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drahschiption machinery generates a pre-mRNA which contams 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.



i nvention provides a nethod for generating an
ol i gonucl eoti de conprising determning, froma

w@ proatissed) secondary structure of RNA from aPCENDEN04/800196
region that assunes a struczure that is hybridised to
anot her part of said RNA (closed structure) and a
region that is not hybridised in said structure (open
structure), and subsequently generating an
ol i gonucl ide, which at.least in_.part i .
com! ererfiaty Rssght frvaPgioniterpsapgioe st pechroFided for the
| Ra$dn bhap¥dpriste c%ﬁfﬂlbﬁfé%@%ﬁr it i HAiBRE Mo this end the
structure.” RNA nol ecul es exhi"bit”strong secondary
shvention ggovides tal methed far grameatiacramgligdnucleotide comprising

WORrRERg: o kRpe ipled) B8eArsgy SRFuBe ef KN degme an oxon, a

: . I e ; . .
S e Db 1SR MASHBGEL Bt v
telosed ettchate) tahel & e6giotahnt 3¢ Hot hybededtinesdRAtr@fture (open

an exon plays a role 1 n structuring the splicing

ptoesyze), TR cwmpisequently generating anwligoonclestides wgrich ati least in

. t _that t i ded i he . NA, . )
AR Compl g RET P ™ Sltoed BieEtetad PakieR e dgasgn part is
VA 1bMenbSiOb salBph stfufFp! RRBOERdcules exhibit strong
ol i gonucl eoti de of the invention Is capable of

isacendanyi stguetivrres, trhestidy duettortmsefpaitia ged comgpiemeneagbyr partly
g%gﬁﬁl@g@%#yﬂ%&gf : Is%@hm ’E}Igﬁq%ellﬁﬁ j{ﬁgﬂkﬁ,nﬁgg olr?gnsifllcg rll)glen thought
GRIP AR Yin Yhl GPRA ?ftd das i%x ndg ?Q{lﬁtg&g b $Fe RAA. Without

C
capacity, SOne nore e#% cient ‘than o

@eiixgp boahé blyi thesrnfit ihbehiswentlizdtheise€onddi9setrnkihe fi€¢he RNA
said overlap directed toward open_and cl osed )
of pacerangalayn apipde pasinpstensg thaaplicimearocesd. Sdrough its

f i ossi bl e oligonycl eotides. ,The ,sel ect.i o ;
ST B ROSGsRh eBH M bhThios 0B F BEahBliytod in the
IARBIA M Ereth thistdl g8 A d A HRIOR 1etdhed to alVdh&%n inclusion
bei ng bound by theory it is thought that the overlap

wigrialad copeplememtary aligonugeatids of the inveasioanis capable of
efficiency.gf the oligonucleotide (j,e. increases .the .
SFHrEEReY it the ek YR e oH eI LR abY CaRaB e ntertering
theh $he Weby E]Eélusmeéigﬂal of {fe &4 .?ﬁﬁa%&@n&'@&n& ltﬁ?? fhany
structure subsequentTy 1ncreases the efficiency o
icotnpdémentuyyvalidonivetecdilesriddedd sdmpeise tBioéapdtetyRNAmef more

t%gq,exo , and thereby interfere wth the exon ) )
eHeqeRt tha peheas. Oligopyclegtidas phthe inventiongdse. dhoserwith the said

. 4 ;0 6. 3 .partial .
St R Povind Dhn it nntuRRs hEthg pptive exon RNA,
a6 uaeléctionsiropt all oksdIEbNgd Rl tsdRd ThbsdlédMon encompasses
observed high efficiencies with oligonucleotides wth
vhgpantleotideythat esn eficianile mtarfery with eintdrem inclusion signal.
%ftﬂ%&%‘ {)gfng-@o%r{de f))rrn theory it is thought that the overlap with an open
structure improves the invasion efficiency of the oligonucleotide (i.e. increases
the efficiency with which the oligonucleotide can enter the structure), whereas
the overlap with the closed structure subsequently increases the efficiency of

interfering with the secondary structure of the RNA of the exon, and thereby

interfere with the exon inclusion signal. It is found that the length of the



conplenentarity is used herein to refer to a stretch
of nucleic acids that can hybridise to another
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conditions. It is thus not3 absolutely required that
all the bases in the region of conplenentarity are
capabl e of pairing with bases in the opposing strand.
For instance, when designing the oligonucleotide one

may want to i ncorporat.e i.nst.anc resid hat.
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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.



3.1 server (Mathews et al 1999, J. M. Biol. 288:
911-940). A person skilled in the art will be able to
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structure of the exon, giwven the nucl eotide sequence.
Best predictions are obtai ned when providing such
nodel 1 i ng prograns with both the exon and fl anki ng
intron sequences. It is typically not necessary to
del the structure of the entire e- nMRNA. The open
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fr t he nRNA. The presence of a new exon, contai ning

%ﬁﬁﬁof the targeted exon, in the nRNA does not alter

the fact that the targeted exon, as such, is excl uded.

The inclusion of a neo-exon can be seen as a side
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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.

One is that the neo-exon is functional in the restoration of the reading frame,

whereas in the other case the reading frame is not restored. When selecting



NMRNA several different nRNA's may be produced. The
different nRNA's all included exonic sequences, as
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fluidity of the nmRNA content necessitates a definition
of the termexon in the present invention. An exon
according to the invention is a sequence present in
both the pre-nRNA and nRNA produced t hereof, wherein
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generating an additional splice acceptor and/or "splice
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ofte ferred t ,cryptic, splice pt or / dopor
§%-&aﬂﬁé demingph n@ﬁ%ﬁ areprefeered, {EsmENARDRGPAkSs Wayt least

e R e T

durmabhdehreinb e ficlvmeptiions id patitadafubeDaR¥Piati®e splicing to an
flanked by a cryptic and a "nornal" splice

gBHeR G ot Berysapeiiant profeimproduaia are prodceskrom MR NA
NS IR NI PRI TR .
ORI ARIEP bPFethePirhiedehn be seen as pre-mRNA for any spliced product
derived from it. As alternative splicing may vary in different cell types the
exons are defined as exons in the context of the splicing conditions used in that
system. As a hypothetical example; an mRNA in a muscle cell may contain an
exon that as absent in an mRNA produced from the same pre-mRNA in a
nerve cell. Similarly, mRNA in a cancer cell may contain an exon not present

in mRNA produced from the same mRNA in a normal cell.



its place, is still present in the pre-nRNA, it is
possi bl e to enhance the production of nRNA contai ni ng
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recognition signal of the neo-exon. This interference
can be both in the part of the neo-exon correspondi ng
to the pal eo-exon, or the additional part of such
neo- exons. This type of exon skipping can be seen as
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(BMD) are both caused by nutations in the DVMD gene,

that is located on the X chronpsone and codes for
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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, 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 (CAPNS3). The

invention is further delineated by means of examples drawn from the



(DEC), which anpbngst others maintains the nenbrane

stability of nmuscle fibers (9, 10). Frame-shifting
wordoansams i n the DVD gene result in dystrophiPCT/NL2004/000196

deficiency in nuscle cells.7This is acconpani ed by

reduced |l evels of other DGC proteins and results in

the severe phenotype found in DVD patients (11, 12).
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TR ERIAE B Ve bHoStd, 89 @nically 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



transcription in order to spatially coordinate

transcription and pre-nmRNA splicing within the cell
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bi ndi ng of "the A to the targeted exonh per se is
puwbpedy entogrtised byshe epbaingkinpphingry €24h&R pyoteins are a highly
interfering with one or npre conpqnents of the
SPRFAVRE el ﬁ&sglam%vra}et ]@P]ilnﬂﬁi%?@s%@é Gsaapgted

r t ' .
BpHEhtbfor8ine iSoRbA 1o prsditada WBIBGE: (60051} MR proteins appear
b6 et eALS ianpdrdineby pirbd oebagsplize BeteSticpprdicnoand ispHeeosome
exons_2, 8, 9, 17, 19, 29, 40-46, 49-53, 55 or 59. )
ms@nbbéf&ﬁ'{ @@p@p}n%g@ﬁgﬂgy agregglatpyy rale, baqa}_usggq,hey@an determine
4 4 49+:52, .550r 59. |.n vet .anot heppenbodi nent th
Berpive SPLEE sitd dRaga it 48818 18t SRR T p e o be

48eruifed from fificleds i“s I ik_le"_s@; iPwhichtly 2@ co‘ﬂ%}éntrari];ed, to sites of

ol i gonucl eotide fulfilling the requirenents of the
itramseripdiomiy otderusepatiallyi codudimads transciippiomgand préranRNA
ene, .lL.n referred | rent an . .
PRgR bR the %eﬁwﬁ%&? 323 Joee e geiftaputptigns or AONs
) functienal:
fht lﬂgﬁckrkhﬁéﬁ g?(z%e%l{b%g vk heeh@Bhiado lr@éuﬂ 6{1;%}2%1 Wlﬂg (19, 22,

equil valent t nprising a simlar,
21e28)s &hgnd yhondnsahabA QN spedific for kn MBShikie sequence in exon 46,
necessarily in ampunt. Preferably an oligonucleqtide

Fenpers prgriguslyida de medwaps thesplicing pgtern ingapiuged myotubes
AT SgRREDAD Gy i s Bl g8 g o
PRt d I ek 96T WAS SleippBa O hildSravmlfldl SioR vedteRdd Sendihg frame
table 2, or an equi vaPent thereof. Preferably the

iamletitel imdugtioniof ely stopbin gynideistoln ateleast 75% of the cells. We have
recently shown that exon skipping can also efficiently be induced in human
control muscle cells for 15 different DMD exons using exon-internal AONs (23,
unpublished results). In contrast to the previous opinion that skipping can
only be achieved with weak splice sites or exons containing ERS-like

sequences, we have seen that of the exons that were skipped in the present

invention most do not have weak splice sites nor do they contain ERS-like



tabl e capabl e of inducing exon skipping as depicted in

table 2. The invention further provides an
wW®@bkiogosadas eot i de of table 2, conplenentary to BXDNE2@4/000196

40, 41, 42, 43, 44, 45, 4@, 48, 49, 50, 51, 53 or 55

of the human DMVD gene. Reading frane correction can be

achi eved by skipping one or two exons flanking a

del etion, by skipping in-frame exons contalnlng a

TRHECPEE, RSP BF r APt (i P BRbsEo P A s sutfcient
\[’g?/%'aﬁge? e%@sﬁﬁglﬁgt &tﬁgr by %terﬁrﬁkg W%h Bhe bEnds®! c%%k%onents of

mut at 1 on base [www. dnd. nl> (30)] learns
whe calicingmachineytordyealteringothe s@h@ldmgsstngcﬂmb af thaRNA in
(see Table 4) V% show t he act ual grapeutlc ef fect
e M@Meﬁﬁhﬁb h%ﬁphcwgfmw H?Wrﬂ? PRgersrecpgnizes the exon. In a

fe%p(%d BHIREmERE lchéﬁ@iggw%%ﬁ {&gﬁy@l{@@&gﬁ&&&%% 9,17, 19,

ures, Wwe were a ore
%ﬂb%ﬂ S19-53, 5ot 698N6rohrefeeablydexedd RS8, TNET, 40, 41, 42, 44, 46,

conpl ement ary ol i gonucl eoti de gener at ed thro
O o e e e OU0h B ioped

embrERasEHs 2 2o %%&%L‘l%ﬁk?’iﬁn‘léﬁ%@h%a B0 504P el o 5.

the conpl enmentary oligonucleotide generated through a

net hod of the invention is conplenentary to a
a‘hnsd@gnnunéeqiaiet fufillveg vxheneqlﬁrandnﬁé)oflﬂrd Boentien may be used to

dexon . Prefer t he_ol i gonucl eotide is
R APpDing 1 Ho DD e 58 SioHoIBg emizprgzan

angbﬁe&bﬁﬁg % héi}Sg‘%g")&{eﬁgl&éxon kﬁ&e& lﬂgf%zr en X;I/Oglessklpp ing in

dhblauz; Ioelelﬁmtﬁ)nrai&¢qhﬂraléleldthe®eoﬁmm@pﬁéﬂlgt #eimilar, preferably the
ol i gonuycl. eotl de. Preferably, the oligonuc|eotide

saper hdaddigagion C@@amwmmﬁymﬁ weawllyenyamoawePreferably an

i f th
UGS RaRh o B0 e LB £ Bop AR PR LSS i fom e
tRéns 2] 4@ony Gi?@?:' de, RVAuE ampubsss, 51, FbHE 55344tRR in exon
pr ovi di n 'ﬁht he RNA'with an additional property, for
e

skippang L he éemtiere thes ﬁmﬂbewpi'@aé%anw&ilgﬂmas]ebltlde of table 2, or
i ncreased stabilit

A iR MO PR the Htebtiqn i S adeta o izontictbotide of
g1 ap8HI dEhighkldd ¥rod SEWE éé’ Xe%ﬁ#:éd/ in 'tm%ezasl% invention

i ntracel lular transport, trIss icity,
fugher abdwidesmbd o‘lrg!hnfulclwtldemf tabl'ep? icodsplamentary to exons 2, 40,

- t hyl - phasphor ot hi oate_ol i gori bonucl eoti_de
éﬁd&@ﬁy‘l@ .4.%, 4§r Pty 5dap 3 orddi aithsthwnaad ) sere.
a 2' -0 nethyl - phosphor ot hi oat e
ol i godeoxyri bonucl eotide nodification. In one

Bebailigkaind e résti@nta®Be achieved by skipping one or two exons
flanking a deletion, by skipping in-frame exons containing a nonsense
mutation, or by skipping duplicated exons. This results in proteins similar to
those found in various BMD patients (2, 29). A survey of the Leiden DMD

mutation database [www.dmd.nl; (30)] learns that we can thus correct over

75% of DMD causing mutations (see Table 4). We show the actual therapeutic

effect of exon skipping for 7 different mutations. In all patient muscle cell



provi des a hybrid oligonucl eotide conprising an
ol i gonucl eoti de conprising a

wQ@2000088t4dyl - phosphor ot hi oat e PCT/NL2004/000196
ol i go(deoxy) ri bonucl eoti de1fodi ficati on and | ocked
nucl eic acid. This particular conbination conprises
better sequence specificity conpared to an equival ent
consi sting of |ocked nucleic acid, and conprises

I&I -%ﬁé%ﬂwgg{‘%ggb\f% % g(\;l\gj:fe)rnq] 39%@8 1% ggnq{tﬁesm in 75% to 80% of treated
o1& Met hyl - phosphor ot hi oat e

oI [ go(deoxy) ri bonucl eotide nodification. WO

2004/ 083446 PCT/ NL2004/ 000196 11 Wth the advent of

ei ¢ acid mmicking technology it has hecone
ﬂﬁmqsna legentgay @ilgt)@u%f)@émg@gemad thaoueh agpathog of the

q{l% n&? Ilé’ BM}& M@ﬁgh\?ﬁ{yl & c&t‘ ALE (}Ja?t .o?%eﬁ)een 13 and

cessart y Fn-anount as nuc Se a

@apﬂucleaﬂidy@bﬁmla ex0fl RINAC 0H 53Rt Ré56mPBafimeht thecomplementary

i nvention. Exanples of such mmcs é@: val ents are
p)élggvndelentndle@e@ea@ﬁed thlrouxb@ methasl of i imvantiooris gomplementary

ED:?D%%HEHI g;g %I&%Q ?’{}%I BUI T %t?de% of said exon RNA.

PreGIaUE) %ﬁb'o@i%%n%lebﬁﬁe iOUERADIe 8RS d s clifive part of

(Wahl estédt al . Potent™ and non-toxic antisense
dblet woem di3e nde]saotndas af saidgedoncRNA. RrefaiablypbetivcerPl d@nd 25

g?la"t@ha‘?@?fﬁgﬁ %al Aﬁa\i@ J?)ﬁ@qenﬁ@%%q 1] L& aflcg%m}ég@dlsed to
%gg%t% %Fﬁh o cle 931' nPk?fé‘f‘&lB]%zg tl&?k#%@géc%eé@g%%mpnses RNA,

é@tRNAMRNA hgrmas fallés'eﬁf stiie | Sigrco vak @f@h@@mﬂls o$ltﬁ@ Rk
Bi ophys Acta 1489, 159-66._ (1999). Braasch,

shimynepechnigyeds tadivest Apkiciagdnsabiecte 1hwwf@radutbat the

Bl Eh B Gl SR hHiass ™ pdgEs LR tho RA with an
adigsnaldroferiy @ HRtANd SRNTEned tcg&@a’éﬁuclé’@s%'sgihd RNaseH,
preparation, and properties. Antisense Nucleic Acid

Bddafioed l?ybrl@lEa’%(l Bo&Ngth, Mdreastsl debildgnfanmsbancmirea bodily
S ST SR S Bty R L4
Hiﬁl‘i’%@éﬂﬁ’ﬁr thfn Qﬁ(%)c?rgrﬁ%sq{e ?% i q?'oc Z%a%% %ﬂi %Hlﬂ%ﬁﬂOl‘l

conpri ses nuclelcac el c acl

dosyplrings aaZ’m)gﬁeirhsﬂqﬂ@ephafdthidatw odigdribeducledtidexhedification.
and therefore shows a higher efficiency of exon

Sepfopnhly soid mediisationcorinydsesia 2he-matlertphpsphorothioate
élﬁ%b&@d}iﬁéﬂ%%l&%d&; x%tog}ﬁc %Vtrhe gng))%g\r’]mrﬁﬁ%ﬁmesrﬁ {h&%nvention

plitce acce

PlroEidBY &l Iegridl 611@611{1&180111&8! eonipPTin® hnMHbovdlcRidtide comprising a
t her eof course be

2’-0- methyl pﬁosphm rothioate 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.



conbined with other nethods for interfering with the
structure of an NMRNA. It is for instance possible to

WO paki8Ba4é n a net hod at | east one ot her ol i gonPCT/&D2G0¢/€00196
that is conplenentary to atll| east one other exon in
the pre-nRNA. This can be wused to prevent inclusion
of two or nore exons of a pre-nRNA in nRNA produced
fromthis pre-nRNA. In a preferred errbodl rrent said at

t ,one. WD 2 04/ 83446 PCT/.NL2004/ 00
PR Tl Tclsiy said mORICPEg e BRolRY df éﬁ@ﬁﬁ@me possible to

ggnammfe mgféa%&% ﬁiﬂat ROy eﬁnﬂaﬁ%g&asiy Elinséxﬂ\é qp?fb'rﬂﬁsatlon

art of t I nvention Is rre

d:hubh@eﬁfstlmsl lih kind aiot Siecggsanidy ih ani@sit £a8asleic acid itself. Such
doubl e-exon skipping results in_the exclusion_of on
teﬁéu‘fa,%en Sa?@%@fe‘?j)v(l’é@) afoeaziitod the inwsadren fh¥rmples of such mimics

Oy e R CRR R Sl E aRL b D porsotin

%Qio@pﬁéfﬂﬁﬁaixﬁd:iﬁd Sutla B noWaiRi iRl eRAAGABS of Sqiikalents of
produced nRNA even when ot her exons (intervening

okigna)clpetidep o€ the inventiucean bgifound Thi(Wahlestedt, C. et al. Potent
mul.ti-ski ppi was naot abl ao,for the i nat i .of .
AP B A 5 D PP PR P SE oY B ECL S REI acids. Proc
g1 ARLHISQUS ISR S6RaLS8. %Qﬁbﬂilgig]é’d OREN. & Co oFey; D.R.

ol i gonucl eoti de for exon 1 was to a
tArisationi ofgP NAca:b/D Nk pdigoftech ta chemou]meﬂa@@u [Ilﬂd Op’ln Investig

g e [ y(G0DRe Lstmae M, BPntine - o SurlRn, Poi pheisense
LGRS AlpdEIERLLANEA obl SRSk SR €93, 095858U5 .66, 1999),

I'ClIn ner t'o cbnnect

BranschD &D.‘K 5%1*39, BaRhNWa%[ntlsdﬂ%etdiﬂ Péa@dhucleic acid
invention it has found possible to specifically

ptuntegies e contiep B gensd e@l@@smne&mm@tﬂyn@l e%ﬁ?sl%y(ZOOZ)

SRR gt 6 885, I MEEhAR o iorriR Tist o foems

%@M‘%ﬁnﬁ %@b&ﬂ&u@y bAﬁﬁééié&QNh@le?é Al:ﬂamug \Ebve'?( Of¥$7-95(1997).

In a pre- MRNA encoded by a gene, said conpound
thripridsbetyream dvast mowve gfdhe squiver ents ambngseachamther and/or

EOARIbET Fve PGS aEH e tteaiva elso disbob un Euraptiag. aln a
&éﬁh’ég erﬁ%‘oauﬂénlc ﬁﬂ M&ieﬁ%&%}ﬁ 11%EQ 13&%&%%1&0%%&@% locked
art ot He eas

I ses an ol igonucle aving a

Qonkic ubﬂdVﬁspla;ﬂsea)hlgiﬁ thhgdt AfigityCongd red®eddatoxidity and therefore
second exon in _said pre-nmRNA. The at | east two parts
ghews 3 gher |e£ﬁ@an@v @f)%ﬁ%hﬂ’élpﬁmés to forma single

| h _any ,reans but
AR Ao R oR gl A e 306 1Y o b wich.
bﬁhéeh&oﬂl@t éﬁéplﬁ?@lﬁ&cdebﬁ)ﬂﬁff’ﬁh@rexgﬁ nucl eotides that not
contain an
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



over| ap between one or the other conplenentary exon
can be zero, but is preferably between 4 to 40
woemkesidisddes. The |inking noiety can be any typer/§i2004/000196
noi ety capable of |inking a2igonucleotides. Currently,
many di fferent WO 2004/ 083446 PCT/ NL2004/ 000196 13
conpounds are available that m m c hybridi sation
characteristics of oligonucleotides. Such a compound
sui tabl.e for the present inventio

a
éfﬂ}%ﬁ grpuclenite ioan ahgohuFeATde: of eltivalpnt 'thotét, generated
GRF6 %rlhéfﬂ&is(l)f {thekinEnfigh. T P?scﬁélgq{f ieh .111991%18# L further
Sui tapbl e equl valents were nenti o earlier Tn thrs

defaredto as.doGbie-or npulei-exablippiiy. dnahotiheases double-exon
ol i,gonucl eotides_in the conpound_ are generated by a
rﬁé{ﬂm&gﬂ@ﬁu&é AB the erglusion Pt grlyidedstg thrgeted (@mplementary)

TN W SN T
thw@d@x@ﬁb IaghiSt helettieORdcid P U Betweddy @ilddé}ﬁﬁfs'lﬁrbaﬁ@ pre-mRNA

the targeted exon. There nay be additional nmaterial
anereocnotmuelent indthe privbuted As R evem athenaothrerfexone dintervening

ene for restructurin t he ene. The
S65) Beut Pirsgt o muct AR ye BLETURP i BHS notably so for the
Q@Bﬂhﬁﬁﬁbﬁg)fbﬁ%hnﬁﬂ%otﬁ@? fe 1§ea?{iﬁ£%ﬁe ene, wherein one
X- chr onosone IS nost oys at are affect'ed,

alligonugleogide fer emn ébsauubm@i)hgmwxdediydé fo adioeBb erasasdded to a

they may r.ecei a of the gene from both
ﬁéﬁ%%scr&hmart e kbegfmg m@w&ewptrﬁéultaduy pRAYbfeing

ﬁ@?ﬁ&e aﬁ:rlhgfnottrbgn%ﬁ%h&o%@ai5 &) %le lﬁa%gar%g%tf)yo ﬁhe I,?tructure of the

I CU I ase ronosone

tmélxﬁRm ¢h €he présoncd f the %@hﬂi‘oﬂeﬁi SERARIRYde: was such that the
plurality of exons (79) over a range of at least 2,6

wplicer machineay e stimulatedytopeonmeot exdrs HvBndgehtn each other.
Ski ppi ng of a particular exon or particular exons can,
very often, result in a restructured nRNA that

Qﬂ%ﬁ@%ﬁe@eﬁﬁ‘ﬁ%ﬁhohh@%a@%ﬁﬁa pBYdibR td ﬁ%%ﬁﬁ g{)ﬁhﬁhbﬁé the

functional dystrophin protein. A practica emin
shiprdeg eif apsvetite Jmn‘te:arelmdg (2000 by lpaeeiding admwbmm the two
tech ol o

ey s estropidan. ThitBis G t%?xgx?e@%%?{ al%:vyldes a
EB :pl%)lrljl %P%.Pgef gﬁlt&bm{iﬁ?ﬁ)%&? af D65t 365 &AL % E?e-Xl%NA encoded

can be correc

ﬂobrea sk Eaid cohpausilRghth 18X ap attibast ﬂ%dlpﬁi'tbtvyhéﬁem a first part
mut ati ons, r eqw res the generation of a |arge nunbe
SPIFTISEE BEn 1gq§milerﬁémha‘c@4gsatd§aﬂo$ C@ilil»i‘refcsutléﬁ@tnucleotldes that are

f f er Qns N 0 be ski
A RO KON T T N——
conpeised a‘hacﬂ?éﬂrﬁlcﬁotldenﬂétﬁhﬁgat%hm E&légcuﬁ;% WicléRides that are
exons, is that nore than one exon can
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



ski pped with a single pharmaceutical. This property is
not only practically WO 2004/ 083446 PCT/ NL2004/ 000196
wdadooesgsaiseful in that only a |imted nunber BET/NL2004/000196

pharmaceuticals need to bel3generated for treating
many di fferent Duchenne or Becker nutations. Another
opti on now open to the person skilled in the art is to
select particularly functional restructured

rpounds capabl e, of

ééﬁpéa% %ﬁn r%#%@a&i%?ﬁ i Odu b rﬁaﬁw@r apgleristigsipt
Bpilgt)ﬁ?{:l%gtlggg é&aﬁhtcﬁ %mdf l&f Euftgi) rf;oﬁ (Eh% grr@n%eﬂ{] ﬂlgention if

Strophl ns hes ure o

@Mﬁh reqnlwa['leﬁt e @pRiseaBihiaf hsrbmtisamiﬂ yhaeRtasséLth Bind not
two endpoints havin structural function (the beads),

weressantE inermerenieduitrhle enubiaientsyyere memgioaed aaglier in this

BBkt P of PoifrablS dnion the ot bui BaoB dhpenmpound
ke gbR¥ANHYY £ nothe8 Yo gdBiHethd 24 oh%@ﬁﬁbl@gtld@ o@M@e present

patient conprising a nutation as depicted in tab
coveguticn.nys npnoidmidn gligenuclpeitidenof thiet invention do not have to
ve_in inducing skip

SneiRBOLeRlY aHsmtsladen ThAB cPRITdru B T isatiop todhe targeted
V’Ph@{bé m ?{Fé £8ditioh31 th Refa® ahQthy 3&‘1}? éﬁ?@%‘ ad@ d!

ogrgon nprises an oligon

effectrve in inducrng exon- skrpprng mentioned in table

, or an equivalent thereof. The observations
#@rmpaﬁeeeé,bweeﬁewdt grne fos|rgstrgctwang snBNA issthe RMD gene. The

c g of the d but the presence
ar od arrr%}ét lé%gréagl% it nmatWe(rh(g% LTS g&ﬁl& ere Bhat the
pahé i€ldcatedbAgRe f}@@hﬁiﬁoso&lé he 1é3ﬁil’)%ﬂ'yrk)oys'tﬁa§ bYE b#fected,
to the function per se of t he dystrophin protein.

ThHboyshtgidssianealsd bedfectal bryhe diseaseas tmcinagrrechive a bad

g‘%@hﬁg %%gﬂ‘? tOI&?E %ﬂ%rq%&g;cgqe# oS tl n Becke icularly biased
ﬁi‘é‘c%%tﬂﬂﬁo Hel fdRtidRLRLIIER dLEeechﬁV gﬁﬁl Piased E%chlt'omosome

especi ally benign nutations t ave ver
nottiviationnasthedtr edudele ¢dibs. Theaniotein ik fwicod@dlbyrmpl&lrahty of exons
8}fferent types, of, Becker patients should have been

&) oveE @ sanigerd gideaend.o ;MEuDafq Chh MAgRRSPE AN agyipart of the DMD

LR RS SR BRI 00, g oo, sl

hhenetttpetw@demRNA dBheehesicsh Sho@ar Fom hatial buF‘&'i: least
sone of these "theoretical" Becker forns, this could

p@mal&e fanetaanaddystrophan peotetond\imactical pitobdemriodbet
R B B 0 R B o
plurahty of mutations that may result in a deficiency in functional dystrophin
protein in the cell. Despite the fact that already multiple different mutations
can be corrected for by the skipping of a single exon, this plurality of
mutations, requires the generation of a large number of different
pharmaceuticals as for different mutations different exons need to be skipped.
An advantage of a compound of the invention, i.e. a compound capable of
inducing skipping of two or more exons, is that more than one exon can be

skipped with a single pharmaceutical. This property is not only practically



15 Becker patients have such a beni gn phenotype that

subj ects having these types of nutations do not
w@em@gmesd44¢ hensel ves to a doctor, or are not di BCNEEWM4/000196

as suffering from Becker' s 1di sease. Wth a conpound of

the invention it is possible to restructure DVD

pre-nRNA of nmany different Duchenne and even Becker

patients such that a mld phenotype dystrophin is

SR I Ll B o S5 o o
COMMAYB oM lifg thEnPAifisret Dt M%@@ﬁe@tmhgﬁ%ns. Another
nucl eot i de” or

conprise a first part conprising an oligo
egpiiora hewt oftdretcetdfe, pemsonpkdbehimthe frt wXoseléet padtiaularly

second part conprising an_oligonucl eoti de_or
eﬁmcslgrléﬁife%tﬁléqté%?a dystiopbreRTley s andpspduee copppounds capable of

r Lng ; ag. Ln-

Raitrhlag (hBse UM ALy D PR S prERTFeq pygrosults ave
Ifartierhbferbod soshonildnstbrdyphé apsiropRinet The dtritttiPe df the normal
m | d phenoty dystrophin as nentioned above. The

e
BQHh}n(HI‘@gQinr(@dl bo sehemacally nepresenjediasiwe kodpaints having
accordinge.to. current dgtabases be able tq deal.wjih as
ReclseP e (R bpalbERRRER a0F sinSesns thopshitsher B a long at
CleREEPAHYy FBRIAE +6d. PRR rodABRhBRenBH §heh £ He%ﬁ@?ﬁgﬁents. Ina
is the 45-55 conpound. This conmpound should accordi ng

t pantivalssprefernied dmbodinserivathabingehtion gabvides a Bidthad for treating
th tients haviing a DVD nutatiogn thus, far .
&@11\@ t@%%%@owm Brtabions & depjct wbieds cemprising

SAmARY AT LR i SRR 2 B apsip cvon
askdp ity affthieheroauneatichyd i6 hhs deticédlaath BMD poih@qusralent
In yet another preferred enbodi nent the conpound

dwpeotsba aprefersed earhsshiment spid olagonnqleadide eepgises an
5P B el SRR bl Al L056  or

tdipipdeabth@leof0 treat respectively 4% and 8% of the
DVMD patients characterised thus far. In a preferred

enbodi nent said conpound conprises an oligonucl eotide

table 2,. ival ent. t f Pr ef bly,
et Brsnting smyirad e leadhe dRid o h raenBstanidist not <o
GhutRehe lélggggtg'itﬁé %ﬁrﬁtgﬂ%?\%gﬁ%soﬁ%ﬁdpfgﬁd th8 cgplé)gss%tion

preferred e ment sal rises at
dheraifi(giriurdspeti tlepartiadar hahgntedities apthoprétait)eierucial to
agai nst, exon 42 and an ol i gonucl eoti de aor

36 iEonrasm DEReh obthofvskep Bippraiern OanSEaan=ize of the rod may
%We%ﬂﬂﬁé&o&}%e atfunt of functionality of the resulting (Becker)
protein, there are many notable exceptions. These exceptions will be detailed
below. There are especially benign mutations that can have a very short rod. It
was noted by the inventors that many more different types of Becker patients
should have been detected in the patient population. However, some types of
shortened dystrophin proteins, that according to this hypothesis should have a
Becker phenotype, are not detected in human population. For some of these
"theoretical" Becker forms, this could just be a matter of chance. However, in

the present invention it has been found, that at least some of these "potential"



directed agai nst exon 55. In a preferred enbodi nent

sai d conmpound conprises at |east one oligonucleotide
worooemsdd¥@l ent thereof of table 2, directed agedTNi2004/000196

exon 45 and an ol i gonucl eottfde or equival ent thereof

of table 2, directed against exon 51. Also part of

the invention is a conpound capable of hybridising to

one exon in a pre-nmRNA encoded by a gene, said

SRR SO T, LS00 0B B B 4Dy i
lttg'ﬁgé of* Bﬁogg doSftt rgéérgﬁtgfé%&%ésdﬁ) 4 dobtdi] %lggtfé]ﬁéf diagnosed

Sard closed structure erern secon

cenutferase adno Beghawe HietbeceWath websipoandl cfahe ipasnhtios it is
conpl enentary to said _open structure. The open_and

@logeible te rersTustoze MM Dhpre-adtiNdeofanany dlifferenf Daehenne and even
S et SR L R R e i 15 eBhER AR ator

GPARII8EBALFthe rBstRuckilred IBROXRNThE MR tHRB A provides
ol i gonucl eoti de, or equival ent thereof, or

parbicn kel prefeeredodonapound twhersdn 4he parisofithe compmtnds at least
for generatin aid qligonucl.eotide...The invention

R oot el ComupRGE SHECuNPIin g sTNvRLe! thereot
%}t;gg{i%&%h%&fy Hfexdt 17 BRAIDYER H%@B%Qrgiﬁ an oligonucleotide or

Ing"to an exon In a p%é gene or an
equivsdeat thafeof aothflementaty goewon 481 The resudtingtrektagtured
a second o]l igonucleotide of the invention capable of
mBNAparofpstan dhdiamee shaganed dysiophmrrpotsin,dac 11 exons

S PO AR SR RS SRS g Pt

nt sal east sal

hoh laganeielieedd dBowy. TRUkoAbSMd (teliededftodsethe 17-48
capabl e of hybridising to different exons on the sane

sompoRiid) shthlsl acoopdisiat ioonirzent detaboees be ablgite deawith as much
Ki_ppi n f the respecti exons. .t h .
55237 ot thn ne DRpba T R e BREL Bhitptibe spfieadl characterised.
ARy gk@f%}féiﬁéo ourdlid M 251535 éo'ii%kﬁﬁid. AHi8 ebBPound should
51, of the DVD

toward exons 45 an or 42 and 5 human
gecardihpad ths sameecadedhtions e dhie to deal widt 38%l of theeatients

e A B A AL S
I X I -

icap &blel i dalling: WHAl nékPedtivals B% and A3%Eof tlee va@fretly of
different _debilitating nutations of the DVD gene.

Thazadtarizad DYibbpatients. Thyet another pielemredieadeodiment the
réglt:n%%%n]iio({oﬁgr%sésrae i&rﬁ (Eong{)ogné.ugi!meﬁéﬂfr %Q'Efeir%eiad] 9ré'a 45-49
compound and a 45-51 compound preferably in the form as disclosed in the
experimental part, having the potential to treat respectively 4% and 8% of the
DMD patients characterised thus far. In a preferred embodiment said
compound comprises an oligonucleotide of table 2, or an equivalent thereof.
Preferably, said compound comprises at least two oligonucleotides of table 2
one or more equivalents thereof. In a preferred embodiment said compound
comprises at least one oligonucleotide or equivalent thereof of table 2, directed

against exon 42 and an oligonucleotide or equivalent thereof of table 2,



nmutation in the human DVD gene, wherein as a result of
said nutation the DMD gene is not appropriately

wao eanssated into a functional dystrophin prot ePEI/NL2004/000196
conprising providing said déebject with a conposition
as mentioned above. Mitations that can be corrected
inthis way are typically nutations that he wthin or
adj acent to the target ed exon or in the intervening

el AR S T DGR Smbh AR G4 Fpoppd comprises
RNbAQNGED (ﬂléﬂ?ﬁlﬁé&ld@&ﬁé%&%%ﬂﬁ%?ﬁ Qf'%able 2, dlrected against

transcription systemcontaining a splicing system

Bxogetfeand ad dligonuctentideldheeqrivaleas therdaflolf ¢ables?, &hﬁected

aval |l abl e. However, the need for nmRNA restructuring

i2gabqs (ﬁﬁ?Ps@-pr edominantly felt for the manipul ation

of living cells. Preferably, cells in which a desired

ef fect can be achieved through the restructuring of

an mMRNA. Preferred nRNA's that are restructured are

listed herein above. Preferabl genes active in

filse parief the W@nw@dsmccmh@o%é sapablejof\nybridising to one exon in

I\/Uscl e L1s ot ubes) . are nul ti nucl eat ed
SRS hyboa T fote ool Bofedtnf U huiRng atdgnetiwo parts

%l@eﬂeh@ﬁ%ﬁfst Badt Hélﬁpki%BQ aﬁr&lg@ﬁuﬁeo%rbf WBHRE at least a part of

pre-nRNA's are preferred for the present invention, g

rsest oligenudlegtidd is cfhlempriady te daf& dosedl strulctmg and wherein
MRNA' |s artlcularlilgefflm H is thoug
SREANHP AL GomRrises 2R okigenusleptide of %uch ﬁatleaqtepalt is

cgtn"i‘) ngﬁ%hyallgo% gﬁgn@%ﬁg&qré Origs ér?ta?ldt@gsefduétk'ucturgs are of

I Cl enc restructurin

rdf&tti‘l;kdlaiérlﬁﬁ@éds f1ofin h%cbﬁﬂ/&lyt dtetictv@s ofMIGAtfré daSd exon.
all owed for the process to proceed. The preferred

gretesably @éﬁl@@oaﬂdvhﬁ-\@ﬁgttﬁ’@ nishaplepertsisioynplementary to a

SRRSO ok B FRIcARaishbho: OXRN-Blerdiprect S:

ey @bibAticn thyREhE meiSied 46T B tﬂenm‘é@H&!l Bt MyRabing said
%opat hy and LGVD, LAMA2 (lam nin al pha 2) causing

gosucleofade.ci ent nmuscul ar dystrophy, EMD (enerin)
causi ng Enery WO 2004/ 083446 PCT/ NL2004/ 000196 18
Dreyfuss nuscul ar dystrophy, the DVD gene causing

Puehia nl)%tﬁi i ' s ol i
Y0R8 LR U BB IR g sonnctei
oétlte n‘agenbﬂ)nmmblda of\hybridisisg & Akl cxoedin 2 ppé-eh RN a gene or
cell is a g rived froma Dl\/Dgatient. Cells can )
B@ Ry Hanke aatdrﬁrﬁttqbgonud@ot]dat andat leasd %@Qﬂoﬁdt(ﬂ%gonudeo’ﬂlde
r s arg or Qvi ded w t

oY hRAROR cor AT bF HybRi0R o AR RO i v ot
Qéﬂé’ bel aﬁga(ﬁﬁtlél‘én‘ﬁﬂof BaRNsekbh @ OMgehAelebfifle. In a preferred
embodiment said first and at least said second oligonucleotide or equivalent
thereof are capable of hybridising to different exons on the same pre-mRNA.
The composition can be used to induce exon skipping of the respective exons. It
has been observed 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



equi val ent or conpound of the invention are present in
the art. Inprovenents in these techniques are

wW@niosos33ad ed consi dering the progress that hasPEl/Nezidy000196
thus far been achi eved. Sudh future inprovenents may
of course be incorporated to achieve the nentioned
effect on restructuring of NMRNA using a nethod of the
i nvention. At present suitable neans for delivering an

Pho SABIRS i v og 10RO 18 51 erh BOPO LA rStultilg mRNA. In the
pgﬁeﬁgﬂ%gﬂﬁaﬁ Bt Rhtdrcts Aol fock BRI OF different

sul or nuclelc acid transfections.

Uebilaapitigphiukt stistovf ticDdEBendeThve iy omedmbedinoatt the
toxicity, also when used for in vivo delivery. ..
Pregrsicrb pyovddes a unethoden the feantment ghiasswpettcomprising a

Wagenaar ot yar A. . 1.Pal.ushki . .

&5 PRt the pPbS DD gong, B et g R ytation the
PMD SbhE RS a@i@ﬁﬁia@élﬁﬂi}ﬁnsl@'ﬂéd @itioCa Biritibr@ddystlophin protein,
the Structure of the Cationic Lipid/

Eomiperiding pspvidingiyhict subiettamither ONapGEtiphaccmentignedabove.
ficienc f ne Delivyery:, J. Biol. Chem 2001 :

Bhaaomb et oAb RERSEH 2h SIS B e BCATE mBr e that li

SRR AUARAT MR kIR it le Bl kSeion. However,

W ishilso pbesibhy @ecoyrent (fraf eanhpftipdh i wwatiopatthas lizddrther outside

several . show a remar kabl e transfection potenti al

EbeBrerdongd grons anAvntexyning regioer ng of overal | cel |

survival. The ease of structural nodification can be

used to allow further nodifications and the anal ysis

@f trainReiiptibdsyBRim CbAtainied arpticRicsyatetl darobs geherated in vitro.

characteristics and toxicity. An oligonucleot]de,

ddhei arhi kst suitehle systems avaidableuHevweryesrtdenepadoformaRENA

i nvention nma e used for at |east, in . part _altegri.n . .
rEveB TRt CurSe Briipmbap BTl Hih R haRigigbiod of iving
SO A RBEMA I CeBlRlih G RIGhRAB4 RG] ¥fb& @in b&ashiekvBd RRFdugh the
WD 2004/ 083446 PCT/ NL2004/ 000196 19 prevented from
Iresticiictgriig o0 m Bt Rrefased an RN srfhitt aféheestructured are listed
| i gonucl eoti de, , equival ent or conppund of the,.
DRTER Gl e ErsaiieEonas ST IupIbrl Bilsdedryadgm the present
SHIARE MILROEUL .2 AR B iobideded Bl 4 Seich many
blut aot allogustleextinpenifingsrddAresrahs@ibeol vivi ldad me-mRNA. Such
use for at least in part stimulating exon skipping in
doyg pre-prtNA areprpferd don bl pre mwgfé%oﬁ%w%m@urmg of

i ncl uded i h |t NA .
BRENAS RS cerol Sl BB ARNAT N oo HONRK Sy o Bl 0Tt is
theu M0 dH6€ch HRWed A Be&RERELYTBS sOCHA Thehemtingy long time

targeted exon contains a _ _
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: COL6A1
causing Bethlem myopathy, MTM1 causing myotubular myopathy, DYSF
(dysferlin causing Miyoshi myopathy and LGMD, LAMAZ2 (laminin alpha 2)

causing Merosin-deficient muscular dystrophy, EMD (emerin) causing Emery-



potential splice acceptor and/or splice donor
sequence. In this enbodi nent the splicing machinery

WO gooneshidsect ed to utilize a previously not (orPCT/NL2004/000196
underused) splice accepton8donor sequence, thereby
creating a new exon (neo-exon). The neo-exon may have
one end in common with the pal eo-exon, although this
does not always have to be the case. Thus in one

e t an ol on cleotid val ent ar ou
e H%ﬁemqssnf‘a SeEihvG the 1 65 Handhe N Bape mogcular
e B oG R AP B ) Gpocine
|IEG‘ME2AnAh§rrdeIienap nevistds hbive ves ensaheationed, a preferred cell is a

ol j.gonucl epti de, an equi val ent thereof or a conpound
sellidervad nm o DM pargnt. Alsspan bo manipalatediarie ie. outside

%ﬂ[ats%%iec@{s%vddgfe?{dwc"ev%rpm%lﬁgctﬁgtcbﬁglarfa E’ﬁﬁpft%ﬁgt RE resgructurmg

an”ol1gonuci eoti equi'va
eafipeifdn vaes. @tdlile tried MforPreMdifl ceBahdtl2An oligonucleotide,
ol 1 gonucl eoti de, an equivalent thereof or a conpound
savETRlenh o semprusdrof ktbe uméentﬁ@t arépregespandbe ewt.dfimprovements
L nher | ted di

h ;
R AP T Shossett pRbERhiR buigfring e rhgroch 4BET B already

ehlis Cfaleﬁsyn \étbh{év‘é/ﬂ' sﬁcmuﬁffe rixﬂﬁoé\eﬁ@ﬁty% bfScourse be
recogni zed by a splicing machinery, said pre-nRNA

blacoxg»oea@ddwohd.h}ewe Henmentiopei siffegt ah rebiaastuting of xaRBA using a
and . at st, one .intron, said method con§£|3|n

5%*&}0&1 qfd: inyputeR AhPrEiens paitable BRSSP delipring an
%Filgjaﬁhglg rReh: Rf&l&ﬁ{%dorsc%@(gﬁﬂf%fo@ tﬂlveﬁﬁon to B %ell in vivo

ontcl eoti d urval e of ‘a conp
aonxriken goly@thiﬂﬁmml‘i\ﬂ@ (PEDor ¥iehetio a@@lﬁphﬂs (SAINT 18) suitable
ol i gonucl eot i de, equi val ent thereof or conmpound is

é%?pﬁBPlélc‘owﬁ;}bamf@@iﬂﬁ@S tiheapmphiphily phowfingegaged xi@hyery and

4/ 446 .P L2 1
S0 P, o VBRI A5 MDA RAER b
tnﬁaiﬁ@ﬁéd)m BmsstVR, ITWhesARAY A., SBiskiIRNE AOTRNASSSn, E., ten
at | east 3 exons. An oligonucleotide of the invention,

iyl (EJI, &I/lu]dEcRi; Erebeets, JIBLRNe Hmkntndt 2n ‘Molecular shape of the

TiRiaE T3P CRRRPI e Sisieialibed aHoRe JaRi) cot i de.
;ﬂ%gl ?g&‘i@s@ﬂa‘ﬁﬁﬂ&q{a ez%rﬁn{ér Pk ‘%‘Ltblc %Ie%%é gﬂﬁct‘ﬁg Efgﬁe%cy of Gene

via a gene Ivery ve refe

dIHhW)enyvBlm)lC Cheins 200d], 236, 47/@15)071‘h§ @hth&mﬁmphlphﬂs
ad al vector and nore preferabl '
sdatiecbaspdy wron he @ﬁsﬂw Gienlly ervailable long tailed

?éﬁﬂ1ﬁf1&ﬂ '11%3%. %rld \MB tlﬁﬁ%@ﬁ?ﬁ% eglkalf, lPhtZl ;iﬂfges g}ﬁoutpogf amphiphils

denilprisd, kabbl shoans 9émai~§ab18rt9£ﬁéfé@ﬁoﬁ Potddi®al combined with a
invention are Pollll driven transcripts

low toxicity in terms of overall cell survival. The ease of structural

modification can be used to allow further modifications and the analysis of

their further (in vivo) nucleic acid transfer characteristics and toxicity.

An oligonucleotide, equivalent thereof, or a compound according to the
invention may be used for at least in part altering recognition of said exon in a

pre-mRNA. In this embodiment the splicing machinery is at least in part



Preferably in the formof a fusion transcript wth an

Uor U7 transcript. Such fusions may be generated as
waele®ensiaed i n references 53 and 54. WO 2004/ O8BAEEL2004/000196

PCT/ NL2004/ 000196 21 Exanpbes Exanple 1 Results

This study includes 6 DVD patients affected by

different nutations (Table 1). Patient DL 515.2

carries an exon 45-50 del etion; hence exon 51 ski pping

e TR e FU P 250 A Bsonci
F@{dl@ﬁfen\ﬁ’%‘ |cgnﬁﬁ>u‘ﬁ%nc§ﬁﬁaqg¥§ﬂt13ﬂ él§ é? odtd 1ﬁ§ia‘?’5 §'_§§%ble of altermg

atient 50685.1 OIS a cte an exon

chaiont—remngnrtﬂﬁdlmg p&eanﬁl\t/b rTlestuseris thaq uﬂgwpg@:id@d(hnthe
51 skip tient DL 589, 2 has an exon 51-55 del etion
lﬁé’enFléﬁdTEQ PrEveREIOR of indbusien of actaageteyl exprelban spRNA is also

IERiAEER et Al ichef Th iR el B ARE B P gy 2 o

emBrN&lA@ &nerﬁ)ﬁ@’fbtﬁ@bé@'tﬂe herddtadex6Rié a6t intduded in the resulting
F| nal | patient 50423.1 has a deletion of a single

%Z\Hﬂwﬁﬁebwt o6theexpnér meofexva}smayhowmnaélydbe, retained in
Segglgrt(gh g‘ifl ng?lﬁ@e ‘Igﬁg ﬁglgllg lfrggsggpc%ﬁ v&?nre reg St,gggedc g}(;joorpcontams a
?&éﬂt@ﬂtlﬁgsﬂflcet ﬂcé%)ﬁ?i‘oéh(ﬁ@i“k 16Pl 66 Tey?l% nos 7k P g iment the

r this atlen ave previous
wpﬂmmmmaahimsrsk irpgiregtedf tot dnglireatproviedislt aoy&lr wxdsrtised)
44,.. 49, 50, K51 and 53 can be |nduced at concentrations
Splige g,gpeqtgg/ ONPY, SQUHRIGy BRrely sEedidng §aev exon (neo-exon). The
e e b
SRSl S Y oA R 0L RS g BAPBLAL gy s docs

nidt elwaeh harblto dedhevrire 10Rus ih bae apsét HOVEgbHatRotias,
shown).. This had the extra advantageous effect of

|eawévalaats e comppend od ¢he devertson iy usest frtdlteringiihe hfficiency with
SUARh' D B e MR i uR L BYA bR oSy

Myot ube cultures fromthe 6 DVD patients were
transfected with the relevant AONs. On average 70% to
QO%IQW adféh sibomevkhe prsent invention ﬁuthexpp:ajwdeﬁ the use of an

AONs. RNA sol ated 24 hours st
DA B ge Aot RSO DRRFEoR! 1o cPPAREPELAt DR iawgtion for the

?g;@%%lfaggn{’é(f SIaddiBhhEbf Fubdthel Brdile® b§H SomdddGtical

preparation comprising an oligonucleotide, equivalent thereof or a compound
according to the invention. Said an oligonucleotide, an equivalent thereof or a
compound of the invention can be used for the preparation of a medicament for
the treatment of an inherited disease. Similarly provided is a method for
altering the efficiency with which an exon in a pre-mRNA is recognized by a
splicing machinery, said pre-mRNA being encoded by a gene comprising at
least two exons and at least one intron, said method comprising providing a
transcription system comprising said splicing machinery and said gene, with
an oligonucleotide, equivalent thereof or a compound according to the
mmvention, wherein said oligonucleotide, equivalent thereof or compound is

capable of hybridising to at least one of said exons, and allowing for



exons were skipped at high efficiencies, and precisely

at the exon boundaries, as confirned by sequence
w@p@kysidge of the novel shorter transcripts (FiBCT/N)L2004/000196

For patient 50685.1, an adtlitional transcript

fragnent was found (Fig. 1C). Sequence analysis

showed that this was generated by the activation of a

cryptic splice site in exon 51. This was previously

| so observed .in_human control .cells treated with th
ARBSAERPE 3 UG MLt B i Dearbepp tiog et eme bigorably,
590 g8 kb RBIIFiNRIR 10086S ¥gshd n untreated cells derived
from patients DL 363.2 (exon 44 skip), DL 589.2 (exon
50 skip), and 53914.1 (exon 53 skip). RT-PCR analysis

i e S5l oo irasa B th foem of o
%Q{E)Ir%sqgn %Etto?rvpﬁexle He& gx ess ev%g)gt élrl eanjs-&ﬁpt
resu pt's shou

INg In-tranme transcr restore

dyaipigihicnsasd bligesudeotid ®.0ERS exproweiver Vectboiedfealbly introduced
analgsis of transfected nyotube cultures detected

dptq Flepeelh visatgeae deligery yeliclanfoprefesredodelizeyi vehicle is a viral

atient (Fig, 2). The ;therapeytic effi.ciency wa .
Tk Dgm AlonP Lt WPTPRB R pafreopia Pt el Reno-associated
agALd6éctBY.OPh& invehtidetHus 56 Pprbvices Bkl ex&x%ession vectors and
di fferentiated myotubes, and “dystrophin aver age,

eliveny gebicdds. diy oswithpo she iskdl of thaibessaahbwndesign suitable
strophi n_expressjon, ¥ observed._c r. . )
i f’bgmfg%ﬁiﬁ SPRiAveniion gxg P@iﬁ@ dpjvengzanscrigts.

. -t ect i = .
RO 8 o 0 N OSBRI B Bt Such
dasionpahhehe deyneVdidersdedelibeddnalefigiencésHg and)s54.For
patients 50685.1 and DL 363.2 we perforned tine
course experinments, which indicated that dystrophin
can be detected as soon as 16 hours post-transfection
(Fig. 3D) and at increasing |levels up to 7 days
post-transfection (Fig. 3B). The dystrophin proteins
frompatients DL515.2, DL 363.2 and DL 589.2 are
significantly shorter than the human control, which is
due to the size of the deletion. For one patient, DL
363. 2, we al so assessed whet her the induction of the
dystrophin synthesis resulted in the restoration of
the DGC (Fig. 4). Prior to AON treatnent we found
reduced, mainly cytoplasmatic al pha, beta, gamma WO
2004/ 083446 PCT/ NL2004/ 000196 23 sarcogl ycan and
bet a- dystrogl ycan signals (30% 30% 40% and 80%
respectively) (Fig. 4A). Follow ng AON transfection,

i ncreased levels of mainly



menbr ane- bound al pha-, beta- and ganma-sarcogl ycans
and beta- dystroglycan were detected in 70% 90% 90%
ware488%of the treated myotube cultures, respenNLudIY00196

(Fig. 4B). DI SCUSSION The2teading franme correction
strategy for DVMD patients is ained at antisense-
i nduced, targeted exon skipping. This would convert a
severe DVD phenotype into a nostly mlder BMD

enot Re. We determi ned the broad applicability in 6

’f?%‘ﬁ%lss carrying 5 different deletions and a point
mutation in an exon 49 (Table 1). Follow ng AON
treatment, we show for each patient the precise
ski pping of the targeted exon on RNA | evel, and a
%gattrogelg'in protein in 75%to 80% of the treated

In particular, we here report, for the first

time, the application of a single AON treatnent (i.e
t he i nduced skipping of exon 51) to correct the
rRexdiltsy frame for several different del etions.
Interestlngly the | evels of exon skipping observed in

t’ﬂe sty amclades 6JAMI pakients aieqted dnt lﬁfeﬁe@hmutaﬁans (Table 1).

e 11,.?.19%' %ﬁ.ﬁf’ﬁ? erl%’lgt% gh&%@p'ﬁgg @regﬁoglg e&ce egom?é skipping would
rw ﬁén@r &ﬂ!le'&ttmé— PP RiGRDRB6EX Rha 'aﬂ?éleﬁbfnb'f%x@ﬁtéﬂ@m Qe reading
t he nonsense-nedi ated decay (NMD) process (25, 32).

Ifname rfor blnlsmtt@t woeldshd gorwéctad byan exon MelnskipxBor patient

ST R i faipd torad e (1B s eBon, Beadipg time Correction
tx%ﬁﬂﬁ'tes ROk dnC5H Ekfp iph ¢t L i589ME R b E ﬁﬂséfo'n[’%][ %B%}eletlon the

woul d be resistant 'to NVD and‘a’r hus nore sta
admg frafnd waok] be aa&ecieﬂtb;oan@rxnﬁlEQ/slﬁpePamtent BBO14.1 carries a
thrég of the patients DL_589. 2 and 53914

esepe %Worleb@rteblérf 1rsﬂeﬁtcaﬁeb9§h §17<‘F ppinpang rt exc)m 51 or

SBT3 ch AL BLSAER b AERER 4 by o oo o

f‘s@ng?léﬂiagé pagv AT bRGH 49 Wﬁﬁbsﬁtﬁ)hbﬁ%@ d3eD B levEle®Bulting in a
dyst ro%hl n positive fibers are present in |ow anounts

(flzwe@ m%ndn f POMD 2B $lop, codadl ineson ot iSinredxan 4Bds an in-
he result ;0 somati.C _nut atjy on nd/

1ap B30p, 28bpiTE FhHE et PaBiy beMekE i Sl R edBamedor this

B&tieNk2004/ 000196 24 reading frane. The existence of

revertant fibers has been suggested to correlate with

t he severity of the di sease (36 37). Restoration of

tygee h%gfpgg Igg yts @%g‘%}& \Xge(é]atjga &{1%%11135 gp the mentioned
@Qf‘éette&aﬁ§ féﬁcf: E1&3,056), sy sha %ma'i]l H@ﬁlduced at concentrations of 1 pM
(23). In subsequent dose-response experiments, however, we have obtained
substantial skipping efficiencies with lower concentrations of 500 nM or 200
nM, and even 100 nM for most AONs (data not shown). This had the extra
advantageous effect of lower doses of PEI required for transfection, which
significantly reduced the levels of cytotoxicity as found in our earlier
transfection experiments. Myotube cultures from the 6 DMD patients were
transfected with the relevant AONs. On average 70% to 90% of cells showed
specific nuclear uptake of fluorescent AONs. RNA was isolated 24 hours post-



detected at the nenbrane indicating that these novel

BVD-1i ke proteins are likely in part functional.
wo-ootthgsor e, we show that restoration of the PCT/NL2004/000196

dystrophin synthesis appear8 to re-establish the

formati on of the dystrophin- glycoprotein conplex. In

patients DL 363.2 and DL 589.2, the targeted exon

ski pping enlarged the deletions to span exons 44-54

inetion 8o ety RT-Beof Brisaibtpaf Briehirig targeted

BREAS widia skif Pl aChighedfidR nefls, ﬁgﬂ%'eci%%}sgﬂ‘ﬁ{@éforﬁboundaries,

very mld p%}enotype not di agnose Consi deri ng
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course experiments, which indicated that dystrophin can be detected as soon
as 16 hours post-transfection (Fig. 3D) and at increasing levels up to 7 days
post-transfection (Fig. 3B). The dystrophin proteins from patients DL515.2, DL
363.2 and DL 589.2 are significantly shorter than the human control, which is
due to the size of the deletion.

For one patient, DL 363.2, we also assessed whether the induction of the
dystrophin synthesis resulted in the restoration of the DGC (Fig. 4). Prior to

AON treatment we found reduced, mainly cytoplasmatic alpha, beta, gamma
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target exon results in an in-frame transcript that would be resistant to NMD

and thus more stable than the out-of-frame transcript originally present.

For three of the patients (DL 363.2, DL 589.2 and 53914.1) we detected
low levels of spontaneous skipping of exons 44, 50 and 53 in untreated cells.
This phenomenon has previously also been described for so-called revertant
muscle fibers (33-35). These dystrophin positive fibers are present in low
amounts (2% to 10%) in DMD muscles, and are considered to be the result of

secondary somatic mutations and/or alternative splicing that restore the
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Lum
the dystrophm deficiency in these DMD patients may be caused by additional

aberrant splicing patterns on RNA level, resulting in an out-of-frame
transcript.

It is feasible to correct over 75% of the mutations reported in the Leiden
DMD-mutation database (30). Our results indicate that, antisense-induced
reading frame correction will be a promising therapeutic approach for many
DMD patients carrying different deletions and point mutations. Towards the
establishment of clinical trials, we are currently investigating and optimising

delivery methods in muscle tissue of mice in vivo.
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death. Since for immunohistochemical and western blot analysis more viable
myotubes are required, concentrations of 200 nM were applied.
For patient 50423.1, who carries a point mutation in exon 49, only fibroblasts
were available. Following infection (MOI 50-100) with an adenoviral vector
containing the MyoD gene (Ad50MyoD), the fibroblasts were forced into
myogenesis according to protocols described previously (45-47). Two hours

post-infection the medium was replaced by low serum medium, and cells were
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Protein isolation and Western blot analysis

Protein extracts were isolated from treated myotube cultures (25 cm2 flasks),
using 150 pl of treatment buffer (75 mM Tris-HCI pH 6.8, 15% SDS, 5% b-
mercaptoethanol, 2% glycerol, 0.001% bromophenol blue), at 2 to 4 days post-
transfection depending on the survival rate of the myotubes. For the time

course experiments, protein extracts were isolated 4h, 8h, 16h, 24h and 48h
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PCRs were carried out with outer primer sets (see Table 3), for 20 cycles of 94
°C (40 s), 60 °C (40 s), and 72 °C (90 s). One microliter of this reaction was then
reamplified in nested PCRs using the appropriate primer combinations (Table
3) for 32 cycles of 94 °C (40 s), 60 °C (40 s), and 72 °C (60 s). PCR products

were analysed on 1.5 or 2% agarose gels.
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skipping of 13 out of the 15 exons targeted (five out of the seven in-frame
exons, and eight out of the eight out-of-frame exons). No skipping of exons 47
and 48 was detected (Fig. 5e,g).

In the specific transcript regions that were screened in these
experiments, we observed in the non-transfected control myotubes alternative
splicing patterns around exons 2 and 29 (Fig. 5b,c). The alternative products
were sequenced and found to be due to the skipping of exons 2—-7 (in-frame),
exons 3—7 (out-of-frame), exons 28-29 (in-frame), and exons 27-29 (in-frame).
This genuinely occurring exon skipping was also detected previously in human
skeletal muscle [24,25]. Remarkably, the level of the alternative splicing was
significantly enhanced by the AON treatment of the transfected myotube
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fromthe cytoplasmto the nucleus in which it gets

subsequently incorporated into very stable U7snRNP
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applied in AON-based gene Bherapy studies on
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This multi-exon skipping occurred specifically and precisely at the exon-

boundaries as confirmed by sequence analysis (data not shown). In contrast to

patient DL 470.2, the U-linker AON was a slightly more efficient than the
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MATERIAL AND METHODS
AONs and primers



patients with DVD. 15 (AONs) have recently becone an

attractive tool for the study and treatnent of human
waelt@eask4s I nitially, AONs were used for the  PCT/NL2004/000196

sequence-specific inhibitién of genes, either to

el uci dat e devel opnental processes or to suppress

mal i gnant or aberrant gene expression (Dennis et al.

1998; Stevenson et al. 1999 Nasevi ci us and Ekker

AU (bR it SyoRNALc Db ARy RgEp BRO T Cagrdgoribed

?Aa{‘iﬁ?ﬂa RRCk882)/A GRALLPEAM, {Tﬁef&{ ﬁb‘%@&%ﬁ&@@%lgﬂ&i (sequences

ranscription or translation Tnitiation. Howeve
apenalegaeshpAbl AONs cd:iindlli aty flgordreeiphraim(s- B‘AM) a fu]l length
pr e- MRNA| Slerakomska et . 1996% Since jt.has een
3

BborRheIURIGRE backthensend Sbmed beodifed BibRge quﬁ?ules

L4 05 LA o S8R BRI o ALt o

the Sebdiide% BRtPbddEad, ilabilYedAONYReYe LRk fenimbino-
future genetic t herapi es. For instance, RNAase

ih4$teshemml anaisselsal?elmenscfes &t’Er[HQR poelysiziBabled, sequences
nd th k bv bl acki
aPgiaRIe ek feblitRulre SPRiE iR Bo gt (Bllgium)

(Si erakowska et al. 1996) and the cystic fibrosis

transmenbr ane conductance regul at or gene (Friedman et
ANALSAa ionln ARIEPOR analygis AONs | i nked to 10

e S i bl
L

MhEﬂgﬁdsﬁlﬁmﬂﬁﬁ@bﬂﬁftaEBm wohtNsell dye RAl- P@E@ﬁﬂly51s using
effective in altering the ratio of alternative

Sptherinn @plmewe\xﬁecm&i@mpstm Thaddethesloqdsy in 2520 pl reaction

ARRD: G BB, PmoT i BSOS, T8GR SRR primers

PT e SB) N Brirh &5 PURS \981\@%&@%6@ %f Tpky A8 Of 94 A@\@O 's§c) 60 °C

to 1 nduce the ‘specific s exons in order
0 sentantch@2 re 460 sge). Dmrwl Qﬁtlmsemeantﬁmawaa shen pe- amphﬁed in

B B MBS DS e ) o
DR pPoSad el Pl BB on 2R BRI a-tmiﬁ%%r%ﬁﬁcatmn of

the aetriseript lparodaéts, nastedMCRIs werk pefaimed aﬂsrh@24 cycles PCR
C-termnal cysteine-rich  domain that_ binds to

ayedu@paverefnadpmdrsing thedpNax 750 Lekbhin® Kt and1@@7Ag11ent

A0 Bty A ons R AR ERARY RO e

result in a conplete | oss of dystrophln

Sequence Analysis

RT-PCR products were isolated from agarose gels using the QIAquick Gel
Extraction Kit (Qiagen). Direct DNA sequencing was carried out by the Leiden
Genome Technology Center (LGTC) using the BigDye Terminator Cycle
Sequencing Ready Reaction kit (PE Applied Biosystems) and analysed on an
ABI 3700 Sequencer (PE Applied Biosystems).



25 function, which causes the severe Duchenne nuscul ar
dystrophy (DMD [M M 310200]) (Hoffrman et al. 1988;
womniogp4ed al . 1989; Ervasti et al. 1990). ThePCHNL2®#/000196
Becker nmuscul ar dystrophy @BVD [M M 300376]), on the
other hand, is the result of nutations in the sane
gene that are not frameshifting and result 1in an
internally deleted but partially functional dystrophin
that has retained 30 its N and C-term nal ends
(Koenig et al. 1989;D Blasi et al. 1996). Over two WO
%%%3[)446 PCT/ NL2004/ 000196 41 thirds of patients
with and BMD have a del etion of one or nore exons
(den Dunnen et al. 1989). Remarkably, patients have
en descri bed who _exhibit ver m | d. BMD an
ﬁ{nrssw%‘f@fﬁtqrﬁ@n&eﬂ}w DR CHB S PRPTISERG %&1 eotlde of the
\ﬁ% gnard et al. 1993; Mrabella et al. 1998). This
sugges S 5 that, despite large deletions, a partially
functi onal dystrophi n can be generated, provi ded that
the del etions render the transcript_in frams

dVeesto tha delingd surnaver rakeobhh ﬂ)@abfsftgophlam.rer@RNA ‘and the

d
AONRL S PP SRS he et RAFR g BB bt
SINidthetiaRS UF ACONQ\hi Q@J&h%@h %mivehehp%h ﬁiﬁr'ell)s%f%ﬂﬂbnse RNA

cells derived fromthe 10 ndx nouse nod Dunckl ey et
arill Heoascesshtyowithingthe modeys, Ndmred:ram;cm}ﬁ@m andmmg of the

e s B A b
%hlcﬁ%gaciﬁ% OB h? ﬁ%&% taﬁQQ Thto a-gﬂo&’iﬂég %e‘gﬁ. In this

have i denti d a series at can be use

iefreltpde this erskbdimhegt de’é@nﬁéd ffer Bimtsrexld nmd@quNAZ (U7snRNA).
8,17, 19, 29, 40-46, 48-53, 55, _and_59)
(%ﬂ%mé-mbét NP, copppayentf the (U %WO@W@WQWW’GNE

relkﬁﬁg) {é% Vcﬂveg i ﬁ% tgréc{?%gféfé? k §%b1§190ﬂ3stone pre-
%RN&' Qﬁﬁ@réﬂﬁ ﬂ@ﬁ't@ ﬂmdhcﬁle U RspdeA S @ffiéientis tﬁiﬁhsported back
different patients with DI\/D (van Deut ekormet al. 2001

/ﬁmmsthaamlesmaﬂo theoo®)leus in whade itsgatdisabsequently incorporated

nki ng out - of. ane del etions or
SRR R SRR B Rt & HORC GG ORER S cessully
oSl i
PR DS80S 5 7151 e
tstedies,odiffelrbst pla'Elnmsle wereaingiysdredpbnbsining ladnbdified U7snRNA

det ect ed as 16 h after transfection t he
@puet Hﬁﬂl‘%‘élcﬁﬂ%i‘leé%é‘aa]f Bndpeprerseaance direrted,ja theshistene pre-

[

qﬁﬁ%%s%b&ic@dﬂ&%hg{ﬁﬁse?&% g%&ﬁénce&&g&é@i{ E%%Bﬁ?erﬁt B-
tthelaapemti - s8¢uih tetioddrira it §1|5hd1ﬁg sitegGhrthe Weglhhin gene. Following
denonstrat i n%l doubl e and nul ti -
transfection of these plasmids, correct splicing and expression of the full-
length B-globin protein could be restored with an efficiency of up to 65% in
cultured cells expressing the different mutant 8-globin genes.

We have engineered various U7snRNA gene constructs as described in
reference 53 with the modification that the 8-globin sequences were exactly

replaced by the antisense sequences derived from the different AONs. In this

example, the sequences were replaced by the antisense sequences of



exon skipping (fig. 8). Follow ng the sinultaneous
ski ppi ng of two exons (doubl e-exon skipping), the

WO e@diossy4d rane was restored for one patient w PET/AL2004/000196
nonsense nutation in an ouB8of-franme exon and for
another patient with a deletion that could not be
bypassed by the skipping of only one exon. 30
Furt hernore, through the skipping of an entire stretch

SACRORFE . ob fr A1 Noro cleaps 7 eedWanREhe Sang of mouse
d
%?Pﬁ%‘ ads %%h@&&%%tmeiu&ea éﬁéé(f&%t %Hggg& @é{e@@m).

mutations. Materi a
FolloRrihgeoastruotvalid etion byAdseheinge theploexoids Welre tested in vitro

T M TR e R T
RBBIR SR s 1, 7 S i

W&U@M@e%ﬁﬁhéiﬂﬂbﬁj B NANEe D st tBO0dve have

reveal perfect ho ogy to other sequences in_the

hlmrmd @@mmtqneaqmbu,mnm@dmcogssogmd virgl fodAR) wertars. AAV is a

t 5. -
sy andsd, PO BBt oY tatds SR BT Lp ioiSh shows ¢ helper-
TieBeH&élli‘B’ hfé‘?!ﬁlef IT8%ohPrdst QQ %%Mﬁﬁg@se@d@ﬁ%ﬁ% ni‘&%wrus and
To avoid intérference wth |'uorescent signals of
thleep sesiomplax wiar) | MVa&ctml Iaabl&*l demaTizatest © b wdry efficient in
i mmunohi st ochem ¢

irpnsfdicing magure ffze&l@? g @gﬁhé@;«i}ggé Eygﬁéw%é GFEAAYV in classical

8B S P80 T PSR ockaring

di s 5C]§15)§ el apdlg rmdmw@ibﬁitﬂe\l\ﬂv’éhy PMhe much smaller
&éDLMO [ exon 46-50 deletio @(lrband 50685. 1 [exon_48-50

Tsaf NA|antigense consiiraetsd(<S QbR fasetaremypaye gheletal muscle.
cul tured as described el sewhere (Aartsna- Rus et al.
2002). Myotubes were obtained from confluent nyobl ast
TH! UT6R46ADNG bhistFudtdwds HMost RHILIGE BA i@ 4iAB- eX-BBe@@sklppmg
were transfected with mxtures of 200 nM of each
Ral oveinizytranefaction (iR mowse CRETR ayotvbess fagct was cloned as a NotI-

BB St00 Pt sk (TP aganal, d ERFer CBRIAIEE b one for
Webén Hﬁg?egcgﬁceeﬁ'f&eﬁg\éﬂ“w é]j‘l\]i) ednelEh BRRILEM AV derived ITR

sequences. The GFP protein allows determination of transduction efficiencies

in muscle, post-infection. We engineered various vectors, containing the U7-
AON construct, either alone, or proximal and distal of the GFP gene. The
vectors were validated for their insert content by sequence analysis. For rAAV
virus production, we co-transfected 293 cells with the U7-AON-rAAV plasmids
in combination with the packaging/helper plasmid, pDP-5. This is an improved
helper plasmid, containing all AAV and adenoviral sequences required for
amplification and packaging of AAV vectors. The pDP-5 plasmid, obtained
from Dr. J. Kleinschmidt (dkfz Heidelberg, Germany), facilitates the
production of high titers up to 1012 viral particles/ml of infectious rAAV, and

without contamination of wild type AAV or adenovirus. Following purification
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per gg of transfected AON. For patient DL90.3, who has
a point nutation in 30 exon43, only fibroblasts were

w@e@ithsdae. Fol l ow ng infection(rmultiplicity oPCEAEL2004/000196

2004/ 083446 PCT/ NL2004/ 000396 43 infection [MJ]
50-100) with an adenoviral vector containing the MyoD
gene (Ad50MyoD),the fibroblasts were forced into
nyogenesis according to protocols described

Wher e‘&é} e su Y 19&&;@%&;{ 1&% 8(?1!1813?%%%)6 rAAV-UTm46A0ONG
B’rﬂ‘ﬁiﬁﬂ@ MGAGNB R fdc i ?llg é& %@?@o@ubes at two

descri bed abov RNAT sdl ati on si s of
td]lffeﬁntﬂvIEYISC(Nbﬂ&pENﬁyl @bhﬁbctom) RE-Pdays post-Bdeptinr; RNA was

aéa@%n&ﬁﬁ B pnaboms poxipeneilias describrd fmbaterial and
gﬁ{ddg? ﬁ? E‘Rﬁ\ﬂg}ﬁdﬁl(ggﬁs(fongﬁrucg Vﬁ%&? n%é: gfﬁic%‘ntoa{xﬁihduced exon

|p produ Wer e usin

%Célﬁppm%% mv@w@ﬂszmr(@@mgwtéqmu& ng the DNA 1000
LabChip kit and the 2100 Bi oanal yzer (Agil ent

Technol ogi es). To anal yze the splicing of the entire
%@ﬁée% RTreactions were performed with 1g RNA,
Hexamer prinmers, and SuperScript. |||

(I'nvitrogen). PCR anal yses were 15 perfornmed using the
protein-truncation test (PTT) priners described
dlidewhere (Roest et al.1993). Since sone of the PCR

I pers re l.ocateqd.in exons that were deleted for
Siﬂurﬁ R pHti-pXOResk fically designed additional
primers in exons 41, 42, 45,53, and 54 (sequences
avai | abl e on request). 20 Anal ysis of the Dystrophin

Rf st g lancaniiviaalonss oA 08TE, dalibRigkiyiiesMetol3 andl 465e%s induced,
wer e performed as described el sewhere (Aartsma- Rus et

andxbeyop wﬁmﬁhws mwtor@dtmu@mgm@s fremgirfet patiewnaffected

R bkl Fedton o oFBh a0 BEY MROHET p<iRlkDYAHH 0 exon 46-50

defetio, @R PherdpeuVRy (!ld)@ole %ﬂi{ﬁ'%rﬁg@ ox¥h485a¥P 51 was achieved.
I nstitut e, United King DYS2 (Novacastra

B@mMy,em) qonémi mb'Blltust’S;lhe( lmtea'a@mbmatmbmfa@tG)Nse}a)lsed the
re.use tec

S8 B thS e s Rine a0 b P e hastremo i ke T aiD e hig 1 irame
hﬂﬁ} N 200 4%605‘)3“% ME% thépax%qﬁiﬂ fo?‘ avg%r%é)soélfl ﬁ)ﬁéh‘ltg carrying

different DMD-causing mutations. In fact, we here demonstrate its feasibility
in myotubes from a patient with an exon 48-50 deletion. The application of
multi-exon skipping provides a more uniform methodology for a larger group of

patients with DMD.

(AONS) have recently become an attractive tool for the study and treatment of
human disease. Initially, AONs were used for the sequence-specific inhibition
of genes, either to elucidate developmental processes or to suppress malignant
or aberrant gene expression (Dennis et al. 1998; Stevenson et al. 1999;
Nasevicius and Ekker 2000; Corey and Abrams2001; Dove 2002). In these
studies, AONs mediated RNAse H degradation of dsRNA, or they blocked
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Doubl e- Exon Ski pping in Two Patients with DVD The
ski pping of only a single exon is not sufficient to

WO e®t083846 he reading frame for every nutati onPCI/NL2004/000196

significant fraction of nu#étions, it is necessary to
5 skip two exons sinultaneously (fig. 8A). For

i nstance, patientDL90.3 carries a nonsense nutation

in exon 43. Considering that this single exon is out

of frame, the skipping exon_43 re
ﬁg%%&tl%%ww% e tingy Houaies, AU a6 alfsgpable of

S
b Bt B R By e R RO e ol TP RSPhibe 1o has
deenestitadtedrthablad 180ast 18% iof didelageicadsityg poité hetitadivmef resulting
exons 46-50. Frane restoration requires the j

N psipdiging deﬁlét& %raé??mét ¢t fﬁn ROHE @wea@}eétaloii%@@z ;puratti et al.
S DS B BRI LSRR By i

$REFAfibS. PENRcPALd RNRESOTBYeRta®¥ HOKB-haddtbuccessfully been

51-specific AONs (patl ent DL470.2). Transfection
afstildbanditestiveskippypg ofipsqudmexontsisnbBo¥ingeryptic splice sites in

16 aaloip Eons (P FkOurBE b AL @éﬁn&tﬁf SRR g
?t%;%s‘k?%bél%n{cmﬁ&ahw 8£dr r@%ﬁn%g@e%& r B3y

easl I C do bl e- exon s i pping I N
bﬁtéhmweéﬁtAOl\&Q%M to 59’oa®§m1hetsahnb r(hpeptldptrepeats for the
a ments for patients DL90.3 and _DL470.2
wlireeryiyment oh th@ng@ﬁhmﬁ WO@elafwwb@ela aapligd dn vitro to

égag? emcfhﬁgrq 01’ %&tatpé eno&e ec t e 8&9 %#}59 g’g(l%eg'wme would be

exon sklpplng, Ssin

%khm&@aﬂﬁe@ﬁt alﬁilKr@h%} ﬁ(ﬁ@} OAONKS héﬁ’@/talgo Ketidéffective in
transcri pts) and ﬁatl ent DL470.2(exon 51; 12% of

taéteamg tmlsaiw pf shtementiee splcingawhi was gaplisd for hancer-related

8'3%3?}@,4%? ranscr :%)gnrg@re affectged b%f\ﬁglcatar%\leet ol
S0l 20MP188E, %uﬁ’%ﬂeﬁ@f‘ %%b&ﬁ%&gs %éerﬁf(ljy aév%ﬁéé ap!p!ﬂlcatlon of

bot h’ tredt ed and untreatéd myotubes not ~ det ect
dddNsiis ha ind wdectheasyte cifid $]ﬂppg1g3aﬁ g¢xmnssniardehéo Dhrege tlze reading

fi ohi st ochem anal yS| S
&ram@ro ﬁtm&mﬁea&a%%%w 2 éaet i gan et aa@%pnto a partially

PR e, Tk DI ZEP P B RAIES M dPYBLP AL woll suited

dowithie- leetefl apbh@awlm. 'Phe puciedn Bb&llstskd £y N-taphina$ do@min that
30 average, 70% of the nyosin-positive nyotubes showed

iRy tpactan Slpments,oncanhr Qbmﬂl donas audrn G-bomained eYsieine-rich

e e BRE B s B P e b Aok SR 2 b fimgp et ol

dyslr @RBhiy éi041. RBBBETHsAMAGin O2hWan odor Mabstited irfthe DMD

gene that interrupt the reading frame result in a complete loss of dystrophin

function, which causes the severe Duchenne muscular dystrophy (DMD [MIM
310200]) (Hoffman et al. 1988;Koenig et al. 1989; Ervasti et al. 1990). The
milder Becker muscular dystrophy (BMD [MIM 300376]), on the other hand, is
the result of mutations in the same gene that are not frameshifting and result
in an internally deleted but partially functional dystrophin that has retained
its N- and C-terminal ends (Koenig et al. 1989;Di Blasi et al. 1996). Over two-
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DL470.2 (after 2d), at levels of 3.3%and 1.8%
respectively, when conpared to control nyotubes

W@ 200g98348%C and 10C). 5 Multi-exon Ski ppi ng ThePGPNL2I0#WE00196

of exon 44 directly to exodl52 (as induced in patient
DL470.2) generates an in-frame transcript. |nducing
the skipping of this entire stretch of exons-that is,
mul ti - exon ski ppi ng-woul d generate a BVD-1i ke del etion

AR TS e E) 2% BpHsueh @%ﬁ@g@% (0% exons

£
(( Hé | Vlrgééxfgt LD 18 rRéiﬁQ%lEz%lﬁrIﬂ 2ibnts uave b?en descrl{lbedf who

KMMLO9) r eate re
lwrhﬁblt lvery xoibd WD&mﬂ whb-laple aipf 1006 RS thé icgntrh? tod domain

(Bnelpbhtnh g0 §bnel etk 1995 Niralai ot alo9PR, This suggests
AREPILERi b0 Blehon® TRRrAANY TRty LR ARAERTT

@éﬁ@rﬁ%d( gadviide@thahevddele¥bnk Rendapiid ﬁ@nls&rlb‘@m frame. AONs to
ot ubes derived froma patient with DVD(50685. 1)

fer\sphiging se daat #e: GEemdaging frame ds r@spredrved the severe DMD

s PaPER o RS 2 RfeE FED R HR. $evegal stadjes have
ottt aﬁ@ﬁ'ﬁ%&@N 1ﬁﬂﬁee<§§h@é J@Qoﬁ’%kﬁ&nﬁglijhlebﬂg @@rived from the

Conbi nati on of he ski ppi ng mor e t han one
endn niouse mnée]pﬂhamkﬂuy abhk dﬁl% Wekqonn etal. 109% Mahs et al. 2001,

%@pﬁiﬁ’ a0 e ugsS e Veriap DAHE neetaRe CopRemima FigL 209L van

Ao & PR = e AR N0 R Dol Jg B . 2002)

lflroai?aﬂe witLied woideaesled DserdeBdf AN Ethdy @shetkeéd o diduce the
this "Ulinked AON' into myot ubes fromthe human

cbinning of 20 ilieterl saamedpxemui2: Bd 7t W, PAt4QiGs 4R%-BB, 55, and 59)

Rt A 2029, O &Y eiegli B DM, Jnove g% would

beaBfE floRh thé bk‘lﬁiﬁg oft fB¢el S&Mst So Q’KP Ry @ %a% 'sﬁccejs%ﬁhgf applied
This multi 30 exon Skipping occurred specifically

pr@eﬁeﬂop skipping isxehsseuivtd: frew, eight Wif@e4 pasipads with DMD
PCT/ 04/ 00 6 co fir naI ys
e CamEhAD 20l AR B S o GOUSL i Dagh utudies, the

A S 0 P

comtainingdatmonsénsemtatiohassioredthatrefdiing frame and induced the

synthesis of BMD-like dystrophins in approximately 75%—80% of treated cells.
These novel dystrophins could be detected as early as 16 h after transfection;
the dystrophins increased to significant levels within 4 d and were maintained
for at least 7 d (Aartsma-Rus et al. 2003). Here, we significantly extend the
therapeutic applicability of this technique by demonstrating double and multi-
exon skipping (fig. 8). Following the simultaneous skipping of two exons
(double-exon skipping), the reading frame was restored for one patient with a
nonsense mutation in an out-of-frame exon and for another patient with a
deletion that could not be bypassed by the skipping of only one exon.

Furthermore, through the skipping of an entire stretch of consecutive exons
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DL470.2 (fig. 12C). 5 Discussion |nduced-induced
ski ppi ng of a single exon has shown therapeutic

w@oioengisad to correct the reading frane and i PCNE2008/000196

synthesis of BMD-1like dystddphins in cultured nuscle
cells frompatients with DVD (Takeshi ma et al.2001;
van 10 Deutekom et al. 2001; De Angelis et al. 2002;
Aartsma- Rus et al. 2003). Here, we denonstrate the

feasibility of targ ti.sense-i nduced l,ti- n .

SRR G o %ﬁﬁﬁcﬁ%@ ﬂsﬁélé%l. W, gegﬁ%ﬁ'#&ﬁ@aﬁﬁe potential to
[WeJo) f | &+Lal y occurs in

%gétgfégggﬁk}é%ogkﬂl%ﬁ e\%\lgfﬁﬁlﬂl&@g %\'s been detected

both in patients with DVD and in unaffected

i ndi vi dual s éSi roni et al. 15 2002). Furthernore, this

Phateriahan thasts suggested to be the underlying

nmechani sm for the occurrence of dystrophin-positive

"revertant” fibers in the indx nouse nodel and in

PRONE Ohe PHikier®VMD (Sherratt et al. 1993; Thanhet al.
1995; Lu et al. 2000). Multi-exon ski pgi ng has al so

Bion-inbemral 4O Ns toivgetige esonh éf £p944 ONDeand frdh5RAON2) were
S B PR FR Y A0 AR Gyl cvoms 4
%hd% %%9%%&%&&@* ,d@éir%ﬁbfi forfB3ktu@pt h AONs and

chi -RNA o uc

neric i go eoti des dirtected at the 3' -
S 3 A0 NS CUGUAGCY ERAC TN AT €dhdRACND: i n-franme or

B GO AMO At 5 A £ RO v
BEFRLLhPblo! QLR 804 AGUSL B b S R

BbnIeRs94%; ddindimehrd I bdluvee® 3). MUAEINE pop@tihens' fluorescein group
deri ved ot ube cul tures. | mmunohi stochem cal anal %si S

6-FAMY | el dangtbsphosphiosethiepterhackbane, and gwehmepbyl-modified

t hesi f t ' ' to 70% of bas. '
Hieee Bt Eeea SR oSRIe O ot e b Bl R Y B nasoent
REANEFH s BhdaPy BYtDERics! Qalfhets® ACKE RRirtasel Bl s
(75% 8099 (Aartsne-Rus et al.2003). 30 This suggests

idnai udtibtdchenticadrad dyséo Pramdrs foer RRiPPRrapalysis (fig. 8) were
per forpance of two WD ,2004/ 083446, PCT/ NL2004/ 000196

o eRased, i e APGRRISE §SARIEGET AXR Y Ie HRHR FSASS

efficient than those of a single AON. However, in a
nunber of the remaining dystrophi n-negative nyotubes

dfyogenin@ekt -Cudonreskdrah AV dbansfeetlon¥ést er n bl ot
anal ysis of protein extracts fromc{)ati ent derjve

d .
Pomaprygoblests dremrebumssveantrel and frepy twgwatepds avith DMD
Qbii%o.z [exon 46-50 deletion] and 50685.1 [exon 48—50 deletion]) were

isolated from a muscle biopsy and cultured as described elsewhere (Aartsma-
Rus et al. 2002). Myotubes were obtained from confluent myoblast cultures,
after 7-14 d of serum deprivation. These were transfected with mixtures of 200
nM of each AON. Polyethylenemine (PEI) was used as transfection reagent,
according to the manufacturer's instructions (ExGen 500 [Fermentas]).
Separate AON-PEI dilutions were made for each AON, with 3.5 pl PEI applied
per ug of transfected AON. For patient DL90.3, who has a point mutation in

exon43, only fibroblasts were available. Following infection(multiplicity of
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5 than 3% of dystrophin. Considering the high
| evel s(70% observed in the inmmunohi stochem cal

w@anahpsidgsq there seens to be a di screpancy. HOME/NL2004/000196

this can be explained by #he fact that in the

I mmunohi stochem cal analysis we focus on single
myosi n- posi tive nyotubes, whereas the sanples in the
Western bl ot anal ysi s al so | ncl ude a significant

HEEbn Wﬁé@fﬁ% oS S o DR RS oD gene
oKD *%eeﬂbﬁob‘%sfv%r@ BRENGERREnBls, accorting to protocols

., a DFOXIHHI pat i ent

aldstribed e‘]{&WIm:I'EE{MIH&‘p 3C%0 1996; Rﬁeﬁlﬁéﬁ 410 [l996,ﬂAhﬁtbnﬁ11Rus et al.
that _accordingly_contained, a hi gher nunber of
mgaredctlc2A2)e drpnstertinncpyditianseversnidentical to those
gfe%ﬁbgd?a g‘%e in the Western bl ot anal ysis was
rrve rom15 nyotubes expressing dystrophin over
the entire period of differentiation (2wk), whereas
in the patient-derived nmyotubes the dystrophin

@Nﬂh@g l%gndrRZ;' PGRsAndlysigsaf aheSkip Eroduetsof

yS| fgtJ(so ﬂ-ﬁq&ﬁn g(?(g}rer}fcg ! ub%g%%rqe 6{9&@(}4({3 as described
@s&&ﬁ@@ @rBShh FSs &‘@5192(9{%0 Bbgm%s 8 Bt khe u&a&mn of the

rati os of exon 45- and 51-specific AONs were
@raness.dthr camhthiﬁrmtl‘orghﬁlﬂte $lﬁpqirsduétsd nedstied- E@Bﬂ were performed

AR SR b ekt AL o i
e.{h; E e{lﬂléd‘ Bé%ﬂ%%@A@%@?écﬂ?&Q%ﬁf’fg rénsatﬂzlz%pﬂ{égsmﬁng of the

serve

(epdive eI 90n3) RARsh xRl wdre(athendd Bidy ?.p2) RNA random
particular. This suggests that the |ocal secondary

rimegs, and fuperferprtodd &Irwltmgenhfﬁféﬂnamlmps were
et.i ng t hes

S PR ESpRd s 3Rt AR U phaith ST B e desihagbelsowhere
F@R@@@tbéﬂ alt 1}993)t Sﬁi%laBéonIer@tH%OPDRﬁg}ﬁle% %etl@li&%té‘@ ﬂ?)éxons that

he sane nucl eus but also that they hybridize
swme dalgtedobe @atnent DL 4K5 2. gwe c‘spaaﬁbﬂibrtdleaignedrmi(htledal primers
of two | L nke th 10 uracil eot i des.
é&ﬁﬁ&%gﬂ\%zt ﬁ%ggh 3¢ oé %m%%maﬁ@ﬁie OBmERqYRSt).
U- | i nked AON i ndeed induced higher |evels of
mul ti - exon skipping in WD 2004/ 083446
A )63 0 4h & WYLB0ph#8 Pryreirbes from a human control
nd a patient carryln an exon 48-50 deletion. In )
BHRERghistechenyigal %mql %%Qﬁ’fem l@ranalysegawereperformed as described

t
Eer TR iR G A A S BBl body 168 (o it
@ﬁir@tmorm Van d@ﬁlﬂmeﬁéMn@Medi@ap@(smewhb heetherlands)was

i nfl uence of the Iength of the U-1inker. W 5

disedto éle§¢<@m1w&mnMPgNEﬁ@]e(&:gﬁt froat Rrn6t M(bmvm)NdiﬂihrEast Wales
?ﬁgtilt,lyl\';‘%, %Sigécf)kmgdom), NCL-DYS2 (Novacastra Laboratories), and NCL-
DYS1 (Novacastra Laboratbries) were used to detect dystrophin. For the
Western blot analysis, dystrophin levels were quantified using LumiAnalyst

3.0(Roche).
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expl anations for the mechani smof nulti-exon skipping.
First, the entire region of both exons and introns

wheimegirsexon 45 and 51 may have been spliced PCI/NL2004/000196

because of an overall AON i4hduced alteration in the
secondary structure of the pre-nRNA. Second, the

splicing of the individual exons 45 through 51 nay 10

have occurred earlier than that of exon 44 to exon 45

(which is not unlikely, given that intron 44 is 270

kb long). In that case, the splicing machinery

r I ; on and omtted

e T pine K00 FRBRR oRIPIEAC 2 ons. 45

&k Sdippiigeof ailyea sirghd axat isonotssufifiestot tohattaralthe vreading frame
exon skipping naﬁ%onty, e effective_in those areas of
dpeeYiD 1gatation. [hasignificaphiractien of mputaiins, tigls necessary to
310 58 cROhRsubfItREbL N THer B R o MELBE, BHREEEDEY0.3 caries o
(ddnlsbAkethutAta inne:0in 3. Coredldanag that titisgengle sbaris out of
only single-exon skipping is taken into account, the
dramsctheeslopping pbextimds remones bhe nonsense matapon huddges not

theoretjcally. be. benegficial for,nore than 75%.pf all . .
SHEvG EhE Sredingiamin rupe s oS Rty Soiebe i and it s im
S48k weaihled ﬁ%ﬂ@“ﬂrﬂﬂt%&ﬁ{s“sﬂ}?ﬁ&% D dtAxoRYDPatient DL470.2
mut at1 ons, except those that affect the functionally

ds affectald oawietetiad of &0 4@+56. dlre oy rddteration requires the joint
t ei -rjch Gt ' [ .d in, t toi |
ShPng b ehs e vagedrakingebe Heliban@s; 4 Myotubs Cultres from

PRSP Bk RErs HRNRITRe] WIRPE sARMARS o VAL B 36° and 40

rsppeific O N (jtiertlaD A8 of dgonAHnemd 33—3986fic AONs (patient
Mul ti-exon skipping not only increases the nunber of

A4 dhel Tastechion) effisiensiestwetedivpisally mose dhan 0%, as indicated

[ | l d ' '
By Bl ERpL Ohielis, R Sl ERRRRH ok bl BhBlaseny AONS. RT-
FTRANay i as 249rl hWitHrGrRestbEAoE ih @Sd Piémank@atdd Vhe

of all the deletions and 6% of all 'small nutations
feasabilisst of spetific dvDbhereson ekippana babetli pabiebDtsm (3% and 75% of

996). 30 Furth it off t td
SRR ErerY fRaaraE g RAUeRs PP E A HED N0
/ € . ti
g e
eEpegitaddinesd d dition1 80 ullaeand sklip@ing, #2%ds0 Metatted kmgdt-exon
ag, 1998). Its eventual .the'tg;aﬁeutic applica,tio)n will
FEIRpaNg 1o dgsieat JAL P06 (o 44: &veh ek total (ranscripgs)anpl patient

SIS RO LG BRI 5 RS, o

@@gi@hy@ﬁthé:mm&a@sdﬁ*)t Weky affeai@dd by tKd AN theutRedrte] we
level s of _a nearly full-1ength dystrophin were
vprfermed R’E—E@Ryanalysm on the entire DMD gene, with consecutive sets of

exons. In both treated and untreated myotubes, we did not detect additional
aberrant splicing patterns in the DMD gene (fig. 11).Immunohistochemical
analysis using two different antibodies directed against internal (MANDYS1)
and C-terminal(Dys2) parts of dystrophin showed that the in frame transcripts
derived from double-exon skipping produced BMD-like dystrophins. On

average, 70% of the myosin-positive myotubes showed dystrophin expression
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nmyof i bers, which inproved nuscle function. Although
the effect was optimal at 2-4 wk, dystrophin was

w@rioklosdes ect abl e at 3 no. after injection (LUPEL/NR2004/000196

2003). In our experience, 46he in vitro and in vivo
effects of AONs in nuscle cells 10 correlate
relatively well, which provides a prom sing basis for

our current studies on multi-exon skipping in mce.
e DN e tor b, Sh 108 PRyt blot analysis
%Bh?r @é’f}l‘(e ﬁﬁgé Iti}%r%e y jbtﬁg)\ié%%aﬁgﬁ ]3?\'% 3 1216814 d) and patient

B lesTi®2-(Btet 20), atdesels 063 StEmidiDI8es) réspadivemehefscompared to
20 van Deutekom J (2002) Targeted exon skipping as a

geniiol myotybae (g Plearild9@Dher apy for Duchenne

Muscul ar dystrophy. Neuroruscul Disord 12:S71

Aartsma- Rus A, Janson AA, Kaman WE, Bremmer-Bout M

degnliPendre SkigpingBaas F, Van Omen &J, et al (2003)
Ther apeutic antlsense |nduced exon 25 ski ppi ng

dibe splidingoé exen ddldirectlyoln exon o2 (dsinshice dim g@amm@bwo 2)

12: 907-914 t
355 PR B G BsG G il DaLPiE P ipgRtive stretch

C¢ b
PS5 ooy 80080 gain g e S o

re@a'dmmcﬁcﬂ/) Gpanffg 2@aRBge af sinaferBartatna PED Bagtﬂtiori% (fig. 8B).
003) Can.a "patch" _in a skipped exo
é&% ltrppn %}nww%ﬁ?ﬁtﬁss nbléw@mowgﬁdgy %e%d

s v ﬁi;?u% K}Vgﬂf ﬁg«%%tgh %gﬁ \é‘%%&t%rlé g'%%r%lg&f(el?no(%ﬂ%}le exon 45— and

&a@pmfw HONoSet Tad). aVE ebbeisielli Lhoes], MadrtBe¥rankcript,
Genet 3:285-298 Cartegni L, Krainer AR &2003)

coriespendingdd ajsige dbat wovdd rezwlt fron the kaxygsited sktgpmg of exons

n xon-speci fi g _activat.o t Struct Bi
B S Do B S BRER ey SR reYRRa Sl Bhe hor s uSetly spliced to
8Rbh $2NFAtL hbHSRMFhE Ve dBEh a&@ﬂ!ﬂe& 16 96 mydtuBes ueﬁtvb& qrom a
vertebrate devel opnent. Genone Biol 2:reviews1015.
peﬂwﬂmﬂbﬁ\/@(%%@kbasyﬁg aﬁtebt&ndﬁSeﬁOQielaeom(ﬂgc&B) The
ROI;E mg,uced Gﬂplplilﬁé 'of Gil e@o%%lfroEﬁl 4%91?0351 lyielded the intended in-frame

transcript (fig. 124).

Double and Multi-exon Skipping Using a U-Linked Combination of AONs

The skipping of more than one exon from one pre-mRNA molecule requires
both AONSs to be present in the same nucleus, targeting the same molecule. To
specifically enhance this probability, we designed a combined AON containing
both the exon 45 and 51 AONs(h45A0N5 and h51A0N2), linked by 10 uracil
nucleotides(fig. 12B). After transfection of this “U-linked AON” into myotubes
from the human control (individualKM109) and the two patients with DMD
(DL470.2and 50685.1), RT-PCR analysis demonstrated its efficacy to generate
the in-frame transcript with exon 44spliced to exon 52 (fig. 124). This multi-

exon skipping occurred specifically and precisely at the exon boundaries, as
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G Bozzini | (2002) Chineric snRNA nol ecul es carrying
anti sense sequences against the splice junctions of

wexon/08344of the dystrophin pre- nmRNA i nduce exBCI/NL2004/000196

ski pping and restoration o##6a dystrophin synthesis in
15 Delta 48-50 DVD cells. Proc Natl Acad Sci USA

99: 9456- 9461 den Dunnen J (1996) The Lei den Miscul ar
Dystrophy pages. http://ww. dnd. nl (accessed Decenber

spbfmRY Wd%n%%é’gg% ein QAR O Bia R R dapopfhowed that
)f.ﬁ@ T.?'Hh lﬂh& 558% SeRieklt th¥ ncheﬁﬂn 3f gb&ﬁ}%)?@ %lyotubes

opograp enne nuscu strophy (

dedia patiddt M&Dhlﬂd&halmﬁnan Qﬁnﬁl@ﬂb&ﬁ&@ﬁ in evetiubed ffom patient
del etions and 13 duplications. AmJ Hum Genet

LA 245g. D3Ghi s JU, Dean NM Bennett CF, Griffith

JW Lang CM Welch DR (1998) Hunan nel anoma

nmetastasis is inhibited follow ng ex vivo treatnent
DiswulsBigw anti sense ol i gonucl eotide to protein kinase

C-al pha. Cancer Lett 128:65-70 Di Blasi C, Mrandi L,
Eadue@i-lrmu®da§@ppm of 2 gmghe bxon Bas whowniherapeytic potential to

R GBS S AL FLAIB Eo oonie

AR RST REYIB LS E‘é‘&{‘ﬁﬁ E’se Béﬁ‘fmglé%bl 200Y; van

carriers. Acta Neurop at (Ber ) 92
MEEMPQWOM@MMH&I zaommtsanamet al. 2003). Here,
Ant i - sense and, sensi, b|||t Nat Bi otechnol 20:121-124
mithdrmanstnate the tangeted aptisenza-glyced multi-exon

TR A %9$%3 L ——

frdgheanBeodurg i nBoms hindit defow HumldThisanRi been detected both in
7:1083-1090_ 5 England SB, N chol son LV, Johnson MNA,

Petieass wih ILMDeamhm zugff@y@dandeadnﬁlsd@umlm DE,

05} o Frea DR G s e BaTabeh, THSSHE 4o be the underlying

M&ﬂfa@ﬁ’éﬂarfor had BEQurrdfcd éﬁgfs%%}ﬁh\iﬁ%'iﬂwe] MeveltLitd 'ﬁ%@l‘s in the
K, Kah D, Gaver M5 Canpbell "KP(1990) Deficiency

_mdoangilyseappdwlemd nnppuantstwrtﬂl DNED d@herna;bh ehakt dﬁaﬁBeThanhet al.
R R LR

%&ﬂg-%herapy studies aimed at the targeted skipping of the mutated exon 23 in
mdx-mouse muscle cells (Dunckley et al. 1998; Wilton et al.1999; Bertoni et al.
2003). Both AONs and chimeric DNA-RNA oligonucleotides directed at the 3'-

splice site of this exon generated shorter in-frame or out-of-frame transcripts

in which additional exons adjacent to exon23 were skipped. In this study, we
specifically focused on inducing multi-exon skipping. By use of combinations of
AONS, the double skipping of exons 43-44 and 45-51 was induced in patient-
derived myotube cultures. Immunohistochemical analysis of single myotubes
indicated that this allowed the synthesis of dystrophins in up to 70% of
myotubes. This percentage is not significantly lower than those obtained in our
previous single exon—skipping studies (75%—80%) (Aartsma-Rus et al.2003).
This suggests that both the transfection and the skipping performance of two



10

15

20

25

30

Correction of aberrant splicing of the cysticfibrosis
transnenbrane conductance regul ator (CFTR) gene by

w@nios®giase ol i gonucl eotides. J Biol 15 Chem PCT/NL2004/000196

274: 36193- 36199 Havenga MJ47Lentkert AA, Ophorst QJ,
van Meijer M GCerneraad WI, Ginbergen J, van Den
Doel MA, Vogels R, van Deutekom JCT, Janson AAM de
Bruijn JD, Uytdehaag F, Quays PH, Logtenberg T,
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| ocus. Cell 51:919-928 Hoffman EP, Fi schbeck KH,
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@Hﬁﬁﬁﬁﬁﬁmﬁo&fenﬁ@ékﬁﬁaﬁrs@%Hé&leaéeenijé’ﬁi bé ﬁrﬁdscﬂﬁpﬁﬁ% However this
Med318: 1363- 1368 Koeni g M gs AH, Myer M Scher pf

SanHe explavteddy Bae fant lthat i’n t]Ms ngn@nolastwhemmna'ﬂyms we
aS| s for Duchenne, versu Beckgﬁ)nusc

I I
dgets %ﬂlb%{ng S st SPoBH W YGRS JPherese Ly Bigples In the Western

v e O e
(El%ﬁéarrﬁbm cheapbatel peofedm camyile ahst dexiédhfropt adiuttweahat

a %\Q@fi ﬁgllhegr?sllﬁ%ég %Em{]xoggggtﬁa@z ﬁ%gmgi%gunately 40% in
%ﬁg %ta&ié@%t%@rgg vE B8 ERRA ooR HPRd SO dTANA that

unctions 0O enes:. causes

@@mﬂﬂmtmm@ Quﬂzibéflf- SeopMinprddlicik®belfs. Finally,
Bou- Ghagl 0s Ga Morri g@&% Xue S)(& &3Ir:| et%herﬁls cih@¥ells. Finally

Phe contreb pToteivshmpde 8DtEe S0sterhitiandysiammamderivéd from

BRI aper et A o wAF (i tge Rigead b e pation (i,

I
N e

eusinnslluncp@ iabghe 6ime of anal}e;lm(atsnnsle 4 djuSatdeomyotubes are viable
ophi c scl e apnd produces functi onal

3 @eky";?wem %@é@ssa%ﬂ @a@ﬁgqc tisRp lnees sxryessien Perighs were

148:RRR2P8P Different ratios of exon 45— and 51—specific AONs were

evaluated, and the highest levels of double-exon skipping were obtained with a
1:1 ratio (data not shown). Both AONs were apparently equally efficient at
entering the nucleus. Besides double-exon skipping, we also observed single-
exon skipping of exon 44 (patientDL90.3) and exon 51 (patient DL470.2), in
particular. This suggests that the local secondary premRNA structure was
probably more affected by AONs targeting these exons, which subsequently
rendered exons 43 and 45 inaccessible. To increase the probability not only
that both AONs are taken up by the same nucleus but also that they hybridize
to the same RNA molecule, we designed an AON that consisted of two AONs
linked with 10 uracil nucleotides. Compared to the mixture of the two AONS,
the U-linked AON indeed induced higher levels of multi-exon skipping in
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Mann CJ, Honeyman K, Cheng AJ, Ly T, Lloyd F, Fletcher
S, Morgan JE, 15 Partridge TA, Wlton SD (2001)

wOo\nious83se- | nducedexon ski ppi ng and synt hesi SP@F/NL2004/000196

dystrophin in the nmdx nousd8 Proc Natl Acad Sci USA
98:42- 47 Mann CJ, Honeyman K, McClorey G Fletcher S,
W lton SD(2002) |Inproved antisense oligonucleotide
i nduced exon skipping in the nmix nouse nodel 20 of
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Modi fication of alternati ve,s&l icing by = 25 antisense
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FRES oRe e gl R g5 oo Rl ton End AR o possible
xpRkstions foPehenbehakigml of ﬂulti‘%%bﬂis@ﬁt)%iﬁg( 1998) the entire region
G ant dystrophin deletion associated w congenital

odbath exonndndiintronsdietivaen @xenrddpimyd 5llenaplhayy been spliced out

1:592-595 WO 2004/ 083446 PCT{ NL2004/ 000196 Mur r

BECaRES OhRD BT DA I B R a5 TS ehaaPton pure of the
. Sek Seifkd S0 12 ST

A B T A ol ot 51 may

[hawe sicc@BreZ2@81id? tHahidahev oféxin M tEleken 45QwWIRI0RE3 not unlikely,

Ef f ectjve targeted ge "knockdown" in 5 zebrafish. .
YO ek ImE0m3 44 15 278 Wolgwe) IR, tzsisape st IRGPLFRE suachinery

I [ : e ’

EHbb i 49 PP 01 s o8BI na diitad fERa b of the AN
tthet hihHE dieneid @fordsl £n5h 510 ThieGh fied @kbRthdTiiRkh&Rsts that multi-
Neur onmuscul Disord _3:391-394 10 Roost PA, van_ der ) .
rEPR sk ing mpsanlybe efeetivn irthoswaenas\ditbe MHD gene in which

akker E . .den Dunnen,.JT, van Omen GJ (1996
EBB%I}S&E‘?%% ifgibus (X6 SPHigedpEion dp sl esR SERgREoe ave currently
s B R B DR Bk QN im other
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Se CA, Strong,..PN(1993) Exon, 15 ski pping.and )
@Pgi%é}l%?ib&ﬁe ﬁe%%% FRQe\PERCE O fReRnpY Wﬂ)éﬁ@ttﬂ%??@t}qaﬂy be
bBfeficial for more than 75% of all patients with DMD. Multi-exon skipping

would significantly extend this percentage to most DMD mutations, except
those that affect the functionally critical domains of the N-terminus or the
cysteine-rich C-terminal domain, or those that involve the promoter re region,
the first exon, or translocations. However, these latter mutations are found in
less than 8% of all patients with DMD reported in our database (den Dunnen
1996). Multi-exon skipping not only increases the number of patients that
would benefit from this approach but, more importantly, also decreases its
mutation specificity. The multi-exon skipping of exons 45-51 shown in this
study would be frame restoring for 14% of all the deletions and 6% of all small
mutations reported in the DMD mutation database (den Dunnen 1996).

Furthermore, it offers the therapeutic potential of generating relatively large
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(EPElI') (24,25). Morpholiné2 have been used, anobngst
others, to study devel opnental processes by knocking
down genes in zebra fish (26), and to nodul ate the
splicing of the 6-globin gene in vitro and in vivo
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hi ghly inproved the water-solubility and all owed
entrance into the cell and nucl eus w t hout
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to nodulate the splicing 68 the nurine interleukin-5
receptor-a chain in vitro and the 6-globin gene in
vitro and in vivo (27,35,36). 30 WD 2004/ 083446
PCT/NL2004/000196 58 For future clinical studies, the

SHFL LR BRGNEE BAob Q0T BB S0 ey RH(H00) Muscle

st Udydlff@ré}?c\xf@tloﬁ q&mﬁfge@ bﬁeoﬁix b&aEYal ﬁéérbgllsemq-ms #0gene
applicability of norp ho i no, and PNA AON anal ogs

to tHosesfef witlp Mmlaul; Djamhwst P8 R200MBRE7 AON (16, 37)

N Shtich i Koy H00 By b3 sehiib e pcldows in

anal ygh$a 0§ qq%\k Iepgg i1g_bygan control nyotubes To
determbnae t}h In ?lng affinity of the different AON

dhadsd A, (Relidrés BG, tvaart dtm* Taijn tAC, gHelkmabp JﬁRN%,n @ngﬁbn Gd, den
or med

bi | hi_f f
or piviReE JTNADHAG PP BRR iR oy BET) deqapily screen the

?E;ﬁli, |@m§gn %nt%% k@@ﬂz L%@hg(ﬁpg%t%&ﬁs /I%élfro%neuscul Disord

shi ft3:39ndB@Ati ng that these analogs are able to b| nd
to the target RNA. No shift was detectable for the
negsit 1A, icarmder PManAtNsGininps HBgijeshet RE, HHogegwyorst FB, Bakker

' et i Rer it Sounh LR Hiniehine R0 Myo-
whi | g1ifteted tst46h BY n@nfiﬁﬁ@% @ellérﬂpélllhéﬂcesé‘éﬂé szpres(sjlon and

neverthel ess did i nduce exon ski pping (unpub
r esulfheilitatdranalykissofmeasde preweice dVeachnh ascstl iDikord 6:195-202

L%'r%%%s%&zm SRTE B BAENG s%%bao e 109 ixon
ner o e sl bR Badionts WHB BERCRI LR Igns in the

Bas ediygtrdphén peascAerd FlumuGessy 53:1007esgENt signal s,
transfection efficiencies were determ ned to be

tSipraleawskalle Sasl@i%Ci%MJt Aeraenk BsKole Rofl§P6hBenatt othhAlassemic

AONs., The PNA t n efficiencie ener al |

oner 1 8n Brhaei AR RENAD R Siarh e 31 Fh Spfigesss

20Ve RBigohNAle3 bl ENAY AN mdc&lq@sm M540-12i844he

quorescence wi thin the nucleus, the norpholino was

disanicMe Llalg)iami &% etvtzzoli BJ tBta'dD;ai AplCasm GP, GiordaR, Bresolin N
(2002) The dystrophin gene is alternatively spliced throughout its coding
sequence. FEBS Lett 517:163-166

Stevenson JP, Yao KS, Gallagher M, Friedland D, Mitchell EP,Cassella A,
Monia B, Kwoh TJ, Yu R, Holmlund J, DorrFA, O'Dwyer PJ (1999) Phase
I clinical/pharmacokinetic and pharmacodynamic trial of the c-raf-1
antisense oligonucleotide ISIS 5132 (CGP 69846A). J Clin Oncol 17:2227—
2236

Takeshima Y, Wada H, Yagi M, Ishikawa Y, Minami R, Nakamura H, Matsuo

M (2001) Oligonucleotides against a splicing enhancer sequence led to



Previ ous experinents reveal ed that nost efficient
ski pping levels, as detected by RT-PCR, were obtained

wa@eooaosase of 500 nM of 20MePS AONs (17). Her eP@IENL304/000196

10

15

20

25

30

show that al so LNA and, remarkably, norpholino AONs
are effective in WO 2004/ 083446 PCT/NL2004/000196 59
i nduci ng exon 46 skipping (Fig. 13C). For the

nmor pholino and LNA AONs, concentration series
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PNA di d persrstent not 1 nduce exon 46 ski pping,
even Molﬁe&@tgmmﬁelﬁama not shown). Exon 46
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hi gher than 6% Conparative analysis of AON anal ogs in
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DL279, % 20MePS AON
(Fig. a%géél@ I%Q 3?33’&%?@&@ %b?m)r phbzl |t ng AONs wer e

al so able to induce exon skipping (98% and 5%
respectively), whereas the PNA was not (Fig. 13C and
13D). Simlar to the 20vePS AON, the LNA showed
hir%%her1 5 pping levels in DL279.1 when conpared to
t P °control nmyot ubes (98% vs. 85% . This

As small molecule drugs for Duchenne muscular dystrophy (DMD), antisense
oligonucleotides (AONSs) have been shown to restore the disrupted reading
frame of DMD transcripts by inducing specific exon skipping. This allows the
synthesis of largely functional BMD-like dystrophins and potential conversion
of severe DMD into milder BMD phenotypes. Thus far we have used 2'0-
methyl phosphorothioate (20MePS) AONs. Here, we assessed the skipping

efficiencies of different AON analogs containing morpholino-
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30 effect however was not significant for the
nmor phol i no or PNA AONs. WD 2004/ 083446

wWEODANERADO4/ 000196 60 Dose-effects and PCT/NL2004/000196

sequence-specificity of LNASvs. 20MePS AONs Since the
LNAs i nduced hi ghest skipping levels, we perforned a
concentration series to determne the mnimlly .
effective dose. RT-PCR (Fig. 14A) and 5 quantitative

anal ysis (Fig. 14B) .showed that_ in _human control . . )
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20VePS AONs 1 n patient nyotubes (since they showed
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to bind to the tarﬁet_ pre- nRNA (data not shown). The )
1SRG AV AR EE turiher weprayemands pacligatchemisiyb@e thusgconsider

RT:.P lysi Fi.g. 15B d
e RSt T Siettih Somkp BhiE Wngareeted DMD
Gabhallappiggl or 2 m smatches at the 3 end (LNAmm
and LNAnm4) were able to induce exon 46 skipping at

high levels, conparable to the original 100%
I LNA8. (719 %.vs. . 1009, ti
e R b r oA DN rdis e SebPr ft Ry ot it e mRNA
T . . . N

R R e A G R R o e bormal
tsipdicldrby bivickimg oryitivsplice mmites {23)] altetwl tleniwtio of alternative
(LW%I ang}a;_he 5' m snat ched LNA LNAm‘rB_) di.d not
iSRAGHE Herbmedignantdp meprnglicpand iwierme {4 paddadaseshexon

i Dpj it ] | et h I .
ARl RPYR Iy S 00K el by SRR B Bt A (R PS50 studies

¢he e 2bhBAene ainidieaBthdiRpdstaReh PO I10-thDPEMRNA.
and observed exon skipping at conparably 30 | ower

|Rarentlyad Qs havmadterativelydieeshased) to mst@edheciganged reading
?I%FI/IIQILO %9%{1%8 ilr? %Rﬁ%s in Duchenne muscular dystrophy (DMD) gene
therapy studies. DMD patients suffer from severe muscle degeneration due to
frame-disrupting mutations in the DMD gene that prematurely abort the
synthesis of the dystrophin protein (6-9). In contrast, mutations in the DMD
gene that do not affect the reading frame generate internally deleted but
partly functional dystrophins and result in less severe Becker muscular
dystrophy (BMD) (10,11). AON-induced restoration of the DMD reading frame
is based on inducing the skipping of specific exons. This was successfully

applied in cultured muscle cells from Duchenne muscular dystrophy patients
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(20vePSnmML-5, Fig. 15D). IA6contrast to the LNAs, the
20MePS AONs 5 containing one or two m smatches at the
3" end (20vePSmi - 2) i nduced exon 46 skipping at
reduced | evel s when conpared to the original oligo

(7% 17%vs. . 489% (Fig. 15E, F)., .The oljgos containjn 0
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tﬁ)% RNA and are suggested to disrupt the secondary structure of RNA (1,22).
On the other hand, morpholinos are uncharged and therefore difficult to
transfect. Nonetheless, reasonable to good efficiencies have been obtained with
the scrape loading technique or with ethoxylated polyethylenimine (EPEI)
(24,25). Morpholinos have been used, amongst others, to study developmental
processes by knocking down genes in zebra fish (26), and to modulate
the splicing of the B-globin gene in vitro and in vivo (25,27). Recently

morpholinos have been applied in the mdx mouse model to induce the skipping

of the mutated exon 23 (28). The morpholinos were transfected into the cells in
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del etion that already pertdfbed | ocal splicing. The

| evel s of norpholino- induced exon skipping were
conparable in the patient and control sanples (6% vs.
5% . The gel nobility assay showed no shift for the
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water-solubility, which makes it complicated to transfect PNAs (27,34). Sazani

and colleagues have recently bypassed this problem by coupling 4 lysine
residues to the C-terminus of PNAs (27,35). The cationic nature of the lysine
highly improved the water-solubility and allowed entrance into the cell and
nucleus without transfection reagent. PNAs have successfully been used to
modulate the splicing of the murine interleukin-5 receptor-a chain in vitro and

the B-globin gene in vitro and in vivo (27,35,36).
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only been applied to inhibit the expression of target
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pot ent nodul ators of pre-nRBA splicing. In series of
experinments the 10 LNA i nduced exon 46 skipping in 85%
of control transcripts and in 98%of transcripts from
a DVD patient carrying an exon 45 deletion. In
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LRESPRdftes specificity (29). Qur results with LNAs

O A ARSI SE AN i fog b, (il sb¥Beubes
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may alsg adversely to ot’her sequences In
hmobiityerfteiddiasting mhat thesblmm‘ogsZalkﬂasblertallﬂﬁd tdltBe target RNA.
to even shorter sequences, _Since

b
Lmsg&%évésg eteqiable foy thenmstphqlinained FNM@NﬁgThIS suggested a

cent
A AR P RS i i
%@'&ihﬁbnﬁg}vg OB4é0234%at BeheMOBRAAAARIA6E irfthcIAER notable

nBared to the nouse sequence, the human LNA was abl e

Hiwodifts kpygithegless dtd]@lduﬂelaxen@k@ppm (vaxpahlighed owsults)

c ntrations, ecreass .t f|n| f.or

R BPs L8high 3ve BT I SRR o5 hbrBob gl Sd'PNA AONe in

gﬁﬁﬁﬁ@t%l (8). These chineras have |ower melting
nperatures than full length LNA, 5 but still have

h’i[‘gamsfe(ztidn cortdigient dor fRAliffeasm 2OUNRE nAlds, allreafraging a 5’
gﬁl meri ¢ LNAs have been s CE Wﬂ to block transcription
UPIRSCHINETPUP r WGES EP PUHEIGhip P%b?@it&f@l wyekehas (His. 13B).

VBLEQ b3 Bhe presence of nuclear fluorescent signals, transfection efficiencies

_A

were determined to be typically over 80% for the 20MePS, morpholino and
LNA AONSs. The PNA transfection efficiencies were generally lower (~60-70%).
Notably, in contrast to the 20MePS, LNA and PNA AONs, which showed most
of the fluorescence within the nucleus, the morpholino was also clearly present
in the cytoplasm.

Previous experiments revealed that most efficient skipping levels, as detected
by RT-PCR, were obtained at a dose of 500 nM of 20MePS AONs (17). Here we
show that also LNA and, remarkably, morpholino AONs are effective in
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e nor pholino (Gene-Tools, US) 30 has a

nerip afferemon ds pnhkeb'tﬂlcmttePEd cikbuped am@tmgcityn%@doqcasmnally

S nsemﬁﬁg& 8 %&glhgo%fq ﬁ,%ggevg onse to high

f I :
BN e vl
hﬂﬁiute pephidbeskippirg, evew iad ab2@ Kbdeseahtd noy shaen). Exon 46

residues at . the C_termnal end_to inprove water
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| POMLRD (2098))$h6 TReAl ADNCRES 'hicﬁ@dafﬁél@ﬁb’ XSB%) Yvlteli@hs the skipping
The binding affinity of the individual (at a dose

oevelsson the myirphakigo aestre moit dughésythane 6. ght i ncubat i on
in a hybridization buffer (1 mM Tris-HC pH 7.4, 50 nM
NaCl, 5 mM MyCl2) at 37C, followed by 8% PAGE and

ORGSR OO SR YDA RRPRore
We have previously observed that 20MePS AONs induced higher levels of
exon skipping in patient-derived myotubes when compared to control samples
(16,17). This effect was here confirmed in myotubes derived from a DMD
patient (DL279.1) affected by an exon 45 deletion. For this patient, exon 46
skipping generates in-frame transcripts. We observed 75% exon 46 skipping in
DL279.1 vs. 20% in control myotubes for the 20MePS AON (Fig. 13C and
13D). The LNA and morpholino AONs were also able to induce exon skipping
(98% and 5%, respectively), whereas the PNA was not (Fig. 13C and 13D).
Similar to the 20MePS AON, the LNA showed higher skipping levels in
DL279.1 when compared to those in control myotubes (98% vs. 85%). This

effect however was not significant for the morpholino or PNA AONSs.
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cul tured as described previédusly (37). Myotubes were
obtai ned from confluent nyoblast cultures, foll ow ng
7 to 14 days of serumdeprivation. For the 20WwePS and
LNA AONs, PElI was used for transfection, according to
the 20 manufacturer's instructi ons (ExGen500; MBI
Fernentas), with 3.5y PEI per gg of transfected
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rdffiseacy drvgge d detadte diNRosOT it B0% Ede% mv&dar than 500 nM, and
sequence_anal ysis RNA i sol ation, RT-PCR anal ysi s and

cﬁhraémerxéqmé@mlﬁ of arore 46 ekinming ¢<d49) werejégf@pta&é@l at 100 nM. In

%15:8(5&% r%ﬁp@%%p%%%%g%ﬁlegevés of %51 sk1pp1ng decreased more
(LT OEMAGTET 08 ieN Exdf 4ECLAEETIE0A UPERH I ktable ot o

rmers 1 n exon

(do@abfmcﬂmma@fmmggmﬁmmvem@%mmmm:@e@mm

Al'l primers were synthesized by Eurogentec (Bel gium.
For guanti fication, the ski pproducts were anal yzed 5

b, oan afly > g@&%@&l AL e%:ﬁ&é 1ﬁt§itg o?%eaﬁ%%ﬁpg%%%égﬁﬂs in

tiatéaetnpl et tbelAsihcBrthas showéd Hi‘g]!i@yslﬂﬁpm\@lwlels than control
anti sense and peptide nucleic_acid strategies for

dBRewies).nye @éﬁ@leéxfb‘f%@@feéﬁm BNéh svhish contegg pnespr: two

CBRIngtehRs of K B T RESh e Bogion B ARt iy P 16K), Whd ome
betya- tﬂ&%'v@ﬁﬁi’ﬂf@’d‘ﬂﬁh@' B AidRtionMelexdiers @Q0RD, Fig. 7113&) A gel

726. 15 3 Friedman KJ et al. Correction of aberra
sprbxhtmgh@ﬂt ashay rgedaled thad ol ILeNAs wems mbhdbtabind to the target pre-

P‘%& MRt b L Rs i gy 7 4o BE g nss patient
AYP%Y&{ nat i ve s(%%; Cf?ﬁ(?c?@&f 1. Br-$ee aﬁal%?@tlf‘ﬂg" %Bf’ﬁna gquantification

(Fig. 150) showed that the LNAS containing 1 or 2 mismatches at the 3'end
(LNAmm1 and LNAmm4) were able to induce exon 46 skipping at high

levels, comparable to the original 100% complementary LNAS (71%-94% vs.
100%), suggesting that LNAs have a reduced sequence-specificity. The LNA
containing a single mismatch in the center (LNAmm2) induced low levels (8%)
of exon skipping, whereas the LNA containing two mismatches in the center
(LNAmm5) and the 5' mismatched LNA (LNAmm3) did not induce detectable
skipping. LNA9 did not induce exon 46 skipping, even though it is completely
homologous to exon 46. We also assessed the effects of lower concentrations of
the 3' mismatch-containing LNAs, and observed exon skipping at comparably

lower levels as with LNAS (data not shown).
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in d%)/stro phi c nmuscle. Nature 1990; 345: 315-319. 10
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Speci fic renmoval of the nonsense nmutation fromthe nux

dyaxe a prghenrramense-apecificity dhaw theilgbhsc! eot i des.

Neuronuscul Disord 1999; 9: 330-338. 15 14 De Angelis

FG et al. Chinmeric snRNA nol ecul es carrying antisense
SBIYENrEsSI@pai nst the splice junctions of exon 51 of

the dystrophin pre- nRNA induce exon skipping and

rlesowr mavmumtuaheg/@t aopisensesimtivediexonrskipeinga2 @RS AONs
DMVD cel |.s

g% anjglied ?fr%g@ ﬁ?lﬁil%%gfdya%dds @P@gm@aail%%mre tested for
A9RiNSticdcr Gl N8y BRA3 B AMYERG R ducing DMD exon 46 skipping in

control and DMD patient-derived myotube cultures. Towards future clinical

trials the most optimal AON analog should induce high levels of exon skipping,
but also be non-toxic, easy to deliver and, preferably, relatively inexpensive.
Out of the four alternative analogs tested here, only LNAs induced higher
levels of exon skipping when compared to 20MePS AONs. The morpholino was
less efficient in both patient and control myotubes, whereas the PNA was
completely ineffective. For both the LNA and 20MePS AONS, the levels of
exon skipping were higher in patient-derived cells than in control cells. We
have observed this effect previously in cells from other DMD patients (17) and
hypothesize that it is due to nonsense mediated RNA decay (NMD), which will

selectively target the out-of-frame skip-product in control myotubes and
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Mol  Genet 2001; 10: 1547-1554. 25 17 Aartsnma-Rus A et
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t

AR A5 RTINS MRS b
daduestt exam dkippeng &adre woshiplarabliel ianthe Iﬁim@ﬂi amb@@ﬁrol samples (6%
ol i gonucl eoti des. Bi ochi m Bi ophys Acta 1999; 1489:

5. 8%). 5 21 Manoharan M Qi gonucl eot i de conj ugat es
as potential antisense drugs with inproved uptake,
bi odi stribution, targeted delivery, and nmechani sm of

61 mObilit ZQib%ﬁy INU6WBH BoAHift fBF WBe ReyrpPBBdo ala%'[ PNA AONs,
103 28. 22 Ekker SC, Larson JD. Morphant technol ogy

ibntrdsseitedty sppprenitow affneyds to Geeié@@_t 206mRBW, the
L e e
%‘x?%h@ﬂ@y {hPGict %Me%gﬁﬂm %%y%%ﬁﬁ e%&f& sense DNA oligo

158 24 Morcos PA. Achieving efficient

dh "haasph alliomdng (ERIOE coupled ktatnsfettias) '{rviuclﬁﬁiash@ve?ﬁﬁérfered
30:.94-102. 2 S rm uk G _.Si erakowska H, Kol e

ARth$Ba paoBey iZ@@Pn&@§hﬁi tepget BN fregimeant. After transfection
Qﬁfé(&q{éesﬁh %)&{'Ebt a?%c%&:h%sf §1n ﬁ Lr'r%%lfgggf At hv‘ﬁ%ﬁ ncﬂen free to

I cacC

Zﬂﬁ)&%ié t8%he QQ‘QE@WA CHEmAjulElke rcoﬁ@aglfefsf i%‘&hﬂvt‘hat morpholinos
targeted gene 'knockdown' in zebrafish. Nat

2009, mew: effa@ivein rexvorbag e wildetyps splivysg efrﬂm@Big}obm gene
R N T A TN
¥orRedddde in both the cytoplasm and the nucleus after morpholino
transfections, the low levels of exon skipping may be the result of poor nuclear
uptake rather than the low efficiency of the morpholino. Further optimization
of the morpholino itself and the leash required for EPEI transfection may thus
increase the levels of exon 46 skipping. Indeed, Gebski and colleagues have

recently shown that levels of exon 23 skipping in the mdx mouse varied when

different leashes were used (28).

Even though the sequences of the PNA and the LNA analogs are completely
identical, the LNA induces high levels of exon 46 skipping, whereas the PNA
induces no detectable skipping. PNA oligos have been reported to induce

higher levels of correctly spliced B-globin mRNA than morpholino and 20MePS
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Feemnd ke kws taxisithan 20¥edst A@Nscon ski pping as a
potential gene correction therapy for Duchenne
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L ¢ itk LIV 195 B g armav
ciisgrise-induce drexdry skipiing stugbies. ddnfartensiae however, due to the
Bsil?o% eerrrsie%ltureﬁce %P -Jﬂerioi:t Slllggvg%bl]h% e5t4é' homology to several other
sequences in the human genome. Most of these were located within non-coding
regions, either in or near genes. Increasing the length of the LNA enhances
specificity (29). Our results with LNAs containing mismatches show that LNAs
with one or two mismatches in the 3' part of the AON were almost as potent as
the specific LNA. This suggests that the binding of only 12 base pairs is
enough to induce the skipping of exon 46, which is not surprising, given the
extremely high melting temperatures of LNA (predicted to be 131 °C for our
l4mer LNA; Table 6). It does, however, imply that our exon 46 specific LNA
may also adversely bind to other sequences in the human genome that contain
these 12 base pairs. The LNA may bind to even shorter sequences, since, for

instance, a 7-mer still has a predicted melting temperature of over 60 °C. We

have recently injected the human LNA into mouse muscle. With one mismatch
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mismatches at the 5' end reduced the affinity for the target RNA to a larger

extent.

MATERIALS AND METHODS

AONs and primers

The characteristics of the AON analogs in this study are reviewed in Table 6.
The 20MePS AONSs (sequences shown in Fig. 15D; Eurogentec, Belgium) have
a full length phosphorothioate backbone and 2’-O-methyl modified ribose
molecules, as previously described (16,37). The morpholino (Gene-Tools, US)

has a morpholinophosphoroamidate backbone and is linked to a sense DNA
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a@@i askturgdbas desmbedoprevwa;y (2B Mydtibep srera vbbrined from

30, ski |
gt A0t Biet oo iRs T AL 9055 B Sadgn-deprivation. For
HSHQ MPRPY QH@ 1364 AGNL! oS fv@&st @éed'%i’tti@ﬁef%é'ﬂléﬁ' '$2ording to the

(NT). dear dystrophin signals were observed in
Adnufadted’ syt oibdions! (Ex%ﬂ)ﬁr ”\/&I:Eenhenmas)pmt}eaﬁspl PEI per

e L
e e -
FtsaftHaLmaﬁafa&tdy@tsriﬁetﬁwm@@sl,lv@hthq Ges20®@M BEPEI (Gene-Tools,
USA) for each 200 nmol of morpholino. PNAs were applied to 1 ml culture
medium, without any transfection reagent. Three hours post-transfection 2

ml] medium was added.

RNA isolation, RT-PCR and sequence analysis
RNA isolation, RT-PCR analysis and direct sequencing were performed as

described (17). Primary PCRs included primers in exon 43



increasing levels up to 7 days post-transfection (B).
For patients DL 515.2 (A), DL 363.2 (B) and DL 589.2

W@ K)o4okm46let ect ed dystrophin was significant| yPCENDR2I0@000196
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than the control dystrophimé This is due to the size
of the deletions in these patients. 10 Figure 4.

| mmuno- hi stochem cal analysis of 4 DGC proteins from
treated nyotube cultures frompatient DL 363.2. Cells

oGO AR ChARERab rand dRTGREARKRRGARAT doTcTTO);
ﬁ@%ét%&%‘gﬁm E@e@?% tljg(%‘et ectABp{ “'sar cogc?AB(A@R@CTGTTGAG)

6aséd WQGA@@ACMA@AM@CA@}GGW dAB pajtatrogkye synthesized by
respect | velég These proteins were detected _ in reduced
pEreesanige $Belsiomy. For quantildentian, Wheskiprodypls Wereanalyzed

Pl e SR S0 S hDEn G0 04 B3 Pk N D) e Pl Aeilent

6T keSS AYas det ect ed |n 90% y-sarcogl ycan was
detected in 90% and 6-dystroglycan 20 was detected in

80% of the myotubes, and the proteins were m)stly

ne- gnification 63x. Fig. 5. RT-PCR
gﬁn‘?% %C'b?g%ﬁﬁﬁﬁ"% %/aophl n MRNA in the regions
enconpassi ng the exons targeted for skipping. Shorter,

novel transcript 25 fragnents were observed foll ow ng
t T Frehedt Ddy Curey DReNavélf artésensa@isl pdpdide voclpar acddtstrategies

23& VEF €0t er?%ﬁ ?gﬁl&%?%onﬁﬁgq]%yéwﬁ%ﬂ@f 45E-4510.
| BSOS EXONT o2, KB AC NCih D DB or e aREOLIS from

I nages ivel

det ec]?@ldemim with b@g#MaeM@ﬂdhEMoiddbeom@ 2902; 6: 718-
(c), and exon 51 (h), were sequenced and found to be
30 def4&ed from either co-skipping of adjacent exons

y e, 0. 2004/ 08344 .
P RIS B b Lol BBt sl it Bhuhe s brosi
pr odughisienfhralk dbi@detante &@Q‘Ela@&a{(yjﬂlﬁ) ?eﬁ@ gy tdtiainse
fragments, lightly shorter than the w |l

pr odudigonuslsotidepr 4ot Chami 1;99/9a§7au66ﬂ8343ﬁ1890dup| ex

pEMie Bied s Sty g Tt e gl alfhs Pt i ticing by

g%t - of tﬁé’e@ﬁ@ ﬁgﬂﬂ}lﬁéomﬁgs BER e[%ﬁ@hﬁiﬁl gh ﬁi@'&?g ?QIL Bancer and

ragment treat nyot ubes From
pat i esthesdinsadesa GhorC@vcer g Tatgeaﬂgﬁm,pl 21at-230.
pr sent i.n untransfected ot ubes . Sequence
ay g1 L, Krainer AR. Correction of dlsease associated exon skipping by
synthetlc exon-specific activators. Nat Struct Biol 2003; 10: 120-125.

6 Hoffman EP, Brown RH, Jr., Kunkel LM. Dystrophin: the protein product of
the Duchenne muscular dystrophy locus. Cell 1987; 51: 919-928.

7 Hoffman EP et al. Characterization of dystrophin in muscle-biopsy
specimens from patients with Duchenne's or Becker's muscular
dystrophy. N Engl J Med 1988; 318: 1363-1368.

8 Koenig M et al. The molecular basis for Duchenne versus Becker muscular

dystrophy: correlation of severity with type of deletion. Am J Hum Genet
1989; 45: 498-506.
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confirmed the precise skipping of the targeted exons
43 and 44. Besides this 10 doubl e-skip, we al so

wa@ledososads a si ngl e exon 44 skip. Note that thePCT/NL2004/000196

additional fragnent, sliglefly shorter than the

wi | d-type product, is due to heteroduplex formation.
100 bp: size marker, -RT-PCR negative control. Figure
7 15 Doubl e- and mul ti-exon skipping in hunan control

T REYRah M e ab Renret Ry 85 B Rie Gifentetegiedd Gstrophin

car r ydoﬁ%léx‘i’ﬁ'd%tx%ﬂhﬂf m%é@l@ﬂ\‘%t@uﬁé’l% 349: Fb-BAR

anal ysi s of dystrophin nRNA fragnents in the myotube _
cl) DuBdsgsit© e&ué&wtm@bm&wpcmtempmhem abhoimBAGRS indystrophin-

e AL R NI e e
T e

f r agneo9s; 9as 3¢e137Gt ed t hat cont ai ned exon 44 spliced
to exon 52 and that_was not present in untreated

doKepnig MivMonaee APnByakel LV Phgreompleta %ﬁuwcea@%@trophm

L ar oot a5 S Rl T b itin. ool P68 871 R0

del PiuneRley WG} ef &R MI6AAKLALIEN OR sphéiRR 1@19:Herﬂ3k%@idpﬂlﬁ%ene in
human control and patient 50685.1. I'n the treated

pat i endturegd¥divanusdle seksby andisenonaligetibenecleotides. Hum Mol
frag nts e -0 due to single- exon 45 and

si ngl Jﬁgﬁ Eég‘%\iﬁg Note that in sone |anes,
ofé"Wﬂtfoﬁww Spe%llﬁ(gfgli%v herihen Jox @ﬂs%gﬁlt%i!oﬂ'ﬁgﬁethe mdx

products, were present 'S was

het er@mmmeMnmem ueing ahttilsdipe odigoauskokdes. NeIrdaiRscul Disord
negative control. WO 2004/ 083446 PCT/ NL2004/ 000196 74

(B) A99% Py éﬁgﬁss% were quantifi ed using the DNA 7500

I nt.)
per cer{?}‘ a% éd%lﬁ?] (ejﬁng?ﬂ?m ?ﬁ\f exon 9@ %ca%r}_nﬁ% B Bbsreﬁae
was de aéﬁwmgeﬁﬁst fie splideGuattibhs 6f EXA0 BRI the deBﬁ'ophm pre-
t ot al of transcript fragments. The U conbi ned AON

seensnROEA iedti¢ecéom skippiig ard restomitiomof e dystfopban epnthesis in

e BER 20 BN, PTG S B A B s

niﬁ Thﬁéé}ﬁnffd‘*f%'dl 9ol oﬁﬁ&@@tl&@é é%%ﬁ%!%t ‘é_’: a?é‘lcrr?é‘gnﬁﬁﬁcer sequence

human contr ol re 1 ndicate I hes
Pri mded t dyst?fﬁpBﬁRprdcﬁl(mmal insinaisde eells dr@ateeBublienne muscular
arrov&fE§ A, _Pati ent a nonsense nutation in

exon | Ry agh%ggt%)p.ls@:_ 188d%Pesul ting
Ok 52 Dok FESELS. Bntisinse-induced exon skipping restores

dystrophin expression in DMD patient derived muscle cells. Hum Mol
Genet 2001; 10: 1547-1554.

17 Aartsma-Rus A et al. Therapeutic antisense-induced exon skipping in
cultured muscle cells from six different DMD patients. Hum Mol Genet
2003; 12: 907- 914.

18 Aartsma-Rus A et al. Antisense-induced multiexon skipping for Duchenne
muscular dystrophy makes more sense. Am J Hum Genet 2004; 74: 83-92.
Epub 2003 Dec 2016.



indicated in red. In contrast to single-exon skipping
of exon 43 or 44, doubl e- exon skipping of both exons

WO e®t08336 t he reading frame (in-frane transcriPCT/NL2004/000196
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indicated in green). Wen §ot ubes derived fromthis
patient are targeted by 15 AONs specific for exons 43
and 44, single-exon skipping of exon 43 and exon 44
(|nd|cated by red dotted |ines) can be expected in

t at ed
P ot O o Sn o 188G b SR G BBt n R B akimpine the
r esul fn@ith it deexondiBl hHxaRtRphi@m ot 0Nk Me‘d<260§16 6.
Si ngl e- exon ski pping of éxon"45 or exon 51 is not

f 2Quidgrawsl Sr Impprmimee ef audlohide-seguenskappichgnmitaldodifications
bot h e s 45 a 51 is n ski ng _of

exons? qﬁg’fnﬁ? & P9B%1|69ﬂées é/’;é%‘ -YBC;P@%@I ﬁgi%g%%%t 14339: 53-68.

t d

RARL T 2?09‘%18?53@8%8%%‘?%&? A poffifiahuliened drues

exon with iMproved eptakkikipdizeribtitiononggdted déivety, aﬁﬂdnechanism
51 restores the reading frame for this (§Jatl ent .

addi t9fetion. AWézsgwqabhm@n@Ac@&@mng 0%|1rzg|1@3e1&ﬁq

o SR S el GO n T i mhored dBFgfgpmental

DLI0. rstefh§. Ga#édi£2001,80egg, mutation in the
out-of-frane exon 43. A RI-PCR analysis of dystrophin

rﬂ@\ﬁumlagrtem& MG@hahmnmseeme@dhgwmrabdlecw$Lfnean RNase H

howed t t _not \\D, 2004/ 08344
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Iéﬁg on 4 ut_not a sin Ie exon skip of exon 43.
I 1A OpY KolgyBeAnsisense ghgoyuapolides with
t han rese Thes
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mar kaiptakd - PEBNEYaH) VISP AL 0178821789,
| munohi st ocheni cal analf%/% of the AON-treat ed
tived

rjfoNaseviginst &y Bkkec80. £ negated gboe Tnyakidowts in zebrafish.
dent ful ff t d t ub | |
vonodlBharith 1006t SHNERS ““and Dys ver e used to
t
det S5ka S Ef QP 'S;@steznﬂ:aﬂ@ocﬁ{lg%%@@ %Bﬁ%é é?snoh%&ﬂ%%sr %%jfe&}{ﬂam gene

dystrophin 10 Signals et ec ed |
cel | expredsiedimitdushhiddved. NoeBioraned])2002; Rps 22080233,

0 rea ear dystraphin S|gnals coul d be
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29 Braasch DA, Liu Y, Corey DR. Antisense inhibition of gene expression in
cells by oligonucleotides incorporating locked nucleic acids: effect of
mRNA target sequence and chimera design. Nucleic Acids Res 2002; 30:
5160-5167.

30 Leumann CJ. DNA analogues: from supramolecular principles to biological

properties. Bioorg Med Chem 2002; 10: 841-854.
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Dysl was used to detect dystrophin. Protein extracts
i solated from MyoD 15 transduced human control (HC)

WO pivnokd4act s were used as a positive control. AOI/NB2O#/000196

overexposure, this sanple was diluted 1:5. To confirm
equal loading of protein sanples, blots were
additionally stained with an anti body agai nst nyosin.
No dystrophin was detected in NT nyotube cultures.

AHEIERCE S riiodits AnaRRiabEn ot PiadiuhaRih studies
at 4 ghloditedUageldl £9¢ bLNA?mﬁis%his@ B1iB6niloBANL & Wucleic Acids Res

DL470.2, who carries a deletion of exons 46-.
RT- PCR, 81y 958-82. dyst r ophi n nRNA fragnents of

treat 5 of.u cul es showed a shorter, . )
ﬁrs%ﬁgfe fieaﬁn?%@t Pfebﬁlé%ﬁ’ﬁ ﬁ%ltwnswpawe&ﬂf{msde nucleic
The [ L PR f n xon 51 was
conf P%cﬁ(%f@fﬁ&%ﬁgﬁ%@?éﬁ?f%g?gffﬁ%‘ﬁlg5@w i the doubl e
si3 Molvgnidl, epaflAdditied amtiseinsg kffestsi df differPNAso the in vitro
no single skip of exon 45. Because of heterodupl ex
f or ndraBslatipa ofiberRMa/BARplphr sene ucleradeidatiRes 1998; 26: 1934-
sligrfééé shorter than the 30 wild-type products. 100
bp =S1zé marker; RT-PCR = negative contrpl. B, wp
2@%93@@4@1‘&'35%%?@&«5 QLTI aciAGPINAY FNInSHRGMD %F’i:doﬁbtechnical
S

anal ysis of the AON-treated nyotube cultures. Ce
wer e appdicadions emdmyresiige for thiefutinfe. Fadeby/ 2000; 14: 1041-1060.

1 PRGUPE S\ ANDVAS B 0 YRS, R b e P abotppic and cationic

dystr, ' . af ti abgd .
ol car R eRco B hElod] MIER A @ls AR J0RTp8 08 53Ta,
88 Khorlie3G dt wl.chaletdatoftindivid n@bé-athscald sadaiotionest soluble

with MANDYS1 (left panel) or_ Dys2 (not shown). )
MagniPPERe Bfesielsin-creppipplphiashaingrargssien shraugh antisense

s (AEARFRIRERERRAGHL KRB SRR A o Eie. Vot

i sol argnhaen2oooasscesd-gely. nmyotubes were used as a
positive control, which was diluted 1:10 to avoid 10

efexisorarBas Blepus Targetesdefian gripping at aipndentint pemncorrection

anti hody agai nst osin to confirmequal | oadi ng of

o SRR b Bl sbioBey ad Rt s Biagpd 2002; 12:
cul t ygs, whereas clear dystrophin signals were

observed in AON- treated nyotube cultures after 1 d,

Wil Alzumeaneused @f Tehib2tioh oRBIIY -1 Aait-ddpenddys traaphidtivation by
from pat.i ent 470. 2 is short t han the control ) )
dyst [GHF ROCKATGmESIc b ek LA RlighB benseleptideneBiochemistry
del eldPA; 40: 14645-14654.



Figure 11 RT-PCR analysis of the entire DVD transcri pt
fromRNA isolated from untreated (-) and treated (+)
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speci fi c-exon skipping pattérns are present in the
fragnents containing exons 34-45 (patient DL90.3) and
42-53 (patients DL90.3 and DL470.2). Note that

because of the deletion of exons 46-50, the wild-type
g g ?t for this patient is shorter than that of

p SR L 90 3. No unexpected splicing anonalies were
detected in other parts of the DVD gene, confirning

t he sequence specificity of 25 the AONs. "M is the
Ibied tipxonzkippimiger . Figure 12 Double and nulti-exon
ski pping in nmyotubes fromthe human contro

(i ndi vidual KMLO9) and from patients DL470.2 (deletion

] I f
QU O IeR O a1 Bbo i B R Mo ey Hftude the
2610dich8S B4 Hw & éMWéﬁﬂO@@an éXon ndgiBdtletion iB¥OFdiRdarge
cuI tures treat ed with either a m xture of h45AON5 and

&hipn oy & beyassaciatrd gvith eunidBMD-bkerhenstywmsvhich

w ) TR A P U R 8l 5 5 81
ﬁqgmrbnhmswed 89 Esi%tdﬁﬂlcﬁgﬂl RUBKP5 fééfs%rsaﬁﬂfcebmtw
ced to 5 exon 52 (conf |rned sequence analysis;

S
dﬁsmomfdiy tholatjer amkinationn nclugeebers as anhthentample. (Figure

<50 RS e b PO R 567 o Rt oA OB R B g sibility of

S e

resihl 4 Hnﬁtumlh4m‘&©leémcbh55thN seedlde 2 tonvwith one combined
aﬁ% ional s t r fra ments, .10 which were caused_b )
o e B Srinkisdchy B0 pirapil parleogidenyFellowing

Sl rlgﬁgs%és%*@ﬁs? b AT

Pl 16k Sle nYeR sr 4t Seililar BiffiGieWeiss an ﬁﬁ&tﬂélhg‘%he anticipated in-frame
het er odupl ex formati on. 100 bp = size mar PpCR

HegaseRd wihtexon, 4%spli®@1h@rmtqnc55d(ﬁ®ilrﬁj Sequm:e analysis

U-| i.nke ON.,, The xon eC| AON 15 ON2). ..i

SRR B bl %rpaﬂ& IFesioR lem@\@s@ Sgacally and
o0 =) re quantified

u%elﬁﬁgle%yhgﬂj%{l\ﬁ&gl%g B&J[%&Crﬁ]&éptdd;c%d t hgbgﬁzgn alyzer

(Agilent). The percentage of double or nulti-exon

Sflllé) ing of exons 45- gtermned by the ratio ,
@ippp%ei%qetwer@ B I{I%% escribed for the multi-exon 45-51 skip

(see Material and Methods to example 5)
Brief description of the drawings

Figure 1. RT-PCR and sequence analysis of dystrophin mRNA fragments of the
AON-treated DMD patient myotube cultures, focussing on the regions
encompassing the exons targeted for skipping. Shorter, novel transcripts were
observed when compared to the untransfected myotube cultures (NT).

Sequence analysis confirmed the precise skipping of the targeted exons. An



transcript fragnents. In contrast to patient DL470. 2,
the U-1inked AON was 20 nore efficient for patients

WO 2000084ad 50685. 1, when conpared to the m xtRPCENLZI04/000196
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i ndi vi dual AONs. Figure 137Conparative anal ysis of

DNA, 20MePS, norpholino, LNA and PNA 25 AONs directed
at exon 46. A) Cel nobility shift assay with a

radi ol abel ed exon 46 RNA fragnent hybridized to the

dif.ferent ;anal.ogs. clear, mohid it hi.f ved

e N ARRB T e B e TR kit Bk 50SEB T RISFAY Buenced
| £88 PRIt BE del9ed tthn adBVRESNAPY. criptiehiplite WS in exon 51.
observed for the norphollno, the PNA or a 30 random

A%jibrt@@fwIﬂ%dei@cw_@TimNmzﬁemsﬁ@mbmyomb@ultures from DL 368.2
B DlreSh e Ciad ] 565 S Spopnes o dund §F biithe resut of

P SRR CPPRIEC! RRRBRE S BONsGPPRive PG that n

cwihé ashlytsest dddivichat fraghcarta) dightly bkowter pliat the wikbtype
al so abundant in the_ 5 cytoplasm C)_ RT-PCR anal ysis

oPTagpsts, aptrerPreR- fihiy Fantdve vohetered urlex dermagipn ol 00 bp: size
%%rg%/xépé Q{P@g Imt%géh\églg?]?%??g 1) nyotubes foll ow ng

tran I"on erent AON anal ogs. Wth the
exception of the PNA, exon 46 skipping was detected
for each anal og, both in patient and control myotubes.

Thiguye & Igenugo-dustopheryicod amabysizef thesACOWtreated myotube

S ILERS BAEY BTBh PRED SPGB T P t
PleRERY %Qﬂ% alfrereRRiaféy ﬁdvoeﬁb@ggﬂ@%ho% eMBnRERNRY ahBodies
rati1 o of the shorter fragnent to the total of

t WA DRIt (mifddde pentls andddy 2 (Slovpaadld vere asbd ¢oldebect

S etk it BBl v
B s T, SENSES O A bty s

e e o He@ed D1lea b ily (cF Ol Sm a2 Ydly st@6plesi di¥Rh1s) could be
The norpholino was only noderately effective (5-6%

tdathcied foppaclpabinat uparithe indeeddexpmgloppbeg Inamtients DL 363.2
(B), DL 589.2 (D) and 53914.1 (E) dystrophin membrane signals could be
observed. We note that membrane signals were more often found for Dys2,
which recognizes the full-length dystrophin. MANDYS1 recognizes an internal
part of dystrophin and is more prone to generate cytoplasmatic signals, since it

also detects dystrophin in the first stages of synthesis. Magnification 63x.

Figure 3. Western blot analysis of the AON-treated myotube cultures.
Monoclonal antibody DY4 was used to detect dystrophin. Protein extracts
isolated from human control myotube cultures (HC) were used as a positive
control (C and F). To avoid overexposure, this sample was 1 to 10 diluted. To
demonstrate equal loading of protein samples, blots were additionally stained
with an antibody against myosin. No, or, as a result of spontaneous exon

skipping, very low (B and C) levels of dystrophin were detected in non-



Figure 14. Concentration series of LNA8 in control and
patient-derived (DL279.1) nyotube cultures. A RT-PCR

wa@eakpsisge of dystrophin nmRNA fragnents. SignifPCENL2004/000196
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| evel s of exon 25 46 skipp2ng were observed at each
dose tested for the patient (DL279.1), whereas only
| ow | evel s were detected for a dose of 200 nM and 100
nMin the human control. In control rryotubes Skl ppl ng

gt];raﬁg{gfzt érgt 5%@91546 s\é@%[‘)n Wearﬁi)?‘%g ser 45 S 1Welc'e o%served n

f AONTBRged B{ﬁﬁuﬁé SuRlb&hfdreakR08€he E‘&@i@n‘t@ SR oM 5(9’885/ P @nd DL
fragnents canl be WO 2004/ 083446 PCT/ NL2004/ 000196

o$fs‘3e2 va timd-hdsrsesexgheeinienthwihe perfopined. Dystmuphdm coﬁld be detected
t d PCR t 100 bp is t Si
an%; réfﬁ O R S OBRO D R ASERE fervggi%ﬁ% hand 48 h
i;g&‘ﬁ’%gaﬁgf %tuht‘ for! @O(@étsslb @%%%L%EP@ HS)tQ%r‘éEﬁ{rF@oﬁlﬁd be detected in

i dera at dose nM f or
ciopteaaing &v(e]lsr ante Tdsts 1wdd-tpdhdfocti®V(1B). PG atides DL 515.2 (A),
bel ow 1% at 100 nM, but renmain high (86% at a dose

oPL33- 4 (B and dHe 5§8t2 @ntthasdeteqtpd (dystrppibin msxgnxf%anﬂy
a%@rg%ét%%é\q}{gﬁcon t‘%’g%ﬁ%’?’ﬁ? n,gl%ur r‘é‘ts iﬁ)ltgxeAsﬁ% &f Jche geletlons in

PHesEphightyed nyotubes. A) Sequences of the
different LNAs aligned to their target sequence in

exon 46 (depicted at the top from3' to 5).
smatches to the target seqguence ndelln
(e & B fae sofianisal Sa6R6 of h DG Hyateiua diun dupated
O i R IO et gt Qo At ASosin to
Fi'deﬁ’ﬁBr axmﬁicyaitiy driﬁx@htmtmh idyfotalodd Giot @fhowst mmbmnal

MRNA fragnents fraomLNA treated_patient
rfiloaskies Nﬂleratwcbé\?@hrhﬁﬁé% N@#ﬁ&@ |3ﬁldtN§18b -DG were

TS EBRRLAR BRI LRk ek BB Srolycan

qrevsgédta}elga Nfhé oéis e re l388ted 1ﬁH@d&b§d®b§d@%agé‘s (~40%) in
the 5' or centr part (LNAnmR2, 3 and seri ousl

reafueaigd mMetLdiQSppndgvarapnamly Iqoaged in P«' agytoplasm (A) Following

| arger than the Wl|d
o8l hedmihf dovte i Bgr e trainiline AEbecseiian 9. B-sarcoglycan
hehyaefecldd & 90ndvS8e&Mycan was detected in 90% and B-dystroglycan
was detected in 80% of the myotubes, and the proteins were mostly membrane-

bound (B). Magnification 63x.

Fig. 5. RT-PCR analysis of human dystrophin mRNA in the regions
encompassing the exons targeted for skipping. Shorter, novel transcript
fragments were observed following transfection with the different AONs when
compared to non-transfected myotube cultures (NT). Sequence analysis (not
shown) confirmed the skipping of the targeted exons, as indicated by the labels
adjacent to the images. Alternatively spliced products, detected in the regions
around exon 2 (b), exon 29 (c), and exon 51 (h), were sequenced and found to be

derived from either co-skipping of adjacent exons or usage of a cryptic splice
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PCR products. 100 bp is the DNA size marker. 25 D)
Sequences of the different 20vePS AONs aligned to the

WO 200808348 quence in  exon 46 (depicted at the POPNL2OM00196

3" to 5). Msmatches to th& target sequence are
underlined. E) RT-PCR analysis and F) quantification
of dystrophin nRNA fragnents from 20WePS treated
patient (DL279.1) nyotubes. The presence of 1 mi snmatch

i 1 b Lol EUR i e ueb bl OBbsire whafses
R R N P
amebs8n i1 BB tredsedud @MeteSodplerdodhativhs t ual |y no

ski pping was induced by the AONs that contain a
single msmatch at the 5 part (20WwePSm4) or a

ohiReed e TR e skBinte n, BRI/ My BED. PR nonsense
Sint@a 18k kR fthe ofit-98 AR ehbih UB: RIOPCRZa Aybh dfkiyepiophin mRNA
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In addition to the skipping of exons 45-51, single-exon skipping of exon 45 and

exon 51 can also be expected.

Figure 9
Double-exon skipping in patient DI1.90.3, who carries a nonsense mutation in
the out-of-frame exon 43. A, RT-PCR analysis of dystrophin mRNA fragments

in AON-treated myotube cultures showed a shorter, novel transcript not
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Figure 10

Double-exon skipping in patient DL470.2, who carries a deletion of exons 46—
50. A, RT-PCR analysis of dystrophin mRNA fragments of AON-treated
myotube cultures showed a shorter, novel transcript not present in NT
myotube cultures. The precise skipping of both exon 45 and exon 51 was
confirmed by sequence analysis. Along with the double skip, we also detected a
single skip of exon 51 but no single skip of exon 45. Because of heteroduplex
formation, we observed weak additional fragments, slightly shorter than the

wild-type products. 100 bp = size marker; RT-PCR = negative control. B,
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Figure 12

Double and multi-exon skipping in myotubes from the human control
(individual KM109) and from patients D1.470.2 (deletion of exons 46-50) and
50685.1 (deletion of exons 48-50). A, RT-PCR analysis of dystrophin mRNA
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Figure 13

Comparative analysis of DNA, 20MePS, morpholino, LNA and PNA

AONs directed at exon 46.

A) Gel mobility shift assay with a radiolabeled exon 46 RNA fragment
hybridized to the different analogs. A clear mobility shift was observed for the
AONs with the DNA and LNA backbone, which is less prominent for the
20MePS AON. No shift was observed for the morpholino, the PNA or a
random AON.
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A) RT-PCR analysis of dystrophin mRNA fragments. Significant levels of exon
46 skipping were observed at each dose tested for the patient (DL279.1),
whereas only low levels were detected for a dose of 200 nM and 100 nM in the
human control. In control myotubes skipping of both exon 45 and 46 was
sometimes observed at the highest doses (400 and 500 nM). For some DL279.1
fragments, products slightly larger than the wild type fragments can be
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OAndlysE of LNA and 20MePS AONSs containing mismatches in patientderived
myotubes.
A) Sequences of the different LNAs aligned to their target sequence in exon 46
(depicted at the top from 3'to 5'). Mismatches to the target sequence are
underlined. LNA9 is shifted to the 3' side of the target sequence when
compared with the original LNA (.LNAS8) and is completely homologous to the
target sequence.
B) RT-PCR analysis and C) quantification of dystrophin mRNA fragments
from LNA treated patient (DL279.1) myotubes. The LNAs containing
mismatches in the 8' end (LNAmm1 and 4) induced exon 46 skipping to levels
that are comparable to those induced by the original LNA (71%-94% vs. 100%).
The mismatches in the 5' or central part (LNAmm2, 3 and 5) seriously reduced
the skipping capacity (<8%). Fragments slightly larger than the wild type band
were observed. This is due to heteroduplex formation between first and second
PCR products. 100 bp is the DNA size marker.
D) Sequences of the different 20MePS AONSs aligned to the target sequence in
exon 46 (depicted at the top from 3' to 5"). Mismatches to the target sequence
are underlined.
E) RT-PCR analysis and F) quantification of dystrophin mRNA fragments from
20MePS treated patient (DL279.1) myotubes. The presence of 1 mismatch at

the 3' side (20MePSmm1) already results in an over 2.5 fold reduction in exon



910 4 4~ 4 z z z z z z z CD CD 0000000 LOd+ 1.0 LCD
10 LCD It WAr-0r--0Cr--VCy m”~ 0 10 10 10 LCD

whan4/o834@ 0 0 00000 E-~WWYW___ 0 10 1BCONLE04/000196
OLOLOO0O ~100 x<cps8 @ U ((di ai ,- Q -
.- rav ~~1QAMMA a 00LOcoCCC a) r-1 wo00 ~j

~--~s-+1ti 1n CYDOO LCD A Z cd aaoaco It k H a
LoL Cda LCD WD 2004/ 083446 PCT/ NL2004/000196 88 ro

ngkipgingof‘évglsywhrﬂe even more reduced levels are found for the AONs
containing 2 and 3 mismatches (20MePSmm2 and 3). Virtually no skipping
was induced by the AONs that contain a single mismatch at the 5' part
(20MePSmm4) or a single mismatch in the 3', central as well as the 5' part

5 (20MePSmmb5) of the oligo. 100 bp is the DNA size marker.

Figure 16

Multi-exon 42 to 55 skipping in human control myotubes (KM 109). RT-PCR
analysis of dystrophin mRNA fragments in the myotube cultures treated with
10  either a mixture of h42AON1 and h55A0N1 (Lane 4: mix) or with a U-linked
combination of these AONs (L.ane 3, U: h42A0N1 linked to h55A0N1 by 10
uracil nucleotides). In all samples treated with either the mix of AONs or the
U-linker AON, a shorter transcript fragment was detected that contained exon
42 spliced to exon 55, and that was not present in untreated myotubes (Lane 2
15  "NT"). This novel, in-frame transcript arose from multi-exon skipping of a
stretch of exons between 42 and 55. Additional shorter fragments were
observed due to additional alternative splicing patterns. In addition, note that
in some lanes, other fragments, slightly shorter than the wild-type products,
were present. This was due to heteroduplex formation. Lane (1) =100 bp: size

20  marker, Lane 5= -RT-PCR: negative control.
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anot her part of said oligonucleotide is conplenentary
to said open structure.

W@ k@846 wher ei n sai d open and cl osed

adj acent to each other.

claiml or claim?2, wherein said

2. A nethod according to

st r uct BEBENL210¢/000196
1093. A nmethod according to

ol i gonucl eotide is

conpl enentary to a consecutive part of between 14 and

50 nucleotides of said
any one|of clainms 1-3, \
comprises RNA. 15 5. A
wher ei n|Sald RNA cont ain
an 2' - OmeBhw mpdi f jeed
(DI CTA) |-sodi i cafy oma 6.
of clai hB &5 wherefh p
exhi bi t sSugdesi r&d s@l i ¢
net hod #6cBi4di ng=to & ai
sai d exon rom mRNA pr o
generates ajcoding regi o
accordilg tp claimé6 or
whi ch sapds,RNA conpri sin
encodes %un*s(ager r ant “25
gene (DMD) |@ cofd agen
myot ubu grgr%jopafﬁlhy f@ ge
(DYSF), |.B ElEm ngn-
enery- dtEyEUSs cultar
a cal patn—3rgenre—(CARN3
PCT/ NL2004#000196 95 9.
8, whereingsaid gene is
dystRophy fege. 0. A me
cl ai é %rei said e
17, €9, [29/170-45  48-53,
accordi hg t ogany,0ne of
equi-al ént | &fzod B elig
conpgi s B9 <E2n@la% P
Ki nd%?noifone,@sg =
to chai fegll EV\EeEe s &
pept Bde nucietrc—acid,—+9
nor piol { no
2 Iz
B |8 ,FIFTDED
2 |PE8§5888¢8
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= 18 (g €
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vherein said
ret hod according to claimd4,

aktpha 2 gene (LAVA2),

RNA. 4. A nmethod according to
ol i gonucl eot i de
s a nodification, preferably
ri bose (RNA) or deoxyri bose

A net hod according to any one
re-mRNA conprising said exon
ing in a subject. 20 7. A

m 6, wherein the absence of
duced from said pre- nRNA

n for a protein. 8 A nethod
claim?7, wherein the gene from
g said exon is transcri bed,
Duchenne nuscul ar dystrophy

| al pha 1 gene (COL6Al), a

ne (MIML), a dysferlin gene

an

dystrophy gene (EMD), and/or
WD 2004/ 083446

A nmet hod according to claim
t herxDuchenne nuscul ar

thgd according to any one of
XOM cehprises exon 2, 8, 9,

of5 59. 5 11. A net hod
cl ms «l- 9, wherein an
ondcl edide is generated

di $hti oh characteristics in

% amialint 2 12. A met hod according

d &yui gal ent conpri ses
ck‘e;g ngtleic acid and/or a

aSeperate AON sequences were published previous
bPrimer sequences available upon request.
¢U linker AON consists of h45A0N5 linked to h51A

5
10



10 phosphorodi am date, or a conbination thereof. 13. A

nmet hod according to claim 12, wherein said equival ent
waoeoopngxaes | ocked nucleic acid. 14. A net hod BCT/OL2AI0OWNG00196

to any one of clainms 1-13, 9%herein the

ol i gonucl eoti de or equival ent thereof, does not

overlap a splice donor and/or a 15 splice acceptor

sequence of said exon. 15. An oligonucl eotide or

at | east
conpri ses|d
consecut i
second ex N
accordi ng Hb claim 16
conpri ses Eﬁatween 16

equi val en her eof obf ai nabl e by ja net hod| accordi hg
to any on¢ pf c¢lains [1-14. 16. A conppund cagpabl e pf
hybri di si hg|{ tojat | east QMD exons |n-@ pr¢e.s

encoded by p gege, saj d cgnpound conprli=si g Ieast
two parts|2p whé;gln Fse part congri ses QH‘j

ol i gonucl ifle dhavin east § ecufi

nucl eoti d gﬂﬁzzghgre gggl ment ar|y’ va flrs shid

*

fherei n la secaopd par%,zwﬁ

n oligonuc| eotide havijng at | east

e- NMRNA. 23 17. A co¢npound
wherein sdi d conpodnd

in said p

80 nucl edtides. 18 A conppund
accordlng;%aiclaln116rer claim 17 g;mhereiwgsaid first
and said‘ﬁﬁ@ond exonchre separated in saigd pre-nRNA
by at | ea§ ne exon Fb which sdFd ol i gomeicl eotide is
not conplanentary. 2004/ 083444 PCT/ NL2004/ 00019p
96 19. A ¢ ound accias,di ng to arny, one of |gl ai ns
16- 18, wh§§1‘n stretclaes of nuclé%tides ignplenentaE§
to said at—F ‘ B Y —a——»inki iy
noi ety. 2p. A conpou d, according|to claim19, wherki#
sai d |ink| nge noi ety sonprises hetween 440 o
nucl eoti d g&”prefera conprisirﬁ}at |l eag 4 Uracj |
nucleotid§§?,21 An €di val ent oﬁga conpoH%d accorgdi g

vk r-l a| o R 20 nraf arablag ah aqiriasal £
to any onp—d 2D - -2 y eqe-vatent
according|t cIa|n112ﬁ 22. Use of| an ol i gpnucl eot i deg
equi val en er eof orkconpound agcording |10 to any «
one of £l pi 15- 21, ﬁ%rigt | east] in part alterlngY %
recogn@i bniebf sai d egun, or exgns in a f&e MRNA. | g
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23. Use of an oligonucl eotide, equivalent thereof or
conpound according to any one of clains 15-21, for

wo b@4psBpar ati on of a nedi canment. 24. A phar naP€NL2@h/000196
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preparation conprising an @#i gonucl eotide, 15

equi val ent thereof or conpound according to any one of

clains 15-21. 25. Use of an oligonucleotide,

equi val ent thereof or conpoundaggording to any one

of clains 15-21, for the preparation of a nmedi canment

for the treatnent of an inherited disease. 26. Use of

an ol i gonycl eqti de, equival ent thereof or, conpound o
adcor di ngx 129’3&%1 Qﬁﬁeaﬁ@twg anaathg@nﬂsle@il,defc‘@mnrwngicha@ermmmg,
o 9 . ' ‘ ‘

oﬁaﬂn 3@9?&{%&1 el opgm tfﬁo?n ancexon, aioion Qlat assumes a

gonucl eo , equilva ereor or "conmpoun

astroktiethat @s appridivedao (aldheppdft dtlsaifl WNAI(EREéD8tructure) and
exon-recognition_ in a pre-nmRNA 28. Use of an

ohirgeioucihastis et hahridiesddntsaidstwsturs (apemsdumeture), and
R N M A T TN

aﬁﬁﬁ&iﬁle&wm#&ni@fﬁgrsbi’o §a1%.@16éé'dn&ﬁﬁ@ﬁﬁ¥a N&IYof which at least
Use of an ol igonucl eotide,” equi val ent thereof or

c anpihen g aat ob satidngigommckeoyidens compdémienbarySta2daid fopen structure.
i pduci ng exon-.ski ppi ng of two or re exons in a
pl!ge- MRNA. \W%@%@%@S tpé\%olmtéo%ﬁwell&yei openzmd ¢lesed

Of @0t e'g%%%af&h%&ea@%]&ﬂ&lem thereof or compound
g to any C

accordin one 0 arns 15-21, for inducing
e8on- ski pAimegtiaid ddeoadingrtoEidien @xeSaind 2, ¥ Herem &N
31. Use of ~an oligonucl eotide, equival ent thereof or
corguHdedidaisgongplemengarnto asensgcusivel part p8 betwedwi4 and 50

'ﬂ&&@bﬂ&e§5fglh f said at | east two exons and a
seqglience 1 ocate ween said at | east two exons

(ient er venh RfeIRAUEREEInG o o33 Shd AN - B3 hdesn said
according to claim 31, wherein said intervening

seligmnsdeotidmmpnmprisesBNAt her exon or exons. 10 33. A
thod for altering the effjciency,w th whi n exon
inﬁ' a pr e-‘& quaC%@%ff}BﬁSQ QL?IB%/‘L&‘X'?EF@H Sr?@‘li Micﬁg*ﬁ%{m a
S Ao g idH gl Qp¢ i i i
R o YoReabey &7 2P0aebl RoBENG FRGR! (AT B Heoxyribose
c@n@A) saodjfipaorndi ng a transcripti on system conpri sing
said splicing. machinery and said gene, with a first
ofi gonucl4&eided acgordiag éaeny fclgyms 1-5, wherein pre-mRNA

comprising said exon exhibits undesired splicing in a subject.

7. A method according to claim 6, wherein the absence of said exon
from mRNA produced from said pre-mRNA, generates a coding region for a
protein.

8. A method according to claim 6 or claim 7, wherein the gene from
which said RNA comprising said exon is transcribed, encodes an aberrant
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).



15 conpound according to any one of clains 15-21,
wherein said first oligonucleotide, equival ent or

W@ oiposdade i S capabl e of hybridising to at | easeCT/aDnz00¢H00196
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said exons, and allowing f@ transcription and
splicing to occur in said transcription system 34. A
nmet hod according to claim 33, wherein said gene
conprises at 20 least 3 exons. 35. A nethod according

(9,12 o 1 PRS00 BN 198 D

Ohh gsuled @pdtesishy gemi.val ent  thereof or conpound
according to any one of clainms 15-21, wherein said

sdfond olimethas aewirdiag tecanyenepf cloime Sypchardin said exon

CHRRR g L5120 95 ey 20 g by o sai

said firsp Qbilcdo8ensdd My ofIbF ka8t - heheffinaiflequivalent

sai d second ol i gonucl eoti de or equival ent thereof are

pby saidadligpnivicleotidletis geaetntetiltomprising similar hybridisation
characteristics in kind not necessarily in amount.
12. A method according to claim 11, wherein said equivalent comprises
peptide nucleic acid, locked nucleic acid and/or a morpholino
phosphorodiamidate, or a combination thereof.
13. A method according to claim 12, wherein said equivalent comprises
locked nucleic acid.
14. A method according to any one of claims 1-13, wherein the
oligonucleotide or equivalent thereof, does nét overlap a splice donor and/or a
splice acceptor sequence of said exon.
15. An oligonucleotide or equivalent thereof obtainable by a method
according to any one of claims 1-14.
16. 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.
17. A compound according to claim 16, wherein said compound
comprises between 16 to 80 nucleotides.
18. A compound according to claim 16 or claim 17, wherein said first and
said second exon are separated in said pre-mRNA by at least one exon to which

said oligonucleotide is not complementary.
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19. A compound according to any one of claims 16-18, wherein stretches
of nucleotides complementary to said at least two exons are separated by a
linking moiety.

20. A compound according to claim 19, wherein said linking moiety
comprises between 4-40 nucleotides, preferably comprising at least 4 Uracil
nucleotides.

21. An equivalent of a compound according to any one of claims 16-20,
preferably an equivalent according to claim 12.

22. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for at least in part altering recognition of said exon,
or exons in a pre-mRNA.

23. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for the preparation of a medicament.

24, A pharmaceutical preparation comprising an oligonucleotide,
equivalent thereof or compound according to any one of claims 15-21.

25. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for the preparation of a medicament for the
treatment of an inherited disease.

26. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for inducing exon skipping in a pre-mRNA.

217. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for altering exon-recognition in a pre-mRNA

28. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for altering the efficiency with which a splice donor
or splice acceptor sequence is used by a splicing machinery.

29. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for inducing exon-skipping of two or more exons in

a pre-mRNA.
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30. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for inducing exon-skipping of three or more exons in
a pre-mRNA.

31. Use of an oligonucleotide, equivalent thereof or compound according
to any one of claims 15-21, for inducing skipping of said at least two exons and
a sequence located between said at least two exons (intervening sequence) on
said pre-mRNA.

32. Use according to claim 31, wherein said intervening sequence
comprises a further exon or exons.

33. A method for altering the efficiency with which an exon in a pre-
mRNA is recognized by a splicing machinery, said pre-mRNA being encoded by
a gene comprising at least two exons and at least one intron, said method
comprising providing a transcription system comprising said splicing
machinery and said gene, with a first oligonucleotide, equivalent thereof or
compound according to any one of claims 15-21, wherein said first
oligonucleotide, equivalent 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.

34. A method according to claim 33, wherein said gene comprises at
least 3 exons.

35. A method according to claim 33 or 34, further comprising providing
said transcription system with at least a second oligonucleotide, equivalent
thereof or compound according to any one of claims 15-21, wherein said second
oligonucleotide, equivalent or compound is capable of hybridising to at least
another of said exons.

36. A method according to claim 35, wherein said first oligonucleotide or
equivalent thereof and said second oligonucleotide or equivalent thereof are

physically linked to each other.



