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OSSERVANDO LE
COSE DA
LONTANO: CONCETTI

A grain in the balance wil
determine which individual
shall ive and which shall die -
which variety or species shall
INCrease In number, and
which shall decrease,

or finally become extinct.
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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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A cell initiating human acute
myeloid leukaemia after
transplantation into SCID mice
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unit in 250,000 cells. We fractionated AMUL 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 CD34 " CD38 ~: 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.
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Humanized mice in translational
biomedical research

Leonard D. Shultz*, Fumihiko Ishikawa* and Dale L. Greiners$
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Human acute myelogenous leukemia stem
cells are rare and heterogeneous when
assayed in NOD/SCID/IL2Ryc-deficient mice
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Evolution of the Cancer Stem Cell Model

Antonija Kreso!
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Figure 1. Stemness as a Guiding Principle that Governs Therapeutic
Response

Three fields in biology—cancer genetics, epigenetics, and microenviron-
ment—are coming together to provide increasing clarity to the processes that
determine stemness and in turn influence clinical outcome. These three factors
can influence stemness simultaneously, but they can also act independently
over time. Through evolutionary time, different forces can impact a cell’s
stemness properties and thereby shape tumor progression and therapeutic

ork, Toronto, Ontario M5G 1L7, Canada and Department of Molecular Genetics

Clonal diversity

cscC

Non-CSC

Figure 2. Unified Model of Clonal Evolution and Cancer Stem Cells
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Review

Cancer stem cells: Back to Darwin?

Mel Greaves*
Section of Haemato-Oncology, The Institute of Cancer Research, Brookes Lawley Building, 15 Cotswold Road, Sutton, Surrey SM2 5NG, United Kingdom
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Fig. 5. Evolutionary speciation or ancestral tree, from Charles Darwin’s 1837 Trans-
mutation notebook B [62]. Ancestor D gives rise, via non-linear, branching descent
to progeny types A, B, Cand D.
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Figure 2. Unified Model of Clonal Evolution and Cancer Stem Cells
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Retroviral transfection
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Shinya Yamanaka made mouse iPS cells in 2006.
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(che si prestano a molte, forse troppe, interpretazioni)
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Donor cell leukemia arising from clonal hematopoiesis after
bone marrow transplantation
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Leukemic evolution of donor-derived cells harboring /[DH?2 and
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

D18S51
300

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
fusion gene sequence was also reported in the neonatal blood
spots of children who developed AML later.”® A transferred
leukemic clone would be ‘the first hit’ of leukemogenesis after
CBT, and then additional hits could lead to leukemia. From the
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
been transplanted into the recipient, which could cause DCL.
Another possibility that may explain the development of DCL after
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
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_dysrequlation 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
in the DNA.”?

Bone Marrow Transplantation (2014) 102-109
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LE NICCHIE
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IL RISIEDERE (FISICAMENTE)
NELLA
NICCHIA SUB ENDOSTALE
PUO’ DI PER SE’

MODIFICARE LE
CARATTERISTICHE FUNZIONALI

DELLA CELLULA LEUCEMICA?




ELSEVIER Experimental Hematology 2010:38:847-851

Slow-cycling/quiescence balance of hematopoietic stem cells is related
to physiological gradient of oxygen
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(Received 12 March 2010; revised 12 March 2010; accepted 7 June 2010)
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The Hypoxia-Associated Factor Switches Cells from
HIF-1«- to HIF-2a-Dependent Signaling Promoting Stem
Cell Characteristics, Aggressive Tumor Growth and Invasion

Mei Yee Koh, Robert Lemos Jr, Xiuping Liu, and Garth Powis
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Article Series: Thirty years of p53

p53 and stem cells: new developments
and new concerns

Tongbiao Zhao and Yang Xu

Section of Molecular Biology, Division of Biological Sciences, University of California, San Diego, 9500 Gilman Drive, La Jolla,
CA 92093-0322, USA

Oncogene DNA damage

Celi cycle
\/ arrest

> & - Senescence

p53 stabilization
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TRENDS in Cell Biology

Figure 1. Activation of p53 by genotoxic and oncogenic stresses. In the absence of stresses, the stability and activity of p53 is negatively regulated by MDM2/MDMX. In
responses to stresses, posttranslational modifications of p53 and its negative regulators such as phosphorylation and acetylation disrupt the interaction between p53 and
MDM2/MDMX, leading to p53 stabilization and activation. In responses to oncogenic stresses, ARF is induced to inactivate MDM2 and plays a crucial role in p53 activation
after oncogenic stresses.

Trends in Cell Biology Vol.20 No.3
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p53 and stem cells: new developments
and new concerns

Tongbiao Zhao and Yang Xu

Section of Molecular Biology, Division of Biological Sciences, University of California, San Diego, 9500 Gilman Drive, La Jolla,
CA 92093-0322, USA
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Figure 2. The roles of p53 in coordinating self-renewal and DNA damage responses in ESCs. Activation of p53 post DNA damage or the initiation of differentiation
suppresses Nanog expression, leading to the inhibition of self-renewal and dedifferentiation.

Trends in Cell Biology Vol.20 No.3




Article Series: Thirty years of p53

p53 and stem cells: new developments
and new concerns

Tongbiao Zhao and Yang Xu

Section of Molecular Biology, Division of Biological Sciences, University of California, San Diego, 9500 Gilman Drive, La Jolla,
CA 92093-0322, USA
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TRENDS in Cell Biology

Figure 3. ARF-p53 pathways in suppressing reprogramming of somatic cells into induced pluripotent stem cells, Overexpression of oncogenic reprogramming factors
activates ARF/p53 pathways in somatic cells, leading to cell cycle arrest or elimination of these cells. Inactivation of ARF/p53 pathways allows the successful
reprogramming.

Trends in Cell Biology Vol.20 No.3



AMPK Protects Leukemia-Initiating Cells
in Myeloid Leukemias from Metabolic
Stress in the Bone Marrow

Yusuke Saito,! Richard H. Chapple,’ Angelique Lin," Ayumi Kitano,’ and Daisuke Nakada'-*
1Depar'(ment of Molecular and Human Genetics, Baylor College of Medicine, Houston, TX 77030, USA
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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!:"
Princess Margaret Cancer Centre, University Health Network, Toronto, Ontario M5G 1L7, Canada and Department of Molecular Genetics,

University of Toronto, Toronto, Ontario M5S 1A8, Canada

CD44: More than a mere stem cell marker = sigchemein «
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2 Karlsruhe Institute of Technology, Institute of Toxicology and Genetics, Karlsruhe, Germany

b Laboratory for Immunological and Molecular Cancer Research, Third Medical Department with Hematology, Medical Oncology, Hemostaseology,
Infectious Diseases, and Rheumatology, Oncologic Center, Paracelsus Medical University, Salzburg, Austria
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MYELOID NEOPLASIA

Osteoblast ablation reduces normal long-term hematopoietic stem cell
self-renewal but accelerates leukemia development

Marisa Bowers,! Bin Zhang,' Yinwei Ho,' Puneet Agarwal,? Ching-Cheng Chen,' and Ravi Bhatia®

'Division of Hematopoietic Stem Cell and Leukemia Research, City of Hope National Medical Center, Duarte, CA; and “Division of Hematology-Oncology,
Department of Medicine, University of Alabama Birmingham, Birmingham, AL
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Targeting of CD44 eradicates human acute myeloid
leukemic stem cells

Liging Jin®3, Kristin ] Hope!?, Qiongli Zhai?, Florence Smadja-]offe2 & John E Dick!
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Targeting of CD44 eradicates human acute myeloid
leukemic stem cells
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Chemotherapy-resistant human AML stem cells home
to and engraft within the bone-marrow endosteal region

Fumihiko Ishikawa!?, Shuro Yoshida'?, Yoriko Saito!?, Atsushi Hijikataz, Hiroshi Kitamura?, Satoshi Tanaka®,
Ryu Nakamura’, Toru Tanaka’, Hiroko Tomiyama®, Noriyuki Saito®, Mitsuhiro Fukata®, Toshihiro Miyamoto®,
Bonnie Lyons®, Koichi Ohshima®, Naoyuki Uchida!?, Shuichi Taniguchi'?, Osamu Ohara®!!, Koichi Akashi®!2,
Mine Harada® & Leonard D Shultz®
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Chemotherapy-resistant human AML stem cells home
to and engraft within the bone-marrow endosteal region
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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,2:3 Chieh-Yu Liu,* Bang-Bin Chen,' Jih-Luh Tang,? Hsuan-Yu Chen,5 Shwu-Yuan Wei,’
Ming Yao,? Shang-Yi Huang,? Wen-Chien Chou,® Szu-Chun Hsu,® Woei Tsay,? Chih-Wei Yu,! Chao-Yu Hsu,’
*Hwei-Fang Tien,? and *Pan-Chyr Yang?

Figure 1. The time-intensity curves derived from
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
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.

Signal Intensity

o

o
o

40 60 80
Seconds
Initial Status

Initial Status

BLOOD, 2 APRIL 2009 - VOLUME 113, NUMBER 14

Signal Intensity

20 40 60 80
Seconds
Remission Status

Remission Status

Overall Survival

Overall Survival

Disease-Free Survival

1.0

08+

0.6

04

0.2

0.0

1.0

08 |

0.6

04}

02}

0.0

0

Low Peak Group
(Peak s1.348)

High Peak Group
(Peak >1.348)

P = .002 (Log-rank)

0 200 400 600 800 1000 1200

Low Peak Group
" (Peak 51.248)

L High Peak Group
* (Peak >1.348)

P=.007 (Log-rank)

200 400 600 800 1000 1200

Karyotype = Intermediate

P =.002 (Log-rank)

1

200 400 600 800 1000




High Acute Myeloid Leukemia derived VEGFA levels Cell Oncol. (2011) 34:289-296
are associated with a specific vascular morphology DOI 10.1007/s13402-011-0017-9
in the leukemic bone marrow
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Activation of the vascular niche supports leukemic progression
and resistance to chemotherapy
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CLINICAL TRIALS AND OBSERVATIONS

A phase 1/2 study of chemosensitization with the CXCR4 antagonist plerixafor in
relapsed or refractory acute myeloid leukemia

*Geoffrey L. Uy,! *Michael P. Rettig,! Iboraheem H. Motabi,! Kyle McFarland,! Kathryn M. Trinkaus,? Lindsay M. Hladnik,

Shashikant Kulkarni,® Camille N. Abboud,' Amanda F. Cashen,' Keith E. Stockerl-Goldstein,' Ravi Vij,! Peter Westervelt,

) ) ClinicalTrials.go Identifier Notes
—| and John F. DiPersio!
'Division of Oncoloav. 2Department of Biostatistics. and *Department of Patholoav and Immunoloav. Washinaton Universitv School of Medicine. St Louis. MO
Plen xa for+ mitoxantrone, etoposide and cytarabine I/l Relapsed/refractory Washington University NCT00512252 m
Plen xa for + daunorubicin/cytarabine I Untreated, Age 18-70 Gemzyme/Sanofi NCTO00990054 @
Plen xa for + daunorubicin/clofarabine and daunorubicin/ I Untreated, Age = 60 Cardiff University NCTO1236144
cytarabine
Plenxa for + clofarabine 111 Untreated, Age = 60 MD Anderson NCTO1160354 @
Plenxafor + G-CSF, mitoxantrone, etoposide, cytarabine I Relapsed/refractory, Age = I8 Washington University NCTO00906945
Plen xafor + decitabine I Untreated, Age = 60 Weill/Cornell University NCTO1352650
Plenxafor + cytarabine, etoposide I Relapsed/refractory, Age 3-30 Emory University NCTO1319864
Plenxafor + FLAG (Fludarabine, idarubicin, cyarabine, Il Second line induction, Age < 65 PETHEMA NCTO01435343
G-CSF)
Plen xa for + Busulfan/Fludarabine and Thymoglobulin I Allogeneic hematopoietic cell transplant, Age  MD Anderson NCT00822770
18-65
Plenxafor + sorafemb + GLSF Relapsed/refractory, FLT3-ITD, Age> I8 MD Anderson NCTO00943943 @
Ulocuplumab + mitoxantrone, etoposide and cytambine I Relapsed/refractory, Age = I8 Bristol-Myers Squibb NCTO1120457
BL-8040 + cytarabine Ila Relapsed/refractory, Age 18-75 BioLineRx NCTO1838395
E-Selectin Inhibitor
GMI-1271 + mitoxantrone, etoposide and cytarabine I Relapsed/Refractory or untreated Age = 60 GlycoMimetics NCT02306291
VLA-4 inhibitor c
AS101 + chemotherapy NCTO1010373
Cancer Therapy: Preclinical Clinical
Hypoxia inducible drugs Eazenren
P, ypoxia-Activated Prodrug TH-302 Targets .
2302 aceutic als .
I'H-302 ypoxic Bone Marrow Niches in Preclinical naceutic als  NCT001149915
Leukemia Models
AML: acute myeloid leukemia; CR: compl( researcH arTicLE AJH D kg . - aeyte colony stimulating factor; ORR: overall response mte

Phase I study of evofosfamide, an investigational hypoxia
activated prodrug, in patients with advanced leukemia
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Acute Myeloid Leukemia

Vascular Niche Targeting Agents

Anti-Angiogenic Agents Leukemia Mobilizing Vascular Disrupting Agents
Agents
VEGF-A  VEGFRs Ras-Raf/MEK/ERK c-Kit FLT
PDGFRs v
CXCR4 inhibitor combretastatins ZD6126 Dolastatin 10
v ¥ v v v CA4P CAlP
.. i , B , Zybrestat  OXid503
bevacizumab Sunitinib  Sorafenib Semaxanib Sunitinib plerixafor '

Pazopanib sunitinib  Sorafenib

Vatalanib Semaxanib Leukemia regression by vascular disruption and antiangiogenic therapy

Semaxanib Gerard J. Madlambayan,'2 Amy M. Meacham,'2 Koji Hosaka,2 Saad Mir,' Marda Jorgensen,2 Edward W. Scott,2

Dietmar W. Siemann,? and Christopher R. Cogle'? g

‘Department of Madicine, Division of Hematology/Oncology. 2Progi 25 adiation

Oncology, University of Florida, Gainesville

Fig. 4. Vascular niche targeting agents for AML. The three categories of vascular niche targeung agents inciuae ant-angiog ‘ » :
vascular disrupting agents (VDAs). The VDAs operate by binding tubulin in endothelial cells and causing microtubule scaffold ----
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Phase I clinical study of RG7356, an anti-CD44 humanized
antibody, in patients with acute myeloid leukemia

Norbert Vey* 2, Jacques Delaunay?, Giovanni Martinelli¢, Walter Fiedler>, Emmanuel
Raffoux®, Thomas Prebet!, Carlos Gomez-Roca’?, Cristina Papayannidis?, Maxim
Kebenko®, Peter Paschka®, Randolph Christen'®’, Ernesto Guarin'’, Ann-Marie
Broske'?, Monika Baehner'?, Michael Brewster*:, Antje-Christine Walz'*, Francesca
Michielin'’, Valeria Runza'?, Valerie Meresse'’, Christian Recher’**

Status
Relapsed/refractory after > 2 lines 5(11)
Relapsed/refractory after 1 lme 21 (48)
Post-transplant relapse 11 (25)
Previously untreated elderly 7(16)
Median interval from diagnosis to study enrollment (range), months 13 (0.9-130)

Table 2: Dose escalation, dose-limiting toxicities, and response

Dose Schedule Number of patients Number of DLT- DLTs
evaluable patients*

300 mg

600 mg

1200 mg

2400 mg

1200 mg Weekly

Twice

600 mg weekly

Twice
weekly
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