ADR-12793; No of Pages 4

Advanced Drug Delivery Reviews xxx (2015) XXX-XXX

Contents lists available at ScienceDirect

Advanced
DRUG DELIVERY

Reviews

Advanced Drug Delivery Reviews

journal homepage: www.elsevier.com/locate/addr

ot Exon skipping therapy for Duchenne muscular dystrophy
o2 Ryszard Kole **, Arthur M. Krieg

3 2 Sarepta Therapeutics Inc., Cambridge, MA, USA
4 b Checkmate Pharmaceuticals, Cambridge, MA, USA

5 ARTICLE INFO ABSTRACT
6 Article history: Duchenne muscular dystrophy (DMD) is caused mostly by internal deletions in the gene for dystrophin, a protein 17
7 Received 21 January 2015 essential for maintaining muscle cell membrane integrity. These deletions abrogate the reading frame and the 18
8 Accepted 9 May 2015 lack of dystrophin results in progressive muscle deterioration. DMD patients experience progressive loss of 19
9 Available online xxxx ambulation, followed by a need for assisted ventilation, and eventual death in mid-twenties. By the method of 20
; exon skipping in dystrophin pre-mRNA the reading frame is restored and the internally deleted but functional 21
10 Keywords: . dystrophin i duced. T li leotide d that induce desired exon skipping are currently in advanced 22
1 RNA therapeutics ystrophin is produced. Two oligonucleotide drugs that induce desire pping ly
12 RNAsplicing clinical trials. 23
13 Exon skipping © 2015 Published by Elsevier B.V. 24
14 Clinical trials
15 Eteplirsen
16 Drisapersen
28
27
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most commonly from deletion of one or more exons. As a result of 54
30 Duchenne muscular dystrophy (DMD) is a rare, degenerative, this frame shift, the mRNA following the deletion does not code for a 55
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38 integrity. Mutations in the dystrophin gene that cause DMD lead to a All 79 dystrophin mRNA exons are represented as rectangles, which 63
39 lack of dystrophin, resulting in muscle cell membrane destabilization comprise full codons, parallelograms, in which codons are split between 64
40  that leads to muscle deterioration and loss. Although the age at which exons but deletion will maintain an open reading frame, and trapezoids, 65
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Fig. 1. Dystrophin connects the dystroglycan complex in the muscle cell membrane with intracellular actin filaments, providing a flexible link that prevents cell membrane damage during

muscle contraction and maintains muscle integrity. Adapted from [4].

The most frequent deletions that cause DMD end at exon 50 and en-
compass exons 49-50, 48-50, 47-50, and 45-50 and a deletion of exon
52. Any of these defects disrupt the translational reading frame and pre-
vent translation of dystrophin. As illustrated in Fig. 2, additional skipping
of exon 51, induced by an exon-51-targeted oligonucleotide, restores
the reading frame. Exon 51 skipping is expected to benefit a total of

14.0% of DMD patients. Additional sequence specific oligonucleotide
drug candidates will be needed to treat patients with other deletions.
For example, skipping of exons 45, 53, and 44 should benefit an addi-
tional 9.0%, 8.1%, and 7.6% of patients respectively. In all these cases
exon skipping restores the translational reading frame and is expected
to produce an internally deleted yet functional dystrophin protein [9].
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Fig. 2. Oligonucleotide-induced exon skipping in DMD. Top panel. Exon arrangement in dystrophin mRNA. Rectangles represent exons with a full complement of codons, trapezoids rep-
resent exons in which first, last or both codons are split between the two adjacent exons. Exon 51 is marked in red. Bottom panel. The three lines show exons in: a BMD patient with a
deletion 48-49, which does not disrupt the reading frame, allowing translation of internally truncated but functional dystrophin. Second line: a DMD patient with deletion 48-50,
which disrupts the reading frame and prevents expression of dystrophin protein. Third line: the oligonucleotides (heavy black line), such as eteplirsen or drisapersen discussed here,
targeted to exon 51 in pre-mRNA are designed to prevent exon 51 inclusion and generate mRNA with a 49-51 deletion. The reading frame in this RNA is restored and an internally deleted,
functional dystrophin protein could now be translated (bottom line). Adapted from [4]. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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