
WO 2007/135105PCT/EP2007/054842 1 Title:Means and method for inducing
exon-skipping      The invention relates to oligonucleotides and
equivalents thereof and the use thereof for inducing exclusion of
exons from mRNA. Anti-sense technology has developed considerably in
recent years. The 5 general field of anti-sense technology can be
divided into several areas. One of these area's is the field of exon
skipping.      In this field, small molecules are added to the cell
to specifically interfere with the splicing of one messenger RNA
(mRNA) and more specifically, with the incorporation of, or the
rather the lack of incorporation of 10 a specific exon in the mature
mRNA.      In the field of exon skipping, two general approaches can
be distinguished. One approach focuses on interfering with enzymatic
process of splicing, i.e. the physical joining of exonic sequences.
The other approach relies on interfering with the 'logistics' of the
splicing process, i.e. the recognition of 15 exons by the splicing
machinery Both approaches use small molecules to obtain the desired
effects. The small molecules all share the characteristic of nucleic
acids to be able to 'hybridise' to complementary sequences. Examples
of such small molecules are, of course, RNA and DNA, and also
modified RNA and DNA such as LNA and morpholinos and nucleic acid
mimics such as PNA. 20 These molecules are further referred to by the
general term small molecules or the more frequently used term
anti-sense oligonucleotide (AON). The small molecules are thought to
act by hybridising to specific locations on the pre-mRNA. The
hybrithsation is thought to interfere with either the enzymatic
process of splicing or the recognition of exons. 25At present, exon
skipping focuses on the specific exclusion of one or more exons from
the mature mRNA. However, it is also possible to redirect the
splicing machinery such that other exons are included into the mRNA.
This approach is, for instance, of use in genes that are subject to
alternative  WO 2007/135105PCT/EP2007/054842 2 splicing. In these
situations, small molecules can be designed redirecting the splicing
machinery such that a specific alternative is more efficiently made.
In the present invention it has been found that the exon-skipping
process can be made more efficient. Much of the earlier work on exon
skipping 5 was done using AONs that were directed toward exon
skipping in the dystrophin gene. To date we have identified a series
of 114 exon-internal AONs to induce the skipping of 35 exons in
cultured muscle cells (14). Our data suggest that effective
exon-internal AONs are likely to act by steric hindrance of binding
of a member of the serine/arginine-rich (SR) protein family to exonic
10 splicing enhancer (ESE) sites (15). SR proteins bind to exonic
sequence motives and recruit other splicing factors to mediate
splicing (19). For most exons that we studied, AON-targeting of a
single ESE was sufficient to induce significant levels of exon
skipping (14). However, for some exons the skipping efficiencies were
low to zero. In the present invention we demonstrated that 15
skipping levels are improved by targeting an exon with two or more
exon internal AON. To this end the invention provides a method for
determining whether the efficiency can be increased with which an
exon is excluded from a mature mRNA in a cell that produces an exon
containing precursor of said mRNA 20said method comprising
providing said cell with a first anti-sense oligonucleotide (AON)
that can hybridise to an exon internal part of said exon, and
determining whether said efficiency is increased upon providing said



nucleotides overlap. More preferably, said sites have less than 3 and
more preferably less than 1 or no overlap. Such overlap can easily be
avoided by 10 selection of the AON. As an AON of the invention
preferably has a linear and cOntinuous hybridisation site on said
exon RNA, overlap is preferably avoided by avoiding significant
sequence identity in the used AONs. In this respect it is preferred
that said first and said second AON have less than 5 consecutive
nucleotides sequence identity. Preferably said first and said second
15 hybridisation site on said exon RNA have less than 3 consecutive
nucleotides overlap, more preferably less than 2, and preferably less
than 1 nucleotide or no overlap. Similarly, said first and said
second AON preferably have less than 3 consecutive nucleotides
sequence identity, more preferably less than 2 and preferably less
than 1 nucleotide sequence identity. In a preferred embodiment 20
said exon comprises at least two independent ESE sites. Said first
AON is preferably targeted to at least two independent ESE sites and
said second AON to a second thereof. The qualification "sequence
identity" as used herein preferably 25 refers to identity using the
nucleotides A, C, G or T, wherein T may be replaced by a U. In recent
years, many different nucleotide analogues have been generated. Some
of these have the same binding characteristics in kind and amount as
the mentioned classic or natural nucleotides. However, most of them
mimic the binding characteristics in kind but not in amount. In many
30 cases the binding strength of an analogue to the complementary
nucleotide is  WO 2007/135105PCT/EP2007/054842 6 lower than that of
the corresponding classical nucleotide. There are also analogues that
mimic the binding characteristics of two or more of the classical
nucleotides and there are also nucleotide analogues that are
incorporated efficiently in a nucleic acid but that do not exhibit
significant selectivity for, or 5 binding to, a particular classic
nucleotide on the opposing strand. A person skilled in the art is
familiar with the particulars of these and similar analogues and can
use them in an AON of the invention as long as the AON is capable of
hybridising to the hybridisation site on the exon RNA. An AON of the
invention preferably comprises between 14-40 10 nucleotides or
analogues thereof. Preferably said AON comprises between 14- 25
nucleotides or analogues thereof. An AON of the invention preferably
comprises less than 10% nucleotide analogues. An AON preferably
comprises less than 4 nucleotide analogues, preferably less than 3,
more preferably less than 2. 15An AON of the invention is preferably
a modified oligonucleotide. In a particularly preferred embodiment
said AON comprises one or more 2-0- methyl oligoribonucleotides,
which render the AON resistant to RNase H induced degradation of
DNA/RNA hybrids. Additionally, a phosphorothiate backbone can be used
to increase the stability of AONs against nucleases and 20 to enhance
cellular uptake. An AON of the invention has in a preferred
embodiment a full length phosphorothioate backbone and all bases
(nucleotides) have a 2'-0-methyl modification. Alternatively,
morpholino phosphorodiamidate DNA (morpholinos), locked nucleic acids
(LNA) and ethylene bridged nucleic acids (ENA) oligos have been used
to modulate 25 splicing. An AON of the present invention can
therefore also have these modifications. These modifications render
the oligos RNase H and nuclease resistant and increase the affinity
for the target RNA. For the ENA and LNA modification this increase is
accompanied by a decreased sequence specificity. An exon internal



30 the invention provides a set comprising at least AON of table 1
and/or table 2.  WO 2007/135105PCT/EP2007/054842 10 In a preferred
aspect of this embodiment said set of at least two AON of table 1
and/or table 2 comprises h2A0N1 and h2A0N3, h43A0N1 and h43A0N2,
h43A0N1 and h43A0N3, h43A0N1 and h43A0N4, h43A0N1 and h43A0N5,
h43A0N2 and h43A0N5, h43A0N3 and h43A0N5, h43A0N4 and h43A0N5, 5
h45A0N1 and h45A0N4, h45A0N1 and h45A0N5, h45A0N1 and h45A0N9,
h45A0N2 and h45A0N3, h45A0N2 and h45A0N4, h45A0N2 and h45A0N5,
1145A0N3 and h45A0N4, h45A0N3 and h45A0N5, h45A0N3 and h45A0N9,
h45A0N4 and h45A0N5, h45A0N5 and h45A0N9, h46A0N4 and h46A0N8,
h46A0N4 and h46A0N20, h46A0N4 and h46A0N22, h46A0N6 and 10 h46A0N21,
h46A0N8 and h46A0N22, h46A0N8 and h46A0N23, h46A0N8 and h46A0N26,
h46A0N9 and h46A0N21, h46A0N9 and h46A0N22, h46A0N9 and h46A0N26,
h46A0N22 and h46A0N24, h46A0N24 and h46A0N26, h47A0N1 and h47A0N3,
h47A0N1 and h47A0N5, h47A0N2 and h47A0N3, h47A0N2 and h47A0N5,
h47A0N3 and h47A0N4, h47A0N3 and 15 h47A0N5, h47A0N3 and h47A0N6,
h47A0N4 and h47A0N5, h47A0N5 and h47A0N6, h48A0N1 and h48A0N4,
h48A0N1 and h48A0N6, h48A0N1 and h48A0N8, h48A0N1 and h48A0N9,
h48A0N1 and 1148A0N10, h48A0N2 and h48A0N10, h48A0N3 and h48A0N4,
h48A0N4 and h48A0N6, h48A0N6 and h48A0N8, h48A0N6 and h48A0N9,
h48A0N6 and h48A0N10, h48A0N7 and 20 h48A0N9, h57A0N1 and h57A0N3
and/or h57A0N2 and h57A0N3. In a preferred embodiment said set of at
least two AON of table 1 and/or table 2 comprises h43A0N1 and
h43A0N3, h45A0N1 and h45A0N4, h45A0N1 and h45A0N5, h45A0N1 and
h45A0N9, h45A0N2 and h45A0N3, h45A0N2 and h45A0N4, h45A0N3 and
h45A0N4, h45A0N3 and h45A0N5, h45A0N3 and 25 h45A0N9, h45A0N4 and
1145A0N5, h45A0N5 and h45A0N9, h46A0N9 and h46A0N21, h47A0N1 and
h47A0N3, h47A0N1 and h47A0N5, h47A0N2 and h47A0N3, h47A0N2 and
h47A0N5, h47A0N3 and h47A0N4, h47A0N3 and h47A0N5, h47A0N3 and
h47A0N6, h47A0N4 and h47A0N5, h47A0N5 and h47A0N6, h48A0N1 and
h48A0N4, h48A0N1 and h48A0N8, h48A0N3 and 30 h48A0N4, h57A0N1 and
h57A0N3, h57A0N2 and h57A0N3. In a  WO 2007/135105PCT/EP2007/054842
particularly preferred embodiment said set of at least two AON of
table 1 and/or table 2 comprises h45A0N1 and h45A0N4, h45A0N1 and
1145A0N5, h45A0N1 and h45A0N9, h45A0N2 and h45A0N3, h45A0N3 and
h45A0N4, h45A0N3 and h45A0N5, h45A0N3 and h45A0N9, h45A0N4 and
h45A0N5, 5 h45A0N5 and h45A0N9, h47A0N1 and h47A0N3, h47A0N1 and
h47A0N5, h47A0N2 and h47A0N3, h47A0N2 and h47A0N5, h47A0N3 and
h47A0N4, h47A0N3 and h47A0N5, h47A0N3 and h47A0N6, 1147A0N4 and
h47A0N5, h47A0N5 and h47A0N6, h57A0N1 and h57A0N3, h57A0N2 and
h57A0N3. The present invention further provides an AON of table 2.
Preferably, said 10 AON of table 2 is h33A0N1, h33A0N2, h44A0N3,
h44A0N4, h45A0N11 or h52A0N3.  In one aspect the invention further
provides a method for the treatment of an individual suffering from a
tumor, a virus infection and or a genetic disease and/or genetic
predisposition, comprising administering a set of AON of the 15
invention to said individual. The invention further provides a
pharmaceutical composition comprising a set of AON according to the
invention. Preferably said set is used for the treatment of an
individual suffering from a tumor, a virus infection and or a genetic
disease and/or genetic predisposition. Preferably, said set is used
for the treatment of Duchenne Muscular Dystrophy 20 (DMD). The
invention also provides a cell that produces an exon containing
precursor of an mRNA, wherein said cell comprises a first AON that
can hybridise to an exon internal part of said exon, and a second AON
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2007/135105PCT/EP2007/054842 Brief description of the drawings Figure
1. Double targeting. (A). Relative locations of AONs and putative ESE
sites within exons 2, 43, 45-48 and 57. Exons and AONs are drawn to
scale as 5 lines for each exon. Putative binding sites of SF2/ASF,
SC35, SRp40 and SRp55 as predicted by ESEfinder are depicted as boxes
at their respective locations. (B-E). Some examples of RT-PCR
analysis after double targeting experiments. (BC). For exons 47 and
57 none of the available AONs reproducibly induced exon skipping.
Using combinations of these AONs, 10 however, exon 47 and 57 skipping
was reproducibly induced at significant levels. For exon 57
combinations containing h57A0N3 were most efficient, while for exon
47 all non-overlapping combinations induced comparable levels of exon
47 skipping. In some cases an additional band could be observed in
the exon 47 PCR, which was slightly shorter than the wild type
product. This band 15 was not reproducible, was observed both in
treated and non-treated samples, and appeared to be an a-specific PRC
product containing DMD exons 72-74. (D). For exon 45 only one of the
available AONs reproducibly induced skipping, albeit at low levels
(h45A0N5). Very low levels of exon skipping were occasionally
observed for h45A0N1 and h45A0N4, but this was not 20 reproducible.
Exon 45 skipping could be achieved at much higher levels using
combinations of AONs. The highest levels of exon 45 skipping were
observed for combinations of h45A0N5 and h45A0N1 or h45A0N3 and for
h45A0N1 and h45A0N9. In contrast, a mixture of the overlapping
h45A0N2 and h45A0N9 was ineffective. (E). For exon 2 only overlapping
AONs were 25 available. When the effective h2A0N1 was combined with
the ineffective, overlapping h2A0N2, no skipping could be induced.
This effect was not seen when h2A0N1 was combined with the
ineffective, less overlapping h2A0N3. The sequence of the mentioned
AON is given in article Aartsma-Rus A, et al. (2005). Functional
analysis of 114 exon-internal AONs for targeted DMD exon 30 skipping:
indication for steric hindrance of SR protein binding sites.
Oligonucleotides 15: 284-297.  WO 2007/135105PCT/EP2007/054842 25 NT
is non transfected, -RT is negative control, M is 100 bp size marker.
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104612-4620.  29 CLAIMS 1. Use of a first anti-sense agonucleotide
(AON) that can hybridise to an exon internal part of an exon from a
precursor of the dystrophin mRNA and a second AON that can hybridise
to another exon internal part of said exon for the manufacture of a
medicament for producing a dystrophin in a cell, wherein the
efficiency with which said exon is excluded from a mature mRNA is
increased by providing said second AON, wherein said dystrophin exon
is selected from: 2, 43, 45-48, 57. 2.A method for determining
whether the efficiency can be increased with which a dystrophin exon
is excluded from a mature dystrophin mRNA in a cell that produces an
exon containing precursor of said mRNA said methodcomprising
providing said cell with a first anti-sense oligonucleotide (AON)
that can hybridise to an exon internal part of said exon, and
determining whether said efficiency is increased upon providing said
cell with a second AON that can hybridise to another exon internal
part of said exon, wherein said dystrophin exon is selected from:'2,
43. 45-48, 57.  3. A use or method according to claim 1 or 2, wherein
a hybridisation site of said first AON and a hybridisation site of
said second AON exhibit less than 5 nucleotides overlap.  4. A use or
method according to any one of claims 1 to claim 3, wherein a
hybridisation site of said first AON on RNA of said exon overlaps a
predicted exonic splicing enhancer (ESE) site on said exon RNA. 5.A
use or method according to any one of claims 1-4, wherein a
hybridisation site of said second AON on RNA of said exon overlaps a
predicted ESE site on said exon RNA.  6. A use or method according to


