WO 2007/ 135105PCT/ EP2007/ 054842 1 Titl e: Means and net hod for inducing
exon- ski ppi ng The invention relates to oligonucl eotides and
equi val ents thereof and the use thereof for inducing exclusion of
exons fronVRR/B33E i - sense technol ogy has devel oped cdiIF@P0A1854p43 n
recent years. The 5 general field pof anti-sense technol ogy can be
divided into several areas. One of these area's is the field of exon
ski ppi ng. _Inthis field, small npolecules are added to the cel

to specifi calliflei nt eMeans apdimethed fapinducing eforslEPRBEsenger RNA
(mMRNA) and nore specifically, with the incorporation of, or the
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The ot her approach relies on interfering with the 'logistics' of the
splicing process, i.e. the recognition of 15 exons by the splicing
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nucl eoti des overlap. Mire preferably, said sites have |l ess than 3 and
nore preferably less than 1 or no overlap. Such overlap can easily be
avoi ded by 10 selection of the AON. As an AON of the invention

pr ef er abl yWR280743510Bear and cOnti nuous hybri di sation siRERFRIGHF 42
exon RNA, overlap is preferably avoided by avoiding significant
sequence identity in the used AONs. In thiss respect it is preferred
that said first and said second AON have | ess than 5 consecutive

nucl eoti des sequence identity. Preferably said first and said second
15 hybri di satspbaing. {1 thesessituntivosnsiRhA rheleeules san bhslesigned msdizentingthe
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30 increased or (iii) a combination of both. A method of the invention also



30 the invention provides a set conprising at | east AON of table 1
and/or table 2. WD 2007/ 135105PCT/ EP2007/ 054842 10 In a preferred
aspect of this enbodi nent said set of at |least two AON of table 1
and/ or tabW@ 2073387 i ses h2A0ONL and h2A0N3, h43A0N1 andPGHERRHRYS4842
h43A0N1 and h43A0N3, h43A0N1 and h43A0N4, h43A0ON1 and h43A0NS5,
h43A0N2 and h43A0N5, h43A0N3 and h43A0N5, 3h43A0N4 and h43A0N5, 5
h45A0N1 and h45A0N4, h45A0N1 and h45A0N5, h45A0N1 and h45A0N9,
h45A0N2 and h45A0N3, h45A0N2 and h45A0N4, h45A0N2 and h45A0N5,
1145A0N3 and rrgasidesadditipmad kab usttesssshansompaAonG: methoheliong, skipping
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h48AONL and 1148A0N14 seueneeNs usHally asisprerdoto asmmeren herguge shefeguence is

h48A0N4 and ! 4 , 3 :
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| east t AON of table 1 apnd/or._table conprises h43AQN1 and .. . .
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h45A0N4, h45A0N3 and H45A0N5, h45A0N3 and 25 h45A0N9, h45A0N4 and
1145A0N5, h4%aensn and WHESAONS is thrstatalonambehabnoms in saulmenn By, When
h47A0N3, h47AQNL and h47A h47A0N2. and, hd7AON3, h47A and .
n47AONS.  na7ABNE RAaRiPFRANG S PABRRRG SR Reina i ARRE A s feature
h47A0NG, hA4700M Wndietéd md 4y’ AN 1§t H a b Ave¥NBen BHAONbngBe an exon but
h48A0ON4, h48AONL and h48AON8, h48AON3 and 30 h48A0ON4, h57A0N1 and
h57A0N3, 1A57 satier ampparsodenintion. An exondisbherefme gefiopd herein Asgsasupnce

P e ] ant) PSR h SR IRRN AL Bl ohafly B0 o ¥38uel MK Y Piho
TR s o U R o S
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h57A0N3. The present .i nventi.on.further ovi des an AON.of table 2.
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tunmor, a vir eplitingesactdnennef 2oeelh genetic di sease and/ or genetic

predi sposition, conpgisin dm nistering a of AON, of 15
Pvent | on 1o sai d | ol aaaoe e aete o8 2PN By PRt hdgtegent ways.
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invention. Preferably said set is used for the treatnent of an
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di sease and/ ti .edi i §} fernahl v, i et i sed
For “Ene. o7 on BB o arh e R ADR BOEETR A M fplrk WREs e
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precursor of an nRNA, wherein _said cell conprises a first AON that
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Thus the invention further provides a gene delivery vehicle comprising at least
two exon internal AON specific for the same exon.
Using at least two exon internal AON specific for the same exon to
_ skip said exon makes a method of the invention more robust. Moreover, it
5 allows efficient skipping of exons that do not skip efficiently when using only

one AON. Without being bound by theory it is believed that an exon-internal .
AON induces skipping of an exon by hindering the binding of so-called SR
(Ser-Arg) proteins that bind to exonic splice enhancer (ESE) sites. In the
present invention it was found among others that exons can contain so-called

10  independent ESE sites. This means that when the activity of one ESE site is
blocked or hindered by, for instance, the presence of an AON on said exon,
another independent ESE on said exon remains functional. As this ESE
remains functional, the exon is still efficiently incorporated into the mRNA.
This effect can be counteracted by targeting all of the independent ESE sites

15 on said exon. In this case essentially all of the ESE sites are targeted by an
AON thereby blocking or hindering binding of SR proteins to said ESE sites
which subsequently leads to efficient skipping of the thus targeted exon.
Blocking or hindering of an ESE site can be achieved in various ways. For
instance, hybridisation of said AON can alter the secondary structure of the

20  exon such that SR proteins can no longer bind to said ESE site. In a preferred
embodiment said AON overlaps at least part of a predicted ESE site on the
targeted exon. In this way binding of SR proteins to said site is sterically
blocked by the hybridisation of said AON thereto. It is preferred that said AON
overlaps at least one predicted ESE site. As predicted ESE sites have a

26  tendency to cluster it is preferred that, said AON overlaps at least two and

' preferably at least three predicted ESE sites on said exon. Thus in a preferred

embodiment a hybridisation site of said first AON on RNA of said exon
overlaps at least one predicted ESE site on said exon RNA. Preferably, said a
hybridisation site of said second AON on said exon RNA overlaps at least one

30 predicted ESE site on said exon RNA. '
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It is not preferred to target said first and said second AON to a single
predicted ESE site on said exon RNA. Although this might be the case, it is
preferred that said first AON targets a different ESE than said second AON,
This can be achieved in various ways. Targeting of the same ESE is preferably
avoided by avoiding significant overlap in the hybridisation sites of said AON
on said exon RNA. Thus preferably a hybridisation site of said first AON and a
hybridisation site of said second AON exhibit less than 5 consecutive
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
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

hybridisation site on said exon RNA have less than 3 consecutive nucleotides

_overlap, more preferably less than 2, and pref_erably 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
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
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

cases the binding strength of an analogue to the complementary nucleotide is
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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
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
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.

An AON of the invention is preferably a modified oligonucleotide. In

- a particularly preferred embodiment said AON comprises one or more 2'-O-

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
to enhance cellular uptake. An AON of the invention has in a preferred
embodiment a full length phosphorothicate backbone and all bases
(nucleotides) have a 2'-O-methyl modification, Alternatively, morpholino
phosphorodiamidate DNA (morpholinos), locked nucleic acids (LNA) and
ethylene bridged nucleic acids (ENA) oligos have been used to modulate
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 accoxﬁpanied by a decreased sequence specificity.
An exon internal part of an exon, is a part that does not exhibit

overlap with a 5°- or 3’- end of the exon. A 5°- and 3’-end of an exon contains
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This is however, preferably not the case.

A method of the invention preferably further comprises including
said first and said second AON in a set of AON when provision of said cell with
10 said second AON increases the efficiency with which said exon is excluded
from said mature mRNA in a cell that produces a precursor of said mRNA.
Said set is subsequently preferably used to obtain eéxon skipping in target cells
that express said pre-mRNA. The invention also provides a set comprising at
least two AON wherein at least a first of said AON can hybridise to an exon
15 internal part of an exon and a second of said AON can hybridise to another
“exon internal part of said exon. In a preferred embodiment of the invention
said set is obtained by a method of the invention. In a particularly preferred
embodiment said first and said second of said AON are targeted to ESE sites
on said exon RNA. More preferably, said first and said second of said AON are
20 targeted to independent ESE sites on said exon RNA.

A set of the invention can be used in many ways. In one embodiment
said set is used to at least in part decrease the production of an aberrant
protein in a cell. Such proteins can for instance be onco-proteins or viral

25  proteins. In many tumors not only the presence of an onco-protein but also its
relative level of expression have been associated to the phenotype of the tumor
cell. Similarly, not only the presence of viral proteins but also the amount of
viral protein in a cell determines the virulence of a particular virus. Moreover,
for efficient multiplication and spread of a virus the timing of expression in the

30 life cycle and the balance in the amount of certain viral proteins in a cell
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a set of the invention it is possible to lower the amount of aberrant protein in a
cell such that for instance a tumor cell becomes less tumorigenic (metastatic)
and/or a virus infected cell produces less virus.

5 In a preferred embodiment a set of the invention is used to convert said
aberrant protein into a functional protein. In one embodiment said functional
protein is capable of performing a function of a protein normally present in a
cell but absent in the cells to be treated. Very often even partial restoration of
function results in significantly improved performance of the cell thus treated.

10  Due to the better performance, such cells can also have a selective advantage
over unmodified cells thus aiding to the effectiveness of the treatment.
This aspect of the invention is particularly suited for the restoration of
expression of defective genes. This is achieved by causing the specific skipping
of targeted exons, thus bypassing or correcting deleterious mutations (typically
15 stop-mutations or frameshifting poiﬁt mutations, single- or multi-exon

deletions or insertions leading to translation termination).

Compared to gene-introduction strategies, exon skipping gene therapy requires
the administration of much smaller therapeutic reagents, typically, but not

20 limited to, AON comprising or mimicking between about 14-40 nucleotides. In
a preferred embodiment AON of 14-25 nucleotides are used since these
molecules are easier to produce and enter the cell more effectively. The set of
the invention allows more flexibility in the subsequent design of effective and
safe exon skipping strategi_gs and/or administration systems. An important

25 additional advantage of a gene function restoring set of AON is that it restores
(at least some of) the activity of the endogenous gene, which still possesses
most or all of its gene-regulatory circuitry, thus ensuring proper expression
levels and the synthesis of tissue-specific isoforms,
This aspect of the invention can in principle be applied to any genetic disease

30 or genetic predisposition to disease, in which targeted skipping of specific
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ucuguuuuugaggGasmlsties af 88 SRERHNIAEEENt]P shorter or altered protein is fully or partly
functional. Preferred embodiments for which this application can be of

5 therapeutic value are; predisposition to second hit mutations in tumor
suppressor genes, e.g. those involved in breast cancer, colon cancer, tuberous
sclerosis, neurofibromatosis etc., - where {partial) restoration of activity would
preclude the manifestation of nullosomy by second hit mutations and thus
would protect against tumorigenesis, Another preferred embodiment involves

10 the (partial) restoration of defective gene products which have a direct disease
causing effect, e.g., hemophilia A (clotting factor VIII deficiency, some forms of
congenital hypothyroidism (due to thyroglobulin synthesis deficiency) and
Duchenne Muscular Dystrophy (DMD), in which frameshifting deletions,
duplications and stop mutations in the X-linked dystrophin gene cause severe,

15  progressive muscle degradation. DMD is typically lethal in late adolescence or
early adulthood, while non-frameshifting deletions or duplications in the same
gene cause the much milder Becker muscular dystrophy (BMD), compatible
with a life expectancy between 35-40 y to normal. In the embodiment as
applied to DMD, the present invention enables exon skipping to extend an

20 existing deletion (or alter the mRNA product of an existing duplication) by as
many adjacent exons as required to restore the reading frame and generate an
internally slightly shortened, but still functional protein. Based on the much
milder clinical symptoms of BMD patients with the equivalent of this induced
deletion, the disease in the DMD patients would have a much milder course

25 after AON-therapy. Considering the many clinical uses of sets of the invention,
a method of the invention preferably further comprises providing said set to a
hulﬁan cell. In one embodiment, the invention provides a set of AON
obtainable by a method of the invention. In a preferred embodiment said set
comprises at least one AON of table 1 or table 2. In a preferred embodiment

30  the invention provides a set comprising at least AON of table 1 and/or table 2.
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CWOD' | So $48AONDa0dd43AONS5, h43A0NS and h43AONS5, h43A0N4 and h43AONS,

5 h45A0N1 and h45A0N4, h45A0N1 and h45A0N5, h45A0N1 and h45A0N9,
h45A0N2 and h45A0N3, h45A0N2 and h45A0N4, h45A0N2 and h45A0N5,
h45A0N3 and h45AON4, h45A0N3 and h45A0N5, h45A0N3 and h45A0N9,
h45A0N4 and h45A0N5, h45A0N5 and h45A0N9, h46A0N4 and h46AONS,
h46AON4 and h46A0ON20, h46AON4 and h46AON22, h46AON6 and

10 h46AON21, h46AONS and h46A0ON22, h46AONS and h46AON23, h46AONS
and h46AON26, h46A0N9 and h46A0ON21, h46A0ON9 and h46A0N22,
h46A0N9 and h46AON26, h46A0N22 and h46A0ON24, h46A0N24 and
h46A0ON26, h47AON1 and h47AONS, h47AON1 and h47AONS, h47AON2 and
h47AONS3, h47AON2 and h47AONS5, h47AON3 and h47AON4, h47AONS and

15 h47AONS5, h47TAONS and h47AON6, h47AON4 and h47AONS5, h47AON5 and
h47AONS, h48AON1 and h48A0N4, h48AON1 and h48A0NG, h48AONT and
h48AONS, h48AON1 and h48AONS, h48AON1 and h48AON10, h48AONZ and
h48AON10, h48AON3 and h48AON4, h48AON4 and h48AONS, h48AONG and
h48AONS, h48AON6 and h48AONY, h48AON6 and h48AON10, h48AON7 and

20 h48AON9, h57A0N1 and h57AON3 and/or h57AON2 and h57AON3. In a
preferred embodiment said set of at least two AON of table 1 and/or table 2
comprises h43AON1 and h43A0N3, h45A0N1 and h45A0N4, h45A0N1 and
h45A0NS, h45A0N1 and h45A0NS9, h45A0N2 and h45A0N3, h45A0N2 and
h45A0N4, h45A0N3 and h45A0N4, h45A0N3 and h45A0NS5, h45A0N3 and

25 h45A0N9, h45A0N4 and h45A0N5, h45A0N5 and h45A0N9, h46AON9 and
h46AON21, h47TAON1 and h47AONS, h4TAON1 and h47AON5, h47AONZ and
h47AONS3, h47AONZ and h47AONS, h47TAONS and h47AON4, h47AONS and
h47AON5, h4TAONS and hd7AON6, h47AON4 and h47AONS5, h47AON5 and
h47AONS, h48AONT and h48AON4, h48AON1 and h48AONS, h48AONS and

30 h48AON4, h57AON1 and h57AONS, h57AON2 and h57A0N3. In a
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particularly preferred embodiment said set of at least two AON of tablé 1
and/or table 2 comprises h45A0N1 and h45AON4 h45AON1 and h45AON5
h45A0N1 and h45A0N9, h45A0N2 and h45AON3 h45AON3 and h45AON4

_ h45A0NS and h45A0N5, h45A0N3 and h45A0N9, h456A0N4 and h45AON5

5 - h45A0N5 and h45AON9 h47AON1 and h47AON3 ‘h47TAONT and h47AON 5,
 h47AON2 and h47AONS, h47AON2 and h47AONG, h47AON3 and h47AON4 ..

h47AONS3 and h47AONB, h47AON3 and h47AONS, h47AON4 and h47_AON5,-
h47AON5 and h47AON6, h57AON1 and h57AONS, h57AON2’ and h57AONS.
The present invention further provides an AON of table 2. Preferably, said

10 AON of table 2 is h33AON1, h33AON2, h44A0N3, h44AON4, 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 diseaée and/or genetic predisposition.
Preferably, said set is used fof the treatment of Duchenne Muscular Dystrophy

20 (DMD). |

The invention also provides a cell that produces an exon contaiﬁing
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 that can

25 hybridise to another exon internal part of said exon.
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Examples

Results and Discussion
Double- targeting within one exon

5 We hypothesized that by targeting multiple ESEs within one exon, skipping
efficiencies might be increased for exons that could not be skipped at high
levels using individual AONs. The relative locations of the AONs to putative
ESEs (as predicted by ESEfinder) are depicted for each of these exons in Fig,
1A,

10 We first tested double targeting for 2 unskippable exons (exon 47 and 57).
When human control myotube cultures were treated with different
combinations of these AONs, significant levels of exon 47 and 57 skipping
could be achieved as determined with RT-PCR analysis (Figs. 1BC,
Supplementary Table 1). Interestingly, for exon 47 only combinations of non-

15  overlapping AONs induced exon skipping, while those that do overlap were

 ineffective (Supplementary Table 1). Similarly, for exon 57 the combination of
AONs that nearly overlap (h57A0N1 and 2) did not induce exon skipping. This
fits with our hypothesis that two mutually exclusive ESE sites are present in
these exons.

20 For both exon 2 and exon 45 only a single AON reproducibly induced low levels
of exon skipping (h2A0ON1 and h45A0NbB, respectively). Considerably higher
levels of exon 45 skipping could be induced by combining the effective
h45A0NbB with ineffective AONS; as well as by combining two individually
ineffective AONs (e.g. h45AON3 and h45A0N9) (Fig. 1D). Thus for this exon

25  two effective ESEs are likely to be present as well. In contrast, combinations of
AONSs did not increase skipping efficiencies for exon 2. In fact, combining the
effective h2AON1 with the ineffective h2AON2 abolished exon 2 skipping (Fig.
1E). This interference was not observed for a combination of h2AON1 with
h2AONS3 (which overlaps less than h2AON2). For exons 43 and 48, effective

30 AONs induced only moderate levels of skipping. For these exons the skipping
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levels could not be increased by using combinations of AONs (Supplementary
Table 1). In these exons three or even more ESEs may be present. Therefore,
we targeted exdn 48 with a combination of 3 different AONSs, which still did not
improve skipping levels. Thus, it seems more likely that the splicing of this
exon is largely independent of ESE sites. This is supported by the fact that the
splice sites predicted are perfect (8' splice site) or near perfect (5' splice site)
and that only a few ESEs are predicted for exon 48,

Finally, we used combinations of exon 46 specific AONs, some of which were
already very efficient individually. We aimed to increase skipping levels to
(near) 100%. However, none of the combinations used further improved
skipping levels when compared to single targeting (Supplementary Table 1),
This indicates that blocking one ESE site is sufficient to perturb the correct
splicing of this exon. It is possible that the ESE sites of this exon are
dependent on each other, so that by blocking one, more or all ESEs are

inactivated. Alternatively, the secondary structure of the pre-mRNA may be

~ changed upon AON binding so that the other ESE sites are no longer available

for SR protein binding.

Interestingly, once more (partly) overlapping combinations appeared to
negatively interfere with the individual exon skipping capacities, irrespective
of whether the single AONs were effective or ineffective. It was expected that
combinations of two ineffective, overlapping AONs would also be ineffective,
since théy either both target no functional ESE site or both target the same of
two (or more) mutually exclusive ESE sites. For combinations of overlapping,
effective AONSs this finding was unexpected. It is possible, however, that these
AONs compete with each other, and force one another to detach from the
target transcript in a dynamic process, thereby making the target site
available again for SR proteins. Upon binding SR proteins will _recruit other
splicing factors to the splice sites, and thus enhance exon inclusion rather than

exon skipping.
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h56AON1 h56A0N2 h56A0N3 h57A0NL h57AON2 18 | 999 U e %e 33% 42% U9
99S 94.9 999 (see Supplementary Table 1) ((11, 14, 15). All AONs contain 2-0- methyl RNA
5 - phosphorothioate backbones and 5' fluorescein labels and were: manufactured .
by BEurogentec (Belgium). (RT-) PCR primers were chosen i 1n exons ﬂankmg

the skipped exons (Eurogentec, Belgium; sequences available upon request).

Tissue culturing, transfection and RT-PCR analysis

10  Control and DMD patient-derived myotube cultures were obtained as
described previously (9, 22). For the éxon skipping experiments, transfections
were performed at least twice with 200 nM of each AON. In all experiments
polyethylenimine (PEI, ExGen 500, MBI Fermentas) was used according to the
manufacturer's instructions, with 2 to 3,5 pl PEI per ng AON. Depending on

15 the number of effective AONSs available for each of the targeted exons, different

_ combmatlons of AONs were tested (Supplementary Table 1). Separate

solutions of AON-PEI complexes were prepared for each AON. 'I‘ransfectlon
efficiencies were generally over 80% based on the presence of nuclear
fluorescent signals. RNA was isolated 24-48 hours after transfection and RT-

20 PCR analysis was performed as described previously (14). Successful
transfection of each AON was confirmed by RT-PCR analysis with primers in
the exons flanking the targeted exon(s). PCR fragments were isolated from the
agarose gel and sequencing analysis was performed as described previously
(10).
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sequence :
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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

S__Rp5_5 as predicted by ESEfinder are depicted as boxes at their respective
locations. (B-E). S:ome 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 cbserved 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 (h45A0NS5). 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 h45AON1
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 h2AON1 was combined with the ineffective,

overlapping h2AONZ, no skipping could be induced. This effect was not seen
when h2A0ON1 was combined with the ineffective, less overlapping h2AON3.
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.
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NT is non transfected, -RT is negative control, M is 100 bp size marker.
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(AON) that can hybridise to an exon internal part of an exon froma
precursor of the dystrophin nRNA and a second AON that can hybridi se
——to-anot her exon internal part of said exon for the manufacture of -a
medi canent for producing a dystrophin in a cell, wherein the
efficiency with which said exon is excluded froma mature nRNA i s
i ncreased by providing said second AON, wherein said dystrophin exon
is selected from 2, 43, 45-48, 57. 2. A nmethod for determ ning
whet her the efficiency can be increased with which a dystrophin exon
is excluded froma mature dystrophin mRNA in a cell that produces an
exon containing precursor of said nRNA said net hodconpri si ng
providing said cell with a first anti-sense oligonucl eotide (AON)
that can hybridise to an exon internal part of said exon, and
determ ni ng whether said efficiency is increased upon providing said
cell with a second AON that can hybridise to another exon interna
part of said exon, wherein said dystrophin exon is selected from"' 2,
43. 45-48, 57. 3. A use or nethod according to claim1 or 2, wherein
a hybridisation site of said first AON and a hybridisation site of
said second AON exhibit less than 5 nucl eotides overlap. 4. A use or
met hod according to any one of clains 1 to claim3, wherein a
hybri di sation site of said first AON on RNA of said exon overlaps a
predi cted exonic splicing enhancer (ESE) site on said exon RNA. 5 A
use or nethod according to any one of clains 1-4, wherein a
hybridi sation site of said second AON on RNA of said exon overlaps a
predi cted ESE site on said exon RNA. 6. A use or nethod according to



