WD 2006/ 112705 PCT/ NL2006/ 000209 1 Title: Mdul ation of exon recognition
in pre-nRNA by interfering with the binding of SR proteins and by

i nt er f eWiOrigoeMi12fISsecondary RNA structure. The invent iPEA/NIEDEME82000 t he
fields of nol ecul ar biology and nedilcine. 5 Morre in particular the

i nvention relates to the restructuring of nRNA produced from pre-nRNA,
and therapeutic uses thereof. The central dogma of biology is that
genetic information resides in the DNA of a cell and is expressed upon
transcri plitbn of Mbidsldtidroofetonarecoghitivneirepa: RN Artgydinterfoningf withethe
encoded protein foll ovvs@f)g the translation pmachinery of the cell. This
view of the flow ¥ndyaget 5B nateinmemddy mterfepmgpithrecerdareRddhi nant | y
DNA based approa\(lz\ﬁr{lg{]urgnterferi ng with the protein content of a cell.
This viewis slowy changing and alternatives for interfering at the DNA
| evel are being pphéuebntibh delatdcdbehe Féldd ¥PI@Tecullfr BRIKSY snd MHiBRId. ON
for proteins in the DNA of the cell is encoded in exons which are

separ & edMiore mm gacticelarehe hyvention velatestgihenestructheng afaRONA are in
sone cases very,l.ong. The ransgcr.i pti on nmachi ner enerates a pre-nRNA
whi ch corpzadnged from grgraR anrqiﬂ}‘ﬁ'ﬁ??uﬂﬁi“lsﬁs nggl i ci ng machi nery,
often already during the production of 20 the pre-nRNA, generates the
actual coding region for the protein by splicing together the exons

present in the prEheBRWEraloégias T bidlely ist ediedutornietice retitles in
processes involved in the generation of an froma pre-nmRNA, nuch

al so r ensthesDINAIgEa cellrandhie expressedturion/ransenption lof thisdoforstatien,possi bl e
to inf]luence the splici prpcess 2 uch that,. a djfferent S

b oddded Whiee Aiter eatugtiulal e enceded piaiecn IS by die EFinlanon| o
restructui.ng; : e G |

oli gonucrlselg'?gﬁfegrgapa ggg'f ygvrl?ﬁi@itﬁg f%ogé g?%%ﬂg{ﬁ%a g%a A%n of an
exon t hapronspiedr il Iblsé-ddlﬁinﬂiﬂ,gr DINA hassdbpprodtBNbr deterfiriee witththe

exclusion of the thus targeted exon or a part thereof (further referred
to as exaprogimgsintgnrt oBa cell. This view is slowly changing and alternatives for

intexfering at the DNA level are being pursued.

15 In higher eukaryotes the genetic information for proteins in the
DNA of the cell is encoded in exons which are separated from each other by
intronic sequences. These introns are in some cases very long. The
transcription machinery generates a pre-mRNA which contains both exons and

| introns, while the splicing machinery, often already during the production of

20 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 shlown possible to influence the splicing process

25  such that a different mRNA is produced. The process allows for the predictable
and reproducible restructuring of mRNA produced by a splicing machinery. An
oligonucleotide capable of hybridising to pre-mRNA at a location of an exon
that is normally included in the mature mRNA can direct the exclusion of the
thus targeted exon or a part thereof (further referred to as exon-skipping).

30



WO 2006/ 112705 PCT/ NL2006/ 000209 2 The present invention provides
alternative nethods which are used in the selection process of

i dent i fYYDRGOA12ZWSnucl eoti des suitable for exon ski ppPAHNIZUCHER2EE The

i nvention further provides oligonucleotides that are, anongst others,
capabl e of ski pping exons which could ngt be ski pped before. 5 W had
previously identified 37 exon-internal dntisense oligonucleotides (AONs)
to i nduce skipping of 14 Duchenne mnuscul ar dystrophy (DVD) in human

The. ski pptng of bbb Hifsent 5,003 BUNREY aREbEa Y BMb AT wiich 3l uspltcC
appl i cat i finthwesdlavitor gscdeish eflidentify igcuciitileatsuithhle fe éxgnucl! eot i de

conprising determning, froma (predicted) secondary structure of RNA
from an eXgpping peefesses: Hae nysnres farther previdee ohigenuclgotides thatare,t o

anot her part of. said RNA (¢l osed structure),and region,that.{s.not
ybr 1 i seamonsst Pihetey brabie Of B eRbe Siatis v canla PEPbE Suuiifia beye.
gener & i NyARa @ i 8PBUSHSehBified Y &&Iﬁfntbﬁ?aﬁtaﬂt&e%é bligdnuelebhidggent ary
to said closeacli Structure and which at least in part is~ conplenentary to
sai d open(&DNs} tairduddéskippimy cicloBPachennd trarseatdndy stedplgd(DMD)dasi gni ng
and generating an oligonucleotide which nethod can_optionally. be

conbi ned npran epntrek myatubcwiunse Weoagwasbewnew A @Ns vish avhich weean

experi ment a t,the presence correlation between the effectivity
of an exo}ﬂ4ﬂ$§3i‘ﬁaﬁkl sogsﬁs%%%“%fd%ﬁ%qr@otide (AON) in inducing exon
ski ppi ng and the presence of a (for exanple by ESEfinder) predicted SR

binding site in the target pre-nRNA site of said AON. As a 25 result we
now sHbw an al t er hntiw ¥ Q200408348 2gmtent applicativ vedoavecdesoribed a

conpri sing deter.mnin tag.ive) binding site for an. SR er - Ar

pr otei n | RethagieR g%}wgré%%gﬁéf\{%@é  Gupyip PW@E 5 g)
conpl enen . ' I t vV '

(ot at veltplicen @b VL and b s AR a8 b Q0n BRE. Afdines
her ei n asstir@cifeRhiages Bfbeideedan sHotBor pattyofsasd RINA (SluséEirudrure) add SR

binding site as well as multiple nucl eotides of
a region that is not hybridised in said structure (open structure), and
15 subsequently generating an oligonucleotide, which at least in part is
complementary to said closed structure and which at least in part is
complementary to said open structure.

We now disclose an alternative method for designing and generating

an oligonucleotide which method can optionally be combined with the method
20 of WO 2004/083432.

We disclose, in the experimental part, the presence of a correlation
between the effectivity of an exon-internal antisense oligonucleotide (AON) in
inducing exon skipping and the presence of a (for example by ESEfinder)
predicted SR binding site in the target pre-mRNA site of said AON. Asa

256  result we now show an alternative method for generating an oligonucleotide
comprising determining a (putative) binding site for an SR (Ser-Arg) protein in
RNA. of an exon and producing an oligonucleotide that is complementary to
said RNA and that at least partly overlaps said (putative) binding site. The
term "at least partly overlaps" is defined herein as to comprise an overlap of

30 only a single nucleotide of an SR binding site as well as multiple nucleotides of



WO 2006/ 112705 PCT/ NL2006/ 000209 3 said binding site as well as a
conplete overlap of said binding site. In a preferred enbodi nent the
i nvent | WO PFTIRES conprises determining froma secon®@&TNI2006({E029F e Of
said RNA, a region that is hybridised to another part of said RNA
(closed structure) and a region that is,not hybridised in said 5
structure (open structure), and subseqd%ntly generating an

ol i gonucl eotide that at |east partly overlaps said (putative) binding

over! aps St Fle 807 oFhvelt SE8 spBietvoR Rl of ol EEaRbBUS T8 T case
the chancgrefby:@lehiidithedit tBbiiA0EMENE BitHEr cdliphisks d@@@m%h%@ s

interfering with the exon inclusion fromthe pre-nmRNA into 1
possi bl e sdeatdary stractwel afshed R3R, b pedioy thatyisomyhindised do amathert part of
ano cond). . SR protein

requested q - ¢l osed,structure in which case er, (s

bi nd ng sl HALglosed atrugines) 3 %ﬁ%ﬂg&gﬁmﬁa& fl%léé%@@dnf&?@adt he
presence - t . | [ ' -yntil a
Cequonce faucfieiiit SRRt dlFLifRaullly fRERARE AfRMEIIL | 1,
as a(n) (fadttdidedst puely erla) s:0Q€putdited bisdingwity #nd ThaBov@dapnse i S
then used to design an oligonucl eotide ich is conplenentary to said

sequence. legathart ofsalid dlosed strretnre amd overlaps gblasst part dbsaid apeso
performed , by reversi.ng the describ oyder, L.e..first nerati ng,an

1T gonuc: SsRTaRS. TR e edartas thaghanrs of dteiinan e aleORas of
RNA from . e QR . . ' . di sed
o anot netiias fapaPetl ihRtidiing WAt BRSLARE pfcibl SO b Mk RN hid °F
hybr ikl seshRMASH id prissibdd vligt 4 Gipsihseledted SR dingndgimbdssuest have the
generating an oljgonucl eotide, of which at least . a part_of said,

ol i gonuc| keqriegked; epesnelepedrsinugtyrein which case smather (seeand SR ereteinwni ch

at | east janather. part .of i d.9l.igonucl eotide is,c engntary to said 25
open- ot S S8 SoBoieihich N SRl 1R iR ke &
protein B B?bﬂ-&lo%bﬂ%tﬁicth?@sl‘hi@ bécaRSs Whhtinfsd InPR e dduRned ist r uct ure.
In this way the nethod of WO 2004/083432 is inproved. |In yet another
enbodi menidenbdiedsehieht dcombaireren SRrjotemdiading side asmedll as Wh)Apastly12705
PCT/ NL2006/ 0002Q9 ) . .
15 overlapping) open-closed structure. This sequence is then used to design an
oligonucleotide which is complementary to said sequence.
Such a method for generating an oligonucleotide is also performed
by reversing the described order, i.e. first generating an oligonucleotide
comprising determining, from a secondary structure of RNA from an exon, a
20 region that assumes a structure that is hybridised to ancther part of said RNA
(closed structure) and a region that is not hybridised in said structure (open
structure), and subsequently generating an oligonucleotide, of which at least a
part of said oligonucleotide is complementary to said closed structure and of
which at least another part of said oligonucleotide is complementary to said
25 open structure. This is then followed by determining whether an SR protein
binding site at least overlaps with said open/closed structure. In this way the
method of WO 2004/083432 is improved. In yet another embodiment the

selections are performed simultaneously.



4 The termconplenentarity is used herein to refer to a stretch of

nucl eic acids that can hybridise to another stretch of nucleic acids
under PYEOEIBGIcal conditions. It is thus not absol PRCIVNL20eweH0208d t hat
all the bases in the region of conplenentarity are capable of pairing
with bases in the 5 opposing strand. For instance, when designing the

ol i gonucl eotide one may want to incorporate for instance a residue that
does not base pair with the base on the conplenentary strand. M smatches
may to sone extent be allowed, if under the circunstances in the cell,

the stretch of niHeeRbid@smpemdannaRy e QbedUbFdifite rBfertto d fietch of

conpl ementary part. In a preferred enbodi nent a 10 conpl enentary part
conpr i senwwdeit easls that zad hybridipe & enatiey stnettle o€ nudleicacideaudere
nucl eoti des. . The ¢

| enent regi ons ar ref er abl esi gned . such
ot SO BhsinpF e noondiagns 6 L& Hots Rppabisutals rengned theh el he hakan

Such spegifigi r ] ' ment ary
ogi ons. s TPRioh FR6RefisRRRy M bt B Balr Bk Bred B R
the sgst efipodingldieand skor idtales wHeneddigiingahetdligonneRoti@bAdny mlaybe abl e

to hybridise to the oligonucleotide decreases w th_increasi n%si ze of
t he ol i govanrt oicorporpte for ipktsace a residud thedrdees awt ibase pasnpithsthey

m smat ches in the reqi.on of conple ari but that retain {he capacity
Lo hybr 1 st Sochetibl bt SRran Wiomatdles Bee 0 fome ctat be used 1 n
the preseglifowddll $hah@sk tﬂé‘lﬁfﬁﬁﬁs’caﬁ'{:ﬁé i B YelPlihb Goidich BFn%QIe%@i’&EE? entary
parts do not conprise such m snmatches as t%ése typically have a higher
ef fi ci enegpabld ¢f Hyteridisimgpiecibel @inipiendehiaryopagoin al peférted chavidimenian

m smat ches in one or nore conplenentary regions. It _is thought that
hi ghdP  epB¥nlementannpaxt compries atileast’ 3, pndomore profexplly arleask 4r act i ons

111 5o BRI 38k, 195 BHPRNTrd RS ST R0, bl o
Pr ef er ablgychtthet GOHPh esmbied, tthey rd Sp¥EAR FRO IR CkohUP bhe! predBIRINAlL  this
allows for approximately 1 or 2 m smatch(es) in an oligonucl eotide of
around Z(SuuthmiﬁdtasmameZoﬁl@ﬁmwmﬁvﬂﬁﬂum$ eHeanplemdentary regions

as this depends on the actual sequences in other (pre-)mRNA in the system.

15  The risk that also one or more other pre-mRNA will be able to hybridise to the
oligonucleotide decreases with increasing size of the oligonucleotide. It is clear
that oligonucleotides comprising mismatches in the region of complementarity
but that retain the capacity to hybridise to the targeted region(s) in the pre-
mRNA, can be used in the present invention. However, preferably at least the

20 complementary parts do not comprise such mismatches as these typically have
a higher efficiency and a higher specificity, than oligonucleotides having such
mismatches in one or more complementary regions. It is thought that higher
hybridisation strengths, (i.e. increasing number of interactions with the
opposing strand) are favourable in increasing the efficiency of the process of

26  interfering with the splicing machinery of the system.

Preferably, the complementarity is between 90 and 100%. In general

this allows for approximately 1 or 2 mismatch(es) in an oligonucleotide of

around 20 nucleotides.



The secondary (open-closed) structure is best analysed in the context of
the pre-nRNA wherein the exon resides. Such structure may be anal ysed in
t he act WA 2088{N270owever, it is currently possible to PCINI06/196209
secondary structure of an RNA nol ecul-e (at |'owestenergy costs) quite
wel |l using 5 structure-nodelling prograns. A non-limting exanple of a
suitable programis RNA nfold versiong.1 server (Mathews et al 1999, J.
Mol . Biol. 288: 911-940). A person skilled in the art will be able to
predict, with suitable reproducibility, a likely structure of the exon,

gi ven the nucl eotTkies&RadaR¢ GpeBedbsdd) REctiANE bedt anabisediadthd @mtext
provi di ng such nodel ling prograns with both the exon and 10 fl anki ng

i ntron seafibegre-mRNA svherpirctiid gxamotesidese Sseh ptiwctureisiayt beanalysetuine

of the entire pre- The sane is trye for, the presence or apsence of
an SR prdﬁn@mtuﬁl mee@rwwwm xpﬂgsﬂélﬁatﬁmrsﬁmtt © $AFQ program
I's ESEfi e C r ' .

ol i gonuc {Eceéglﬁ?tggéggz ie?%e(% 1218?&%%@%?@&8?%%#%%2&83%2&M%egv@%l%gﬁg}ﬁ)t her. It

i s t hgughitrtdiake inloddllifig\WRygrdmie RARbAAihiin®bxiMmplObf 8eaitabbopidiaahpid he

open structure induces opening of the closed structure whereupon

anneal i ngRNAcgfeldseersiont 3 LishirvercMatde wasatralck99% J. MoloBig. 288:OH040h t he
previously closed structure ass S O different conformatian. . T

G 1 or ont DErir slallefin Bt SHPecatde & sfegichoRtheainie Biedrsiti iy on
SLONA! - o PHRYR atr iSRRI RELLGL JiFCY Bhi BlicRBLHE R0ARERR) Hesy AAdARLIGHENO!
sequences are"present wthin the targeted exon, oCcasionally a new exon
i ncl usi orareidbtainedswhen eivavidihgl efhichimugdetling pfoprams withoothxihe, exdoncandyvi t h
a different 5 end, a different Tend, or both. This type of activity is
wi t hitf t Hlandgngdpprongtequeaces. d& inkymealbnnelonecessanycto model te sbrygture

excl uded for.om the nRNA e presence of a new exon, containing part of

t he targe({fé; e@)?(g]ﬁ"? Rgm RNA does not alter the fact that the targeted

exon, as such, i STlgxedMEaS trucde the présened o fabBeRGPofeat® BRCpFbtE Seen as a
side effect which occurs only occasionally. There are two possibilities

when exorbinlimpsitg A sconskuiiting ezsinple 088 s@ytable pfogram migHEfmddrng f r ane
that was disrupted as a result of a nmutation. WD 20061112705
PCT/ NL2006/ 000209 6 ‘

15 The open and closed structure to which the oligonucleotide is
directed, are preferably adjacent to one another. It is thought that in this way
the annealing of the oligonucleotide to the open structure induces opening of
the closed structure whereupon annealing progresses into this closed
structure. Through this action the previously closed structure assumes a

20 different conformation. The different conformation results in the disruption of
the exon inclusion signal. However, when potential (cryptic) splice acceptor
and/or donor sequences are present within the targeted exon, occasionally a
new exon inclusion signal is generated defining a different (neo) exon, i.e. with
a different 5' end, a different 3' end, or both. This type of activity is within the

25  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

30 (part of) an open reading frame that was disrupted as a resuli 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 franme is not restored. \Wen
sel ect i WP 2000k gducl eoti des for restoring readi ng fraf€I/NR2MMENHZ90f
exon-skipping it is of course clear that under these conditions only

t hose oligonucl eotides are 5 selected that indeed result in exon-skipping
that restores the open reading frane, mjmith or without a neo-exon.

Wt hout wishing to be bound be any theory it is currently thought that
use of an oligonucleotide directed to an SR protein binding site results

in  (at | ©3atis PRAE thO nbdBRbh idthrchiBnti fHtEPrdb oo oPiHY Rialih @ filhie,
bi nding site of 10 an SR protein which results in disrupted or I npaired

spl i ci ng. wReedaarimbihe, other opentle remding framed is rotaredtaed SWipemsdectibg ndi ng
site partly overla :fgd even nore preferreq an open/closed, structure
conpl et el ghgwhoéyfes r sestoripEdead e RmpsIn Beans of expdSRRMNE 1hisef ng

site conp) et el Quer en/gkosed str ur Thi l ] for an

i mpr oved Jé?ﬁls? Sﬁéﬁa{s ﬁﬁgk %%?ﬁ?@%% &H@f%%’?so?@yﬁﬁ% 0%%@_3%@d%§3%?eept to
vari oys Sglib@bA%h8Y idebd Ife@ﬁlt'iﬂ%@ﬁcﬁgi% OiHH rabioREd fhd Ype® Pbadingg. Such
events may be induced or catal ysed by ? e environnent of a cell or
artifici afrasd, witlhhgr syisheuh a fihoexofir om t he sane pre 20 nmRNA sever al

different nRNA's be produce The differegpt MRNA's all _included
exoni ¢ sequences,‘wgéqu‘?é’{ls @Eﬁgb‘ﬂ@‘?? £ SRYHhegEy Ba8/urrRntdy, thoug

exoni | _ o & _
in'the *priatohP LB ER o ERsa T f 3 R b Rith Hiflatle S rolfD £1C

sequence @tasaitipdrely) itihg the 1A ofash $IRPAotindu ¢hd bihdingadite sher ei n
the sequence_25 included in the nRNA is, in the pre-nRNA, flanked on one
si de 10 i ran Sdhpratein wheslorgswis indiarupted or (impaivadhepliangn then the first

and the | ast exo equences, not esent in,th . .l n.princi.ple
oy TNA o odus o retirAbIY HY RS RRGA RISRRMe 2t bn HIE Protein PG pite
However , tax ' - ' '
e of or v o s, Sl 3ER oveR 4R0H BRferrdl Sb) SfCI00 BRREeTIBNA IRy |
from t he grezlagdftn GRiproteirebieling eitdiok ia@ SR pi6teif Gindihig/dite completely
PCT/ NL2006/ 000209 7 .

overlaps an open/closed structure. This allows for an improved disruption of

15 exon inclusion.

Pre-mRNA can be subject to various splicing events, for instance
through alternative splicing. Such events may be induced or catalysed by the
environment of a cell or artificial splicing system. Thus, from the same pre-

20 mRNA several different mRNA’s may be produced. The different mRNA’s all
mcluded exonic sequences, as that is the definition of an exon. However, the
fluidity of the mRNA content necessitates a definition of the texrm exon in the
present invention. An exon according to the invention is a sequence present in
both the pre-mRNA and mRNA produced thereof, wherein the sequence

25  included in the mRNA is, in the pre-mRNA, flanked on one side (first and last
exon) or both sides (any other exon then the first and the last exon) by
sequences not present in the mRNA. In principle any mRNA produced from.
the pre-mRNA qualifies for this definition. However, for the present invention,
so-called dominant mRNA’s are preferred, i.e. mRNA that makes up at least

30 5% of the mRNA produced from the pre-mRNA under the set conditions.



Human i mmuno-deficiency virus in particular uses alternative splicing to
an extrene. Sone very inportant protein products are produced from nRNA
maki ng OYQ &6A12785s t han 5% of the total NMRNA produce®(I/NER08EI08209i 1 US.

The genomic RNA of retroviruses can be seen as pre-nRNA for any spliced
product 5 derived fromit. As alternatiyve splicing may vary in different

cell types the exons are defined as e>?ons i n the context of the splicing
conditions used in that system As a hypothetical exanple; an MRNA in a

nuscl e cely]l _nmay. cont aicil n_exon.that as absent in an tnRI\lA r.odL%ced from
TheC s oo Sttt e o Ad B bo e R 536 allaPiaid uRGBE 105h ' 1oy
contai n axifeAl. Hthe RESH ERpo: ,nit@)rﬁﬁﬂ?\p%&lﬁ’dtﬁ%gefpl&ﬁdﬁééﬁéﬁﬁﬁﬁﬂw in a

normal cell.-Alternative splicing may occur by splicing fromthe sane
pr e- "TRNA makineup eyenll¢ssrthamni 3% of phée cotad o Aap salveed dromh lvaddigivua. The

mutation in the - /RNA for instance generati addi tignal] sp]ice
accept or ZHGIYE I&ﬂ‘gi(’éée?}‘g"%ﬁ@ﬁ AR gaSaeR ?ﬁﬁéfﬁﬁ&fi E‘?’r'a"i‘%(/éplé?ﬁ‘i B’é"i"-c‘?
SeqUeRCeyANRAbAt! 85 SltcFlatife 35licitYRbY GoB P GRHARSERLA S0 Ol
sequences. Such cryptic splrce sites Can tes N new exo

(neo- exonshns lak€ Idefined s@fexdns i8%RE Soh itk of tllysRdnFobiAd RishPesad in tigast
In part prevented using a nethod of the invention. In case a neo-exon is

fl anked ystemr 4pti ypotbeticalreorameple; apmBAAlNa mascle peld mage cumtade ant he
neo 20 exon enconpasses, { he ol al e on. |f in this I he

ori gi nal PP taa@i?éwﬁe%eﬁt hﬁ”@a&&%&,ﬁ FoIR iseﬁﬂqn@-m?fglﬁ i®&p|ice
donor/accjﬁm r : ' ' i i - , It
i s possible ggefeiﬁ%%igéﬂ hgiﬂlgégg‘%%%dﬁf‘géﬂme%on a}dl’rlli ér}?&{]ﬁ%%%sg@éxon
by i noer fiarmh RINAvpirddiided fes@nthe’ €66¢ MRNANnSA goamadtell.ne neo-exon. This

i nterference can be both in the part of 25 the neo-exon corresponding to
t he pal eo-exon, or the additional part of such neo-exons. This type of

Cxon SLPPIND, €S ST Sl 55 HEHEES Heing B b Fozmva
corsecul Imgustel sRpeheipe gty bpuciechiin sufustbr B e 1 20
PCT/ NL20GARDNA Z6W0instammi gbnerating anl additidaal splRte &2captdrydndidirsphick has a
full -1I5eng({0f:mr sequence. Such alternative splice sequences are often referred to as
cryptic splice acceptor/donor sequences. Such cryptic splice sites can result in
new exons (neo-exons). Inclusion of neo-exons into produced mRNA can be at
least in part prevented using a method of the invention. In case a neo-exon is
flanked by a cryptic and a "normal" splice donor/acceptor sequence, the neo-
20 exon encompasses the old (paleo) exon. If in this case the original splice
donor/acceptor sequence, for which the cryptic splice donor/acceptor has taken
its place, is still present in the pre-mRNA, it is possible to enhance the
production of mRNA containing the palec-exon by interfering with the exon-
recognition signal of the neo-exon. This interference can be both in the part of
25  the neo-exon corresponding to the paleo-exon, or the additional part of such

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

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

30 more preferred said oligonucleotide comprises RNA and even more preferred



phosphor ot hi oat e backbone. Typical exanples of oligonucleotide |engths
can be derived fromTable 1 and/or 2: 15 to 24 nucl eotides. 2'0-nethyl
RNA i s ®O2MeNE7¢ aci d anal ogue that is characteri zed B&I/NIRO06&000209t | onal
hybri di zation 5 properties that it inparts with conplinmentary DNA or RNA
as well as, an increased stability agiinst enzymati c degradation
conpared to natural nucleic acids. anti sense ol i gonucl eoti des
currently in cIinicaI devel opnment i ncorporate phosphorothi oate backbone

nodi fi cati ons esi stan t nucl ea whi J,e preserving the
ability t§* @PP&BPB g0 géﬁ/g @ %ﬁpﬂiﬂﬂ%@{l#ga@ Qiﬁ@fl B bonucl ease
(RNase) hoEgg m&%'ﬂh‘&kﬁené e%bﬂ‘lﬁ:a‘ﬁfﬁle?%ﬂiﬁg&hﬁcﬂéotﬁ@é% rptht 828 Ne
pur poses. erab however, exXxon skipping 1s Osed f restructuring
MRNA  t haderivedofroduTablel T andfor &: ABNA 2xivadiedtidegs. @0aesethod RiYAiisiang in a

subject. 15 _The restructuring.my be used to decreasge t mount _ of
pr ot ei n predeicagibana qgéleébﬁg is qtigracterizeddnyth Wﬁﬁ@«’@ﬁy 1iwdiftes a

parti .ot

Fastr ot drHEres HES R p%f%%{té%ﬂ@lﬁ%ﬁ%ﬂdﬁ?@%&ﬁﬁﬁWﬁ% Yy ot ei n
in a cellincredded s8abilit§ bighidd o ticQideh8da iR RpAipaed 8 nﬁt&ﬂﬂ'lﬂﬂ:léﬁg' on
for a functional protein. The latter enbodinent is 20 preferably used to
restore acidpdiosteauliisenseraipenublebtides clurenthysineclirieal devmﬂopmelmt at i o n.
Preferred genes conpri se a Duchenne_nuscul ar dystrophy gene

col | agen YFOENO5ALS B dapaigiac Dwmﬂéﬁ%ﬁowéaﬁﬂwie gﬁ@taqcﬁ/rtw

Sr gi?Li!%&%@ v@@}%@%%eﬁv M%gﬁgﬁg% élléﬁ%%l) gene CAPNS)

25 The | neepéd pﬁrib@nﬁlu[etaggmmgémat ed by neans of exanples drawn from
the Duchenne nmuscul ar dystrophy (DVD) gene. Although this gene

constitutes a partlcularly preferred gene in the present invention, the
i nvention is not I|n1te to.thjs,gene. 2006/ 2705 P NL 006/000209
9 Duchenne muscul 3¢ &4t FlEBRINY Hircakbe &pe (BI\/D)

are both dvidyrt alfor 2 tp&a{a&
chrom)so n ééﬁeg&%or ystrolp')helgﬁ) ? %é é hasoane&]l nci dence o 1 3500

that is produced from pre-mRNA. exhlbltmg undesu'ed splicing in a subject.

16  The restructuring may be used to decrease the amount of protein produced by
the cell. This is useful when the cell produces a particular undesired protein.
In a preferred embodiment however, restructuring is used to promote the
production of a functional protein in a cell, i.e. restructuring leads to the
generation of a coding region for a functional protein. The latter embodiment is

20 preferably used to restore an open reading frame that was lost as a result of a
mutation. Preferred genes comprise a Duchenne muscular dystrophy gene
(DMD), a collagen VI alpha 1 gene (COL6A1), a myotubular myopathy 1 gene
(MTM1), a dysferlin gene (DYSF), a laminin-alpha 2 gene (LAMAZ2), an emery-
dreyfuss muscular dystrophy gene (EMD), and/or a calpain 3 gene (CAPNS).

25  The invention is further delineated by means of examples drawn from the
Duchenne muscular dystrophy (DMD) gene. Although this gene constitutes a
particularly preferred gene in the present invention, the invention is not

limited to this gene.



newborn mal es. Patients suffer from progressive nuscle weakness, are 5
wheel chair bound before the age of 13 and often die before the third
decade ¥O0200p212703 jfe (7). The generally m | der BVD h®PCTANLA00I0d2Mce of
1:20,000. BMD patients often remain anmbul ant for over 40 years and have
| onger life expectancies when conpared to DVD patients (8). 10
Dystrophin is an essential conponent ofYthe dystrophin-glycoprotein
conpl ex (DGC), which anongst others nmintains the nenbrane stability of

nmuscl e fibers (9,. 10). Frane-shifti i 0 in the ne result in
dyst r ophi n defls'&@e\ei‘\l%fé WSW@EI%@S{:’@PB%W& apgs%‘icifﬁﬁﬁéﬁ%‘ggyﬁé d

| evel s of ' : : [ : v, d
DD 1Py Bke H57h FAALE) BY pALAS h Hhe DM R R ph A"
readi ng fdhaomosomieamid cgkndbadgsisbphinefl-6) DMDehad ynfitcidenenef 1:3500
dystrophins, associated wth the |ess severe BVMD (13, 14). Despite

ext ensi veasTbam malef Patiente suifor Spp progspesive musclewepkaess agper apy f or

DVD patients S. yet en. deuel ope 5 | t hpugh.a | gy . th set
and/ 6p prepFelEifis Rmadidattlts 2R fAe 2 sheh i Hee e bl dgfite &7

gl ucocor ti,ep Bfet (*T?.V'Pﬂé/ ﬁéﬁ@aﬂypxhﬂ'ﬂbf BMDN8RUAA ndiddifed SCRRDI000DBMD
reported by us and others on a genetic therapy ainmed at restoring the
readi ng fyatientefoftemerenayisit amphlantdfor ovdiNLO yeaxsednd hhve horiges lifdx nouse
nodel and DMVD patients 25 (17-23). By the targeted skipping of a specific
exon, a DvDeglansirs when gampared bo DM Dapptionts (g)-m' | der BMD phenotype. The
ski ppi ng of an exon can be induced by the binding of antisense

ol i gori bonucl eoti des (AONs) targeting either one or both of the splice
sitegp or exorpDydirepiialis HROGRBAES] cothp6fe ofthelystidphifdlycopeotdia! uded
in the nRNA when both the splice sites are recogni sed by 30 the

spl i ceoscmpleriDEC), sfiick enyingst others ahainbamnstieguembirane Awlityrnf s was

WO 2006/ 1127Q5 PCT/ 006/,000209..10 sh to.be s ssful, albeit with

Var | abl e BAREABETS 5 Lr FeRBRapiRaE Righons i gig BAEDS R esBlidEne e

sl co S1-R8n AL ATR AR bllo BOks i i KOO RN Aceba tils o
seque a

d:
regul at or nces suc s exoni ¢ splicing enhancer (ESE)
other DGC proteins and results in the severe phenotype found in DMD

15 patients (11, 12). Mutations in the DMD gene that keep the reading frame

intact, generate shorter, but partly functional dystrophins, associated with the
less severe BMD (13, 14).

Despite extensive efforts, no clinically applicable and effective

20 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

25  (17-28). By the targeted skipping of a specific exon, a DMD phenotype can be
converted into a milder BMD phenotype. The skipping of an exon can be
induced by the binding of antisense oligoribonucleotides (AONs) targeting
either one or both of the splice sites, or exon-internal sequences. Since an exon
will only be included in the mRNA when both the splice sites are recognised by

30 the spliceosome complex, splice sites are obvious targets for AONs. This was



sequences to facilitate the recognition of genuine splice sites by the
spliceosone (Cartegni, Chew, and Krainer 285-98). A subgroup of splicing
fact or sWQloh/a27¢he SR proteins, can bind to these ESRCTANRINE WOt ot her
splicing factors, such as U and U2AF to (weakly defined) splice sites.
The 10 binding sites of the four nost abundant SR proteins (SF2/ ASF,
SC35, SRp40 and SRp55) have been analﬂﬁed in detail and these results
are inplemented in ESEfinder, a web source that predicts potenti al

bi nding sites for these roteins (Cartegpi et al._,.3568-71). As

di scl osed*FB;tH b@r?éw%%@ﬁgﬁi ?rﬂ?ﬁlfaw&avar?ghlﬁ@%ﬁcw and efficannem G B8: 3en

t he effec%’veness of an AON and the 15 presence/ absence of an SF2/ ASF,
SC35 and 540 binding site. In a preferred enbodinent, the invention

t hus provides a nmethod as descri bed above, wherein said SR protein is

SF2/ ASF or SC35 or SRp40. Even nore preferred said SR protein binds to
MRNA encodi ng exoBegides gonse@sus spligelsites s@plenges,a8avy (ifapt ad))exoprD. 20

Any ol,jgonucleotide fulfilling the requirenments of the inventio be
ond 1o FRities® Enfin e pblata e BN AR X e I PURISVERES an
oligonuclggbj Eﬁﬂﬁ H%ﬁ&ﬁ | I Eq%pﬁg,as descri bed
above or an 6ﬁﬁggﬁﬁc ed%ﬁggﬁ%gée UIVé gg?é?ﬁg@é§¥ﬁ%§%§ '€ of inducing
exon 25 sipligiosgmaCdetvignii,cChew, dnd Fratner285-08) enbulogrofuprdfisplicirgovi des
an oligonucleotide of Table 2, conplenentary to _exons 8, 46, 48, 52,

54-56, 5sfackurs, eallest thye SRaproteingccan hing nbege FSEoand geermt etherconpri ses
i il .preferably t i tw i kind, opot

necessar | TBARRE ShaR SuchqsTll snd CRaR ite-gRus aPRsedNante S8, 78

ol'i gofyyic! BRIiAE sitRs ﬁﬁﬂmé/\fa&%ﬁétléb%ﬁﬂ:ﬁaﬂ%@ﬂ ?Jhe@{é@@é GOPZABF, WC35, SRp40

ol i gonucl eotide with a pointnutation, a deletion or even 'an
ol i gonuc! and iSHyp 55)iltalve debdntdredptednimcdetaili atabtimse anyults nivé apiemented wof .

T Rt e i el iR et s e
5 and 50 pUGLEQ! (ClSeedti 31 9358271 dikBodPhORlin $HBALp IR ed AP part

there is a correlation between the effectiveness of an AON and the

15  presence/absence of an SF2/ASF, SC36 and SRp40 binding site. In a preferred

embodiment, the invention thus provides a method as described above,
wherein said SR protein is SF2/ASF or SC35 or SRp40. Even more preferred
said SR protein binds to mRNA encoding exon 8, 46, 48, 52, 54-56, 58, 60-63 or
71-78 of DMD.

20

Any oligonucleotide fulfilling the requirements of the invention may

be used to induce exon skipping in the DMD gene. The invention provides an
oligonucleotide or equivalent thereof obtainable by a method as described
above or an oligonucleotide or equivalent thereof capable of inducing exon

26 skipping as depict_ed in Table 2. The invention further provides an
oligonucleotide of Table 2, complementary to exons 8, 46, 48, 52, 54-56, 58, 60-
63 or 71-78 of the human DMD gene. An equivalent comprises a similar,
preferably the same hybridisation capacity in kind, not necessarily in amount

and can for example be a fragment of said oligonucleotide, or an



conpl enmentary ol i gonucl eoti de generated through a nethod of the invention
Is conplenentary to a consecutive part of between 16 and 50 nucl eoti des
of sai dWRXEHIRRIE Preferably, the oligonucl eotide i s REaNYILeMEIVW200y t0 a
consecutive part of between 13-25 nucl eotides of said exon RNA.
Preferably between 14 10 and 25 nucl eotides of said exon RNA. Different
types of nucleic acid may be wused to ggnerate t he ol i gonucl eoti de.
Preferably, the oligonucleotide conprises RNA as RNA/RNA hybrids are
very stable. Since one of the ains of the exon skipping technique is to

e BRI LT ol 5 R i R o

pr oper t y, withraddisibasalceudlestiddésnceny coabiaiisd gesesf. and RNaseH,

addi tional hybridisation strength, increased stability (for instance in a
bodily fluid), iTheeemplemantaseebgenurieqtide generajed b heilof

I ncr ease i.ntracel l.ul ar, t hanspor tissue-specifici.t et c., Prefergbhly
sa 0 modithedlrPEen i RBRHAI B3 lemnnfy o GlisnuR paf & between 13

ol i goki bopirk@ Al lof b5l @i RRA. ThehRi A ¥mbalineREiHd cation
conprises a 2'-0O nethyl -phosphorothi oate oligodeoxyribonucl eotide

modi f i catcoaipleinentdmey eligurlicheantidet gemecratedntlivongh pr metlieb ofithyinvied tion is

ol i gonucl eotide conprising an ol i gonucleotide conprising

2' - O net pMpIpmesharoiha 6%@CBF1F’9(P@Q’@9§]99W%1&ﬂ@@tﬁodé“(ﬂg@ﬁi@?%‘aﬁ §38 and

soquonce SERISNAT FiertIby, RRE blieth HetiRil G PR B Bk ive, o
nucl ei ¢ 3fiv of BBEvediP IB/I5SRisclbdtRIR\Td 28] b2k RINA YPHTEFHIP hatwesh Widt h an

oligonucleotide consisting of 2'-O nethyl-phosphorothioate
ol i gé0demnd 25 noxleokidet ofl eaidneowinf RN, ilifferanit typeh of auclent acil maylbei ¢ aci d

m m cki ng technol ogy it has becone . 3Q possible tq.generate. nol ecul es

t hat havéls&gstprﬁeP&F?tep‘}&'@f‘gﬁé‘BPﬁﬁpﬁéesgﬁ%tg@lﬁo Qlighnyslentide (omBBReD0209

12 hybri digat i tell.Shd ' | net. ne RV u S

nucl ei ¢ g(k:l? ’ a?ﬁs@mﬁ%uﬁﬁé%%g%a?%g lereé%o &C%Eeﬁégﬂa %13&%% o&otrﬁe

i nvent i okifpiagitkeBnidfue 16 46 Airdctbplicia s uh CabRitts iﬁéﬁqr@ﬁl@técﬂﬁhﬂdﬂieei c acid,
[

| ocked nucleic acid and/or a norpholino phosphorodi am date. Suitable but
non- | i ni toliggnugleatidesRNA comprises a modification providing the RNA with an
15 additional property, for instance resistance to endonucleases and RNaseH,
additional hybridisation strength, increased stability (for instance in a bodily
fluid), increased or decreased flexibility, reduced toxicity, increased
intraceliular transport, tissue-specificity, etc. Preferably said modification
comprises a 2'-O-methyl-phosphorothioate oligoribonucleotide modification.
20 Preferably said modification comprises a 2’-O-methyl-phosphorothioate
oligodeoxyribonucleotide modification. In one embodiment the invention
provides a hybrid oligonucleotide comprising an oligonucleotide comprising a
2’-0-methyl-phosphorothioate oligo(deoxy)ribonucleotide modification and
locked nucleic acid. This particular combination comprises better sequence
25  specificity compared to an equivalent consisting of locked nucleic acid, and
comprises improved effectivity when compared with an oligonucleotide
consisting of 2'-O-methyl-phosphorothioate oligo(deoxy)ribonucleotide
modification.

With the advent of nucleic acid mimicking technology it has become

30  possible to generate molecules that have a similar, preferably the same



5 equival ents of oligonucleotides of the invention can be found in

(Wahl estedt, C. et al. (2000), Elayadi, AN & Corey, D.R (2001),
Larsen, wa20¢/1B&st in, T. & N elsen, P.E. (1999), Bra®@€aiNL2D6A0029Cor ey,
D.R (2002), Summerton, J. & Wller, D. (1997). Hybrids between one or
nore of the equival ents anong each other and/or together with nucleic
acid are of course also part of the ini&ntion. 10 In a preferred

enbodi ment an equi val ent conprises | ocked nucleic acid, as | ocked
nucl ei c aci d.displays a higher tajget affinity and reduced toxicity, and
t her ef or L8NHSAEOR YAERCtETISTIES Bh{%ndonofé&wsgwapxm@momt apingisigie esist i de

of the inyeRti t VRI. t _have to.o | & Wt h spl4 cedonor
or spti catElk R ofjiéflet 4555 QRO RIS s B Bhe Mvenlticnt Bcatblofiar
splici ng fxht AR LQRRvaBAREhA Pébtide HutleRt aciClogkéd asleddhdialdRl/sy at ens
avai |l abl e. However, the need for nRNA restructuring is of course

pr edomi nampryhdlizia phesphoredizamidpte. fuitablebut mowtnyitosg lexamples of abl v,

et 1 ot ISR AT AREP oM dem LAl AR G G b OGS 14 (Wihietedh
listed h N AN i e I | [ C egused in
the pr eggn L |( nveZ@%§.a%é'ﬁe&§§ ng?lﬁgbbg@cb?‘ l%gg%?’cﬁ%?é’ %‘%@Pﬁgb%at ed

cel I's in Nidsad) PrENY1986), Bedasthl DIAS& €oes! D RPEVZ),Senestai e, &
transcribed via | on re- mRNA. Such long pre-nRNA's are preferred for

t he preseWellenV2n€li9T). Hybrids betwearcone pnmare ofhmegqupradentsaimongraghch
long NnRNA',s i s rtjcul,arly..efficient, It is thought, fh h.it need not
necassar (9o andir toRBiHar tith dnuclsic BPYY atepfonisroanaaashof HiiertRe-  ne
full gy e-ﬁﬁyﬁr@feﬂfe& SBbBAThENERS ¥qhivald [%&égdd Bkt 6ot Aaihad or

means of the“invention, as nore trnme I1s a or the process to
proceed. Idtleednatieisd addgtisplpyoh ldghestaigethifaiity bad3edotd toxdcipy abhdr abl vy
restructured in a nethod of the.invention conprises: WO 2006/ 112705

PCT/ NL200#epeiore shows adughet afficiensymdemon 8kigip8t hy, MITML causi ng

t ubul t . DYSE (dysfgerl i S M ' t h d 1 GWD,
CAne (1 ami ni e 4 RUeoX R0t o e BB RbRarPetall R PR RIaRRBsy
EMD (eneryith &8psdd@onor or splice acceptor of the exon.

15

A transcription system containing a splicing system can be
generated in vitro. The art has suitable systems available. However, the need
for mRNA restructuring is of course predominantly felt for the manipulation of
living cells. Preferably, cells in which a desired effect can be achieved through

20  the restructuring of an mRNA. Preferred mRNA’s that are restructured are
listed herein above. Preferably, genes active in muscle cells are used in the
present invention. Muscle cells (i.e. myotubes) are multinucleated cells in
which many but not all muscle cell specific genes are transcribed via long pre-
mRNA. Such long pre-mRNA’s are preferred for the present invention, as

25 restructuring of mRNA’s produced from such long mRNA’s is particularly
efficient. It is thought, though it need not necessarily be so, that the relatively
long time needed to generate the full pre-mRNA aids the efficiency of
restructuring using a method or means of the invention, as more time is
allowed for the process to proceed. The preferred group of genés of which the

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



Enmery- Dreyfuss nuscul ar dystrophy, the DVD gene causi ng Duchenne 5
muscul ar dystrophy and Becker nuscul ar dystrophy, and CAPN3 (cal pai n)
causi ngWMUIGVY N27Mny cel | nmay be used, however, as nentPCFNg@0cHMORf er r ed
cell is a cell derived froma DVD patient. Cells can be mani pulated in
vitro, i.e. outside the subject's body. However, ideally the cells are
provided with a restructuring capacit¥?in vivo. Suitable neans for
providing cells with an 10 ol i gonucl eoti de or equival ent thereof of the

. : ; " ! \ | e ot the ] on.
my b | GHOLGATsRESIe BPvPmoR Pbatht MM Caaes FyapbRlas FnaRpAGSs| on
sard ol | QESEabaBef B NVRR! Hy FARR AT GMIBIRAMAS (RIS 0

i nto the adghd 2y causingNerdieh Idedtny ehhsubar dyRe&i1eF, BMIN@hyany ca@dihgl €

15 is a viral vector such as an adenoviral vector and nore preferably an

adeno- ad%mernladyiiss reusadandystrophy.rhheddMihgene sausing Duchantes such
expression vectqrs a del,i,ye vehicles, It i.s wthij skill .of the
arf i s&n t“Bu%‘éﬁ% ystegphy gpg g"r“i‘é%‘?‘i‘ ﬂﬁ%rﬁh%@ngw (G on are
Poul 1 dri . bRt I 3N § [ cript
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i n refer esllds addlladutived frohnp DIMENpalient. Celleaas Beomapipwlated ¢n otdrbsi.ev t h
an ol i gonucl eotide or equival ent thereof, are anticipated considering
t he progrosdsiderhe subiechs bedsyHoweyer,fidealle the eelld aveeproviledhwith ar e

| mpr ovenent .0f cour.se.be. ipcarpprated t.o achieve the ti oned

el Tect - onePaUPRITEEE PRRFE hpiuR. SEMAGR enn IO oo e YRR N A
Presqpt iichalbiRotiaa vt ehRivaleht MRirkoofthe ifve RGN Gré Prbdint RGN \FEENT OF
conmpound of the invention to a cell 1n vivo conprise, polyethylenimne

(PEl') or Asyolipetudectigdobthid mveSHAbNTmbY) besfor texbiviple fherproutded i aceldlin
transfectjons. The anphi phils show.increased delivery and reduced
t oxi ci t y,thaiern pfan ereessen veskoy Whergh) thesxpreprigpaiestmencgfgd ands 30

br o er apA g EsERERSBE <hid PRpoBI GotS e HprBXBR Tk bop I BAAIARE,
easily syptautcRidty thédellalhe éd%ﬁa@t &ehidl/rA préfevrad dslasbrgvaliciBased

materials. Wthin the |arge group o i phils synthesized,
15  is a viral vector such as an adenoviral vector and more preferably an adeno-

associated virus vector. The invention thus also provides such expression
vectors and delivery vehicles. It is within the skill of the artisan to design
suitable transcripts. Preferred for the invention are Pollll driven transcripts.
Preferably in the form of a fusion transcript with an Ulor U7 transcript. Such
20 fusions may be generated as described in references 53 and 54.
Improvements in means for providing cells with an oligonucleotide or
equivalent thereof, are anticipated considering the progress that has already
thus far been achieved. Such future improvements may of course be
incorporated to achieve the mentioned effect on restructuring of mRNA using a
25 method of the invention. At present suitable means for delivering an
oligonucleotide, equivalent oxr compound of the invention to a cell in vivo
comprise, polyethylenimine (PEI) or synthetic amphiphils (SAINT-18) suitable
for nucleic acid transfections. The amphiphils show increased delivery and
reduced toxicity, also when used for in vivo delivery. Preferably compounds

30 mentioned in (Smisterova, J., et al (2001). The synthetic amphiphils preferably



several show a remarkabl e transfection potential conmbined with a | ow
toxicit in terns of overall cell survival. The ease of structural
modi fi cHQ BR/EBAMOe 5 used to allow further nodifi catiPETENIA/A0P2I9
anal ysis of their further (in vivo) nucleic acid transfer
characteristics and toxicity. An oligonucleotide or equival ent thereof
according to the invention nay be usetfor at least in part altering
recognition of said exon in a pre 10 nRNA. In this enbodi nent the

li ci hi is at £ t, | i nki ng. 1.h
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as a use for at least in part stinulating exon skipping in a pre- nmRNA
As nent i ondgrmbof everalbealbpyeieal. Therease oﬁetruicﬁma&mﬂlgnahm caad@l ting

MRNA. _Ho t .of, th - ) ' |1y, .be.retained
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cont ai ns @ c1dPhed tz%'nsféi}lc:h%_a&@ﬁ%ﬁhﬁhn&rtg!dé{ty.sp' I ce donor sequence. In

this enbodi nent the 20 splicing nachinery is'redirected to utilize a

previously not (or underused) splice acceptor/donor sequence, thereby

creating a new exon _neo-exoa%. The . neo-exon nay have one end in, common
&

wiht h the pal eo- exXgholigenysdend l?ﬁ%q‘gﬁébntﬁbﬁm&f\ﬁiﬁ‘}@‘dﬁé&@ ﬂb‘;‘c B@’eﬁlﬁﬁmcase.
T [ ' ty . L. t

vent | o BERERRF of ladP i Bt bieEin rpodehbit of Baid it o Bipy 'c.
donongor HRINA IneEfiSRhHodiseHt ik §YlidnEPhadcHiASryRCAY IBREYin pait Yet anot her

enbodi nent the invention provides use of an oligonucleotide or ]
equi val emprevémteddiromcinkingrile texon houndasiet itothé onRNAe Ther elpgomatclentidsf a

S AR SRR S i e«
| ocat ed GRPHebdlRisk 8 d pELAN, TS wrP R IR priviata 1P gPCs ' °
al t hough igvénidor dfhepsevdationl dfaatk@idyof 4 earfies@beton it ahhaRNYs akeei ve
156 provided as a use for at least in part stimulating exon skipping in a pre-
mRNA. As mentioned above, the targeted exon is not included in the resulting
mRNA. However, part of the exon (a neo-exon) may occasionally be retained in
the produced mRNA. This sometimes occurs when the targeted exon contains a
potential splice acceptor and/or splice donor sequence. In this embodiment the
20  splicing machinery is redirected to utilize a previously not (or underused)
splice acceptor/donor sequence, thereby creating a new exon (neo-exon). The |
neo-exon may have one end in common with the paleo-exon, although this does
not always have to be the case. Thus in one aspect an oligonucleotide or

equivalent thereof of the invention is used for altering the efficiency with

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

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

preparation of a medicament.



5 a bad copy of the gene fromboth parents, or are suffering froma
particularly biased inactivation of the functional allele due to a

parti cuwar1096/bi2sed X chronosone inactivation in thePCTANISE06600820P| s. The
protein is encoded by a plurality of exons (79) over” aYange™of =at | east
2,6 Mb. Defects may occur in any part of the DVD gene. Skipping of a
partlcul ar exon or particular exons cald® 10 very often, result in a
restructured nRNA that encodes a shorter than normal but at |east
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patient wth_an oligonucleotide effective in inducing exon-
15 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.
In an even more preferred embodiment multiple (at least two)

oligonucleotides according to the invention are used in the preparation of a

20 medicament such that more than one exon can be skipped with a single
pharmaceutical. This property is not only practically very useful in that only a
limited number of pharmaceuticals need to be generated for treating many
different Duchenne or Becker mutations. Another option now open to the
person skilled in the art is to select particularly functional restructured

25  dystrophin proteins and produce compounds capable of generating these
preferred dystrophin proteins. Such preferred end results are further referred
to as mild phenotype dystrophins. The structure of the normal dystrophin
protein can be schematically represented as two endpoints having structural
function (the beads), which are connected to each other by a long at least

30 partly flexible rod. This rod is shortened in many Becker patients. In a



ski ppi ng of the exon nmentioned in the first columm, or an equival ent
thereof. In 5 a preferred enbodi nent said oligonucl eotide conprises an

ol i gonuMEW¢/HE70Sef f ecti ve in induci ng exon-ski ppi ng MERINIAMDODINITabl e
2, or an equivalent thereof. In view of the above, the present invention
further provides the use of an oligonucleotide, an equival ent thereof or
a conpound of the invention for 10 t hggpreparation of a nedi canent.
Further provided is a pharnaceutical preparation according to the

i nvention. Said oligonucleotide, or an equival ent thereof of the
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15  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 invention, wherein said oligonucleotide, equivalent thereof or compound is

20 capable of hybridising to at least one of said exons, and allowing for
transcription and splicing to occur in said transcription system. Preferably,

said gene comprises at least 3 exons.

An oligonucleotide of the invention, or equivalent thereof, may of
25  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,

30 said at least one other oligonucleotide is an oligonucleotide, or equivalent



(conpl enentary) exons fromthe pre-nmRNA. However, in other cases it was 5
found that the targeted exons and the entire region in between said exons
in  sal W(p20ee/hRRE: wer e not present in the produced nRE&TENIZN0GdoEIOt her
exons (intervening exons) were present in such region. This

mul ti-skipping was notably so for the conbination of oligonucleotides
derived fromthe DMD gene, wherein onf.?ol I gonucl eotide for exon 45 and
one ol igonucl eotide for exon 10 51 was added to a cell transcribing the
DVD gene. Such a set-up resulted in nRNA being produced that did not
contain . oinviakidhe =MRNA in the
pr esence%glg pﬁlfgé?r%ér?{ta ?%E@%%?P%ﬂ‘%%? |Pt es vvgis:lmslhgﬁist%%? ({}ﬁgespl I ci ng
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for the presenth thmteihe splicig mahined o apdttmiul Liedriol dafest éitdrar44 and
hybri di sati on characteristics in kind not
52 to each other.

15 It was found possible to specifically promote the skipping of also the
intervening exons by providing a linkage between the two complementary
oligonucleotides. To this end the invention provides a compound capable of
hybridising to at least two exons in a pre-mRNA encoded by a gene, said
compound comprising at least two parts wherein a first part comprises an

20 oligonucleotide having at least 8 consecutive nucleotides that are
complementary to a first of said at least two exons, and wherein a second part
comprises an oligonucleotide having at least 8 consecutive nucleotides that are
complementary to a second exon in said pre-mRNA. The at least two parts are
linked in said compound so as to form a single molecule. The linkage may be

256  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

30 compounds are available that mimic hybridisation characteristics of



necessarily in amount. Suitable equivalents were nentioned earlier in
this description. One or preferably, nore of the oligonucleotides in the
conpounWO208¢/E128ner at ed by a net hod for generating aRCANIGOHHI90288t i de of
the present invention. As nentioned, oligonucleotides of the invention
do not have to <consist of only oligonucleotides that contribute to
hybridi sation to the targeted exon. ThEr e may be additional naterial
and/ or nucl eoti des added. The invention further provides a conposition
conprising.a first.pligonucleotide,.l0,0f the Jdnvention capable of .
nybr 1 o si Apopgclepvidesn SRR S Ptpciidis st gllde the BedRd Srechiien i o o
first ol i GRRUEAPAINE coriiiddl shtfilk HbHRERbOUI AR AR iddinAndihe
i nvention capable of hybridising to another exon in a pre-nRNA of a gene
or an equiecabsntilyain smodns.dthwbableleijubruiehizovéxdemehtionaedratBer adthis

enbodi nrent said first and gt | east said_second o]igonucl eotide or
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45 and 51, or 42 and 55 of the  human DVD gene, that as an exception to

t he rul e domaist@dlonly hhgtrandedstédbsihad xoniritbuie toxtgihritidationto the targeded i ng
nMRNA, instead_the targetedq.exons and iqihe ntire intervening region is
excl uded §508m tIgEe MY Pe A tm%imaﬁer andfpr, ?O‘#RFEEP’F. this feature
Is used t ARMA ' ' . [1It-ati ' t he
DVD gene. ﬁ%‘;eﬁl%ioone e%lgﬁonvg%%sd% E‘;elﬁﬁlgér}szllgﬁl% F)g& r# %%%%iaﬁ%%ﬁ%ﬁggm? %dre t he

t r eatigentofGhednseliion lcapablerdftiyb@idisidl t6ntétodin # préen RNFBSE DigPngene,
wherein as a result of said nutation the DVD aene I S not appropriogifely

transl at etn pauiyalentiofraid fast elignousiaetidep podatdeaston agnond; digopusls
sai d subj hwith € co ]iQti n a’?&mantti oned, above.. l\/Ufc a_ti tﬁgt can
be corr octidlenvenfien SaBable ot hybriliging thanopher exan in & pre-mBRA oA o,

adj acent 7%&&6&‘%5 %gﬁﬁa?%%i&ﬁe&&dt&?goh%ﬂovﬁ@l 1Y a'fiQE&dPed HOVRVEr, WO
2006/ 112705 PCT/ NLZ006/ 000209 19 it 1s also possible to correct

f r ame- shi émbodinmeritaddid frst hat ab dedstrshitbsecontisiligenutleetide dricyuddalentns and
O it hre tapable 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
20  exons are excluded from the resulting mRNA, instead the targeted exons and
the entire intervening region is excluded from the resulting mRNA. In the
present invention this feature is used to correct a variety of different
debilitating mutations of the DMD gene. Thus in one embodiment the
invention provides a method for the treatment of a subject comprising a
25 mutation in the human DMD gene, wherein as a result of said mutation the
DMD gene is not appropriately translated into a functional dystrophin protein,
comprising providing said subject with a composition as mentioned above.
Mutations that can be corrected in this way are typically mutations that lie

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



5 The invention will be explained in nore detail in the follow ng
description, which is not limting the invention. W 2006/ 112705

PCT/ NL2B352006020% 20 Material and nmet hods AONs, tra®€Téd2oeoavd RT- PCR
anal ysi s AON design was based on (partly) overlapping predicted open
secondary 5 structures of the target RNA as predicted by the mfold
program (Mathews et al. 911-40). Soneqgreviously described AONs (Table
1) were further analysed by gel nobility shift assays (van Deut ekom et
al . 1547-54; Aartsma-Rus et al. S71-S77). All AONs (see Table 1) were
synt hesi Zgqs RYsFHsaA8 16 eotredl fatl siifiing huGARhR! tha? TeQuitidvdutshie and
full-1ength phosphorothi oate backbones. “Motube cultures derived froma
human contheomentiveed eans$ aatlddteayenprpordgimd pr evi ousl y (van Deut ekom et
al . 1547-54). Each AON was transfected at least tw ce at different
concentrations (varying from200 nMto 1 pMwith 2 4 - 3.5 gl ExGen 500
(MBI Fernmentas) per gg AON. A control AONwth a 5 15 fluorescein | abel
was used to ascertain optinmal transfection efficiencies (in general over
90% . 5RNA i sol at iThe BivénibnRFR Be akyRiligedBi tha2e'det4iled the folltReiig bed
previously (Aartsma-Rus et al. S71-S77), using Transcriptor reverse

t ranscri pdesseiptias mehidh dgnoslimitingdbednvémtgon.o t he manufacturer's
instructions. PCR prinmers (Eurogentec, Belgium were previously
described (Aartsma-Rus 20 et al. S71-S77), or chosen in exons flanking
the exon targeted by the AONs (sequences upon request). Statistica
analysis Statistical anal yses were perforned using the R software and the
25 exact RankTests package (R Devel opnent Core Team Hot horn and Horni k).
The W/ coxon signed rank sumtest was used to identify significantly

hi gher val ues when conparing two groups of AONs. The Kruskal Wallis
signed rank sumtest was perforned to determ ne whet her one of three
groups was significantly different fromthe other groups.




30 WD 2006/ 112705 PCT/ NL2006/ 000209 21 Results Efficacy of newAONs The
efficacy of the newy designed series of 77 AONs has not been 5 reported
yet. ThB¥R20eN278ere tested at | east twi ce at differe®CTMNROEIDOELI ONS
and their effectiveness was determned with RT-PCR anal ysis. The
characteristics of all AONs and their efficacies are shown in Table 1.
Specific exon skipping, as confirned 8 sequence anal ysis (data not
shown), was induced with 51 of the 77 novel AONs (66% at each of the
tested 1Q concge tracii onsg. For each targeted exon at | east one AON was

ef f ect i ve¥lagQEand gpe 47 and exon 57, which remain unski ppable. W
further subdivided the AONs that did i nduce exon skipping into two
groups: AONs that induce exon skipping in |less than 25% of the

transcri AGNs tﬂwsf@tﬁﬁcbadﬂﬁp(m@;& kdgs” in Table 1), and AONs t hat

I nduce exon s ISEII ng 15 in over 25%of the transcripts (indicated by a
doubl e "pl us" JAONdesigmmias hesed var @andy) exeslaprihg predichs] epdippecupdazy

oo s AT S o R TR g 7
o o L g e Aol o AT i A gy 2 oo

ski ppi ng nf gdlahbbidite BhHt asshyts@anrDéutetromeetoal. 954G 4hxeensi-Rusetaton 8
ski ppi ngédata not shown). In addition to single exon 40, 58 and 73
ski ppi ng,571a8RE).t ar get i ng exon 40, 58 or 73 occasional |y induced | ow

| evel s of both 0 4 or 58 and.59 or (3 and 74nski.ppin
respectively (@EMB?S%‘?’E%}?JD f‘éerf‘:’r?yf@%%%%deg @lﬁﬂgﬁﬁf@w@e&@ﬁgﬁg@ exon
51 speci fdoptAAND-@-hétHY RNA RlndcRiIsIehgth PhoSptitotioBShaQiRIHedES used, as
has been described for "previous exon 51 “"specific AONs (Aartsnma-Rus et
al . S71- Myode artuiRgslegived| fro@Grhaman sdtafloBértlz70sfePEl a4 degsila@D209
22 previously (van Deutekom et al. 1547-54). Each AON was transfected at least

twice at different concentrations (varying from 200 nM to 1 pM with 2 pl - 3.5

il ExGen 500 (MBI Fermentas) per ng AON. A control AON with a 5

15 fluorescein label was used to ascertain optimal transfection efficiencies (in

general over 90%). RNA isolation and RT-PCR analysis were performed as
described previously (Aartsma-Rus et al. S71-S77), using Transcriptor reverse

transcriptase (Roche diagnostics) according to the manufacturer's instructions.
PCR primers (Eurogentec, Belgium) were previously described (Aartsma-Rus
20 et al. S871-S77), or chosen in exons flanking the exon targeted by the AONs

(sequences upon request).

Statistical analysis
Statistical analyses were performed using the R software and the

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

30



Eval uation of AONs We have thus far tested a total of 114 AONs (shown in
Table 1); 76 (67% of these induced exon skipping (41 in over 25% of

t ranscr Wt 2006/813@535 in | ess than 25% of transcri pts) pCunaRemnI®H9 ( 33%
were ineffective. In order to 5 see whether there is a correlation

bet ween efficacy and AON characteristics, we evaluated a nunber of
paranmeters for groups of effective and2lneffective AONs. Potential SR

bi nding sites were cal cul ated for each exon using the ESEfinder software
wi t hout threshold. For all binding sites overlapping an AON target
site onl yResalts; ghest predicted value for each of the SR proteins is 10
given in Table 1. An exanple of putative SR binding sites present in exon
46 is shown in Figure 2 (for clarity only the sites above the standard

t hr eshol dEfficakyepneiwdOfRd by the software are shown). Potential SR
binding sites that are only partly covered by an AON were not taken into
account (for iThe effivacy abtlke pewhndesignerhdeni¢reoSEE ANp baamiot be6Rp40 site

B L T e
nucl eot | dcﬁﬁl' Vebir gﬂ%&%@rﬂe‘%@ v ddter iﬁ&ﬂvi@f RT%%AI?QE. ThegeL1 Nng an
nucl eot | e secon st

unbound eiInt predi cte ary ucture, divided by

t he | engtchaghctehstibOuf aHI AONs ahd tHox pffivhsieafart khowf @cTable TarBpecific
ineffective AONs for each of the different @20 variables are depicted in
Fi gure 4&RXoRakipRiaE, ¢ condrmad bysenvensranalgsis{data gobshewnpvean ct ed by

et f oot 10t of Y 72 naELAOR 663 ok ety b MBked Cant it p-

val ugg <%ﬁc§5@aﬁ9n9.5F&oéac'ﬂ: trfeledai@nAtAeast GRPRACIN alefftiveabiddpt ed

o

with the WIcoxon rank sumtest. No significant difference was found for
t he 25 priedextred7SRpUERENH7,SRhich realainsunskiygpdldegt h of the AONs, the

i d ot cor relteduriiich SThaNEed FERAP Nyghat i uGa E R SRS 70 oG,
040 " SNSRI OB D GRADRS TFER SRt
st ati sti qaldiyateiddsy hisoagle "ghis! ek Table VA andbsONEEh AEh 08561 Kipping
PCT/ NL2006/ 000209
15 in over 25% of the transcripts (indicated by a doubie "plus"). An example of
varying levels of exon 46 skipping is shown in Figure 1. In total, 25 of the new
AONs induced skipping levels of less than 26% and 26 induced skipping levels
of over 25%.
The majority of effective AONs induced the skipping of the targeted
20  exon only. Notably, AONs targeting exon 8 always induced the double exon
skipping of both exon 8 and the in-frame exon 9 and never single exon 8
skipping (data not shown). In addition to single exon 40, 58 and 73 skipping,
AONSs targeting exon 40, 58 or 73 occasionally induced low levels of both exon
40 and 41, or 58 and 59 or 78 and 74 skipping, respectively (data not shown).
25 In response to our newly designed exon 51 specific AONs a cryptic splice site in

exon 51 was sometimes used, as has been described for previous exon 51

specific AONs (Aartsma-Rus et al. S71-S77;Aartsma-Rus et al. 907-14).



23 between the groups for any of the variables using the Kruskal-Wallis
signed rank sumtest. However, when only two groups were conpared using
the WWOReM12EIK sum test we did observe a statisti ®AT/NLAGGHA209 f Or
SF2/ ASF val ues in the >25% ski ppi ng group when conpared to the

I neffective group (p 5 value <0.05) and the <25 % ski ppi ng group (p-val ue
<0.1). For SC35 values only the di ffePénce between the ineffective and
<25% ski ppi ng group was significant (p-value <0.05). The predicted

val ues of -t he >25% ski.ppi ng group were significantly higher than both

t he i nef f@é‘fﬁ"\? L0 rﬂﬁﬁ%&gQS% ski pping group for SRp40 (p-val ues <0.1).

Finally, the GReqoieatiusdhr 1ied d¥APRNGONS GhoWR HEPablotl)orst han the

i neffective group (p-value <0.1). Exon skipping can be ficiently
i nduced b7 theseggimtduegd exvhekippging §41 i1s piréxB5%i dfdranscrigitspandBbval v,

ﬁ?ﬂﬂ ot e iy b5 o Saﬁ%’&%@%ﬁﬁe@%@%@%ﬁ@@%& e@ﬁ@eﬁ'@rﬁgg Eéjlggé
. 6; . 1796- : . 8- 203 i . .
25 of oY ghethel thite is'l aeBiloh fipRen HCaG e S “B3HRerlicd' -

et al. S7ge 874ludted 2 RaBYer 8F pﬂam&@és\lgc&; gﬁ%ﬁﬁf SRefetifd afll inSfectB

Takeshi ma) . However, exon-internal A may have sone advant ages over

splice siAONORwterFialkSR hinding sitesrwmeite cabindatedfoyeraehaxon using theeci fi c,
since 20 t.arger the cading sequ e._and._not the splice.sites, which
are partl @gﬁ%‘é’i‘]@l" gr?é@@r%y’ 1&‘%&&!‘1@%@\9&5& ingding sites OVRALAPRING 41 e
for every ' | ' . ' | | the
oD oxon 29 ke Bl Bnty B hIHERRRodilieR valug Byl GROHYS BedSR piGedBil 112
di ff eips tgiven @h Gablei! Antext of pat£idne SRShindemdt kites présent li8\WRUB 46 i8N
aver age at Iea_stEpart of a splice site 25 specific AON w Il consist of

consens usshosguan Fegurepd tfon clagityyndy thesites aheve thastandard theeshedd of ot her
oA N TR
(102, oy By AN on s B Sl
al . 30 64405 20 bnd @Gdndshe sédoadgdashtine §Redosite M Elignate 230Ns alddstig,oved
to bel5r att %HA&% ﬁa(i)l%% é,lagvg?fab eC;Il-{lc Iégtq gs/ 233 %gg-content were compared (Table
1). The fraction of available nucleotides was determined as the amount of
nucleotides targeting an unbound nucleotide in the predicted secondary RNA
structure, divided by the length of the AON (Figure 3).
‘Bozxplots of the effective and ineffective AONSs for each of the different
20  variables are depicted in Figure 4A. Remarkably, the values for SF2/ASF and
SC35 as predicted by ESEfinder are clearly higher for the effective AONs than
for the ineffective AONs. This difference was statistically significant with p-
values <0.1 and <0.05 for SF2/ASF and SC35, respectively, as calculated with
the Wilcoxon rank sum test. No significant difference was found for the
25  predicted SRp40 and SRp56 values. The length of the AONs, the fraction of the
available nucleotides or the GC-content of the AONs also did not correlate with
AON efficacy.
We subdivided the effective AONs into the two subgroups (inducing
skipping in either more or less than 25% of the transcript) and made boxplots

30  accordingly (Figure 4B). No statistically significant difference was observed



24 straightforward, since there is a |l arger wi ndow of target sequence. On
average two out of three DVMD AONs targeting an open structure in the
predi ct &) We112/BNA are ef fective. This is under scor e@CHNI2h@/0006r vat i on
that 76 out of the 114 exon-internal AONs described in this study are
effective, and together 5 induce the skipping of in total 35 of the 37
targeted DVMD exons. Since ESEfinder ha83recently becone publicly
avai l abl e we analysed in whether our AONs target predicted SF2/ ASF,

SC35, SRp40 or SRp55 bindin sjtes. ILnterestingly. ved,
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Nonet hel ess, "t he content of AONs, I nduce skipping | evels of
over 25% is significantly higher than that of ineffective AONs. This may
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M | ong agiihvarekis disal. 1088489, Manhhetal (42 7¢08 Amleliy o0 \udr9455-6D;Mang et Thus,
the Sl%l ! Caill?g42f54€ﬂilset %le.nGG;Gg;gm?;ﬁeeS:dgl. 1796-99;Lu et al. 198-203) (Takeshima
et al. 515-20;van Deutekom et al. 1547-54;Takeshima et al. 788-90;Aartsma-
Rus et al. S71-S77;Aartsma-Rus et al. 907-14;Aartsma-Rus et al. 83-
92;Takeshima). However, exon-internal AONs may have some advantages over
splice site AONs, First, exon-internal AONs are generally more specific, since
20 they target the coding sequence and not the splice sites, which are partly
determined by a consensus sequence. This may not hold true for every splice
site. For instance, the 5' splice site of the murine DMD exon 23 targeted in
most exon skipping studies in the mdx mouse, differs to a great extent from
the consensus splice site. However, on average at least part of a splice site
25  specific AON will consist of consensus sequences, potentially allowing the
adverse targeting of other exons. Furthermore, Mann and colleagues concluded
that the most important variable in splice site AON design is the target
sequence (Mann et al. 644-54;Mann et al. 42-7). Finding an effective 5' splice
site AON for the murine exon 23 required extensive optimisation (Mann et al.
30  644-54). In contrast, the design of exon-internal AONs has proved to be rather
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| ong, whereas intron 8 is only 1113 bp. Since we and others (Dr. Steve 5
W ton, personal communication; Luis Gdcia, personal communication)
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differences for predicted SRp40 and SRp55 binding sites. However, when we

subdivided the effective AONs into efficient AONs (<25% skipping) and very

efficient AONs (>256% skipping), we did observe significantly higher values for

the very efficient group for SRp40 values when compared to the inefficient and
15 efficient groups. It should be noted that not every effective AON has high

values for these SR proteins, while some ineffective AONs do have high values.
One should bear in mind, however, that ESEfinder values reflect a prediction
for putative ESE sites. Nevertheless, there seems to be a significant trend
towards higher SR values for effective AONs, and we will thus design our

20  future AONSs primarily to predicted SF2/ASF, SC35 and SRp40 binding sites.
On comparison, no significant difference was observed between effective and
ineffective AONS for the length, the fraction of available nucleotides or the GC-
content. Nonetheless, the GC-content of AONs, which induce skipping levels of
over 26%, is significantly higher than that of ineffective AONs. This may be

25  explained by the fact that AONs with a higher GC-content have a higher
melting temperature, and are therefore more likely to bind to their target
RNA.

The fact that 67% of our AONs is effective is impressive and may be due

to the complexity of the DMD gene that is 2.4 Mb long and contains introns

30 that are generally over 30 kb long. Thus, the splicing of this gene may already
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the transcripts the distal intron is spliced out prior to the proximal one and
may suggest the delayed splicing of these introns.
Since there is a wide spectrum of mutation foxr DMD patients, AONs
specific for many individual internal exons (i.e. exon 2-63 and 71-78) will be
15  required. Since exons 64-70 code for the cysteine rich region, which is essential
for dystrophin functionality, restoring the reading frame in this area will not
result in a functional proteins. Designing DMD exon-internal AONs using the
predicted secondary pre-mRNA target structure and/or the predicted
presence/absence of an SR protein binding site (preferably, SF2/ASF or SC35)

20  is remarkably effective.
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10nly the exons which have been shown skippable are shown
2AONs targeting exon 8 also induce skipping of the in frame exon 9, implying that these AONs
can also be applied to restore the cDNA for a patient with an exon 8-9 duplication
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47-56 4.3% 48 48 48 0.5% 49 49 0.1% 50 51; 51-53; 51-55; 51-57 50 4. 1%
51 13-50;_29-50; ,43-50, 45-50; 47-50; 51 9.7% 48-50; 49-50; 50; 52;
52-63 52 Bescyption offiguresg: 53.60 52 3.9% 53 10-52; 43-52: 45-52;
47-52: 48-52; 53 6.0% 49-52: 50-52; 52 54 44-53: 46-53; 55 54 0.6% 55
45-54: A7-54;: 48-54; 49-54; 52-54: 1.6% 54; 56 56 46-55: 55; 57; 57-60
56 0.4% Bnbde 9.7AefA%enbPtiPdan8Roh)aPati¥e analysis of effective vs. ineffective

AONs. RT-PCR analysis of dystrophin mRNA fragments of control myotube
5 cultures treated with different exon 46 AONs. Clear exon skipping levels of
over 25% of the total transcript can be observed for AONs 8, 22, 23 and 26
(indicated by a double plus). AONSs 4, 6, 20, 24 and 25 induce skipping levels of
less than 25% (indicated by a single plus), where AONs 6 and 24 induce very
faint skips. No skipping was observed after treatment with AONs 9 and 21
10 (indicated by a minus).

Figure 2. Graphical overview of exon 46 and exon 46 specific AONs. The
sequence of exon 46 is depicted with the location of the AONs indicated by
lines. The location and values above the thresholds as predicted by ESEfinder
16 for SF2/ASF, SC35 and SRp40 and SRp55 are shown as bars. The threshold
values for each of the SR proteins as given in ESEfinder as shown between
brackets. The most efficient AONs @ 8, 22, 23 and 26) indeed cover putative
ESEsites, whereas the ineffective AON # 25 does not completely overlap
putative ESEsites. However, the ineffective AON #9 targets potential SRp40
20 and SRpb55 binding sites as well.

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

30 and thus the fraction of available basepairs is 15/19 (0.79).
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brackets. The nost efficient AONs (# 8, 22, 23 and 26) indeed cover
put at i ve AONs vs. AONs that induce skipping in less than 25% of the transcripts

(<25%), and vs. AONs that induce skipping in over than 25% of the transcripts
10 (>25%). No individual group was significantly different from the other groups
for any of the variables (Kruskal-Wallis signed rank sum test). When only two
of the groups were compared to each other the SF2/ASF and the SRp40 values
in the >25% group were significantly higher than those of both the ineffective
and <25% group; the <25% group contained significantly higher values than
15 the ineffective group for SC35 and the GC-contained of the >25% group was
significantly higher than the ineffective group.
* Difference between the groups is significant with a p-value <0.1, ** p-value

<0.05.
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claiml or 2, wherein said oligonucleotide is conplenentary to a
consecéirwger?é"ldtwéf'a%e@t\}%hpﬁﬁobﬁd gPemelEYcitei des of said RNA. 4. A net hod
according to any one of clainms 1 to 3, wherein said oligonucl eotide
conprises RNA. 5. A nmethod according to any one of clains 1 to 4, wherein
sai d oRi gonfdnelbed gecarding fe claimitwiareiRAIdpen Rag cipsed sirugtaregtase adjacent
phosphey o4 dpi frdre backbone. 6. A method according to any one of claims 1 to
5, wherein pre-nmRNA conprising said exon exhibits undesired splicing in a
subject. 7. A nethod accordng to claim®6, wherein the absence of said exon

from MENA - A method according to claim 1 or 2, wherein said oligonucleotide is complementary
to a consecutive part of between 14 and 50 nucleotides of said RNA.

4, A method according to any one of claims 1 to 3, wherein said oligonucleotide
comprises RNA.

5. A method according to any one of claims 1 to 4, wherein said oligonuclectide is
2'-0O-methyl RNA and has a full-length phosphorothioate backbone.

6. A method according to any one of claims 1 to 5, wherein pre-mRNA comprising said
exon exhibits undesired splicing in a subject.

7. A method accordmg 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 (COL8A1), a myotubular myopathy 1 gene (MTM1),
a dysferlin gene (DYSF), a laminin-alpha 2 gene (LAMA2), an emery-dreyfuss muscular
dystrophy gene (EMD), and/or a calpain 3 gene (CAPN3).

9. A method according to ciaim 8, wherein said gene is the Duchenne muscular
dystrophy gene.



produced from said pre-nRNA, generates a coding region for a protein. 8 A
nmet hod according to claim6 or claim7, wherein the gene fromwhich said RNA
conprising said exon is transcribed, 4#ncodes an aberrant Duchenne nuscul ar
dystrophy gene (DVD), a collagen VI alpha 1 gene (COL6Al), a myotubul ar
nyopathy 1 gene (MIML), a dysferlin gene (DYSF), a |am nin-al pha 2 gene
(LAVAZ), an enery-dreyfuss nuscular dystrophy gene (EMD), and/or a calpain
3 gene ( CAPN3) r cl whe i ng,i s the
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wher ei A6, Goéﬁmn?dc%prlses exon 8, 46, 48, 52, 54- 56, 58, 60- 63 or 71-78.
11. A nethod according to any one of clains 1 to 10, wherein said SR protein
is SF2/ASF or SC35 or SRp40. 12. An oligonucl eotide or equival ent thereof
obt ai nédl. byAanetbomechoadin@todan}gorteoofaIa}'m&neo 10fwh3draihrsaidJSFR<prdtéin i€3. An

ol i gon r g the sequence as depicted in Table 2 or an
equi vagghﬁ\ %rde’%f réﬁo‘bese of an ol igonucl eotide or equival ent thereof

accordi ng to claim12 or 13, for the preparation of a conposition for at
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al t eri pficlasiesoigit1i on of an exon in a pre-nRNA in vitro. 16. Use of an
ol i gonucl eoti de or equival ent thereof according to claim12 or 13 for the
preparation of a medicanent. 17. A pharmaceutical preparation conprising an
ol i gonugl eonhdegeuckRatdy adrepisitdieeeefuerteRrddbitfed ia Tabri 2wrlah ejuiviient 18. Use
of an Iigﬁnucleotide or equi val ent thereof according to claim112 or 13, for
t he pﬂ@% ation of a medicanent for the treatnment of an inherited disease.
19. Use of an oligonucleotide or equival ent thereof according to claim112 or
13, for the reparation of a conposiftion for ind u0|n exon skipping in a
e pler b d

pre- nR, 2 Bi9oRHC!EPlidso FOMBENtbetsOf erprdiag Ié’n‘fl s 8ot &dBf ding to

cl ai m pezp@ratid® of & @6mposition for at least in part altering recognition of an exon in a pre-
mRNA,

15. Use of an cligonucleotide or equivalent thereof accerding to claim 12 or 13 for

altering recognition of an exon in a pre-mRNA in vitro.

186. Use of an oligonucleotide or equivalent thereof according to claim 12 or 13 for the

preparation of a medicament.

17. A pharmaceutical preparation comprising an oligonucleotide or equivalent thereof

according to claim 12 or 13.

18. Use of an oligonucleotide or equivalent thereof according to claim 12 or 13, for the
preparation of a medicament for the treatment of an inherited disease.

19. Use of an oligonucleotide or equivalent thereof according to claim 12 or 13, for the
preparation of a composition for inducing exon skipping in a pre-mRNA.

20. Use of an oligonucleotide or equivalent thereof according to claim 12 or 13, for

inducing exon skipping in a pre-mRNA in vitro.

21. Use of an oligonucleotide or equivalent thereof according to claim 12 or 13, for the

preparation of a composition for altering exon-recognition in a pre-mRNA.



i nduci ng exon skipping in a pre-nRNAin vitro. 21. Use of an oligonucleotide
or equival ent thereof according to claim1l2 or 13, for the preparation of a
conposition for altering exon-recogni4tion in a pre-nRNA. 41 22. Use of an
ol i gonucl eoti de or equival ent thereof according to claim12 or 13, for
altering exon-recognition in a pre-nRNA in vitro. 23. A nethod for altering
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said transcription system 25. A method according to claim 23 or a use
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first ohgonucleottde or equivalent thereof, wherein sald first oligonuclectide or equivalent
thereof is capable of hybridising to at least one of said exons, and allowing for transcription

and splicing to occur in said transcription system.

25. A method according to claim 23 or a use according to claim 24, wherein said gene

comprises at least 3 exons,

26. A method or use according to any one of claims 23 - 25, further comprising providing
said transcription system with at least a second oligonucleotide or equivalent thereof
according to claim 12 or 13, wherein said second oligonucleotide or equivalent thereof is

capable of hybridising to at least another of said exons.

27. A method or a use according to claim 26, wherein said first oligonucleotide or
equivalent thereof and said second oligonuciectide or equivalent thereof are physically
linked to each other.





