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 Blood cell production 
 (man,70 kg) 

 Per day - erythrocytes  2х1011 cells~200 g 

                    leukocytes 1х1011 cells~100 g 

                                 total~300 g 

 Per month ~ 9 kg 

 Per year ~ 100 kg 

 Per 70 years ~ 7 tonnes 

 



                              

                                

BLOOD CELLS PRODUCTION 

http://www.umnyedeti.com/


The main law of kinetics 

 
 

equal number of cells is born and dies 

within each time unit 



How does it work? 

 

Who are the soldiers in the battle? 





Three levels of system organization: 

Stem cells (common progenitor cells) 

Growth factors 

Stromal microenvironment 



Lethal irradiation Mixture of 

bone 

marrow cells 

from several  

donors 

Haemopoietic cells in spleen colonies  

7 days after transplantation. Cells of  

each colony had the identical genetic 

marker – evidence of origin from a 

single donor’s multipotential stem cell 

Till, McCulloch,1961 

Stem cells 

Lasker  Award in 2005 



Albert Lasker 

Basic Medical Research Award, 2005 year 

for ingenious experiments that first identified a stem cell — the blood-

forming stem cell — which set the stage for all current research on adult 

and embryonic stem cells.  

http://www.laskerfoundation.org/awards/2005_b_interview_till.htm
http://www.laskerfoundation.org/awards/2005_b_interview_mcculloch.htm


Differentiated 

 cells 

Branches of 

haemopoiesis 

Stem cells 

Bone marrow 

stroma 

Tree of haemopoiesis 
Stem cells 



Functional properties of stem cells (HSC) 

Stem cells 

HSCs concentration is 1 per 10,000 cells in myeloid 

tissue 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=NNUi2hzqzpHFdM&tbnid=yIVmKEnzM_3VoM:&ved=0CAUQjRw&url=http://www.allthingsstemcell.com/glossary/&ei=MM3kUoT6NYin0wXap4HIDQ&bvm=bv.59930103,d.ZG4&psig=AFQjCNHcmiT05o_emDIRZros4i5gCjgTkw&ust=1390812325402271


Three levels of system organization: 

Stem cells 

Growth factors 

Stromal microenvironment 



The hematopoietic growth factors (HGFs )– glycoproteins, 

 produced by several blood and stromal cells.  

 

 

The action of growth factors is essential 

 for the realization of any cell programme. 

 

 

.  

 

 

 

 

Growth factors 



Haemopoietic  

Growth Factors 

Growth factors 



The hematopoietic growth factors (HGFs )– glycoproteins, 

produced by several blood and stromal cells.  

 

The action of growth factors is essential for the realization 

of any cell programme. 

 

The type of the programme depends only on the cell 

properties – its genetic determination and the presence      

of active signal molecules.  

 

Growth factors 



The role of growth factors in cell programme 
realization 

(Mc Arthur G e.a.,1994,1995) 

CFU-M 

CFU-E 

EPO-R 

EPO 

M-CSF-R 

M-CSF 

Erythroid 

colonies 

Macrophage 

colonies 

Growth factors 



Autocrine stimulation 

Receptor 

Cytokines 

Paracrine stimulation 

Tumor cell 

Tumor cell 

Stromal cell 

Cytokines 

 

Growth factors are critical for the tumor development: 

 switching off the apoptosis; 

 stimulation of the proliferation through autocrine and paracrine mechanisms.  

 



Three levels of system organization: 

Stem cells 

Growth factors 

Stromal microenvironment 



Bone Marrow Structure 



Bone marrow stroma 

 

Collagen 

Fibronectin 

Glycozoaminglycanes 

Laminin 

Fibroblast Fat cell 
Macrophage Endothelial cell 

Т-lymph. 
B-lymph. 

Soluble and fixed 

cytokines 

Type I и III 

Type IV 

Stroma 



Functions of stromal 

microenvironment 

 Production of growth factors (necessary for the cell 

production, maturation and functional activity). 

 

 Specific adhesion of haemopoietic stem cells (molecules 

of cell interaction) 

 



Growth Factor Production 

Activated 
T-lymph 

Endothelial 
cell Fibroblast 

Macrophage 

GM-CSF 
G-CSF 
M-CSF 

IL-1 
IL-6 

 

GM-CSF 

G-CSF 

M-CSF 

IL-1 

IL-6 

 

GM-CSF 

G-CSF 

M-CSF 

IL-1 

IL-6 

 

GM-CSF 

IL-3 

IL-5 

IL-6 

 

Endotoxin 

Antigen 

IL-1 
TNF 

GM-CSF 

IL-3 
γ-IFN 

Stroma 

Growth factors 



Bone Marrow Structure 



Bone marrow sinus wall 

Hematoegression 

Stromal fibroblast 
Stromal fibroblast 

Endothelial  cell 

Endothelial  cell 

Marrow 

Sinus 



Molecules of cell interaction 

 Integrines– receptors, interacting with ligands of extracellular 

matrix and adhesion molecules 

 

 Selectines – adhesion molecules on the surface of blood cells (L-

selectin), in -granules of thrombocytes (Р-selectin), and on 

endothelial cells (Е-selectin). 

 

 Endothelial adhesion molecules – intracellular molecules 

providing adherence of lymphocytes, monocytes  and 

polymorphonuclears (ICAM-1, ICAM-2) to endothelial cells and 

their transfer through canals inside of endothelial cells (PECAM-1) 

Hematoegression 



Ready to release 

Bone marrow 

Venous sinus 
Endothelial 

cell 

Hematoegression 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=jn62N7Gu27tTXM&tbnid=SjBICSyOcGBf1M:&ved=0CAYQjRw&url=http://biochem-vivek.tripod.com/id28.html&ei=hCMkU7HGG-aX0QXA1YDgBg&psig=AFQjCNHcnCd02lo1-ELr6m6XY5epCkTMqw&ust=1394962175699029


The releasing ability of  marrow cells is due to: 
 

 the existence of active cell interaction molecules on their 

surfaces; 

 motility; 

 capacity for deformation without destruction. 

 

 

 

 
 

 

 

 

 

 

Hematoegression 



 in normal state, only mature granulocytes, monocytes and 

certain stem cells possess the ability to egress from the bone marrow 

into the blood stream. 

 all types of leukemic cells and some types of  solid tumors are 

genetically endowed with this ability, are able to clear the bone marrow 

barrier and disseminate throughout the body. 

RELEASING   ABILITY  OF  CELLS 

http://www.multitran.ru/c/m.exe?t=6448929_1_2&s1=%EF%F0%E5%EE%E4%EE%EB%E5%F2%FC %E1%E0%F0%FC%E5%F0
http://www.multitran.ru/c/m.exe?t=6448929_1_2&s1=%EF%F0%E5%EE%E4%EE%EB%E5%F2%FC %E1%E0%F0%FC%E5%F0


Hematoegression 

These molecules may provide the additional targets for antimetastatic therapy 



Evaluation of bone 
marrow smears 

Bone marrow indices 



Leuko/erythro index 

All myeloid cells / all erythroid cells= 

= 2:1 – 4:1 

Value High cellularity 

(>150 thou in 1 µL) 

Low cellularity 

(<80 thou in 1 µL) 

 

Index increasing Hyperplasia of 

white lineage 

 (e.g., CML) 

Hypoplasia of red 

lineage or high 

dilution by peripheral 

blood 

Index decreasing 

 

 

Hyperplasia of red 

lineage 

 (e.g., hemolytic 

anemia) 

Hypoplasia of 

white lineage 

(e.g., aplastic  

anemia) 



Bone marrow  granulocyte  reserve 

Bands Polymorphonuclears 

Proliferative pool 



Index of neutrophil maturation 
Promyelocytes+myelocytes+metamyelocytes 

Bands+Polymorphonuclear neutrophils 

= 0.6 – 0.8 

Value High cellularity 

(>150 thou in 1 µL) 

Low cellularity 

(<80 thou in 1 µL) 

Index increasing Inhibition of 

neutrophil maturation.                       

(e.g., CML) 

Increasing exit of 
mature cells, 
depletion of b.m. 
granulocytic reserve 
(e.g., sepsis) 

Index decreasing Accelerated 

maturation, delay of 

exit from b.m. (e.g., 

hypersplenism) 

High dilution by 

peripheral blood 



Signs of high dilution of bone marrow 

aspirate by peripheral blood: 

Low cellularity of bone marrow aspirate; 

Significant increase of leuko/erythro ratio; 

Decreased index of neutrophyl maturation; 

High percentage of polymorphonuclears and/or 

lymphocytes. 



Index of red cell maturation 

Erythrocyte Proerythroblast 
Basophilik 

erythroblast 
Polychromatophilik 

erythroblast 

Reticulocyte Orthochromatophilik 

erythroblast 

Polychromatophilic erythroblasts + orthochromatophilic erythroblasts  

All erythrokariocytes 
= 0.8-0.9 

Decrease of this Index provides evidence of the retardation of  
hemoglobin formation  (e.g. iron deficiency anemia) 

Proliferative  pool 

Hemoglobin  formation 



Fractional 

erythroblastograms 
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