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Hemoglobinopathies: Disorders of human hemoglobin 

 Most common genetic disease in the world (5% are carriers, 300,000 births/year) 

Hemoglobinopathies can be divided into three groups, qualitative, quantitative, and 

persistence of fetal hemoglobin (HbF). 

All hemoglobinopathies (HGPs) are hereditary. 

 

Qualitative Hemoglobinopathies: mutations with structural variants (700 variants) 

Qualitative HGPs can be further divided based on the location of the mutation, and each 

one will have a different effect on the function of hemoglobin (Hb): 

 Mutations on surface residues: most are asymptomatic except for the most severe 

HGP – HbS (sickle cell) 

 Mutations on internal residues: produce unstable Hb, causing hemolytic anemia and 

Heinz-Ehrlich Bodies or just Heinz Bodies (Hb Hammersmith) 

 Mutations resulting in methemoglobin (met-hemoglobin): causes iron in heme to be in 

the ferric state, results in oxygen not being able to bind to heme (cyanosis) 

 Mutations are α1-β1 contact: results in a change in oxygen affinity of heme 

 

Sickle Cell Hemoglobin:  

Caused by a point mutation that changes the 6th residue in the β chain to switch from 

glutamate to valine (negative to nonpolar change). 

This change causes the Hb molecules to clump together upon deoxygenation, forming 

chains of Hb molecules. Repeated cycles of deoxygenation causes irreversible sickling. 

 

The clumping of these Hb molecules causes 

deformation in the RBC, leading to its sickle 

appearance. This in turn decreases the flexibility 

of the RBC, impairing its ability to squeeze 

through capillaries, causing blockages in the 

capillary bed. This causes local hypoxia, which 

over time leads to damage in the kidney, lungs, 

and heart. HbS also decreases the lifespan of 

RBCs from 120 days to 20 days (hemolytic 

anemia). The molecular cause of this clumping has to do with the shape of the hemoglobin 

in its deoxygenated state. 
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The mutation of valine causes a protrusion in the β chain, which, upon deoxygenation, will 

insert itself in a hydrophobic pocket (remember Val is nonpolar) of a different HbS. This will 

continue to form a polymer over many deoxygenation cycles. Factors that increase the 

sickling trait all increase the amount of deoxygenated HbS: 

 Low oxygen pressure (high altitudes) 

 High pCO2 

 Low blood pH 

 Increased 2,3-BPG (decreases O2 affinity) 

 Dehydration 

The distribution of this mutation is mostly found in Africa. Most people are at least carriers 

of the gene, which means under normal conditions they are asymptomatic and show no 

sickling in their RBCs, however in low oxygen levels their cells can sickle, but not as 

severely as people with two copies of the gene (note sickle cell anemia is inherited in an 

autosomal recessive pattern). Why is it so common in Africa? 

People with at least one HbS gene are unable to be infected with malaria (plasmodium 

falciparum). This is because of the decreased lifespan of RBCs which doesn’t allow the 

parasite to go through its lifecycle in the RBCs. 

 

Hemoglobin C (HbC): 

Another mutation on the 6th residue of the β chain replacing glutamate with lysine. This 

change (negative to positive protein) results in a less soluble Hb, which causes HbC 

molecules to crystalize inside RBCs, altering their shape and decreasing their flexibility.  

This crystallization also causes water loss from the cells, increasing 

the Hb concentration on lab results. The main clinical manifestation 

is mild hemolysis. 
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Hemoglobin SC:  

 Some individuals are lucky enough to have an allele 

for HbS as well as HbC. This results in HbSC, which 

has variable severity, meaning patients can be 

asymptomatic or have mild hemolysis. 

 

 

 

 

Hemoglobin E / β Thalassemia E 

This is a special case, as it is both 

qualitative and quantitative. It is common in 

South East Asia and it is caused by a point 

mutation in codon 26 of the β chain, 

switching glutamate to lysine (DNA: GAG  

AAG). This in turn results in an alternative 

splice site in exon 1 which has a chance of 

producing an mRNA molecule that results in 

no globin being translated. Any mRNA 

molecules that do get translated are mutated. 

Individuals with this disease have decreased 

Hb production to around 60% of the normal 

amount. These patients are asymptomatic.  

 

Hemoglobin Hammersmith: 

Hb Hammersmith results from a point mutation which makes an unstable hemoglobin that 

gets denatured easily, and has a decreased affinity for oxygen. The mutation changes an 

internal phenylalanine into a serine (nonpolar to polar) which compromises the nonpolar, 

inward facing portion of the globin, causing changes heme positioning resulting in 

cyanosis: 

 

 

 

 

 

 

 



4 | P a g e  
 

HGPs Affecting T/R State: 

Most of these are caused by mutations that affect interactions between globin chains 

(mainly α1 and β2).  

A substitution of histidine146 to leucine, is called Hb Cowtown. We talked about 

histidine146 earlier and how it causes something called the Bohr effect which causes 

changes in heme’s affinity to oxygen. When leucine is in place of histidine, it causes the 

hemoglobin to tend to be in the R state which increases affinity. 

Other mutations can alter the hydrogen bonds between the two αβ dimers, which causes 

either: 

Hb Kansas: stabilization of R state 

Or 

Hb Yakima: stabilization of T state 

 

Methemoglobinemia:  

This condition is caused by a decreased ability of an enzyme called methemoglobin 

reductase (aka cytochrome B5 reductase). Normally, heme is bound to oxygen with the 

iron in the ferrous state, and is oxidized to the ferric state after release of oxygen from 

heme. When this happens, methemoglobin reductase goes and reduces it back to the 

ferrous form so it can bind oxygen again. This results in the formation of methemoglobin 

(HbM). These patients have dark, chocolate colored blood as well as cyanosis. Why is the 

enzyme not working? 

 Mutations in the globin chains which bind heme in a way that prevents the 

reductase from working: 

o Hb Boston – distal histidine is switched with tyrosine which oxidizes the iron 

in heme using its own oxygen, as well as causing water to enter heme’s 

hydrophobic pocket 

o HbM Iwate – proximal histidine is replaced with tyrosine 

 Deficiency in methemoglobin reductase 

 Drugs or water contaminated with nitrates 

The treatment of methemoglobinemia is by giving the patient 

methylene blue. This acts as if it were HbM reductase by 

getting reduced by NADPH to leukomethylene blue which 

then reduces the iron in heme to the ferrous state.  
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Quantitative Abnormalities / Thalassemias: 

It is the most common single human gene disorder which is caused by a decreased 

amount in either the α or β chains, which alters the α:β ratio (usually 1:1).  

The distribution of these diseases are concentrated in the Middle East, Africa, and South 

East Asia.  

Remember the distribution of globin chain production: 

Using this graph, we can see that α chain 

production starts very early in the baby’s life, 

while β chain production peaks after birth. 

Because of this, α thalassemias will present at 

birth, while β thalassemias will present several 

weeks after birth.  

 

 

 

 

 

Alpha Thalassemias: 

The alpha thalassemias are characterized by a deletion in 1 or more of the 4 α globin 

genes.  
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Depending on the number of genes deleted, clinical manifestations can vary. One deletion 

results in a carrier state with no decrease in Hb production.  

 

Hemoglobin H: 

A deletion of 3 genes causes a disease called HbH, in which a decrease in α chains 

causes an increased chance of β chain tetramers to form (instead of α2β2 it is β4). These 

HbH molecules have a much lower oxygen carrying capacity. On the cellular level, they 

form something called Heinz bodies which we mentioned at the beginning of the sheet. 

These bodies are difficult to spot without a special stain. These Heinz bodies are able to 

bind to the plasma membrane of the RBC they are in and disrupt it causing mild to 

moderate hemolytic anemia. 

 

Hydrops Fetalis: 

Is the result of 4 deletions of the α gene, and causes an increased chance of the formation 

of γ4 tetramers, which are called Hb Bart. Hb Bart has no oxygen carrying capacity and 

causes oxygen starvation in the fetal tissues, which is fatal. The baby will be either stillborn 

or die shortly after birth.  

 

Minor α Thalassemia: 

Result of 2 deletions or inactivations in the α genes, with mostly asymptomatic patients. 

 

Silent Carriers: 

Have 1 gene deleted, asymptomatic but carry the gene and can have kids with a 

thalassemia.  

 

β Thalassemias: 

Mainly caused by point mutations, promoter region mutations, translation initiation codon, 

splicing positions, or poly-adenylation of termination signal. This results in α globin 

homotetramers to form, which are insoluble and causes premature hemolysis in the bone 

marrow and spleen.  

 

β Thalassemia Major: 

Complete lack of β production is β0-thalassemia or β thalassemia major. Presents after 

birth and during the first year of life. Patients have severe anemia and need constant 

transfusions/phlebotomies. Constant transfusions causes iron to build up in several 

organs, which eventually causes death in their teens or early 20s. 
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β Thalassemia Minor: 

These individuals are heterozygotes for the β gene (only 2 copies) with one normal and 

one mutated. Patients are usually asymptomatic. 

 

This is a summary of the thalassemias, note β+ means decreased production, β0 means no 

production, and βE is HbE: only memorize the ones we discussed in the sheet. 

 

Hereditary Persistence of Fetal Hemoglobin (HPFH): 

Patients with HPFH continue making fetal hemoglobin (HbF) in their adult life. This 

symptom is usually asymptomatic, so most people don’t realize they have the disease. The 

cause of the disease is usually large deletions in the δ or β coding regions on chromosome 

11. This causes a decrease in the HbA or HbA2 so the production of HbF is increased to 

make up for the decrease in oxygen carrying capacity. 

 

Hemoglobin Electrophoresis: 

A way of diagnosing qualitative HGPs by using gel electrophoresis. Remember, 

electrophoresis is based on how far molecules with different charges migrate in the same 

amount of time. Normally, a majority of our hemoglobins are HbA, so using gel 

electrophoresis, we will have a single band. Individuals with other types of hemoglobins 

will have a mutation resulting in an amino acid substitution, which will change the overall 

charge on the molecule (change in isoelectric point). This causes them to migrate at 

different rates compared to normal HbA. To understand the difference in migration rates, 

you must understand the amino acid substitutions in each disease: 

 HbS: glutamate  valine means a more positive charge 

 HbC: glutamate  lysine means a much more positive charge 

Because we have the cathode (-) at the far end of the gel, HbC will travel the fastest. 
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In this example: 

 Lanes 1 and 5 are controls will each type of Hb in it (A, F, S, and C) 

 Lane 2 is a normal adult 

 Lane 3 is a normal neonate 

 Lane 4 is a homozygous sickle cell patient 

 Lanes 6 and 8 are heterozygous sickle cell patients 

 Lane 7 is a HbSC patient 


