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General Information 
Oligonucleotides, a quarterly journal, discusses human-made substances and their effects on gene 
expression at the RNA and DNA levels. It provides a forum for basic researchers in molecular and 
cell biology, chemical synthesis, and applied therapeutics to discuss the development of new con
cepts and experimental approaches to understand and modulate gene activity. 

Oligonucleotides (ISSN: 1545-4576) is published 4 times a year (quarterly) by Mary Ann 
Liebert, Inc., 140 Huguenot Street, New Rochelle, N.Y. 10801-5215. Periodicals postage paid at 
New Rochelle, NY, and at additional mailing offices. Postmaster: Send address changes to 
Oligonucleotides, c/o Subscription Department, Mary Ann Liebert, Inc., 140 Huguenot Street, 
New Rochelle, N.Y. 10801-5215. Mailed in Canada under CPC CPM #40026674. 

Subscriptions should be addressed to the Publisher and are payable in advance. Rates for 
subscriptions are for a volume of 4 issues: USA print $563, International print $700, USA print and 
online $669, International print and online $805, and online only (worldwide) $526. Subscriptions 
begin with the first issue of the current volume. Bulk subscriptions available upon request from 
the Publisher. Telephone: (914) 740-2100; fax: (914) 740-2101; e-mail: info@liebertpub.com 
Online: www.liebertpub.com No cancellations/refunds can be honored after publication of a vol-
ume's first issue. No refunds/returns can be honored on single issue purchases. · -

Oligonucleotides is owned and published by Mary Ann Liebert, Inc. Copyright © 2005 by Mary 
Ann Liebert, Inc. Printed in the United States of America. 

Reprints, except special orders of 100 or more, are available from the authors. For permission to 
photocopy fewer than 25 copies for internal purposes, please request permission and pay the ap
propriate fee by contacting the Customer Relations Department of the Copyright Clearance Center, 
Inc., 22 Rosewood Drive, Danvers, MA 01923, 978-750-8400, fax: 978-750-4470. If the number 
of copies of an article is 25 or more, contact Reprint Sales Manager, Karen Ballen, directly at 9 l 4-
740-2100, for options. 

Information for Manuscript Submission is given elsewhere in the publication and on our web 
site: www.liebertpub.com 

Business Communications should be addressed to the Publisher. 

Advertising inquiries from within the United States or Canada should be addressed to Mary Ann 
Liebert, Inc., 140 Huguenot Street, New Rochelle, N.Y. 10801-5215; telephone: (914) 740-2100. 
For Europe/Outside the U.S., contact: Hilary Turnbull, irnPRESS International Media Ltd., 
Carrington Kirk, Carrington, Midlothian EH23 4LR, UK. Telephone: 44 (0) 1875 825700; fax: 
44 (0) 1875 825701; e-mail: impress@impressmedia.com All advertisements are subject to ap
proval by the Publisher. The acceptance of advertisements does not constitute an endorsement of 
the product or service advertised. 

Manuscripts to be considered for publication should be submitted online using the following url: 

http://www.mc.manuscriptcentral.com/oligonucleotides 

All papers, news, comments, opinions, findings, conclusions, or recommendations in Oligonucleotides 
are those of the author(s), and do not constitute opinions, findings, conclusions, or recommenda-
tions of the Journal, its Publisher, and its editorial staff. ' 

Oligonucleotides is indexed in MEDLINE, Current Contents/Life Sciences, EMBASEI 
Excerpta Medica, Cambridge Scientific Abstracts, Biotechnology Citation Index, Science 
Citation Index, SciSearch, and BIOSIS. 
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Functional Analysis of 114 Exon-Internal AONs for Targeted 
DMD Exon Skipping: Indication for Steric Hindrance of SR 

Protein Binding Sites 

ANNEMIEKE AARTSMA-RUS, CHRISTAL. DE WINTER, ANNEKE A.M. JANSON, 
WENDYE. KAMAN, GERT-JAN B. VAN OMMEN, JOHAN T. DEN DUNNEN, 

and JUDITH C.T. VAN DEUTEKOM 

ABSTRACT 

As small molecule drugs for Duchenne muscular dystrophy (DMD), antisense oligonucleotides 
(AONs) have been shown to restore the disrupted reading frame of DMD transcripts by inducing 
specific exon skipping. This allows the synthesis of largely functional dystrophin proteins and poten
tial conversion of severe DMD into milder Becker muscular dystrophy (BMD) phenotypes. We have 
previously described 37 exon-internal AONs that induce skipping of 14 DMD exons in human con
trol myotube cultures. Here, we report 77 new AONs, effectively targeting an additional 21 exons. Of 
the 114 AONs thus far tested, 72 (67%) were effective. AON design initially was based on a partial 
overlap with predicted open secondary structures in the target RNA. We have analyzed various 
AON and target exon parameters in retrospect. Interestingly, we observed significantly higher 
SF2/ASF, SC35, and SRp40 values (as predicted by ESEfinder) for effective AONs when compared 
with ineffective AONs. In addition, the distance to the 3' splice site was significantly smaller for ef
fective AONs. No other significant correlations were observed. Our results suggest that effective 
exon-internal AONs primarily act by blocking SR binding sites (which often correspond to open 
structures) and that ESEfinder may be used to refine AON design for DMD and other genes. 

INTRODUCTION 

DUCf-TENNE MUSCUtAl{ DYSTROPHY (DMD) is a evere 
disease that is generally caused by frame-disrupting 

mutations (over 60% deletions) in the DMD gene, which 
result in nonfunctional dystrophin proteins (Hoffman et 
al., 1987). Mutations that keep the reading frame intact 
give rise to internally deleted, semifunctional dystrophins 
and are associated with the milder Becker muscular dys
trophy (BMD) (Hoffman et al., 1988; Monaco et al., 
1988). This phenomenon underlies a new therapeutic ap
proach for DMD, which is based on enlarging an out-of
frame DMD mutation into its nearest in-frame BMD 
counterpart. This can be achieved with antisense oligori
bonucleotides (AONs) that induce specific exon skipping 

during pre-mRNA splicing (Takeshima et al., 2001; van 
Deutekom et al., 2001; Wilton et al., 1999). 

As splicing requires the correct identification of the 
branch point, the 3' and the 5' splice sites of exons by the 
spliceosome, these sites initially seem obvious targets for 
AONs to induce exon skipping. Indeed, skipping of the 
in-frame exon 23 that is mutated-in the mdx mouse model 
was successfully induced by AONs targeting these sites 
(Goyenvalle et al., 2004; Lu et al., 2003, 2005; Mann 
et al., 2002). In addition to the consensus splice site 
sequences, many exons contain splicing regulatory se
quences, such as exonic splicing enhancer (ESE) 
sequences, to facilitate the inclusion of genuine exons by 
the spliceosome (Cartegni et al., 2002). A subgroup of 
splicing factors, called the SR proteins, can bind to these 
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