a Haemopoiesis: physiology and pathology

1.1 Haemopoiesie. Showing site of action of growth factors
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1.2 Low power microscopic view of bone marrow
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1.3 Haemopoiesis occurs within bone marrow microenvironment (‘niche’) where
haemopoietic stem cells are brought into contact with a range of other cell types.
Cell-cell communication is by binding, via cell surface receptors, to adhesion molecules
and to fixed or secreted cytokines and growth factors. This binding triggers signal
transduction which regulates gene transcription leading to proliferation, differentiation

and inhibition or activation of apoptosis
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1.4 The signal transduction pathway. This is a series of biochemical pathways whereby
a message from the cell surface can be transmitted to the nucleus (see pg 12)
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Definition and sites

Haemopoiesis is the process whereby blood cells are made (Fig. 1.1).
The yolk sac, and later the liver and spleen, are important in fetal
life, but after birth normal haemopoiesis is restricted to the bone
Marrow.

Infants have haemopoietic marrow in all bones, but in adults it is
in the central skeleton and proximal ends of long bones (normal fat to
haemopoietic tissue ratio of about 50:50) (Fig. 1.2). Expansion of
haemopoiesis down the long bones may occur in bone marrow malig-
nancy, e.g. in leukaemias, or when there is increased demand, e.g.
chronic haemolytic anaemias. The liver and spleen can resume
extramedullary haemopoiesis when there is marrow replacement, e.g.
in myelofibrosis, or excessive demand, e.g. in severe haemolytic anae-
mias such as thalassaemia major.

Stem and progenitor cells

Haemopoiesis involves the complex physiological processes of prolif-
eration, differentiation and apoptosis (programmed cell death). The
bone marrow produces more than a million red cells per second in
addition to similar numbers of white cells and platelets. This capacity
can be increased in response to increased demand. A common primi-
tive stem cell in the marrow has the capacity to self-replicate and to
give rise to increasingly specialized or commited progenitor cells
which, after many (13-16) cell divisions within the marrow, form the
mature cells (red cells, granulocytes, monocytes, platelets and lym-
phocytes) of the peripheral blood (Fig. 1.1). The earliest recognizable
red cell precursor is a pronormoblast and for granulocytes or mono-
cytes, a myeloblast. An early lineage division is between lymphoid
and myeloid cells. Stem and progenitor cells cannot be recognized
morphologically; they resemble lymphocytes. Progenitor cells can be
detected by in vitro assays in which they form colonies (e.g. colony-
forming units for granulocytes and monocytes, CFU-GM, or for red
cells, BFU-E and CFU-E). Stem and progenitor cells also circulate in
the peripheral blood and can be harvested for use in stem cell
transplantation.

The stromal cells of the marrow (fibroblasts, endothelial cells, mac-
rophages, fat cells) have adhesion molecules that react with corre-
sponding ligands on the stem cells to maintain their viability and to
localize them correctly (Fig. 1.3). With osteoblasts these stromal cells
form ‘niches’ in which stem cells reside. The marrow also contains
mesenchymal stem cells that can form cartilage, fibrous tissue, bone
and endothelial cells.

Growth factors

Haemopoiesis is regulated by growth factors (GFs) (Box 1.1) which
usually act in synergy. These are glycoproteins produced by stromal
cells, T lymphocytes, the liver and, for erythropoietin, the kidney (Fig.
2.6). While some GFs act mainly on primitive cells, others act on later
cells already committed to a particular lineage. GFs also affect the
function of mature cells. The signal is transmitted to the nucleus by a
cascade of phosphorylation reactions (Fig. 1.4). GFs inhibit apoptosis
(Fig. 1.5) of their target cells. GFs in clinical use include erythropoi-
etin, granulocyte colony-stimulating factor (G-CSF), and analogues of
thrombopoietin.

Box 1.1 Haemopoietic growth factors

Act on stromal cells
e JL-1 (stimulate production of GM-CSF, G-CSF, M-CSE, IL-6)
* TNF
Act on pluripotential cells
Stem cell factor
Act on early multipotential cells
e IL-3
o IL-4
* IL-6
* GM-CSF
Act on committed progenitor cells*
* G-CSF
* M-CSF
e IL-5 (eosinophil CSF)
¢ Erythropoietin
¢ Thrombopoietin

G-CSE, granulocyte colony-stimulating factor; GM-CSF, granulocyte-
macrophage colony-stimulating factor; IL, interleukin; M-CSE, monocyte
colony-stimulating factor; TNF, tumour necrosis factor

*These growth factors (especially G-CSF and thrombopoietin) also act on
earlier cells

Transcription factors

These proteins regulate expression of genes e.g. GATA1/2 and
NOTCH. They bind to specific DNA sequences and contribute to the
assembly of a gene transcription complex at the gene promotor.

Signal transduction (Fig. 1.4)

The binding of a GF with its surface receptor on the haemopoietic cell
activates by phosphorylation, a complex series of biochemical reac-
tions by which the message is transmitted to the nucleus. Figure 1.4
illustrates a typical pathway in which the signal is transmitted to tran-
scription factors in the nucleus by phosphorylation of JAK2 and STAT
molecules. The transcription factors in turn activate or inhibit gene
transcription. The signal may activate pathways that cause the cell to
enter cell cycle (replicate), differentiate, maintain viability (inhibition
of apoptosis) or increase functional activity (e.g. enhancement of bac-
terial cell killing by neutrophils). Disturbances of these pathways due
to acquired genetic changes, e.g. mutations, deletion or translocation,
often involving transcription factors, underlie many of the malignant
diseases of the bone marrow such as the acute or chronic leukaemias
and lymphomas.

Apoptosis

Apoptosis (programmed cell death) is the process by which most cells
in the body die. The individual cell is activated so that intracellular
proteins (caspases) kill the cell by an active process. Caspases may
be activated by external stimuli as intracellular damage, e.g. to DNA
(Fig. 1.5).
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Assessment of haemopoiesis Chapter 2) are young red cells. Assessment of their numbers can be

Haemopoiesis can be assessed clinically by performing a full blood performed by automated cell counters and will give an indication of
count (see Normal values). Bone marrow aspiration also allows assess- the output of young red cells by the bone marrow. As a general rule,
ment of the later stages of maturation of haemopoietic cells (Fig. 7.3; the action of GFs increases the number of young cells in response to

see Chapter 7 for indications). Trephine biopsy (Fig. 1.2) provides a demand.
core of bone and bone marrow to show architecture. Reticulocytes (see
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