
Chapter 2 

ERYTHROPOIESIS and 
ANEMIA 



Red Cell Production 

        The Production of red cells, known as erythropoiesis, is a 
developmental system fundamentally under genetic control but 
modulated and regulated by the interaction of humoral, cellular, 
and molecular processes. These must be understood if there is 
to be full elucidation of any of the pathological processes which 

afflict the red cell system. 





Line of Erythrocyte production involves common 
pluripotent stem cell 

CFU gemm: granulocyte, erythroid, monocyte and megakaryocyte; 

BFU e: burst-forming unit Erythroid 



Erythropoiesis 

• The differentiation and proliferation of RBC. 

(erythroblast) 

(Basophilic erythroblast) 

(Orthochromatic    
  erythroblast) 



V.   Regulation of erythropoiesis: Cytokines 

          1.  Erythropoietin (EPO)   

         2.  Burst promoting Activity (BPA) 

         3.  Iron availability 

         4.  Other regulatory factors (eg. Androgenic 
 steroids) 

 

Part I : Erythropoiesis 
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Comparison of DNA and RNA content in different 
stages of RBC 



A)-Oxygen supply of tissues: 

• Decreased oxygen supply (hypoxia) to tissues 
stimulates secretion of erythropoietin (EP) 
hormone. The erythropoietin gene contains a 
hypoxiaresponse element at its 3‘ end 

 Hypoxia stimulates kidney to release renal 
erythropoietic factor (REF). 

 Hypoxia stimulates liver to produce a special type 
of globulin. 

 Both REF & globulin unite in plasma and form EP. 

 EP then stimulates bone marrow to produce 
RBCs. 

 Erythropoietin accelerates nearly all stages of 
RBCs formation,   

    i.e. it stimulates proliferation & differentiation of 
progenitor stem cells to produce mature RBCs. 

  

 

Regulation of erythropoiesis and  
the Production of erythropoietin 



ERYTHROPOIETIN 

• A hormone produced by the Kidney. 

• A circulating Glycoprotein 

• Nowadays available as Synthetic 

Epoietin 

• Acts mainly on CFU – E. 

• Increases the number of: 

– Nucleated precursors in the 

marrow. 

– Reticulocytes & Mature 

Erythrocytes in the blood. 



Factors affecting erythropoiesis 

B) Dietary factors: 

i-Proteins: Proteins of high biological value are needed in the 

formation of RBCs. 

ii-Metal ions: 

 Iron Fe: is essential for RBCs formation because it enters in the 

formation of the hem part. 

 Copper Cu: It is carried & transported by plasma protein 

ceruloplasmin. It catalyzes the oxidation of Fe++ to Fe+++, a 

reaction that must occur before transferrin can combine and 

transport iron. 

 Cobalt Co: It stimulates EP release from kidney. So, excess Co may 

produce polycythaemia.  



FACTORS  REGULATING 

ERYTHROPOIESIS 

• SINGLE MOST IMPORTANT REGULATOR: 
“TISSUE OXYGENATION” 

• BURST PROMOTING ACTIVITY 

• ERYTHROPOIETIN 

• IRON 

• VITAMINS: 
– Vitamin B12  

– Folic Acid 

• MISCELLANEOUS 
 



VITAMINS 

• B12: Cyanocobalamine & Folic Acid: 

– Is also called Extrinsic Factor of Castle. 

– Needs the Intrinsic Factor from the Gastric juice 

for absorption from Small Intestine. 

– Deficiency causes Pernicious (When IF is 

missing) or Megaloblastic Anemia. 

– Stimulates Erythropoiesis 

– Is found in meat & diary products. 



Hb synthesis in the RBC and the 
structure of Haem 



Hemoglobin structure 
and synthesis 



Normal Adult Red Cell Value 



Mean corpuscular volume (MCV) is the average size of a red blood cell and is 
calculated by dividing the hematocrit (Hct) by the red blood cell count 

•Normal range: 80-100 fL 

Mean corpuscular hemoglobin 

Mean corpuscular hemoglobin (MCH) is the average amount of hemoglobin (Hb) 
per red blood cell and is calculated by dividing the hemoglobin by the red blood cell 
count. 

MHC= HB/RBC X 10 
Normal range: 27-31 pg/cell 

Mean corpuscular hemoglobin concentration 

Mean corpuscular hemoglobin concentration (MCHC) is the average 
concentration of hemoglobin per unit volume of red blood cells and is calculated 
by dividing the hemoglobin by the hematocrit 

MCHC= HB/Hct X 100 
Normal range: 32-36 g/dL 

MCV= Hc X 10 /RBC (million per mm3) 

Red Blood Cell indices  



Measure Units Conventional units Conversion 

Hct 40% 

Hb 100 grams/liter 10 grams/deciliter (deci- is 10-1) 

RBC 5E+12 cells/liter 5E+6 cells/μL (micro is 10-6) 

MCV = Hct / RBC 8E-14 liters/cell 80 femtoliters/cell (femto- is 10-15) 

MCH = Hb / RBC 2E-11 grams/cell 20 picograms/cell (pico- is 10-12) 

MCHC = MCH / 
MCV 

250 grams/liter 25 grams/deciliter (deci is 10-1) 

 

 

Normal Adult Red Cell Value 
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o A measure of the variation of red blood cell (RBC) 
volume 

o red blood cells are a standard size of about 6-
8 μm 

o Higher RDW values indicate greater variation 
in size 

o Normal reference range in human red blood 
cells is 11–15% 

o It is mainly used to differentiate an anemia of 
mixed causes from an anemia of a single 
cause 

RDW = (Standard deviation of MCV ÷ mean MCV) × 100 

Red Blood Cell Distribution Width (RDW) 



RBC membrane structure  

Carbohydrate antigens are attached either to the proteins or lipids 



Anemia 

• Reduction in the hemoglobin content of RBC 
below normal for age and sex 

 



Clinical features of anemia 

• Speed of onset: Rapidly progressive anemia causes 
more symptoms than anemia of slow onset 

• Severity:  -Mild anemia signs (Hb <9-10 g/dL) often 
produces no symptoms      - 
even severe anemia (Hb < 6.0 g/dL) may produce 
remarkably few symptoms 

• Age: The elderly tolerate anemia less well than the 
young because of the effect of lack of oxygen on organs 

• Hemoglobin 02 dissociation curve: Anemia, in general, 
is associated with a rise in 2,3-DPG in the red cells and 
a shift in the 02 dissociation curve to the right so that 
oxygen is given up more readily to tissues. 



Hb-O2 dissociation curve 

2,3-diphosphoglycerate: its binding to 
Hb Beta chains prevents the binding of O2  



Symptoms 

• shortness of breath particularly on' exercise, 
• weakness, 
• lethargy, 
• Palpitation 
• headaches. 
• In older subjects, symptoms of cardiac failure, 

angina pectoris or intermittent claudication or 
confusion may be present.  

• Visual disturbances because of retinal 
hemorrhages in very severe anemia 



Signs 

• General: 
– pallor of mucous membranes when Hb<9-10 g/dL 

– A hyperdynamic circulation 

– Congestive heart failure in elderly 

Specific: each type of anemia show specific 
symptoms 

 iron deficiency-koilonychia 'spoon nails‘ 
– haemolytic or megaloblastic-jaundice 

– sickle cell or haemolytic anaemias- leg ulcers 

 

 



RBC 
Size versus content 



Classification and laboratory findings in 
anemia 

• Red cell indices: 



RBC abnormalities and their causes 



• Based on Blood Film 

 
Heinz bodies: oxidized denatured Hb 

Siderotic granules (Pappenheimer bodies) contain iron. 

Howell-Jolly body is a DNA remnant. 

Basophilic stippling is denarured RNA 

 

Classification and laboratory 
findings in anemia 


