Hematopoiesis
Hematopoietic stem cells are blood-forming cells that can self-renew and differentiate.

These stem cells are plastic and may be able to transdifferentiate into non-hematopoietic tissues.
Daughter cells progressively lose multi-lineage potential.
Myeloid and lymphocyte progenitors come from separate stem cell lineages altogether.

Hematopoietic growth factors include locally-synthesized stem cell factor, interleukins, and 
colony stimulating factors such as GM-CSF, M-CSF, and G-CSF.  They also include 
erythropoietin and thrombopoietin which are made in the kidneys and liver.

Hematopoietic growth factors maintain survival of stem cells by promoting their proliferation, 
but also facilitate their differentiation into lineages.  Some growth factors are multipotent, 
while other like erythropoietin are lineage-restricted.
Types of Hematopoietic Stem Cells (HSC)
1.  High Quality, Pluripotent, Primitive HSC do not express blood lineage (Lin) antigens or 
MHC II antigens, so they have bare surfaces.  They express high levels of ALDH.  They 
are capable of complete self-renewal and life-long production of all blood lineages.  
There are only 1000 high quality HSC in an adult human.

In shorthand, high quality HSC are CD34​- Lin- ALDH+ and DR-
2.  Low Quality, Multipotent HSC are more differentiated and have limited self-renewal capacity.


They express blood lineage antigens and MHC II antigens, and don’t express much ALDH.


They are the progenitors of RBC, granulocytes, and platelets, and to some extent B cell.

In shorthand, low quality HSC are CD34+ Lin+ ALDH- and DR+
3.  Lineage-committed progenitors are not stem cells – they differentiate but cannot self-renew!

They are presented below in order of increasing differentiation.

--CFU-GEMM are the most primitive blood progenitor cells.

--BFU-E are erythroid burst forming units.

--CFU-E are erythroid colony forming units.


--CFU-GM are granulocyte and macrophage colony forming units.  These are the most 

        differentiated myeloid precursors.
(Raymond removed image of hematopoietic source of different lymphomas.)

While high quality HSC are resistant to diseases, low quality HSC are the source of leukemias 
and aplastic anemia.
B and T cell lymphomas may arise at many levels of differentiation because lymphocytes 
maintain “stemness” (ability to self-renew) until the end of their differentiation process.

This explains why lymphomas occur at the level of the differentiated lymphocyte.
Causes of hematopoietic failure

--Oncogenesis (leukemias, myelodysplasia)
--Autoimmunity (aplastic anemia)

--Direct DNA damage (radiation, benzene, chemotherapy)

--Viruses (HIV, parvovirus B19)

Oncogenesis

Cancerous mutations occurring in differentiated blood cells will not become malignant.
Hematopoietic malignancies must begin in an HSC.  This may occur via two different paths:
1.  Increased proliferation.  These tumors are poorly differentiated, rapidly growing, and 
sensitive to chemotherapy.  An example is c-MYC in Burkitt lymphoma.
2.  Blocked apoptosis.  These tumors are well differentiated, slow growing, and resistant to 
chemotherapy.  They often go from chronic into an accelerated phase and then blast crisis.  
An example is bcr-abl in CML.
Diseases of HSCs
1.  Aplastic anemia.  Severe pancytopenia with hypocellular marrow.  Caused by autoimmune 
suppression of growth and differentiation of low quality HSC by self-reacting CD8 T cells.


High quality HSC are not attacked.  Aplastic anemia is treated with cyclophosphamide, 
which poisons CD8 T cells.  The high ALDH in high quality HSC inactivates the drug, 
which is why they are spared.
2.  Pure red cell aplasia.  Severe anemia with absence of RBC marrow precursors.  May be caused 
by autoimmune process or parvovirus B19 (since globoside is found on RBC progenitors).
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