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Abstract: Gene therapy holds a great deal of promise for the future of medical treatment. It involves the introduction of 

genetic material into a cell DNA to treat a disease. The ambitious objective of gene therapy is to edit a defective gene 

sequence in situ to achieve complete reversion of a disease phenotype for the lifetime of the patient. In spite of recent 

successes in site-specific correction of defective gene sequences, the focus of most gene therapy strategies to date is on 

gene addition rather than gene replacement.  Adenovirus vectors are still being pursued as a means of obtaining long-

term expression of both Factor VIII and Factor IX in hemophilic patients. Improved liver-specific promoters and further 

redesign of production methods resulted in long-term expression of Factor VIII in canine models of hemophilia A.  Good 

candidates for gene therapy include autosomal recessive disorders (such as Sickle cell disease SCD) because a normal 

phenotype can be restored in diseased cells with only a single normal copy of the mutant gene (Goncz 2002). Gene 

therapy,  provides a viable alternative for permanent correction of the abnormal gene in SCD. 

Keywords: Hemophilia, Sickle cell disease, SCD, Gene therapy. 

 

Gene Therapy for Hemophilia: 

INTRODUCTION 

The ambitious objective of gene therapy is to 

edit a defective gene sequence in situ to achieve 

complete reversion of a disease phenotype for the 

lifetime of the patient. In spite of recent successes in 

site-specific correction of defective gene sequences, the 

focus of most gene therapy strategies to date is on gene 

addition rather than gene replacement (Urnov et al., 

2005). This simplified approach relies on a delivery 

mechanism to provide a corrected copy of the defective 

gene without removal of the error-containing genomic 

sequence. While literally hundreds of animal models of 

disease can now be effectively treated by gene transfer, 

a select few diseases remain the primary focus of much 

gene therapy research. 

 

Aspects influencing gene treatment for hemophilia: 

A combination of factors including prevalence 

of disease, width of therapeutic window, ability to 

accommodate the corrected gene sequence in a gene 

transfer vector, reliability and availability of animal 

models of the disease, and funding and support from 

disease-specific foundations, all contribute to the over  

representation of these few diseases. Hemophilia A and 

B are among the most extensively researched diseases 

in the field of gene therapy. Small and large animal 

models of both diseases are available for preclinical 

testing. Importantly, treatment of the disease can be 

quantitatively measured through well-defined 

coagulation assays, eliminating a problem that plagues 

gene therapy efforts for many other disease entities. 

Another important aspect of the treatment of 

hemophilia by gene transfer is that there is a relatively 

low threshold for success. If long-term expression of 

the defective coagulation factor at 2–3% of wild-type 

levels could be achieved, then a substantial reduction in 

the clinical manifestations of the disease would be 

expected (Herzog et al., 1999; Sarkar et al., 2000). 

Expression of greater than 30% of the wild-type level of 

the defective coagulation factor would result in a 

phenotypically normal patient under most 

circumstances (Pollak and High, 2001), although higher 

levels may be required in the face of haemostatic 

challenge (Plug et al., 2006). 

 

Another advantage of haemophilia B in the 

development of gene therapy strategies is the relatively 

small size of F9 cDNA (approximately 1.4 kB of coding 

sequence). This is amenable to insertion into many 

different gene transfer vectors and allows the addition 

of numerous transcriptional regulatory elements to both 
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improve and restrict transgene expression in select cell 

types. F8 cDNA is much larger than that of F9 (>8 kB), 

and is not as readily accommodated in gene transfer 

vectors. Several strategies have been employed to 

overcome this difficulty. 

 

Recent development in gene transfer for hemophilia: 

Adenovirus vectors are still being pursued as a 

means of obtaining long-term expression of both Factor 

VIII and Factor IX. Improved liver-specific promoters 

and further redesign of production methods resulted in 

long-term expression of Factor VIII in canine models of 

hemophilia A, although some hepatotoxicity remains 

evident and could complicate translation into clinical 

trials (Andrews et al., 2002; Chuah et al., 2003; Brown 

et al., 2004). Specifically, inter-subject variation and a 

small therapeutic index make the safe use of adenoviral 

vectors difficult for stable gene transfer in humans. As a 

result of their inherent immunogenicity, adenoviral 

vectors are now more frequently used as vaccine 

delivery vehicles (Tatsis & Ertl, 2004). New 

developments in the field of retroviral vectors are more 

promising for application in the treatment of 

hematological disorders. One of the most important 

innovations has been the development of lentiviral 

vectors, which have several advantages over the first-

generation retroviral vectors. First, they are capable of 

transducing non-dividing cells, making them more 

suitable for transduction of, for example, hepatocytes 

and haematopoietic stem cells. Second, while retroviral 

vectors preferentially integrate their genomes near 

transcriptional start sites, lentiviral vectors show a 

random integration pattern into the open reading frames 

of genes (Mitchell et al., 2004). While this difference 

does not eliminate the risk of insertional mutagenesis, it 

seems likely to mitigate the risk by reducing the number 

of full length gene transcripts that might be activated 

through vector genome insertion. Improvements in 

insulator elements flanking coding sequences within the 

vector genome itself further reduced the potential for 

undesirable insertional activation events (Chung et al., 

1997). Naldini et al showed that the use of a liver-

specific promoter in place of a CMV promoter could 

alone be a determinant of stable lentiviral transduction 

of hepatocytes (Follenzi et al., 2004). With a ubiquitous 

CMV promoter driving expression of either green 

fluorescent protein (GFP) or human Factor IX, 

expression was short-lived and the loss of expression 

was accompanied by both antibody formation against 

the transgene and T cell infiltrates in the liver. In 

contrast, use of a liver-specific promoter resulted in 

long-term, stable expression of GFP or human Factor 

IX in wild-type mice with expression levels of the latter 

reaching 200 ng/ml. In a subsequent study, Naldini et al 

also showed that the incorporation of four copies of a 

micro RNA target sequence in the vector genome could 

selectively mark vector transcripts for destruction in 

cells expressing the corresponding micro RNA (Brown 

et al., 2006). Using this lineage-specific suppression 

strategy, selective down regulation of transgene 

expression in hematopoietic cells was achieved.  

 

Gene Therapy for Sickle Cell Disease: 

Sickle cell disease (SCD) is a group of genetic 

conditions that result from the inheritance of abnormal 

hemoglobin genes; thereby resulting in the production 

of abnormal hemoglobin in red blood cells (Akinyanju, 

1989).Hemoglobin is responsible for transporting 

oxygen around the body packaged in red blood cells. In 

people with SCD, the red blood cells contain abnormal 

haemoglobin and change from their normal round disk 

shape to narrow sickle forms. The sickle shape is the 

end result of a series of complex biochemical and 

biophysical events within the red cell after 

deoxygenation of Hb S. The sickle-shaped cells do not 

flow smoothly through small blood vessels the way 

disk-shaped red blood cells do; they block the vessels, 

causing pain and organ damage. About 5% of the 

world’s population carries genes responsible for 

haemoglobinopathies with most of the people living in, 

or originating from sub-Saharan Africa (WHO 2006). 

Each year about 300,000 infants are born with major 

haemoglobin disorders, including more than 200,000 

cases of sickle cell anaemia in Africa (WHO 2006). 

Some parts of Africa have up to 10% to 30% of people 

of African descent carry one sickle gene in the United 

States of America (USA) and the Caribbean (Ohene-

Frempong 1994; Serjeant 1992). 

 

 Recent Development in Gene Therapy of SCD: 

Good candidates for gene therapy include 

autosomal recessive disorders (such as SCD) because a 

normal phenotype can be restored in diseased cells with 

only a single normal copy of the mutant gene (Goncz 

2002). Gene therapy provides a viable alternative for 

permanent correction of the abnormal gene in SCD. It 

circumvents the problem of donor shortage and avoids 

complications related to graft versus host rejection that 

are involved with bone marrow or other forms of stem 

cell transplant. Gene therapy has been used to correct 

SCD in mice (Nathan 2001). Despite the technical 

problems faced, to apply gene therapy in human trails, 

major progress in the globin gene therapy field has been 

achieved. This progress has advanced the possibility of 

gene therapy for hemoglobin disorders such as SCD in 

near future (Persons 2003; Chang 2006). 
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