
Abstract
Background: Sickle cell anemia (SCA) forms one of the 
neglected tropical disease of genetic aetiology. Unlike 
many complex genetic diseases inherited on a multi-
allelic pattern, SCA is a hemoglobinopathy of Mendelian 

 typegenetic inheritance. The SCA trait is inherited through 
a recessive autosomal link, with the homozygotes(SS) 
manifesting clinical disease, while the heterozygoste(AS) 
are clinically normal-exept in states of hypoxia or severe 
infection. 
Method: Review of relevant literature on bone marrow 
transplantation and gene replacement therapy in sickle 
cell anaemia was obtained from texts and Pubmed 
search.
Results: The exact genetic disorder assailing 
SCA is the production of mutant or abnormal â 
peptide chains in which the amino acid 
Glutamine has been substituted with valine. 
The issuing Haemoglobin polymerizes when 
deoxygenated,causing constituent RBCs to 
sickle, haemolyse and block small blood vessels- a 
clinical state that manifests as haemolytic anemia, 
aplasia,  thrombo-embolic phenomenon, or painful crises. 
Unfortunately, up to day, there is no cure to SCA, and 
management only aims at preventing or ameliorating 
attacks. 
Conclusion: By virtue of its well defined and localized 
genetic aetiopathophysiology, and the advances in gene 
replacement therapy and regenerative medicine, we 
argue here the case for Bone marrow transplantation 
(BMT) and Gene replacement therapy (GRT) in sickle cell 
anemia
Key words: Sickle cell anemia, Gene replacement 
therapy, Bone marrow Transplantation, Regenerative 
Medicine
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Introduction
The current global distribution of resources geared 
towards research and improvement of health within the 
tropics has been heavily skewed and biased by the 
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burden of the “big three” infectious diseases, viz. 
1,2

malaria, Tuberculosis and HIV infectious diseases , a 
policy that has left other diseases here termed the 
Neglected Tropical Diseases(NTDs). In this article, we 
try to point out that Sickle Cell anemia (SCA)-though 
being of non-infectious etiology, is one of the neglected 
tropical diseases by highlighting its burden and 
distribution, pathophysiology and clinical impacts on the 
quality of life for its victims, and more significantly, the 
available but neglected opportunity for developing an 

3-11effective cure . 

Analysis
Background
Sickle Cell Anemia (SCA) is a genetically inherited 
disease marked by a disorder in the molecular structure 

12-16of the oxygen carrying molecule called hemoglobin . 
17-19

Together with Thalassemia , these groups of 
disorders are called hemoglobinopathies. Sickle Cell 
Anemia represents one of those non-infectious tropical 
diseases that enormously affects the quality of Life of 
many young natives within the tropics in terms of 
frequent hospitalizations, and to the worst claims 

7-11prematurely its victims' lives . None the less, in the 
wake of the advancements in genomics related 

20-24research , SCA also represents one of those 
diseases in which a cure is readily feasible, and one 
that's worth of focused research geared. 

Global burden and distribution of Sickle Cell 
Disease

th
The 59  World Health Assembly in May 2006 estimated 
that about 5% of the world's population is affected by the 
sickle cell trait, and that 25% of them were carriers of the 

24
non-clinical recessive trait . On average, each year, 
about 300,000 babies are born with the clinical trait 
worldwide, with majority of these cases occurring in low 
and middle income countries (see figure 1). All 
hemoglobinopathies are more prevalent in the tropics, 
although population migration has lead to cases in both 

1-11, 17-19, 24Europe and North America . In particular, the 
SCA trait predominates in Africa, with Black Africans and 
their worldwide descendants being most affected. The 
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distribution of the burden of SCA along the malaria belt 
within Africa, and the associated protection from 
plasmodium falciparum, the protozoa that causes malaria 
has made many clinicians to hypothesize that the 
evolution of the SCA trait in humans was in response to 
genetic adaptation to render its carriers immune to 

24
malaria.
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 It is estimated that each year over 300, 

?Approximately 5% of the world's population are carriers of a trait gene for 
sickle-cell disease or thalassaemia; The percentage of people who are 
carriers of the gene is as high as 25% in some regions. 

?These conditions are most 000 babies with severe forms of these diseases 
are born worldwide; the majority in low and middle income countries. 
prevalent in tropical regions; however population migration has spread these 
diseases to most countries. 

?Thalassaemias are the most common in Asia, the Mediterranean basin, and 
the Middle East. 

?Sickle-cell disease predominates in Africa. 

Source: WHO fact sheets.    Sickle-cell disease and other hemoglobin disorders.                               
Http://www.who.int/mediacentre/factsheets/fs308/en/index.html

Figure I. Global Distribution of Sickle cells Anemia 
and other Hemoglobinopathies.

Pathophysiology and clinical consequences of 
sickle cell disease

SCA is due to production of an abnormal or mutant 
Beta (â) peptide chain of the Hemoglobin molecule, 
the main carrier of oxygen within the Red Blood cells. In 
SCA, an amino acid substitution occurs in the 
gene coding for the â peptide, with glutamine 

12-16being replaced by Valine (Glu?  Val) at position 6 . This 
results in the production of HbS rather than HbA(or HbF in 

1-11
case of the newly born or fetuses) . The inheritance of 
the SCA trait, unlike for many multi-allelic disorders, 

 
follows a typical Mendelian style on an autosomal 
recessive basis, with the homozygotes(SS) having 
SCA(HbSS) and the heterozygotes(HbAS) carrying the 
trait but no manifestation of the clinical diseases except in 
cases of severe hypoxia. Individuals with the later pattern 
(carriers) have also been observed to be resistant to 
Malaria. Symptomatic SCA disease may occur in carriers 
of the sickle cell trait if genes coding other amino acid 
substitutions occur concurrently (HbCS, and HbDS). For 
the homozygotes(HbSS), in circumstances of low oxygen 
or deoxygenation(such as infection, exercise, 
anaethesia, exposure to high altitude, cold or 
dehydartion), the abnormal hemoglobin polymerizes to 
form fibres that cause the RBCs to change shape from the 
normal smooth doughnut shape to a cresecent or half 
moon shape(sickling). These issuing sickle cells are 
fragile, easily aggregate on each other (sticky) and block 
small vessels and hemolyse readily. This results in the 

3-11
clinical manifestations seen in SCA :

1. Haemolytic anemia(Hb <6-8d/dl)
2. Thromboembolic phenomen(which may lead to 

end organ infarction:Femoral head necrosis, 
hyposplennism secondary to infarction, strock)

3. Sequestration(trapping of RBCs in the liver and 
spleen with subsequent enlargement)

4. Aplasia(decreased bone marrow activity)

Early clinical manifestations of SCA range from anemia 
with jaundice, painful swelling of hands and feet (hand 
and foot syndrome), splenomegaly if <10years 
(infarction reduces spleen size with increasing attacks). 
Young sicklers alternate periods of good health and 
acute crises that keep them frequently hospitalized with 
drastic impacts on their quality of life. In severe chronic 
cases, renal failure may occur, bone necrosis (femoral 
head commonest), osteomylitis, leg ulcers due to 
infarction, and iron overload from repeated therapeutic 
blood transfusions. Long term lung complications 
include hypoventilation, atelectasis, and infiltrates. CVS 

3-11accidents (stroke) may also occur too .

The heaviest burden of SCA within the tropics comes 
from undiagnosed cases in childhood(in which case, 
admission due to SCA related illnesses account for 20-
30% of all pediatric emergency admissions), or adult 
females who become pregnant. This has prompted 
many health systems to include genetic counseling and 
screening for the SCA trait as one of the antennal 
routine tests.

Current treatment options for sickle cell disease

Although several supportive management interventions 
are available for SCA (figure 2), there is currently no 
cure for SCA. The Current consensus thus centers on 
the reduction of the burden of SCA, and maintains that 
the most cost-effective strategy doing so is to 
complement disease management with prevention 
programmes. Inexpensive and reliable blood tests can 
identify couples at risk for having affected children. This 
genetic screening is especially opportune before 
marriage or pregnancy, allowing couples to discuss the 
health of their family. Subsequent genetic counselling 
informs trait carriers of risks that may be passed along 
to their children and the treatment needed, if affected by 
a haemoglobin disorder. Prenatal screening of genetic 
diseases raises specific ethical, legal and social issues 

19that require appropriate consideration . Health 
Canada, has moved to include screening for the SCA 
trait in all pregnant mothers with a suggestive socio-
family history for SCA. 
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Figure 2.  Available supportive interventions for SCA

?   High fluid intake 

?Healthy diet 

?Folic acid supplementation 

?Pain medication 

?Antibiotics for infections (both prophylactic and therapeutic

?Immunization against encapsulated organisms

?Prophylactic and therapeutic antimalarials

?Blood transfusions if HB<6mg/dl

Hydroxyuria(increase production of fetal hemoglobin and decreases fibre 
production via HB polymerization, with 50% decrease in attacks)

Discussion
Current analysis, global research interest and its 
loopholes as regards diseases like SCA
The above analysis serves to define SCA as a major 
cause of debilitation and mortality among its victims within 
the tropics that is still incurable, and has widely been 
neglected by both clinical and basic science research in 

1-25terms of the search for a cure . As for many diseases that 
affect developing countries in the tropics, many large 
pharmaceutical have no much interest in searching for a 
cure for SCA simply because the returns in terms of profits 
are prospectively minimal. This leaves the onus of 
innovation and research geared towards the search for 
cures for diseases such as SCA mainly to the basic 
scientists within the tropics. However, a lack of facilities, 
specialty skills and in many cases funds renders such 
efforts fruitless. The Consequence is that young 
researchers and clinicians that may have taken a central 
role towards the discovery of cures for diseases such as 
SCA find greener pastures elsewhere in other fields of 
graduate studies. 

The WHO along with its global partners in health has of 
late however renewed efforts aimed at addressing the 

25
“neglected diseases of the tropics . In particular, the 
governing bodies of the World Health Organization have 
adopted two resolutions on haemoglobin disorders. The 
resolution on Sickle-Cell Disease from the 59th World 
Health Assembly in May 2006 and the Resolution on 
Thalassaemia from the 118th meeting of the WHO 
Executive Board call upon affected countries and the 
secretariat of WHO to strengthen their response to these 

19
conditions . Specifically, WHO will: 

?Increase awareness of the international 
community of the global burden of these 
disorders; 

?Promote equitable access to health services; 
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?Provide technical support to countries for the 
prevention and management of these 
disorders; and 

?Promote and support research to improve 
quality of life for those affected. 

We see this as an opportunity for researchers in the 
tropics to embark on projects geared towards getting 
cures to several NTDs such as SCA.

The window of hope: a gene therapy for sickle cell 
anemia?
Although regenerative medical interventions for 
thalassemias have been documented to yield curative 

17-19
results , the use of this approach in related research 
and search for a cure to SCA is widely lacking. The 
identification of the 10 most vital areas in which 
genomics research can improve the health of 
populations living in the developing world by the 
Genomics working group of the UN emphasizes the 

20-24need for research in this direction . The indicated 
partners above may play a further central role in 
harnessing incentives for the training of more 
specialists from the tropics in the areas of genomics and 
regenerative Medicine using the SCA model.

12-16By virtue of its well defined genetic pathophysiology , 
we envision a cure to SCA through regenerative 
medicine strategies as a certainly attainable goal. The 
spectrum of approaches for achieving this can be 
broadly divided into two:

A. Bone marrow transplantation(BMT)
Bone marrow transplantation is the process of donating 
the blood manufacturing machinery that is abundant in 
the marrow of bone to a needy recipient. The donation 
may come from self (say as occurs prior to 
chemotherapy-in which case the marrow tissue is 
labeled autograft) or it may be from another health 
individual of the same species, and Human Leukocyte 
antigen (HLA) match ( also know as allograft or 
genetically identical transplants). Heroic maneuvers 
have even attempted transplantation with cross 

 26species' tissue (zenografts) . BMT has become a major 
standard of care in other hematological disorders such 

27as Leukemia's and Mylodisplasias , offering both cure 
and improved quality of life for both young and older 

27-31
patients and twin and non-twin matches . Perhaps 
the greatest challenge with BMT as a therapeutic 
strategy for SCA is the lack facilities for HLA sub- typing 
within the tropics. Further still, it would be necessary to 
develop further antigen antibody (Ag-AB) paradigms for 
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red blood cells. BM transplantation for SCA however 
derives a great case in the fact that SCA is a prenatally 
diagnosable genetic disease, offering the chance for 
treatment in infancy when the immune system is not very 
sensitized the same reasons why several BM grafts done 

27-29for leukemia take in infancy more that in adulthood . 
Further still, the social- ethical controversy may be little 
easier to overcome, given that many of this children and 
their families are accustomed to blood transfusions. 

B. Gene replacement therapy(GRT)
Gene replacement is the process by which, a defective 
gene for which reason a disease is occurring, is replaced 
in the diseases person. There are essentially 2 strategies 
for gene replacement therapy-the ex-vivo (in which case 
a patients committed cell line to the disease cells are 
manipulated outside of the body to replace the defective 
gene, and then transplanted back into the patient-a form 
of recombinant allografting) or in-vivo (where special 
vectors-mainly recombinant viruses; are used to shuttle 
the gene of interest to the defective cells inside the 

 30patient) . The latter approach is becoming increasingly 
common for immune reconstitution, and the technology is 

32-34
well developed , making its transfer for use in SCA 
easy. The challenge here is that special erythrotropic viral 
vectors have to be developed. Adenoviruses such as the 
Adeno-associated virus serotype 4 (AAV4) have been 

35
shown to have this potential , with recombinant adeno-

 associated virus (rAAV) vectors containing the -
 

galactosidase (AAV-lacZ) gene being shown for instance 
to  eefectively transducer adult BALB/c mice muscles 
cells with the protein of interest expression lasting at least 

36
32 weeks in myofibers .   In addition, regulatory proteins 
and pathways for globin-molecule synthesis are more 

16-18
elucidated today , with both the messenger RNA 
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(ACCESSION M25079) and complementary DNA 
(ACCESSION V00499) for the human beta globin 

37, 30readily available . Morever, the successful 
completion of the 13-year project coordinated by the 
U.S. Department of Energy and the National Institutes 
of Health  in 2003, the Human Genome Project 

39,40(HGP)   has availed us with several novel insights in 
gene regulation and gene replacement therapy that 
make the success of regenerative approaches for SCA 
all the more likely to succeed. Perhaps the greatest 
case for gene replacement therapy in SCA comes from 
the great success that both BMT and GRT have scored 
in Severe combine Immunodeficiency (SCID), a genetic 
disorder caused by mutations in the common gamma 
chain (gammac- a shared component of the interleukin 
(IL)-2, IL-4, IL-7, IL-9, IL-15, and IL-21 receptors) and 
characterized by lack of cellular and humoral 

4143immunity .

Recommendations
Amidst the rapid ongoing developments in the areas of 

44, 45
regenerative medicine and stem cell research , it is 
imperative that the global community strives to ensure 
that the already achieved breakthroughs are maximally 

21-25
harnessed for the better health of all . A focus on 
overcoming the ethical, equity and Legal and social 
challenges is one side of the coin, the other side lines in 
ensuring appropriate skill and technology transfer in 
cases such as SCA.

In conclusion, we call upon basic researchers and 
clinicians in the tropics along with their partners in 
development, within and without the tropics to use this 
window of hope and mobilize resources towards 
harnessing regenerative medicine the tropics 
neglected diseases such as SCA.
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