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MEGAKARYOPOIESIS

Introduction
Megakaryopoiesis is the process concerned with the production of platelets (plts).  The process takes place in the bone marrow ending in the release of platelets into peripheral blood.  Platelets are one of the most important factors in the regulation of hemostasis and coagulation (blood clotting).  Due to their relatively short life span (5-10 days), about 35,000 ± 4300 platelets /ml are made per day.  The platelets are unique due to their composition and structure.  Platelets are not whole cells, i.e., they do not have nucleus.  Unlike RBC’s (which had a nucleus but got extruded in the orthochromic normoblast stage), platelets never had a nucleus to be extruded.  This is due to the fact that platelets are made of the fragmentation of the cytoplasm of their mother cell, the Megakaryocyte.  Platelets are also unique because their early precursor cells (the granular Megakaryocyte and the Megakaryocyte) can undergo “Endomitosis” also known as, “Endo-reduplication”.  These two terms refer to the same phenomenon where these cells under go successive divisions (mitosis) in the nucleus alone without successive divisions of the cytoplasm.  This unique division leads to the formation of multi ploidy (multi nuclei) in the cell.  Normally, all types of cells can have only two nuclei (i.e., ploidy = 2N) just prior to the actual split of the cell ending in the formation of two identical cells.  Megakaryocytes, on the other hand, keep duplicating their nuclei without splitting of the cell and without duplicating the cytoplasm.  The cytoplasm only increases in size (grows) but does not divide.  Therefore, it is very common to see megakaryocytes with a ploidy number above 4N or 8N.  In cases of stress (demand for extra platelets), a ploidy number of up to 64N can be seen (i.e., the cell has 64 nuclei).  Morphologically, it is quite difficult to assess the actual ploidy number with a light microscope alone (especially if there were more than 8 nuclei) due to the overlapping of the nuclei because these nuclei are still connected to each other.

Maturational sequence

There are five morphologically identifiable stages of megakaryocytic cells in the bone marrow: 1- the megakaryoblast, 2- the promegakaryocyte, 3- the granular megakaryocyte, 4- the megakaryocyte, and 5- the platelet.

1- Megakaryoblast
Their size ranges between 15-50 microns with very fine chromatin and 1-2 nucleoli.  The cytoplasm is diffused blue with irregular minute (little) protrusions (projections) and devoid of any granules.

2- Promegakaryocyte
The size is bigger with ranges between 20-80 microns and the nucleus has a few more nuclei (more than 4N).  The development of Demarcating Membrane System (DMS) starts at this stage.  DMS is the system, which divides the cytoplasm into blocks to prepare it for platelets synthesis and release.  Under electron microscopy, this is seen as thread like extensions forming inside the cytoplasm.  The cytoplasm also contains bluish granules close to the nucleus.

3- Granular Megakaryocyte
This is a very large cell with sizes from 30-90 microns and numerous nuclei (high ploidy number).  The chromatin is very coarse with spaces between strands.  The cytoplasm is abundant with many reddish blue granules.  These cells usually do not release platelets unless there is a severe demand.

4- Mature Megakaryocyte

This is the biggest cell to be seen in the bone marrow with very abundant cytoplasm (very low N:C ratio).  Clear aggregates of platelets are obvious as they are separated by the DMS.  Soon, the platelets start breaking off from the megakaryocytes and find their way to the peripheral blood.

5- Platelet
They are small fragments of the Megakaryocyte cytoplasm of about 1-4 microns in size.  They contain mitochondria and cytoplasmic granules.

Platelets composition & structure
There are four components of the platelets structure: 

1- Plasma membrane

2- Sub membrane area

3- Cytoskeleton (Sol-gel zone)

4- Organelle 

The organelle contains the lysosomes, perxisomes, mitochondria, alpha (α) granules, and dense bodies.

Alpha granules contain many of the coagulation factors (factor V, XI, fibrinogen, VW factor) and many growth factors as well as some adhesion molecules.

Dense bodies contain ADP, ATP, serotonin, and calcium (all needed for successful coagulation process).

Platelets function
Platelets themselves serve as the actual plugs which block the wound.  This is achieved by the aggregation of platelets at wound site, hence, physically blocking the wound and preventing bleeding.  This is accomplished through the following steps:

1- Adhesion: platelets sticking around the wound. 

2- Secretion: release of their contents of coagulation factors.
3- Aggregation: large numbers of platelets sticking to each other in side the wound thus forming a plug to stop blood flow through the wound.        
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