Hemoglobinopathies
Hemoglobinopathies are mutations of alpha or beta globin genes leading to variant globin 
molecules or decreased globin production.

Hb-A is the normal adult hemoglobin (α2β2).  One heme in each globin (four total).

Sickle Cell Disease is a hemolytic anemia due to mutated beta globin.

Thalassemia is a hemolytic anemia due to unbalanced beta:alpha globin production.

Methemoglobin is not anemia, but leads to cyanosis because mutated globins carry O2 poorly.

Electrophoresis of Hb is a good screening test, because abnormal Hb variants travel differently.
The Hemoglobin Switch
The hemoglobin switch occurs when fetal gamma globins are replain by beta globins.  
The switch is incomplete and reversible.

The switch from Hb-F to Hb-A involves the same alpha genes.  The production and assembly of 
hemoglobin involves balanced alpha and beta globin production.
The beta globin gene region has “LCR” regulatory regions that mediate the switch.  This involves 
physical bending of the chromatin to bring the LCR promoter first to the gamma globin 
gene (Hb-F) and then switching to the beta globin gene.  This bending is reversible!
We can use drugs to reverse the LCR bending, re-instituting Hb-F production.
(Raymond removed a graph depicting the hemoglobin switch: rise in ( isoform and drop in ( isoform after birth.)
Sickle Cell Anemia
A hemolytic anemia of variable severity due to mutated beta globin.  Glu ( valine mutation 
causes hemoglobin tetramers to form rigid polymers.  The “critical polymer” requires 30 
Hb-S tetramers, at which point the reaction takes off.

The rigid polymers cause membrane distortion and sickling.

On blood smear, look for reticulocytes and Howell-Jolly Bodies.
The classical explanation for SS disease is that rigid sickle cells cause vaso-occlusion and 
ischemia.  Repeated obstruction causes organ damage.
However, SS is no longer considered a single gene disease, since crises are multifocal.  Crises 
probably involve RBC, WBC, endothelial factors, and the coagulation system.
Hb-F does not polymerize like Hb-S, so SS newborns never have symptoms of sickle cell anemia!


Hydroxyurea increases Hb-F in adults by reversing the hemoglobin switch.  This is a 
very good treatment, although it will decrease WBC.  If hydroxyurea is insufficient, BMT 
is an option.
Thalassemia
A microcytic hemolytic anemia due to imbalance in beta:alpha globin production (normally 1:1).
alpha > beta = beta thalassemia
             
beta > alpha = alpha thalassemia

The mutation doesn’t alter globin function.  Hb-A is normal, just less per RBC.

In alpha thalassemia, the beta globins form β4 tetramers (Hb-H) which precipitate and hemolyze.

Precipitates land just under the RBC membrane.  Often confused with iron deficiency.

Alpha thalassemia is the most common cause of microcytic anemia in the world.


Alpha thalassemia is microcytic, but may not cause anemia.  

In beta thalassemia, the alpha globins form α4 tetramers that precipitate and cause RBC hemolysis.

Because of reduced beta globin, Hb-A will decrease relative to Hb-F.  This only happens 
in beta thalassemia.
Beta thalassemia is called “Cooley’s Anemia.”  

--Heterozygotes have thalassemia minor.  Microcytic RBC and minimal anemia.


--Homozygotes have thalassemia major.  They have severe anemia and require transfusion.
Beta thalassemia is characterized by microcytosis, hypopigmentation, erythrocytosis (marrow 
tries to compensate), nucleated RBC, and elevated Hb-F.
Liver and spleen are enlarged due to extramedullary hematopoiesis.  Bones are chock full of 
marrow, causing hypertrophy and brittleness.  Anemia is microcytic and hemolytic.
Therapy for severe thalassemia is usually regular transfusion plus iron chelation.  Hemoglobin 
switching agents like hydroxyurea aren’t effective because can’t produce enough Hb-F to 
offset the Hb-A deficiency.
(Raymond remove image depicting Hb isoforms in normal, ( thalassemia, and ( thalassemia.)

Methemoglobinemia
This can be due to a variety of mutations, either congenital or from oxidant drugs such as 
Dapsone, nitrates, and acetaminophen. 

It does not cause anemia but O2 transport is decreased.  The most common symptom is cyanosis.
Methomoglobin is due to inability of heme to maintain Fe2+ state.  Hemes become ferric (Fe3+).
There is normally a tiny bit of methemoglobin in the blood, but this must increase 10x (>8%) to 
cause methemoglobin symptoms.
