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INTRODUCERE — hematopoieza clonala

In cazul hematopoiezei clonale, o singurd celuld sau
o micd populatie de celule stem hematopoietice
dobdndeste modificari genetice sau epigenetice
care conduc la o proliferare necontrolata si la
formarea unei clone distincte. Acest fenomen poate
duce la aparitia unei variate game de afectiuni,

inclusiv malignitati hematologice, ca si leucemia

cronicd mieloida.
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Von Bonin, M., Jambor, H.K., Teipel, R. et al. Clonal hematopoiesis and its emerging
effects on cellular therapies. Leukemia 35, 2752-2758 (2021).
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INTRODUCERE - leucemia cronica mieloida

Leucemia cronicd mieloidd reprezintd o afectiuvne hematologica
malignd caracterizatd prin proliferarea excesiva si anormald a
celulelor mieloide Th maduva osoasq, s@nge periferic si alte tesuturi
hematopoietice. Aceastd formd de leucemie face parte din
categoria bolilor mieloproliferative cronice, avdnd un curs evolutiv
mai lent in comparatie cu alte tipuri de leucemii. Un aspect
definitoriu al leucemiei cronice mieloide este prezenta cromozomului

Philadelphia, rezultat dintr-o translocatie intre cromozomul 9 si 22.
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OBIECTIVUL STUDIULUI

modelarea matematicd a hematopoiezei clonale in contextul leucemiei cronice mieloide
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REZULTATE PRELIMINARE

- elaborarea unui model de baza matematic de proliferare a celulelor leucemice in raport cu celulele hematopoietice normale s
pentru descrierea dinamicii celulare in compartimentul celulelor primitive stem

. _ ax(t) .

2'(t) = Tmm g — =) O
, _ Ay(t)

y’(t) = l—i—B(a:(yt)—i—y[t}} - C?J(t) .

Here, x(t) and y(t) represent the populations of normal and abnormal/leukemic hematopoietic stem cells at time ¢,
respectively. The parameters a and A correspond to the growth rates, while ¢ and C signify the cell death rates or
apoptosis rates. Additionally, the sensitivity parameters by, bs, and B play a crucial role in governing the self-regulation
process. It is assumed that, for both stem cell populations, the growth rate exceeds the death rate, denoted as a > ¢ and
A > (. Furthermore, the relative advantage of leukemic stem cells, characterized by their reduced sensitivity to the bone
marrow microenvironment compared to normal stem cells, is expressed through the relationships b, > by, > B.
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- pornind de la modelul de bazda s-a Abnormal
elaborat un model matematic complex de
evolutie clonala in leucemia mieloida cronica

care sd ia 1n considerare toate elementele : H H : H : H
ks ko kg ke kg ke ki keaa
de hematopoiezd incluzdnd constante

1_ 1_ do o o Figure 1: The proposed model is represented using compartments, where a specific rate constant influences each cellular event
Sepq rare pen ru Iviziune denoted as k;. Both normal and abnormal stem cells (NSCs/ASCs) possess the ability to self-renew, which is indicated by the rate
. ¢ v . ¢ v . . constants multiplied by the corresponding self-regulatory functions (kipw)/(kirpa), respectively. Additionally, they can enter a
S metrlcq/qSI meTrIcql d Iferentlere resting phase with rate constants (k2)/(k;s), during which they become normal/abnormal quiescent stem cells (NQSCs/AQSCs).
H ~ ~ o ~ After a period of time, the quiescent stem cells can reactivate, denoted by rate constants (ka)/(kie), and return to an active state

g ranIOCITG rq’ a popfOZCI, qund In as normal/abnormal cycling stem cells. The normal/abnormal eycling stem cells can give rise to intermediate normal/abnormal
consi d erare Si starea qc.ﬁva /i na C.I.iva a progenitor cells (NPCs/APCs) through asymmetric (ka)/(k20) division and symmetric (ke)/(k2z) differentiation. Additionally,
7 they can undergo direct differentiation (ks)/(k21) into intermediate normal/abnormal progenitor cells. These intermediate nor-

Ce|U|e|0r Stem norma Ie/leucemice mal/abnormal progenitor cells, in turn, can proliferate and give rise to mature normal/abnormal progenitor cells (NPCs/APCs)

through symmetric (kr)/(k22) and asymmetric (ks)/(k24) divisions. Similarly, they can give rise to normal/abnormal differentiated
cells (NDCs/ADCs) through asymmetric (ks)/(k24) division. Normal/abnormal mature progenitor cells can directly differentiate
(Ey)y’(}cdg;;} into other types of mature normal/abnormal progenitor cells. Additionally, they can undergo direct differentiation
(ka)/(k2s) into normal/abnormal differentiated cells, and they can give rise to normal/abnormal differentiated cells through sym-
metric (kyp)/(keg) differentiation. The normal fabnormal differentiated cells can undergo direct differentiation (Em) / {Eza} into other
types of normal /abnormal differentiated cells. Furthermore, they can give rise to normal/abnormal terminally differentiated cells
(NTDCs/ATDCs) through direct (ky,)/(k2r) and symmetric (ki5)/(kas) differentiation. Each cell type, except for quiescent stem
cells, whether normal or abnormal, has a death rate represented by the rate constants (kiz)/(kao) for cycling stem cells, (k14),/(kao)
for progenitor cells, (ki5)/(ks1) for differentiated cells, and (k15)/(kaz) for terminally differentiated cells.
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Leucemia cronicd mieloidd prezinta trei faze
clinice, cea cronicd cu evolutie lentqd, cea

accelerata si acuta sau blasticd care se

comportd asemenea unei leucemii acute
mieloide.

- elaborarea unui model de hematopoiezd
clonald care sa simuleze aceste faze ale
leucemiei
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Figure 3: Behavior of normal and abnormal (leukemic) cell populations. Initial conditions: (a) normal cell populations: cycling
stem cells x0(0) = 9 x 10°, quiescent stem cells z1(0) = 10°, progenitor cells z2(0) = 10%, differentiated cells z3(0) = 10'°, terminally
differentiated cells z4(0) = 10'%; (b) - (c) normal and abnormal cells: cycling stem cells o(0) = 9 x 10° and yo(0) = 1, quiescent
stem cells z;(0) = 10° and y;(0) = 1, progenitor cells z;(0) = 10* and y,(0) = 1, differentiated cells z3(0) = 10'® and y3(0) = 1,
terminally differentiated cells z4(0) = 10'? and y4(0) = 1.
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DISEMINAREA REZULTATELOR

A Mathematical Model of Cloned Hematopoiesis Explaining Phase
Transition in Myeloid Leukemia
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Abstract: This study presents a mathematical model describing cloned hematopoiesis in chronic myeloid leukemia
(CML) through a nonlinear system of differential equations. The primary objective is to understand the progression from
normal hematopoiesis to the chronic and accelerated-acute phases in myeloid leukemia. The model incorporates intrinsic
cellular division events in hematopoiesis and delineates the evolution of chronic myeloid leukemia into six compartments:
cycling stem cells, quiescent stem cells, progenitor cells, differentiated cells, and terminally differentiated cells. Our anal-
ysis reveals the existence of three distinct steady states within the dynamical system, representing normal hematopoiesis,
the chronic phase, and the accelerated-acute stage of the disease. We investigate the local and global stability of these
steady states and provide a characterization of the hematopoietic states based on this analysis. Additionally, numerical
simulations are included to illustrate the theoretical results.

Keywords: mathematical modeling; dynamical system; steady state; stability; cloned hematopoiesis; chronic myeloid
leukemia; cycling stem cells; quiescent stem cells; progenitor cells; differentiated cells; terminally differentiated cells;
pseudo-chemical reactions
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PERSPECTIVE PENTRU VIITOR

- optimalizarea modelului de hematopoieza clonald

- medicind translationald --> corelarea modelului cu observatiile clinice

. ~

- scop final: predictibilitatea evolutiei leucemiei cronice mieloide in clinica

FUtUre
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