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Title: Mdulation of exon recognition in pre-nRNA by
interfering wwth the binding of SR proteins and by

w0 ndoenizni ng with secondary RNA structure. ThePCT/NL2006/000209

invention relates to the fi&lds of nolecul ar biol ogy

and nedicine. Mdre in particular the invention relates

to the restructuring of mRNA produced from pre-nRNA,

and therapeutic uses thereof. The central dogma of

fAlitdeogy Modulatiogefekbn recdguitinhiinmprean ROES byintdrderDhA with the
of a cell and is pressed upon transcription of fhi

i nf or mat ilbélhafmgffé@ RFPlEINHRB Derinnionng Mt feedaty RNA
protein f.oll@Qws, by the translation nachinery of the

cell. This view of the flow of genetic information has

pr onpt ed Ttheeinpeertidnrehaas by thiAehisddnelepubadiiology and medicine.
interfering wwth the protein content of a cell. This

Wlexe inspartaplar shayHyiengionnelatesdpiheiresiauepring of mRNA
' ' I . . be d.
RoBaLL b Bhe bRV Spa B A ORI P i

in the DNA of the cell is encoded in exons which are
separated from each other %i ntroni c sequences. These =
i ntrons drhe ¢entsdraogzag e bipdesy isdihgt genetic infezmation rasides in

chiner enerates a pre- rRNA whi ch caont ai .bot .
SREMNE S PRIFBRLT cfpetodbap Partatiiut g Sdppagion
HEA/DFEUH MDA dTREWakbBH PlotbhiefdloWwdHiNhe translation
generates the actual coding r eglson for the protein by
sphc¢honayy obtfet eadl. Thie viswo 0f the Howmf gemeticanformatiRahas
Al 't ho ch is kno t. the actual., processes. :
TROBIRTES the PepeloguReray N Aoposi ARRRAFR IR TRt ET et the
ﬁ&‘ﬁﬂziﬁ'e%ﬁt BB D&l EAE Vied Bs %i&‘%‘vl? rcﬁ%ﬁging A& B1dcPRatibes for

as been shown possible to influehce the splicing
pnixrfssng at the DNA level are being pursued.

In higher eukaryotes the genetic information for proteins in the
DNA of the cell is encoded in exons which are separated from each other by
intronic sequences. These introns are in some cases very long. The
transcription machinery generates a pre-mRNA which contains both exons and
introns, while the splicing machinery, often already during the production of
the pre-mRNA, generates the actual coding region for the protein by splicing
together the exons present in the pre-mRNA.

Although much is known about the actual processes involved in the
generation of an mRNA from a pre-mRNA, much also remains hidden. In the
present invention it has been shown possible to influence the splicing process
such that a different mRNA is produced. The process allows for the predictable
and reproducible restructuring of mRNA produced by a splicing machinery. An
oligonucleotide capable of hybridising to pre-mRNA at a location of an exon

that is normally included in the mature mRNA can direct the exclusion of the

thus targeted exon or a part thereof (further referred to as exon-skipping).
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such that a different nRNA is produced. The process
allows for the predictable and reproducible

wo edwbnuoduri ng of nMRNA produced by a splicing PCT/NL2006/000209

machi nery. An oligonucl eotide capabl e of hybridising
to pre-nRNA at a | ocation of aﬁzexon that is normally
included in the mature nRNA carf direct the excl usion
of the thus targeted exon or a part thereof (further

referred gfes%i&@ Bl g@w\l\% REGRRRe %1%¥ﬁ(§](%§rﬁﬂlch are used

provi des alternative rret are use

sal [thetsetsttipnogeses0bf ﬂddﬁﬁfymgldigo@hmmﬁlu@b gaitablésfor exon
iitabl e for exon_ skipping &ocesses. The i nvention

PGS 060596 T BPilBBHIAIRE ntbe%pfwédewlégor&wéwg‘édes that are,
|
"ifﬂ oy BPER oI bR HERD WHLH R RRL §BBE bidtbed betore.

éXe rhadlpﬁvli@hsl? Rl éstfise 30! dxgﬁfi!l@émq |a@1@fseﬁé%ﬁ§oﬁ@cleotldes
i nduce ski ppi ng_of 14 Duchenne nuscul ar dystrophy

(BXD)s) tie mdiven skinninglof djddudenng m@se@lar\th’smhs'r(&MD) in

h can duce he ski
5 e sPublol Joyiled, R0 NSt bgi atp ARINRith Srmich we can
anRLibs dhé SRipMENHAY 8 te0AGrIgBakonset hod for generating
an ol i gonucleotide conprising determ ning, froma

(predicted) secondary structure of RNA from an exon,

ot ner - AR BRI pokn Sittisedianeye Y Sefﬁ'escnbed a
RS fo'i‘%ten'ef*aﬁﬁé AV ol R tide &%ﬂléﬁ%%&é’ﬁﬁlﬂlﬁ@eﬂom a

structure) subsequenﬁéy gener at’l ng

dbireghiotec) eet@nﬁarymﬂrmttu&é of B&KA fitom pardxons a region that assumes a
conplenmentary tq said _closed structyre, and which at

| SEELFEUF R, tfa%ﬂf is 1‘113%’1”&@1#611 EPrarotney Ragt @ﬁﬁaldoﬁé% &losed;stracture) and

L e A
cpbiseqaéhbly Renecating ad okigohutleetide} whiclpadWast in part is

2(38811413/181811%‘111%31.‘37 to said closed structure and which at least in part is

complementary to said open structure.

We now disclose an alternative method for designing and generating
an oligonucleotide which method can optionally be combined with the method
of WO 2004/083432.

We disclose, in the experimental part, the presence of a correlation
between the effectivity of an exon-internal antisense oligonucleotide (AON) in
inducing exon skipping and the presence of a (for example by ESEfinder)
predicted SR binding site in the target pre-mRNA site of said AON. Asa
result we now show an alternative method for generating an oligonucleotide
comprising determining a (putative) binding site for an SR (Ser-Arg) protein in
RNA of an exon and producing an oligonucleotide that is complementary to
said RNA and that at least partly overlaps said (putative) binding site. The

term "at least partly overlaps" is defined herein as to comprise an overlap of

only a single nucleotide of an SR binding site as well as multiple nucleotides of
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We di sclose, in the experinental part, the presence of
a correlation between the effectivity of an

we@xoweA1210Rr nal anti sense ol i gonucl eoti de ( AON) PCTINL2006/000209

i nduci ng exon ski pping and the presence of a (for
exanpl e by ESEfinder) predicted SR binding site in the
target pre-nRNA site of said AGN. As a result we now
show an al ternative nmethod for generating an

L gpnugl ernm,nin taf i
S EPTELE Bt HEMMe ApleR Bk BEsRid Riialie St fp =
@%@fér?élﬂeﬂb@ﬂﬁﬁéﬁﬂ e irlenTdmUih- e dﬂﬁl}%ﬂ@és déi:ermmmg from a
conplementary to said RNA and that at |east partl

@e@cmdaa@fy %w@u(f@ af a@ndvl%NAb iargigran thatas hmbéldleqadrtd another part of

oBRE DS (gnsesCiFhafiR) ol o Flgif Fhdtels e Bt diged im gpid
§Buhﬂtﬁﬂé (es slti?u@;%ré\ﬁ |a'nd%3aU§Hhﬁé1£’dl§ g@ﬁéfa&mg Qﬁ%]i%%ﬁﬁbléomde

binding site as well as a conplete overlap of said

tthati ahgzast peltlymvarb:pefsand @utativerbinshing tsite and/’ehah werlaps at
further ning, fro as ondar .
Jeastdut 6 BrddpsedRARC B P AT LAY IS Rclefpbprih dagid gren
BRI EFe. ﬁﬁrtthlé)@vaiadvﬁ 11'§Néa§é3 tl‘i’é@lgaﬁéercg‘btb‘ﬂﬁﬁﬁn 8ngh @hgonucleotlde

region that is bridised I n sai tructure
shatitd eapable aﬁmmnfesmgmm thegswariaclusigorafrom the pre mRNA into

e REHS &5 Dirstilerdhasia Brete okl SBolimdips raop aiep mot have the

Qééx%lescf{ad%gbg c%s%%le& ﬁ&trlﬂ'g tlH [vﬂrlgﬂ %ﬁgé’ ShbaRs (QécolrﬁZ%tR protein

open s ructure way we | ncr

ﬂohﬁdﬁigaiiwlscﬁeléxhédlwhllb i@ thet B@b&ﬁd@leﬁ@lyl téetddnfalr the presence of
capabl e of interferin ﬂi%WIth t he exon i ncl u5| on from

emeopsecloredhstricturerhis progess poeontineed natil 4 segpence is
LE0hEE TR D5 SRR B SSR HARinIE, AUR LSRR Wartty

open- C TUC ure In case secon

Slaeﬂ%@bﬁig) o@bﬁddlﬁl@edséﬁl fctuire SThRCIRGee et if@to design an
subsequently tested for the &Wsence of an open-cl osed

@ﬂlggnucﬂeetld¢mly0b e cemplémenwnyitasedd aequencg. sequence
is identiyf ont ai ns,.an SR 1[:i)rot ein ?& ndi I

site as \%IC aaglegﬁﬂc)l ((rp%efr{q19tmg an oligonucleotide 1s a o performed

by reversing the described order, i.e. first generating an oligonucleotide
comprising determining, from a secondary structure of RNA from an exon, a
region that assumes a structure that is hybridised to another part of said RNA
(closed structure) and a region that is not hybridised in said structure (open
structure), and subsequently generating an oligonucleotide, of which at least a
part of said oligonucleotide is complementary to said closed structure and of
which at least another part of said oligonucleotide is complementary to said
open structure. This is then followed by determining whether an SR protein
binding site at least overlaps with said open/closed structure. In this way the
method of WO 2004/083432 is improved. In yet another embodiment the

selections are performed simultaneously.
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over | appi ng) open-cl osed structure. This sequence is
then used to design an oligonucl eotide which is

weewphermhtary to said sequence. Such a net hodP¢TNL2006/000209

generating an oligonucleotide is also performed by
reversing the described order, i.e. first generating
an ol i gonucl eoti de conprising getermning, froma
secondary structure of RNA from an exon, a region that
assunes a structure that is hybridised to another part

of sai d TN e 06BPlstheneiyel vied lferéﬁgtoor"efémt als’éretch of
not hybridised in said structure (open structur and

sudlsiqeids thatgmmchpbiidigedn anlothensteetebofquicleie &\mda:hnder

S 580, P AU MSLBEL b gt g s
§£ANiG00t Bohp R i3 ahd APhBRNGAALdRithbases in the

conpl"enentary to said open siructure is is then
dpdsovge dtraydd Foe imstainoe when kiemgam@ﬁhepobg@mclmtm@ oge may
site at | east overlaps with s cl osge
SRHE 60 HOTDPTRLE AT ITREnEd & TRUAREADBE QS D0kD B3 ith the
r r
bARE e ctilplfihe 20} WEFa ETAIERShod B ) Sfhe Bfer e
ald@ste eif @indlet dheé efretnistancestindhetvellf timistretch eftinadeotides is
t hat can h%br i dise to another stretch oﬁmnuc iC daci %s )
campdile phhy bude?gng &p the gemnplynentary nart. by pggferred embodiment a
e
@c%%g el t%rgﬁ)%gf ?15@% g@he%)alsﬁ: B ]ahaa o Ie| ngretf&%hbrlg o1 ‘?@ast 4

d:dhsfebﬁtﬁ@ I@@féld?ogld‘étsf 2hé coﬁ@ﬂemﬁﬁtm%glmemt@mbbg designed
t he ol i gonucl eotide one may want_to i ncorporate for
w@t ﬁmewdlmnm@@edhﬂtem@@ssne@tﬁ%@g dhp @Pipnwtthe tpe-mRNA.

s 1 %y Iberrent At rva r10 '\fleisi ane%tary regions
'd B?(‘f t PShedey rcurrB ces

s henzeldpentdd %nst‘lfeei&ﬁapéedﬁé@ﬂc@@m dﬂferl (Pr&EIpBNA 1ﬁfthe system.
hybridising to the conplenentary part. In a preferred
Thbodilngrit alse onploemesrearthepare- n@ﬁh@r wildbe able tabybgidise to the

n
ahgonnl?crlgoig&ee Iigctl%g!s S W1thI 1nc§etaasé11ng size of the oligonucleotide. It is clear

that oligonucleotides comprising mismatches in the region of complementarity
but that retain the capacity to hybridise to the targeted region(s) in the pre-
mRNA, can be used in the present invention. However, preferably at least the
complementary parts do not comprise such mismatches as these typically have
a higher efficiency and a higher specificity, than oligonucleotides having such
mismatches in one or more complementary regions. It is thought that higher
hybridisation strengths, (i.e. increasing number of interactions with the
opposing strand) are favourable in increasing the efficiency of the process of
interfering with the splicing machinery of the system.

Preferably, the complementarity is between 90 and 100%. In general
this allows for approximately 1 or 2 mismatch(es) in an oligonucleotide of

around 20 nucleotides.
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consecutive nucl eotides. The conpl ementary regions are
pref erably desi gned such that, when conbi ned, they are

W@ p®ei1ia7es f or the exon in the pre-nRNA. Such PCT/NL2006/000209

specificity may be created with varieus*{emgt hs of

conpl enmentary regions as this depends on the actual

sequences in other (pre-)nmRNA gn the system The risk

that also one or nore other pre-nRNA will be able to

hybri dise to the oligonucl eotide decreases wth

i ncr easi PHe sbédtryl(BfeblodedLsr86fure 8s bbbt 4:$al9b@Rin the context
that oligonucl eotides conprising msmatches in the
oficopreoim RN Apbesin 4he eyob wesidhatSwaky stirncture rsapdeianalysed in

b atielal S, Howeepr 48Rl RS Te o Rucif: i TidRnay
PetALRNAARNA 3814418 (ROTHN &TRARASY cd%%f,)'t ()f}mﬁ@ well using

conprise such msmatches as these typica ave a
sirghtareefbiellbrgyrogmama. Al mpretinspieg ddagnple oftehawitable program is

BOVR Ralklih 5% gl ey (Vaibowhbahiopted. MobRupL 255 S11-940)
e P e T
anilkiebg seasta dhidheafxfoine parenythef nddleotpdosepemet. Best predictions

PR bioand WHARDEINIPEIRI AP IGILRG 1IOELN Togh hath the exon and
préifs o8
N ey DT —

st conticleprefheRNAcondary (open-cl osed) structure is

best anal ysed in the context of the pre-nRNA wherein
the exonlhespgssis toye rforsth%awp@cwab@ra‘ﬁ&fwéregfiimotem

BHEHRE e A R SRR bbbt . B e o RER R 1 ager.

| onest energy costs) quite well using structure
-nodel ling progranms. A non-limting exanple of a =
sui t abl eTge@@eammisclmm sttroctiiredosybigh3he digonueleotide is

&%%peed\f\%rg tprg%'eraltf?l%gédj‘a]lcént'\é%ldneBaiu{)oltheIZ.gl% is %ﬁoldg%tot)hat in this way

the annealing of the oligonucleotide to the open structure induces opening of

the closed structure whereupon annealing progresses into this closed
structure. Through this action the previously closed structure assumes a
different conformation. The different conformation results in the disruption of
the exon inclusion signal. However, when potential (cryptic) splice acceptor
and/or donor sequences are present within the targeted exon, occasionally a
new exon inclusion signal is generated defining a different (neo) exon, i.e. with
a different 5' end, a different 3' end, or both. This type of activity is within the
scope of the present invention as the targeted exon is excluded from the
mRNA. The presence of a new exon, containing part of the targeted exon, in
the mRNA does not alter the fact that the targeted exon, as such, is excluded.
The inclusion of a neo-exon can be seen as a side effect which occurs only
occasionally. There are two possibilities when exon skipping is used to restore

(part of) an open reading frame that was disrupted as a result of a mutation.



10

15

20

25

30

A person skilled in the art will be able to predict,
Wth suitable reproducibility, a likely structure of

wa b®eaxony gi ven the nucl eoti de sequence. BestPCT/NL2006/000209

predi cti ons are obtai ned when. provi di ng such nodel |i ng
prograns with both the exon and flanking intron

sequences. It is typically not snecessary to nodel the
structure of the entire pre-nRNA. The sane is true for
t he presence or absence of an SR protein binding site.

BROR-thhfthb Ao xdARL SuRltichal YhitRBlEsiHr286A B tBe reading frame,
ESEf i nder. The open and cl osed structure to which the

wiliegomsit tlog ptleri msdithe ceadingdramprie ot agstpredij Whentselecting
to one.anaother. It is thought that in this the. . . .

o firOaNeLARLIAFS fraresigomHe LBE FEnes Y RSt SIRUCLRPIRE i is of
L OGLL &e APEH L Ry hSe Eé)ﬂtfih%n§5fng§é ‘élg(;s% MBSRIRRRides are

anneal I ng progresses Into Is c structure.
StleoteghtHdtiindeed result he epomeekippihy thhvsedomisribetapea reading
assunes different conformati on. The different

SRS | GVHESUE AN90eXMe di sruption of the exon

pii oo aquaatarwic RIS H bR Ehidl i Kbichlly thought

vhithuse bhan odikgaucldotidodireetabtd &R yrateliehiekag site results in
inclusion signal is generated defining a different

(#elspserartly) mpaiginenthe Rinding aban SR prefeimtejthe binding site of
%géﬁgqu&%ﬁgg%gggég#ﬁﬁ%%@%?g%ﬁﬁgé%%hEXngfgpgghgxgneis

excl uded PireRimblye anRen/clb@ dpstessitae adld en BRH @6 binding site
contai ning part of the targeted exon, in the nRNA does

pertlzloverlaprand even ninge preerred goopaniskesed shuctyee completely
excl,uded. e_inclusion of. a neo-H{xon .can, be,.seen as_a
SVEHAET Po R Bind b e iy SR SH PRRERT I RE D Fputbletely
bYErIRPS anRigend18Se MR BCRUBNTRY MMWE fdiSarHBfrévd disruption of
restore (part of) an open reading franme that was
@kenuptladiosms a result of a nutation.One is that the
neo-exon is functional in the restoration of the

readi ng frane,

Pre-mRNA can be subject to various splicing events, for instance
through alternative splicing. Such events may be induced or catalysed by the
environment of a cell or artificial splicing system. Thus, from the same pre-
mRNA several different mRNA’s may be produced. The different mRNA’s all
included exonic sequences, as that is the definition of an exon. However, the
fluidity of the mRNA content necessitates a definition of the term exon in the
present invention. An exon according to the invention is a sequence present in
both the pre-mRNA and mRNA produced thereof, wherein the sequence
included in the mRNA is, in the pre-mRNA, flanked on one side (first and last
exon) or both sides (any other exon then the first and the last exon) by
sequences not present in the mRNA. In principle any mRNA produced from
the pre-mRNA qualifies for this definition. However, for the present invention,
so-called dominant mRNA’s are preferred, i.e. mRNA that makes up at least

5% of the mRNA produced from the pre-mRNA under the set conditions.
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whereas in the other case the reading frane is not
restored. \Wen selecting oligonucleotides for

w0 e®b012708) readi ng frames by means of exon- skiPQI/NG2G06/000209
is of course clear that under these conditions only
t hose ol igonucl eotides are sel;cted that indeed result
i n exon-skipping that restores’the open reading frane,
with or mﬁthout a neo-exon. Wthout wi shing to be

ound be_ an cur. f th 2.
Bfin SO e Sab ek VikP A e Epplat A3 HiRphATh Hffine to an
J%&t?@'ﬂnBQS&nfeeverr?SHiﬁo‘itdﬂt fidteingR®HubRy aﬂe?rddmm@d Fidhg mRNA
the-binding of an SR protein to the binding site of an

1BRkpn upi avenHpshthars 64 of the totalmaBNA pepducegskirpesaid virus. The

R asmis A o et des ap IR R FE RN b Bp9 i 128 product
&éﬁé&{ E&th R”A%F%ﬁﬂéﬁlla%%%pﬂcmgi bbby 9 TRl EFRIN 0T £3RS the

an SR protein binding site or an SR protein binding

sidns enddfated as e:xcard impiheavnopeidhespdicag catditiens used in that
This allo for nprov d dis i.on of e

SWRCO RIS A PP RLORIGAL EXRIBLE; AROENA 1B A BislscellpagiGogtain an
B B A oS S B R R PED R LR e HRNA in 2
ﬁélWer@mlﬂﬁﬂE1m1ya mBNA o1 aatihicédr ailhmayplontaitgas gsbemot present
Thus, from.the sarre rerrRNA iﬁ\y r.al diffelr t MRNA's
waip BN A redueed ! rorh6he Srme 8 normal Gell| yded

exoni ¢ sequences, as that is the definition of an

exon. However, the fluidity of the nRNA content

necessi t Atiesn#ticekplicineanapbeédichy spliciaxdromthesame pre-mRNA.
I%}esent i nvention. An exon according to the invention
wevesqiternatiecdising masoiso oRepiEopaiyR Byation in the pre-

RS i OSSN
&(f)ﬂléxsée(ﬁi'é%cé 3Shch alternative splice sequences are often referred to as
cryptic splice acceptor/donor sequences. Such cryptic splice sites can result in
new exons (neo-exons). Inclusion of neo-exons into produced mRNA can be at
least in part prevented using a method of the invention. In case a neo-exon is
flanked by a cryptic and a "normal" splice donor/acceptor sequence, the neo-
exon encompasses the old (paleo) exon. If in this case the original splice
donor/acceptor sequence, for which the cryptic splice donor/acceptor has taken
its place, is still present in the pre-mRNA, it is possible to enhance the
production of mRNA containing the paleo-exon by interfering with the exon-
recognition signal of the neo-exon. This interference can be both in the part of
the neo-exon corresponding to the paleo-exon, or the additional part of such

neo-exons. This type of exon skipping can be seen as splice correction.

In a preferred embodiment, the generated oligonucleotide is
complementary to a consecutive part of between 14 and 50 nucleotides and

more preferred said oligonucleotide comprises RNA and even more preferred
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exon) or both sides (any other exon then the first and
the | ast exon) by sequences not present in the nRNA

wo poopnia1ed pl e any nRNA produced from the pre- niRNBNL2006/000209
qualifies for this definition. However, for the
present invention, so-called dom nant nRNA's are
preferred, i.e. nRNAthat rmke58up at least 5% of the
MRNApr oduced from the pre-nRNA under the set

TPl s BT BN AR s Fot iRl
HEPYHABEhiBA R Bhdkbdhe Qwﬁﬁaﬁéfalﬁ%%l&ﬁﬂigfohﬁm&ﬁﬂé lengths can be

making up even |l ess than 5% of the total nmRNA produced

fexwed ficon Wabls 1 drtkon@nbntac2RNacksotidess 30-meshrl BMA is a
R Y e e
ggdlﬁerﬁﬁg %?a% E,?W§ wAliEcoehlinfRhtasy Wﬂ%riRIﬁAth@s well as, an

text o splicing conditions ‘'used in tha
fcstesad #Aabiityypetihst eayimatia dpgesdadivnnddkidp aredatomesairel nucleic

cell may contain an exon that as absent |.n.an nR
amdaublogt ARGRPR R 0L EPRI G dRmAT Rty A gicgd dpvelopment

| mlarl ' I aj . '
D S U O
AaeBke£#hlile Pleberviag ithe abiitycionginialate@lafvalgy of the mRNA
splicing fromthe same pre-nmRNA. However, alternative

tayiget bigibeudeass GM¥age) thr ough a nutation in the
prenRNA for instance generating an additional splice
acceptor and/or splice donor sequence. Such

al t er nat The exphisképpiaguecioeigudicandid esed Riranany differrst
cryptic splice acceptor/donor_ sequences. Such cryptic
pprpesessPreferakis, hewayer, eponskinpiagds pred fanusstyucturing mRNA
i:ncl usi o €0- ex0 nRNAcan

et S B PERERRN L P BHE BB T BRlitEeth a subject.
TRKEREHRRtuiflg GASE b8 UIBA 16 MRBrdase thaakeshiitofpreteiRtreduced by
and a "normal ™ splice donor/acceptor sequence, the
tizo ealbrileisde msafdeshemthotell ppedure agxanticular indesired protein.

1? %epxye eerrgcriie%illpoadimse%lt ih%gvever, restructuring is used to promote the
production of a functional protein in a cell, i.e. restructuring leads to the
generation of a coding region for a functional protein. The latter embodiment is
preferably used to restore an open reading frame that was lost as a result of a
mutation. Preferred genes comprise a Duchenne muscular dystrophy gene
(DMD), a collagen VI alpha 1 gene (COL6A1), a myotubular myopathy 1 gene
(MTM1), a dysferlin gene (DYSF), a laminin-alpha 2 gene (LAMAZ2), an emery-
dreyfuss muscular dystrophy gene (EMD), and/or a calpain 3 gene (CAPN3).
The invention is further delineated by means of examples drawn from the
Duchenne muscular dystrophy (DMD) gene. Although this gene constitutes a
particularly preferred gene in the present invention, the invention is not

limited to this gene.
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donor/accept or sequence, for which the cryptic splice
donor/acceptor has taken its place, is still present

wo pooshe7ps e- mRNA, it is possible to enhance t hBCT/NL2006/000209

production of nRNA containing the pal eo-exon by
interfering with the exonrecognition signal of the
neo-exon. This interference ca® be both in the part of

the neo-exon corresponding to the pal eo-exon, or the

. ﬁ?bﬁ)ﬁgﬁ‘ S Sl Sﬁs‘:gﬁ}yg ) ﬁg{gﬁ’&fmﬁgc%‘ﬁ Yystrophy
eznﬁfn; r8%hotHRAALEE Y maﬂ&lcﬁl%riﬁ%@qﬂm o8R8 UHRQE ll&%tédi on the X

conpl’'enentary to a consecutive part of between 14 and
Sfromusonnt adésodmifamhetmpéﬁm (1-6) DM halswgnmwiémﬁzelafel 3500

ri ses RNA and eve referredsai
B?‘?’E%E}aé%% 1¢1§ts29u rﬂ%rog@rq&syﬁdnﬂggle Jveakness, are

L}Ic:hgg%({ghﬁ’(rﬁéﬁqg rtﬁé I&?IQ ggql?) 88 dielPbf@the thu‘d decade of

exa onucl eo engths can be derived

fHa‘:‘ﬂllT@bI)eThe@wfemﬂlﬁ mildertBMDI has andatiddase of 1 20 000. BMD
2'0-methyl RNA is a _nucleic acid anal ogu that
patienks offen sempin embwank i qyes40KAsTs A § A3 onger life

RRORERAGER P oo RO bAGERFI R0 L O

enzymatic degradation conpared to natural nucleic
aci ds. Most antisense oligonucleotides currently jn
cl i ni Dabtugphin paressentedqoormanenp ob shn dy eirapbii-glycoprotein

gﬁﬁfﬁa @)Sg@g Wié glféefﬁgfl%%oghgr Om)tﬁ alsg t)? %Sbfe}cilet stability of

flRR1AEReRf (9 18). HE¥d- §hﬂ‘ﬁhghﬂufdthﬁ{wﬁ1| ﬁ@SEMIR@@ﬁ@)reé'hlt in
The exon ski ppi hg techni que can be used for

dystiroplein deficipnesein nRrsglecredls) Sl‘hlmwempa@x@hbg préquglevels of

u restructuri.ng. MRNA t hat o
et B Bhoibii il Bt PR phinfly?s 1g58s s R
Eﬁﬁeﬁ%sélrlu QY I RGa 1B ﬁ?t}&bSBMD Qe thadkeep HRe @ammtg frame
of protein produced by the cell.” This is useful whe
intact genepatedilnatern bplarnawtluIfancumddsiysémn&nns,ea%ocmted with the

less severe BMD (13, 14).

Despite extensive efforts, no clinically applicable and effective
therapy for DMD patients has yet been developed (15), although a delay of the
onset and/or progression of disease manifestations can be achieved by
glucocorticoid therapy (16). Promising results have recently been reported by
us and others on a genetic therapy aimed at restoring the reading frame of the
dystrophin pre-mRNA in cells from the mdx mouse model and DMD patients
(17-23). By the targeted skipping of a specific exon, a DMD phenotype can be
converted into a milder BMD phenotype. The skipping of an exon can be
induced by the binding of antisense oligoribonucleotides (AONSs) targeting
either one or both of the splice sites, or exon-internal sequences. Since an exon
will only be included in the mRNA when both the splice sites are recognised by

the spliceosome complex, splice sites are obvious targets for AONs. This was
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In a preferred enbodi nent however, restructuring is
used to pronote the production of a functional protein

WO pooa/1eEh3 , i.e. restructuring | eads to the gePEr/AL2O000209

of a coding region for a functional protein. The

| atter enbodinment is preferably used to restore an
open reading frane that was | as a result of a

nmut ati on. Preferred genes conprise a Duchenne nmuscul ar

herRR e Sefisestihabet b aehpble ofRaly Apthoticney (17, 18, 20,

)ﬁsferl in gene (DYSF), a | am nin-al pha 2 gene (LAMA2),
an” emer ydr eyfuss nuscul ar dystrophy gene (EMD), and/or
a calpain 3 gene (CAPN3). The invention is further

del i neat means of e anples drawn fromth
mchenneﬁeﬁ%alcaps RSP IHERRES, MAMoNGROt pllkexons

060G if APFikid gulte%%lgto?g sbhﬁéﬁc%rslsﬁcﬂra%fﬂoh?{js%?&ﬁ% ehhbier (ESE)

present "1 nv nvention I's not

tsé\qﬁelg%@ ¢o Dacihemecthvuscogmtionysttgemuliye 6plit) smmlbﬁehdxer
szcuI ar E/stroph BMVMD) are both caused by nutatigns

sl wem@g (pariesny e, andoéraiagr Aot & mesois eheplicing
g%c%ggsg §%§e% \Aggﬁﬁlﬁ%%gméq éé 'b%)xd O e EE an%fe%?ﬁﬁ%ther

tients surfer

BpREMSSHcHsRs NBisH £ VHNESRARES (W\élﬂﬁlfymlfedb gpliék sites. The
before the age of 13 and often die before the third

be@h@@ dtestafdhe four masy pbumdant SRaprateips(SFEASEMBCAas SRp40

AR PR STEShesh anebest e HRuOF AT Ergolg E¥ b lomented in
@Sﬁﬁﬁ@&c 'a%e%@@rc@%ﬁm pRedices Hidenpial 'bﬁﬁthﬁg(s%es for these SR
Dystrophln is an essential conponent of the

dysteinp Cartgiycenalo BE6H-donds é.xsc@q:se@)heram the exnmrgmental part
hers mai ntains t tablllt scl

Phojer & 4 e Boeh R herttiost Rias oSt AT B 0

%@é‘&ﬂc@ﬁiﬂs&n&é"ofjﬁﬁ SIPARE, g@f3‘5‘%lrf‘d"SRp'40 HIH&ﬁigesﬁ@lI'nSa preferred
hi's 1's acconpani ed by reduced | evels of

embodiment, the invention thus provides a method as described above,

wherein said SR protein is SF2/ASF or SC35 or SRp40. Even more preferred

said SR protein binds to mRNA encoding exon 8, 46, 48, 52, 54-56, 58, 60-63 or

71-78 of DMD.

Any oligonucleotide fulfilling the requirements of the invention may
be used to induce exon skipping in the DMD gene. The invention provides an
oligonucleotide or equivalent thereof obtainable by a method as described
above or an oligonucleotide or equivalent thereof capable of inducing exon
skipping as depicf;ed in Table 2. The invention further provides an
oligonucleotide of Table 2, complementary to exons 8, 46, 48, 52, 54-56, 58, 60-
63 or 71-78 of the human DMD gene. An equivalent comprises a similar,
preferably the same hybridisation capacity in kind, not necessarily in amount

and can for example be a fragment of said oligonucleotide, or an
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other DGC proteins and results in the severe phenotype
found in DVD patients (11, 12). Miutations in the DVD

w@emwe/112163 keep the reading frane intact, genePEI/NL2006/000209

shorter, but partly functional dystrophins, associated
with the |l ess severe BMD (13, 14). Despite extensive
efforts, no clinically applic glte and effective
therapy for DVD patients has 3 been devel oped (15),
al t hough a delay of the onset and/or progression of

51? o TR HEdH ADbAE RBRI0RE 23 ENE Br B¥en an oligonucleotide
gltcocorticold therapy (16). Promsing results have

withead diyionaed nuckptidee dr bnyusnidativphéhsresf. a genetic
therapy ajnmed at restori

dyst r ophthe ﬁ?lélp taLy O ggloglﬂaergﬁ.' ditgga £ aeﬁgc&lgéué}ggeqlethod of
ﬁ{édin%FiBﬁt is %&Ergﬂ%ﬁ%leﬁyeﬁtﬁ?y 1S5 Leheb iR D Petween 13

a specific e phenotyp€e can be converted into
andnsdencl & ghefatig pron RNAsk ppotigrafimbodisent than be
i nduced by the bindi n% of antis

B s arnuE ligenaglso fARERCTPE ARF et A ohethogpf the invention is

bot h, of the spli ' - -

QbR 085 10 BBt BRI RS o sni
SPRNIE. Bitlfefebl$, thesolifonuckoeidiei is edmipembatary to a consecutive
spl i ceosonme conpl ex, splice sites are obvious targets

part ckirewerh, 1 B serlsaides obsaid exoasENA. Prafarably Rpteen 14

variabl e .eff.icacy and_ef fj,Giepc 17, : .

480 RGO B Prh R S0 bl of actégeid gy be
abdd t65oRsrate Bhe bllgshilestide B @bY, hs stigonaekosideltomprises
as_exoni ¢ splicing enhancer (ESE) sequences to

RAWA| as BINA/RINA m%mgisi areorerpistagdaubimeegiel afdhsiaias ofithe exon
the spliceosone,. (Carteqni .. Chew, and Krai.ner 285- :

A DpDRs baRIS i roigosbiogne i gaPiealy g Pepffrrd s the
Qﬁgéﬁméotfi&@mk% REmipRideB SR o Bt AR F RS thRtIINA with an
spficing factors, such as U and WAF to (weakly

déditivad) pappeéxty, Kirtinstantheesistance to endonucleases and RNaseH,
additional hybridisation strength, increased stability (for instance in a bodily
fluid), increased or decreased flexibility, reduced toxicity, increased
intracellular transport, tissue-specificity, etc. Preferably said modification
comprises a 2-O-methyl-phosphorothioate oligoribonucleotide modification.
Preferably said modification comprises a 2’-O-methyl-phosphorothioate
oligodeoxyribonucleotide modification. In one embodiment the invention
provides a hybrid oligonucleotide comprising an oligonucleotide comprising a
2-O-methyl-phosphorothioate oligo(deoxy)ribonucleotide modification and
locked nucleic acid. This particular combination comprises better sequence
specificity compared to an equivalent consisting of locked nucleic acid, and
comprises improved effectivity when compared with an oligonucleotide
consisting of 2’-O-methyl-phosphorothioate oligo(deoxy)ribonucleotide
modification.

With the advent of nucleic acid mimicking technology it has become

possible to generate molecules that have a similar, preferably the same
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bi nding sites of the four nost abundant SR proteins
(SF2/ ASF, SC35, SRp40 and SRp55) have been anal yzed in

waledoaill27ehd t hese results are inplenmented i n BSE/NDZI®6/N00209

a web source that predicts potential binding sites for
these SR proteins (Cartegni et al. 3568-71). As
di scl osed herein the experinment?al part there is a
correlation between the effectiveness of an AON and

e .presence/ absence. of. gn SF2/ ASF, SC35 .and SRp40 . .
by s HEm et G AR AR ALY 6 Ao PBFeic acid
[t0L. ShAY b ﬁﬁr_a@eﬂ@%taﬁ%%f%éu&%%&édbgﬁf’t NG vRAEDR! Bxamples of
sald SR protein 1s SF2/ ASF or SC35 or SRp40. Even nore
pudf arindds squiyaBRtsrart eptide nisldio anid\Aockedadiadeicexcoh and/or a
8, 46, .48, 52, 54-56, .58, §0-63 or 71-78 of,DVD. An
g}qrggﬂhep @@pﬁ%owl%mwf%%ﬁg Pﬁéglee‘a%ﬁ %ﬁlri\%%ﬂtﬁ é’fa%gpfés of

. I o

L e ot O R P Rp AL {Blosteds, C.
egal. \(20eo) HlheddioA. Nb&aCoryl, ®.Ry (2001} harkeas Hids Benbad T. &
above or _an olbgonucleotide or_equival ent thereo

Raokonobaf (1 0abE Hraasaor A sioney 8 TdBbebh S wesiote J. &

Therd [ f oyl des Jgonuc. [
Sl L 301, P B 500 QYGRS cach
5thrtand8r t&EEth8Bwath Kicléfe Afid tahe ofbom@ize DV perteof the invention.
equi val ent _conprises a sim|lar, preferably the sane
hy rivgfersed embodimeint \an eguivalgnt gemprises decked yugleic acid, as

R Rtes R AR AT P et oPaeh FRER, wikt s8R A toxicity and
P RSt Hovita higlkdd &fikiRRcP of 86N sRippRhg.gonucl eot i de
wi t h additi onal nucl eotides or any conbi nation

t her eof . ATihdignoweleatilet ofithe dhvemiior typically dgessptihate to overlap
t hrough.a nethod of..the inyentjon is preferably

Bt R embiGe S0P0F 6 PlighaueRIThY OB between 13 and

50 nucl eotides of said exon RNA. I n another enbodi nent

t he

A transcription system containing a splicing system can be
generated in viiro. The art has suitable systems available. However, the need
for mRNA restructuring is of course predominantly felt for the manipulation of
living cells. Preferably, cells in which a desired effect can be achieved through
the restructuring of an mRNA. Preferred mRNA’s that are restructured are
listed herein above. Preferably, genes active in muscle cells are used in the
present invention. Muscle cells (i.e. myotubes) are multinucleated cells in
which many but not all muscle cell specific genes are transcribed via long pre-
mRNA. Such long pre-mRNA’s are preferred for the present invention, as
restructuring of mRNA’s produced from such long mRNA’s is particularly
efficient. It is thought, though it need not necessarily be so, that the relatively
long time needed to generate the full pre-mRNA aids the efficiency of
restructuring using a method or means of the invention, as more time is
allowed for the process to proceed. The preferred group of genes of which the

mRNA is preferably restructured in a method of the invention comprises:



10

15

20

25

30

conpl enment ary ol i gonucl eoti de generated through a
nmet hod of the invention is conplenentary to a

weoseaardd ve part of between 16 and 50 nucl eot PAENLZI06/000209

sai d exon ENA. Preferably, the oligonucleotide is

conplenentary to a consecutive part of between 13-25
nucl eotides of said exon RNA 1Breferably between 14
and 25 nucl eotides of said exon RNA. Different types

f _nucleic.acid be use nerate the
Pldheawdne deth thisia parenntpy; Wéw#&&m&m&eﬁ#&éﬂ myopathy,

gﬁ%ﬁ BFI‘%t gwg%ﬁtlﬂg%éaﬁ QI&I PpI ng 't ec n%q%ammm

alphiac?)baretrig Wrb@mﬂ@eﬂaﬁemﬂjxﬂcﬂ]&rIdystmpblyeFAﬂDe(dmdrat) causing

t he ollgonucleotlde RNA conpri se modi ficatio
By dd ey fesremeaulae ¢y sippiye the ilMD %ﬁr@pv@qugfng Emchenne

G AR bR RS A, B OhENS pfpoi
¢ ing DGMMZA | Any cbld dhdyy bé hised) howaasirpas etertioned, a preferred
decreased flexibility, reduced toxjcity i ncr eased

¢alt Isa@éfPlll dpmwedrfmmwoDM tiadiens- Gplle can beymaniuated in vitro, ie.

gnrltesf en IIIbJ tg%go%r ];T.{I%?%v%n 1%13?87 trhségéc’ l%ce}rg &{roglded with a
f&%ﬁdtﬁaﬁig%p aRIt§TiAr@bb yS@ighsle e R fortgropidingeeils @4tld an
O net hyl - phosphor ot hi oat e ol i godeoxyri bonucl eoti de

vﬂmgmtucxl@atudmor etmuwaéeréirﬂb@m(lfmﬁﬁtthe mventmar@nrqaem igjéhe art.

ggrfﬁfgroé%ﬁ loigl ¢ L%%l_l’]ﬁg{lﬁgl?tl(%ﬁ, Zuleggﬁ ggﬁ%ﬁg B8 lf)%x? ddco acell in
ald &%ﬁ&pasﬂ )e&ppé%@ﬂﬁi %bﬁ%ﬂ@?&hfﬂlﬁaé}dp%séﬂﬁ VbR @hcodes a

nucl el c acid.” This particular conbination conprises
tremiseript e«mnplnrsmg paxdi dligrinuyleptiveallbe axpressien vectar aspreferably
cons sting of cked nucleic acid, an

pdvesd 1969 éla% F th,a igene Wﬁf;@ge]%c & AaHPerfjerrea delivery vehicle
% & %%‘I' th 'sﬁggga%m x: %élﬂgflﬂil vector and more preferably an adeno-

abdogitdé @myt)g vduhow C]]‘}&mnlvggfm:mchhﬂm cdsa provides such expression
vectors and delivery vehicles. It is within the skill of the artisan to design
suitable transcripts. Preferred for the invention are Pollll driven transcripts.
Preferably in the form of a fusion transcript with an Ulor U7 transcript. Such
fusions may be generated as described in references 53 and 54.

Improvements in means for providing cells with an oligonucleotide or
equivalent thereof, are anticipated considering the progress that has already
thus far been achieved. Such future improvements may of course be
incorporated to achieve the mentioned effect on restructuring of mRNA using a
method of the invention. At present suitable means for delivering an
oligonucleotide, equivalent or compound of the invention to a cell in vivo
comprise, polyethylenimine (PEI) or synthetic amphiphils (SAINT-18) suitable
for nucleic acid transfections. The amphiphils show increased delivery and
reduced toxicity, also when used for in vivo delivery. Preferably compounds

mentioned in (Smisterovd, J., et al (2001). The synthetic amphiphils preferably
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Wth the advent of nucleic acid mmcking technol ogy
it has becone possible to generate nol ecul es that have

w@2®birid7es , preferably the sanehybridi sati on PCT/NL2006/000209

characteristics in kind not necessarily in anobunt as
nucleic acid itself. Such equivalents are of course
al so part of the invention. Bddnples of such minics
equi val ents are peptide nucleic aci d, Iocked nucl ei c

aci d and/or a nor.pholi.po di
wrad Feenbased oyt }g%x%?f;ﬁ& SE‘& Oﬁ;"g Ongstu Illteﬁbpyndmlum

Bch PR Rt iRk WiBKELHd Ble %ﬁ?‘?i?xf REBRILRILS synthosized,

dfavBral 2%t ), relnardaible trahsfecBontpotential &mbﬂiedewithFh Exw toxicity

(1999), Braasch, D. A & Corey, D.R (2002

131 tergnayg qvewalllell(srggrrﬁl %sa%ﬁsoﬁosé@ue@ﬁaf)wew AfAmRCan be
(#‘:] %lg fui”?l%herl1 dﬁo&ﬁ%&ﬁoﬁ@%ﬁd%@ e(fnaqgﬁé oF tlﬁ&g Eﬁﬂﬂer (in vivo)

i"C aci are of course als

hﬁM@f& A@A trafsfer PhefRtdestieedta@eikyan equi val ent
conprises | ocked nucleic acid, as | ocked nucleic acid

di spl ays a hi gher target affi ni ty and reduced toxicity

and t herefore sh enc

ki ppi o AEgTHGRRERr 8ctiaerBnt FSRRYaRiori¥ o the invention
R 5ahbad BRes 1896t 1l91ap/aefttaatéi~y1@g e gWitidh af s4illiesendanopre-

or “splice acceptor of the exon. A transcription system

odtNAL i ihissermpbdilimhens @ﬁrﬁmm&ma@@@@w@s atdeastin part

Veswepited Tons TSaRe £RF SHARRORBYRTEE o RO pRAC The gljegpucteotide
O e?&@ﬁam ﬂﬁér%@ df tﬁ@ 'in'tf&?m‘}@ﬂi Qtyie%tst ﬁ[‘pﬁf't ddpab™ of altering

Prefera s Iin which a desired effect can
beomediogwédon fim taque mlRé\TAe'Ehrsumsteumtth @fscapravitieal in the
Preferred nRNA' s that .are restructure re |ljsted
HBiesitioDa e respR e 2 fyclugioned aat%rﬁsge SRR RBNA is also

L. -
OPVIH gf a2}1 éeéqfr%r)ﬁ ﬁ%%égcl 8 a‘?‘l Wg Igc e s [ % g‘gnyg( ibnu5 pre
BIRNAJ IAsnieateneélabosgebicf tiatggiedesonrne nbt ann(ﬂudedbemi the aesulting

| onl%A rI-](Ieonvlrever part of the exon (a neo-exon) may occasionally be retained in
the produced mRNA. This sometimes occurs when the targeted exon contains a
potential splice acceptor and/or splice donor sequence. In this embodiment the
splicing machinery is redirected to utilize a previously not (or underused)
splice acceptor/donor sequence, thereby creating a new exon (neo-exon). The ‘
neo-exon may have one end in common with the paleo-exon, although this does
not always have to be the case. Thus in one aspect an oligonucleotide or
equivalent thereof of the invention is used for altering the efficiency with

which a splice donor or splice acceptor is used by a splicing machinery.

In yet another embodiment the invention provides use of an
oligonucleotide or equivalent thereof according to the invention for the

preparation of a medicament.
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Such long pre-nRNA's are preferred for the present
invention, as restructuring of nRNA's produced from

waeewh/1longy NMRNA's is particularly efficient. |PCI/NL2006/000209

t hought, though it need not necessarily be so,” thatv =~ wv v
the relatively long tine needed to generate the full
pre-mRNA aids the efficiency olSrestructuring using a

nmet hod or nmeans of the invention, as nore tine is

al  owed for the cess (o proceegd. The preferr .

group of f‘gse%gfla einf DRl R gk 1og rpsiapietupng mRNA is the DMD
ESRbIYEL IR Eond iR e Pt BMEH diftrent ons. Considering
¢hat thg geyeivlachtad oy ohaXhshroPSbn(ed yisisanbstly bays that are

M yoshj opat hy, and LGVWD, LAMA2 (] anjnin al pha 2) .
aalestaty a«%%@ giglstGagt alsp bapdtasted by jhe dissape. aviey may receive

) ; | .
R oL AR RS, DiSH Rz B KB partiutact
Begderl indgsivdtion af\the fapbiyonandl<lARNS t6 capaticuladigbshsgl X

LGVD2A. Any cell may be used, however, as nentioned, a
shesmpsee dapetivation e thei annycdelcells e prabelnisi encoded by a

ﬁl %aé%t?f?osl} eg%gg?‘? | (%e%tae garil%ec\)éti a}t;lg?%t' 2,%‘ E"b%%edc%s Wa%r occur in any

wever , | e cells are

PagY btk PIMD g’%ﬂe@ﬂl{ﬁp&hg_rdf A% £t ¥xdlo bifticular exons can,
Sui t abl e means for providing cells with an

oeryofien) setultiin erreshuicaedim RV that engodena shoréen thon normal

oo Do bl Bonel g BB Pish Pl ap il @ provigm in the
3¢ e fopnie if of nfOERE LA Eh PPa A P Ex M8k Biping Béchnology is the

expressi on vector encodes a transcript “conprising sai d '
olurdityoifenutateonsTtheatanpy eesilb i vedafwiencay iprfametiahhl/dystrophin

550 L P 5 S S BRI Saptations
SJuSHERESh P e SRR ALY, el o
ot titess, seghirex phe g_shmtioemf_m hrga mtdnbén/m? different
\é)iygl;réig%zhtfcglsl a?s ortiﬂffgretnr%%aiis(alltlignsoglifftegeentaé}tcc;nssarrxleetdoto be skipped.
In an even more preferred embodiment multiple (at least two)
oligonucleotides according to the invention are used in the preparation of a
medicament such that more than one exon can be skipped with a single
pharmaceutical. This property is not only practically very useful in that only a
limited number of pharmaceuticals need to be generated for treating many
different Duchenne or Becker mutations. Another option now open to the
person skilled in the art is to select particularly functional restructured
dystrophin proteins and produce compounds capable of generating these
preferred dystrophin proteins. Such preferred end results are further referred
to as mild phenotype dystrophins. The structure of the normal dystrophin
protein can be schematically represented as two endpoints having structural
function (the beads), which are connected to each other by a long at least

partly flexible rod. This rod is shortened in many Becker patients. In a
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suitable transcripts. Preferred for the invention are
Pollll driven transcripts. Preferably in the formof a

wo e®bom70F anscript with an U or U7 transcri pt.PEuNh2006/000209

fusi ons nmay be generated as described in references 53

and 54. |nprovenents in nmeans for providing cells wth

an ol i gonucl eoti de or equival gat thereof, are

antici pated considering the progress that has al ready

thus far been achieved. Such future inprovenents may
PArtSQHES BrdIBriddCOh BRI S 1R iAGBhAYR pirb®idaB Al tefiesh for treating
effect on restructuring of nMRNA using a nethod of the

4 DM patrienttomppeEsaTg a swirtadivneaseemstedom Bablevd ongprasing

ol i gonucl e t|

val ent or
PHRUOEGA 828 P AR A TSGR Ge LEs s dbRas sen-
| ) r

Epln Qo e e ERRH AL b S MR qr ot RERMALGR thereot. In
& prefaasatiemibbiireent snid dlgtbmlekéotldmoom;wsal avnolip@mucleotide
used for in vivo delivery. Prefera ounds
plgeRtEENdACsh P SR BiPRINg mendio ri)g 2, pi@n equivalent

18 ti c anphi phils preferabl yused are based upon the
easi’Ty synthetically available '"long tailed pyridinium
head gr olipvieasefitiimiledvedltbe pY¥dehi ﬁln‘t’d]fﬂzldrﬁflmhgl‘ pucmdés the use
anphi phil s synt hesi zed, several show a remarka
ok am oligenndaoide.can parIvadn thegeafioria @pmewutléfaf &h‘% ynyention for
Eeegﬁf%p%fggﬁ\éﬁro?l | %ﬁiclaﬁ‘ VFYI?‘P}GI‘\‘I@}? t Pneiscg pﬁﬂlﬂﬁ&éﬁtﬂal

"i5e use to a [
PR dria€idhi a6rdNE thRBe anvdntdds Sﬁldtoﬂlgbhuﬁlébtlﬂef of &fl equivalent
vivo) nucleic acid transfer characteristics and
thmeof of theAmventigomanl keonsesefosthe quremwémn o meegicament for

i Fregrmapt A PapbENEe BR%are Yar S8Rt MDA SisfiRily Plovided i

hinbiHod BFRNRHTR) Ehet &ﬁcﬁa@ﬂcz GhrifH wWiERiaResNor & ﬁbrb-@ﬁRNA is
In part prevent ed froml ing the exon boundaries to

rdrogniddd byTh esphbugnmmchmﬂrydwldrpreanM being ércodefl kyf a gene

the i nvent at | east part capable of . alt
comprlr;,}/ng aJc P ast wo exons and ar% least one Pn%ron said met?lod c%mprlsmg

providing a transcription system comprising said splicing machinery and said
gene, with an oligonucleotide, equivalent thereof or a compound according to
the invention, wherein said oligonucleotide, equivalent thereof or compound is
capable of hybridising to at least one of said exons, and allowing for
transcription and splicing to occur in said transcription system. Preferably,

said gene comprises at least 3 exons.

An oligonucleotide of the invention, or equivalent thereof, may of
course be combined with other methods for interfering with the structure of an
mRNA. It is for instance possible to include in a method at least one other
oligonucleotide that is complementary to at least one other exon in the pre-
mRNA. This can be used to prevent inclusion of two or more exons of a pre-
mRNA in mRNA produced from this pre-mRNA. In a preferred embodiment,

said at least one other oligonucleotide is an oligonucleotide, or equivalent
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exon-recognition in a pre-nRNA. This use is thus al so
provided in the invention. The prevention of inclusion

wo@booa/11arget ed exon in an nRNA is al so provi deRCHNL2006/000209

use for at least in part stinulating exon skipping in
a prenRNA. As nentioned above, the targeted exon is
not included in the resulting NA. However, part of
the exon (a neo-exon) may occasionally be retained in
the produced nRNA. This sonetines occurs when the

{iRh86t eEnEXABI AR WIS et ithaindditisE FIGEERIO6f the
and/ or “splice donor sequence. In this enbodi nent the

syientiongs factiieneeferred teds deubledon multitdxoneskapping. In most cases
revi ously not. (or upderuysed plice.acceptqr/donor
Koierreen’hapia, feeh o 150 SErRmas G i dbe Sy A eated
) 0 : ; -
QA A0oRE0) RKES SR FRE phE afRRTr Mt by Ecther cages it was

folerdeidee . thetusgdtad emenmapddhe @mtirk irggioucindodtivbencraid exons in
equi val ent _thereof of the inyentiqn i

f
%ﬂllfléme g ROV vegreinat dyesenti inthgre uged H}Lﬁ@g eowhep other
SR RSP et % B AR IO fofiooin

WA s ot eyl e tthe combiettibry af ehigoriudedtidesadarivedi frgnt the DMD
the invention for the preparation of a nedicanen

geng, iwheugin anpoligepnelgogde dox errory 43 andangr qh@nﬁﬁé&ﬁf@ for exon
T 1e | i .
B R R DAV L84 e

AR KA Xn s rodBs Ehati did it ¥BAtdiN dxous 46h@t5laparently, the
af fected, although girls can also be affected by the

slirsoture, ofgbetireyn ietle peesgngadf tapmestianed gfigaaucleotides
warcreaibeP §he Palene maTERotY ras St fa sonpshenons 44 and
8bliglegcHl¥End,©0 @ particularly biased X chronosone '
I nactivation in their nuscle cells. The protein is

encoded hywas fdunrdapossibloftospecificalip promete the akigwing of also the
fr}teLx?eans‘inge’xgns y ptl)%znecﬁﬁg arﬁr\{ké)é:ecgét\nj'e%nat% two complementary
oligonucleotides. To this end the invention provides a compound capable of
hybridising to at least two exons in a pre-mRNA encoded by a gene, said
compound comprising at least two parts wherein a first part comprises an
oligonucleotide having at least 8 consecutive nucleotides that are
complementary to a first of said at least two exons, and wherein a second part
comprises an oligonucleotide having at least 8 consecutive nucleotides that are
complementary to a second exon in said pre-mRNA. The at least two parts are
linked in said compound so as to form a single molecule. The linkage may be
through any means but is preferably accomplished through a nucleotide
linkage. In the latter case the number of nucleotides that not contain an
overlap between one or the other complementary exon can be zero, but is
preferably between 4 to 40 nucleotides. The linking moiety can be any type of
moiety capable of linking oligonucleotides. Currently, many different

compounds are available that mimic hybridisation characteristics of
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part of the DVD gene. Skipping of a particular exon or
particul ar exons can, very often, result in a

wo e®bnyddir ed mRNA t hat encodes a shorter thanPCDNIEN06/000209

but at |east partially functional dystrophin protein.
A practical problemin the devel opnrent of a nedi canent
based on exon- ski ppi ng technol]&gy is the plurality of
nmut ations that may result i n a deficiency in

f t hi t th l.l . .Despit
pHetvdEttary S erpPRrAT i pled SubERiE far th D Bete fention if
SR BGERAIED cINpFibss SikdiRR! Hbgoﬁ’(ﬁlsﬁtl%h RGLa ¥ PBEick m §1nd not
plurality of mnutations, reqguires the generation of

hecepsarilyrie anofurdi Sumabta e(phaahmte wteire aile;niasnécbearher in this

i fferent tation fferent on nee
desdsfrsion. (e e eRar b og The AbEnade e Ty g sapound
8 e 5 S A LA L e

fmtdntidmtAsnmeatiolmed ohigoraicheoticies diehe Knpaerdomido mod have to
si ngl e pharmaceuti cal . Thji s property is not.only

poREsh @ ]3Y @@OPUG@@F@PS that epntribats te hwbﬁng%adn%%gre targeted

e T Rt R
Bkl iaReAtvh FRethel Protidlep ar@aip kiidh edmipRisife adirvst bbigbAucleotide
sel ect particularly functional restructured dystrophin

pf thesinyengion ‘%ﬂfﬁﬁiﬁ% @f bﬁhﬁé@lﬁ‘m& teap&sre 1Bfa @J@qmlﬁNAﬁé a gene or
t‘éll}q}?(’ﬁlég?}%pg E‘Sglde Qhﬁ‘ ﬁag %ﬁd at Tea t %r SG%SL& %ﬁgonucleomde

erre

dy siid pRkintfon Jaft%lbié bﬂﬁybmls@ﬁg td anaﬂfdfaixoﬂmtar PENIRNA of a
protein can be schematically represented as two

enp o ansedisvalent of saist secan pbﬁ@ﬂﬂdﬁo’(ldhehb@ @mgi)'erred

whi d h .
B SR AR BXeGtnd 347857 s eany pPengtcteflinh f Bauivalent
PRGIERE aBabASINIS of 1YL AR Ol Mo Rt RDEE S VHRQHRE Bic-mRNA.

the invention provides a nethod for treating a

(e comtpasstipn icairiy wsedutoaniore esonlelippieg of bheredspectye exons. It
?1% relersl o%%erved that when the composition comprises oligonucleotides or
equivalents thereof directed toward exons 45 and 51, or 42 and 55 of the
human DMD gene, that as an exception to the rule that only the targeted
exons are excluded from the resulting mRNA, instead the targeted exons and
the entire intervening region is excluded from the resulting mRNA. In the
present invention this feature is used to correct a variety of different
debilitating mutations of the DMD gene. Thus in one embodiment the
invention provides a method for the treatment of a subject comprising a
mutation in the human DMD gene, wherein as a result of said mutation the
DMD gene is not appropriately translated into a functional dystrophin protein,
comprising providing said subject with a composition as mentioned above.

Mutations that can be corrected in this way are typically mutations that lie

within or adjacent to the targeted exon or in the intervening region. However,



providing said patient with an oligonucl eotide

ef fective in inducing exonski ppi ng of the exon
worewsiiaTesl in the first colum, or an equi val ePCT/NL2006/000209

thereof. In a preferred enbodi nent said

ol i gonucl eoti de conpri ses an oligonucl eotide effective

i n i nduci ng exon-ski ppi ng nentﬁ?ned in Table 2, or an

equi val ent thereof. In view of the above, the present

invention further provides the use of an

& 153088 pb8IBIHR, copfect FhHM 8Bt i@ R0 RS tRaCREPOMALr outside

of the Invention for the preparation of a nmedi canent.

Foe nhartigreohvéxtad drgl mipteemag @egional preparation

according to the invention. Said oligonucleotide, or

an equi val ent thereof of the invention can be used for

the preparation of a nedi canent for the treatnent of

an inherited disease (for exanple DVMD). Simlarly

provi dedThs invemtitwdviildre edplemedgntereféiagl enthe following

ich an expon.in a pre:nRNA i s recogni zed by a
B?‘Frépti%@l’rfﬁg’fﬁhnlé r%tq%}t&lgﬁée- ?’HQTQR%%S’% ng en cgd ed by a
gene conprising at |east two exons and at | east one
intron, said nmethod conprising providing a
transcription system conprising said splicing
machi nery and said gene, with an oligonucl eoti de,
equi val ent thereof or a conmpound according to the
i nvention, wherein said oligonucleotide, equival ent
t hereof or conpound is capable of hybridising to at
| east one of said exons, and allow ng for
transcription and splicing to occur in said
transcription system Preferably, said gene conprises
at | east 3 exons. An oligonucl eotide of the invention,
or equivalent thereof, may of course be conbined with
ot her methods for interfering with the structure of an
MRNA. It is for instance possible to include in a
met hod at | east one ot her
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ol i gonucl eotide that is conplenentary to at | east one
ot her exon in the prenRNA. This can be used to prevent

w0 p@basi7en of two or nore exons of a prenRNA | PCTRNA06/000209

produced fromthis pre-nRNA. In a preferred

enbodi nent, said at | east one other oligonucleotide is

an ol i gonucl eotide, or equival2htthereof, generated

through a nethod of the invention. This part of the

{hvention is f taer referred to as doubl e-or
WWJ%&%ﬂdépﬁg%P §. In nost cases doubl e-exon

ski pping results in the exclusion of only the two

targeted (conpl ementary) exons fromthe pre-nRNA

ANy ergnsfectidrhend RIBFCR anadgsis ound t hat the targeted

exons and the entire region i bet ween.sai d £xons in
sai d éﬁé\? design gt brgtd &1 Z@@?fy)meivfﬁgpm%e #fligggn secondary
SRS DO bt MSAGRSA0L 80 XASDINGH o PO o
1he10040i Satieopreviowsly desuridezioAOdEs(Tidle 1y evefre durithiee analysed
gﬁ[\/D gene, wher ei n one oligonucl eotide for exon 45 and

ge

mobakitieslist aeraye fyar Revtelomes al gledl-bd:Aprtamp-Rus et al.

i bing the DVD gene. Such a set-up resulted in

ei'ng produced that did not contain exons 45 to

51. AppRAONY fsee ThOIS 1) Weks Egnitesided 1Bf Eudtdhtes (Bélgium) and
presence of the nentioned oligonucl eotides was such

contiain Bk OspieithyhBNdaand fall Jlengih rhosphozeyoats kagkhenes.

ons, 44 and 52 1.0 ch other. It f i_hl.e .
28Rt cpPey JetiPedid Al Shn dophST M aRABHCR' & doscribed
%)ﬂiﬁbﬁﬁ?i RInDORTkbN & AV 184NG4R Badk ADN Reisgansfdated at least

wo conpl ementary ol i gonucleotides. To this end_the
bwiceriti diffepemvéadesntrations duadyivgfedsn 09 nMytor 1 udsmagh 2 pl - 3.5

to_at. . le Xons ,in a pre- encoded a.gene,

| r BRI AR RS e AN L Buen

Fl'ub?ésc@ﬁ{ fae? WP{d &3 3 LRbHAMN BptiaPflitdenRMiNY efficiencies (in
east 8 consecutive nucl eotides that are

general over 90%). RNA isolation and RT-PCR analysis were performed as

described previously (Aartsma-Rus et al. S71-S77), using Transcriptor reverse

transcriptase (Roche diagnostics) according to the manufacturer's instructions.

PCR primers (Burogentec, Belgium) were previously described (Aartsma-Rus

et al. S71-S77), or chosen in exons flanking the exon targeted by the AONs

(sequences upon request).

Statistical analysis

Statistical analyses were performed using the R software and the
exactRankTests package (R Development Core Team;Hothorn and Hornik).
The Wilcoxon signed rank sum test was used to identify significantly higher
values when comparing two groups of AONs. The Kruskal Wallis signed rank
sum test was performed to determine whether one of three groups was

significantly different from the other groups.
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conplenmentary to a first of said at | east two exons,
and wherein a second part conprises an oligonucl eotide

whawene7ed | east 8 consecutive nucl eoti des t haPCENE2006/000209

conplenmentary to a second exon in said pre-nRNA. The
at least two parts are linked in said conpound so as
to forma single nolecule. The&ll inkage may be through
any means but is preferably acconplished through a
ucbiotide i nkage. In the latter case the nunber of
&Pebti des that not contain an over| ap between one or
the ot her conplenentary exon can be zero, but is
preferably between 4 to 40 nucl eotides. The |inking
Bffieicy ofareubd(iMy t ype of noi ety capable of |inking

ar e B TBAET LABS RIS Ueyigri Sexienett PN Ry Bpt Beon
?e%fgrh%? PYE Qb GG NsSHGR t@s?eﬁ%%ggt twicela QifftdrtRbBcentrations
r the sSuc

present i nvention | equi val ent conpri ses
ahdithair difdetivdnesd wap debamaisicdrwithi RE-BCR kinadysiatThe
necessarily in amount. Suitable equival ents we

dhackistidnst AL AQNS apfid baieiFirppipn ATe hawayn Table 1. Specific

r ef l. , ' C I: j
BT SERU RSP SR Lol B, wes
pldwenusith® 1 eethef 77 RevlrA0bit (66%) eteiach of £Be tested
nmenti oned, oligonucleotides of the invention do not

prenventationss ifor eschdargeted iegon aé|leastianesAPhhwvas effective, except
ontribyte t,o _h jdi,sation to the.targeted exon

g%"eelxé’ aBg eéiaéi%d’ Mf% ARCEH JS Wé’/ag’?e'nucl eoti des

addedwd herthBy sabdRdAHNEONY $hHtdRE iAdGePLAsH bkipping into two

conprising a first oligonucleotide of the invention .
gepais: AQNs bt indwieraronckappisgdn less than 85%Re{heftranscripts

dhdate Biat AnelSrity’ 6 TBIULY abiA@NsHRRh SR Sfin slipping
%?B@&l 5% oHR - Shsirifts (R BOREADY £ &QﬂbieS’p@u@").%HBMmple of

a gene or an equival ent of said secon
vhiygoguevastof dgon |46 skippisds sbdwanpodigwreatl. $aitdtalj 25 of the new

g‘?ﬂ\lg En(&&ca}esdt skslgbldngs e%g{]sdof(ileésgt nauncgg(%t Elll’gtf 28'in ggédvsﬁgliggfng levels
of over 25%.

The majority of effective AONs induced the skipping of the targeted

exon only. Notably, AONs targeting exon 8 always induced the double exon
skipping of both exon 8 and the in-frame exon 9 and never single exon 8
skipping (data not shown). In addition to single exon 40, 58 and 73 skipping,
AONs targeting exon 40, 58 or 73 occasionally induced low levels of both exon
40 and 41, or 58 and 59 or 73 and 74 skipping, respectively (data not shown).
In response to our newly designed exon 51 specific AONs a cryptic splice site in
exon 51 was sometimes used, as has been described for previous exon 51

specific AONs (Aartsma-Rus et al. S71-S77;Aartsma-Rus et al. 907-14).
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thereof are capable of hybridising to different exons
on the sane pre-nRNA. The conposition can be used to

wo pabaae7exon ski ppi ng of the respective exons.PAT/Nhz2®6/000209

been observed that when the conposition conprises

ol i gonucl eoti des or equival ents thereof directed
toward exons 45 and 51, or 42 %hd 55 of the human DMD
gene, that as an exception to the rule that only the

tar et d e are excluded fromthe resulting nRNA,
?ﬁ?? °7ﬁég¥§y Yeted exons and the entire intervening
regi OWé hafx ¢hiis ek fosest b 6t % Ui AONERERewh AntTHdle 1); 76
present invention this feature is used to correct a

\Q@?%bpiltmse dhflfiegdexony elbwpmafflhgl onera25%0f teansehiptovmd 35 in

Aapribanras R SoReEmenr rea 08 6 DAL Ve ppRLrayeatn Brder t
g8 ¥t eRed thdrlSs %%Pel%%%ee%ﬂiﬁcg} il A0 %Héfa&émstlcs
said nutation the DVD gene is not appropriately

tweaersdlabtadl 4 muanlzerf efietraoredbrafps terowps of @ﬁfentwmand ineffective

éﬁﬁéﬁ %%@%1%8 lng Eies e chlanTeled B SO6k Aace etfing the

o A VP oY o ?ﬁf@él&(ﬂﬁsﬂ)#ﬁﬂ th&lﬁ@ élbé@O\Rarrlapplng an

Jacent to t%e targeted exon or n the I nterven

ACYN i gddosite/ enlyl ﬁhel lsighbsioppdice b valioforaachaif the SR proteins is
frame-shifting nutations_ that he further oqutside the
GEYRT Bhéab ]@xlorén sramie ef putating PRJIBAINETHESS PRSART Hyexon 46 is

ghunrnbi%t ]?fgﬂ&@ r‘@ élgrllgg ?I;gﬁ;ea theé ng(#&etlfeoétlaﬁ%{"‘@ threshold

escrip

ivales providdt by tlaé safitanebhe dﬁovﬁﬁ)\@otéﬁﬁab SBClillndmg’iBﬂes that
RT- PCR anal ysi s AON desi was based on (partly
ave pnkpparidy QQ‘éQIBdtké’dalbﬁg?N Ferempdtoken i mcegnét(for HBstance

4%5&9‘20531'\'{& 26) %ecée%gng %u‘i;a 1vg§fRo 4% % %{%{r%[?é bfr\ggddltlon,

OITE prevrous cri

Hhe WOR 1&ﬁ§ﬂise @vaﬂabbéslﬁﬁicl@mlm i BiC- b&ﬂtesﬁa ivdreapaf)fred (Table
1\)/ a’lr‘]he??'rléltci?logrgf(iva?llablelgééeg‘gdgg \rzvtaz r(rl?etg'ﬁm%td ;sl the amount of
nucleotides targeting an unbound nucleotide in the predicted secondary RNA
structure, divided by the length of the AON (Figure 3).

‘Boxplots of the effective and ineffective AONs for each of the different
variables are depicted in Figure 4A. Remarkably, the values for SF2/ASF and
SC35 as predicted by ESEfinder are clearly higher for the effective AONs than
for the ineffective AONSs. This difference was statistically significant with p-
values <0.1 and <0.05 for SF2/ASF and SC35, respectively, as calculated with
the Wilcoxon rank sum test. No significant difference was found for the
predicted SRp40 and SRp55 values. The length of the AONSs, the fraction of the
available nucleotides or the GC-content of the AONs also did not correlate with
AON efficacy.

We subdivided the effective AONs into the two subgroups (inducing

skipping in either more or less than 25% of the transcript) and made boxplots

accordingly (Figure 4B). No statistically significant difference was observed
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S71-S77). Al AONs (see Table 1) were synthesized by
Eur ogentec (Bel giun) and contain 2'-0O nethyl RNA and

wo eobALEnHt h phosphor ot hi oat e backbones. Myot UPET/NL2006/000209

cultures derived froma human control were transfected

as described previously (van Deutekomet al. 1547-54).

Fach AONwas transfected at |least twice at different

concentrations (varyi ng from200 nMo 1 mMwith 2 nml -
Gen 500

RS H SRR T ABE SL TH T AbP e g Lor S T afls signed
9@&% BBy {dR nHB%Rer ReBEA balyeRed gﬁodﬂs”wgfé”&ﬁﬁba@@ﬁsmg the

RNA i sol ati on and RT-PCR anal'ysis were perforned
ﬁ&l@mmnab&dsmewsmws Idyd phsenverestRtistienl alcre &élfosﬁif)‘ZIASF

R o) P0E CBRIRG B G RLSTRUPBEIEGy oy 1 dnefloctive group (-
LaRld HGK)FE ﬁgd tRER By %'@i ﬁ%ﬁ gr(g @QIO UFlu- WIS values

previ ous escri bed S77), or
ohbstie dlffee&nasbéﬂmhl 111!@ mbffeelxm ahdrﬁ% dkmpmg eréiiNsvas
(sequences upon request). Stat |

sieafieantc@r-valyg <e)- \?J&e&rﬁérqt § Y125V rskipping group

SR %P%ﬁ‘ééﬁ?% abB e SR R ying
Efdlp FHNBRPS0 (Waalwsed).1p Fidaly] fhe Siyeurtentof the >25% skipping
hi gher val ues when conparing two groups of AONs. The

Rrouak was\kighps thay ﬂ@@lﬁ%ﬁa@twa rarpem(pm%uq)épflar med to
det ermi ne whet her one of three groups was
significantly different fromthe other groups.Results

52;: ;%Ecgngéirl?%\g g«?}g)?e-r%ﬁdggrﬁgg ﬁ%@g&ﬁnﬁm\tatgetmg either the 5'
splice site or, alternatively, exon internal sequences (Wilton et al. 330-
8;Dunckley et al. 1083-90;Mann et al. 42-7;De Angelis et al. 9456-61;Mann et
al. 644-54;Lu et al. 6;Goyenvalle et al. 1796-99;Lu et al. 198-203) (Takeshima
et al. 515-20;van Deutekom et al. 1547-54;Takeshima et al. 788-90;Aartsma-
Rus et al. S71-S77;Aartsma-Rus et al. 907-14;Aartsma-Rus et al. 83-
92:Takeshima). However, exon-internal AONs may have some advantages over
splice site AONSs. First, exon-internal AONs are generally more specific, since
they target the coding sequence and not the splice sites, which are partly
determined by a consensus sequence. This may not hold true for every splice
site. For instance, the 5' splice site of the murine DMD exon 23 targeted in
most exon skipping studies in the mdx mouse, differs to a great extent from
the consensus splice site. However, on average at least part of a splice site
specific AON will consist of consensus sequences, potentially allowing the
adverse targeting of other exons. Furthermore, Mann and colleagues concluded
that the most important variable in splice site AON design is the target
sequence (Mann et al. 644-54;Mann et al. 42-7). Finding an effective 5' splice
site AON for the murine exon 23 required extensive optimisation (Mann et al.

644-54). In contrast, the design of exon-internal AONs has proved to be rather
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reported yet. These AONs were tested at |east tw ce at
different concentrations and their effectiveness was

walewenm7oed wi th RT- PCR anal ysis. The char act ePCBENL2®6/000209

of all AONs and their efficacies are shown in Table 1.
Speci fic exon skipping, as confirmed by sequence

anal ysis (data not shown), wa$4 nduced with 51 of the
77 novel AONs (66% at each of the tested

conc n%rati ns. FQc each ;ar %et ed .exon, at | east one
AR Rk Finge IBSECI ™ [BECEXGRIRY ohiaieslaiagence. On average
%’A\W&éﬁt B?E’ﬁf(ﬁ% dlyﬂﬁﬁ IARRE Lt&rgeg%g;ﬂlb 8h sBMRELM fethd Qfedicted pre-

t hat I nduce exon ping 1nto two group
AP AL dvet effavtivee Thxois wkdqrpeorgdiby thessbseheati@db thatf 76 bat of the

LS rabd ARSE S U e B s
ﬁ#cﬁ{&%%b%ﬁ& ﬁeihgddtfiﬁtt‘sﬁal% (%ﬂlx%uéw s e%wbhﬁn/é&oﬁé.a”p' e
0 varylng]i) vel's of exon 46 sklpplﬁg I's shown I n

Fi gur Bidce E8Efinidar had rea@intiyhbedvene pGbHE clynuittdle we analysed in
ski ppi ng levels of |ess_than 25% and 26 i ndu
wibephe

d
et AR tanees paediotsnh STHASHE, 957, SBp 48 pr SRnGpbinding

. e . |
RS PSR 5B 08 o DB BUADFATIAC o most
Spuhi eneR8BpikéiRRI (Ng. SF2ASMafd BTIH) 06 effBetive ADNG® hen

exon 9 and never si n(gl e exon 8 skipping (data not,
etonayed tminediictive AQYNsswhgrensewe dlid oot gBsenve sppnificant

I, ppi AONS .t j 40, .58 7
AtkaBp i P R AlBREBRAAR AORRIS 50 R S, Heyrayey when we
&b di9id BLIRNEFFER v AON LRt eAfiGKkhPRAONS (<R %R_Iﬂpiﬁg)/and very
(data not shown). In response to our nevvli% desi gne

()

effisnei1A O (12506 Akiwping)k mepdidohsprvesignifiecantly bigherynlues for

N N RN T,
ORI SIPeDsCTt Houl@Dénbldd BYA HAE &Rty UtfedtNe AON has high
values for these SR proteins, while some ineffective AONs do have high values.
One should bear in mind, however, that ESEfinder values reflect a prediction
for putative ESE sites. Nevertheless, there seems to be a significant trend
towards higher SR values for effective AONs, and we will thus design our
future AONs primarily to predicted SF2/ASF, SC35 and SRp40 binding sites.
On comparison, no significant difference was observed between effective and
ineffective AONSs for the length, the fraction of available nucleotides or the GC-
content. Nonetheless, the GC-content of AONSs, which induce skipping levels of
over 25%, is significantly higher than that of ineffective AONs. This may be
explained by the fact that AONs with a higher GC-content have a higher
melting temperature, and are therefore more likely to bind to their target
RNA.

The fact that 67% of our AONs is effective is impressive and may be due
to the complexity of the DMD gene that is 2.4 Mb long and contains introns
that are generally over 30 kb long. Thus, the splicing of this gene may already
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W have thus far tested a total of 114 AONs (shown in
Table 1); 76 (67% of these induced exon skipping (41

WO oo e27025% of transcripts, and 35 in | ess theer/Rb206H00209

transcripts), whereas 38 (33% were ineffective. In
order to see whether there is a correl ation between
efficacy and AON characteristi?4®, we evaluated a
nunber of pararreters for groups of effective and

ineffective A Potenti al SR bi.ndin ites were
B R i SR SElhROTD A1 FORY TS ESERPABGT SOMORgsthan other

gﬁhggl{t‘uﬁhé%ﬁfé‘ Ghd- ocE&fre kd opéﬁé Rtk § 19%’ ﬁ%gégiéq@loo kb)

ON target site onl st pre Cte
fnoakexait tundikely ¢h SR g&tma m&:onse(gltm&ﬂy lsphd'eahllatﬁon Afior example is

3300 Emauithewons diiven 8 0By 118 %538%%333%@' EeDr. Steve
Wy, LS LAMALAbgRol iy aes, REAKPt B iEation

are shown) Bot eht | sites t
abegeviel onlpaheé lsymabtbatreds bklp@mg\a?\bw}r exoms aindk® aftentingle exon 8
account (for_instance AONs 20 and_ 25 and the second

I@alf%ﬁtmge tisRplakely; that im thy g’ﬁ?‘émZ)Ol“llerPfa]aM]? tEARSCEIpES Mekyon 8 is
BB S UL A% S 1R RRLCP AL F-BONCHNL difing exons 10,

%@QI&DVB HRssoastiafisaibieied @ dhippaigsfiin afljacent exon in addition
nucl eoti des targeting an unbound nucl eotide in the

iie she skinping ob hbe fgraried sxemucthisds aniipfiragiomthagdn a fraction of

SfF SehO bR Tng M LhHOT SRR R Erlortg iftproximal one and

Ghd e e st CRE idanh Riskepf ehad ihfronisgur e 4A
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h78AON1 gcuuuccagggguauuuc 78 -+ 1.81 4.04 3.32 0.62 18 0.78 50%

h78A0N2 cauuggcuuuccagggg 78 ++ 1.81 2.95 3.32 | 0.27 17 0.71 59%

++ Exon skipping detected in over 25% of transcripts in normal control myotube cultures; + exon skipping detected in up to 25% of
transcnpts no exon skipping detected

For each AON the highest value is gives for each of the SR proteins

3The fraction of available nucleotides targeted by the AON in the predicted secondary RNA structure over the total length of the AON
“Thls AON targets part of the ESE deleted in the deletion Kobe (Matsuo et al. 963-7;Matsuo et al. 2127-31)

Prewously published (van Deutekom et al. 1547-54)

Prevnously published (Aartsma-Rus et al. S$71.)

"Previously published ( Aartsma-Rus et al. 83-92)




spliced out prior to the huge intron 7. Simlarly, for
AONs targeting exons 40, 58 and 73 we sonetines

woeb®enysos t he ski ppi ng of an adjacent exon i n BCONL2006/000209
to the skipping of the targeted exon. This is an
indication that in a fraction of the transcripts the
distal intron is spliced out @ﬁ or to the proximal one
and may suggest the del ayed splicing of these introns.
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h56A0N1 uuuuLuggeuguuuucauce 56 + 277 1.56 2,52 2.22 20 0.55 35%
h56A0ON3 ccuuccagggaucucagg 56 + 1.81 5.52 3.68 0.27 18 0.56 61%
h58A0ON2 gaguuucticuaguccuuce 58 + 1.65 3.45 | 218 | 0.68 19 0.37 47%
h60AON1 guucucuuucagaggege 60 + 0.66 366 | 229 | 3.00 18 0.56 56%
h61AON2 gugcugagaugecuggacc 61 + 2.28 332 | 443 | 3.64 18 0.56 61%
h62AON1 uggecucucucceaggdg 62 ++ 1.08 0.33 1.89 | -0.50 16 0.50 69%
h63A0ON1 ggucccagcaaguuguuug 63 + 1.70 0.97 3.16 1.25 19 0.79 53%
h63AON2| guagagcucugucauuuuggg 63 + 2.81 257 | 312 | 093 21 0.38 48%
h71AON1 gccagaaguugaucagagu 71 ++ 0.12 3.35 | 436 | 147 19 0.79 47%
h71AON2 ucuacuggccagaaguug 71 ++ 1.37 4,61 4.36 1.47 18 0.50 50%
h72A0N1 ugaguaucaucgugugaaag 72 + 6.59 060 { 6.02 | 0.25 20 0.60 40%
h72A0N2 gcauaauguucaaugegug 72 + 0.77 243 126 | 214 19 0.47 42%
h73A0ON1 gauccauugeuguuuuce 73 ++ 1.22 089 | 216 | 247 18 0.39 44%
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h78A0ON1 gcuuuccagggguauuue 78 ++ 1.81 404 | 332 | 0.62 18 0.78 50%
h78A0N2 cauuggcuutccaggag 78 ++ 1.81 2.95 3.32 0.27 17 0.71 59%

++ Exon skipping detected in over 25% of transcripts in normal control myotube cuitures; + exon skipping detected in up to 25% of
transcrlpls - no exon skipping detected

For each AON the highest value is gives for each of the SR proteins

*The fraction of available nuclectides targeted by the AON in the predicted secondary RNA structure over the total length of the AON
“This AON targets part of the ESE deleted in the deletion Kobe (Matsuo et al. 963-7;Matsuo et al. 2127-31)



6Previ ously published (Aartsma-Rus et al. S71.)
"Previously published ( Aartsma-Rus et al. 83-92)Tabl e
wQ@2®eherds on of novel AONs ++ xon S pp ng et eCPEI/NLZW&D00209
5 of transcr pts n norma contro nyo ube cultures; +

exon skipping detecte n up o0 2 o transcripts; - no

exon ski ppi ng detected For eacl® AON t he hi ghest val ue

is gives for each of the SR proteins 3The fraction of

VI| Ienu ot| ?@F? e, AON in the
e doarstn g?ﬁwﬁ Yol pabhsb ey b restord oy
1 '\v Aot oo ~f
BE e ook ets—partofthe £S5 m
e].?tlll l. IIC UCI Cl. I UII N\UD uﬁ%ﬁoncs!. JOOo- [, DMD
Nat.suo 2 127-31 )Tabl e| 3. ervi q}i\ﬁt%oﬁshe | mutations

utat é) b for—whrth—the readi IQ frame—gamr currentd qu%

gestorgd by ;AN nduced sin | gaxgn ski| in 1001y thgge
gxons| yhigBohaws, hegnisbows. skippabl e dre shown 2ADMgs,
target,;lngg.q;on 8 al so induce slapping df the in frane

exon P20: bopf:\o® that these ADNs can al{so be appli edi1%
b® restore the cDNA for a pat|{ent with @9 exon 8 9|0.2%
duplifcationDescription of figures Figurjetol. A 0.1%
#kpresentative and conparative anal ysi g 9f effectiye3%
¥5. ipeffective AONs. RT-PCR anal ysis df42dystrophi p0.1%
ARNA f%“agﬁ‘éﬁt‘@ 48f 4eHhi4-Bl; nyot dbe cul tures treated|2.9%
##th O9-f8drsne- 4%1%&@4@% tear exon skipping |58%
| evel 4B 74358 6F 33-A& 6ot Al transcr|fi pt can be
obser é%?,?g s RPN %343 2%452%5 awd 26 (indicated by a

el Exbatidbar Mo foubsihl £ 2007 et pi DO
4 4§n§ A d. Qg%e very faint skips. No 16@%

ere
%zi ppj g Was observed after trgatment wijh AONs 9 aggo,
zg; (indicated by a mnus). Figure 2. Glaphical 0.1%

By er Vi ews9h36408%. 4sand exon #ggspecifijc AONs. The| 41%
§EqUENEEs@bo. BB #H645-50; depO.Ct L Wi th the |ocation 0b.7%
t he ACNSs50; r4945oa1035}z bgei;l nes. The |locatilon and val ue¢s
above| she3143rms bobel53-86 predi ¢62d by ESEfinder for|3.9%
852/ ASH)-55@352a15¢525Rp3M) 4802t SRPHS5 are shown as bar $6.0%
The t ht®8hoDhd2; 52

54 44-53; 46-53; 55 b4 0.6%
55 45-54; 47-54; 48-54; 49-54; 52-54; 1.6%
54; 56

56 46-55; b5; 57; 57-60 56 0.4%
58 51-57 0.04%
59 0%
60 60 0.2%
61 61 0.04%
62 0%
63 0%

71 0%
72 72 0.04%
73 0%
74 74 0.4%
75 65-74 0.04%
76 0%
77 (i 0.04%
78 0%

10nly the exons which have been shown skippable are shown
2AONs targeting exon 8 also induce skipping of the in frame exon 9, implying that these AONs
can also be applied to restore the cDNA for a patient with an exon 8-9 duplication
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val ues for each of the SR proteins as given in
ESEf i nder as shown between brackets. The nost

wetdosaizmm AONs (# 8, 22, 23 and 26) indeed COREY/NL2006/000209

putati ve ESEsites, whereas the ineffective AON# 25
does not conpletely overlap putative ESEsites.
However, the ineffective AON#BY argets potential SRp40
and SRp55 binding sites as well. Figure 3. Exanple of
he secqndary..pre-mRNA structure of exon 46 and
%Hk}mﬁo%ﬁﬂ@&@gsas predicted by mfold. The
| ocations of the 3' and 51splice sites are indicated.
The secondary structure consists of closed structures,
Figuhée dh At represett@siviedas] amepmedineg: avalysisaf effective vs. ineffective

nucleotides within t target RNA, d ope t
ARNS SR RIFCR oraluie oh Aus o reomita Troseht it cagteolgpvotube
0 ' . ad - :
HRuE AR ERF diffor B Ex 6 ABNG, Cloa-oxBh Aitpigibvels of
brac2iwrofahe dvtdlltabherigsepdie shdesvad 2 AONSS,. 20QAH26d 26

is a 19-ner and 15 of its nucl eotides

(indsaiad Rt doRblaLaBn A ONad: a0t $hapiais Siugy skinpipg levels of

| F$=o) S ) . .
R
priadiskipd Noskippind wikdbAGHedSE8E; troRMAOnandtSRAESs 9 and 21
and AON ength, the fraction of available nucleotides
findited byteminua) Conpari son of effective vs.
ineffective AONs. The val ues for SF2/ ASF and SC35 are
significantly higher for the effective AONs than for

Figuk 8. (RGHLYG1 AEVIEW dfeasane ank esoindbapeificNONSs. The
significant difference was observed for the other

veq ierireasf exBy 4toisplonisted withithe deadian ef thendsONs indigaded by
hat induce skipping,in l.ess th 25% of the ,.
iPasER? frcatto 8y Vg Ve APREBrerhol ot BEedigiegnn OB finder
I8} dﬁ?;gﬁgqﬁ,a@ng %nef SRP£0 hhaEIssPhRe §hRPits U¥@s. The threshold
ndi vi dual” group was significantly different fromthe
othess fgr eapk of the SR proteins as given in ESEfinder as shown between
brackets. The most efficient AONs # 8, 22, 23 and 26) indeed cover putative
ESEsites, whereas the ineffective AON # 25 does not completely overlap
putative ESEsites. However, the ineffective AON #9 targets potential SRp40

and SRp55 binding sites as well.

Figure 3. Example of the secondary pre-mRNA structure of exon 46 and
flanking sequences as predicted by m-fold. The locations of the 3' and 5' splice
sites are indicated. The secondary structure consists of closed structures, in
which the nucleotides are bound to other nucleotides within the target RNA,
and open structures that consist of unbound nucleotides. The locations of two
exon 46 specific AONs are shown (i.e. #6 and #26); the 20-mer #6 targets 3
unbound nucleotides, thus the fraction of available basepairs is 3/20 (0.15).
AON #26 is a 19-mer and 15 of its nucleotides target an unbound nucleotide,

and thus the fraction of available basepairs is 15/19 (0.79).
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for any of the variables (Kruskal-Wallis signed rank
sumtest). Wien only two of the groups were conpared

W 200eacd1odt her the SF2/ ASF and the SRp40 val ueBCT/NL2306/000209

>25% group were significantly higher  tirame¥rozevoiv ¢ U J
both the ineffective and <25%39roup, the <25% gr oup

cont ai ned significantly higher34al ues than the

i neffective group for SC35 and the GC-contai ned of the

>25% group was significantly higher than the

ineffective group. * Difference between the groups is -
Flgggé ?feb?(g#gsgs%f }‘h@ E%@éfllr%glﬁ %Qo&ps of AgN’@foElecEe predlcted values of
RinzKk&EF, 5C3B] SB@%?@ndZ@leBﬁpMd] A@Ndengtdt ¢ho fmcmﬂlm:cbf available

of the Duchenn nmuscul straophy Lo Cel | .
gyglegiges And s q%lﬁente% ﬁggmpaggﬁ%eﬁﬂf%e%wervs IBP%%‘Y'}VG AONs.

FrctigtdE 300y M MR o8 ighthifg et fol i i
AIYN8 xh&h dsetliceinoffection AONIYWiloopbh kahk stms té<t). No significant
- bi opsy specinens frompatients with Duchenne s or

tfaxence v&fm;sc&@pgvechwtthg ghiher xarighles. B) Compgrison pf ineffective
él%ﬁ%%;%@g I\?%th %ng gﬂipg)‘ln%m lﬁs(ﬁm%%t :§§>'/" Q of %ﬁg ’trzﬁlscrlpts

on en aar,

Vﬁm)ﬂaind W4, AONsVohﬁt B&&i@eé’klpbing'\dn oVé’i'rthB&lOZE% B¥RS transcripts
, Pearson, P. L., van Omen, é1989

%%@) éﬁ%w@mdwé gpguh mlﬁﬁmméb ¢1@1p%l‘9ﬁ( ijj)ther groups

da ey bh e P e iR EPRATRR: afenby REHIS (a7 Whien only two

6§th<§ é@mﬁ@wefe cdiﬁﬁafem toMachRA%ES thé\SFA/ASFUAT theMSRpALO values
Scherpf, 'S., Heindrich, K., Bettecken, T., Men

Muthe>25% gRup Wemslgh;ﬁcantlmhaheauthen thpise Oébgféul the 1ne£fectlve
89 he nol basis for henn s ,Beck

iAol S Uy s 20 AR PP SPREHIGT SERGeATYY Wetek ypaes than

Phe $R& 8RR B for SAFSAnLNEE0-cARaitBoPlR >25% group was

significantly higher than the ineffective group.

* Difference between the groups is significant with a p-value <0.1, ** p-value

<0.05.
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structure (open structure), and subsequently
generating an oligonucleotide that at |east partly
overl aps said (putative) bindi 8 site and that

overl aps at |east part of said closed structure and
overl aps at |east part of said open structure. 3. A
met hod according to claim2, wherein said open and

cl osed structures are adjace@lafi®s €ach other. 4. A

met hod according to any of clains 1 to 3, wherein
said oligonucleotide is conplenentary to a consecutive

S T R TN —
wh@nehtivefbihdehs aRBUsH 8GRI @Séioﬁlpé)i 08eith RRA 6f an exon and

met hod according to any one of claims 1 to 5, wherein
dapdueinggunobemdleetids tigat- i©cnatfigmeRbiyyatodssid RNA and that at

ful I -1 ength osphar.at hj gat e. backbone. 7. A nethod
a](%%%r%rg% ‘?Vﬁg‘?ﬂfp %@?B‘FJ“’EFV&? PIdngSite. wherej n
= 3 ) g . o
I O USSR P W epgmpin o
A sashederynstrioetwalesdsaed BINA 2 deginnrthbhit onhytbhidispd aduaedher part

S D BOREF B a0 i
SR, T A
what at basd yartlgpiverpssa{diytatizer biddigg Ritéaral thitt overlaps at

ene ) i
(‘ieast part of said closed structure and overlaps at least part of said open

structure.

3. A method according to claim 2, wherein said open and closed
structures are adjacent to each other.

4. A method according to any of claims 1 to 8 , wherein said
oligonucleotide is complementary to a consecutive part of between 14 and 50
nucleotides of said RNA. |

5. A method according to any one of claims 1 to 4, wherein said
oligonucleotide comprises RNA.

6. A method according to any one of claims 1 to 5, wherein said
oligonucleotide is 2'-O-methyl RNA and has a full-length phosphorothioate
backbone.

7. A method according to any one of claims 1 to 6, wherein pre-mRNA
comprising said exon exhibits undesired splicing in a subject.

8. A method according to claim 7, wherein the absence of said exon
from mRNA produced from said pre-mRNA, generates a coding region for a

protein.
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(COL6A1l), a nyotubular nyopathy 1 gene (MIM), a
dysferlin gene (DYSF), a | am nin-al pha 2 gene (LAVA2),

w@rooeirea79s dr eyf uss nuscul ar dystrophy gene ( EMI)T/NL2006/000209

and/or a cal pain 3 gene (CAPN3). 10. A nethod

according to claim9, wherein said gene is the

Duchenne mnuscul ar dystrophy ged8. 11. A net hod

according to any one of claims 1 to 10, wherein said

R protei,n is, SF2/ ASE.or SC35 or SRp40. 12 A _nefhod
ccordin P%?%]&P‘iiaﬁ?%él% tcl%,sal%%P’éF 198, v skeAn tﬁe gene from

[ . 4 > -

F 29 RR Cohmatitng P P B0 faniid, Heple?n aberrant
dbt cliaratel @ ubyular dyishop hsaeaed DM D) 0a aslfagie Vo falshail fene
i to 12. 14. An _oligonucl eotide conprising the .

Q&ﬁ&%& agnyetitatlat myepashy d geng (VERMd A dypfeslin gene (DYSF), a
tiher . i,.90 ' fva
AREEESL aipk 2 BB CLARTAT), LR Hhifaf i LA A onby gone
KBMD3| d1el/61ng chBeodrs éen(CAPNB)exon in a pre- mRNA
16. -Use of an_oligonucl eotide or equival ent thereof
ddcor di nd* methediageording to glajwr9,thketsin paidagenmisgihesDuchenne

i .17, A pharmaceutical preparation

cr}gﬁ%cﬁﬁg?ﬁgStgﬁpg}’igﬁglﬁUcl eoti de or equival ent thereof

aqcor di N\ ffetEb@iatkckdi td4ny ble dPeRiffs Bfo 10, wherein said SR
ol i gonucl eoti de or equival ent thereof according to

drgten 18 SF2/ARF qroPCeher Supdk at i on of a nedi canent

PR T IR Kb W N R—
ek8h'B, U8, 48, 52, 54-56, 58, 60-63 or 71-78.

13. An oligonucleotide or equivalent thereof obtainable by a method
according to any one of claims 1 to 12.

14. An oligonucleotide comprising the sequence as depicted in Table 2 or
an equivalent thereof.

15. Use of an oligonucleotide or equivalent thereof according to claim 13
or 14, for at least in part altering recognition of an exon in a pre-mRNA.

16. Use of an oligonucleotide or equivalent thereof according to claim 13
or 14 for the preparation of a medicament.

17. A pharmaceutical preparation comprising an oligonucleotide or
equivalent thereof according to claim 13 or 14.

18. Use of an oligonucleotide or equivalent thereof according to claim 13
or 14, for the preparation of a medicament for the treatment of an inherited
disease.

19. Use of an oligonucleotide or equivalent thereof according to claim 13
or 14, for inducing exon skipping in a pre-mRNA.

20. Use of an oligonucleotide or equivalent thereof according to claim 13

or 14, for altering exon-recognition in a pre-mRNA
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or 14, for inducing exon skipping in a pre-nmRNA. 20.
Use of an oligonucl eotide or equival ent thereof

waewondi7oyy to claim 13 or 14, for altering PCT/NL2006/000209

exon-recognition in a pre-nmRNA21. A nethod for
altering the efficiency wth which an exon in a
prenRNA i s recogni zed by a spl #¢i ng machi nery, said
pre- MRNA bei ng encoded by a gene conprising at | east

t d I t . i ntran, ) t hod .

4p erons s oot one L miLn, salg IO e
SRSUER: jScBifERN ASphcllmBehthdf Krid tht InANA bElng encoded by
¢l gée damprisid ateasetwoabs hindsit 1ehstganuiglitest,i Hed iethod

equi val ent thereof is capable of hybridising to at, .
|COERTIYAE RIPVISANY adranRscripiien systent equpysing said splicing

t y r . . | . . . . r H i .

DRRSREHE bR EeBR, OB, OREHcl PR vl gheseo
ZkcomhifngebRlAal U3 gene, ¢AReinsatddHrst aﬂgén@cl@éﬂﬁdl@ or 3duivalent
A nmet hod according to claim?2l1 or 22, further

dbaprdfds agpphleof diyhgidising toratrdsasti gne ofisaig exens.vindhalowing for
|.east atsecong ol .i OnéJC| eot i.de ]2{ equi val.ent t1her eof
JERBIG RO 82 |S§':'1ﬁ%q’§3 o 11 RAKH BN SEHP OB SY SR

glg. gonucleaidtHed Atcaidingy 8 SRim! N A rei s s&RPS Ecdthprises at
hybridising to at | east another of said exons. 24. A

deastodlesensrding to claim?23, wherein said first

j gonucl eotide.or equival ent there ngd sai d second . q-
S Gonucrsoiathed Gpedding it Shimhorear. GREaSiipEraSPnp providing
| daik erh dsRrRRfol QisBSh with at least a second oligonucleotide or equivalent

thereof according to claim 13 or 14, wherein said second oligonucleotide or

equivalent thereof is capable of hybridising to at least another of said exons.
24, A method according to claim 23, wherein said first oligonucleotide or
equivalent thereof and said second oligonucleotide or equivalent thereof are

physically linked to each other.



