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Mephistopheles: Blut ist ein ganz besondrer Saft.

Mephistopheles: Blood is a very special juice.

Johann Wolfgang von Goethe, Faust 1
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Stem cells: attributes, cycles, spirals, pitfalls and uncertainties
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One of the major difficulties in considering o
stem cells is that they are defined in >0
terms of their functional capabilities

which can only be assessed by testing the
abilities of the cells, which itself may alter
their characteristics during the assay
procedure: a situation similar to the
uncertainty principle in physics.
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HSCs: self-renewal and multipotency
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'|' Cells Tissues Organs 2002;171:8-26
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Amended Definition of Tissue Stem Cells
Tissue Stem Cells: Definition, Plasticity, Stem cells of a particular tissue are:
Heterogeneity, Self-Organization and (S1) a potentially heterogeneous population of function-
Models - A Conceptual Approach ally undifferentiated cells, capable of:

(S2) homing to an appropriate growth environment;

Markus Loeffler Ingo Roeder (83) proliferation;
Institute for Medical Informatics, Statistics and Epidemiology, University of Leipzig, Leipzig, Germany (S4) prOdUCtlon Of 9 large number Of dlfferentlated prog-

i i . (S5) self-renewing or self-maintaining their population;

G’°‘”"‘P°"""°“'“°“” RS s Ml (S6) regenerating the functional tissue after injury with
roperty A Property A .

A g — = (S7) flexibility and reversibility in the use of these op-

tions.
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HSCs: self-renewal and multipotency
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Tissue Stem Cells: Definition, Plasticity,

Heterogeneity, Self-Organization and
Models - A Conceptual Approach
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HSCs: reversible activation

Hematopoietic Stem Cells Reversibly
Switch from Dormancy to Self-Renewal
during Homeostasis and Repair

Anne Wilson,3 Elisa Laurenti,’-8 Gabriela Oser,!-8 Richard C. van der Wath,42 William Blanco-Bose,!-8 Maike Jaworski,'
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HSCs: reversible activation

Hematopoietic Stem Cells Reversibly

Switch from Dormancy to Self-Renewal LinsSca1+CD117+

during Homeostasis and Repair
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HSCs: modeling reversibility
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Stem Cell Proliferation and Quiescence—Two Sides of

the Same Coin
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HSCs: understanding dormancy
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HSCs: understanding dormancy
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HSCs: understanding dormancy
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Leukemia treatment response

Chronic Myeloid Leukemia (CML)

enhanced production of differentiated
BCR-ABL* myeloid cells

displacement of normal hematopoiesis

transit into (mostly lethal) blast crisis

Unique
Measurable

Targetable
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Leukemia treatment response
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Leukemia treatment response

biphasic response pattern

Proliferating stem cells Proliferating Nonproliferating A
in growth environment Q i precursors cells O
> 5 > ! ~ l
Loss of a :  Amplification : — ﬂ
Imatinib (r, ) Differentiation O
deg Maturation o\ .
of Yo &
Ph* Ph” G - O 1
S Y W w =
ene Lo Q.
l I : : -
S e : P O o
. VT [ E i Clinical assay |
Imatinib (r, ) ot 8
in @ : : levels .
D ; S
- - : : ) -
W W =
< 5 ~— |
Gain of a | O
~—
Nonproliferating stem cells m _ _—
in growth environment A <E
QN
I (- a. I a=0 I a=0 I I |
C O
O
v
O i I 1
~

Roeder at al., Nat Med, 2006



< TUD
Leukemia treatment response

cccccc Ferrata Storti

* ¥ %
- - .
* EHA % | HEMATOLOGY Foundation
AAAAAAAAAAA
* *
* * *

Chronic Myeloid Leukemia

Reduced tyrosine kinase inhibitor dose is
predicted to be as effective as standard dose
In chronic myeloid leukemia: a simulation
study based on phase lll trial data

Artur C. Fassoni,*? Christoph Baldow,? Ingo Roeder**" and Ingmar Glauche*"

YInstituto de Matematica e Computacao, Universidade Federal de Itajuba, Brazil;
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translation into a
mathematical formulation:

Pxy

Py
€TKI

Pw

quiescent
leukemic stem
cells

Pyx

proliferating
leukemic stem
cells

dX

E = —pxyX + pyxY

dY

E = PxyX — PyxY +pyY —erg Y
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Leukemia treatment response

€TKI

quiescent proliferating
leukemic stem leukemic stem
cells cells
ax

At = —pxyX + pyxY

ay
E = pxyX — PyxY + pyY —ergY

with effective

d | X pxy —Prx—9q
Y — PXY pPYXx

~ <

toxicity

d = €TKI — Py

Yielding the following solution

Y(t) =Yy (C1e7»1t _|_Cze7»2t) and X (1) =Y, (Cg,e}”lt —|—C4e}"2t)

With eigenvalues

1
A = 5 (—pxy — pyx —q — \/(pxy + pyx +q)? — 4pxyq>

1
Ay = > (_pXY — Ppyx —q-+ \/(pXY + pYyx + 61)2 — 4PXYq>
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Leukemia treatment response

€TKI

quiescent proliferating
leukemic stem leukemic stem
cells cells
ax

At = —pxyX + pyxY

ay
E = pxyX — PyxY + pyY —ergY

d | X pxy —Prx—4q
Y

—PDXY PYx

Yielding the following solution

~ <

with effective
toxicity

d = €TKI — Py

Y(t) =Yy (C1e7»1t _|_Cze7»2t) and X (1) =Y, (Cg,e}”lt —|—C4e}"2t)

With eigenvalues

A = —( (1 —|—8182—|—810(8%)) — —q(l —I-O(Sg))

A2 = —pxy (1 —€1€2 +810(8%)) = —pxy (1+0(&3))
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Leukemia treatment response
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HSC heterogeneity
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HSC heterogeneity

REVIEW

- From haematopoietic stem cells to
complex differentiation landscapes

Elisa Laurenti' & Berthold Géttgens!
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HSC heterogeneity
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Human haematopoietic stem cell lineage commitment

IS @ continuous process

Lars Velten"', Simon F. Haas***', Simon Raffel**>'°, Sandra Blaszkiewicz™’, Saiful Islam®, Bianca P. Hennig',
Christoph Hirche™’, Christoph Lutz’, Eike C. Buss’, Daniel Nowak’, Tobias Boch’, Wolf-Karsten Hofmann’,

Anthony D. Ho’, Wolfgang Huber', Andreas Trumpp>**!:12, Marieke A. G. Essers>>!'2 and

Lars M. Steinmetz
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HSC heterogeneity -
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't Is an open conceptual and formal question whether quiescence and
activation in HSCs are truly two distinct and discrete states, or
whether they are better understood as two extremes along a
continuous spectrum of functional activity. Ihe continuous concept
can incorporate further aspects of functional and phenotypic
heterogeneity and confers a dynamic perspective on stem cells.

HSC heterogeneity Is a feature not a mistake.



