Palestinian Conference on Modern Trends in Mathematics and Physics II

Contribution to the study of a mathematical model of
Erythropoisis ( Red Blood cell production)

Rana Abu Eisheh
Department of Mathematics, PPU , Palestine.
rana_eshage@yahoo.com

Abstract:

Production and regulation of erythrocytes (red blood cells) is
performed through complex processes. Cells are produced in the
bone marrow (and the spleen, in mice), where hematopoietic stem
cells, that have abilities of self-renewal and differentiation in all
blood cell types, allow the appearance of erythroid cells. Throughout
successive diviffsions, erythroid progenitors (immature red cells)
acquire maturity (via cell markers) to ultimately become mature red
blood cells (erythrocytes) that enter the bloodstream in order to carry
oxygen to organs and tissues.

This continuous production of erythroid cells is permanently
controlled in order to adapt very quickly to changes in or needs of
the organism. One of the main feedback controls, discovered in the
early 1990's by Koury and Bondurant [3] deals with cell death.
Erythroid progenitors die by apoptosis, a programmed cell death
(contrary to necrosis). Koury and Bondurant showed that, during an
anemia (lack of red blood cells), a growth factor named
erythropoietin (Epo) was released by the kidneys and inhibited
progenitor apoptosis, allowing a fast production of numerous
erythrocytes to get a correct level of red blood cells in blood.

Others controls occur at early stages of erythropoiesis, for
instance differentiation of hematopoietic stem cells in cells
committed to the red blood cell lineage is partly controlled by Epo.
In the presence of Epo, hematopoietic stem cells will preferentially
differentiate in red blood cells rather than in white blood cells or
platelets.

14



Palestinian Conference on Modern Trends in Mathematics and Physics II

References:

[1] Crauste F. Global Asymptotic Stability and Hopf Bifurcation for
a Blood Cell Production Model. Mathematical Biosciences and
Engineering, 3 (2), 325-346 (2006).

[2] Crauste F. Delay Model of Hematopoietic Stem Cell Dynamics:
Asymptotic Stability and Stability Switch. Mathematical Modeling
of Natural Phenomena, 4 (2),

28-47 (2009).

[3] M.J. Koury and M.C. Bondurant. Erythropoietin retards DNA
breakdown and pre-

vents programmed death in erythroid progenitor cells. Science 248
(1990), 378-381.

[4] Y. Kuang, Delay differential equations with applications in
population dynamics,

Mathematics in Science and Engineering 191, Academic Press,
Boston, MA, 1993.

[5] M.C. Mackey, Unifed hypothesis of the origin of aplastic
anaemia and periodic

hematopoiesis, Blood 51 (1978) 941-956.

15



