Blood, Bone Marrow, and Hematopoiesis
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Basophils
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immunological response
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chromatin is finely 
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Lymphocytes
days to years
6-8(m small
(
spheroid; has little cytoplasm 
---



immunological defense
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mechanisms; exist 





10-12(m medium (
lots cytoplasm and chromatins condensed.
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Monocytes
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 granules are electron dense,
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 homogeneous, membrane bound
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Platelets
10 days

2-4(m
   round, oval,
non-nucleated

 granular appearance due to 

clot formation


(200,000-400,000


   biconvex discs


 numerous organelles in center of cell. 

Per ml of circulating blood)






 4 types
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 enzymes and others contain proteins.

Note:

Blood: Volume between 5-6 L = 6-7% body weight.

Hct: volume of packed red cells per unit volume of blood.

In test tube: erythrocytes packed on bottom, plasma forms top layer and leukocyte the ‘buffy layer’ in between.

Cells in Blood:

       Erythrocytes: 

· erythrocytosis or polycythemia = increased number of erythrocytes

· macrocytes = large erythrocytes with diameter greater than 9(m

· microcytes = small erythrocytes with diameter smaller than 6(m

· anisocytosis = erythrocytes with varying sizes

       Leukocytes: Two groups

· Granular leukocytes- two types of cytoplasmic granules (specific and primary) and nuclei that have two or more lobes: 

Found in neutrophils, basophils, and eosinophils.

· Agranular leukocytes- one type of cytoplasmic granule (only primary) and nuclei that are rounded or indented

Found in lymphocytes and monocytes.


*Specific granules- bind neutral or acidic components of dye and have specific functions
*Primary granules- stain purple and are considered LYSOSOMES, they contain specific enzymes (ie. lysosomal 

hydrolase and/or microbicidal agents)

** LOCATION of NUCLEI: nuclei of all granulocytes have similar chromatin pattern, dense heterochromatin localizes at 

the inner surface of the nuclear envelope and loosely arranged euchromatin found mainly in center of nucleus.

2. Megakaryocytes are very large cells with multilobed nucleus which are normally present only 

    in bone marrow.  The same stem cells in the myeloid series differentiate into megakaryoblasts.  

    The megakaryoblasts then undergo multiple rounds of endomitosis and form megakaryocyte.  

    Platelets shed off megakaryotes.

    Precursors: The blast cell.  It is monopotential

    Erythroid Series:



      Myeloid Series:


Pluripotential stem cell

      Pluripotential stem cell


Multipotenetial stem cell

      Multipotenetial stem cell


Proerythroblast    (precursors in (     Myeloblast



Early normoblast         bone marrow         Promyelocyte


Intermediate normoblast

      Myelocyte(can be neutrophil,basophil,eosinophil)


Late normoblast


      Metamyelocyte


Reticulocyte
 (seen in circulation (   Band


Erythrocyte



      Mature(neutrophil, basophil, eosinophil)

3. Hematopoiesis: A process where blood cells differentiate in the bone marrow from stem cells.

· initiated early in fetal development first beginning in blood islands of the yoke sac

· later in liver and spleen 

· finally in bone marrow

    Stem Cell Differentiation: 

· Stem Cell: It is pluripotential and divides by asymmetrical division 
Pleuipotential: this stem cell has the capacity to differentiate into any mature 

blood cell.

Asymmetrical division: division results in one differentiated daughter cell 

(multipotential) and one undifferentiated stem cell (pleuripotential).

· Progenitor Cell: It is the differentiated daughter cell (multipotential stem cell) which is committed to enter into the lymphoid or the myeloid pathway.  The multipotential cell  also divides by asymmetrical division to result in another mono- or bi-potential progenitor cell and a precursor (or blast) cell.. 

· LYMPHOID will form B-Cells and T-Cells                                                               -one type of lymphoid is plasma cells which can produce antibody when activated

· MYELOID will form erythrocytes, megakaryocytes, monocytes, and granulocytes. 

· Precursor Cell: The blast cell. It is monopotential, which means it can only differentiate into a single mature cell type. 

· Mature blood cell: Only the mature blood cell will exit the sinusoids and enter the blood stream. 

*Note: Extramedullary hematopoiesis: abnormal condition where spleen and liver capacity      to produce immature blood cells.  Occur when bone marrow is dysfunctional.                                                                                                      ** Look at Figure one on page 211 for the figure

4. Homing: In bone-marrow transplants, the process of stem-cells finding their way to the bone-

    marrow.  Homing is a two step process:

1) The recognition of stem cells and bone marrow sinus endothelial cells.

· Sinus endothelial cells express specific glycoproteins that the stem cells recognize.

· Stem cell transport into the bone marrow occurs by transcytosis through the sinus endothelial cells.  That is, the stem cell travels through an endothelial cell—not between them.

2) The lodging of the hematopoietic stem cells in the hematopoietic compartment.

· Once inside, the stem cell interacts with stromal cells in the bone marrow, also by 

ligand-ligand interactions of glycoproteins on each respective cell membranes.

5.Microenvironmental Factors that Regulate Cell Differentiation: 

· Colony Stimulating Factors (CSF):They stimulate the formation of specific cell colonies from multipotential stem cells. 

· Granulocytes CSF's: Stimulates Neutrophils (G-CSF), or Neutrophils, Eosinophils and Monocytes (GM-CSF) 

· Monocyte/Macrophage CSF (m-CSF): Stimulates differentiation of monocytes and macrophages. 

· Erythropoietin (EPO): A glycoprotein produced in kidneys that stimulates the clonal growth of CFU-E and BFU-E and induces globin synthesis and promotes differentiation of rubriblasts into erythrocytes.  EPO is induced by reductions in tissue oxygen (hypoxia).

· BFU-E: Burst forming unit erythroid.  One cell grow into what looked like a sun burst of cells that were all one mature cell type.

· CFU-E: Colony forming unit.  Stick cells in culture and they form a more compact colony of cells which are the same cells once they are all differentiated.

· Interleukins (IL): 

· IL-1: Stimulate granulocytic cells. Induces expression of GM-CSF, G-CSF, IL-6, and IL-1 in stromal cells.  Stimulates proliferation of progenitor cells. 

· IL-3: Stimulates growth in all phagocytes. 

· IL-6: Stimulates multiple cell-types to differentiate. 

· Stem Cell Factor (SCF): 

· Stimulates early stem cells to differentiate. 

· Stimulates the proliferation and survival of mast cells. 

· Transforming Growth Factor (TGF-beta): Inhibits hematopoieses. 

· Directly inhibits proliferation of progenitor cells. 

· Inhibits expression of GM-CSF, G-CSF, and IL-3 receptors. 

· Interrupts the function of other local factors. 

· Extracellular Matrix (ECM): Fibronectin, collagen, laminins. These ECM proteins are essentially for the proper binding of other local factors
IN ADDITION: 

BONE MARROW: 
      Provides: 

1) Growth Stimulatory Factors

2) Growth Inhibitory Factors

3) Differentiation Factors


4) Adhesion Molecules

      All aid in retention, survival, growth of stem cells and progenitors.

Two types of Bone Marrow:

1) Red bone marrow- actively producing blood cells; located throughout skeletal system in children and only in the central portion of skeleton in adults.

2) Yellow bone marrow – fatty, non-functional; yellow due to being replaced by adipose cells and are found in the long bones of adults.

Bone Marrow organization:

Mature erythrocytes fill the sinuses.  Bone marrow sinuses contain hematopoietic 

cords of mitotically identical blood cells. 

· Adventitial Cells are the structural components of the sinuses. They form the barrier between the bone-marrow sinuses and the blood stream. 

· Mature blood cells displace the adventitial cells to enter the blood stream; at the same time the basement membrane depolymerizes. 

· Red Marrow (hematopoietic) is replaced by Yellow Marrow in the adult, in the peripheral bones. Hematopoieses continues to occur in the axial skeleton. 

· Yellow Marrow may convert back to red marrow in disease or severe blood loss. 

