transferred

ali20 ali23 alsls I alils leukemic clone would be ‘the first hit" of leukemogenesis after

o 250 300 350 CBT, and then additional hits could lead to leukemia. From the
+ ‘ t + 7 data showing a shorter period for the occurrence of DCL following

CBT and the high frequency of monosomy 7 in DCL, it is natural
enough to consider that an umbilical leukemia clone could have

I | Another possibility that may explain the development of DCL after
\ i L i J CBT is that even if the transplanted cord blood cells are intact, the
environment of the recipients may permit the occurrence of
leukemia. This mechanism might be also applicable to DCL
following BMT. The microenvironments in recipients, including
c 250 i 300 350 stem cell niches or stromal cells, have been reported to be
| | changed by irradiation or chemical agents,”' which may lead to
impaired immune surveillance or dysregulation of cytokines or
homeostasis for hematopoiesis. Indeed, deficiencies in antigen-
specific cellular immunity within the first 100 days after CBT have
been demonstrated.”? Further, a high proliferation of cord blood
cells may be sufficient for inducing replication errors or mutations

e | al 14 | | al23 |

al 21 | al 14 | | al 23 | in the I?NA.73
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Bone progenitor dysfunction induces
myelodysplasia and secondary leukaemia |, uvo 464/ A 2010

Marc H. G. P. Raaijmakers®”*, Siddhartha Mukherjee>®” *{, Shangqin Guo"®7, Siyi Zhang"®7,
Tatsuya Kobayashi®, Jesse A. Schoonmaker'®7, Benjamin L. Ebert®?, Fatima Al-Shahrour®?, Robert P. Hasserjian*,

Edward O. Scadden"®’, Zinmar Aung"®’, Marc Matza"®’, Matthias Merkenschlager'®, Charles Lin’,
Johanna M. Rommens'' & David. T. Scadden’>*”
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Figure 2 | Myelodysplasia in OCD™™ mice. a, Leukopenia with variable
anaemia (P = 0.16) and thrombocytopenia (P = 0.08) in OCDY mice
(7= 10). RBC, red blood cells. b, Blood smears showing dysplastic
hyperlobulated nuclei in granulocytes. ¢, Bone marrow sections showing
micro-megakaryocytes with hyperchromanc nuclei. d, Increased apoptosis
of haematopoietic progenitor cells in OCD" mice (n =4). inl.
intermediate. e, Increased proli i ofh ic p i cells
as shown by in vive bromodeoxyuridine (BrdU) labelllng (n = 4) Data are

mean = s.e.m. * P = 0.05, **P = 0.01. For further details see Supplementary
information.
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Bone progenitor dysfunction induces
myelodysplasia and secondary leukaemia

Marc H. G. P. Raaijmakers®”*, Siddhartha Mukherjee'>®”*{, Shangqin Guo'®7, Siyi Zhang'®7,
Tatsuya Kobayashi®, Jesse A. Schoonmaker'®7, Benjamin L. Ebert®?, Fatima Al-Shahrour®?, Robert P. Hasserjian*,

Edward O. Scadden"®’, Zinmar Aung"®’, Marc Matza"®’, Matthias Merkenschlager'®, Charles Lin’,
Johanna M. Rommens'' & David. T. Scadden’>*”

NATURE| Vol 4648 April 2010
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Bone progenitor dysfunction induces
myelodysplasia and secondary leukaemia
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The Hypoxia-Associated Factor Switches Cells from
HIF-1a- to HIF-2a-Dependent Signaling Promoting Stem

Cell Characteristics, Aggressive Tumor Growth and Invasion Jie-1 1
Research

Mei Yee Koh, Robert Lemos Jr, Xiuping Liu, and Garth Powis
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Bone-marrow haematopoietic-

stem-cell niches

Anne Wilson* and Andreas Trumpp*
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Evolution of the Cancer Stem Cell Model
Cell Stem Cell

Antonija Kreso' and John E. Dick®-*
TPrincess Margaret Cancer Centre, University Health Network, Toronto, Ontario M5G 1L7, Canada and Department of Molecular Genetics,
Universitv of Toronto, Toronto, Ontario M5S 1A8, Canada

CD44: More than a mere stem cell marker

I. Morath <, T.N. Hartmann?", V. Orian-Rousseau®:*

Thire cal ith Hematology. Medical Oncology. Hemostaseolozy.
e s e e e e S L

3. CD44 and the cancer stem cell concept AML cell

4. Contribution of CD44 to the cancer stem cell state of
myeloid leukemia

Genetic Diversity

Review
Can inhibition of the SDF-1/CXCR4 axis eradicate acute leukemia? ~— —sssss—
Sigal Tavor®*, Isabelle Petit®
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Figure 1. The time-intensity curves derived from A
DCE-MRI and color-coded angiogenesis maps of
vertebral bone marrow In a 54-year-old female pa-
tient with de novo AML are shown. She achieved
complete remission after induction chemotherapy. Her 3
remission duration until the end of August 2007 was 1002
days. The time-intensity curve (A) and color-coded angio-
genesis map (C) at initial diagnosis are shown; those in
complete remission are shown (B,D), respectively.
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Bone marrow angiogenesis magnetic resonance imaging in patients with acute
myeloid leukemia: peak enhancement ratio is an independent predictor for overall

survival

Tiffany Ting-Fang Shih,’ Hsin-An Hou,22 Chieh-Yu Liu,* Bang-Bin Chen,! Jih-Luh Tang,?2 Hsuan-Yu Chen,> Shwu-Yuan Wei,!
Ming Yao,? Shang-Yi Huang,2 Wen-Chien Chou,® Szu-Chun Hsu,® Woei Tsay,? Chih-Wei Yu, Chao-Yu Hsu,!

*Hwei-Fang Tien,? and *Pan-Chyr Yang?
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1,102, No. 2, 1993 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUN\CAT\ONS
il 30,1993 Pages 593-560

ADRENOMEDULLIN: A NOVEL HYPOTENSIVE PEPTIDE
ISOLATED FROM HUMAN PHEOCHROMOCYTOMA

Kazuo Kitamora, Kenj Kangawag, Marl Kawamoto, Yoshinar Ichik,
Shigeru Nekamu, Hisayukd Vatsuo' and Tanenao E©0

Departments of First Internal Medicine and Biochemistry, My azali Medical College,
Kihara, Kiyotake, My 22K 89-16, Japan

\ational Cardios aseular Center Rescarch Insiue, Fuj\shimdai, Suita, Osaka 303, Japan

Leceived Mareh 15, 1993
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Minireview
Adrenomedullin and tumour angiogenesis British Journal of Cancer (2006) 94, | -7

© 2006 Cancer Remsarch LK Al nghts reserved 0007 - 0520006 $30.00
| LL Nikitenko*"%, SB Fox?, § Kehoe', MCP Rees' and R Bicknel** www bjcancer.com

Nuffield Department of Obstetdcs and Gynaecalogy, The Univesity of Oxford, John Radchfle Hespital Oxford, OX3 9DU, Unied Kingdorry
Nuffield Department of Clnical Laboratoy Sciences, The University of Oxford, phn Radcfe Hespitd, Oxford, 0X3 9DU, United Kingdom
Maleasiar Anglogeness Labomatary, Cancer Research UK, Weatherall Institute of Malecular Medidne, The Univesity of Oxford, John Radcffe Hospital,
Oxford 0X3 9DU, United Kingdam; *Instiute for Biomedical Research, Birmingham Universiy Medicd Schodl, Edgbaston, Birmingham BI5 2TT,

United Kingdom

i
i
~

Tumour progression
Role of adrenamedulin in tumowr progresson. T he role of hypoxa and infanmatory oytokines n reguation of AM exoresson and secstion by

tumour cells in Wwwo has been suppested Adrenomedulin promotes fonmaton of xenografied tumowrs by stimulation of autooine h and survival of
tumowr cdis, and through paracine effects on Sur'om wessels Posible ntracelule spnaling mechaniams underfying effecs of AM in tumour
microenvironment (n endothelial vasoular smoom cde (VESMO) and tumowr cels) sugpest its potental role in tumor geness, rnesistance 1o dhemaotherapy
and tumour progresson Based on Mclatchie et al (1998). Shichin et al (1999). Hinson et df (2000). Oeter et al (xJol). Martnez et al (2002). Poyner et al
(202), Kim et al (2003) and hwase et al (2005). AC = adenylate oydase GC = guandate oyclse; PKA =protein kinase A, PKG =proten kinese G
PLC = phasplholpase C MEK= mitogen-activated proten kinase kinase: BRK = extracellia spnal repgulated knase (dso termed MAPK)

FRgure |




ANNI DI EMATOLOGIA A TREVISO : k

p— Adrenomedullin in the growth modulation and
differentiation of acute myeloid leukemia cells

Oncology
ROSA DI LIDDO! . DEBORAH BRI'DII, MICHELE GOTTARDI?, SERGIO DE ANGELI3,
CLAUDIO GRANDI', ALESSIA TASSO!, THOMAS BERTALOT!, GIOVANNI MARTINELLI*,
FILIPPO GHERLINZONTI® and MARIA TERESA CONCONT!

RAMP1

RAMP2

RAMP3

CRLR
Untreated GolgiPlug™
0 20 40 60 80 100 59.0% £ 6.1 68.5% 7.3
MFI = -
g i o
~
Figure 2. (4) The immunophenotypic analysis was performed by FCM to detect the expression of endogenous ADM (ADM,.s), ADM receptors (RAMPL/23, - N
CRLR) using specific primary antibodies and Alexa Fluor 488- and PE-conjugated secondary antibody. In parallel, secondary antibody-matched controls
were used as reference. For each marker, the percentage (%) + SD of positive cells (grey peak) was detected by the substraction statistical tool of Summit 4.3 T A T

software using as reference IT Ab-matched control (black peak). (B) Analysis by RT-PCR of PAM gene in HL60 cells cultured at basal conditions. In parallel,
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Figure 3. ADM secretion in HL60 cells was demonstrated using protein
transport inhibition. Cells were cultured for 12, 36 and 60 h in prolifera-
tion medium before incubation for 12 h with Brefeldin A/GolgiPlug™. Thus,
the samples were collected at 24, 48 and 72 h from plating and analyzed
by intracellular ADM staining followed by flow cytometric analysis. In this
analysis, cultures untreated with GolgiPlug™ were used as positive control of
ADM secretion. The acquired data were expressed as a percentage (%) + SD
of ADM positive cells (grey filled peak) compared to IT Ab-matched control
(black profile).
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the expression of GAPDH housekeeping gene was considered. The amplification products were electrophoresed on 2% agarose gel and stained by GelRed™.
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Untreated cultures (ADM,,,) were used as reference. Bars are means + SD
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Figute 6. Changes in the activation state of Akt and MAPK upon treatment with 5x10° M ADM,y, and 5107 M ADM,,. The samples were collected at 3, 15
and 30 min from stimulation and analyzed by intracellular detection of phospho(Se473)-Aktl/2/3 and phospho(Thr202/Tyr204)-p44/42 MAPK followed by
flow cytometric analysis. In paralle], untreated cultures (ADM,,) were used as refetence. Hatched bars, IT Ab-matched control; white bars, untreated samples
(ADM,y3,); erey bars, ADM,,,-treated samples; black bars, ADM,.;-samples. Bars are means + SD (n=3). ‘P<0.03 vs. relative value of ADM,y, teference
group; “P<0.05 and *“P<0.01 vs. relative value detected at 5 min in each experimental group; *P<0.05 and **P<0.01 vs. relative value detected at 15 min in
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Special Article - Acute and Chronic Myeloid Leukemia

Some Reasons to Deeper Investigate the Vascular Niche

In Acute MyelOId Leukemla Gottardi M**, Conconi MT?, Gherlinzoni F* and Di

Liddo R

*Hematology, Ospedale Ca’ Foncello, Italy
2Department of Pharmaceutical and Pharmacological
Sciences, University of Padova, Italy

microenvironmental influences. HSC niche is generally divided into
two compartments: a hypoxic endosteal bone marrow niche, that is
developed within cancellous/trabecular bone and a vascular niche
characterized by higher oxygen tension. The former is believed to
maintain the HSCs in a quiescent state, especially during bone marrow
repair. Hypoxia, that has been demonstrated to preserve the stemness
of HSCs through the stabilization of the master transcriptional
regulator of hypoxia response (HIF-1a), is a prominent feature of
BM microenvironment in different hematological malignancies, such In conclusion, the vascular niche can behave as an L-1C supportive
as leukemia [6]. A growing body of evidence suggests that HIF-1a microenvironment and consequently may represent an attractive
promotes the quiescence of leukemic cells residing in the endosteal target for selective therapies. To our opinion this is the main, among

niches, thus contributing to the persistence of a minimal residual other, reason to deeper investigate the vascular niche in AML.
disease [7]. Finally, it has been demonstrated that hypoxia is able to

activate a stemness genomic signature in cancer cells through the
up-regulation of some genes such us OCT-3/4, NANOG, and SOX2
[8], two of which were used by Takahashi and Yamanaka to generate
induced Pluripotent Stem cells (iPS) from fibroblasts [9]. Based on
numerous studies reporting the functional role of the endosteal niche
as L-IC supportive microenvironment, therapies interfering with
the endosteal localization of blasts have been proposed as a valid
strategy for AML treatment. Unlike the endosteal niche, the vascular
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Acute myeloid leukemia

The neuropeptide receptor calcitonin receptor-like (CALCRL) is a
potential therapeutic target in acute myeloid leukemia
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INHIBITORS OF ADRENOMEDULLIN
FOR THE TREATMENT OF ACUTE
MYELOID LEUKEMIA BY
ERADICATING LEUKEMIC STEM
CELLS

Application WO-2021099600-A1

Abstract

The emergence of cells with drug resistant and/or stem
cell features might explain frequent relapses and the poor
outcome of patients with acute myeloid leukemia (AML).
LSCs are heterogeneous for their phenotypes and their
sensitivity to chemotherapeutic agents in vivo. Using in
silico and functional approaches, the inventors uncovered
that CALCRL is overexpressed in LSCs compared with
normal hematopoietic cells. They further demonstrated
that the CALCRL ligand adrenomedullin (ADM) is highly
expressed in AML cells and that increased transcript level
was markedly associated with decreased complete
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Gene Expression Datasets

Gene expression data were obtained from the | BLUEPRII

consortium (http://dcc.blueprint-epigenome.eu/#/home) (24)
and the| Gene Expression Omnibus (GEO)] repository [https://

www.ncbinlm.nih.gov/gds, GSE98791 (25), GSE24759 (26), 24, Stunnenberg HG, Abrignani S, Adams D, de Almeida M, Altucci L, Amin V,
GSE24006 (27), GSE63270 (28), GSE158596 (29), GSE117090 et al. The International Human Epigenome Consortium: A Blueprint for
(30), GSE14924 (31), GSE14468 (32), GSE6891 (33), GSE13159 Scientific Collaboration and Discovery. Cell (2016) 167:1145-9. doi: 10.1016/
(34)]. Array data from 61 AML bone marrow samples .

(blasts =80%) and 29 Philadelphia-negative (Ph—) B-ALL have jell 2016.11.007

been generated by the Next Generation Sequencing platform for -

targeted Personalized Therapy of Leukemia (NGS-PTL) project, 38. The Cancer Genome Atlas. Genomic and Epigenomic Landscapes of Adult De
as previously described (35, 36). The Beat AML (37) and The Novo Acute Myeloid Leukemia the Cancer Genome Atlas Research Network.

|Cancer Genome Atlas (TCGA]|pmject on AML (38)

N Engl ] Med (2013) 368:2059-74. doi: 10.1056/NE]JMoal 301689

transcriptomic cohorts were obtained from https://portalgdc.
cancer.gov (projects BEATAMLI1.0-COHORT and TCGA-
LAML), respectively. The datasets used in the manuscript are
described in Supplementary Table 1.
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TP53 abnormalities correlate with immune infiltration and associate with
response to flotetuzumab immunotherapy in AML
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fondazione GIMEMA ™

per la promozione € lo sviluppo della ricerca scienfifica
sulle malattie emafologiche. FRANCO MANDELLI

Role of Adrenomedullin
in Levkemic Endosteal/Vascular Niches

GIMEMA AML2220

ClinicalTrials.gov ldentifier NCT04460963

STUDY DESIGN

The present study will be divided into 5 phases:

1.

2.

Collection of bone marrow and peripheral blood (PB) samples from AML
patients at diagnosis, at CR, at the end of treatment and at relapse;
Measurement of Midregional Proadrenomedullin (MR-proADM) plasma
concentrations with an Immunoluminometric Assay of newly diagnosed
AML patients not affected by concomitant cardiovascular disease or
sepsis.

Analysis of exosomes and microvesicles derived from PB and bone
marrow samples of AML patients and culture media collected from AML
samples stimulated with ADM and/or ADM (22-52)

Study of adrenomedullin system in leukemic stem cells (CD44+/CD38-
/CD31+/Lin-) in order to define a correlated expression of ADM and ADM
receptors (RAMPs, PAM) with adhesion molecules (CD31, CD38,
CD44s, CD44v6), cell cycle regulatory proteins (p21, p27) and genes or
molecules involved in the hematd
CD11b, CD11c, CD66, CD14, CL
In vitro evaluation of ADM activity e N
endothelial migration of blasts an QQ \
endothelial cells. To do this, leukq Celuleeucemiche

by using in vitro models of endost
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