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Restoring Dystrophin Expression in Duchenne

Muscular Dystrophy Muscle

Progress in Exon Skipping and Stop Codon Read Through

Eric P. Hoffman,* Abby Bronson,*
Arthur A. Levin," Shir’ichi Takeda,*
Toshifumi Yokota,* Andreas R. Baudy,*
and Edward M. Connor*

From the Research Center for Genetic Medicine and the Qffice of
Investigational Therapeulics,® the Children’s National Medical
Center, and the Department of Integrative Sysiems Biology,
George Washington School of Medicine and Health Sciences,
Washington, District of Columbia; Santaris Pharma A/S,

San Diego, California; and the Department of Molecular
Therapy, National Instilute of Neuroscience, National Center

of Neurology and Psychiatry, Kodaira, Tokyo, Japan

The identification of the Duchenne muscular dys-
trophy gene and protein in the late 1980s led to
high hopes of rapid translation to molecular ther-
apeutics. These hopes were fueled by early reports
of delivering new functional genes to dystrophic mus-
cle in mouse models using gene therapy and stem cell
transplantation. However, significant barriers have
thwarted translation of these approaches to true ther-
apies, including insufficient therapeutic material (eg,
cells and viral vectors), challenges in systemic deliv-
ery, and immunological hurdles. An alternative ap-
proach is to repair the patient’s own gene. Two inno-
vative small-molecule approaches have emerged as
front-line molecular therapeutics: exon skipping and
stop codon read through. Both approaches are in
human clinical trials and aim to coax dystrophin pro-
tein production from otherwise inactive mutant
genes. In the clinically severe dog model of Duch-
enne muscular dystrophy, the exon-skipping ap-
proach recently improved multiple functional out-
comes. We discuss the status of these two methods
aimed at inducing de novo dystrophin production
from mutant genes and review implications for
other disorders. (4m j Patbol 2011, 179:12-22: DOF
10.1016/j.ajpath.2011.03.050)

12

Dystrophin Replacement: From the Outside,
or Inside?

Duchenne muscular dystrophy (DMD) is the most com-
mon neuromuscular disease and affects all world popu-
lations equally. The cause of this genetic disease is loss
of a single protein, dystrophin, in all types of muscle (ie,
skeletal, cardiac, and smooth) and in neurons.’? The
loss of protein function is the consequence of mutations
in the large DMD gene. The gene contains 79 exons
distributed over 2.3 million bp of genetic real estate on
the X chromosome; however, only approximately 14,000
bp (<1%) is used for translation into protein (coding
sequence).® The 99.5% of intronic junk must be spliced out
of the 2.3 million bp initial heteronuclear RNA transcript to
lead to the mature 14,000 bp mRNA that includes all key
information for dystrophin protein production. Patients with
DMD have mutations in the gene that prevent the appropri-
ate construction of the mRNA and/or the production of the
dystrophin protein, and all patients with DMD show marked
dystrophin deficiency in their muscle.*

During the past 25 years since gene and protein iden-
tification, dozens of innovative experimental therapeutic
approaches for DMD have emerged; many are transition-
ing to clinical trials. These include slowing the progres-
sion of the disease by immune modulators (eg, steroids
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