
Sickle Cell Anemia
Sickle cell anemia is the most common monogenic disease, 
caused by a single point mutation in the gene encoding hemo-
globin subunit β (HBB). Sickle cell anemia is an autosomal 
co-dominant disease; heterozygous individuals (carriers) do 
not exhibit sickle cell anemia but carry the mutant allele.

Hemoglobin is a tetrameric protein in erythrocytes that is 
responsible for transporting oxygen throughout the body. In 
adults, the most common form of hemoglobin is comp rised 
of two α-globin subunits and two β-globin subunits. A trans-
version mutation in the HBB gene leads to the substitution of 

glutamic acid with valine, resulting in the mutant sickle form 
of β-globin. When a hemoglobin tetramer contains two sickle 
β-globin subunits, it is referred to as sickle hemoglobin (HbS). 
Deoxygenated HbS readily polymerizes and is responsible for 
the sickle shape of erythrocytes (see Heme Polymerization).

Sickle erythrocytes are highly unstable; in contrast to normal 
erythrocytes which have a lifespan of approximately 120 days, 
sickle erythrocytes survive for only 10–20 days. This rapid loss 
of erythrocytes causes chronic hemolytic anemia, which leads 
to a range of chronic complications and pathologic events.

Heme Polymerization
HbS tetramers are prone to polymerization upon deoxygen-
ation. Hemoglobin with only a single sickle β-globin subunit 
may polymerize, but not as readily as HbS containing two 
sickle β-globin subunits. The HbS polymers align into long 
parallel rods, making the once flexible erythrocyte stiff and 
rigid. This polymerization and the resulting structural change 
causes the sickle shape of the mutant erythrocyte.

The rigidity of these erythrocytes leads to recurrent vaso-
occlusion — blockage of blood flow in small blood vessels, 
which can result in organ damage and chronic pain crises.

Epidemiology
Sickle cell anemia is most prevalent in sub-Saharan Africa, par-
ticularly in Nigeria and the Democratic Republic of the Congo, 
as well as India.

The geographic distribution of sickle cell anemia is directly 
correlated with malaria endemicity. It was determined in 
2011 that being heterozygous for HbS was protective against 
malaria (see Malaria Protection), which provides a reason why 
a genetic life-threatening disease still exists in the population. 
In sub-Saharan Africa, where malaria is also most prevalent, 
75% of children are born with sickle cell anemia. 50–90% of 
those children die before the age of 5. 

Due to the high cost of treatments for sickle cell anemia, most 
improvements in life expectancy are seen in high-income 
countries, where the median age of survival is 67 years. While 
life expectancy has improved in high-income countries like the 
United States, Black Americans face structural racism within 
the medical field; Black individuals suffering from sickle cell 
anemia are often accused of exaggerating their pain to receive 
additional drugs, resulting in inadequate treatment of their 
debilitating symptoms. Approximately one third of individuals 
with sickle cell anemia report being in pain daily. 
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Advances in Treatment
Current treatments have proven effective in extending survival 
rates and increasing the quality of life for people with sickle 
cell anemia in high-income countries; however, there are addi-
tional barriers in low-income countries related to accessibility 
of treatments as well as their cost. Effective treatments include 
medications like hydoxyurea, chronic erythrocyte transfusion 
therapy, and hematopoietic stem cell transplantation. The 
inaccessibility of these treatments within low-income coun-
tries means that disease management along with screening 
and prevention are prioritized over treatment.

Due to sickle cell anemia being a monogenic disease caused by 
a single base-pair substitution, it is an ideal candidate for the 
genome editing technology, CRISPR-Cas9. In theory, hema-
topoietic progenitor cells could be removed from an individ-
ual with sickle cell anemia and edited with CRISPR-Cas9 gene 
therapy to correct the transversion mutation in the HBB gene. 
Upon transplantation back into the patient, those stem cells 
would be able to produce healthy erythrocytes.

Malaria Protection
Malaria is most commonly caused by the protozoan para-
site Plasmodium falciparum. This parasite is transmitted to 
humans by mosquitoes. The parasite infects erythrocytes 
and utilizes the hosts actin to build a trafficking system for 
its survival and propagation; however, the presence of a 
sickle β-globin subunit within hemoglobin prevents the actin 
remodeling, providing protection against the parasite.

Both sickle cell anemia and malaria can be lethal, but given 
the survival advantage of heterozygous individuals with the 
sickle allele, the sickle cell trait remains in the population. 
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