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Duchenne muscular dystrophy (DMD) is caused by various distinct
mutations, ranging from point mutations to large deletions, in the
dystrophin gene. These mutations have led to a variety of therapeutic
modalities for muscular dystrophy, including gene replacement, gene
correction, and modification of the gene product. Gene replacement
therapy provides an impersonal approach for treating DMD. Adeno-
associated virus (AAV) vector-mediated truncated micro-dystrophin
gene delivery has been successful in some animal models of DMD.
However, recent evidence of immune-mediated loss of vector
persistence in dogs and humans suggests that immune modulation
~might be necessary to achieve successful long-term transgene
expression in these species. In this chapter, we focus on the methods
that have been developed for gene replacement therapy using vectors
based on the AAV.

1. Introduction
1.1. Background of Duchenne Muscular Dystrophy

Duchenne muscular dystrophy (DMD) is the most common form of
childhood muscular dystrophy. DMD is an X-linked recessive disorder
with an incidence of one in 3500 live male births.! DMD causes
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progressive degeneration and regeneration of skeletal and cardiac
muscles due to mutations in the dystrophin gene, which encodes a 427-
kDa subsarcolemmal cytoskeletal protein” DMD is associated with
severe, progressive muscle weakness and typically leads to death
between the ages of 20 and 35 years. Due to recent advances in
respiratory care, much attention is now focused on treating the cardiac
conditions suffered by DMD patients.
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Fig. 1. Dystrophin-glycoprotein complex. Molecular structure of the dystrophin-
glycoprotein complex and related proteins superimposed on the sarcolemma and
subsarcolemmal actin network (redrawn from Yoshida et al.,’ with modifications). cc,
coiled-coil motif on dystrophin (Dys) and dystrobrevin (DB); SGC, sarcoglycan complex;
SSPN, sarcospan; Syn, syntrophin; Cav3, caveolin-3; N and C, the N and C termini,
respectively; G, G-domain of laminin; asterisk indicates the actin-binding site on the
dystrophin rod domain; WW, WW domain.

The approximately 2.5-megabase dystrophin gene is the largest
gene identified to date, and because of its size, it is susceptible to a high
sporadic mutation rate. Absence of dystrophin and the dystrophin-
glycoprotein complex (DGC) from the sarcolemma leads to severe
muscle wasting (Figure 1). Whereas DMD is characterized by the
absence of functional protein, Becker muscular dystrophy, which is
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commonly caused by in-frame deletions of the dystrophin gene, results in
the synthesis of a partially functional protein.

2. Gene-replacement Strategies using Virus Vectors
2.1. Choice of Vector

Successful therapy for DMD requires the restoration of dystrophin
protein in skeletal and cardiac muscles. While various viral vectors have
been considered for the delivery of genes to muscle fibers, the adeno-
associated virus (AAV)-based vector is emerging as the gene transfer
vehicle with the most potential for use in DMD gene therapies. The
advantages of the AAV vector include the lack of disease associated with
a wild-type virus, the ability to transduce non-dividing cells, and the
long-term expression of the delivered transgenes.* Serotypes 1, 6, 8 and 9
of recombinant AAV (rAAV) exhibit a potent tropism for striated
muscles.’ Since a 5-kb genome is considered to be the upper limit for a
single AAYV virion, a series of rod-truncated micro-dystrophin genes is
used in this treatment.®

Due to ingenious cloning and preparation techniques, adenovirus
vectors are efficient delivery systems of episomal DNA into eukaryotic
cell nuclei” The utility of adenovirus vectors has been increased by
capsid modifications that alter tropism, and by the generation of hybrid
vectors that promote chromosomal insertion.® Also, gutted adenovirus
vectors devoid of all adenoviral genes allow for the insertion of large
transgenes, and trigger fewer cytotoxic and immunogenic effects than do
those only deleted in the El regions (from bases 343 to 2270).° Human
artificial chromosomes (HACs) have the capacity to deliver a large gene
(roughly 6-10 megabases) into host cells without integrating the gene
into the host genome, thereby preventing the possibility of insertional
mutagenesis and genomic instability.'?

A goal in clinical gene therapy is to develop gene transfer
vehicles that can integrate exogenous therapeutic genes at specific
chromosomal loci, so that insertional oncogenesis is prevented. AAV can
insert its genome into a specific locus, designated AAVS1, on
chromosome 19 of the human genome." The AAV Rep78/68 proteins
and the Rep78/68-binding sequences are the trans- and cis-acting
elements needed for this reaction. A dual high-capacity adenovirus-AAV
hybrid vector with full-length human dystrophin-coding sequences



