WO 2007/ 135105 PCT/ EP2007/054842 1 Title: Means and
nmet hod for inducing exon-skipping The invention

W0 edoatigs0t o ol i gonucl eoti des and equi val ent s t PeT/8P1007/054842

10

15

20

25

and the use thereof for inducing exclusion of exons
from nRNA. Anti-sense téchnol ogy has devel oped
considerably in recent years. The 5 general field of
aftfle:SensKIchas il RYYhER R ddeM 8- Stippey er al
areas. One of these area's is the field of exon
skipping. In this field, small nolecules are added to
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i ncorporation of specific exon int mat ur e

MRNA. In the field of exon skipping, two genera

approaches can be  djstingui shed. One gfproach focuses
S

on i nt Antesentg techpolegy hestdavefmedaonsigerably incrqggnt years. The
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" bR@eSdieas isthetltdd DPbkoh RBigYIAGESS, 1.e. the
recognition of 15 exons by the splicing machinery.

Bot h apptbischeld, emallsmaldculas ansadded @ thetedl o spesifically

desj red ef.f s. The small nol ecul [, | t
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' Qﬂ%&ﬁ%ﬁfj with (HRNREEFRRAADY oF CHUGRCRThe FXRETR &RSof iBkorporation of
such smal1l’ nol ecul es are, of course, RNA and DNA, and

absspenifih dxoadinRit% matdreDMRISAch as LNA and nor phol i nos
and nu Ie{lc aﬂd m m cs, such as PNA. fo Thesglp
mol ecullBdhe field of exen skippang.dyvq gensral ARPERACELE caRdem
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akplitingy @bl thophgdichljonibeidfiexdn@ sequeness. file other approach relies

| ocations on the grg-wRNA.,The hybri di sation |s L
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However, it is also possible to redirect the splicin
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nol ecul es can be designed redirecting
s ithesk myoleraaleisrmee fusthen refearedits e thé igenataldemat smelligolecules or
m%}rlg rr?(];lfei ftx:'ieggérllt)[y rlrlgg(f term anti-sense oligonucleotide (AON).

The small molecules are thought to act by hybridising to specific
locations on the pre-mRNA. The hybridisation is thought to interfere with
either the enzymatic process of splicing or the recognition of exons.

At present, exon skipping focuses on the specific exclusion of one or more
exons from the mature mRNA. However, it is also possible to redirect the
splicing machinery such that other exons are included into the mRNA. This

approach is, for instance, of use in genes that are subject to alternative



In the present invention it has been found that the
exon- ski ppi ng process can be made nore efficient. Mich
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AONs that were directed toward exon skipping in the
dystrophin gene. To date we hav% identified a series
of 114 exon-internal to i fiduce the skipping of
35 exons in cultured nuscle cells (14). Qur data
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ski ppi n However, for some _exons the skippin

g,
eflysigop m g@,n@f\éPcedaWe haveridentified meseytassednk14 exon-internal AONs

| nven%c&% s(kis ém]é{]gs g"%a‘%goéifgﬁ} w]lfwe%%&rﬂ% ﬁgﬁs?i@o?ur data

' Qﬁﬁéé’b%'thﬁpé'ffea_ﬁvé Bkén %thFAONs?HI'é HEerr RVARDY @eric hindrance
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said efficj ency is increased upon providing said cel]
wstgnificariclenalsadexonakipping @ﬁlng@W%elb dorprynn exopk e skipping
: gffﬂl&?&eg Helre g(f;wscglzgr(? g?;gtheyk%s&flg inq)e @1%%1 \gg dleﬂ%'nt%ﬁfaeced that

erably

t Bﬁlpﬁflflg RIS )Ar@imp@dntdﬁleby ﬁﬁ\ée@iﬂg"tﬁi eﬂ)’ﬁ? wifH Bwo or more exon
i ncreased efficiency as used herein refers to the

s illnﬁ@anabAQMeT@ this(and theeinyeption povidRNA me@hvd\mrbdetermlmng

r Xxon i s ch uded t han w.t
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Wind dthibe WIR A ﬁi(ﬁlc'éﬁ' t‘l’lﬁt %fro&ﬁk%stafﬁ §£8:8 Eortoaii eBfirsor of said
detected in said cel 30 increased or (1ii) a
com®NdAat i on of bot h. A rret hod of the invention also WO
2007/ 135105, PCT/ EP2007/ 054842 3 provi des additiona
robustnes§aﬁh%ﬁj@%ﬁﬂﬁPBﬂngga met hod of exon ski pping
using a s P&Jlah@d%ldﬂaﬁdv Ve HEQ AL %Eagéé’ Bﬁﬁéﬂﬁ&&?ﬁde (AON) that
prOV|des u0|ng exon skipplig i n a

peantiybfidibato an exoadutasabyast ofddid exony asd dgtermining whether
providing said cell with at [east two AON that can

hyaid effistency igiinereased upgpproviding said cell with a second AON that

can hybridise to another exon internal part of said exon. The efficiency
increase is preferably determined by comparing the level with the efficiency of
either AON alone. The term increased efficiency as used herein refers to the
situation wherein (i) the amount of mRNA from which the targeted exon is
excluded is higher than with either AON alone, or wherein (ii) the time span
within which exclusion of the targeted exon can be detected in said cell is |

increased or (iii) a combination of both. A method of the invention also



5 internal parts of an exon on said pre-nmRNA and
culturing said cell to allow splicing of said
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because the sequence is part of a pre-nRNA that ends

up in a mature nNRNA. A pre-nRNA,scontains at | east one
intron. The first exon contains the cap-site whereas

the | ast exon 10 typically contains the pol yA signal.

! ﬁréxﬂ&e@é&&ﬁﬂnaﬂ RYBRStNREs St &IthPed%tol £ method of exon skipping
preferentially directed to internal exons. An internal

exsimg s sargle A@NoThexonentzon therfore furtheryrevedes anniethod for
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r fithenalbp4 sl aafexoaron sdidpre-rARNAX amd cultivengfsaidcell to allow
defined herein as a sequence present in a pre-nRNA
t pplicing of sait pea-m I%HA nto a mature nRNA by the
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ipping in the present invention is therefore also
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e%PYo FerReAlS H%cﬁét‘f“fb iétnal e‘%ﬁg BRSKEAnat @k&in ?Q(QH& ©ne of exons 2

sequence I's° no | onger recognized as an exon by t
spd exomg- haehereén v isftha totdlinuniberbf exars inesapd @\reanNA When

with an AON.in a nunber of di rent ways. 25 a_. .
pPEfeé‘PPéa HRRSEh o anaemqilil %v@e.ad@atw @&%@Ac@hvs feature

Ck%pl%(ﬁfae I;i@l 8 15 %%g&%ﬁaﬁalgeggﬁtﬂeﬂcb\ig lon%eg an exon but

e,, pre erabl a |'1po preferr

en@ﬂfwrm@iars ahchrANros. Ah exobdad thereS@iedicfiidd hreiBans sequence
a vector that expresses said AON or a precursor

t negseat in [apre-mEEN Ay tleat sibeelpesatedsiaite a matywgr mRNA by the

SR G SRaMnineL of 1S b il KhiPin8 PaiskpipsmRNA, when said cell
PEThAEPBRIVTAEP 4382 an A O NUgh it B d hbatedkip pihd 8 dei@ 'exon. A method of

provides a gene delivery vehicle conprising at |east
t wromgkipping énthe pAGKgiBTeRiion ﬁ@th&tméoreaﬁeo ee&enred to as a method

at .l east two exon |nte{nal ecific far e%
g‘i‘?eéi@?&ﬂng G SIOMAC SHAUPIEK R %&é% ré?n TGP ¢ %ma ively, a
E‘Y&ﬂhﬂ%@t ru?vé'r& IS a tﬁeﬁ% ?l? Llh%% %q‘?ieﬁ@é such that,

I ppt ng of exons 0 not |p e C|ent en
usilreg miakked, osmdA@thetlluent:e iIencm @pmmndcdigmzéda as yni éxon by the

is heli eved t hat gn exon-internal AON i nduces
skPhgnggmachinereeba ol hi ndering the bi nding of

so-cal | edASRy1 can be provided with an AON in a number of different ways.
In a preferred embodiment said AON is provided to said cell by incorporating
said AON into a gene delivery vehicle, preferably a liposome. In another
preferred embodiment said AON is provided to said cell by means a vector that
expresses said AON or a precursor thereof. In a preferred embodiment said

vector comprises a viral vector, preferably an adeno-associated virus vector.



(Ser-Arg) proteins that bind to exonic splice enhancer
(ESE) sites. In the present invention it was found
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i ndependent ESE sites. This neans that when the

activity of one ESE site is blgcked or hindered by,

for instance, the presence of an AON on said exon,

anot her i ndependent ESE on said exon remains

| TG AP Ay R ot o Rl PR ppfing at loast
etweekon antdraat AON epacifiedobihd sametexng. al | of the

i ndependent ESE sites 15 on said on.. In this case
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Bl ocki ng or hindering of an ESE site can be achi eved
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epoesenk Anvéntgomaywbs ickimdy anfor@R)theps _elhaisQXomsmmcbogitaial so-called
0L USSR b UG Mo s
abldcﬁ@ﬁtor%ﬁd%%lgﬂ)‘e}ﬁgép ikstinsd [tBe ﬁ%s&t{c%ddfcah?ﬁdﬁs%n dsaid exon,

sites have a ncy to cluster it is preferre

t habthadndepeiNlancESBpm sdidl exaatretwaina fdnctiowdle Astthys ESE

at least three predicted ESE sjtes on. said exon., Th%f

i rermaprefunctional dbsaronaststal 'P@&Wk!f%é HogRomgted igo the mRNA.
ed

Sai bl St f j v t .
oot Lo AP A58, iy Y RSB kA B st
Sehdadd eI It choNesdeheially SlRofltlseBSMsitédnmntagbtbd by an
exon RNA overlaps at | east one 30 predicted ESE site

0 AQNitherstunblrsking/w kovterirgshiodimof SRooreips4g421d ESE sites
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exGRNS or HihAOMAB JrAnSESEG e & bbacRRYRd ihivarfous ways. For
preferred that sard first AONtargets a different ES

t hastasae,dhydeidisdtiomNf saithA© N aan bétexdhe seeohdaryvsirucuse of the

ways. Targeti of the sane ESE is. fer S .

a 3P EHC 3}%@5 Wgelﬁsgaapf%ﬁﬁgesiﬁ g%saﬁbf?é@ site. In a preferred

YA B0E1 S AU ik 4 A o, 52080 80 i on

amngrgeted by b K gk vty bindéngbf S® prteitrrid sAQNsixhs bidrically

| ess _than 5 consecutive nucleaqtides overlap. Mre .

pbéacked vy theshyhridispsionipd\paid AN tharets. Hiig nysfeared that said AON

prefarably,less than,i r .

o gg?ﬁ9p% g¥ ée\z/ sl% Sae ;br%dgctga ESt 6! Ag%reé%& RET 58 e a
tendency to cluster it is preferred that, said AON overlaps at least two and
preferably at least three predicted ESE sites on said exon. Thus in a preferred
embodiment a hybridisation site of said first AON on RNA of said exon
overlaps at least one predicted ESE site on said exon RNA. Preferably, said a
hybridisation site of said second AON on said exon RNA overlaps at least one

predicted ESE site on said exon RNA.



10 selection of the AON. As an AON of the invention
preferably has a |linear and continuous hybridisation
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by avoi di ng significant sequence identity in the used

AONs. In this respect it is pregferred that said first

and said second AON have less than 5 consecutive

nucl eoti des sequence identity. Preferably said first

a I ONS%

s TG RAANN 10 BB LR DR AN bR Ond ALON R it
nprediptedf BSEite d@said évam RNAnIthoesle thisl migledse theacase, it is

1 nucl eati.de or | ap.  Si arly, flrs and
sBrefesedddat send ﬁr&géﬁr@r%mé erentiRaE tgan said second AON.
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enbodi ment 20 _sai d exon conprises at | east
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et.ed,to a ast n sites and
By Rkl Shef RO Sl AR 155k 6 Sofiibutive
qﬂﬁhle%tfa@& loQBrlap ENIHPE GRefed 8By, kiid @i@eyﬁwe Ib%é ghBn 3 and more
preferably 25 refers’to |dent|tci/1 usi ng

npcéfevablydessitha® 1@raro overldye Sai oWemhgp ¢m1 ea%b{ be esoided by

hesgin o e A0 45 eacRE pLute wyget %M”rr‘é 204, D erlipear and
SE&E’?&HhS‘Qé gbﬁﬁ a%fotrleéltéﬁh%ﬁld R‘#}T 14 re?érably avoided
t he nment i1 oned eotlde

assi ¢ or nat ur wever
nmbgtavoidinghségmificant sd&cheartuenden‘gtsc hathﬂ: tmesd AONs. imthis respect it is
ki nd, but_ not t, | dj
Slppéfﬁﬁgqql @}atggla?% ngtgggg sggi ge?pgnée%a iﬁs§ g!’:lpl b consecutive
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| OWer of respondi ng cl assica
nhgbeidiston dheoa aid erbs RNAMIveduestidaB cohsédutivtenucleotides
bi ndi ng characteristics of two or nore of the
chuednpamorp peelesablydesnthnn Rened arefeanbly lase than L quicleotide or

ﬁ% g:og’%gleaé’cﬁh at, aj yg bt ne gg Ror.a4 E%ﬁ‘ %)fc{)r'l@ @%ﬁrgiﬁ?ﬁy have less than

sgl c%wséeutwe flﬁéleoﬁﬂeé:’ s@cﬁﬁ&ic@gdéﬁmtsa 1R8Fd prafeiibl$ |1@s?s5ti}£én 2 and
nucl eoti de on the opposing strand. A person skill

i prefecaklytless tlﬁmﬂlnmﬂewdmsetmenpaud¢mntsaﬂs aalbretfm'sd embodiment
and,. simlar analo nd c i 0

¢ i A EBRTASS (b Jos EWPHERRRIest IS ABies SRid fifst AON is

h L

PSR RS ML AT SR cBi 1 0 B8 A00 Bl cecond
1A tdG saohdahedesf. or anal ogues thereof. Preferably

sai d AON conprises between 14- 25 nucl eoti des or

anal ogues thereof. An AON of the invention preferably

conpri ses 'Iih%saﬁgp tlﬁ?&ltl]o%%sg Hﬁ!er%)et id%‘ﬁtﬁg)%g &R heﬁﬁn’apqgferably

preferably Co
refers to identity using the nucleotides A, C, G or T, wherein T may be

replaced by a U. In recent years, many different nucleotide analogues have
been generated. Some of these have the same binding characteristics in kind
and amount as the mentioned classic or natural nucleotides. However, most of
them mimic the binding characteristics in kind but not in amount. In many

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



| ess than 4 nucl eoti de anal ogues, preferably |ess than
3, nore preferably less than 2. 15 An AON of the
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a particularly preferred enbodi nrent said AON conpri ses

one or nore 2'-O nethyl oligorgbonucl eotides, which

render the AON resistant to RNase H i nduced

degradati on of DNA/ RNA hybrids. Additionally, a

PRAFANDLSH {HeAlE thD 36K R8HEN EiRB ISssieAt dPedtitfd, fRe BhE also
stability of AONs agai nst nucl eases and 20 to enhance
cahhldgaes thatkemidtha\bivdihgtcharactesisticonf twts or mere of the classical

preferred e di nent full | ength phosphorot hi pate
baEKlss e%ﬁﬂgbafﬁ)‘ﬁr% %“e%ﬁo(rﬂﬁg‘i’@b& a%%ﬁgﬁs gh%\t are mcorporated

2! b f i i . i ..
PRI 2 TRGL SHd B ofR B ABE LY SRIBAMN BRetivity for, or
abirmEng td/A) panrddculel led ssiventicleoiddel onuhk @ipposmigdstr 4 idNA person

ol i gos have been used to_ nodul ate 25 spljcing. An AQON

opkcilied iprtaeent if FRHIATOi oo prstionbis ofitbesnand similse
gtﬁ)gé&lg&%gh% f}({?&THseesale'}R %'1 .fal C&b?\?gﬁ t eeﬂlqr%htfoﬁe%ﬂghgoass the AON is

Se easée resistan i Acrease
a&%pamlb Yf h9bridiginkabdhe HyNAidision BRte BN RNGkoNANA.
nodi fication this increase is acconpani ed by a

decr easedAseyQdhekthepiaventiontprefexabbxermprises hetweray 14-40

gg}Bﬁéﬁg‘ﬁ% PR iaiagoé’uae%ﬁthtgggotfeﬁﬁee@e{h‘iﬁ g%)é(izggjl{f &ogl%risfﬁ Jetween 14-
3951t R cﬁ%lﬁgﬁk%saéﬂﬁefypﬁpﬁaﬁ 3P invention preferably

PCT/ EP2007/ 054842 he sequence information that is
r edbmapaises laws thiaa ] muctpatisy amalogueh AreAGNN piaferaklyncomprises

i pterpal part of .the exon is |.eagt one apd at | east
¢ WS hanbpuclegrids amalpgres DrelREAbig Ipioihegs Pougre proforably less
i al to the exon boundary. An exon internal AON

may, ih addition to the exon internal part as defined

herein 5 AROAON af g Hineationdk eetiedablyt haiodibénligbnucleotide. In
t he boundary of the exon_or beyond. _This is however,
pRdrastisplarly preferedembodiment $pid APN: gpanprigespnepr more 2'-O-
preferabl.y further ¢ 1S in [ n ' i

DB Bk O oS BER el oS Feflal b giee 1

C ghduddidt degraQatioh @f TECAIRINACK biigs. eRddisionadlyeh figHosphedbthiate

W th which said exon is excluded fromsaid mature mRNA

i haeklowid carhbe ugseddodecreaspthe stabakityosf QNS agnst nucleases and

Said set is bsequent | referably used to obtain

TofbRhes plRR B An AN g intSiiet Be8dn g Freforred

Y Eﬁfﬂgaﬂﬁenﬂ—lﬁefuﬂlrl%ﬁgﬂi BRoA RRFoPEiBH BRI 0B arfPAR Wasb s g

at |east two AON erein at least a first of said AON

c mudiybrides)dmvien Ar0emothylSmodifentiah. Adirtrnatively, exapholino

A o e et D A S o Ioed IS (LNA) and
ethylene bridged nucleic acids (ENA) oligos have been used to modulate

splicing. An AON of the present invention can therefore also have these

modifications. These modifications render the oligos RNase H and nuclease

resistant and increase the affinity for the target RNA. For the ENA and LNA

modification this increase is accompanied by a decreased sequence specificity.
An exon internal part of an exon, is a part that does not exhibit

overlap with a 5’- or 3’- end of the exon. A 5’- and 3’-end of an exon contains



exon internal part of said exon. In a preferred
enbodi nrent of the invention said set is obtained by a
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enbodi nent said first and said second of said AON are
targeted to ESE sites on said gxon RNA. Mre

preferably, said first and said second of said AON are

20 targeted to independent ESE sites on said exon RNA

A .
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presence of viral proteins but also the anount of

vilibag iphewever, puefgrakly nafdherodstes the virul ence of a

particul ar virus. Mreover, for efficient

mul tiplication and spread of a virus the ti m ng of

expressi op iathdothd infventisal }ﬁ'ef’é'iﬁblﬁﬁu*ﬁﬁéla&ﬁﬁph@eé fetluding

anmount of certain viral proteins in a
Zeaiﬂ fi 35 120851 mﬂlﬁmd)mm@set&fdw&whms)mhmon of said cell with

st g na ARG ESah e B Hel bl Bt S huispetuded
{ rd:R W14 FRuATRHRNACK, 20N LARE pRIQIEL B BidofradiYlsaid mRNA.

or 1 nstance a tunor becdnes 1ess
t Sand sgeisi caubisegtiestlatpireferablyddsed t olithirs exor ekipping é&h karget cells
produces | ess, virus. In.a preferred enbodinent a set
othahexpios Aridbpra- SRR Ad The iBuAvHPT a4 BIOVARRS R &p¢ comprising at

P 'ié)éde% 'tho' A6y %he%‘ﬁlt %ﬂ%ﬁht REQLE bgfallir}ﬁfx@ he raﬁﬂﬁ%ﬂhﬁﬂg to an exon

f'unct ronal eln1s cap

f igeirhalp@ft &f 4 @i(ﬁi Ander g8ebhi o@ &&REAON BaA hy(beidlsebtd another
absent in the cells to be treated. Very often even

p aixon anterasl pam fmidexonyhra mnfeﬁfe@fheméwdﬁnent of the invention

f| can roved per.f nce

i ey 2 B ins T Y e B 21 AR i Vestiorh I £ Bptitdfipoprefeorred
C@&tﬂiaﬁ&em\éﬁuﬁf@@ﬂ &itd syﬂ @@Mﬁ@b@gﬁd A0 ak'é‘ B&%ﬁé@ﬁb ESE sites
cells thus aiding to the effectiveness of

t oaatan® ekon RIVA. Mypeqirefefrablys said/ findti aomd ssld second of said AON are
particularly suited the restoratio expr essi on
AT dwn‘c%ﬂ?{% S}igs QRrHad saorbﬁﬂ\i%usi ng the

specific skipping of targeted exons, thus bypassing

or correcting deleterious nutations (typically 15

st op- mut atAl sstsofahefinasmsdn Can heg yseidnin mehgtwayrss In one embodiment
single- or multi-exon deletlons or insertions |eadin

@a;dr sgtsis atsedbotadrlanstany Ry decrnsartbg nrgduction of an abgerrant
O M SRR PR PO 50 v

t hebaRfs InCmHeFIRM Grs HotRindRAlthy préd#ncd@f an onco-protein but also its
relative level of expression have been associated to the phenotype of the tumor
cell. Similarly, not only the presence of viral proteins but also the amount of
viral protein in a cell determines the virulence of a particular virus. Moreover,

for efficient multiplication and spread of a virus the timing of expression in the

life cycle and the balance in the amount of certain viral proteins in a cell



20 limted to, AON conprising or m m cking between
about 14-40 nucleotides. In a preferred enbodi nent

wWe\GN70851031- 25 nucl eoti des are used si nce t hesePCT/EP2007/054842
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nol ecul es are easier to produce and enter the cel
nore effectively. The set of tRe invention allows
nore flexibility in the subsequent design of effective
and safe exon skipping strategi es and/or
Ao pEbES thE WIAACF Pimep atPAIGERYy &P pitAlorf R produced. Using
t laa;‘et of tltiee&mmtmn itds pbesible ®olweveafthe tdieowmet ofiaierraiit protein in a
he endogenous gene, which still possesses nost or
apqall §hch batg@xénﬁt@gmea Brpor £eld hpeqrpes lasg durpriganig (metastatic)
PLARRE £IRLSIHAed LAY fhanpd 1808 Bynt hesi s of

eC|f|c I'SO s aspect” of the invention
C3A al ﬁke@éﬂr@&le%lﬁ)d@ﬁl@m& s bfttRe afvertenield Gsdll fe@iRerBhaid
or genetic predisposition to disease, in which
t abgepad pskiqipiintp @ffusgtecmeﬂu m‘OWDHZI)@WlQ 3p1lgsliment saud functional
PCT/ EP2007 Ai g exons res,the %r .ansl ati
r BEefieHy 13 FaRb g AEReTRFE Thae facHoR s AUPRES R BRI PPresent in a
OEélg 'b'%labgyﬁﬁfﬂ Bk celll & BPRlebEA]. ity o?té%@é’&ér?ﬁéﬁ‘iéb’restoratlon of
useful when translation of an intefnally slight
s fam ¢téon wsuits msgnﬁlmlyumprdvudlgerﬁrmpmctel gf the cell thus treated.

g}}fﬁt {92? ed?? géﬁxf)@ré&%gag% %g}:ﬁgghg’ ,cfgg\r;gfg\@ ae a- sefectlve advantage
%SQIL ARARIiHO c&ﬁ’s ﬁ?&sogﬂqﬁg to @Hé @f distofTRE treatment.

Suppr essor genes I Nnvo reast

cahiehspesdlofrnhe ang&ition i&pﬁﬂmlaﬂylsﬁﬁ@ﬂl for the restoration of
neurof i bromatosis etc., where (partial) restoration of
a@KpmsrssﬂnA@ﬁfﬂ%fectm% genee This lmehlﬁé%d hyicansrg the specific skipping

plpg%aer&ert%% e%?xuﬁ%)ypgse neé%trlcg Isec gréeg?ie 10‘%%%1((])gttat10ns (typically

@b@ﬁh{mahoh@\b@wmemfﬁ wﬁ pbp@tr ﬁmbﬁmh@sglﬁgl@t o® i @liti-exon
def ective gene products ich have a direct disease

c debitimpsedifmsertiengleadiegrtptrianistation tarminiatignd act or

VII1 deficiency, sone fornms of congenital

hypothyroidisn1(due to thyrogl obulin synthesis

d@d %ﬂz‘a iSRRG, MYSEIEHA, e%ﬁtskﬁﬁﬂ @M@)thekiby requires
ch franmeshifting del etions, ~ duplications and st

rrmhataldammstmatlbn ofnludikedatlys th(mmlpleutlga'ﬂagms t{yplcally, but not

vere gressjyve nuscl e degradati o
: imitad tg, 4X€‘t1‘i3 SomprisIng o BHENERE eI W %&Eﬁwa‘l 20 nucleotides. In

3%gx}>fel?&9’gd emd(ﬁ{r%(ﬁrﬂ AORGSIY-b5 'f&l&%{o%tes'a?r'g gﬁngR%Céer these

I cations sane gene cause

Begdletuldl 3¢t leakicdtstprodhise 4Bl Bhiecthpadl bloee efettively. The set of
Ilfe expectancy between 35-40 y to normal. In the
b dnviesriom gllowgpnoredilexibiiiy, int the qmbég@ﬂ@nﬁ ‘ﬂ\%ﬁ’tl o atfective and

abl es exon skipping.to e end an XIS
dont: P TRprl BaPikab SRl EtiSdatth e ps fyp important
d g6 A 100 v At 286 of HdYe FHhAGE6R re S6OTHE &% IT2AUNTIBEhhPit restores
restore the reading franme and generate an
(at least some of) the activity of the endogenous gene, which still possesses
most or all of its gene-regulatory circuitry, thus ensuring proper expression
levels and the synthesis of tissue-specific isoforms.
This aspect of the invention can in principle be applied to any genetic disease

or genetic predisposition to disease, in which targeted skipping of specific



internally slightly shortened, but still functional
protein. Based on the nuch mlder clinical synptons

wo@booBNB31pRti ents with the equival ent of this |PCUERIHOT/054842
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del etion, the disease in the DVD patients would have a
much m | der course 25 after AONit herapy. Consi dering
the many clinical uses of sets gf the invention, a
nmet hod of the invention preferably further conprises
p I » . .
criut htetA e Fhn R Baal RIng o oyt fhiggo boen disrupted
oby ahoabigindlymartatibhoThxf appiecativneistparbicularly useful when
preferred enbodi nent said _set . conprises at | east ?ﬁr&‘f
ly or partly

AbNnsiation pban 1gpernallyslightly shorbereeraliere dprabernis

R PR BKb IS5 R 35% ORI S A Bk S bo of
PEHé B3 A6I¢ATdS 42e: prédishositiureiesdced dasp acitadfonsihSumor
enbodi nent said set of at |east two AON of table 1

aRUpDressehienes, ednthpseinvebyedn bragsh2arme, colagaanser, tuberous
AT T ABRO B SS ShoNY POTATACKE D v A SRe g activity would

h4 36008 8RE R BEI0N 42NN GG B4 3661 hit MAPAGDHs and thus
and h45A0N4, h45AON1 and h45A , h45A0ON1 and h45A0N9,

hasabipratedt hgsAEk3HmvstgRONR1sa Adiohdery e ried eathliareht involves
Sl e AT TS g s
A BRI, o S o s o

anon Fett AINRZh ot h4£oAMINDn dhak totEANZRDb utkbNBesmitbficiency) and
h46AON26, h46A0N9 _and h46A0ON21, h46A0N9 and h4§;,’-\()\l22, ]
hdasbrong Musad Aol traphe ABMY) sy wihaen brapue st g fpletions,

P ATRERERORD 3R, 0 AP HE R Tl Gl srge cause severe,
h? si¥80n 14l AR ra AT AOBVED 6k ﬂ%imgggﬂﬁal AN olescence or
and h47A0ON6, h47A0N4 and h47A0ON5, h47Al and

h2zseNs] ulpagaonhiismdon-feranshifting Aeketicnsdomhdrgaldpedions in the same

A 0 A L R S B
h43 00N Rk pRASA NG e tE8AT01@H 0 ERAPNE tHASABVEIABAL as
h48AON9, h48AON6 and h48AON10, h48AON7 and 20

h4@piRa  to TAVIADNhe prdsdiE AAGNE tian dnablésasa@Ngkippihg to extend an
h57A0N3. . I.n a preferred enhodi nen ai,d set of at .. .
et QSRR plsr ehe TARGAPradusk 2F on  uplication) by as

RIS R MR e o

h4bvaohallgndightly 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. Considering the many clinical uses of sets of the invention,
a method of the invention preferably further comprises providing said set to a
hurhan cell. In one embodiment, the invention provides a set of AON
obtainable by a method of the invention. In a preferred embodiment said set
comprises at least one AON of table 1 or table 2. In a preferred embodiment

the invention provides a set comprising at least AON of table 1 and/or table 2.



h45A0N4, h45A0ON3 and h45A0N4, h45A0ON3 and h45A0N5,
h45A0ON3 and 25 h45A0N9, h45A0N4 and h45A0N5, h45A0NS

wapa7h3EMON9, h46A0N9 and h46AO0N21, h47AO0ONL1 aPCIT/EP2007/054842
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h47A0ON3, h47AON1 and h47AON5, h47AON2 and h47AO0NS,
h47A0N2 and h47A0ON5, h47AON3 a h47A0N4, h47AON3 and
h47AONS5, h47AON3 and h47A0N6, h47AON4 and h47AO0ON5,
h47A0ON5 and h47A0N6, h48AON1 and h48AON4, h48AON1 and

hfﬁsﬁ%fe&é@% tmhlsséhbém sd18 L8N 2 8 eh B 2HOABN of table 1
7A and h I'n a WD 2007/ 135105

Paid/eiP2able/ 2 Ed;&@ilseé h2p0Nil (aﬂ(th&Onyia fre¢3AAN1 and h43A0N2,

SRazaPNhend it mda0fiand BlartNRadsthbummg pasaons,
PdaRenetin RSO naBA S AEh DAARE RaBAONY and ha3AONS,

hh2HQNN Bragh dHEZRADN4, BAUSAON 12 R4SAOND, Ht 53NN h45A0N9,
and_h45A0N9, h47AONL and h47AO|\|3 h47AONIL and h47AONS

hhARERN2 Aa drhsoddd3, ha and WAoA(ONS, hHAALING aadch45A0NS,

i dASKIa pl A PR A hﬁ%\ﬁ% s ARG e ng pesaON,

hﬁlé\mzx BadAQYA GRS, haBAORS anﬁh%mq@wummmma@a h46A0ONS,

further provides an AON of tabie 2. Preferably, said
18488004 andh 4620 N20n B3BANIN4 MAG@ONMAMGAONG and

“ﬁé@%ﬁ#ﬁ@%fﬂ ng, PAEAT N R GGNE T b Anaa nasaons

amemﬁmg%&émﬁé Shi A ORR3, h& DNGaklHBAON22,

Pection and or a genetic di sease’ /or genetic
ph&GAQNQ iatiddid 6 A0 MN26, hAﬁQQNﬂZ anﬂt}elfGA(gN@ALs b6 ADNENand

? babAONZs o GRONT rd paa S a1 ARl ad FrgAORS, £4740N2 and
ERAF AN h 7 A0ND i A I 7ARAR5 hAPAONS R HMABNA47AONS and
o1 an

sads i's us for r'eat nen

l MVAUN@' hSTAONI agd h1gmGN6 URDTAON4 shd kst 7TADNG6! heNAONS and
and or a gfnetl c di sease and/or genetic

phddAEINEI h4BAONT and hdBONdh48AON T and IS AQING: h4SAONT and

rhaB TS, P RIERRT AENE nBYRONE MG AR TY, hasaONz and

EXABACV] @] FASWONY L4 ha8ACIN4 R4 8AON4 %h¢ HABA N6 Th48AONG and
cell conprises a first AON that can hybridise to an

ebdBAQINE/ WA@NQ and hdSADNIo0h48AQNGand deidh A0 h48AONT and

AR e SR RPN AT AT, 1o
preferred embodiment said set of at least two AON of table 1 and/or table 2
comprises h43AON1 and h43A0ON3, h45A0N1 and h45A0N4, h45A0N1 and
h45A0N5, h45A0N1 and h45A0N9, h45A0N2 and h45A0N3, h45A0N2 and
h45A0N4, h45A0N3 and h45A0N4, h45A0N3 and h45A0N5, h45A0N3 and
h45A0N9, h45A0N4 and h45A0N5, h45A0N5 and h45A0N9, h46AON9 and
h46AON21, h47AON1 and h47AON3, h47AON1 and h47AON5, h47AON2 and
h47AON3, h47AON2 and h47AONb5, h47AON3 and h47AON4, h47AON3 and
h47AON5, h47AON3 and h47AON6, h47AON4 and h47AON5, h47AON5 and
h47AONG6, h48AON1 and h48AON4, h48AON1 and h48AON8, h48AON3 and
h48AON4, h57A0N1 and h57A0N3, h57AON2 and h57A0ON3. In a



12 Exanples Results and Di scussi on Doubl e- targeting
W thin one exon 5 W hypot hesi zed that by targeting

woroviipdies ESEs wi t hi n one exon, skipping effiBPCERR1085054842

10

15

20

25

m ght be increased for exons that could not be skipped

at high |Ievels using individu AONs. The rel ative

| ocations of the AONs to putati ESEs (as predicted

by ESEfinder) are depicted for each of these exons in

Fi r f

Fpdy tll%%i? yéﬁxéa\)f%rggﬂ (egi(l())(;ncﬁxzﬁf%q g,?di %teoftﬁ Qséti]fbgoa ﬁ\@N%f table 1

c antlfoeltableo? ubmp@udes MLESX(D\H leahd detbAO MU h48AONT and h45A0NS,
onbi nati ons of thes significant |evels of exon

A RAZADNY aag W&@N% @&M(HE A0 RARAORS, ddo&ONA@nd h45A0NY,

B APy B AN, Ha DN g S RN RSN AR hasa0Ns,

NBE5AD N eldaes A0 NSRS 7TAIGIN T %&M‘M@Nip M4ATAOMRIdR] h47AONS,
those that do overlap were ineffective uppl enent ar

TAYTAOLY2 agidii4 GAON 3 e ADXISR a3l hHEA QBN ihddi@N3emd K47A0N4,

P A0} gReMAOKE, AR AR AR m 2 R oRl, Wﬁ{ﬁﬁgﬁ@ h47AONS,

t RAT ADW5 BHURLT AORKE | BT XAONISIN & hETA IS, Hmﬁémz hAd h57AONS.
t hese exons. 20 For DBoth exon 2 and exon 45 onl

s [Thgl reA@N mapnocuciusther prborodes droAQNwétgbled. R—ne&rrably, said

AR abler? 1 BeRON LGN RN G AN 4. bpaON11 or

be xi d by conbining the effective h45A0NS with
iﬁlg??‘ggﬁ?'ve AONs, as well as by conbining two

| rich oneluspdcy the irtdeitén hertAeNpréedes ahderioNdoante treatment of an
Thus for this exon. 25 two

h45A0N9) ( Fi
eﬂlﬁ@é’ﬂdw %é%mlw om RdM§nareayarys wfestiomandora genetic disease

Igllg/oar r%éngg r}?ﬂeﬁ {H’?Iﬁ rcoxer@ Bglaltzlzﬂ]i?lgstiegl{i{(’g %%gt of AON of the

CI en

t heverftidie 64 byid 1&&%311’“’11‘% irﬁ’%nltibﬁfﬁu@ﬁiérVﬂobMpharmaceutlcal
abol i shed exon 2 ski ppi ng é@a\? 1E). This
B

i somppbsiténceompsising a sk ef mordmgntmthmm\f@mm Preferably
h2AON1L with Al whi ch,oyerl.aps S an_h2A
argens dped Tn B oPneRs P BB RaER sl B B tumor, &
“Q‘ijﬁ{saitn?edtﬁﬂﬁéﬁd Of aSkd i Wised¥ add16S B £HIE ?récﬁ@posmon
ski ppi ng WO 2007/ 135105 PCT/ EP2007/ 054842 l evel s
c ®rkferably, baid setrisased foy thes tregtmenbiofi BichesneMaAGNdar Dystrophy
nﬁjmemsnt ary Table 1). In these exons three or even

BEs may be present. Therefore,

The invention also provides a cell that produces an exon contairiing
precursor of an mRNA, wherein said cell comprises a first AON that can
hybridise to an exon internal part of said exon, and a second AON that can

hybridise to another exon internal part of said exon.



we targeted exon 48 with a conbination of 3 different
AONs, which still did not inprove skipping |evels.

wabwg/133105 seens nore likely that the splicing PET/EP1087/654842

10

15

20

25

30

exon is largely independent of ESE sites. This is
supported by the fact that the 1%pl ice sites predicted
are perfect (3 splice site) or~hear perfect (5
splice site) and that only a few ESEs are predicted
f 48. Finally, we used conbinations of exon 46
s%%"cﬁ?’?@e%o\s some of which were already very
efficient individually. We ained to increase skipping
levels to 10 (near) 100% However, none of the
HatanshBiseyssionyr t her i nproved ski pping | evel s

c&esn

] .Sy 4 eting (Supplenmentary Tabl e
W%@%{@?P‘%@P%%@éﬂ%g éjg‘frgcki ng one ESE site is
SWé hgpethesizedoghalt WybtalrBetiag mi€ltiple BB E < withiafonehds®n, skipping

exon. It is possible that the ESE sites of this exon .
aefficiegienaeight ba inereased fer exans thiagiconld petok skippedeat high

b 0B AT A el 0 o v
e d YRR A Y EgEﬁﬂd?,f) dleadedibR dabP ehclESEt 8 do&kons in Fig.

are no | onger avaril abl e or SR protein binding.
| Aderestingly, once nore (partly) overl apping

O DB e o RSB St P g5
i2n v {;n Wb e E?ltlﬁ%l sy9hBe r%@ﬁr@r@i oatdd WAt Hif] erte\rl\lg

ective. Tt 'was“expected that conbinations o
i eefnbénitives obtlessk PP NsgsibiEcamitbdelalocfexbr 47 and 57 skipping
ineffective, since they ejither_haoth t%{:?g

¢ Gnpld bharhiesel sedeterm stk vit RO C Remnais dFigs 4BC

gAY 57 SRR FEE 50 0 T8y coppymations o on

rons*o

f ioﬂ@flﬁﬁgﬂ’?gSAwNé(ﬁﬁﬁI@d-exbh dkSp Pioss Wik tHieveuat dolbkatlap were
t hese 5 AONs conpete with each other, and force one

anoefiertiveo(Swmpdementam Takletlar Gunilarlinfurayon §hthe combination of

/A RsipBt BeaF vt e AN Ard Dot inflybEgxon skipping. This
PIRE S¥ER oW Hypoitddis that 86 mbtRially 3@1is36d WSE Eifed Bfe present in

splice sites, "and thus enhance exon inclusion rather
t thase exars. ski ppi ng. 30 WO 2007/ 135105

FF: ﬁﬁg%gﬁé& @§éé' 4@2@1&? %ﬁggﬁgﬁéﬁiﬁ@%\lﬁngggd low levels

CHPSKATSR B SR SHPTRING,Bseg 68, Congdeaty e

210veteoligkomMB, skipping could be induced by combining the effective
h45A0N5 with ineffective AONs, as well as by combining two individually
ineffective AONSs (e.g. h45A0N3 and h45A0N9) (Fig. 1D). Thus for this exon

two effective ESEs are likely to be present as well. In contrast, combinations of

AONs did not increase skipping efficiencies for exon 2. In fact, combining the
effective h2AON1 with the ineffective h2AON2 abolished exon 2 skipping (Fig.
1E). This interference was not observed for a combination of h2AON1 with
h2AON3 (which overlaps less than h2AONZ2). For exons 43 and 48, effective
AONs induced only moderate levels of skipping. For these exons the skipping



5 phosphor ot hi oat e backbones and 5' fluorescein |abels
and were manufactured by Eurogentec (Belgiunm. (RT-)

w@aR7psilners were chosen in exons flanking theCEEPPPBAS4842
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exons (Eurogentec, Bel gium sequences avail abl e upon
request). Tissue culturing, trapsfection and RT-PCR
anal ysis 10 Control and DVMD pattent-derived nyotube
cultures were obtained as described previously (9,

28vels Qél%lgt}ﬁ)écgféqg]l ?Aﬂé@ﬁ' éﬁﬁg%hﬁﬁg%gon%ﬂbf‘?\ﬁﬁgt gﬁlementary

Wer e east each

| fl‘ablé 1eipdaheseskens mleywlmwbﬁrmmmESEEEhay b @aes&) Therefore,
MBI Fernmentas) was used according to

nieuipageidesxon 4hutivhiacparhinatipnief 3 dlﬁexaersﬂ APNezwhyeh still did not

d
| 2P oBPREREI IO e, SR Be e O P o i
‘i)@ﬁ@ﬁ RldrgBly ﬁfdepﬁ]t}?eﬂ‘(%ieESEsélﬁﬂ; TR Qifpvrtdd/by 3Ré €act that the

Separ at e ons of AON- PEI conpl exes were
pephea eJdie$ prediateld aveperfech (8t spdicemite) of nieai datieet (Asplice site)

r ver, 8 d t f I
Peﬁ Batbrfy SR SES ARAPTELCTEL PR ESGRAP: 48 hours.
per ?‘Slﬂl rRP%:84 tcbﬂﬂnﬂ&ﬁoﬂ_ o@&darpEG %?é’élﬁ% IAOMN@Ssome of which were

ormed as descri bed previously Successf ul
t nhreatlgotery rifitientoidinduallys Wenimeded ihgreRSe Bkipping levels to

anaIyS|s imers in_,  the e ons fl ank
Oée«fi'ngerpeﬂne chihe e Brion s i Bathorimprayed

P BT B RN T 1,

PCHi&ERZDOA{c2%h34 Blocking® ofie ESE siteliszufficiéhd 170 ﬁex@uﬂ) ohé\correct
aaoaoa.1l171.90) (00 ,FF- nOO(0OY O(CM to

c 6pligingfithisexony I 1@9%331@9)‘0 t b HPE witgs of thisexoy aye

N O M
ctppiddes g Ehctofhd o thl My Mogkind té, ol oy Ry iBs e Bre
V'mﬁ&n(aftea/' Apcerng'tl%lg tl(é%éd%n\iaﬁyogkor\%t@e'(\)ﬂ»fg@g Iﬁe\énRN}Qmay be
O):henged upoWADN Iondin®sothaiGhe Ggher\WSE @)tes)arce n@)long@ available
%h“ N N N.-TNr NN O) NONf mM(D O~ NCQCO
NMIFRONPIAE. h co NO SOO V NO) V ONN

E:I'Igf% %‘l’#{\%, :élnge My &rs (Nt P éhppill RonfBibh ok MppbaPdd to
negatively interfere with the individual exon skipping capacities, irrespective
of whether the single AONs were effective or ineffective. It was expected that
combinations of two ineffective, overlapping AONs would also be ineffective,
since théy either both target no functional ESE site or both target the same of
two (or more) mutually exclusive ESE sites. For combinations of overlapping,
effective AONS this finding was unexpected. It is possible, however, that these
AONSs compete with each other, and force one another to detach from the
target transcript in a dynamic process, thereby making the target site
available again for SR proteins. Upon binding SR proteins will recruit other
splicing factors to the splice sites, and thus enhance exon inclusion rather than

exon skipping.
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wo2rBmMO MNOAQ LN dYO ee}} M2 O CPGT/EPRLOV7/054842
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r AJPA sNusggé) foy q({} ,I:ﬁ%)bh{l t‘ggeung gjfperqmgnt,s We}’e psepnéuqu described

seg;sggﬁlggn &thﬁg Taol* Kers iy} md)hﬁﬁo%tﬁr{\'z }ne[ghyl RNA,
Npﬂiobb]&bﬂldthida'fe bycla)drﬂasla\ridﬁlm ﬂ@reﬁcéﬂnﬂ!ab@ls&ﬂd \'&er(Smanufactured

~+ 7 7 7. mU Ul U oOf)
| by@wgant@ ﬁBeiglwnB [®To RO Frrl{lwr@“@re @bﬁ@t}n iy e{ton&*ﬂankmg

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

Tissue culturing, transfection and RT-PCR analysis

Control and DMD patient-derived myotube cultures were obtained as
described previously (9, 22). For the exon skipping experiments, transfections
were performed at least twice with 200 nM of each AON. In all experiments
polyethylenimine (PEI, ExGen 500, MBI Fermentas) was used according to the
manufacturer's instructions, with 2 to 3,5 pl PEI per pg AON. Depending on
the number of effective AONs available for each of the targeted exons, different
combinations of AONs were tested (Supplementary Table 1). Separate
solutions of AON-PEI complexes were prepared for each AON. Transfection
efficiencies were generally over 80% based on the presence of nuclear
fluorescent signals. RNA was isolated 24-48 hours after transfection and RT-
PCR analysis was performed as described previously (14). Successful
transfection of each AON was confirmed by RT-PCR analysis with primers in
the exons flanking the targeted exon(s). PCR fragments were isolated from the

agarose gel and sequencing analysis was performed as described previously
(10).
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Fig?lpre 1. Double targeting. (A). Relative locations of AONs and putative ESE
sites within exons 2, 43, 45-48 and 57. Exons and AONs are drawn to scale as
lines for each exon. Putative binding sites of SF2/ASF, SC35, SRp40 and
SRp55 as predicted by ESEfinder are depicted as boxes at their respective
locations. (B-E). Some examples of RT-PCR analysis after double targeting
experiments. (BC). For exons 47 and 57 none of the available AONs
reproducibly induced exon skipping. Using combinations of these AONSs,
however, exon 47 and 57 skipping was reproducibly induced at significant
levels. For exon 57 combinations containing h57AON3 were most efficient,
while for exon 47 all non-overlapping combinations induced comparable levels
of exon 47 skipping. In some cases an additional band could be observed in the
exon 47 PCR, which was slightly shorter than the wild type product. This band
was not reproducible, was observed both in treated and non-treated samples,
and appeared to be an a-specific PRC product containing DMD exons 72-74.
(D). For exon 45 only one of the available AONs reproducibly induced skipping,
albeit at low levels (h45A0NS5). Very low levels of exon skipping were
occasionally observed for h45A0N1 and h45A0N4, but this was not
reproducible. Exon 45 skipping could be achieved at much higher levels using
combinations of AONs. The highest levels of exon 45 skipping were observed
for combinations of h45A0ON5 and h45A0N1 or h45A0N3 and for h45A0N1
and h45A0N09. In contrast, a mixture of the overlapping h45A0ON2 and
h45A0N9 was ineffective. (E). For exon 2 only overlapping AONs were
available. When the effective h2AON1 was combined with the ineffective,
overlapping h2AONZ2, no skipping could be induced. This effect was not seen
when h2A0N1 was combined with the ineffective, less overlapping h2AONS3.
The sequence of the mentioned AON is given in article Aartsma-Rus A, et al.
(2005). Functional analysis of 114 exon-internal AONs for targeted DMD exon
skipping: indication for steric hindrance of SR protein binding sites.

Oligonucleotides 15: 284-297.
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NT is non transfected, -RT is negative control, M is 100 bp size marker.
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determ ni ng whether the efficiency can be increased

with which an exon is exclu@bdnfsoma mature NMRNA in a

cell that produces an exon containing precursor of

sai d nRNA said nethod conpri si ng 5 providing said cell

1WI th a K%?é%@fo&'d%%%ilﬁhﬁ i n ? (Bflé gﬁiﬁ%@ﬂl}) dﬁrb% increased

can hybri 0 an exon | par t

watld wigéle hitl dXonds Whelided fremi dnefthire neRNA irsa icoll thas @ﬁbduces
upon providing said cell with_a second AON that can
apmegondiontaineng poediasoetbsridFaBMNAI part of said exon.

2. A nethad according to claiml, wherein a

hybri di g &§ ({(éoxggngg}gj 10 first AON and a

hybri di ﬁﬁéx}laﬁl%%aha el vsﬁhda ﬁﬁé%oel}%é%@éﬂg&iﬁclé&%&e (AON) that
than 5 "nucl eotides overlap. 3. A nethod accordin

cmh diybridisr technienn 1ntmﬂabpar1aofrgmd iedpBaand dete;'mmnmg Whether
d first AON on of sai exon
FEienY iR SR ASSH PRPR FroBHR SBid (el s Secqnd AQN that

& $5Ese, i0aflornthe TRb RO ARG DE éaedae%none of

erein a sation site of said
Zsecon_d A@iedﬁbd?ﬁbko@ﬂu@anocblemri oxdeareapa hybritisakicn eite of said

S ADRL Sor Pt afr Lo LA S et s
n'ug?e%ttiélte\é‘%viaﬂ‘agpe”dem ESE sites. 20 6. A nethod

cor ny one of clains 1-5, further conprising

3i ncl udi !Agm%@hé’d hedozllirneh daid 1secaninAWhdretn adiytaidisation
AON when provision of said cell with said second AON
s1tnaf@agb§rsmé0é? pnBNAoS said pxempeerlaps 8 ragdicted exonic splicing

é#‘g%ﬁmf%nfgglﬁga t ur eRﬂIA in a cell that produces
4, A method according to any one of claims 1-3, wherein a
hybridisation site of said second AON on RNA of said exon overlaps a
predicted ESE site on said exon RNA.
5. A method according to any one of claims 1-4, wherein said exon
comprises at least two independent ESE sites.
6. A method according to any one of claims 1-5, further comprising
including said first and said second AON in a set of AON when provision of
said cell with said second AON increases the efficiency with which said exon is
excluded from said mature mRNA in a cell that produces a precursor of said
mRNA.
7. A method according to claim 6, further comprising providing said set
to a human cell.

8. A set of AON obtainable by a method according to claim 6 or claim 7.



25 7. A nethod according to claim®6, further
conprising providing said set to a human cell. 8. A
W@ ed070351%0N obt ai nabl e by a met hod accordi ng tBCT/ERIONT/@54842
or claim?7. WD 2007/135105 PCT/ EP2007/054842 30 9. A
set of AON according to claim 8‘3 conprising at | east
one AON of table 1 or table 2. QlO. An AON of table 2.
11. A cell that produces an exon containi ng precursor
of an nMRNA, [ i; : 'ﬁﬁﬁ ' AN
tﬁat can yst?r iog??eﬁtdgcg%ﬁg%gﬁqaﬁ?g% p%i?ltgf%tp%ggl d AON of
etable lasrdtabls@cond AON that can hybridi se to another
e>1<8n intgr nal f said exon.

n AO 3{ ttab e 2.
11. A cell that produces an exon containing precursor of an mRNA,
5 wherein said cell comprises a first AON that can hybridise to an exon internal
part of said exon, and a second AON that can hybridise to another exon

internal part of said exon.



