African Journal of Biotechnology Vol. 6 (6), pp. 683-684, 19 March 2007

Available online at http://www.academicjournals.org/AJB
ISSN 1684-5315 © 2007 Academic Journals

Short Communication

Usage of U7 shnRNA in gene therapy of hemoglobin C
disorder: feasibility by gene ontology tool

Viroj Wiwanitkit

Department of Laboratory Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok Thailand 10330. E-mail:
wviroj@yahoo.com.

Accepted 29 January, 2007

Hemoglobin (Hb) C disorder is an important hemoglobinopathy with the highest endemicity in Middle
East. The red blood cell abnormality is attributed to the beta thalassemic nature of the beta C (bc) globin
gene. Here, a bioinformatic analysis was performed to study the effect of co-expression between human
Hb C b-globin chain gene and U7.623. The gene ontological results show that full recovery of
hemoglobin function and biological process can be derived. This confirms that U7 snRNA can be a

good tool for gene therapy in Hb C disorder.
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INTRODUCTION

Hemoglobinopathies are important groups of inherited
disorders. Of several hemoglobinopathies, hemoglobin C
disorder (beta 6, Glu-Val) is one of the most common
forms (Ohba and Fujisawa, 1996). Similar to thalassemia
carrier, heterozygous Hb C without concomitant thalasse-
mia is usually asymptomatic. It is noted that the mecha-
nism for the defective production of b C chains is a re-
duction of beta C mRNA (Reider, 1972).

Recently, repair of defective splicing by small nuclear
RNAs (SnRNAs) became a new approach in gene
therapy for hemoglobinopathy. Utilization of snRNA as a
therapeutic agent involves replacement of the natural
antisense sequence with that targeted to the desired
RNA (Gorman and Kole, 1999). It is anticipated that
snRNAs as antisense carriers will allow for long term,
possibly permanent, expression of RNA antisense to its
targets such as the aberrant thalassemic splice sites in b-
globin RNA (Gorman and Kole, 1999). Here, a bioinfor-
matics analysis, specifically a gene ontology technique,
was performed to study the effect of co-expression
between human Hb C b-globin chain gene and U7.623.

MATERIALS AND METHODS

Getting the sequence

The Pubmed database was used for data mining of the nucleic acid
sequence for human b-globin chain. Then the mutation B6 was

experimentally performed to derive primary sequence in
hemoglobin C disorder. The modified U7 snRNA (U7.623) was also
searched and used for the study.

Prediction of the co-expression

The prediction of molecular function and biological process for the
combination between human Hb C b-globin chain gene and U7.623
was performed using a novel gene ontology prediction tool, GoFig-
ure (Khan et al., 2003). GoFigure is a computational algorithm tool
which is recently developed in gene ontology (Khan et al., 2003).
The tool accepts an input DNA or protein sequence, and uses
BLAST to identify homologous sequences in gene ontology
annotated databases (Khan et al., 2003). The approach is to use a
BLAST search to identify homologs in public databases that have
been annotated with gene ontology terms (Khan et al., 2003).
These include: SwissProt, Flybase (Drosophila), the Saccharomy-
ces Genome Database (SGD), Mouse Genome Informatics (MGI)
and Wormbase (nematode) (Khan et al., 2003). The contents of the
results will show results for molecular function as well as biological
process of the studied protein (Khan et al., 2003). The prediction of
molecular function and biological process were presented and
compared.

RESULTS AND DISCUSSION

Using GoFigure server, the molecular function and biolo-
gical process in the co-expression between human Hb C
b-globin chain gene and U7.623 is predicted as seen in
Table 1.
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Table 1. Molecular function and biological process due to the co-
expression between human Hb C b-globin chain gene and U7.623.

Molecular function Biological process

Oxygen transporter activity Transport

Oxygen transport

biological_process

physiologica
process

cellular
process

cell growth
and/or
naintenance

gas transport

OXYEEN
transport

Figure 1. Expected biological process due to
the co-expression between human Hb C b-
globin chain gene and U7.623.

Hb C is an important hemoglobinopathy with the hig-
hest endemicity in Middle East. People with hemoglobin
C disease usually have a mild hemolytic anemia and mild
splenomegaly. Gene therapy is a new therapeutic
highlight for many genetic diseases including to
hemogloinopathy (Gorman and Kole, 1999). Concerning
the thalassemia, modified U7 snRNA (Phillips and
Turner, 1991) is a widely mentioned SnRNA for b-globin
gene repair. U7.623, which is designed as antisense for
the b-globin mutation in intron 2, is a snRNA might
correct abnormal splicing in b®-globin gene.

Here, the effect of co-expression between human Hb C
b-globin chain gene and U7.623 was studied Figure 1.
The gene ontological results show that full recovery of
hemoglobin function and biological process can be
derived. Indeed, U7 snRNA, does prevent aberrant
splicing and restores correct splicing resulting in
increased synthesis of b “mRNA and b -globin. In
addition, many lines of evidence from wet laboratories
supporting the usefulness of the U7.623 antisense in
repair of splicing and leading to increase in the amount of
correctly spliced mRNA have been reported for several b-
thalassemia mutations (Gorman et al., 1998; Suter et al.,
1999; Suwanmanee et al., 2002). However, there is a
limited knowledge on Hb C disorder. The result from this
analysis can lead to the confirmation in the advantage of
using of U7 snRNA gene antisense. That U7 snRNA can
be a good tool for gene therapy in Hb C disorder is
further confirmed.

REFERENCES

Ohba Y, Fujisawa K, Hb CD (1996). Hemoglobinopathies. Nippon
Rinsho. 54: 2448-53.

Reider RF (1972). Translation of -globin m-RNA in -thalassemia and the
S and C hemoglobinopathies. J. Clin. Invest. 51: 364-72.

Gorman L, Kole R (1999). Gene therapy approaches to the treatment of
hemoglobinopathies Gene Ther. Mol. Biol. 3: 189-196.

Khan S, Situ G, Decker K, Schmidt CJ (2003). GoFigure: automated
Gene Ontology annotation. Bioinformatics 19: 2484-5.

Phillips SC, Turner PC (1991). Nucleotide sequence of the mouse U7
snRNA gene. Nucleic Acids Res. 19: 1344.

Gorman L, Suter D, Emerick V, Schumperli D, Kole R (1998). Stable
alteration of pre-mRNA splicing patterns by modified U7 small
nuclear RNAs. Proc Natl Acad Sci USA 95: 4929-4934.

Suter D, Tomasini R, Reber U, Gorman L, Kole R, Schumperli D.
(1999). Double-target antisense U7 snRNAs promote efficient
skipping of an aberrant exon in three human b-thalassemic
mutations. Human Mol. Genet. 8: 2415-2423.

Suwanmanee T, Sierakowska H, Fucharoen S, Kole R (2002). Repair of
a splicing defect in erythroid cells from patients with b -
thalassemia/HbE disorder. Mol. Ther. 6: 718-726.



