
Hematology
Learning objectives 

• After completing this lecture, the student will be able to: 

Describe the significance of the field of hematology in relation to sickness and 
health. 

✓ To understand the process of formation of blood cells 

✓ To understand the concept of a stem cell 

✓ To appreciate the process of lineage specifi cation of blood cells

✓ To recognize the diff erent types of mature blood cell 

✓ To understand the normal role of each mature cell type in the blood



• In its most fundamental form, hematology is the study of 
blood in health and in pathological conditions. Blood is 
the window to the body; it is a predictor of vitality, of 
long life. In ancient times, blood was worshipped. Men 
were bled to obtain a cure, and blood was studied for its 
mystical powers. It was an elevated bodily fluid. The 
discipline of hematology was an outgrowth of this 
fascination with blood. 



Blood has always been a fascinating subject for authors, poets, scholars, 
and scientists. References to blood appear in hieroglyphics, in the Bible, 
in ancient pottery, and in literature. Hippocrates laid the foundation for 
hematology with his theory of the body’s four humors—blood, phlegm, 
black bile, and yellow bile— and his concept that all blood ailments 
resulted from a disorder in the balance of these humors. Unfortunately, 
these principles remained unchallenged for 1400 years! Gradually, men 
of science such as Galen, Harvey, van Leeuwenhoek, Virchow, and 
Ehrlich were able to elevate hematology into a discipline of medicine 
with basic morphological observations that can be traced to a distinct 
pathophysiology.It is to these men that we owe a huge debt of gratitude



Site of haemopoiesis In the first few weeks of gestation the yolk sac is a 
transient site of haemopoiesis. However, definitive haemopoiesis
derives from a population of stem cells first observed on 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. 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. The 
placenta also contributes to fetal haemopoiesis. The bone marrow is the 
most important site from 6–7 months of fetal life. 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; mature cells are released into the sinus spaces, the marrow 
microcirculation and so into the general circulation



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. Even in these haemopoietic areas, 
approximately 50% of the marrow consists of fat. The remaining 
fatty 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 cells
The process of haemopoiesis involves both the specification of 
individual blood cell lineages and cellular proliferation to maintain 
adequate circulating numbers of cells throughout life. This is 
accomplished using the unique properties of haemopoietic stem cells. 
Long-term haemopoietic stem cells (HSCs) in the bone marrow are 
capable of both self-renewal and differentiation into the progenitors of 
individual blood cell lineages.



Long-term haemopoietic stem cells (HSCs) in the bone 
marrow are capable of both self-renewal and diff 
erentiation into the progenitors of individual blood cell 
lineages. The progenitor cells of individual lineages then 
undergo many rounds of division and further diff 
erentiation in order to yield populations of mature 
blood cells. This process can be represented as a 
hierarchy of cells, with HSCs giving rise to populations of 
precursor cells, which in turn give rise to cells 
increasingly committed to producing a single type of 
mature blood cell. 





Summery of inclusions



Basophilic stippling



A. Microcytosis ------B. Macrocytosis



Different red blood cell morphology









Clinical uses of erythropoietin



Hemoglobin types in adult 



Functions of the spleen



Normal values using the standard international units



Signs & symptoms of anemia linked to their pathophysiolgy





summary
■ Haemopoiesis (blood cell formation) arises from pluripotent stem cells in the bone marrow.

Stem cells give rise to progenitor cells which, after cell divisions and differentiation, form red 
cells, granulocytes (neutrophils, eosinophils and basophils), monocytes, platelets and B and T 
lymphocytes.

■ Haemopoetic tissue occupies about 50% of the marrow space in normal adult marrow. 
Haemopoiesis in adults is confined to the central skeleton but in infants and young children 
haemopoietic tissue extends down the long bones of the arms and legs.

■ Stem cells reside in the bone marrow in niches formed by stromal cells and circulate in the 
blood. 

■ Growth factors attach to specific cell receptors and produce a cascade of phosphorylation 
events to the cell nucleus. Transcription factors carry the message to those genes that are to be 
‘switched on,’ to stimulate cell division, differentiation, functional activity or suppress apoptosis.

■ The red cell membrane consists of a lipid bilayer with a membrane skeleton of penetrating 
and integral proteins and carbohydrate surface antigens.



■ Anaemia is defined as a haemoglobin level in blood below the normal 
level for age and sex. It is classified according to the size of the red cells 
into macrocytic, normocytic and microcytic. The reticulocyte count, 
morphology of the red cells and changes in the white cell and/or platelet 
count help in the diagnosis of the cause of anaemia. 

■ The general clinical features of anaemia include shortness of breath on 
exertion, pallor of mucous membranes and tachycardia. 

■ Other features relate to particular types of anaemia, e.g. jaundice, leg 
ulcers.

■ Bone marrow examination by aspiration or trephine biopsy may be 
important in the investigation of anaemia as well as of many other 
haematological diseases. Special tests, e.g. immunology, cytogenetics, 
can be performed on the cells obtained


