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In the past few years, research and development in this

15 field have highlighted several technical difficulties which
need Lo be overcome, eg. related to the large size of many
genes involved in genetic disease (limiting the choice of
suitable systems to administer the therapeutic gene), the
accessibility of the tissue in which the therapeutic gene

20  shculd function (requiring the design of specific targeting
techniques, either physically by restricted injection or
biclogically, by developing systems with tissue-specific
affinities} and the safety to the patient of the
administration system. These problems are to some extent

25 interrelated and it can be generally concluded that the
smaller the therapeutic agent is, the easier it will become
to develop efficient, targetable and safe administration

systems.

30 The present invention addresses this problem by inducing so-
called exon-skipping in cells. Exon-skipping results in
mature mRNA that does not contain the skipped exon and thus,
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ski ppi ngwiop2bldepent |y directed toward the use of so-call ggynifhdsopense
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nodel for Duchenne muscul ar dystrophy (DWVD). The nmdx nouse, which carries
a nonsense nutation in exon 23 of the strophi n gene, has been used as
an ani mal nodel of Duchenne mnuscul ar dystrophy. Despite the mdx nutation,
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mechanism, either due to somatic mutations or through

15 alternative splicing. AON's directed to, respectively, the 3
and 5' splice sites of introns 22 and 23 in dystrophin pre-
mRNA, have been shown to interfere with factors normally
involved in removal of intron 23 so that also exon 23 was
removed from the mRNA (Wilton, 1999). In a similar study,

20 Dunckley et al (1998} showed that exon skipping using AON's
directed to 3' and 5' splice sites can have unexpected
results. They observed skipping of not only exon 23 but also
of exons 24-29 thus resulting in an mMRNA containing an exon
22-exon 30 junction. The underlying mechanism for the

25 appearance of the unexpected 22-30 splicing variant is not
known. It could be due to the fact that splice sites contain
consensus sequences leading to promiscuous hybridization of
the oligo's used to direct the exon skipping. Hybridization
of the oligoe's to other splice sites than the sites of the

30 exon to be skipped of course could easily interfere with the
accuracy of the splicing process. On the other hand the
accuracy could be lacking due to the fact that two ocligo's
(for the 5' and the 3' splice site) need to be used. Pre-mRNA

containing one but not the other oligo could be prone to
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It has been fou t hat a nts capable of binding, to an K exo i bit
an EIS. A ﬁ%ﬁf i %ﬁaﬁ%?nggﬂfieflgaiﬁlgngl thereby eEEeéklve %

masking the exon from the splicing apparatus. The failure of
the splicing apparatus to recognize the exon to be skipped

15 thus leads to exclusion of the exon from the final mRNA. The
present invention does not interfere directly with the
enzymatic process of the splicing machinery (the joining of
the exons). It is thought that this allows the method to be
more robust and reliable. It is thought that an EIS is a

20 particular structure of an exon that allows splice acceptor
and donor to assume a particular spatial conformation. In
this concept it is the particular spatial conformation that
enables the splicing machinery to recognize the exon.
However, the invention is certainly not limited ro this

25 model. It has been found that agents capable of binding to an
exon can inhibit an EIS. Agents may specifically contact said
exon at any point and still be able to specifically inhibit
said EIS. Said mRNA may be useful in itself., For instance
production of an undesired protein can be at least in part

30 reduced by inhibiting inclusion of a required exon into the
mRNA. Preferably, a method of the invention further comprises
allowing translation of mRNA produced from splicing of said
pre-mRNA. Preferably, said mRNA encodes a functional protein.

In a preferred embodiment said protein comprises two or more



exon at any point and still be able to specifically inhibit said EIS.
Said mRNA may be useful in itself. For instance production of am MAR 7005
undesi re%ooé,(l)oé%“g can be at least in part 30 reduced by inhibiti ng

i nclusi o o da required exon into the mRNA Preferably, PATRBOHBY D t he
invention further conprises allow ng translation of nRNA produced from
splicing of said pre-nRNA. Preferably, %aid nRNA encodes a functional
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it is also possible to induce partial skipping of the exon. " In this
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' Thus detrimental mutations in this intermediary region (for
15 instance frame-shift aor stop mutations) can be at least in
part repaired by inducing exon skipping to allow synthesis of
the shorter (partly) functional protein. Using a method of
the invention it is also possible to induce partial skipping
of the exon. In this embodiment said contacting results in
20 activation of a cryptic splice site in a contacted exon. This
embodiment broadens the potential for manipulation of the
pre-mRNA leading to a functional protein., Preferably, said
system comprises a cell. Prefe}ably said cell is cultured in
vitro or in the organism in vivo, typically though not

25 necessarily said organism comprises a human or a mouse.

In a preferred embodiment the invention provides a
method for at least in part decreasing the production of an
aberrant protein in a cell,

30 said cell comprising pre-mRNA comprising exons coding
for said protein,

the method comprising

RECTIFIED SHEET (RULE 91)
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ki nd, not necessarily in anobunt are suitable equivalents. Nucleic acid or
an equi val ent 15 conprise nodifications (o provide additional
functionality. Eiliil'émaqia%t 5&8&?’12' °6. RBERY lﬁ?ib%r{%%hqléh‘i iHeLXHYh be
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conventional oligqQ nucleotides. In a preferred enbodi ment of the invention
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nucleic acid is in single stranded form. Peptide nucleic acid
and other molecules comprising the same nucleic acid binding
characteristics in kind, not necessarily in amount are
suitable equivalents. Nucleic acid or an equivalent may

15 comprise modifications to provide additional functionality.
For instance, 2'-O-methyl oligoribonucleotides can be used.
These ribonucleotides are more resistant to RNAse action than
conventional oligo nucleotides.

In a2 preferrad embodiment of the invention said exon

20 inclusion signal is interfered with by an anti sense nucleic
acid directed to an exon recognition sequence {ERS). These
seguences are relatively purine rich and can be distinguished
by scrutinizing the sequence information of the exon to be
skipped (Tanaka et al., 1994 Mol Cell Biol. 14: p. 1347~

25 1354). Exon recognition sequences are thought teo aid
inclusion into mRNA of so-called weak exons (Achsel et al.,
1396; J. Biochem. 120; p.53-60). These weak exons comprise
for instance 5' and or 3' splice sites that are less
efficiently recognized by the splicing machinery. In the

30 present invention it has been found that exon skipping can
also be induced in so-~called strong exons. i.e. exons which
are normally efficiently recognized by the splicing machinery
of the cell. From any given sequence it is (almost) always

possible to predict whether the sequence comprises putative



sequences are relatively purine rich and can be distingui shed by
scrutinizing the sequence information of the exon to be skipped‘éTﬂﬁdﬁ%
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sequences are thought to aid inclusion into nRNA of so-cal weak exons
(Achsel et al., 1996; J. Biochem 120; §.53-50). These weak exons
conprise for instance 51 and or 3' splite sites that are less efficiently
recogni zed by the splicing machinery. In the 30 present invention it has
been foundekhat erdntskidpperginanvhatiser benésduseshd nso-saddgsl st rong
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these exon8PArESsPFbRgPEPILGEART 2RT¥FaI (BFRAKL HA% 3brs dedB¥FmihitRl t he

strengtdh oBian 2@BONpexist-g5A) Useish akOOitHMEan Reafound Qe the
Net Gene2 splice. site prediction server (Brunak, et al., 1991; J Mol 5
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weak exon or a strong exon and al so independent of Sai d exon
conpri ses ARIERSNAPAtaofr Bherhed sabddxnent compr bxoh ahaBRSs trarget ed for

ski ppi ng Qeksra=gt LARG4EXLA | B efer di nent, .an exon
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protein. Such”™ proteins ca I nst ance onco- proterns or viral
proteins. In many tunors not only the presence of an onco-protein but

also it relative lgyvel g Sfp{:.ﬁésiﬁ)‘penriaivoen bc?aenn baessuoscegcftiend n;[aony ways. In
one embodiment a method of the invention is used to at least
15 in part decrease the production of an aberrant protein. Such
proteins can for instance be oncoc-proteins or viral proteins,
In many tumors not only the presence of an onco-protein but
also it relative level of expression have been associated to
the phenotype of the tumor cell. Similarly, not only the
20 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 life cycle and the
balance in the amount of certain viral proteins in a cell
25 determines the whether viruses are efficiently or
inefficiently produced. Using a method 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 tumarigenic
(metastatic) and/or a virus infected cell produces less
30 virus.
In a preferred embodiment a method of the invention
is used to modify 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
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25 determ nes the whether viruses are effficiently or inefficiently
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termination).

15 Compared to gene-introduction strategies, this navel
form of splice-modulation gene therapy requires the
administration of much smaller therapeutic reagents,
typically, but not limited to, 14-40 nucleotides. In a
preferred embodiment molecules of 14-25 nuclectides are used

20 since these molecules are easier to produce and enter the
cell more effectively. The methods of the invention allow
much more flexibility in the subsequent design of effective
and safe administration systems. An important additional
advantage of this aspect of the invention is that it restores

25 (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

30 to any genetic disease or genetic predisposition to disease,
in which targeted skipping of specific exons would restore
the translational reading frame when this has been disrupted
by the original mutation, provided that translation of an

internally slightly shorter protein is still fully or partly
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where (partial) restoration of activity would preclude the nmanifestation

of nultbsofyIBFt gé8BAGShFRUAIRAL FHRECand® thus SultesRdtiddR dgai nst
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restoration of defective gene products which have a 10 direct” di sease
causi ng efP&EPthFQ??lé@.%H%ﬁD fi Freregloy ot s hastisr dafiycigakydi ency,
sone formsaali @QREEAhbAMuscular Dystrophy (DMD), in which frameshifting
deletions, duplications and stop mutations in the X-linked
1S dystrophin gene cause severe, 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
20 35-40 y to normal. In the embodiment as applied to DMD, the
present invention enables exon skipping to extend an 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
25 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 after AON-therapy.

30 Many different mutations in the dystrophin gene can lead
to a dysfunctional protein. (for a comprehensive inventory
see http://www.dmd.nl, the internationally accepted database
for DMD and related disorders.,) The precise exon to be

skipped to generate a functional dystrophin protein varies



hypot hyroi di sm (due to thyrogl obulin synthesis deficiency) and Duchenne
Miscul ar Dystrophy (DVD), in which frameshifting deletions, dupl | ﬂtmﬁ)&ns
and stop mutations in the X-linked 15 dystrophin gene cause severe

progr essWP28EE e degradation. DVMDis typically | et hal PEHNL&08697

adol escence or early adulthood, while non-franmeshifting deletions or
duplications in the sane gene cause the nuch m | der Becker nuscul ar
dystrophy (BMD), conpatible with a life expectancy bet ween 20 35-40 y to

nor mal . the e as plied ) resent
enabl es e§3ﬁ3 q%ﬁﬁgr{o efpﬁ%%%gﬁ egkggfng C&@P@%lSﬁ ?oPOHI éwl%hﬂgnRNA
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to restore the reading frame an enerate an internally slightly 25
short ened,®¥R1S 9% ks S9di° gr SR, ¢ §a§§8u5ﬁlPHed¥é5ﬁ°PﬁFPdé?

clinical ﬁm&r&xsﬂftrﬂ\@ Hild endes Wik ridd equihvakest anaf thAkSckAdyeed

del eti on, the dlseas in the ients wauld h ve a nuch m | der course
after AON-THRALGT .Y Whﬁ?*Eﬂ%ﬂ%%ﬁpﬁ%en&PXFPGﬁ§nlnS 89&9§tngﬁPﬁ gene can

lead to andwsiaid 0o WLty a MAtaktCARESBPASHVBrbR¥eAt ory see
http://ww.dnd.nl, the internationally accepted database for DVD and

rel ated diGUFRIRrSing Be 1R Sdsedoncdpelisyi fhed BECkERePsEans -

functionalpylystfORIHD DBk MATHRS mvﬂenwan%%vﬂﬂ@soal Q2485460f the
PCT/NL01/00697 9 fromnutation to nutation. Table onprises a

non-|im ti¥grentsin ofheb@is 3Ha eean Becdidispped Saﬁeallu dts prgsenfein

mentigped o NSuRMEs of, the 1Predf raguentyl yq%CClelre“ ’g,dystrgphi,p ggne
nmut at i ons t at have been observed i'n humans and that can bé 5 treated with
a met hod off ttHee i mves i dvet [APpl ggnef- (The ofewricenes efomeirdads to a

mut ant dysagpm%pmgeemowm&m%sa is Gtk theliungt 'tﬂaﬂ' btKeQk a

Becker nutant us 1n one enbodi nent the invention provides a nefhod of
t he In the present invention it was found that by inducing

skipping of exon 46 with a means or a method of the invention

15 approximately 7% of DMD-deletion containing patients can be
treated, resulting in said patients to comprise dystrophin
positive muscle fibers. By inducing skipping of exon 51,
approximately 15% of DMD-deletion containing patients can be
treated with a means or method of the invention. Such

20 treatment will result in the patient having at least some
dystrophin positive fibers. Thus with either skipping of exon
46 or 51 approximately using a method of the invention
approximately 22% of the patients containing a deletion in
the dystrophin gene can be treated. Thus in a preferred

25 embodiment of the invention said exon exclusion signal is
present in exon 46 or exon 351. In a particular preferred
empbodiment sald agent comprises a nucleic acid sequence
according to hAON#4, hAON#6, hAON#8, hAON#9, hAON#11 and/or
one or more of hAON#21-30 or a functional part, derivative

30 and/or analogue of said hAON#. A functional part, derivative
and/or analogue of said hAON# comprises the same exon
skipping activity in kind, in a method of the invention, not

necessarily in amount.



invention wherein said exon inclusion signal is present in 10 exon nunbers
2, 8, 19, 29, 43, 44, 45, 46, 50, 51, 52 or 53 of the human dyst dﬁWiWUS

gene. Th Y nce of certain deletion/insertion varigfi re
frequenta& %ﬁL%% ers. In the present invention it was fgﬁhﬁaﬁHgﬁ°ﬁ§

i nduci ng skipping of exon 46 with a neans or a nethod of the invention 15
approxi mately 7% of DMD--del eti on contalthing patients can be treated,
resulting in said patients to conprise dystrophin positive nuscle fibers.

By inducing skimpidig ®e @hmhgecRARPREX:RRLELY e 13K Qﬁi;%wage&?%&fle
containing patients can be treated with a nmeans or nethod of the

i nvent i on-thSUc D ¥atiferithanifde VNN -t Forr thetpaceencohaidinging thast
some  dystfiophigy LAesi i€ {8 iS5 sThYS Whikh git.he L.pPL Rg exon 46 or
51 approxiﬁhtely usi%g a né¥%§§"5¥sthe ?%%eggfgﬁ E%Eg?ngﬁa?g 9 22% of the
patients domNH mpch At iarid sequeacey Stlaoghing genb wahabéobseatkd.
Thus i a prefaried 285, B ¥t e SkaNeRiLan,3aid, ex00, exslysi on
signal "is  present in exon 46 of exon 5I. In-a particular preferted
enbodi nenttredl drEyEaRortomedsds denwdigipedacird pseflaemed batcopding to

or & funcr onar- BT At VA UIS0 SR or T kPogHE SF e R8P hACKRDAC
functi onaligpay t46-hel idests Meon arki/tdreretrmalcogpe iofingahd 46ADN1debaplosedot he
sae oxon o SEOR LI ks Toblateg! Lheatneail on, ot
can béocadwnttaigelous fundtidereel elyort ritityipi mgnobemgeacrtbad bpeigdesing the
P e T 0 g TR 0 Dl 45 VB e e e e
mut at i ons,ndrhel ini tsifguatamp ban O¢ayidnhat doaprieshgr at Heplotat usst ben
or e exen 2. By providing cne agent capable of inhibiting an EIS
of exon' 2, 1t is possible to partly skip either one or both
15 exons two, thereby regenerating the wild-type protein, next
to the truncated or double exon two skipped protein. Another
preferred but non-limiting example is the skipping of axons
45 through 50. This generates an in frame Becker like
variant. This Becker like variant can be generated to cure
20 any mutation localised in exons 45, 46, 47, 48, 49, and/or 50
or combinations thereof. In one aspect the invention
therefore provides a method of the invention further
comprising providing said cell with another agent capable of
inhibiting an exon inclusion signal in another exon of said
25 pre-mRNA. Of course it is completely within the scope of the
invention to use two or more agents for the induction of exon

skipping in pre-mRNA of two or more different genes.

In another aspect the invention provides a method for
30 selecting the suitable agents for splice-therapy and their
validation as specific exon-skipping agents in pilot
experiments. Provided is a method for determining whether an
agent is capable of specifically inhibiting an exon inclusion

signal of an exon, comprising providing a cell having a pre-



t han one exon needs to be skipped. A preferred but non- limting, exanple
of such a case in the DVD del etion database is a 46-50 deletion. -BPafpefjs
conprising a 46-50 deletion do not produce functional dystrophin.

However , warmabsdpeast 10 partially functional dystrophin p&ﬂNgglgggprated
by i nducing skipping of both exon 45 and exon 51. Another p Y®%ed but

non-limting exanple is patients conprising a duplication of exon 2. By
provi di ng one agent capabl e of inhibiti%b an EI'S of exon 2, it is
possible to partly skip either one or both 15 exons two, thereby

regener at imR A onwalidritipesqiidoeabn, Rexh shodt Beht UNERT €Gr PhgdouPl e exon
two ski pped i ing exanple I's the

r ot ei n.. Anaqt her referred but non-limtin
ski ppi ng 6%¥§X§ﬁbaai§“iﬁﬁﬁhéﬁf LiPRi @EgeReMBNAs fapmi Aaid apre Bokerand ke
vari ant. HeterBgeker hilethear isany eabnbesggpeLatedatq :ﬁ%ﬁ,ﬂﬁ. 2P, afly nutation
| ocal i sed |n1§xons 45, 46, 47, 4B, 49, and/or 50 or conbinations thereof.

In one aspeGtSERed FBRGigIent: RELef aRETpr sUREEsSasneuhbdiofache emventi on

furthes Comuisnad REMivEIRGcSEhdreal] Wit te &, 9f
inhibitin%ian exon incl usion signaf in ano%ﬁe?ugigﬁéoggggiHgﬂggg%yggnR 3A

OF course Ot'“ﬂlée”%'ﬁﬁlrétté’l Y it FRETt RE SedgessPnt hdgennyentpanle colise two
or nore adertus ey stﬂé%ﬂﬂ@%tﬂoﬂnsggps)iggt ﬁﬁhl BRI Dot P; PL &5 RIWY, Of two or

nmore different genes. In another aspect e inventron provides a net hod
for 30 s&EIN@ Lt Fdesdinvanté oagedts itoposplibte- theinpyudmdat hei r

val i dat i on RS SReG fice @EUNtSKLRPEE g L i lot, experinents. Provided
is a nethod for deterninLngFWhe?hggggg §§%§%%@¥snéaﬁg%? ShS¥hRA Il 1y

i nhi btPi ng Sarra@reérd s wdl dsinstingsivgnhl 2okehat éxehy boopra 8f ngi Py ovd Cbagn a

g R ARG LD FRL 7. AF I
for determining whether an agent is capable of specifically
inhibit%ng an exon inclusion signal of an exon is provided,
further comprising first determining in vitro the relative

15 Dbinding affinity of said nucleic acid or functional

equivalent thereof to an RNA molecule comprising said exon.

In yet another aspect an agent is provided that is obtainable
by a method of the invention. In a preferred embodiment said

20 agent comprises nucleic acid or functional equivalent
thereof. Preferably said agent, when used to induce exon
skipping in a cell, is capable of at least in part reducing
the amount of aberrant protein in said cell. More preferably,
said exon skipping results in an mRNA encoding a protein that

25 1s capable of performing a function in said cell. In a
particularly preferred embodiment said pre-mRNA i3 derived
from a dystrophin gene. Preferably, said functional protein
comprises a mutant or normal dystrophin protein. Preferably,
sald mutant dystrophin protein comprises at least the

30 functionality of a dystrophin protein in a Becker patient. In
a particularly preferred embodiment said agent comprises the
nucleic acid sequence of hAON#4, hAON#6, hACN#S, hAONEQ,
nAON#1l and/or one or more of hAON#21-30 or a functicnal

part, derivative and/or analogue of said hAON#. A functional



cell to allow the formati on of an nRNA from said pre-nRNA and dggg&rgmgng
whet her said exon is absent said nRNA. In a preferred enbodi nent

agent conprises nucleic acid or 5 functional equivalent thereof, said

nucl ei ¢ ¥REWPri sing conplementarity to a part of saf8T€§8H¢m%bents
capabl e of inducing specific exon skipping can be identified with a

nmet hod of the invention. It is possiblelzo include a prescreen for agents
by first identifying whether said agent 10 is capable of binding with a

relatively high affinity to exen contajni | ei id,. prefera RNA.
To this en%‘a’éghec??\ﬁjdva?%‘fea%?%}ﬁ% n‘?’-'n&'gL O\?;ne %r gégdgagr?ﬁ% i %oc 535’% lé))':h >
speci fi cal $yme i exbbHi § k hep fulg exomi v it Ui dimsi,grial aofweamoek @f it&eprovi ded,
further congrisin% first deterniniﬂa invitrq the relative 15 binding
affinity of?éaiuradic RPt 2TFEEHITFuhctl %" “equi val ent thereof to an RNA
nol ecul e conprising said exon. In yet another aspect an agent is provided
that is_ obtainable gé a nethod of the inventio a prefe

..In rred
enbodi ment sai a2 EeRESTHMPTT SR htAYS (Foa(?ieg'l‘d’renf GIECTESNAP E§diNal ent

thereof. Ppgfelablyrsqi dndgesic ybed Ased-dry imedieRl £tarve Sdeppivigially a
cell, is capable of at least in part redu0|nq t he. amount of, aberrant

protei n i nds%eHoRefl Therarpiatrer hbIWell SARFGP SIATH Y HeSuItE Y fan
NMRNA encodj Nge 8nBHO0L 81 Al Dabr¢5i s Sseppahl e fr RRIFFUTRING & Heupalds@ht n
said cell. Ina particularly preferred enbodi ment said pre-nRNA is
derived fEBHPAtH98tr SphRnnERNEIMPEBIGIHRATE LS A ¢ Rt ChanPrges Fhe
conpriSes A, 8UL80hg06£NQhMRbeAY SLE OPRE: N ¥ OEIdh IteS iRl sbme sSaisth it ant
dystrophin protein conprises at least the 30 functionality of a dystrophin
protein i nlacGeekes patnenprovihded pareskld 798P e red AFHFIHdIPFEAT sai d
agent CONMPLESES %*ﬂ osBHELELELAGk O SEQL Al AW AQNES,, RAON#S,
hAQON#9, h&éﬁﬁ?z gnq?or one g? more of HWAON#21-30 or a functi onal part,
derivati venanditbe amatiogaecellsai Anhixapise mdlarticonaapratdausrf 2005
induciné exon skipping can be produced in a cell upon
15 delivery of nucleic acid containing a transcription unit to
produce antisense RNA. Non-limiting examples of suitable
transcription units are small nuclear RNA (SNRP) or tRNA
transcription units. The invention therefore further provides
a nucleic acid delivery vehicle comprising a nucleic acid or
20 functional equivalent thereof of the invention capable of
inhibiting an exon inclusion signal. In one embodiment said
delivery vehicle is capable of expressing said nucleic acid
of the invention. Of course in case for instance single
stranded viruses are used as a vehicle, it 1is entirely within
25 the scope of the invention when such a virus comprises only
the antisense sequence of an agent of the invention. In
another embodiment of single strand viruses AONs of the
invention are encoded by small nuclear RNA or tRNA
transcription units on viral nucleic encapsulated by the
30 virus as vehicle. A prefsrred single stranded virus is adeno-

associated virus,

In yet another embodiment the invention provides the use

of a nucleic acid or a nucleic acid delivery vehicle of the



WD 02/ 024906 PCT/ NLO1/00697 12 part, derivative and/ or anal ogue of said
hAON# conprises the same exon skipping activity in kind, in a metto®Roz05
the invention, not necessarily in amount. 5 The art descri bes nany ways
to deliveWORYEH¥e to cells. Particularly, nucleic acid RETNEPIGIEt hods
have been wi dely devel oped. The artisan is well capable of determ ning
whet her a nethod of delivery is suitablg for performng the present
invention. In a non-limting exanple said nethod includes the 10 packagi ng

of an agent, of the invention into |iposones, said |iposones bein
or ovi ded t 0TS Wbkt ity P SPRCGE0 O B AFRACL E#BBRboLN o coTeferred

parti cul ar lamisdd tneech f Faidehis@oameht Aechekbe 86:dthe €gbhdmedWiifense
nol ecul es c%5§$le of _inducingﬁexon ski ppi ng can_be produced in a cel
upon 15 deliVEit i HISSESE -aticd Sc BFearhrRYYa FRAASBRApEABRN NI E word

produce antigsenst: RYAa i id¥ DukGaxanLesu0hrsiykabbsnyt ranscription
units are small nuclear RNA (SNRP) or tRNA transcription units. The

i nventi 8n therefore further provides a nucleic acid delivery vehicle
conprising a nucleic acid or 20 functional equivalent thereof of the

i nvention capable of inhibiting an exon inclusion signal. In one

enbodi nent Haitf PRI TeKilcltde Sr@ypaBFe of expressing said nucleic
acid of the invention. O course in case for instance single stranded
viruses are used as a vehicle, it is entirely within 25 the scope of the
i nventi on wWhisi!Ech PAFULTESHE%eEs 48nky ohRecnthsengat séyeanert of an

agent @b t e vendd Qs | bulnY ke emedk FBAt siRg vifuses
AONs of the invention:%re‘%ncodeglgyggga[Fgﬂug?égr%%N£§o§£§€£§? té
transcri pt i®oPun s e inadiskaidlonad agedpsdl Sredebyst hetsorvpred, agnd

vehicle. A prafesredising e sidfandqd \éixw.séisslégam- agsQChaLed M rys. In
yet anot her enbodi mnent the 1 nvention provides the ude
deficiency. Our aim is to artificially induce the skipping of
an additional exon, exon 46, in order to reestablish the
15 reading frame and restore the synthesis of a slightly
shorter, but largely functional dystrophin protein as found
in the much milder affected Becker muscular dystrophy

patients affected by a deletien of both exons 45 and 46.

20 Figure 2. Exon 46 contains a purine-rich region that is
hypothesized to have a potential role in the requlation of
its splicing in the pre-mRNA. A series of overlapping 2'0O-
methyl phosphorothiocate antisense oligoribonuclectides (AONs)
was designed directed at this purine-rich region in mouse

25 dystrophin exon 46. The AONs differ both in length and
sequence. The chemical modifications render the AONs
resistant to endonucleases and RNaseH inside the muscle
cells. To determine the transfection efficiency in our in
vitro studies, the AONs contained a 5' fluorescein group

30 which allowed identification of AON-positive cells.

Figure 3. To determine the binding affinity of the different
AONs to the target exon 46 RNA, we performed gel mobility
shift assays. In this figure, the five mAONs {(mAON#4, 6, 8,



of a nucleic acid or a nucleic acid delivery vehicle of the - 4 MAR 2005
WO 02/ 024906 PCT/NLO1/40697 13 invention for the preparation of- aMAR 2005
nedi cameffg azhdls 9% preferred enbodinment said nedi cament i sy ”E&g.;t he

t r eat ment ? i nherited di sease. Mire preferably, said nmedicanént is
used for the treatnent of Duchenne Muscul ar Dystrophy. 5 Brlef
description of the drawings Figure 1. Del%tion of exon 45 is one of the
nost frequent 10 DVMD-nutations. Due to this deletion exon 44 is spliced

to exon 469 thed rmsmttlhomﬁlgnna%%dla@qlfnrlevefb§ tl@é%&k‘@é@dmﬁ”grea stop
codon is créated in exon 46 l'eading to a dystrophin deficiency. Qur aim

is to arti fShewWa-| Woond bdeding §¢|6 iengOys tanthedf¥Aonal cemphexekdn 46, in
e o " Rk et fa;%a%ﬁt%a 39 cL3m 40¢ hesLoLey the syptpesis of a

slightly I ar ge uncti onal ystrop roteln as found in
t he much mdamamﬂaﬁﬁebt&dtBeckemdnu§a¢WarTdysbnnphyg pht tleat B0WET ot deby a

deletio Q%E& &N %éﬁ%éﬂ%%ig%ﬁég%L Igﬂr dogx8g0§6 Contalng a

puri ne- rlch regi on that esi'zed t 6°have I poteﬁtlal Fole in the
regul ati on sgfeciiftis dpid cxwm |4r6 A e dometniBiAerAteeai eandf shvécl apping 2' O
met hyl phosphor ot hi oate anti sense ol i gori bonucl eoti des (AONs) was’
designed directed at this purine-rich region in nouse 25 dystrophin exon
46. The ﬁ(TEigﬁﬁé(ﬂ'lﬂMd1ﬂdudaHuﬁdd am@ansegaemfec AbrschrfitBakhowed the
nDdlflcathps re %g%. si stan indog glease ?nd RNaseH

i nsi de t he ‘& (ﬁﬂ %Pg détt Wnﬁ?e ﬁegF afSPECE FBNSBEFFCPEARYSI n our
in vitoo &taxch &S:‘aﬂsl”f@o‘t@ﬂs o &icveck and' hfxinuﬁrﬁ§66bﬂe9f:§uﬂu§gs\l\lhi sh

al | oned id catl n of Al 03|t|ve cells. gure 3. .To determ ne the
bi ndi ng aff ‘{F e'”cﬁ P 2 &a@cea;eﬁharp KgEt ekonhaghrRAs @sze

per f or ned g&hﬁﬁﬂ@dﬂd@d to exon 45 directly spliced to exon 47, in the

mouse cell cultures upon transfection with the different
mAONs#4, 6, 9, and 11. No exon 46 skipping was detected

15 following transfection with a random AON. (B) RT-PCR analysis
in the human muscle cell cultures derived from one unaffected
individual (C) and two unrelated DMD-patients (Pl and 22)
revealed truncated products upon transfection with hAON#4 and
hAON#8. In the control this product corresponded to exon 45

20 spliced to exon 47, while in the patients the fragment size
corresponded To exon 44 spliced to exon 47. No exon 46
skipping was detected in the non-transfected c2ll cultures or
following transfection with a random hAON. Highest exon 46
skipping efficiencies were obtained with hAON#8.

25
Figure 5. Sequence data from the RT-PCR products obtained
from patient DL279.1 (corresponding to Pl in Figure 4}, whch
confirmed the deletion of exon 45 in this patient (upper
panel), and the additional skipping of exon 46 following

30 transfection with hAON#8 (lower panel). The skipping of exon
46 was specific, and exon 44 was exactly spliced to exon 47

which reestablishes the translational reading frame.



shift assays. In this figure, the five mAONs (mMAON#4, 6, 8, - 4 MAR 2005
WO 02/ 024906 PCT/ NLO1/00697 14 9, and 11) with highest affinity tprMAp%aﬂ
target RNA are shown- Upon binding of the AONs to the RNA, a conpl ex sli
formed tWE28%4Mbits a retarded gel nobility as can be Pet/sLmwesy by the
band shift. The binding of the AONs to the 5 target was sequence-specific.
A random mAQON, i.e. not- specific for exgn 46, did not generate a band
shift. Figure 4. The nouse- and human-specific AONs which showed the

hi ghest bi ndin %ml ni ty in the gel mpbility shift assays 10 were

transf ect &quﬁ% SRRP R SRSt e nédedeesf thy MRFcPERcahAl ysi s

showed a tcmmmteeokmpdp@aherpa‘ DA 7N 1t R osi %%an%%egmn%@ht RaBi9R 45

directly s Ilced to exon 47, in the nouse cell tures upon transfection
with the difhler ¢fire NS B to/o &ﬁéffr_enmoderéﬁmahsm pptmgouvasSdet ect ed

15 fol | owmgé@mﬁﬁq{gmmé}&a 3RdagAOYs (cgf)ef g 8'c¥ in the

human nuscle cell cultures derived fromone un IVI uaI (O and
two unPel awwlpattm%qu &1@'132-)-32r)e‘aeell édStaMgat(é)gtspEodaEts7U|son

transfecti %%p& Sggln e ntr rod
corresponde to exon <ilce toGeX(;)rtrrlllg'4‘}E'z’9 Eaneg ﬂ%%nts t he

fragment sibzs@nq,&)rq%smoimrqmuexmommplmceuet mye)mbeé? whlerea(snt}-‘lé
ski ppi ng r fected ce cultures foll ow ng
\%ﬁbﬂ#§(¥ﬁéﬁLé&]§ A%&@ fagio% 4% cﬁ érlngSBlﬁéengp

transfection with random ghést’ exon €i enci es
wer e obt aISn,Eth/ﬂStth mﬂﬁj\#&yﬁﬁrdﬁl’gm @rb.teSaqaendetdatadf bgnbbhg RT- PCR
Whoh- L8onf FAEP L RIS bif Bi°don 45 11 thi o pati ent (upper  panel).
and the additional Skl ppi ng of exon 46 following 30 transfection with
hAON#8 (| c%vlvegrurpeanTe:I ). The ski ppi ng of exon
{A) RT-PCR analysis of RNA isolated from human control
muscle cell cultures treated with hRON#23, #24, #27, #25, or
15 #29. A truncated product, with a size corresponding to exon
50 spliced to exon 52 was detected in cells treated with
nNAON#23 and #28. Sequence analysis of these products
confirmsd the precise skipping of exon 51 (B). An additional
aberrant splicing product was obtained in cells treated with
20 hAON#28 and #29. Sequence analysis revealed the utilization
of an in-frame cryptic splice site within exon 51 that is
used at a low frequency upon AON treatment. The product
generated, included a partial exon 51 which also had a
restored reading frame, thereby confirming further the

25 therapeutic value.

Figure 8
{A] Gel mobility shift assays were performed to determine the
binding affinity of the different h29A0N#’'s for the exon 29
30 target RNA. When compared to non-hybridized RNA (none},
h2SRAON#1, #2, #4, #6, #9, #10, and #11 generated complexes
with lower gel mobilities, indicating their binding to the
RNA. A random AON derived from dystrophin exon 1% did not
generate a complex. (B) RT-PCR analysis of RNA isolated from



46 was specific, and exon 44 was exactly spliced to exon 47 whi_gg,‘
reestablishes the translational reading frane. - 4 MAR 2005 WO /‘82&@06
PCT/ NLO1AQ96Shishg Figure 6. I mmunohi st ochem eal anal ysi gcofNibienganscl e
cell culture frompatient DL279.1 upon transfection with hAON#8. Cells
were subject to two different dystrophig anti bodi es raised agai nst
different regions of the protein, |ocat § s proxi mal |y (ManDys- 1,
ex.-31-32) and distally (Dys-2, ex. 77- 79) fromthe targeted exon 46. The
| ower panehufbBaWeohbeol mbseneecoll acuiysiraphi repret eiirtri mZQTéJN#ylo,t ubks,

oynt hosi s B -as8ystopht - pPot EE D HEvERLER thdt TSR RF T both &b i Tpper
panel ). Fi guéesize(AerIsB@Rdaaawseso:ofza?%ls@catteﬂ é}fcﬁmi‘mnﬁlrhmt rol

muscle cell cultures treated with hAl 23, #24, #27, # or , 15 #29. A
truncated PRSHLES, 1RAER2ESSFRATCB¥PRS n%'?’hgsgf%c’eé’maléb% 15ERPID exon

52 was glet ggtipd hﬂw%ehh%éebtéat QQ Wk e RACNAZS: el WH2Eh L SeEIREY DAl /3] S
of these products confirmed grem se Skftf ing 04 exor}} S1 (B). An
addi ti onal #4aberr 460 8pl Péltﬁ@dﬁré aebOYBS o et1% treated with

20 hAON#281,30d #2921 ,S80HRBCEnABAbYSES , I By eak@T: { bea Utdhd Zadr ©Nsp Of c By
in-frame cryptic splice site within exon 51 that is used at_a | ow

frequency BFeRUACNwBFeaPHeryedThB2pr 68t Cegehert B PRIRY Rie P Hattral

exon 51 whigh ;35 ad-3 (r:%atf%ﬁgdrsedg@auéﬁégedaweﬁ@@ysmmj rmng
further the 25 therapeutic value. Figure 8 (A) Gel nobility shi ft assays
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naturally, it was enhanced by the AON-treatment. AON 19,
derived from dystrophin exon 19, did not induce exon 29
skipping (C) The specific skipping of exon 29 was confirmed

15 by sequence data from the truncated RT-PCR fragments. Shown
here is the segquence obtained from the exon 29 skipping
product in cells treated with h29AONf1.

Figure 9

20 f{A) RT-PCR analysis of RNA isoclated from mouse gastrocnemius
muscles two days post-injection of 5, 10, or 20 pg of either
mAON#4, #6, or #11. Truncated products,with a size
corresponding to exon 45 spliced to eXon 47, were detected in
all treated muscles. The samplss -RT, -RNA, AD-1, and AD-2

25 were analyzed as negative controls for the RT-PCR reactions.
{B) Sequence analysis of the truncated products generated by
mAON#4 and #6 (and #11, not shown) confirmed the precise
skipping of exon 46.

30



h29AON#1, #2, #4, #6, #9, #10, and #11 generated conplexes wth | ower gel
mobilities, indicating their binding to the RNA A random AON deyi ?9m
from dystrophin exon 19 did not generate a conplex. (B) RT-PCR ana y3|é
of RNA | SHPA¥EH*or om - 4 MAR 2005 WO 02/ 024906 PCT/ NLO1F§EEYH AR uman
control nuscle cell cultures treated with h29AON#1, #2, #4, #6, #9, #10,
or #11 revealed a truncated product of wWwch the size corresponded to
exon 28 spliced to exon 30. These results indicate that exon 29 can
specifical%g E%ngipped 5 using AONs directed to sequences either within
(h29AON#| , B42, , or #6) or outside (h29AON#9, #10, or #11) the

hypot hesi zed ERS in exon 29. An additional aberrant splicing product was
observed that resulted from skipping of both exon 28 and exon 29
(confirmed E5¢™®eGuénce data not shown). 10 Although this product was al so
present in non-treated cells, suggesting that this alternative skipping
event may occur naturally, it _was enhanced by the AON-treatnent. AON 19

derived>from dyst r SPRCE X8R $8, 18i ANROPT i MamicROBK ofr Sarentd p ALY The

specific slélx@&lannofm@soaéanmaa@@gfbm_&g 8 bYgsegnenere datac{fom the
truncated RT-PCR fragnments. Shown ere is the sequence obtained fromthe
exon 29 skispaiPednIprdd@Eeni B ocdFLg - £7 eal BYSWPHIADRERWFS FHiguFoDt2D, (A)
RT- PCR analm%lgglgf RN 11130123l @9 stL@FhIRUESLAESLA CBASTHAE: LS cLesr ¥Ry days
post-injection _of 5, 10, or 20 g of "either mMAON#4, #6, or #11. Truncated
product s, wiat Kled ediipa odorressorddi At A6exBhe45YSPER cedls t bnekbal 47, selker e

det ect eg i'ﬁgdac"olr hoeRhed imis Slred sI?SpﬁQHpbﬁé-mﬁﬁA s%%ﬁg&f AD- 2 25

were anal yz as negative controls for the RT-PCR reacti (B) Sequence

anal ysi s ofropise dysteapdd rpdsdget §egdnérat edmpg fomntngrdhaman#6 (and #11,
not shown) JCARfILREG R PLEGHS@he intention to restore the

translational reading frame and dystrophin synthesis in
nmuscle cells from DMD patients affected by a deletion of exon
15  45.

Design of mAONs and hAOQONs
A series of mouse and human-specific AONs (mAONs and

hAONs) was designed, directed at an internal part of exon 46

20 that contains a stretch of purine-rich sequences and is
hypothesized to have a putative regulatory role in the
splicing process of exon 46 (Fig.2). For the initial
screening of the AONs in the gel mobility shift assays (see
below), we used non-modified DNA-oligonucleotides

25 (synthesized by EuroGenteg¢, Belgium). For the actual
transfection experiments in muscle cells, we used 2'-C-
methyl~phosphorothioate oligoribonucleotides (also
synthesized by EuroGentec, Belgium). These modified RNA
oligonucleotides are known to be resistant to endonucleases

30 and RNaseH, and to bind to RNA with high affinity. The
sequences of those AONs that were eventually effective and
applied in muscle cells in vitro are shown below. The
corresponding mouse and human-specific AONs are highly

homologous but not completely identical.



ski ppi ng of exon 46. 30 - 4 MAR 1005 WO 02/024906 PCT/ NLO1/ 00697} 4£p 200
EXAMPLES Exanple 1 5 Since exon 45 is one of the nost frequently delete
exons i nwbRg24ses i nitially ainmed at inducing the specifigcr/nNskigpping of
exon 46 (Fig.1). This would produce the shorter, largely functional
dystrophin found in BVD patients carryifg a deletion of exons 45 and 46.
The systemwas initially set 10 up for hodul ati on of dystrophin pre-nRNA
splicing of the nouse dystrophin gene. We |ater ainmed for the hunan
dystrophin gene with the intention to restore the translational reading
frame and dystrophin synthesis iin nuscle cells from atients_affected
by a del etion of g&ﬁhﬁlf§lﬁg.%BégﬁgﬁeoFrﬁﬁEﬁktgﬁddﬁﬂégg?ﬂ%§ePF8§ 5P nouse
and human-ispadidg,c AONh & AN, 1Jandis HACND)-meash yde siigoedc ldiotedeedaall an
internal part of exon 46 20 thaf, contains a stretch of purine-rich
sequences and %%Oﬁgfggﬁe%ﬁ #% 0 Have a putative regulatory role in the
splicisg process ofaemaon 46 (6irgc2ZpaTBOrAtbescortial screening of the

AONs in the gel nohility shift a ee below), we used non-nodified
DNA-oIigonucIeotidggnﬂﬁé (syn%heéﬁ?éicﬁécﬁaFgﬁgﬁtec, Bel gium . For the
act ual transfecth@nngmperinegpscﬁacqm@@tecﬁgtts, we used 2'-O

met hyl - phosphor ot hi oat e ol i gori bonucl eotides (al so synthesized by

Eur oGent ec, Bel gi tf)CN#Hese modi &G RRATTEFAENnuUc] eoti des are known to be

resistant to endonyghepses 30sandriRNaseHcerrafgdckacgbend to RNA with high
affinity- The sequences of those AONs that were eventually effective and

10 MAON#H7 : S' CTTTTAGCTGCTGCTC
MAON#8 : 5' GTTGTTCTTTTAGCTGCTGC
mAON#3: 5' TTAGCTGCTGCTCAT
mAON#10: 5' TTTAGCTGCTGCTCATCTCC
-MAONH#11: 5' CTGCTGCTCATCTCC

15
hAON#4 : 5" CTGCTTCCTCCAACC
hACON#6: 5' GTTATCTGCTTCCTCCAACC
hACON#8: S' GCTTTTCTTTTAGTTGCTGC
hAON#9: 5' TTAGTTGCTGCTCTT

20 hAON#11: 5' TTGCTGCTCTTTTCC

Gel Mcobility Shift Assays
The efficacy of the AONs is determined by their
binding affinity for the target sequence. Notwithstanding
25 recent improvements in computer simulation programs for the
prediction of RNA-folding, it is difficult to speculate which
of the designed AONs would be capable of binding the target
sequence with a relatively high affinity. Therefore, we
performed gel mobility shift assays (according to protocols
30 described by Bruice et al., 1997). The exon 46 target RNA
fragment was generated by in vitro T7-transcription from a
PCR fragment (amplified from either murine cr human muscle
mRNA using a sense primer that contains the T7 promoter

sequence) in the presence of 32P-CTP. The binding affinity of




applied in nmuscle cells in vitro are shown below. The correspondi n% nouse
and human-specific AONs are highly homol ogous but not conpl et el y~ % MAR 2005
identical. - 4 MAR 2005 WD 021024906 PCT/NL0O1/00697 5 10 Is 20 The
listing DEP8HPH&M%ers to the deoxy-formused for testingPCEMNLONE6HT nally
used 2-0-nethyl ribonucleotides all T s should be read as U s. mAON#2: 5'
GCA. 2KTGTTATCTGCTT  mAON#3: 51 GITATCT@TTCTTCC  nmAON#4: 51
CTCCTTCTTCCAGCC  mAON#5- 5' TCTGCTTCTTCCAGC mACN#G - 5

GTTATCTGCT] r DA DVWET: TTAGCT i r AONBB:  5'
GTTGTTCTTTT %ﬁ%&dw%@% 40. 1P‘T*?£ cS@Fge ript

TTTAGCTCCTBEEGABGTECwas. NAENEhineld' bETRITEFTATGIGC ahAGNK 16,5’ 30
CTGCTTCCTCCAA 5' GTt ATCTGCTTCCTCCAACC  hAON#B:

GCTTTTCTTT‘T“A@'%%@&T@&Q\I#HRéﬁﬂ@‘E“tSPO TABTTERT ST Ot ) gfdoNy11: 5'

TTGCTGCTCT'EIEGEroGﬁbrNEb@ | e pBiIrFbrAsaayseJhen £idyLatyr afnd he AR s

determ y. t bi nding affinity for the target sequence.
NotW|th taﬁg tﬁzghl’eeg‘&’ﬁse Apfo Bﬂéﬁﬁp?ﬂlfé—bﬂﬂﬁl& 67 ¥eH Bt HF predgrtarks

for the pr adlf(f@r@ntofnoBHé —pkdiifgc hbnkS (RAdhisul &, te, SSP%H ali§ WhLh o of
t he desi gned AONs woul d be ca?labl e of bindin the tar’g
tour corresponding human-specific AON {hAON#4 6, 8, and 9)

generated a mobility shift, demonstrating their binding
affinity for the target RNA.

10

Transfection into muscle cell cultures
The exon 46-specific AONs which showed the highest

target binding affinity in gel mobility shift assays were
selected for analysis of thELI efficacy in inducing the

15 skipping in muscle cells in vitro. In all transfection
experiments, we included a non-specific AQON as a negative
control for the specific skipping of exon 46. As menticned,
the system was first set up in mouse muscle cells. We used
pboth proliferating myoblasts and post-mitotic myotube

20 cultures (expressing higher levels of dystrophin}) derived
from the mouse muscle cell line C2Cl12. For the subsequent
experiments in human-derived muscle cell cultures, we used
primary muscle cell cultures isolated from muscle biopsies
from one unaffected individual and two unrelated DMD patients

25 carrying a deletion of exon 45. These heterogeneocus cultures
contained approximately 20-40% myogenic cells. The different
AONs ({at a concentration of 1 pM) were transfected into the
cells using the cationic polymer PEI (MBI Fermentas) at a
ratio-equivalent of 3, The AONs transfected in these

30 experiments contained a 5! fiuoreseein group which allowad us
to determine the transfection efficiencies by counting the
number of fluorescent nuclei. Typically, more than 60% of
cells showed specific nuclear uptake of the AONs. To

facilitate RT-PCR analysis, RNA was isolated 24 hours post-



sequence with a relatively high affinity- Therefore, we perfornmed ge
nmobility shift assays (according to protocols 30 descri bed by BruitdiRex](s

al ., 199 sdefX0N 46 target RNA fragment was generat tro
T7- transﬁlpt%?nfroma PCR fragment (anplified fromeit ﬁr\(]r‘rq]%?\%

human nmuscle nRNA using a sense prinmer that contains the T7 pronoter
sequence) in the presence of 32P-CTP. TR binding affinity of - 4 MAR 2005
WO 02/ 024906 PCT/ NLO1/ 00697 19 the individual AONs (0.5 pnol) for the

target transghiskbctibadiBahy §@§z9§t9rWtQﬁﬁrQYSE¥Qﬁ¥9%§ﬁt'?Heat 37C for 30
m nut es and subsequent pol yacrylam de ( ectrophoresi s

perforned NR&EEerassdys -for the screening 5 of both the nouse and
human- specific AONs (Fig.3). At least 5 different nouse-specific AONs
(mAON#4, 6, 8, 9 and 11) and four correspondi ng human-specific AONs
(hAON#4, 63T8PC§nan)segpnecatedaéyﬁibiIity shift, denonstrating their
ﬂéo nuscl e cell

bi ndi n affinity he ta Transfectlo

culturg% The exon Egﬁs%gcl F®€%Pﬁﬁr§%bﬂeﬁsf%% ﬁlg SE™- t ar get

bi ndi ng afbbﬂ@myramegekonnbnlahy shi EkoassByspeeleicsebeeted poimanal ysi s
of their efficac i_npducin he 15 _sKki in in scle cells in vitro. In
al | transfgctlgﬁ¥a§ pége Fg t nlﬂglﬁhgg n%%ﬁFf?Bh%@»Fé%" 46,
negative chﬁtb@NAf@Esth&p&@GQbﬂlByskwﬁptﬂgn@§ QKOBCdﬁ ids168phgoned, the
system was first set up.in nouse nuscle cells, W used both grollferatlng

myobl ast s aﬁ&tﬁssﬁmﬁﬂﬁge & thp8t HEENIOPEHPERS ebh (2%PR st ndndi fhefIPEVel s

of dysio ophbe) hdeenvegstbnom bheegBHse4BUSRHCI Tl Foti AFe GRGLZe Epgténh?
subsequent erinents i n _human-derived nuscle_cel|l cultures, we used

primary nu§8IEREeWPuéﬁIFHPQ%aFEOPﬁFeﬁYPFBH?nﬁ%%iec%l%ﬁé?%s we' detected

a truncated product of which the size corresponded to exon 45
directly spliced to exon 47 (Fig.4). Subsequent sequerce
analysis confirmed the specific skipping of exon 46 from

1S these mouse dystrophin transcripts. The efficiency of exon
skipping was different for the individual AONs, with mAON#4
and #11 showing the highest efficiencies. Following these
promising results, we focused on inducing a similar
modulation of dystrophin splicing in the human-derived muscle

2C  cell cultures. Accordingly, we detected a truncated product
in the control muscle cells, corresponding to exon 45 spliced
to exon 47. Interestingly, in the patient-derived muscle
cells a shorter fragment was detected which consisted of exon
44 spliced to exon 47. The specific skipping of exon 46 from

25 the human dystrophin transcripts was confirmed by seqguence
data. This splicing modulation of both the mouse and human
dystrophin transcript was neither observed in non-transfected

cell cultures nor in cultures transfected with a non-specific
AOCN.

30
Immunchistochemical analysis
We intended to induce the skipping of exon 46 in
musclie cells from patients carrying an exon 45 deletion, in

order to restore translation and the synthesis of a



fromone unaffected individual and two unrel ated DVD patients 25 carrying
a deletion of exon 45. These heterogeneous cultures contained

approxi mately 20-4.0% nyogenic cells. The different AONs (at a -4 MAR 2009
concentrafomebs 1 pM were transfected into the cells wsgi~pdilgh@zcationic
pol ymer PET (MBI Fernentas) at a ratio-equivalent of 3. The AONs
transfected in these 30 experinents con% ined a 5 fluorescein group which
allowed us to determne the transfecti ef ficiencies by counting the
nunber of fluorescent nuclei. Typically, nore than 60% of cells showed
speci fi c ndgseoephixt gecvein heTAQNLeclo af agisitirbghenRprPOR-anapysi s, RNA

was i sol at 24_hours post, -, 4 05, WO _02/.0249Q06 PCT/ NLO1/00697. 20
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exons 44 and 47 or_10,the hunman system), or exons 45 and _47 (for the
mouse systBRTEInEh TR HoRERl HybEi IR ¢ ARt At GEeOReT FRRFE AT BY v

get ect Fd Ezlaucbfmaﬁd ©da & DELITE ﬁvmwgtemo&iamoaoweap@ﬂﬂ@ hi® exon 45
irectly spliced to exon 47 (Fig.4)., Subseque sequence anal ysi s

Cont i1 mod PHRESERET 1 BR D HGT et 78 Cedh CYSCERGSe RoBsd) dyst rophi n

transcriptsppddeiedféTieneylods©xars oIKitpRi Fapeas dihire@nbokofidderor

i ndi vidual AONs, wth mAON#4 and #11 showi ng the highest efficiencies.
Fol | ovii’hg EYHeEE PR Ri RS rbEeA T SR used on inducing a sinmlar

nodul ati on of dystrophin splicing in the human-derived nuscle 20 cel

cul tures. Accordiqgly, we detected a truncated product
ur results show, for the first time, the restoration

cf dystrophin synthesis from the endogenous DMD gene in
muscle cells from DMD patients. This is a proof of principle
15 of the feasiblility of targeted modulation of dystrophin pre-

mRNA splicing for therapeutic purposes.
Targeted skipping of exon 51
20 Simultaneous skipping of dystrophin exons

The targeted skipping of exon 51. We demonstrated the

feasibility of AON-mediated modulation of dystrophin exon 46
splicing, in mouse and human muscle cells in vitro. These

25 findings warranted further studies to evaluate AONs as
therapeutic agents for DMD. Since most DMD-causing deletions
are clustered in two mutation hot spots, the targeted
skipping of one particular exon can restore the reading frame
in series of patients with different mutations ({see table 1).

30 Exon 51 is an interesting target exon. The skipping of this
exon 1s therapeutically applicable in patients carrying
deletions spanning exon 50, exons 45-50, exons 48-~50, exons
49-50, exon 52, and exons 52-63, which includes a total of

15% of patients from our Leiden database.



in the control muscle cells, corresponding to exon 45 spliced to exon 47.
Interestingly, in the patient-derived nuscle cells a shorter fragnent was
det ected whi ch consisted of exon 44 spliced to exon 47. The spediMARc2005

ski ppi ng 0 @3#046 from 25 the human dystrophin transcri firmed
by sequence data. This splicing nodul ation of both the n&@gﬂ@?\%gﬁzn&n

dystrophin transcript was neither observ%tjl in non-transfected cell
cultures nor in cultures transfected with a non-specific AON 30

| mmunohi st ochem cal analysis We intended to induce the skipping of exon 46
in muscle cells frompatients carrying an exon 45 deletion, in order to

restore translatiomweanddihg,Synt I:9.0f ca_-_4 MAR 2005 WD 02/ 024906
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transf eg_ti oﬁ ;\‘7@ i ]h—mrtqﬁieq heelond ghtrieeneddeti Mgﬁffﬁéﬁffpgﬂrbe—f fures
wer e subj ectedi®rMUNAG I, ing.two, different dystrophin
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respecti velpagu 1 s lLysis revealed restoration of dystrophi
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with high binding affinity for the target RNA. We selected
the five hAONs that showed the highest affinity. These hAONSs
were t;ansfected into human control muscle cell culitures in
order to test the feasibility of skipping exon 51 in vitro,

15 RNA was isolated 24 hrs post-transfection, and cDNA was
generated using an exon 53 or 65 specific reverse primer.
PCR-amplification of the targeted region was performed using
different primer combinations flanking exon 51. The RT-PCR
and sequence analysis revealed that we were able to induce

20  the specific skipping of exon 5] from the human dystrophin
transcript. We subsequently transfected two hAONs (#23 en 29)
shown to be capable of inducing skipping of the exon into sSix
different muscle cell cultures derived from DMD-patients
carrying one of the mutations mentioned above. The skipping

25 of exon 51 in these cultures was confirmed by RT-PCR and
sequence analysis (fig. 7). More importantly,
immunohistochemical analysis, using multiple antibodies
raised against different parts of the dystrophin protein,
showed in all cases that, due to the skipping of exon S1, the

30 synthesis of a dystrophin protein was restored.



20 Si nul taneous ski pping of dystrophin exons The targeted skipping of exon
51. W denonstrated the feasibility of AON-nedi ated nodul ati ori MR 2005
dystrophin exon 46 splicing, in nouse and human nuscle cells in vitro.
These 25WQ 248 warranted further studies to eval uat e ESLARN06OT

t herapeutic agents for DVD. Since nost DMD- causing deletions are
clustered in two nutation hot spots, thgytargeted skipping of one
particul ar exon can restore the reading frame in series of patients with
different nutations (see table 1). 30 Exon 51 is an interesting target
exon. The skipping of this exon is therapeutically applicable in patients

carrying del eti orsx&pamH 4 6QAR: HAoNaxons 45-50, exons 48-50, exons
49-50, exon 52, and exons 52-63, which includes a total of 15% of

patients from our Leiden database. WD 02/024906 22 - 4 MAR 2005

PCT/ NLO1/ 00697 V& whesigned a ser ceacRbcresrdriferspeci fic AONs
(hAON#21- 30, see bhelow) directed at different purine--rich regions within

dyst rophi n exon 5HMAGHESE pur iSe ITTERTBAGTARGEHAGCE ygest ed t he presence

of a putative exommN4XiNg KegwabRMYTEl &FBRiG4 hat we aimed to block in
order to induce the elimnation of that exon during the splicing process.

Al experiments ¥ &A T or mdd SERGRATACTALGTGIEATE as descri bed for

the skipping of exgiodsee abowgy ¢§%¥ i shift assays were
performed to identify those hAONs Aﬁﬁ?tcﬁ?% |¢%ﬁ%g affinity for the
target RNA. W selré‘éiw&t he Pi'vECAACRECTHEGARIRRA t he hi ghest affinity.

These 1hAONs  wer ey ddwgiist.ect ed i BES-RUEBERLPPLrol muscle cell cultures in
order to test the feasibility of sEFpplng exon 51 in vitro. 15 RNA was

i solated 24 hrs pd¥tN#Zfis echi' oATAGHERACEATCAGELT gener at ed using an exon
53 or 65 specific {RWASL Pri BRI oGATATCCTCAAGGTCACCS

hAON#30:  5' CTGCTTGATGATCATCTCGTT

15
Simultaneous skipping of multiple dystrophin exons.
The skipping of one additional exon, such as exon 46 or exon
51, restores the reading frame for a considerable number of
different DMD mutations. The rangs of mutations for which

20 this strategy is applicable can be enlarged by the
simultaneous skipping of more than one exon. For instance, in
DMD patients with a deletion of exon 46 to exon 50, only the
skipping of both the deletion-flanking exons 45 and S1
enables the reestablishment of the translaticnal reading

25 frame.

ERS-independent exon skipping.

A mutation in exon 29 leads to the skipping of this exon in
30 two Becker muscular dystrophy patients {Ginjaar et al., 2000;

EJHG, vol. B, p.793-796). We studied the feasibility of

directing the skipping of exon 29 through targeting the site

of mutation by AONs. The mutation is located in a purine rich

stretch that could be associated with ERS activity. We
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PCR-anplification of the targeted region was performed using different
primer conbinations flanking exon 51. The RT-PCR and sequence anal ysis

reveal ed were able to induce 20 the specific skipping of exon 51
fromthe&@uarr%%z fstrophi n transcript. W subsequently tfgﬁg\a@éfﬂ‘léé?tv\o

hAONs (#23 en 29) shown to be capable of inducing skipping of the exon
into six different nmuscle cell culturesdderived from DVD-pati ents
carrying one of the mutations-nentioned above. The skipping 25 of exon 51

[ i kI ged e. gnalysis (fig. 7).
:\/gr tehiezgofdsﬁmf}ﬁ?dmﬁmgg%i&s?ﬁcﬁgbﬁ gf‘%ﬁﬂ%‘i’ )s,s&%éaleér};earna}lci i%ﬁqeueé%ﬁ%odi es
rai sed agaf"%%‘ éFFF‘éPeﬁPZBQP%lo?Oth%9891§ﬁbp¢ﬂd1 prictigien, (h2rawed ito al |

Gystrophin aroter n nas s enf Boggest= SRS T el MR 20¢ sy oose7
23 5 10 15“BXBnPSIfgpmedf ilashAersr i hadNged : 1den GEACAGGEECEONGACGAG
hAON#225 5hiaHIQETIé@EAfégf@EQfﬁﬂé P£%3§§3§X§I -GGg@FTT AGTEIgﬁ&éaﬁgE#2§j
5" CCAGAGCAGGTACCTCCAACAT hAON#25; :
TCACCCTCTGFEAFI AT #2hA£ﬁ#2#§.5#9CGCMETGm@KmnurwdvgJWﬁahssiitﬁg into
o MR B AL et MM S cvons
The ski ppi Ag28FNbneR¥YdvVa § ohad 1l ke, 2 4 Uths a8 et A fActad) and cDNA
was generated using an exon 31 specific reverse primer. PCR-
10 amplification of the targeted region was performed using
different primer combinations flanking exon 29. This RT-PCR
and subsequent sequence analysis (Fig. 8 B,C) revealed that
we were able to induce the skipping of exon 29 from the human
dystrophin transcript. However, the AONs that facilitated
15  this skipping were directed to sequences both within and
outside the hypothesized ERS (h29AON#1, #2, #4, #6, #9, and
#11). These results suggest that skipping of exon 29 occurs
independent of whether or not exon 29 contains an ERS and
that therefore the binding of the AONs to exon 29 more likely
20 1inactivated an exon inclusion signal rather than an ERS. This
proof of ERS-independent exon skipping may extend the overall

applicability of this therapy to exons without ERS's.

h2S5A0ON#1: 5' TATCCTCTGAATGTCGCATC
25 h29AON#2: 5' GGTTATCCTCTGAATGTCGC
h29A0ON#3: 5' TCTGTTAGGGTCTGTGCC
h29A0N#4: 5' CCATCTGTTAGGGTCTGTG
h29A0N#5: 5' GTCTGTGCCAATATGCG
hZ29A0N#6: 5' TCTGTGCCAATATGCGAATC
30
h29R0N#7: S' TGTCTCAAGTTCCTC
h29A0N#8: 5' GAATTAAATGTCTCAAGTTC
h29a0N83: §¢ TTAAARTGTCTCRAGTTCC
h29MON#10: 5' GTAGTTCCCTCCAACG



51, restores the reading frame for a considerable nunber of different DVD
mut ati ons. The range of nutations for which 20 this strategy isiMpliithabl e
can be enlarged by the sinmultaneous skipping of nore than one exon. For

i nst ance, Wiorp2/0BNDS patients with a deletion of exon 46 to ®PNLABsEN! Y the
ski ppi ng of both the deletion-flanking exons 45 and 51 enabl es the
reestabl i shnment of the translational rea%g’ ng 25 franme. ERS-independent
exon skipping. A nmutation in exon 29 leads to the skipping of this exon in
30 two Becker rruscul ar_dystr atients (Gnjaar et al., 2000; E 7HG
vol . 8, p. 70%23QHHtl st%‘eﬁ‘%ﬁﬁ& Gg%&ibility of directing the skipping
of exon 29 through targeting the site of nutation by AONs. The nutation
is located in a purine rich stretch that could be associated with ERS
activity. WN-indured oG 050308 RETVNVOLA00697i8d mlestyaetiasseri es
of AONs (see below) directed to sequences both within (h29A0ON#l to
h29AON#6) and outside (h29AON#7 to h29AON#11) the hypot hesi zed ERS. GCel
mobi | ity sH9¥lesigry shavarongering mdm(las desconilbed¢dtmusdeat L&yl s hose

AONs wi th 5 highest, af or ) . Subsequent |y,
h29AONK1, #2, #4, #6, ‘iﬁgﬁe‘t@ﬁe@t EJ;% V\g?épﬁf}ané¥%€t %g FRES htme ¥ant r ol
myot ube cuIthUr@Q’QJshmng‘tthiElg ttrfmmsféahked toepgepéth RN vasné sppt pd 24
hrs post--tyransfegcti :ac[}ﬂ rated us an e on 31 speci fic
reverse priner. OCRg(%%a Icat fn\(g{% fg%’é‘?}ecﬁ’r‘é i o #r med
using di f faG.emndori or Rnﬁmmratllyorsgofdhanbl by exﬁé\cﬂﬂve Thi &n&IsEq&s@p@I
subseqgygnt e Si B, re eal e we were able to
|nducel)!t he és{l%%pﬁ’g rt%Je%/(o wsezgffr%o gtlﬁeg%ﬁu gﬁ‘? o?) I PPIRANRE g AN
However, tHe AONsnustdte fraciduet dheditb #hi aesdstxapm@@ MR 160 resl ek toh g
sequences lgcgcp-lﬁWllth'ar}naalysls (Fig. 9). The in vivo exon 46 skipping was

dose-dependent with highest efficiencies (up to 10%)

following injection of 20 ug per muscle per day for two

15 subsequent days.



out si de the hypot hesi zed ERS (h29AON#1, #2, #4, #6, #9, and # %T) These
resul ts suggest that skipping of exon 29 occurs independent o Whellber or
not exon %&é)ﬁi@l ns an ERS and that therefore the binding of the AONs to
exon 29 nore Fy 20 inactivated an exon inclusion signedT/NBRIH®E7t han an
ERS. This proof of ERS-independent exon skipping may extend the overall
applicability of this therapy to exons weghout ERS s. h29AON#1: 5'
TATCCTCTGAATGICGCATC 25 h29AON#2: 5' GGITATCCTCTGAATGICGC h29AON#3; 5'
TCTGTTAGGGTCTGTGCC  h29AON#4: 5' CCATCTGITAGGGICTGTG  h29AON#5: 5
GTCTGTGCCAATATGCG h29AON#6: 5' TCTGTGCCAATATGCGAATC 30 h29AON#7: 5
TGTCTCAAGT TREAEr e m2@AONHB: 5 GAATTAAATGICTCAAGITC h29AON4#9; 5'
TTAAATGTCTCAAGITCC h29AON#10: 5 GTAGITCCCTCCAACG - 4 MAR 2005 WO

02/ 024906 PCT/ NLO /00697 2S h29AON#1l : 5 CATGIAGITCCCI CC AON-i nduced
exon 46 skibphegliatvalo, i IBMer ine miustlea .t ileSUep . 53Fehl owi ng t he
promsing results in cultured nuscle cells, we tested the different nouse
dystrophin exon 46-specific AONs in vivo by injecting them linked to

pol yet hyl enBmithes (PEI ) , and riiiond hev .gast Noenempyscriesskes ok ¢oRY ¢ obagjege.
Wth mAON#4g o #6:,p0d #11, previously shown to be effec%,i ve in nouse
nmuscl e 10 ce??s in“vitro, we were able to induce the skipping of exon 46
in nuscle tissue in vivo as determ ned by both RT-PCR and seqguence

anal ysis (Fi 9)._TJhe in viyo exon 46 skipping was dose-dependent with
hi ghest effk:s%?réan%i%% tup tjoé‘af/LgFr?%ofloIBIlé\ki #4 % nPectPofiSef 20 ug per nuscle
per dayof or two

Dunckley, MG et al (1998) Human molecular genetics 7: pages
1083-1090.

Ginjaar et al., 2000; EJHG, vol. 8, pP.793-796
15

Mann et al., 2001; PNAS vol, 98, pages 42-47
Tanaka et al., 1994 Mol Cell Biol. 14:p. 1347-1354.

20 Wilton SD et al (1999) Neuromuscular disorders 9 pages 330-
338.

Details and background on Duchenne Muscular Dystrophy and

related diseases can be found on website http://www.dmd.nl
25



15 subsequent days. - 4 MAR 2005 WO 02/ 024906 PCT/NLO1/ 0697 Zgr@ﬁ Zﬁ[ﬁgnces

Achsel et al., 1996; J. Biochem 120; p.53-60. 5 Bruice T.W

WF (199@? och mstry 36(16): pages 5004-5019. Brunak et al., 1991; J

Bi ol d’*o 9 65. 10 Dunckley, MG et al (1998) HurR&T/Migliddesrar

genetlcs 7: pages 1083-1090. G njaaf et al., 2000; EJHG vol. 8,

p. 793-796 15 Mann et al., 2001; PNAS vai7 98, pages 42-47 Tanaka et al.,

1994 Mol Cell Biol. 14:p. 1347-1354. 20 Wlton SD et al (1999)

Neur onuscul gy )?é sprders 9 : pages 330- 338. Details and background on

Duchenne Misc mstrophy and related di seases can be found on website
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52-63 - 4 MAR 1005 WO 02/ 024906 PCT/ NLO1/ 00697 28 52513 53 53-55 5345-529
48-52 49-52 50--52 52 Table 1 continued - 4 MAR 2005 79 WHAT WE %Wdﬁ
| . Anethod for directing splicing of a pre-nRNA in a cell capable o
performing a splicing operation conptising contacting said pre-nRNA in
said cell with an agent capable of specifically inhibiting an exon

I ncl usion signal of at |east one exon in said pre-nRNA, said nethod

furt herWHaMPWECDA I ISowi ng splicing and translati on of said pre-nRNA
.wherein said translation results in a nmutant or normal dystrophin protein

and wherein said . exon inclusion signal is present in exon nunber 2, 8,

43, 44, 45, 50, .52 qr,.53,. 2. A od for directing.splicing of a
pre- nRI\llA in ’gg%:ee qd %)gé'g%(?l_élg&?hﬁggf)g? Pﬁeﬁrgﬁgp‘ ‘Eﬁlcieﬁlcﬁ?fb HPAPBRIYEGNpr i si ng
cont acishReng 8pFaiiieodtiisiigedacing edil pid LANA RUEIRIA AR & flenfoaphiiBCli onal
equi val ent thereof capable of specifically inhibiting an exon i Rcl Usi on

si gnal obfpestiicaliyahibigng 2psen inglusisndigyrleolRNASt osaExbmntshidgpré-arRNAL

i lici 1s| at,i f said pre-nRNA, wher ei
So nonf bR, SR e RN B s e S e ol
equi valweheteii b @ahslatbon MsulBlinQdnaea ek dbith] H?stﬁalpﬁiinh’}?r%{efﬁranﬁl |eRif sai§her €in

said nRNA encodes a functional protein. 4. A nethod according to any one
of cl aitKeR mepsioffesna] B psesclt iprespenmbYR Bi Sl §414040r50, 51, 52 or 53.

2. A method for directing splicing of a pre-mRNA in a cell capable of performing a
splicing operation comprising contacting said pre-mRNA in said c-cll with a nucleic acid or a
functional equivalent thereof capable of specifically inhibiting an exon inclusion si gnal of a.t
least one exon in said pre-mRNA, said method further comprising allowing splicing and
translation of said pre-mRNA, wherein said nucleic acid contains between 15-25 nucleotides

or a functional equivalent thereof.

3. A method according to claim | or claim 2, wherein said mRNA encodes a functional
protein.
4. A method according to any one of claims 1-3, wherein said protein comprises ftwo or

more domains, wherein at least one of said domains is encoded by said mRNA as a result of
skipping of at least part of an exon in said pre-mRNA.
5. A method according to any one of claims 1-4, wherein said contacting resuits in
activation of a cryptic splice site in a contacted exon.
6. A method for decreasing the production of an aberrant protein in a cell,
said cell comprising pre-mRNA comprising exons coding for said protein, the
method comprising
providing said cell with an agent capable of specifically inhibiting an exon inclusion
signal of at least one of said exons,
the method further comprising allowing translation of mMRNA produced from splicing
of said pre-mRNA.
7. A method according to any one of claims 1-6, wherein said exon inclusion signal

COmPprises an €xon recognition sequence.




nore domai ns, wherein at |east one of said domains is encoded by -Salfip

as a result of skipping of at |east part of an exon in said pre-nRNA

A nmet hod according to any one of clains 1-4, wherein said contacting
results in activation of a cryptic spfice site in a contacted exon. 6. A
met hod for decreasing the production of an aberrant protein in a cell,
said cell conprising pre-nRNA conprising exons coding for said prot ei n,

the met.hod songhodicngrdoi diynge satldingel-b, Mﬁ&n@&da&%ﬂqn&@ﬁ@tph Afis
speci fi cal I%gl nhi biting an exon inclusion signal of at |east ohe of sai d

exons, FAEMHEARSHOR ﬁ?@ﬁ@?‘nééﬁﬁ?%’sﬁme dDKFQﬂM?@th‘PaHsI at| on of nRNA produced
fromspjicin SR accor t.0 any, one of
& . m&ﬂocﬁgécgrd(g}{éx Che PF lmérrll Sl ’gn e glég‘)%ﬁes@%ﬁ a

claims 1-6, wherein sai on’inclrusi

recognlmnmCsaqueﬂaﬁsuapkAnM%&:ﬁUOS 8. A nethod according to any one of
clains axh rein said exon Jdnclusion signal is present in an exon
conpri si er'%?ijga%%‘l dingdo shdr S adieespn tid patant dgstrophimgtrbioth aeqaiveienty t o

any onqogfd dg;hms protéin Oy@gggéfgpgt%[ng translation results in a nmutant or

nor mal dys hin" proteln net hod according to claim9, wherein

sai d mitlant Alysthaidiordireab eldimiSoreliiinVa, Ghtreid ﬁl@eﬂiﬁ%élﬁﬂhh@:gﬁ&%e' n of a
Becker patient net hod according to claim9 or claim 10, wherein

said e ﬁc?ﬂﬁleﬁ%’?ﬁﬁné‘?rgzméiﬁ &% b1 E8etl ST SO nunber 2, 8, 43, 44, 45,

46, 50,1251, I di
wher ei n-sa, dégigeg%ﬂdggorrrpar%l sté\s?ﬂﬁggél)g% %&ﬁ‘g(r:ll !Jlln%%hegm B%% Fmﬁﬁf’mgaﬁes\f’éﬂ%fﬁ

thereofamdlf’sﬂﬁmmhb@ua@b?@t dlcrﬁgaft o claim12, wherein said nucleic acid
cont ai ng bet a func i.ona ui val ent thereof 14.

oti des, or
A met hod accor di ng %érglnn l{grcle t‘{"ﬁ?ﬁﬁ' Spdpic eﬁ%‘i‘?‘%u&‘i’“%‘Bﬁ'B?ﬁ“?%@ﬁﬁOVl di ng

sai d med:lleotwletshralﬁmd&eﬁal&qeiﬂhleﬁﬁtﬂaﬂébﬁ of inhibiting an exon inclusion
si gnal ﬁresent i.n anot her exon of said pre-nmRNA. 15. A nethod for

det er mitAi ng WREHERCOTRIRE R RRY By ‘tf‘-‘é%lmfﬁdnb% ifestet cergpiisiag protvidihg sBof |

conpri s&ingth QRBML xon, is .capable of
speci fically inhibi {I ﬁ%dptg%letag%&?ﬁ%F‘ﬁé}f%ﬁngﬁa?\%ﬁgﬁl p§%cﬂ ‘é‘)@&ﬁme&ﬁ’f?ﬁrl si ng

of said pre-mRNA.

15. A method for determining whether a nucleic acid or functional equivalent thereof,
comprising complementarity to a part of an exon, is capable of specifically inhibiting an
exon inclusion signal of said exon,
comprising
providing a cell having a pre-mRNA containing said exon, with said nucleic acid,
culturing said cell to allow the formation of an mRNA from said pre-mRNA, and
determining whether said exon is absent from said mRNA, wherein translaton of
said mRNA results in a mutant or normal dystrophin protein and wherein said exon
inclusion signal is present in exon number 2,8,43,44 45 46, 50, 51, 52 or 53.
16. A method for determining whether a nucleic acid or functional equivalent thereof,
comprising complementarity to a part of an exon, is capable of specifically inhibiting an
exon inclusion signal of said exon,
comprising
providing a cell having a pre-mRNA contajﬁing said exon, with said nucleic acid,
culturing said cell to allow the formation of an mRNA from said pre-mRNA and
determining whether said exon is absent from said mRNA;, wherein said nucleic acid

contains between. 15-25 nucleotides or a functonal equivalent thereof,




providing a cell having a pre-m RNA containing said exon, with sai_ﬁ”A
nucleic acid, «culturing said cell to allowthe formation of an g#@ﬁ]
said pre-m RNA, and determ ning whether said exon is absent fromsaid
MRNA, wherein translation of said results in a nutant or norma
dystrophin protein and wherein said exon inclusion signal is present in
exon nunber 2, 8, 43, 44, 45, 46, 50, 51, 52 or 53. 16. A nethod for
determ ni ng whether a nucleic acid or functional equival ent thereof,

conpri sing comttearercardingtocirim Ivariclam idn fusthencomprisitedaraninipg in virro
Lo ng, oo e _ SR APt .
S R L0 B £ AR S B0l B S B 08P <1 10

nucl ei cmeletle coptiditg bdi@esai. d cel | to allow the formation of an nMRNA from
said pre-nmRNA and, determ ning whether said exon is-absent fromsaid

m RNA, Mher ef mugigicerci e fenetiogel e et Hicrro! beneileer spasfilyivibisogiades or a
functi ogah ri&ggiaméi%g o BELERMobinch AR b odife %dgaanﬁc}n%% AGREIEAY to

claim alm er conpri‘si ng determn MRV

rel ati vié. bi ndlinngleafdcidudeyrdafe waldmniss t@hsrisied ch Qfclditnags kagahcestui val ent
thereof to an RNA | ecul e conprising said exon. 18. A nucleic acid or
functi N@ﬁMW%%%T%%%%ml 19aer prean Pore AN FHGBer exon

i ncl USiaoﬂnéﬂ(ﬂxQPfiarPfdeﬁ%n%Qﬂd/QP&?ilé"ﬁQ otfg%ilg#g%%Nhod according to any one of

clainms 15-17. 9. A nucleic acid accor 0 claim18, conprising an
nucl ei Elaci dA seglsercel ddlivetyA@hicledcorhphiEhis, nirAONKB]G atvbeD o HIAGNKELAr and/ or

one or nmore of HAON 21-30, ,or .a functional part, derivative and/or
anal ogufém%’felgsgf eﬁﬂ@ﬂ&?me“&&mcﬂf'nucl eic acid delivery vehicle conprising a

nucl ei @1aci da agelefcdichitddlives/ cabspaied 18laik 28] Brk s a fifi8e SRMAEVRAL, t her eof
21. A nucleic acid delivery according to claim 20, conprising a single

st r anded- vi rdiguclezzciddeliyeivaiehickeicgoding to stam28hir 2|l eccanpeoiati angedeno-cl ai m 20
or 21, CQupkdssiipg an adeno- associated virus. 23. Use of a nucleic acid
according to claim18 or claim19, or a nucleic acid delivery vehicle
accor diZdg t dJemf aonveledf acgd aicosli2gto2Qainf Y ot dEmProe pas abdleln aofd Riivgsi canent .

24. Use pf. . a nucleic acid of an i.val ent thereof, conprising an exon
i ncl usivgﬁmlsel a&ﬁ%rfém%tﬂﬁf%f)fl?ﬂ laﬁﬁﬁ%fu%yz’??frtg‘? HEPHPROLP G MR CHPeH nedi cament .

3? cf\aim?}]ni gmﬁMuﬁmic ROV deshuiiAdnt thoet! @ipridnkdnAGEOIRLAG A GGl @i M 18
inhibiting quality for the preparation of a medicament. '
25, A non-human animal provided with a nucleic acid according to claim 18 or claim 19.
26. A non-human animal according to claim 25, further comprising a nucleic acid
encoding 2 human protein or a funcdonal equivalent thereof
27. A non-human animal according to claim 26, further comprising a silencing mutation
in the gene encoding an animal horﬁologu& of said human protein.
28. A method as defined in any one of claims 1, 2, 6, 15 and 16 substantially as herein
described or exemplified and with or without reference to the accompanying drawings.
29. A nucleic acid as defined in claim 18 substantially as herein described or exemplified
and with or without reference to the accompanying drawings.
30. A nucleic acid delivery vehicle as claimed in claims 20 substantially as herein

described or exemplified and with or without reference to the accompanying drawings.



26. A non-human ani mal according to claim25, thither conpr|5|ng—hMMDQM§|c
acid encoding a human protein or a functional equivalent thereof. 27.

non- human ani mal according to claim 26, further conprising a silencing
mutation in the gene encodi ng an anidal honol ogue of said human protein.
28. A nethod as defined in any one of clainms 1, 2, 6, 15 and 16
substantially as herein described or exenplified and with or w thout

referenge tag Lhea i) ed in
Gl ai m 10 SUBSEane Ty SLVpE R Bty & BUEnorrteh - Bl )
wi t houtand e}ﬁthroeméouﬁefdrmmazcm&panymmgyﬂgm\mggs 30. A nucleic acid

delivery vehjicle as clained in Clal bstantially .as herein
descri béd or® BUEHERM Magabide smer ubF gﬁ&ﬂ}s %f@méespﬁ ecial'é:fcorrpanyi ng

drawi n ?ﬁéﬁ, 23 or
substagfﬁm?hﬁ%%gggﬁé@gﬁﬁagggﬁﬁﬁgggﬁg?gk%%ﬁ%ﬂ??ﬁﬂl anﬁémnth or mnthout
reference to the acconpanyi ng drawi ngs. 32. A non-human ani mal as cl ai ned
in claim25 substantially as herein described or exenplified and with or
wi t hout reference to the acconpanyi ng draw ngs.




