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Haemopoiesis
It is concerned with the general aspects of blood cell formation (haemopoiesis) that regulate haemopoiesis and the early stages of formation of:

· Red cells (erythropoiesis).
· Granulocytes and monocytes (myelopoiesis).
· Platelets (thrombopoiesis).

The site of haematopoiesis
· In the first few weeks of gestation the yolk sac is the main site of haemopoiesis. 
· [image: image4.emf]However, definitive haemopoiesis derives from a population of stem cells first observed on the dorsal aorta termed the AGM (aorta-gonads-mesonephros) region. These common precursors of endothelial and haemopoietic cells (haemangioblasts) are believed to seed the liver, spleen and bone marrow and from 6 weeks until 6-7 months of fetal life the liver and spleen are the major haemopoietic organs and continue to produce blood cells until about 2 weeks after birth (Table 1.1). The bone marrow is the most important site from 6 to 7 months of fetal life.
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During normal childhood and adult life the marrow is the only source of new blood cells. The developing cells are situated outside the bone marrow sinuses and mature cells are released into the sinus spaces, the marrow microcirculation and so into the general circulation.

[image: image6.emf]In infancy all the bone marrow is haemopoietic but during childhood there is progressive fatty replacement of marrow throughout the long bones so that in adult life haemopoietic marrow is confined to the central skeleton and proximal ends of the femurs and humeri (Red Marrow).

[image: image7.emf]
Even in these haemopoietic areas, approximately 50% of the marrow consists of fat. The remaining fatty marrow (Yellow Marrow) is capable of reversion to haemopoiesis and in many diseases there is also expansion of haemopoiesis down the long bones. Moreover, the liver and spleen can resume their fetal haemopoietic role ('extramedullary haemopoiesis'). 
Haemopoietic stem and progenitor cells

Haemopoiesis starts with a pluripotent stem cell that can give rise to the separate cell lineages.

This haemopoietic stem cell is rare, perhaps 1 in every 20 million nucleated cells in bone marrow.

Although its exact phenotype is unknown, on immunological testing it is CD34+ CD38- and has the appearance of a small or medium-sized lymphocyte. Cell differentiation occurs from the stem cell via the committed haemopoietic progenitors which are restricted in their developmental potential. 
The existence of the separate progenitor cells can be demonstrated by in vitro culture techniques. Very early progenitors are assayed by culture on bone marrow stroma as long-term culture initiating cells whereas late progenitors are generally assayed in semi-solid media. An example is the earliest detectable mixed myeloid precursor which gives rise to granulocytes, erytluocytes, monocytes and megakaryocytes and is termed CFU (colony-forming lmit)-GEMM (Fig. 1.2). 
The bone marrow is also the primary site of origin of lymphocytes which differentiate from a common lymphoid precursor.

The stem cell has the capability for self-renewal so that marrow cellularity remains constant in a normal healthy steady state. There is considerable amplification in the system: one stem cell is capable of producing about 106 mature blood cells after 20 cell divisions. The precursor cells are, however, capable of responding to haemopoietic growth factors with increased production of one or other cell line when the need arises. The development of the mature cells (red cells, granulocytes, monocytes, megakaryocytes and lymphocytes) is considered further in other sections of this book.
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Bone marrow stroma

The bone marrow forms a suitable environment for stem cell survival, growth and development. 
It is composed of:
1. stromal cells include adipocytes, fibroblasts, endothelial cells and macrophages and they secrete extracellular molecules to form an extracellular such as: 
1. Collagen. 
2. Glycoproteins (fibronectin and thrombospondin). 
3. Glycosaminoglycans (hyaluronic acid and chondroitin derivatives) to form an extracellular. 
2. Microvascular network. 
3. Several growth factors secreted by stromal cells matrix and stromal cells that are necessary for stem cell survival. Mesenchymal stem cells are thought to be critical  in stromal cell formation.

TRAFFIC & HOMING:

TRAFFIC:

Stem cells are able to traffic around the body and are found in peripheral blood in low numbers.

In order to exit the bone marrow, cells must cross the blood vessel endothelium and this process of mobilization is enhanced by administration of cytokines such as granulocyte colony-stimulating factor (G-CSF) or granulocyte-macrophage colony stimulating factor (GM-CSF). 
HOMING:

The reverse process of stem cell homing appears to depend on a chemokine gradient in which the stromal derived factor (SDF-l) is critical. 
Stem cell viability:

Several critical interactions maintain stem cell viability and production in the stroma including stem cell factor (SCF) and Jagged proteins expressed on stroma and their respective receptors c-Kit (CD 117) and Notch expressed on stem cell.
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Stem cell plasticity

There is some evidence that adult stem cells in different organs are pluripotent and can generate various types of tissue. Studies in patients and animals who have received haemopoietic stem cell transplants have suggested that donor cells may contribute to tissues such as neurons, liver and muscle. The contribution of adult donor bone marrow cells to non-haemopoietic tissues is at most small. The persistence of pluripotential stem cells in postnatal life, organ-specific stem cells and fusion of transplanted cells with host cells have all been proposed, however, to explain many of the findings suggesting stem cell plasticity.
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Figure 4.2. Preliminary Evidence of Plasficlty Among Nonhuman Adult Stem Cells.





The regulation of haemopoiesis

Haemopoiesis starts with stem cell division in which one cell replaces the stem cell (self-renewal) and the other is committed to differentiation. These early committed progenitors express low levels of transcription factors that may commit them to discrete cell lineages. Which cell lineage is selected for differentiation may depend both on chance and on the external signals received by progenitor cells.

Several transcription factors have been isolated that regulate differentiation along the major cell lineages.

For instance, PU.1 commits cells to the myeloid lineage whereas GATA-1 has an essential role in erythropoietic and megakaryocytic differentiation.

BM content:

· Granulocytes : 65%

· Erythroid series:  25%

· Lymphoid series:  10%.
Peripheral blood content:

[image: image2.jpg]Table 17.2 Summary of Formed Elements of the Blood

Erythrocytes (red Biconcave, anucleate  4-6 million D: about 15 days Transport oxygen
blood cells, RBCs) : salmon-colored; Ls: 100-120 days and carbon dioxide
diameter 7-8 um
Leukocytes (white Spherical, nucleated  4800-10,800
blood cells, WBCs) cells
Granulocytes
« Neutrophil Multilobed nucleus;  3000-7000 bout 14 days Phagocytize bacteria
LS: 6 hours to a few
cytoplasmic granules; days
diameter 10-12 ym
« Eosinophil Bilobed nucleus; red  100-400 : about 14 days Kill parasitic worms;
cytoplasmic granules; Ls: about 5 days complex role in
diameter 10-14 ym allergy and asthma
= Basophil Bilobed nucleus; 20-50 : 1-7 days Release histamine
large purplish-black Ls:afewhourstoa  and other mediators
cytoplasmic granules; few days of inflammation;
diameter 10-14 pm contain heparin, an
anticoagulant
Agranulocytes
« ymphocyte Spherical or indented  1500-3000 D: days to weeks Mount immune
. nucleus; pale blue Ls: hours to years response by direct
cytoplasm; diameter cell attack or via
5-17 pm antibodies
* Monocyte U- or kidney-shaped 100-700 D: 2-3 days Phagocytosis;
nucleus; gray-blue Ls: months develop into
cytoplasm; diameter macrophages in the
14-24 pm tissues
Platelets J Discoid cytoplasmic 150,000-400,000 D: 4-5 days Seal small tears
05" fragments containing L5: 5-10 days in blood vessels;
P granules; stain deep instrumental in
< » purple; diameter blood clotting
' " 2-4um
o ?

*Appearance when stained with Wright's stain.
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Haemopoietic growth factors

The haemopoietic growth factors are glycoprotein hormones that regulate the proliferation and differentiation of haemopoietic progenitor cells and the function of mature blood cells. They may act locally at the site where they are produced by cell-cell contact or circulate in plasma. They also bind to the extracellular matrix to form niches to which stem and progenitor cells adhere. The growth factors may cause cell proliferation but can also stimulate differentiation, maturation, prevent apoptosis and affect the function of mature cells (Fig. 1.6). 
General characteristics of myeloid and lymphoid growth factors:

1. Glycoproteins that act at very low concentrations

2. Act hierarchically

3. Usually produced by many cell types

4. Usually affect more than one lineage

5. Usually active on stem/progenitor cells and on functional end cells

6. Usually show synergistic or additive interactions with other growth factors

7. Often act on the neoplastic equivalent of a normal cell

8. Multiple actions: proliferation, differentiation, maturation, functional activation, prevention of apoptosis of progenitor cells

Haemopoietic growth factors.

2. Act on stromal cells

· IL-l

· TNF

3. Act on pluripotential stem cells

· SCF

· Flt-L'

4. multipotential progenitor cells

· IL-3

· GM-CSF

· ILc6

· G-CSF

· Thrombopoietin

5. Act on committed progenitor cells

· G-CSF*

· M-CSF

· IL-5 (eosinophil-CSF)

· Erythropoietin

· Thrombopoietin*.
Growth factor clinical significance

General notes

1. G-CSF  (S.C. or I.V.) used to stimulate neutrophils, present in two forms:

· Shortly acting (daily use)

· Long acting pegolated (weekly use)

2. GM-CSF used to stimulate neutrophils, eosinophils and monocytes.
3. Erythropoietin : in CRF patient

4. Thrombopoetin 
Uses :

1. Post-chemotherapy, radiotherapy and BM transplantation


a) Accelerate haemopoietic recovery

b) Shorten period of neutropenia 

2. AML

a) After induction and consolidation chemotherapy.

b) With initial induction chemotherapy (leads to mobilization of blast cells into enhance their sensitivity for chemotherapy).

3. ALL

To decrease severe neutropenia after chemotherapy.

4. MDS

a) Alone with erythropoietin to improve BM function (without accelerating leukaemic transformation).

b) After chemotherapy.

5. Sever neutropenia

Sever infection … (adjuvant to antimicrobial therapy).

6. Peripheral blood SCT

a) For donor: to increase number of circulating multipotent progenitor improving harvests sufficient peripheral stem cell for transplantation.

b) For Recipient: accelerate recovery after SCT.

7. Lymphoma 

a) To decrease infection.

b) Reduction time in hospital after chemotherapy.


….Using single PEG G-CSF


1�CHAPTER





Figure 1. Self-renewal and differentiation in hematopoiesis. Hematopoietic differentiation is a multi-step process. A small group of long term repopulating hematopoietic stem cells (LT-HSC) replicates very slowly. The down-stream compartments are more and more committed to a specific linage and replicate at faster rates. Some of the progeny have to self-renew to keep the pool of hematopoietic stem and progenitor cells. Our model is based on the hypothesis this percentage of self-renewal versus differentiation is regulated by a feedback mechanism that is related to the number of mature cells in the blood (A). There is evidence, that the dual function of self-renewal and differentiation is regulated by asymmetric cell divisions where one daughter cell retains the stem cell function whereas the other differentiating cell becomes a faster proliferating precursor cell. Alternatively, cells can undergo symmetric cell divisions to produce either two identical, self-renewing cells or two differentiated daughter cells (B). 





They share a number of common properties and act at different stages of haemopoiesis. 


Stromal cells are the major source of growth factors except for erythropoietin, 90% of which is synthesized in the kidney, and thrombopoietin, made largely in the liver. 


An important feature of growth factor action is that two or more factors may synergize in stimulating a particular cell to proliferate or differentiate. Moreover, the action of one growth factor on a cell may stimulate production of another growth factor or growth factor receptor.


SCF and FIt ligand (Flt-L) act locally on the pluripotential stem cells and on early myeloid and lymphoid progenitors. 


Interleukin 3 (IL-3) and GM-CSF are multipotential growth factors with overlapping activities. G-CSF and Thrombopoietin enhance the effects of SCF, Flt-L, IL-3 and GM-CSF on survival and differentiation of the early haemopoietic cells.


These factors maintain a pool of haemopoietic stem and progenitor cells on which later acting factors erythropoietin, G-CSF, M-CSF, IL-5 and thrombopoietin act to increase production of one or other cell lineage in response to the body's need Granulocyte and monocyte formation, for example, can be stimulated by infection or inflammation through release of IL-1 and (TNF) which then stimulate stromal cells to produce growth factors in an interacting network. 


In contrast, cytokines such as transforming growth factor-β (TGF-β) and      "γ-interferon (IFN-γ) can exert a negative effect on haemopoiesis and may have a role in the development of aplastic anaemia.








Leads to:


Reduction time in hospital.


Decrease antibiotic usage.


Decrease frequency of infection.








