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3 observation was nmade in genetic diseases that are caused by a
defect in differentiated cells. It has been found that genes can be
deregul ate y. in the precursor of said differenti eyven
when t he ggﬁgkg ﬁgé%ed by the mutation (the cause for t éﬁgkﬁﬁ?ﬁgﬁ°
defect) is not normally expressed in said precursor cell. In other
words, said aberrantly expressed gene is found in other cells than
the differentiated cells which are generally believed to express the
phenot ype of id,genetic disease. The invention offers_new insights
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6 high corrects changes secondary to the primary genetic defect and
all eviates a synptom of a genetic disease. In doing so, expression of
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found in a ﬂ‘ism%‘m e TRaEIT SPitdlisshnes Ahet aRRPrisRd by Adtort in
Physi ol ogi ¢ e I i ?gﬁy T, 1

can fall Out&iﬁ‘e‘ﬁgﬁ%&%%@ Irta%l?egﬁtﬁgga?% ﬁ pr’S %\E}P?ey (ger%%‘ﬂa?% %ntg X&)Lﬁl
functi on f otheprecnrioriofsald differentpatedl eell eser miwol thergenkraffectadelng thon

provi des a use_pr met hod .accordi ng to.the inyention, wherein, |
modi fyi ng. s BB HESaRe S5 e denstig sfes) inaatogrally dpgesse dn said
nor mal st at grecursor MIATA YEHE vl £5Sd ABe LA R BIBY Y nk Bs BHUHIRS ther
of ways. Lowering expression of an aberrantly expressed gene can for

exanpl e be ¢adls thaadhediffeyansiated gells whinhsaretdemengly belidwed to express the

dmini steri tain that, binds,.t t, id
Sberrant |y BaReebEhPEleREl Bitabd AnalPRbs ot Rr@iRkihe for Hhe
expressed ggeatmeént of gdrdsicalisesef pagicathir bBRetididisbhctfsed by a
transgene that expresses said aberrantly expressed gene by,tﬁe
addi tion an@artiah) lag plfnctianor absencernfer gne drelcotifierentiated cells of
stimul ates (g ;exRigsal RS pRRb: ARRLIAR! LnEXRE£3pedadsRE ARG OF bY
actl vatli ng e pronoter an ? or en ancer-sepquence or sal aaberrantly

expressed getpresded generiemeddifidd eaitindiinendtue@és dherecavsoniceRsofsdgidessi on
is nodified,, provi ding sai d individual with an anti-sense sequence
of said abeﬁh% %waf@gw& g8 dixgeHlz in prpatienty Whenranpliedyinsubipres of eidng
anti-sense . t: P I : hi .
At i - once PRERAR el oARMAIAL (BbEPY BRUAR P fioPodBNE BEATS

t ar get RNAsdiffeserdatedreells iafter hyhrsplirgationnf salcereborsod celldén a patient,

For ot RNa, CHiRphy Sapriging U5 Shass of 0t B0 BrandplATinHOn ChenaRy AR
past decade,,iedirYiRL2 80 P M2884h PrOddas 4 hahoRgsalieaqIRg

about the basic nechanlsns of anti-sense , t%é HEQ|qynaI chenlgtry,
and t he phaamaggtaygiing symaptoncold gendty; digeaksetiovdrcidigiduah vopaein smdof

anti -sense nmol ecul es. Antissgnse .t echnol o s.proven val uable in
Gene Tunct i RAPOEAA BrrieRRLE B R GEd PRt el i R R ket e,
Vitravene, @iffdréitip4tR%hiREA0)i80rcidte® BEINE wlcheih daid Gidedsé & the result of
devel opnent anti-sense drugs are inportant drugs in the treatnent of

a W de rangemgiunctionins seroin & diffaentated el of suidhindimduiahgaid mephed

of some of r i-= r re hnterf .
i) o SRS P AR SR IR I5 T8 ARLSHLS] 805 Ee S hemo i
exon- ski ppi gidd pfecuasdr edE RaersBosiad edeiSinplyed:piradtel gedriininst e4idd as a

single stranded nuol ecul e or_as part of a hairpin_nolecule. An

ant i - sense Walyegkeringeame. Thampaliinctaing gerq ayd she gieph effacseenyseddy
cell by nea Vi . i .- An
anti - sonse B feeetald Ah AN IIAREEYE B InFEREERY Rl WG Findivect

of a gene ddfdcvethatweburbebseGuehtln a¥ahveshlt of she hedflfuradsoning of theselie
or a viral gene.delivery vehicle. Lip%%one? aéf wel |l knqown ip the art
and many vamREYngsaihgengtiafdeqtare phica neforred & apariendary elagis-ofhese
viral gene j Vi : 4.0t f j .
PR S s e R S S L R
vectors thagemdo not express their own genes but only the transferred

genes. The anti - gense | ecul e may h esent as such ip,the ne
del fvery vehi cl b8 RVaRGPR ZP-theE pipvidedtheiag of sesrompapchionmaodiiyine

expression of at least one gene, for the manufacture of a medicament for



WO 2007/ 123402PCT/ NL2007/ 050175 10 ol i go(deoxy)ri bonucl eoti de

nodi fication. Wth the advent of nucleic acid m mcking technology it
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nucl eoti de : : i - | of J t ' '
pref or abl'y GacaefeiicidloRlbbad GRTCEL GAUNEN] U Rlol dkechRHbLR
anal ogues. the cailf br Hentiming bfjexyrebsioh iinehotell keclianged: The tyyeedfnabdtyon
does not conprise m)rﬁré{han 1. of sucgh .a nucl E)oti de anal ogues.  An

ol i gonucl eoqqno%lsg?\ram qlﬁ‘ﬁé‘} 100 (A HiTaRtange E@fd o Wéﬁrfé%_rﬂfq se
an addi { i onalyoitbi by a R BktMForR Pttt BEE ofadiihlAbrisdhbRE:d ESLARIAY
nol ecul e. A fluorescent tag or 1 mune regul ating conpound such as a
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could therefore nean a relief for an individual with said nuscle

di sorder. | rentiated nuscle cells are replenishe P
regener at e tﬂb%{%g{?gnyobl ast precursor; cells, the preseﬂ?ﬁﬁﬁéygm?yﬁ
is particularly suited for the treatnent of nuscle disorders. The
invention provides a use or a nethod according to the invention,
wherein at least a part of the synptons exhibited by said individual
suffering from sai.g enetic disease is due_to abnornal.
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di ith ti ' ti ar dyst hy.
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t hese di sorders are caused by defects in genes for nusc protel ns.
The di f f er eoftert bass lafgeyqosentialfos self-aenaiyaltis cplied anoft-diffededtfiztedicell.
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concerned wi th biochem cal processes that occur in nuscle fibers. The

i nvention peeeghees callis e myodasteantdor apeenuasontheseathbn apreferyegh,
wherein said geneti ¢ di e C ri se&s a gengtic,muscul ar dystrophy.
Muscul ar dy%lflr%%ﬁeen& Sgﬁtgg%ﬁ%?g? e>(,i Cieﬁﬁarailggaﬁglc?c%ough there are cases
i n whi ch noAhandividiklsiieh @netidichase ase egKibit ﬁl-an?m? tbisCWhen
appearance of the different forns of genetic nuscula ,ystroghi es

vari es anontpfereen &y moede i alleviatings egnpiom of adasensetit & meanhihaictheq,

the rate at i g (o) re
ml i pl o di SasEy oE¥ TRt A0IARE N0, Bhar i bsculr ol %o
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Mbst often a caqnbi nation _.gf a few nethods is used to.mke

di agnosi s. BUgFlEsHsaEth WiEh agey7e B POTRES B PsOWE Rrase: 4 livaijad fije
starts wit j i : i a0
physi cal eQS m n%?‘?%tr?%aée%g%&g g%é‘g?&%%'a@afg%ﬁ%lﬁ% rgfggtnli)sctgtﬁ&eés’t%lsqé ér e a€y to
bl ood enzynwallegsepéfhdamoyxangare ahdmedieatiome Iiithaseamg@lé) of musads srasting,

of muscle histol ogy, DNA test, neti c resonance )
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I nvention @Mo@ﬁ?g’sq@alﬁ%eoﬂ{fe 20 BBA1AY WREGPESthParddOwitheud AN@BhTedn,
wherein said genetic nuscul ar dystrophy is one of the follow ng

di seases: Bedkddupliwiill the sDyut proghysic ByDhe teated imdizsidued swwldhave had
Dystrophy (} ,Distal.Miscul ar Dystrophy (DD), Duchenne Muscul ar
Dystrophy ( e1ab§ﬁg$ey9’ﬁrg§x%g§.,w5w| ar Dystrophy (EDMD),

Faci oscapul ohuneral Muscul ar Dystrophy (FSH), Linb-Grdle Miscul ar
Dystrophy (LGWD), Myotonic Dystrophy (MVD), Ccul opharyngeal Miscul ar,
Dystrophy (OPMD)A sale Hagttis @b jexpressed hin andndegdudl sifferinesiomoredd
genetic nus ophi I Lve | ,Qw. S
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expression when expressed too low or lowering expression when expressed too
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(OPMD), a faulty gene for poly(A)binding protein 1 (PABPN1), which is

suspect ed tion of RNA and proteins in the nucl.ej _e
cells. %%ﬂﬁﬁ%g@% Duchenne and Becker nuscul ar dyst r%@@{ogﬂﬂ%ﬁﬁ;
nmuscl e protein dystrophin is affected. I n Duchenne dystrophin is
absent, whereas in Becker sone dystrophin is present but its
production is nost often not sufficient and/or the dystrophin present
i s abnor nal h formed. Both di seases are associated with recessjve
X-1inked in éhcfoa S C %é@&?ﬂa‘fﬂfffﬁﬁﬁ%P¥Wﬁwﬁwrﬂﬁfe&tﬁa iligvigies a
DVD gene [ 6, ¢ \ L : y

producti on %J?]Lgtﬁgagagt% ggﬁﬁgjrﬁe]@ t@ngwﬁ;’rl]aé byg%p ?%S%ﬁé’%}é% g?%{}gflﬂyBl\/D
occurs as aexmeswglganeds bdiromghtt ogihysinlegcallnmoire atdeptaND, perepladsilila

Becker sone _dystrophin is,present in gcontrasji t.0o Duc ne where

dyst r ophin ?%Xféf)géﬁ'? ty@é@k@?’ gﬁa@“ f‘é’§§ﬁ’§?\ﬁ;?%{’%‘§7‘ﬂﬁ”5r?g %ﬂ‘ﬁ H?Y"B_g‘é’ﬁenne_.
The onset OfxdaWEXib§ 0f8Aidl BertAly SlffPesdddydheudbbiediBilly Sotsaliddc! f 11
early childhood, BVMD in the teens or in early adulthood. The

pr ogr essi onPbysiBlegicadlyi asceptahle; nzovd plassbleraul/ot mote tidical Iexals sl eften

Patients wiih, B an _survive.in md to.l at e;adul thood. Pati ent
it h DuoherheI R oBF Brbisinplty onmel Lo e 16vels apg vl o
plays an i ngai befburs g hosidhy 1lieidudl bhehdises §at bBRconG@RRRL | N
the extracellular matri x and_the cytoskel eton. Tﬁe N-term nal region

bi nds act i nPhysielogicallytpeceptablepimpat pdaisible aner wore Hwiepldevadpham fall
gl ycopr ot ei X |,C ns Lhe sakcol . el N_the
absence of %%?drggép ?Iﬁr,ggn%%}%\rlﬁ%adg Sztﬁfgrsosvt 1&%% gh?%e%tg%r?él (% llérrh% an
ruptures, caidsvidgaBInungfiérred eftbolithénixthef indahtion Proviles 4 hee Giiacl e
fiber interior, thereby triggering calciumactiyvated proteases and
fiber necr odyethorhaccording to ghe invantioss wheraingnedifyiagisaid ewpressipnnas
specific ch :erd Sti.6S: whi: [ i ff iate into a cell

W th speci fngc u%%%?ﬁssﬁrq%ﬂélg%lés%gﬁt?% x%h%lragéﬁe}%i stics conprise the
presence and activation state of a category of WD

2007/ 123402PCT/ mIIZ Q7/ 050175 16 gepes that_is invalved in the
control of the dfPfere#TRTEH B A %éFlFl.ef"F%“t A&y a¥3v eV PBREI t
has been foundetdiah oPah bibEHaditlyexp28iskaldehB$afl FESxARlIeIR Heliized by
synptons of t'he genetic defect "'when aberrantly expressed in the _
precur sor capplyingantisensetherdpyr nbbyiaderinistening abepressot prossior thad dinds

gene conprises Bone Mrphogenetic protein 4.(BMP4).. Bone .

Vot phogenet P TIPEIONE bl pbtn 8oy GuPLisrg Pl LhsmA BPrasion ehif s
of the trangfa&mhilg cap Rkl batd RIfoP flsdasciierdcadd b%tﬂé ald@fodidfa They
are synthesi zed as | arge precursor nol ecul es which are cl eaved by

pr ot eol yt i ctrenggenesthatieaprasses/said abarraailycerpsessed geny, by bhe additionend /

i denti cal i Ns. i f e d h ot
ool Dok o DR et SRS AL S R R
variety of giglrkahily eRpReessgodel2dd/oBdPactivetihg Veé pesinbdterahgd / ox

differentiation of certain cell types, including nygogenic cells. In
one pref er rerhansebaeaancetoh saidaheaTanily prRreReRskeenc, 4B agreferred hod

according t I i e] L r feor: s
factor - bet a&flé&%ﬂ%%l\ég?%(? %Vgggﬁét%@r%%gﬁisnﬁ?@ﬁ%?mﬁ g@!&&ﬁ%? ?léinal
part, deri valdividuaheitdr amaatiaguse sdipienod of paidfabeakintlyBihdededagene.

functi onal rt, derivatjve and/Qr anal ogue thereof. I n anpt her
aspect the 'Eﬁ‘%ﬁ’@rﬁlied‘ﬁrﬁrn&bf weyy Lﬁ’%r@néranal-wsﬁ@@pm@ﬁait%gowaﬂe ate

i nvention, i: I I X | I

factor i (HaoyEifn SRa koA BEEALY AnfiREES DAY (It Akl RRe

di fferenti atreadogetd bind todatrges|RNAg viaWadson-Erkf lgdtridisatiorc O weriaumds

alone, or w.th other controlling.factors, .at |easf one step,in the

di fferenti aftheo%ltb-ﬁe%sepwa&r%%@r Risblas o Sees (e dastpoe e RLhe target
RNA. Anti-sense agents can also alter splicing. During the past decade, much




A gromh factor is a small protein that attaches to specific
receptors on the surface of cells and pronote proliferation, grow h,

differentigti /[ or maturation of these cells. Ex -
growt h fac%rzg&éﬁg 2 granul ocyt e-col ogy stimul ating fa%@’@g@y@
gr anul ocyt e- macr ophage col ony stinulating factor (GW CSF);

pl atel et-derived growh factor (PDGF); erythropoietin (EPO;

t hronmbopoietin (TPO; mnyostatin (GDF-8) and/or fibroblast growh
factor 2 (F epbodiment the invention provides a

GF-2). In a preferre ) | | C
use or a nelﬂ%ﬁgeé’é@@?’%ﬁ‘ﬁ@bqlﬁ tﬁlﬁiﬁﬁ%ﬁéﬂ@ha&wmﬁﬁ ABirFeRse dthomedininalng

factor conpgy . | . , VAN .

bndl or ana teaig, 48 tho phafhAbolbticlp it RIRkd Al tpEROIOKR: drffforsios

or insul i n-dfi dedi-gensetholeaulesr Ahtirdneg tehabhigy Hds@rBPa) vaBidBle im0gerk:

functional parft. erivative, and/ or,.anal oque.t hereof. Fi_brobl ast

G owt h Fact‘g‘m%b’e%@sﬂé}oq %ﬂfgt%qgﬁbréh%ﬁ%%g&hw&@ .uaén@ﬂ%mfﬁ ‘?law@m

t hat plays b Gkt |68 4. ; WY IS
pl ays gadhpphiokimatily 20! Siti-BerddRirlhe 6 o2 félr w(?pem HER é@ﬂtsgag&:

a potent inducer of angiogenesis. Several ornms 0O
human pr ot edmvgeire impariginh griigoin 8- 2datoBmti of aswitke thogetod dideases@ornf

| t ti { t i i $.hi.n the f -2 ) has 55. t
o o aet o iR e NGBk R pie A gtithe BMsF aptiipchas
pot ent hepadgpiohiitdidig iatdriarbhye RN2EEINAM hiédENA la:na PlicE XSt e

potent inducer of DNA synthesis in a variety of cell types from
nmesoder m arféchriguee sneltas pxon-abipging. An anti-senseib¢quenick s prefonablFact or

Il is a multinpli | On= St i ating. factior., It is a | L -characterized
neutrai pept AifBH 0 8 Pt abadReu BEBhye ok ot el PP Rl BRIE4r e
in the bl oodn ahti-dease §&guéiicercadWedddithistefsdidirBctly kebapdodide@dani 1l by
activities. Insuljn-Like Gowh Factor Binding Protein 3 (1GFBP3) is
one of the BPaNHe (BEHIE EassdBed) sKBYasEIR Q@Reatt®i nd i nsul i n-1i ke
growt h factors (somatonedi ns) and nodul ate their mtogenic and

nmet abolic actions at the cellular level. WO

2007/ 123402PCT/ Mx28ffi/8568d dbgdBucleotideTis paefeeabiy paogidedtit af @it part oFh

is one of many _aract%;,l eg owt _factorﬁgt@g?t Xi st in natur.e.
Tr ansf or mi rRFIGGRYAIFEEH6s PHFR O &t PiP X/é%&Bﬁ%éﬁf Addzaligene
can induce &é?ﬁel’ycgfﬂlﬁg:@._r e&ﬁﬁ@%@!%lﬂ\ﬁ%ﬁ&ﬂ&’ﬁ% Eﬂﬂﬁiﬂﬁlng variants are

non-transfornmed c Ir transformng activities are due to the
si mul t aneowsvadkebleofor gene woamsfdrepwmipseea. Vgl cats adr 1 apne deliveryamsf arrdntly
growm h factor gl pha and transformn (o] factor, beta,, In a

o efer red. CiFEOAP BTN e 1SR IBIA RO Hredln o EnePipsgnt v thigpib  preferred
accor di ng 1@ sB8&hbsb eiRhl %btoﬁ@ttjf?%ﬁzk&g n%ﬁbgp&][sg\‘}ﬁeflr bast &ndighanragy i the

transformng gromh factor-B ) superfamly or s a functional

part, deri Vaansferrgddgenes.dha agicenbemeldculanamy hespreséntcapsuch in the gene
synt hesi zed, hn _a w.de variety .of tissues...lt acts,synerqgistically

o th Ter alistiteRr B g S Teetn B PuisraR Rl B ac
as a negat Huevﬂteﬂ%rdm@xm@sibﬂ ch@etiRiwhdicin bigd axfiassion lcBbRttdencodes a
enbryonal devel opnent, cellular differentiation, hornone secretion,

and i mune HaRRAING Compeisipg paid anti-seirre okEonuglegtidpopaeierredi GEdls of

et or od narenyRHOOHEER 10 S R Brinal B BEMAL g B RE0 i genc
TGF- bet a2 angodafeliGhretedtonTHeavechigen theoi b edovillbe sdéieiatasion

proteins are synthesized as precursor proteins, Transform.ng gr owt h
factor al piassetes, vegtpsy ant geng delivarg vepiclgsadiots within the skitlpf she

(ol atod {0 o aaiaarona e AAR.OHET PRIGIRH (Ol The irdhehfioh AP T I

TGF- al pha abriwenstrarsaripstsi Bedfesably it tHeForhedfan fusiomtiatksagppwthodry Pilcor
transformation, but |t hysi ol ogi cal role is unknown.. . Myostatin
(al so knowﬁ['J iéraésemph f}éﬂ"F‘érDéﬁf ﬁ%gpwaﬁ%@% He%aﬂheg iy refesqnges [2-4].




precursor cells are genetically changed ex vivo to express a
functional copy of the gene affected by the nutation. The invention
provi des a?QE#Eﬁ , correct other defects in the precu 4
secondary t o ega@getic mut ati on, ang enhances the dif%éﬁghﬁﬁgfigﬁ
capacity of said precursor cells in vivo. In a further

enbodi nent the invention provides a use or nethod according to the
i nvention, wherein said aberrantly expressed gene is identified by

conparing ap gxpression profile qf sai recursor cell an

ndi vi dual  BFRCPReRGERY ‘I-“(Ypr"ri“g‘°ﬂé'ﬁe@i%9n&8g@gfieﬁ WO IE%‘F?fe]g#éq‘&ﬁ RyA
precursor cghéi ; bRt ; Rt ss ides
aberrantly ex%?gfsig%d (I(a:%nﬂo bﬁgéegﬁﬁgggpﬁ 2Iﬂj chﬁ%éﬁgls)?%?ggﬁﬁqﬁcgﬁlf}es can be
expressed cemphesided in viireoriy vivepbnihielgtier eontexd theehte sometimes also
heal t hy indi wi dual,. . In an ex | e of the,.invention, .

| ar ge- scal e %’1'%'8333% BRARL-§RSS; mﬁﬁ&@@fssaué’e%?ﬁi}gﬁn&’wfﬂ%@ the bke-
nyobl ast cultures is performed, wherein nyogenesis in DVD cells and

the first reaction of the differentiating cell to the absence of
dyst r ophi n Br @ prefarredrasabodiment asualigonyblevtide comarisph belivrapndi-300e

different s 4N nesi S. ead he r ast sta :

di ffer encesﬁgg%%ééer}’a%ggﬁtr %%ﬁ%yﬁeivﬁ?%ﬁﬁlgbi i%’ggﬁé’ 8re R%&?rﬁb@ at
the sane tilewiesnhsad0 hyicleotldédMind uldry g@&'exéﬁly b w5 biadizst Meciédides.
cells differentiate less efficiently. Studies have been perfornmed

previ ousl y Sddengihsargpreteargsh oz she regenof somplemertaridy pheaiday s

i nvol ved i i | - 118].. se.. st.udi e oywever, did
not anal yzg0 ﬁr%?‘ggiueﬁglraé S)II;FE {eiér.tgér]l%agrs&lé%atl%g; t;})lF’ g%g'r‘gl&ro hggil}la?%o%?%st)

| evel but vfemetiahhl dqdusieat tleredt)ef Bétwfeeneri and @d merldotiday s 6418 haeé bhe
itsel f. As a preferred exanple of the invention significant

di f f er ences?y W%@ﬁ%“%%g‘ﬁé?éﬂbﬁl%mﬁﬁlﬁ%@ﬂ‘ﬂda%dﬁbﬁmmnéhI tures
have been ST 0y 0 as
R A s A L S g
myobl ast expgessifoongiiemedtarity neferally>Qonpiaa40aRETH LRG0T Oh of AHlcAdt
hanpered by. 1t he .nutatiqns as.they . are,located upstream of {he

transl ati onlé HP‘EIP%?g?f‘n?se'r ?BP&I%PPX%@I%% ot CB’PPQE?%‘HF%HWﬁ%‘%@BF essed
genes, Fi br&mﬁheﬁf&xy% dr3C4t08tcR of 52k HaSe DneHr it isdnyatcRYET
expressed in nyoblasts.” In vitro and in vivo studi es denonstrated
an i npor t antreferablyf saidebiEenicleotide prfimetiomehequivakeatt éherepéhsebhs o nt o
proliferation. The addition of reconbj nant EG-2 enhanced the nu

0 *brof 1 1erPTHBFIgAL AL SR HF PR AHE TeRgn b (AP Beb . 1 the
initiation gigotutlesti@s hiagth@R[th8n2® nudlotadbdiit i) hiRHiR o e5%al -
denonstrat ed that tar?et.ed transgene delivery of FG-2 and FGF6 genes
led to an cnianrichend the erdevlated nnmber of migmaniches hogpthen the percentage

i mportance _Qf ' . t{on[ 211 . These obserwvati @ns
e cat e ¢ e 8 nRThe? ERe4 sk F ERERA IR akhnut FAGHER RO MR Py
exanpl e of misnitaenis ibe, highsr @vtedari murhber, Gog e rodligvatucleotide
proliferation,in DVD cultures previously reported[?22-24].

Al t hough pri#virgpgeptiRvedpsartch oislGomelentidescommplementayity can have
AL Eaougn prot el ° |
examp o of e \Tvert p aace i B Rbee Thb Dt SRR B 01

processes imissatiches allGeed i thiyoligenudleotpdoisi 3. dnal preferae® embodiment,
si mul t aneouysl

downr | ated after fusion induction in both health
and DVD cel® eéﬁ?ﬂﬂ%&%ﬁ@%%%}i,@&ﬁ@?ﬁ@mﬂe,a ORECULH TPADE ’
Figure 5 ofWRen qsIéndgsw}ﬂﬁaeéﬁéem&%@ggBﬁ&e}red%&a Bﬁg&ﬂf‘cléo‘%i&éa'

fusi on process of nyoblasts into nyotu owever, geneé expression
di f f er encesonrems RidAvmene vesanvie/pmicr roil/Baidedligonuklcotids is 8§@imethyl

0 the | nudHR RaReGaNES e EBaiReEhrs thisain oatR A Py BOLA R 2

nucleic acid analogue that is characterized by good hybridization properties




WO 2007/ 123402PCT/ NL2007/ 050175 23 alleviate (tenporarily) but not
cure the patients because regeneration signalling pathways are not
restored. 0 Ls.viewpoint, it would be crucial to s her :
early in Iﬁ?ﬁ&h%g?ﬁ?e t hese changes hgve t aken pl ace. Aé@@&h%?ﬁ@%?é,
addi ti onal (pharmaceutical) intervention to regain the normal mnuscle
regeneration capacity should be pursued. A use or a nethod according
to the invention could be applied in conmbination with a prom sing
gene therapy. .I.n.one enh dineni t he igﬁention rovides a use or a

met hod acc ot itieBagts & ith sampligentapyeP Bithos BN aewetlias, andeeneaped

dyst hy i e ISGUL A
Dyt rophy (DREY Y e e oLl oo il Bea (U EREAA MR n 0,
use or a neblostaaiisorsdiokigonoclbbigdésnmanénidnin clinjoal dévedomkeppinearpanate
exon of a dystrophin. gene. An exanple aof the invention shows _

mol ecul ar dHopBBrRIBioAE Pagktprecar AR, BRBTAPEE Teststapes jogucleases
myogenesi s. whae pPaeting e dnENE & &f{]ﬂuﬂtéﬁﬁhég%@énﬂ;t{(hgsrtﬁﬁm; ?érsggk/% In

DVD nyobl asts reduce proliferation capacity an > them | es
di f f er ent i atibomaersedR&Nase) Hn Thediotipdemehtangoligrpuessiide isofreferably

sarconeri c proteins,in DVD ot ubes i s served, . Thi,s combi nati on of
reduced pr o‘l%ﬂ%lfeﬁ'te%?ﬁy tior?p%qq%ﬁﬁ'“‘%%?%ﬁ @%ﬁ%’?ﬁdbﬁ agdy |I?'H[$‘H§H£?@ nggald
the DVD nyQiéReRNIAC 28 Snbthdr@hhdGinRAE tH8GhFlohRIRIES Skt hchMide is
contributes to the severe phenotype of DMD patients.

Tr anspl ant awimaementary\iotocanspeditieaipaniof batween 16 Mhi f9nudentidasof gaid
alternative_an oMl Si ng .t hgr a 37 There are at least two .
oot ona ! e R RO s AR ikteofid€ i ot BlsBlens b & Ahssentists
cel | transplaboabeBioen 18-2h@wkldosides a5 aidicken FNACPITradly bbfvdel 146
by the host due to the induction of an inmmune response is a major

3 . [ > a naj
concer n[ 13]and Zbaneleatiges phsaid ggen FNA pPifareabivpes sfnngleiagid maanhe
38], or i 4 : I IS, |
Cobponse. | ARMIIRRERARIE oRRotil fide. PIRLINEN, [B: SRR ocklen obiBRADS
reduced chapiNa, ak RMARNAdYbhidstdre viemutubls \Bihenondef theeaitst oflthg@sién
transpl ant ati.on tha gene_def&igt has. to be corrected by introduction

of a functiSHBPINgtacheigne istq digpctspliciys i qos s preferpesbiatdhe 175

24 expr essi AR nasRetike Rﬁﬁ@tcoﬁf?p‘ﬁfé@& 8SmELiPRafilh BP&ﬁﬂngsle%N%ewith an
sequences[ 4] .7 1n an exanple of the invention, “"a mcro gene is
i nt roduced afditignalnpropedybfaranstafbd/redistanoe teehdahiunterses hadiBNaseH,on

provi des a usg, .or t hod.according.to the, in tigon.of an antisense
b1 gonuc! ectioationl i RGSaS RGeoepIn Rsara e b ifriass o gy
BVP4 i n autmliasqusroakePbAabseaSi s AbARY ARERcE D CodiGi8F NRE ALY E
potential of said autol ogous nyoblasts in a patient. The

i nventi on finttaeeHulsr dvinsport, Hissusspefifisity.cstpoiwederobly sadirhgdifigation
expression of a.gene, for the nuf act,ure of. a .nedi canent f or .

o Povt ot ¢ gt on- O et a BT AGhIAS e et B aRNRE, motgntion
sai d di seaspyeifsrabiiesdi@shiddifiehtion 8GABHsEs 89f-eCinethy1pbsbhéfothioatd ed

cell of said individual, wherein said gene is aberrant IPéqexpressed in
a pr ecur soroligodgedyaitpinuckeotideiaedificaiaon, lackedgredeic ach FNAbar ant

expression is not.- directly .related t.o the tation underl vi. n i d
oanett e qorBmiind haRaet 0T 0P A iimiinA it Th bt 31 A SENARIne e
sai d genet ijaveefies prévidass bgbaidadigdhubleatige Bempridin sSa@ oligsidiefdeno
or defective protein synthesis fromsaid %ene ?rrut ated gene). In a

further preCEHEINg AYol-meathyhplvspjiorefhicste oigpidessy)shonnalgptide s
| onering e I i rr . I .
over - expr oaboSEEhly MR lodRl ARG Bl P HRLEAREr (B0l o comuniees
sai d aber r anitter seypemespdedieily dospiiddte axpumedaEdent tonshitthgufdetektegor
cell. In a pr(if_erred enbodi nent ;said aberrantly expressed % ne is a

cont rol | i ngAYCaRIE 3fid, Andcamprises iuprevad odficany Whep comparakH | into

oligonucleotide consisting of 2'-O-methyl-phosphorothioate
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preferably wherein said inhibitor or antagoni st conprises noggin,
chordin, vegnt I tw sted gastrulation, gremin or o

of the DAN%a{r??ﬁff%@? BMP4 ant agoni sts,, PRDC, scl erosti nﬁﬁé‘&gﬁﬁ;@r
follistatin or a functional part, derivative and/or anal ogue or a

functional part, derivative and/ or anal ogue thereof. Preferably a
net hod or use of the invention further conprises use of a second

d for,.t _ tion,of di § t of f t t ment. of id
il vi dual e GraSEPaTedEdie oAb O thaadent dorrreAga; od
cell with ahihﬁé!ﬁhg@@éﬁno%gﬁﬂ%a@%&%e%U%Ble%é%%?ﬂe%%&ﬁ%?%%&ve a
I phy 1's C ar

Preferably said genetic muscular dystr enne scu
Dyst rophy (&nbjampréerdddy thisamk diybBidisatiphoharBbeyisties &f kiabhyt sai d

caauf val ont - EHEPSORY FGPBaN o PRORR TAEHBE Sahaugnip grdcourse also

Preferably gaitthfIRE PR THAthAIHN h2BSnANice |ehﬂ%‘l'é:ﬂt§%%rb ggpﬂﬁe nucleic
functional equival ent thereof conplenentary to an exon.of’ _

dyst rophi n g@delocked nuclejancd pndfozar mdrplamotphdsphorodiamidate pRuvakles
t he use of C und. for reduci dnhibitd and/ or. .ant agoni zi n
expr essi on @‘1“ %@%@%ﬁ%ﬁd‘&&? 5 %tn %{%Y%IEH?%OE(%K?%H{IQG%ﬁe IBPIHeR:
manuf act ur ecaf be fotad ea(Veaklebet, ab) \W12¢I000), E1ays@! ATNOE: Go@sMBIR.C
muscul ar dyst ro?hy in an individual. Prefer abl% sald cell is a

) I

nyobl ast ce{2004;, Tarpendddsdpentimrct Nigksen of dbi(30%0i Braaseholndl & Corey,
i I i | i t .t f.
The i nwent | DACCOPEE BEnlefh, & & WENGETE (158, MIPERE pERFEPone or more

di fferenti adflthe egfuivalepbimsig 66dH otherpBiAr Recdthey withgusdaictheid ol @t
cell wth a conmpound for _reducing, inhibiting _and/or antagonizing

expr essi on @rrgpleonarkaf thepnspnrian. loce prefpyref emhadjment ancqmivalert

. bl - . SN /L or. i nhi bi
R s R S
enbodi ment affindtycanprthited itsxiciap abb ahofeforet shpons  hixher affi gy afesohhe

function of BMP-4. A use and/qr nethod according to the W |
2007/ 12340 P0RPRIE: A5 6eRss Sheannolentide et Fos HYERtIOBFRRY §@@prise one or

contacting $gidniyeslias hngRicheViiy %ﬁ%ﬁ)ﬁ'ﬂl@ a'ﬁzégﬂél%s Ged gu.?rjreg%§'adeveloped

preferred enmbodi ment said mature nuscle cell erive
subj ect t haas smidtbod for rraaént agmnst Wrahistetians dlls¢seapivjeotitlenmtdloghies

of the invention for reducing and/or inhihiting,BMP4 nRNA expressj on
in said WO&;’PQ@@%@P%@&?&W&%&E&&%@ ﬂ&l’@l h}g%%?%éﬁsﬁg%ﬁs iﬂe

precur sor thedlestidetdy pRRAAaAldrinBe e MobAR OBl bEtHCRRERIBA ey

to said BMP4 gene (anti-sense). Preferably said nyoblast cells or

precur sor s ingermsstteayush mnu¢leetddprnalogue Am antisweinge Biperdudentideeltbe
ol i gonudeot. de. .. The i nvention f.urther provigdes a gollection of
Tyobi st el Entipn Breferls do%Y RAF elen it mere R Hbiat Shof fnidiortlp
ol i gonucl ecinalegues. Preferdlg uai £i-2osleadlidoniclbtile 9f ePrieation REfBMY
is preferably achi eved by means of a virally transduced DNA sequence.
Pref er abl y ddgsdof 6pmmauEisa maereghan; 1984 of enchaa gueleptide pnpleghes.oin antir r al
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ol i gonucl eotide or a functional equivalent thereof is conplenentary
to exon 4 WD 2007/123402PCT/ NL2007/ 050175 29 of BMP4. Sone BWP4
transcriptg, S j.p exon-2. Alternative splice variant

exist. In ?ﬁgégﬁ@ggg the nunbering of,the exons is couh@%@§¢p§#¢$H@
exon identified by AON hBWP4#2, and thls exon i s given the nunber 4
also if the actual nunber of exons included in the nRNA before exon 4
is lower or higher than 3. The invention further provides

ol i gonucl eoti de having the sequence of AON hBWMP4#2. The
invention further provides the use of an anti-sense oligonucl eotide
or a functi | Iéal LB I . t
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BMP-4 antagonist (for antagonizing expression of BMP4 in a cell), for the
manufacture of a medicament for alleviating a symptom of a genetic muscular

dystrophy in an individual. Preferably said antagonist comprises noggin,

chordin, ventroptin, twisted gastrulation, gremlin or other members of the



WO 2007/ 123402PCT/ NL2007/ 050175 31 Data analysis Al slides were
scanned with an Agil ent scanner (Mdel 2565BA) and spot intensities
were quant]fi L, the GenePix Pro 3.0 program (Axon .
Raw i nt ensfvpf%?’i]%@gmere inported intp Rosetta Resol ver%ﬁﬁ#ﬁgﬁ&a%
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considered (3 biological replicates, 3 technical replicates) and a
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di fferent concentrations (between 0.3 and 30 ng/ml) upon initiation
of differentiation. During nmedi um change, new BVP4 was added (every 4

days). Cells were fixed with 100%.net hgnol| (- at 7 ar. 11 days
after serum deprfVRRSH ISORIRYHSH %‘F%?@ﬁgﬁ%’a’fguégglﬂ? ﬁ&lgﬁéc%‘itrwﬂ#aﬁé&n
the life of an individual. Any measure that can be taken to alleviate
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explain the differences in the differentiation as a function of day
(7 or 11),_co tion (0, 0.3, 1, 3, 10 and 30 ng/mgg ({_I _
line (heal ‘fvﬁ)yﬂgﬁgg%) The conputatipns were run usin ?ﬁggﬁﬁﬁ BHF .
The nodel included a termrepresenting the interaction between cell

| ine and concentration, which is the termused to identify individual
concentration levels for which the cell line displayed statistically
significant differentiation prqportions, Probability distrijbutions
wer e associ HERIWFRRS O @”(11’1'5‘5%8-)50@ errd%o,‘-ﬂ%m?rﬁg’ifﬂ mesitha religfdonanoni nal
error di stridasidan] Werke aﬁ&'n%%c?é&g Resub

differentiating pot e’nti%l of unnnOIbIVD' wgﬁfégg?gémacp ?Fg%iggglage gene
expr essi on wpdnished And/ob eegenpeafedrimedught-nyahlast preoursakells! the presehie

Il cultures of. 6.diff t. indj vidual s, (3 heal thy,
Chal ysed i EveBtiphad par i ettt hetrt S sehat ey Sohiere. The
nyobl ast stﬁmnﬁeﬁxp{gﬁde@rg Wb oflial eyt a dadAn o gfﬁf Iﬁe%@foh?%g{”eig%%y

1, 2, 4, 6, 10 and : find genes differentially expressec
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and the interactipn betwgen, ti an .sease state.as variables. O
the 4070 urfeibiegBik ¥ 858 10 BRoRR GRS e am B BociRaonretls
si gnal on ajn 4d&B6bn 6 Ehé MEARicHonink 6 differidted ReudtbaddlinSRiP! €S or
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heal t hy andngihpdeal vheesomparetbiina haalthy indivivival. 4 ntwsdediserdargan) <1
10-5) . Sur pLissi , dy. i ff tiated cells (t; = 0).q 7
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(Tabl e 1 andis&uepkhienialetitaahge iod Rinetlvwuetulabdystropyl and BVP4),
are continuously higher expressed in DVD over the whole tine course.
This difference was confirnmed with quantitative RT-PCR (Figure 1).
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bl ar e IERRLIERE of AR B0 LGRS Aol Sl R

upregul at ed during sion1n ures
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upr egul at e LRSS MFEF-on of DVD cel Is (MIUSL and EDNRA). These
results were confirmed with RT-MPA (Suppl enental Figure 2). The
RT-MLPA is a technique that allows the rapid and sinultaneous

quanti ficati on dfheupatomiltipicadiagnogiicmethalssivaiiable feathé dingnbbissf the
techni que was chosen as it all ows |tiple sanpl.es,and transcripts to
be tested (EREOF FRTRHISH dstHRnEes and the Diffesen Gatio bereanthem Paret ofird

a combination of a few methods is used to make a diagnosis. A diagnosis



WO 2007/ 123402PCT/ NL2007/ 050175 36 Exanpl e 2 Downr egul ati on of BWP4
expression in Duchenne nmyobl asts by exon ski ppi ng AONs Human

nmyobl ats, | | from a skel etal nuscle biopsy of a S
pati ent (Dt@%%?gwgre proliferated ip, 6-well dishes to gg%&f’?fgwey
of 50% (for details see exanple 1). Twenty four hours before
transfection, cells were put on owserumdifferentiation medium
Cells were transfected with the AONs (2'-0- nethyl phosphorot hi oate)
nent i oned bel o at a copcentration of 100, 200, or 500 nM or left
unt r eat ed: etiaEis et aﬁ‘EWPi‘-‘%ﬁ‘.’n theamedigal higtory ol aatientande ag
S NBVP4- 11ghyekial G AnaHgiGh Gesiitin RY - thghos ANV AMNre 3 cuu
cca cau ccé&é%u a_guu u 3 lgl'lﬁe Il’gt ?\ﬁgggﬂli&ggrﬁ]ﬁ% ggt:l?!be@%fr%ac})gg@/:\ed
agai nst exomzymeetesh(fos egampleforicreationkifiasé, Ci) ass@iRdenttof angeld pt
variant 1 012 . ,Jhe last oligonuclepijde is a contraql

N
ol i gonucl eg?]? ORhi U dhsmAsRsticFenance (i) cslerlremygaram (BMGhand ns

a 5 PAM | ahgbe ondhdtn $A1Ha§e§mﬁ@§t(txxﬁ:§>eaqﬁl59ﬂv@&ﬁ&1 hggfeagﬁ £okb9Pa

upt ake. AONs were transfected v gen500 transt on r eagent
(MBI Fer mermathod2acgprding tp the xoNntioas whehaursaibgenatanabeatlandystrbghy is

transfection c I was shed and fresh differentijatiqn nmedi ym
wne added (BRI ISR g Rt Rge Hothef Susch iRty BB cEonseryy
FAM AON t r ayiabeahe HyiephagC: (3] i imeiteathkve
of hi gh nucl ear _uptake gf §tqhg'[},%\%\lsSw%%%?%%ﬁ%ﬂ%#%&%lﬁ
37 At 24 hd¥psculer Bystuophg (BMDP)Aimexy-DeeifignsdVingadar Dystaiphe {£EDMD),

ot . . . . 4 Lsi
ranuf act ur eSS aPh AR RE A PR F8, Eimb et MRsepr
i ncubat i ng RRreithyofL.GMDH] Mdtonit Dystdphg (RIMDATUQITb PN HREa PMuIBE Sy

in 13 pl of DEPC-water for 10 minutes at 70C. After cooling on ice, 4
pi of 5x fiPustrophy(QFPMiDs Ashopt desceiption ofthe xaymes of adbrementioned

Revertaid igﬁbl-mﬁs%\éﬂls&st&@glz%refgpggﬁesx%&g% OFermant as) was added and

the reacti m xture was 'l nc r 2 hours. The reverse
transcri pt Bezkeaduseabdin Dadtechly (BMD) biaisuffiviait pioQuétisn dBfunichidhel .

The resul t:{{]g CDIF\‘IA was diluted 5 tinmes. To._eval uate AON nedi at ed exon
ski ppi ng i MYBHOPAE}PBPTOteIR bsiaseeepcresele cellpeitaeh ned:  PCRL:

anmpl i fi cat i@y 2hitaX Musdubir E%t@&fgﬁgﬂﬁf@% %%r@tgﬁﬁmi&%eif@cﬁngwﬁlew

| evel s. Prinmer sequences used: Xxon
TGAGCCTTTCEh&padiEhTsIGICEsSary BiRtesclas3melsoni tiATCABEAE BEECARACHAGETR.

o o i gL E oL EBLARRE XD Rl DL AL 2B e
TGAGCCTTT Cehb- Al phelleling necdVRALHP I Riction offdaddiee CCTGAGE TTAAA 3'
Duchenne Muscular Dystrophy (DMD), absence of dystrophin, a protein that

helpé keep muscle cells intact.

Emery-Dreifuss Muscular Dystrophy (EDMD), mutations in the genes that
produce emerin, lamin A or lamin C, proteins in the membrane that surrounds
the nucleus of each muscle cell. |
Facioscapulohumeral Muscular Dystrophy (FSH), a missing piece of DNA on
chromosome 4. :
Limb-Girdle Muscular. Dystrophy (LGMD), a mutation in any of at least 15
different genes that affect proteins necéssary for muscle function.

Myotonic Dystrophy (MMD), a repeated section of DNA on either chromosome

19 or chromosome 3.



PCR3: eval uation of cDNA synthesis with prinmers in GAPDH gene:
GAPDHf or: 5' GATCATCAGCAATGCCTCCT 3'; GAPDHrev: 5'

CCATCCACA , 3" PCRs were perfornmed with 40 cyc )
seconds d%ﬁ%@ ofi at 94C, 30 secongs annealing at SG@WEIO%%&O”S
seconds extension at 72C. PCR fragnents were visualized on an

et hi di um brom de-st ai ned agarose gel. Results Results are displayed
in Figure 1. All three PCRs generated fragnents of the expected size.

AON hBWMP4#2_.i ndugced ski ppi ng of _exon hi ghest congentratijon
st ed ( so0°tprEeeel B ronhyDHM Dy S for Ry (A)-
2007/ 123402RG8LN-pRRFH0P GIABPRA) ' REHRL' bBa it GPRRIO

is directly spli clgd to exon b. %’r ansggct}l%ecwﬁob%%roa%%gmmgné
concent r at i poteihs AOshd BNEWHOf 1n26¢e mblls.r esul ted in a conpl ete absence
of the BMP4 transcript. This was confirmed with the exon-internal PCR
of exon 3 of the BWMP4 gene (Panel A). In contrast, the control gene

GAPDH is still dghajokl MRidheRAs add(HRRRE rlsculad WySRbpMS thE nfu L ye
| oss of the BMP4 transcript. Since ski(i)pi ﬁg ao?!ygxog g'd%s'rusp%fésﬁ%&%\ﬂ

open readi rdystyopben inatfense@NmiDuckanmerdystrophén ishaleent habereronn Becker
skipping with this concentrati f. AON,has been so_.effectiye .t hat

t he transcrsloﬁes&szrqu’éﬁ I%BEBSFBPHP&‘FNH ?‘f‘i%lﬂneﬁtm?%r? Ot FERRGER
decay acti widd/or ¥Ne dBRitFoplon@estehdtd ShsornAIY RBMRA#Boficdisesshstdia | evel
of the intact BMP4 transcript and thus corrects BMP4 nRNA | evel s

t owar ds t heasaegited wehaesessyend-dikadinhenitancesDMD mestdty frop & (itsneeshift

AON hBMP4# . : 4 i .| ki ppi ng..
.QCccasi onal %@éﬁ@a@%@ gg%@i@egﬁ?@géémgﬁ&%ﬁﬁ@%ﬁgﬁ *E/)\%Ig'[@ mn
observed. HEhappbdudiodndd s anseatdaois furldiioha D¢ sibphiexsrtsk{g]PBMD

anti sense sequences in ndx x utrophin -1- mce; evaluation of nuscle
RGP sywiag

strength, SGFYSAN 2 coRssABPRCER{ 10p§ a8 g BVAD geae. As in Becker

ut r ophi n- def, i,k } : A o ssi ng
of el e mr oD RhaR if BiEell i 8 DD HIREE F S B0
then et al ,absemtBecket hanlgss eperatsy mptombithen BarchehnelSEk omgbe lof DMD is
st andard | aboy.at gr itiQns. imals.were fed regul ar . chqw_and .had
access to (ﬁairﬁ%q ﬁ{%\/\gﬁ@? ]éwpﬁﬁ aZ’éfeﬁ’égrlt@lf@ff?é' %Wﬁdho" ' BMD in

phosphor ot ke aéhd RNl eh Suldd JiS THR TR opRIsSion T HREREZRL IRV er and less

Eurogentec. The antisense sequences were targeted agal nst 1.the exon

23 - i nt r orprediciahle dhay Dyichenee. Matiends Prith B&HR can eyueive éntaOhid to late

GGCCAAA UA ...The s. nge of this AONis id i cal,.to the
AN sed by RRTITO PSR ISRt rhy i Yive gyt thit s
2007/ 123402PCT/ NL2007/ 050175 ‘

Dystrophin plays an important structural role in the muscle fiber,
connecting the extracellular matrix and the cytoskeleton. The N-terminal
region binds actin, whereas the C-terminal end is part of the dystrophin
glycoprotein complex (DGC), which spans the sarcolemmal[9]. In the absence of
dystrophin, mechanical stress leads to sarcolemmal ruptures, causing an
uncontrolled influx of calcium into the muscle fiber interior, thereby triggering

calcium-activated proteases and fiber necrosis[10].

A precursor of a differentiated cell has specific characteristics which
makes it differentiate into a cell with specific functions. These specific

characteristics comprise the presence and activation state of a category of



39 experinments in nmix mce and results in efficient skipping of the
nmut at ed exon 23 of the Dnd gene, resulting in production of

functi onal iLn protein[31;52]. 2. BW4. Designed
AON- 2 (AGA&%W AA) and AON-3 ( URGCUCGECUGGOGE0)  RELN LG5y 7s
MRNA sequence NM 007554. Before injections, AONs were diluted in in

0.9% (W v) NaC to a final concentration of 50 ng/m . Mce were
divided randomy in three groups. The first group was injected

W th 5 . oF e R i o liedoR bR dan el it GiBsoRHAATekp oaih Tade | on
to AON-1, Spiesentnfintf¥aNt ha8bedPtbuhd ﬂﬁﬁ&%&ﬁbﬂl‘%&%ﬁ codtlotfifig g@:g d é%;f{o
d e fir 700

injection, and 1, 2 and 3 weeks after t st 1njection,” _
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located. In another preferred embodiment of the invention said controlling

factor is located at the end of said signal-transduction cascade, effecting
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Insulin-Like Growth Factor ITis a multiplication-s;timulating factor. It
is a well-characterized neutral peptide believed to be secreted by the liver and
to circulate in the blood. It has growth-regulating, insulin-like and mitogenic
activities. Insulin-Like Growth Factor Binding Protein 3 (IGFBP3) is one of
the six homologous soluble proteins that bind insulin-like growth factors
(somatomedins) and modulate their mitogenic and metabolic actions at the

cellular level.
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Transforming growth factor (TGF) is one of many characterized growth
factors that exist in nature. Transforming Growth Factors are hormonally
active polypeptides that can induce the transformed phenotype when added to
normal, non-transformed cells. Their transfo.fming activities are due to the .
simultaneous action of two otherwise unrelated factors, transforming growth
factor alpha and transforming growth factor beta. In a preferred embodiment
the invention provides a use or a method according to the invention, wherein
said growth factor belongs to the transforming growth factor-8 (TGFB)
superfamily or is a functional part, derivative and/or analogue thereof. TGFB
is a factor synthesized in a wide variety of tissues. It acts synergistically with
TGF-alpha in inducing phenotypic transformation and can also act as a
negative autocrine growth factor. TGF-beta has a role in embryonal
development, cellular differentiation, hormone secretion, and immune
function. TGF-beta is found mostly as homodimer forms of separate gene
products TGF-betal, TGF-beta2 or TGF-beta3. Heterodimers composed of
TGF-betal and 2 (TGF-betal.2) or of TGF-beta2 and 3 (T'GF-beta2.3) have
been isolated. The TGF-beta proteins are synthesized as precursor proteins.
Transforming growth factor alpha is a factor that has been isolated in a variety
of tissues including epithelium, and maternal decidua. It is closely related to
epidermal growth factor and binds to the EGF receptor. TGF-alpha acts
synergistically with TGF-beta in inducing phenotypic transformation, but its

physiological role is unknown.

Myostatin (also known as Growth and Differentiation Factor 8) is a
growth factor that limits muscle tissue growth, i.e, higher concentrations of
myostatin in the body cause the individual to have lesser developed muscles.
The myostatin protein is produced in muscle cells, circulates in the blood and
acts on muscle tissue, apparently by slowing down the development of muscle

stem cells[11]. Myostatin is a member of the TGF-beta superfamily of proteins.
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In a preferred embodiment the invention provides a use and a method
according to the invention, wherein said controlling factor comprises

myostatin.

'Mechéni_sms that regulate cell differentiation also involve transcription
factors. In one embodiment the invention provides a use or a method according
to the invention, wherein said controlling factor comprises a transcription
factor. A transcription factor is a protein needed to initiate the transcription of
a gene. Transcription factors can be tissue-specific, which means that those
factors only have a function in the transcription of one or a few specific gene(s).
Alternatively the transcription factors can be general, being involved in the

start of transcription of many different genes.

In a particularly preferred embodiment, a method or use of the
invention is combined with another treatment for the genetic defect. As a first
example, in genetic defects that are the result of an absent or dysfunctional
gene product in a differentiated cell, a method or use of the invention is
preferably combined with a method for enhancing expression of the absent or
dysfunctional gene product in the differentiated cell. Thus the invention
further provides a use or a method according to the invention, further
comprising providing said individual with a medicament for providing said
differentiated cell with at least part of the normal function of said mutated
gene. As a second example, in genetic defects that are the result of an absent
or dysfunctional gene product in a differentiated cell, a method or use of the
invention is preferably combined with a method that uses transplantation of
precursor cells for said differentiated cells to the patient in order to generate
new and functional differentiated cells. The precursor cells may be derived
from healthy donors, but in that case the risk of rejection is high[13].

Therefore, precursor cells derived from the patient are preferred. Said
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precursor cells are genetically changed ex vivo to express a functional copy of
the gene affected by the mutation. The invention provides a method to correct
other defects in the precursor cells secondary to the genetic muta_tion, and

enhances the differentiation capacity of said precursor cells in vivo.

In a further embodiment the invention provides a use or method
according to the invention, wherein said aberrantly expressed gene is
identified by comparing an expression profile of said precursor cell of an
individual suffering from a genetic defect with a corresponding precursor cell
of a healthy individual. A gene is said to be aberrantly expressed when it is at
least 2-fold differentially expressed compared to said corresponding precursor
cell in said healthy individual.

In an example of the invention, a large-scale gene expression time
course study using primary human myoblast cultures is performed, wherein
myogenesis in DMD cells and the first reaction of the dif:ferentiating cell to the
absence of dystrophin are monitored. The results show a clear phasing of the
different stages in myogenesis. Already at the myoblast stage differences
appear and although differentiation seems to initiate at the same time in
healthy and DMD cultures, it is shown that the DMD cells differentiate less
efficiently. Studies have been performed previously which used géne
expression profiling to find pathways involved in the disease mechanism[14-
16]. These studies however, did not analyze molecular differences at the
precursor cell (imyoblast) level but were all focussed on the differentiated cell

(muscle cell) itself.

As a preferred example of the invention significant differences in gene
expression between healthy and DMD cell cultures have been observed. This
observation would not have been expected as the full-length dystrophin is not
yet expressed in myoblasts and Dp71 myoblast expression should not be
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hampered by the mutations as they are located upstream of the translation
initiation site[17]. One of the differentially expressed genes, Fibroblast growth
factor 2 (FGF2) is significantly lower expressed in DMD myoblasts. In vitro
and in vivo studies demonstrated an important role for FGF2 in the
recruitment of satellite cells into proliferation, The addition of recombinant
FGF2 enhanced the number of proliferating myoblasts by twofold and did not
suppress the initiation of differentiation[18-20]. In addition, Doukas et al.
demonstrated that targeted transgene delivery of FGF2 and FGF6 genes led to
an enhancement of skeletal muscle repair, showing the importance of the FGF
genes in regeneration[21]. These observations indicate that the lower DMD
myoblasig FGF2 expression observed in an example of the invention, can
explain the decreased myoblast proliferation in DMD cultures previously
reported[22-24].

Although proliferation capacity is probably reduced and differentiation
inhibited in DMD cell cultures, the results of an example of the invention
indicate that the timing of the different processes is similar. Genes involved in
proliferation are simultaneously downregulated after fusion induction in both
healthy and DMD cell cultures (MCM6, CCNB2, CDC28, CKS2 and RPAS3,
Figure 5, group ‘cell growth and maintenance’). During the actual fusion
process of myoblasts into myotubes however, gene expression differences
appear between healthy and DMD cell cultures, again pointing at an impaired
fusion potential of DMD cells. In an example of the invention genes have been
found to be aberrantly expressed that are involved in fusion of healthy
myoblasts but that probably do not participate in DMD myoblast fusion. Of
these, Membrane metallo-endopeptidase (MME) and Adlican
(DKFZp56411922) are thought to be involved in cell adhesion and cell-cell
signalling, which are important for cell fusion[25]. In the gene expression
study, Laminin alpha 2 (LAMAZ2) is continuously lower expressed in DMD cell

cultures, making them less adhesion competent. This explains the absence of
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the Laminin alpha 2 dependent adhesion force which has been reported
previously by Angoli et al. [26].

Surprisingly, Mitochondrial tumor suppressor 1 MTUS1) and.-
Endothelin receptor type A (EDNRA), both presumed to be involved in- .
signalling, are only upregulated in the DMD cells upon initiation of
differentiation. These genes are possibl__y part of alternative signalling

pathways due to the absence of Dystrdphin.

In a time-course study, differentiation and fusion of primary human
myoblasts info myotubes takes approximately 4 days. After this, almost no
expression changes are visible and genes are stably expressed[27]. A striking
phenomenon is the upregulation of the sarcomeric gene expression after
initiation of differentiation in both healthy and DMD cell cultures and a
subsequent significant decline, starting at day 6, detectable in DMD myotubes
only. The absence of dystrophin causes sarcomeric instability, resulting in a
secondary response which initiates 'downregulation of structural genes. Other
functional classes of proteins that are simultaneously up 6r downregulated
during myoblést differentiation do not show a difference in the later
timepoints, indicating that this negative feedback is a unique characteristic of

the sarcomeric proteins in DMD cultures.

Two present promising gene therapies are based on the re-establisment
of dystrophin in the DGC complex by either AAV-mediated introduction of a
micro-DMD gene or by skipping an exon to restore the reading frame of the
gene[28-36]. The results of an example of the invention indicate that the
effectiveness of these therapies might not fulfill the present expectations. Thus
far, studies focussed on the dystrophin protein and its localization, but did not
look specifically at the regeneration capacity of the muscle after therapy. The

presence of dystrophin only corrects the sarcomeric instability and might just
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alleviate (temporarily) but not cure the patients because regeneration
signalling pathways are not restored. From this 'viewpoint, it would be crucial
to start therapy early in life, before these changes have taken place.
Alternatively, additional (pharmaceutical} intervention to regain the normal
muscle regeneration capacity should be pursued. A use or a method according
to the invention could be applied in combination with a promising gene
therapy. In one embodiment the invention provides a use or a method
according to the invention, wherein said genetic muscular dystrophy is Becker
Muscular Dystrophy (BMD) or Duchenne Muscular Dystrophy (DMD). In a
preferred embodiment the invention provides a use or a method according to
the invention, coinprising skipping an exon of a dystrophin gene.

An example of the invention shows molecular differences between healthy and
DMD myoblasts during myogenesis. Decreased FGF2 levels and elevated
expression of BMP4 in DMD myoblasts reduce proliferation capacity and make
them less differentiation competent. In addition, lower expression of
sarcomeric proteins in DMD myotubes is observed. This combination of
reduced proliferation, impaired fusion and impaired maintenance of the DMD
myotubes leads to inefficient muscle regeneration and contributes to the severe

phenotype of DMD patients.

Transplantation of ex vivo expanded myoblasts to DMD patients is an
alternative and promising therapy[37]. There axre at least two options.
Treatment with myoblasts from healthy subjects or autologous cell
transplantation. In the first case, the rejection of the cells by the host due to
the induction of an immune response is a major concern[13].
Immunocompatible donors, preferably family members[37;38], or
immunosuppressants[39;40] are employed to control this immune response.
Autologous cell transplantation has the advantage of a reduced chance of
rejection by the immune syStem. Before autologous transplantation, the gene

defect has to be corrected by introduction of a functional transgene[41] or an
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expression cassette that produces exon skipping antisense sequences[4]. In an

example of the invention, a microDMD gene is introduced using an

recombinant AAV. In one embodiment the invention providé_s auvseora

method according to the invention of an antisense oligonucleotide or siRNA

against BMP4 to reduce the expression of BMP4 in autologous myoblasts, and
'to enhance the regenerative potential of said autologous ‘myoblasts ina

patient.

The invention further provides the use of a compound for modifying
expression of a gene,wfor the manufacture of 2 medicament for alleviating a
symptom of a genetic disease in an individual, wherein said disease is the
result of a genetic defect in a differentiated cell of said individual, wherein said
gene is aberrantly expressed in a precursor of said differentiated cell and
wherein said aberrant expression is not directly related to the mutation
underlying said genetic defect. In a preferred embodiment said mutation
underlying said genetic defect is associated with a gene and is a result of no or
defective protein synthesis from said gene (mutated gene). In a further
preferred embodiment modifying said expression comprises lowering
expression when said aberrantly expressed gene is over-expressed in said
precursor cell and elevating expression when said aberrantly expressed gene is
under-expressed in said precursor cell. In a preferred embodiment said
aberrantly expressed gene is a controlling factor in the differentiation of said
precursor cell into said differentiated cell. Preferably said controlling factor
comprises a growth factor or a functional part, derivative éndfor analogue
thereof. Preferably said growth factor belongs to the transforming growth
factor-8 (TGFB) superfamily or is a functional part, derivative and/or analogue
thereof. Preferably said growth factor belonging to the transforming growth
factor-beta superfamily is Bone Morphogenetic Protein 4 (BMP4) or a

functional part, derivative and/or analogue thereof. Preferably said controlling
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factor comprises a (transcription) factor that influences the expression of said
aberrantly expressed gene.
The invention further provides a method for stimulating differentiation of
myoblast cells comprising providing said myoblast cells with a compound for
inhibiting expression of a growth factor in éaid myoblast cells. Preferably said

~ inhibition comprises inhibiting BMP-4 mRNA expression in said myoblast
cells. Preferably said method further comprises contacting said myoblast cells
with mature muscle cells. Preferably said mature muscle cells are derived from
a subject that suffers from a genetic muscular dystrophy. Preferably said
contacting is done by transplanting said myoblast cells into said individual.
Preferably said transplazited myoblast cells are from a matched donor.
Preferably, the myoblast cells are autologous myoblast cells. Preferably
inhibiting BMP-4 mRNA expression in said myoblast cells comprises providing
said myoblast cells or precursors thereof with a BMP-4 oligonucleotide that is
complementary to said BMP-4 gene (anti-sense). Preferably said myoblast cells
or precursors thereof are in vitro provided with said BMP-4 anti-sense
oligonucleotide. The invention further provides a collection myoblast cells or
precursors thereof comprising a BMP-4 anti-sense oligonucleotide.

Further provided is a use or a method of the invention wherein said
precursor is a myoblast or a precursor thereof. Preferably said expression is
inhibited by means of a virally transduced DNA sequence. Preferably saici
genetic disease comprises a genetic muscular dystrophy. Preferably said
genetic muscﬁlar dystrophy comprises one of the following diseases: Duchenne
Muscular Dystrophy (DMD), Becker Muscular Dystrophy (BMD), Congenital
Muscular Dystrophy (CMD), Distal Muscular Dystrophy (DD), Emery-Dreifuss
Muscular Dystrophy (EDMD), Facioscapulohumeral Muscular Dystrophy
(FSH), Limb-Girdle Muscular Dystrophy (LGMD), Myotonic Dystrophy
(MMD), Oculopharyngeal Muscular Dystrophy (OPMD). Preferably said
compound comprises a protein inhibitor. Preferably wherein said protein

inhibitor comprises a growth factor inhibitor or antagonist, preferably a BMP-
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2. 07E- 07 comprises noggin, chordin, ventroptin, twisted gastrulation, gremlin or other
members of the DAN family of BMP4 antagonists, PRDC, sclerostin, CTGF
and/or follistatin or a functional part, derivative and/or analogue or a
functional part, derivative and/or analogue thereof.
Preferably a method or use of the invention further comprises use of a second
compound for the preparation of a medicament of for treatment of said
individual wherein said second compound provides said differentiated cell with
at least part of the normal function of said mutated gene. Preferably said
genetic muscular dystroﬁhy is Duchenne Muscular Dystrophy (DMD) or
Becker Muscular Dystrophy éBMD). Preferably said second compound
comprises an oligonucleotide, or functional equivalent thereof, for skipping an
exon of a dystrophin gene. Preferably said second compound comprises an
oligonucleotide or functional equivalent thereof complementary to an exon of a

dystrophin gene.

In a preferred aspect the invention provides the use of a compound for
reducing, inhibiting and/or antagonizing expression of Bone Morphogenetic
Protein 4 (BMP4) in a cell, for the manufacture of a medicament for alleviating
a symptom of a genetic muscular dystrophy in an individual. Preferably said
cell is a myoblast cell or a precursor thereof. Preferably said compound

comprises an antisense RNA or a functional equivalent thereof.

The invention further provides a method for stimulating differentiation
of a myoblast cell comprising providing said myoblast cell with a compound for
reducing, inhibiting and/or antagonizing expression of BMP4 in said myoblast
cell. Preferably said compound (is capable of reducing and/or inhibiting)
decreases and/or inhibits BMP4 mRNA expression in said myoblast cell. In
another preferred embodiment said compound (is capable of antagonizing)

antagonizes the function of BMP-4. A use and/or method according to the
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muscle cell. In a preferred embodiment said mature muscle cell is derived from
a subject that suffers from said genetic muscular dystrophy. A method of the
invention for reducing and/or inhibiting BMP4 mRNA expression in said
myoblast cell comprises providing said myoblast cell or a precursor thereof
with a BMP4 oligonucleotide that is complementary to said BMP4 gene (anti-
sense). Preferably said myoblast cells or precﬁrsors thereof are in vitro
provided with said BMP-4 anti-sense oligonucleotide.

The invention further provides a collection of myoblast cells or
precursors thereof comprising a BMP-4 anti-sense oligonucleotide.

Reducing and/or inhibiting expression of BMP4 is preferably achieved
by means of a virally transduced DNA sequence. Preferably said compound is
provided to said cell by means of a viral vector. Preferably said genetic
muscular dystrophy comprises one of the following diseases: Duchenne
Muscular Dystrophy (DMD), Becker Muscular Dystrophy (BMD), Congenital
Muscular Dystrophy (CMD), Distal Muscular Dystrophy (DD), Emery-Dreifuss
Muscular Dystrophy (EDMD), Facioscapulohumeral Muscular Dystrophy
(FFSH), Limb-Girdle Muscular Dystrophy (LGMD), Myotonic Dystrophy
(MMD), Oculopharyngeal Muscular Dystrophy (OPMD). Preferably said
compound comprises a protein inhibitor. Preferably said compound comprises
a BMP4 inhibitor or antagonist. Preferably said inhibitor or antagonist
comprises noggin, chordin, ventroptin, twisted gastrulation, gremlin or other
members of the DAN family of BMP4 antagonists, PRDC, sclerostin, CTGF
and/or follistatin or a functional part, derivative and/or analogue or a
functional part, derivative and/or anaiogu_e thereof. Preferably a method or use
of the invention further comprises use of a second compound for the
preparation of a medicament for treatment of said individual wherein said
second compound provides a muscle cell of said individual with at least part of
the normal function of a gene that is associated with said genetic muscular

dystrophy {mutated gene). Preferably said genetic muscular dystrophy is
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Duchenne Muscular Dystrophy (DMD) or Becker Muscular Dystrophy (BMD).
Preferably said second compound comprises an oligonucleotide, or functional

equivalent thereof, for skipping an exon of a dystrophin gene.

In a further aspect the invention provides a method for determining
whether a BMP4 anti-sense olig_onut;leoi:ide or a functional equivalent thereof
is capable of inducing skipping of an exon in a BMP4 pre-mRNA contaihing
said exon, said method compris'mg providing a cell expression said BMP4 pre-
mRNA with said oligonucleotide and determining whether said exon is absent
from mature mRNA produced from said pre-mRNA. Preferably, the skipping of
an exon in the BMP4 mRNA reduces the production level of functional BMP4
protein levels. Exon skipping in BMP4 and DMD has different objectives:
reading frame disruption (or exclusion of an essential stretch of amino acids;
BMP4) vs reading frame correction (DMD). A oligonucleotide or functional
equivalent thereof is said to be effective in inducing skipping of said exon, if
more than 5 and preferably more than 10% of the mRNA resulting from
splicing of said pre-mRNA in said method does not contain said exon, as
measured in vitro by means of an nucleic acid amplification reaction
(preferably polymerase chain reaction, PCR) with primers in exons flanking
said exon (that is térgeted by said anti-sense oligonucleotide or functional
equivalent thereof). Preferably said anti-sense oligonucleotide or a functional
equivalent thereof is complementary to said exon, In a particularly preferred
embodiment said anti-sense oligonucleotide or a functional equivalent thereof
is complementary to an exon-internal part of said exon. An exon-internal part
of said exon is herein defined as a part that is compleméntary to said exon and
that does not include intronic sequence immediately flanking said exon.
Preferably said exon-internal oligonucleotide or functional equivalent thereof
does not comprise one or both of the two exon splice acceptor and/or exon splice
donor nucleotides flanking said exon. Preferably said anti-sense

oligonucleotide or a functional equivalent thereof is complementary to exon 4
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of BMP4. Some BMP4 transcripts start in exon-2. Alternative splice variants
may also exist. In these case the numbering of the exons is counted from the
exon identified by AON hBMP4#2, and this exon is given the number 4 also if
the actual number of exons included in the mRNA before. exOn 4 is-lower or -
higher than 3. The invention further prowdes ohgonucleotlde havmg the. -
sequence of AON hBMP4#2 - ' C

The invention further provides the use of an anti-sense

oligonucleotide or a functional equivalent thereof that is complementary to an
" exon of BMP-4, for skipping said exon in a BMP4 pre-mRNA.

An anti-sense oligonucleotide or a functioﬁal equivalent thereof is
complementary to an exon of BMP-4 for use in the treatment of a genetic
muscular dystrophy. Further provided is the use of an anti-sense
oligonucleotide or a functional equivalent thereof is complementary to an exon
of BMP-4 for the preparation of a medicament for the treatment of a genetic
muscular dystrophy. Said anti-sense oligonucleotide or functional equivalent
thereof can be provided to said cell by a number of different methods. A
preferred method is without any means for enhancing transfer of said
oligonucleotide or functional equivalent thereof to said cell. This is particularly
preferred in case of in vivo administration of said oligonucleotide or functional
equivalent thereof. In another preferred embodiment said anti-sense
oligonucleotide is provided to said cell by means of a viral vector. In a
preferred embodiment said viral vector comprises an expression cassette for

expression of said anti-sense oligonucleotide.
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Examples
Example 1

Material and methods

Cell culture

Primary human myoblasts were isolated from skeletal muscle biopsies [42] of
three healthy individuals (KM109, KM108 and HPP4) and three DMD patients
(D1.589.2 [exon 51-55 deletion], D1.470.2 [exon 46-50 deletion] and
50685.1[exon 48-50 deletion])[42;43]. The age at time of biopsy varied from 2-
14 years. The cultures consist of myoblasts and other cell types that were
present in the original biopsy. The proportion of myoblasts was determined for
each biopsy by desmin staining and cell counting as described[44]. Healthy and
DMD cultures did not differ in the average percentage of myoblasts (57 £ 20%).
Cells were grown in proliferation medium in collagen-coated culture flasks.
When cells were 80% confluent, differentiation was initiated by replacing the
high-serum medium with low-serum medium[27]. All cell cultures used for the

experiments had passage numbers between 4 and 10.

c¢DNA hybridization |

cDNA microarrays containing 4417 muscle-related genes and ESTs (spotted in
triplicate) from a human sequence-verified 40K 1.M.AG.E. cDNA library
(Research Genetics) were used and these were PCR-amplified, printed and pre-
hybridized as described[27;45]. Total RNA from the six different cell cultures
was isolated at days 0, 1, 2, 4, 6, 10 and 14, amplified, labeled and co-
hybridized with a common reference as described[27;45]. The quality and
quantity of the total RNA and ¢cRNA was checked with the Bioanalyzer Lab-
on-a-Chip RNA nano assay (Agilent Technologies).
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Data analysis

All slides were scanned with an Agilent scanner (Model 2565BA) and spot
intensities were quantified with the GenePix Pro 3.0 program (Axon
Instruments). Raw intensity files were imported into Rosetta Resolver® v4.0
(Rosetta Biosoftware) and normalized with the Axon/Genepix error model. Per
condition (healthy or DMD), 9 measurements per gene were considered (3
biological replicates, 3 technical replicates) and a stringent data-analysis |
procedure was performed. Genes with a normalized intensity higher than the
average + 2 standard deviations (SDs) of the negative array controls, were
analyzed. This had to be consistent in one condition (healthy or DMD) and in
at least one timepoint. Error-weighted two-way ANOVA was performed with
time, disease state and the interaction between time and disease state as
variables. Genes were considered differentially expressed when the P-value for
disease state was < 1 x 10-5 (Bonferroni corrected). Genes differentially
expressed in time (P < 1 x 10-5) were functionally divided into groups using
Gene Ontology Tree Machine[46].

Quantitative RT-PCR

cDNA was prepared from total RNA of all 6 cell cultures by reverse
transcription using random hexamers and 0.5 mg total RNA as template. PCR
primer pairs were designed using Primer3 (http:llwwwfgenome.wi.mit.edu/cgi-
bin/primer/primer3.cgi/). The oligonucleotide primer pairs used for each of the
genes in this study correspond to the following nucleotides: glyceralde-hyde-3-
phospate dehydrogenase, 510-529 and 625-644 (NM_002046); BMP4 394-413
and 484-503 (NM_001202) and AQP1 1129-1148 and 1227-1246
(NM_198098.1). Quantitative PCRs (Lightcycler, Roche) were performed as
described with an annealing temperature of 58°C (for GAPDH and BMP4) or
62°C (for AQP1)[27]. Optimal ¢cDNA dilutions and relative concentrations were

determined using a dilution series per gene. Each gene was normalized to the
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abundance of glyceraldehyde-3-phospate dehydrogenase mRNA (sliows

constant expression over time on the arrays).

RT-MLPA

MLPA probes were designed following the criteria described in[47]. The
reaction was carried out on 50 ng total RNA as described in{48], excépt that all
oligonucleotides used as half probes were chemically synthesized (Illumina Inc,
San Diego), and two fluorophores were used during the PCR reaction[49]. Two
ml of 1abelled PCR product was mixed with 10 ml formamide and 0.05 ml
ROX500 size standard and separated on an ABI3700 capillary sequencer
(Applied Biosystems). As there was a considerable raﬁge in peak heights 1:10
dilutions were loaded where necessary to obtain sufficient non-saturated
signals. Data was exported to Excel for further analysis.

For each probe the relative peak height was used as a measure of intensity.
Normalization was performed by dividing the relative peak height of each
probe by the sum of the peak height of two control probes amplified with the
same fluorophore. The control probes were targetted to genes that showed no
significant change in expression level in the array analysis (Calnexin and
Protein phosphatase 3 regulatory subunit B). Standard exror was calculated on

basis of 6 measurements (3 cultures measured in duplicate).

Differentiation assay and immunohistochemical analysis

Recombinant Human BMP4 (R&D Systems Inc.) was added to the cells at
different concentrations (between 0.3 and 30 ng/ml) upon initiation of
differentiation. During medium change, new BMP4 was added (every 4 days).
Cells were fixed with 100% methanol (-20°C) at 7 or 11 days after serum
deprivation. Immunohistochemical staining was performed as described
previously[44;49]. Differentiation index was calculated by dividing the number
of myosin positive cells by the number of desmin positive cells (= myogenic

cells able to differentiate) x 100%. For the analysis, a generalized linear
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regression model was fitted to explain the differences in the differentiation as
a function of day (7 or 11), concentration (0, 0.3, 1, 3, 10 and 30 ng/ml) and cell
line (healthy and DMD). The computations were run using R 2.0.1[50]. The
model included a term representing the interaction between cell line and
concentration, which is the term used to identify individual concentration
levels for which the cell line displayed statistically significant differentiation
proportions. Probability distributions_ were associated with the (model) exror,

and both normal and binominal error distribution were calculated.
Results

To explore the differentiating potential of human DMD myoblasts, a large-
scale gene expression analysis has been performed. Human primary skele'tall
muscle cell cultures of 6 different individuals (3 healthy, 3 DMD) were
analyzed with a muscle-related cDNA array. RNA was isolated at the myoblast
stage (day 0) and at different days of differentiation (day 1, 2, 4, 6, 10 and 14).
To find genes differentially expressed, an error-weighted two-way ANOVA was
performed with time, disease state and the interaction between time and
disease state as variables. Of the 4010 unique genes present on the array, 2423
gave a significant signal on at least one timepoint in either all the healthy
samples or all the DMD samples. 94 genes were differentially expressed
between healthy and DMD cultures (52 down, 42 up in DMD, p (disease state)
< 1-10-5). Surprisingly, already in undifferentiated cells (t = 0), 7 genes showed
more than a 2-fold difference in RNA expression level (Table 1 and
Supplemental Table 1a/b). Two of these (AQP1 and BMP4), are continuously
higher expressed in DMD over the whole time course. This difference was
confirmed with quantitative RT-PCR (Figure 1),

Dahlqvist et al. previously demonstrated in immortalized mouse myoblasts
(C2C12) that BMP4 has an inhibitory _effect on muscle differentiation[51}. To
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determine if this holds true in pimary human myoblast cultures and to find
out if healthy and DMD cells respond differently, recombinant BMP4 was
added to the cells. Addition of recombinant BMP4 to the fusion medium at t =
0 resulted in a concentration-dependent reduction of cell fusion (less
multinucleated, myosin-positive cells) in both healthy and DMD cell cultures
(Figure 2, 3 and supplemental Figure 1). DMD cells were significantly more
sensitive to BMP4 (p < 0.05) since a 3-fold lower concentration causes a similar
degree of differentiation inhibition (Table 2 and 8). The results presented
correspond to using the normal distribution as error distribution (both normal

and binominal error distributions yielded similar conclusions).

Along with genes that were differentially expressed between healthy and DMD
over the whole time course, there was a small group of genes whose expression
patterns start to diverge after induction of differentiation (p (disease state) <
1-10-5). Figure 4 shows that these genes can be divided into two groups.
Firstly, genes upregulated during the fusion in healthy cell cultures that
remain low in DMD cultures (BF, Adlican and MME). Secondly, two genes
with a constant low expression level in healthy cell cultures, but upregulated
during fusion of DMD cells (MTUS1 and EDNRA). These results were
confirmed with RT-MLPA (Supplemental Figure 2), The RT-MLPA is é
technique that allows the rapid and simultaneous quantification of up to 40
transcripts in a single reaction. This technique was chosen as it allows
multiple samples and transcripts to be tested in a faster and cheaper assay

than quantitative RT-PCR.

The two-way ANOVA also reveals genes whose expression changes equally in
the timecourse of both healthy and DMD cultures (n = 68, p (time) < 110-5).
The role of these genes in myogenesis has been discussed in a previous
paper[27]. Using Gene Ontology Tree Machine, these genes were functionally
annotated[46]. Figure 5 shows the average expression patterns for healthy and
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DMD cells (functional groups containing = 6 genes). The sarcomeric proteins (n
= 10) showed a significantly decreased expression at later time points in DMD
compared to healthy cells (paired T-test, p < 0.01). Other functional categories

showed similar expression pattern changes in healthy and DMD cultures.
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Example 2

Downregulation of BMP4 expression in Duchenne myoblasts by exon skipping
AONs

Human myoblats, isolated from a skeletal muscle biopsy of a Duchenne patient
(DL589.2) were proliferated in 6-well dishes to a confluency of 50% (for details
see example 1). Twenty four hours before transfection, cells were put on low-
serum differentiation medium. Cells were transfected with the AONs (2-0-
methyl phosphorothioate) mentioned below, at a concentration of 100, 200, or
500 nM, or left untreated:

AON sequences:

hBMP4-#1: 5 gca ugg cuc geg ccu ceu age ag 3

hBMP4-#2: 5’ cca gug cug ugg auc uge ucu u 3’

FAM-AON: 5-FAM-cuu cca cau ccg g'uu guuu 3

The first two oligonucleotides are designed against exon internal sequences in
exon 4 of human BMP4, transcript variant 1 (NM_001202). The last
oligonucleotide is a control oligonucleotide which should not affect BMP4
expression, and contains a 5 FAM-label to allow fluorescent detection of

oligonucleotide uptake.

AONSs were transfected with the Exgen500 transfection reagent (MBI
Fermentas, 2 pl per pg AON). At 8 hours of transfection, the transfection
complex was washed away and fresh differentiation medium was added to the
cells. At 6 hours after transfection, nuclei of the FAM-AON transfected
myoblasts were brightly fluorescent, indicative of high nuclear uptake of the
AQONs.
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At 24 hours after transfection, cells were lysed in RNABee solution (Isotex
Diagnostics) and RNA was isolated using the manufacturer-supplied protocol.
RNA was transcribed into cDNA by incubating 200 ng of total RNA with 40 ng
of random hexamer primers in 13 pl of DEPC-water for 10 minutes at 70°C.
After cooling on ice, 4 pl of 5x first strand buffer, 2 pl of 10 mM dNTPs, and 1
ul of Revertaid RnaseH- reverse transcriptase (MBi Fermentas) was added
and the reaction mixture was incubated at 42 °C for 2 hours. The reverse
transcriptase was inactivated by incubation at 70°C for 15 minutes. The

resulting cDNA was diluted 5 times.

To evaluate AON-mediated exon skipping in the BMP4, the following PCRS
were performed:

PCR1: amplification of exon 3 of the BMP4 gene, to assess overall BMP4
mRNA levels. Primer sequences used: BMP4exon3for:
TGAGCCTTTCCAGCAAGTTTGTT 3’; BMP4exon3rev: 5
ATCAGCATTCGGTTACCAGG 3

PCR2: evaluation of the skipping of exon 4 by amplification with primers in
exon 3 and exon 5: BMP4exon3for: 5 TGAGCCTTTCCAGCAAGTTTGTT 3’;
BMP4exonbrev: 5 GGGATGCTGCTGAGGTTAAA 3

PCR3: evaluation of cDNA synthesis with primers in GAPDH gene:
GAPDHfor: 5’ GATCATCAGCAATGCCTCCT 3’; GAPDHrev: 5
CCATCCACAGTCTTCTGGGT &

PCRs were performed with 40 cycles of 30 seconds denaturation at 94°C, 30
seconds annealing at 56°C and 30 seconds extension at 72°C.

PCR fragments were visualized on an ethidium-bromide-stained agarose gel.

Results

Results are displayed in Figure 1. All three PCRs generated fragments of the
expected size. AON hBMP4#2 induced skipping of exon 4 at the highest
concentration tested (500 nM) (Figure 1; Panel B), visible as a shorter
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fragment of 142 bp, in which exon 3 is directly spliced to exon 5. Transfection
with a lower concentration of AON hBMP4#2 (200 nM) resulted in a complete
absence of the BMP4 transcript. This was confirmed with the exon-interhal
PCR of exon 3 of the BMP4 gene (Panel A).In co_ntraét, the control gene
GAPDH 1s still stably expressed (Panel C), indicative of a selective loss of the
BMP4 transeript. Since skipping of exon 4 disrupts the open reading frame in
the BMP4 transcript, we think that exon skipping with this concentration of
AON has been so éffective that the transcripts is lost due to highly efficient
nonsense mediated decay activity. At both concentrations, AON hBMP4#2
reduced the level of the intact BMP4 transcript and thus corrects BMP4
mRNA levels towards the normal levels in myoblast cultures from healthy
subjects. AON hBMP4#1 and the control FAM-AON did not induce exon
skipping. Occasionally, activation of a cryptic splice site in exon 4 was

observed.

Example 3
Antisense against BMP4 and DMD exon skipping antisense sequences in mdx
% utrophin -/- mice; evaluation of muscle strength, survival, protein and RNA.

levels

Dystrophin and utrophin-deficient mice (mdx.utrn-- mice) were generated by

crossing of male mdx*0.utrn’ hDMD*- mice female mdx**.utrn’~ hDMD*- ('t

Hoen et al, manuscript in preparation). Mice were housed under standard

laboratory conditions. Animals were fed regular chow and had access to

drinking water ad libitum.

20-mer 2'-O-methyl phosphorothioate ribonucleic acids were were synthesized

- by Eurogentec. The antisense sequences were targeted against
1. the exon 23 - intron 23 boundary of the murine Dmd gene, sequence

AON-1: GGCCAAACCUCGGCUUACCU. The sequence of this AON is
identical to the AON used by Mann et al. and Lu et al. in their
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experiments in mdx mice and results in efficient skipping of the
mutated exon 23 of the Dmd gene, resulting in production of
functional dystrophin protein{31;52]. _

2. BMP4. Designed sequences AON-2 (AGACUGGAGCCGGUAA) and
AON-3 (U GGCUCGGCUGGCGGG) in exon 2 of mRNA sequence
NM_007554. '

Before injections, AONs were diluted in in 0.9% (w/v) NaCl to a final
concentration of 50 mg/ml. Mice were divided randomly in three groups. The
first group was injected intravenously, starting at the age of 21 days, for 5
consecutive days with 5 mg of AON-1. The second and third groups received, in
addition to AON-1, 5 x 5 mg of AON-2 or AON-3, respectively.

Before the first injection, and 1, 2 and 3 weeks after the first injection, a blood
sample was taken for determination of creatine kinase activity (a well-
established bioessay for muscle damage). At these same time points, animals
were forced to run on a Rotarad device and the period of time before the mice
fell off was recorded (a bioessay for muscle strength). At three weeks after
injection, Evans blue was administered intraperitoneally (10 mg / kg body
weight) to stain damaged muscles. Mice were sacrificed by cercival dislocation,
and the gastrocnemius, quadriceps, tibialis anterior, heart and diafragm
muscle were isolated and snap frozen in liquid nitrogen before further

processing.

Levels of corrected dystrophin mRNA transcript were measured as described
before{53]. Dystrophin protein levels were determined by Western blotting as
described[53]. Standard hematoxylin/eosin staining was performed on 10 um
cryosections of the muscles to assess muscle histology. The average fibre cross-
sectional area was determined. Evans blue positive areas in 10 sections per
muscle were determined as a measure for muscle damage. Immunostaining

with the NCL-DYS2 and CD4 antibody was performed on the sections to
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analyze for the presence dystrophin and the presence of immune
infiltrates[53].

Example 4
Genetic correction of gene defect in mdx myoblast cultures and coinjection of

these myoblasts to mdx mice with the BMP4 inhibitor Noggin.

Dystrophin and utrophin-deficient mice (mdx.utrn’- mice) were generated by
crossing of male mdx*?, utrn- hDMD+ mice female mdx**,utrn’~ hDMD*- ('t
Hoen et al, manuscript in preparation). Mice were housed under standard
laboratory conditions. Animals were fed regular chow and had access to
drinking water ad Libitum.

Mouse myoblasts were obtained from the isolated hindlimb muscle of male
mdx*0 utrn’- mice by standard collagenase / dispase treatment and culturing
on collagen-coated dishes in standard proliferation medium [22]. Proliferéting
myoblasts (1x106 cells / mouse) were transfected with 500 nM of AON-1:
GGCCAAACCUCGGCUUACCU (2'-O-methyl phosphorothioate, Eurogentec),
complexed with polyethylenimine (Exgen500, MBI Fermentas, 3.5 pul per pug
AON). At 2 days after transcfection, cells were pelleted and taken wp in 7 ul
Hank's balanced salt solution, containing or not Noggin, a well-known BMP4
inhibitor (different amounts: 0, 10, 50 or 100 ng). Cells were injected in the
tibialis anterior muscle of female mdx*"*.utrn’ mice with a 50 pm-tip glass
pipette. At 3 or 10 days after the injection, mice were sacrificed, and serial
cryosections were made. Sections were stained with heamoxylin/eosin and with
dystrophin and Y-chromosome-specific antibodies to analyze for cell survival,

migration and dystrophin expression.
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Brief description of the drawings

Figure 1. Gene expression of AQPI (A) and BMP4 (B) determined with
oligonucleotide microarrays (_u_pper panel) or quantitative RT-PCR (lc__)wer__
panel) (Lightcycler, Roche). On the x-axis time is displayed in days. On the y-
axis either the log 2 expression ratio (normalized to healﬁhy att=0) or th_é -
A(Ct) (normalized to healthy at ¢ - 0) are displayed. The Ct value is
proportional to the 2log of the initial amount of mRNA and thus comparible to
the 2log expression ratio. Vertical bars represent standard deviations of the
different cultures (n = 3).

Figure 2. Immunochistochemical staining of healthy and DMD myotubes
incubated with different concentrations of BMP4, evaluated on day 7 of
differentiation. Cells were stained with DAPI (blue) and antibodies to desmin

(red) and myosin (green).

Figure 3. Differentiation index of healthy and DMD myoblasts after addition of
different concentrations of recombinant BMP4. Cells were fixed at day 7.
Regression model, ** p < 0.01, * p < 0.05.

Figure 4. Log2 gene expression ratios of genes differentially expressed between
healthy and DMD myoblasts after induction of differentiation; BF, MME,
Adlican, MTUS 1, EDNRA. Vertical bars show standard deviations of the
different lines used (u = 3).

Figure 5. Mean log2 gene expression of genes in different functional categories
during healthy and DMD myoblast fusion. Sarcomeric genes show in late DMD
myogenesis (day 6, 10 and 14) a decrease in gene expression. * Paired t-test, p
< 0.01. Genes involved in other functional categories (cell growth and

maintenance, protein binding, metabolism up and metabolism down) do not
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show a significant difference between healthy and DMD at any time point (n >
6).

Figure 6. Ethidium bromide-stained agarose gel demonstrating the antisense
oligonucleotide-mediated skipping of exon 4 of human BMP4 in myoblasts of a
Duchenne patient (experiment described asexample 2). Panel A shows the
fragments obtained with PCR 1 (exon 3 of the BMP4 mRNA); panel B shows
the fragments obtained with PCR 2 (exon 3 — 5 of the BMP4 mRNA). The
product in which exon 4 is skipped has a size of 142 nucleotides. Panel C shows
the fragments obtained with PCR 3 (GAPDH mRNA).

Supplemental Figure 1. Differentiation index of healthy and DMD myoblasts
after addition of different concentrations of recombinant BMP4. Cells were

fixed at day 11. Regression model, * p < 0.05.

Supplemental Figure 2. Gene expression levels of genes differentially
expressed in time between healthy and DMD myoblast fusion tested with RT-
MLPA; BF, MME, Adlican, MTUS1. Vertical bars show standard error for the

different lines used (n = 3).
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Table 2: Generalized linear regression model for differentiation index

Coefficients

Intercept

Cell line (DMD)

Concentration BMP4 0.3 ng/ml
Concentration BMP4 1 ng/ml
Concentration BMP4 3 ng/ml
Concentration BMP4 10 ng/ml
Concentration BMP4 30 ng/ml
Days in differentiaton (11 days)
Int. cell line - con. BMP4 0.3 ng/ml
Int. cell line - con. BMP4 1 ng/ml
Int. cell line - con. BMP4 3 ng/ml
Int. cell line - con. BMP4 10 ng/ml
Int. cell line - con. BMP4 30 ng/ml

P-value
4.02 - 10:7***
0.22844
0.478565
0.30271
0.86939
0.48777
0.00867 *#
0.09281
0.25261
0.08274
0.43757
0.04648 *
0.00756 **

Intercept: baseline proporticon for the healthy cell culture, with 0.3 ng/ml

BMP4 at day 7.
¥ P <0001, ** P <001, *P<0.05

Table 3: Generalized linear regression model for differentiation index,

ANOVA table

Variables P-value

Cell line 0.04069 *
Concentration BMP4 4.74e-05 ***
Days in diffentiation 0.09281

Int. cell line - concentration 0.08305

*** P <0.001, ** P<0.01, * P <0.05

Supplemental table 2: Generalized linear regression model for

differentiation index

Coefficients

Intercepi

Cell line (DMD)

Concentration BMP4 0.3 ng/m]
Concentration BMP4 1 ng/ml
Concentration BMP4 3 ng/ml
Concentration BMP4 10 ng/ml
Concentration BMP4 30 ng/ml
Days in differentiaton (11 days)
Int. cell line - con. BMP4 0.3 ng/m]l
Int. cell line - con. BMP4 1 ngfml
Int. cell line - con. BMP4 3 ng/m]l
Int. cell line - con. BMP4 10 ng/ml
Int. cell line - con. BMP4 30 ng/ml

P-value
4.02 - 107 %*%*
0.22844
0.47856
0.30271
0.86939
0.48777
0.00867 **
0.09281
0.25261
0.08274
0.43757
0.04648 *
0.00756 **

Intercept: baseline proportion for the healthy cell culture, with 0.3 ngfml BMP4 at day 7.

**% P <0001, **P<0.01,*P<0.05
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Supplemental table 3: Generalized linear regression model for
differentiation index, ANOVA table

Variables P-value
Cell line 0.04089 *
Conceniration BMP4 4.74e-05 ***
Days in diffentiation 0.09281

Int. cell line - concentration 0.08305

% P<0.001,** P <0.01, *P <0,05
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Suppl enental Table |Ib: Genes showi ng differential gene expression
bet ween hegl t DVD nyobl ast fusion (Genes downreg | )
Lo92 expreggyﬁﬁ”@?&?erence (DVD- heal t hy) Genbank Nanesgéﬁgﬁg@hmﬁgwg
p-val ue0 R38539 FGF2fi broblast g 1.26E-12 -1.15 M98601
| GFBP3i nsulin-1ike 5. 12E-12 -1.23 HO07926 ACAA2 *acetyl-Coe' 1.16E-10
-0.56 R42685 | MPA2 *inositol (my, 1.50E-10 -0.71 R51218 PI 08Transl oki n
3.66E-10 -0.63 MA01441 BF*B-factor, pi 6.90E-10 -0.15 AA669750
ESTTranscri be' 9.65E-10 -0.78
Supplemental Table 1a: Genes showing differential gene expression between
healthy and DMD myoblast fusion {Genes upregulated in DMD)

Log2 expression 'difference {DMD-healthy)

Sequence

Genbank Name p-value 0 1 2 4 6 0 14
H24316 AQP1*  aquaporin 1.11E-16 2.70 327 292 3.12.244 280 1.99
AI268273 MAP3KS * mitogen-ac 1.11E-16  0.97 1.15 085 0.7 0.61 0.77 0.65
L06622 EDNRA* endothelin 1:11E-16 -0.17 062 1.53 1.52 1.64 136 165
AA463225 BMPA*  bonemorp 1.55E-15 1.62 1.08 153 1.62 1.17 1.36 0.70 .
AA496896 MTSG1*  transcriptio 1.59E-14 0.27 0.97 1.36 2.00 1.22 139 1.35
AA448194 SMN1* * survivalof 9.14E-12 054 047 065 0.55 0.49. 071 050
AAT773333 DPM2. dolichyl-ptv 3.86E-11 0.49 0.78 067 0.51 0.58 .0.71 0.49
AlI359037 STX3A Syntaxin 3; 1.13E-09 0.49 0.82 0.81 043 0.68 1.09- 0.76
AA404269 PRICKLE1 Pricklef-lik 1.16E-09 0.53 0.78 0.84 t.14 0.71 0.89 0.46
AA437212 AP1S2 adaptor-rel 1.81E-09 0.32 0.55 0.80 062 0.98 0.75 0.69
R44617  MDFI MyoD fami 1.89E-09 0.11 062 068 1.44 099 1.24 0.61
AA456821 NETO2  neuropilin { 3.86E-09 0.84 0.71 0.60 1.00 0.93 0.86 0.96
Al336948 BACH1 BTBand C 6.46E-08 0.5 0.77 071 0.65 064 0.79 0.63
H42679 HLA-DMA major histo 7.65E-09 0.93 1.19 0.92 1.02 0.49 060 0.56
AA402874 PLTP phospholip 9.83E-09 0.17 042 055 1.47 098 129 0.59
AA424824 DSTN*  destrin (acl 1.62E-08 0.75 0.95 068 077 0.69 0.52 0.59
AAD18646 KIAADB30 KIAADS30 4.74E-08 0.73 0.87 0.95 027 028 046 0.20
NM_00426 FADS2 fatty acidd 1.20E-07 0.30 0.62 122 122 011 0.71 0.17
N35907 KIAA0830 KIAA0830 2.07E-07 065 0.85 0.95 0.38 0.02 028 0.13
AJ249545 HEY2 hairy/enhar 3.62E-07 0.58 0.82 0.75 1.20 0.91 0.55 0.99
N51002 PPFIA2  Proteintyrc 3.77E-07 0.68 075 0.42 0.68 0.59 0.74 0.46
H74106 LDB2 LIM domail 4.64E-07 029 0.39 0.82 0.82 0.80 0.59 0.61
AA505056 PAK2 P21 (CDKP 5.53E-07 0.86 0.80 0.79 0.44 0.91 0.88 0.44
R26417 STAT5B  Signal tran: 6.05E-07 0.43 0.33 047 053 023 029 0.36
AA449283 SMTN smoothelin 9.74E-07 0.40 0.63 071 071 016 0.75 0.36
Al129115 FLJ10151 CDNAFLJ 1.02E-06 048 0.61 042 054 0.64 0.46 0.38
AA458981 FKBP4 FK506 binc 1.03E-06 0.66 0.43 0.43 0.73 0.34 081 048
AF091555 CTBP1 C-terminal 1.41E-06 0.51 0.78 078 0.62 0.18 0.78 0.42
AAB99926 SNTA1*  syntrophin, 1.53E-06 0.17 0.32 0.37 047 0.25 049 0.33
AAB77824 TEAD3  TEAdomai 1.99E-06 0.65 0.80 058 028 0.27 041 041
HB5596 SAP18 sin3-assoc 2.22E-06 0.52 0.33 0.55 0.28 0.33 0.33 0.23
Al291262 EST Homeo sapi 2.94E-06 0.7¢ 051 076 053 093 106 059
N63172 LOC153222 Retinaprot 3.21E-06 0.62 043 065 048 026 059 0.39
AA282983 CBorf129 Chromosor 3.28E-06 0.32 068 0.50 040 023 (.58 0.28
AA485871 MYO1C  myosinIC 4.11E-06 0.51 095 0.39 0.66 0.02 1.14 066
RO7066 TGM2 transglutan 4.45E-06 1.20 1.15 0.70 063 0.22 0.02 023
AA4B4736 FLJ14525 hypotheticz 5.40E-06 0.24 0.77 0.83 0.21 0.31 0.71 045
N70786 ASH1L Ash1 (abse 5.98E-06 0.34 064 045 053 0.54 040 0.14
AA122049 FAM35A  Family with 6.60E-06 0.15 046 053 033 041 048 042
AF176422 HEY1 hairyfenhar 7.92E-06 0.70 063 1.36 063 053 0.86 1.00
H07920 MAP2K6  mitogen-ac 7.96E-06 0.13 021 028 022 0.38 0.34 0.59
AAT04226 TNS tensin 8.70E-06 042 074 074 054 048 0.48 0.26
L07872 RBPSUH recombinin 9.79E-06 0.70 0.51 0.31 0.82 0.75 0,53 0.94

* Copfirmed by sequencing



JO3580PTHLH *parat hyroid 1.43E-09 -0.44 R98851 MVE *nenbrane 2. 98E-09
-0.49 H23235 PDGFRA pl atel et-del 1.04E-08 0.06 M564101 ALDHLA1*

al dehyde d 1.05 AA630104 LIPAlipase A |y 3. ] ]
V075758 EVBPEATTRENZ.0 it 4. O1E- 08 - 0475 R59697 £t ¢ ancFEgosSrs

7. 10E-08 -0.46 AA464691 MXRAS * rratrlx rem1.17E-07 -0.66 NM 00033
SGCDSar cogl yca 1. 63E-07 -0.88 AA460353 MAPKAP1 m togen-ac 2. 02E-07
- 0. 36 H148 Sopeignertwable Db GeRE sigwing@difidreMi=d 0882xpR6sioh Betreannson
2.59E-07 -0.51 M3493%altinand DMD miohidsh fusion(Genes ABWORguIBted In BRADG 74
PTP4Al1 protein tyrc 4.12E-07 -0.85 W2630 SDCCAG3 ser ol ogi cal

5. 94E- 07 0.-05_1-118640 MIX2 nmetaxin 2 d—OQZ)PXmHSSM)dﬂEI'WQ hagithin1 0
NADH dyht £epes ko 2. 67 ﬁ&s 4PIYR|’!F1P2 9euc1 ne 2r| é 09f006140. 59
AA456400 AR il ¥ St§612 9@#@171 IoélaE 06
-0. 80 R493 -' c‘f 7?% I%ggngwg e%t f ac
1. 84E- 06 - Q. o 56 !

g IMPA2 * mosﬂol(myl 1.50E-10 -0 71 -1 25 -1 12 -0 9_7 -0.98 -1.21 -0.55
R51218 PIG8 Translokin 3.66E-10 -0.63 -1.10 -1.00 -0.57 -0.23 -1.44 -0.31
AA401441 BF * B-factor, pr 6.90E-10 -0.15 -0.20 -0.66 -1.33 -1.50 -1.31 -1.41_
AABBY750 EST Transcribe 9.65E-10 -0.78 -0.80 -0.62 -1.01 -0.97 -0.57 -0.96
J03580  PTHLH*  parathyroid 1.43E-09 -0.44 -0.91 -0.83 -0.72 -0.61 -0.77 -0.42
R98851 MME*  membrane 2.98E-08 -0.48 -0.69 -0.94 -1.82 -1.48 -1.08 -1.54
H23235 PDGFRA platelet-del 1.04E-08 0.06 -1.44 -5.80 -1.62 -1.05 -1.56 -0.58
AABB4101 ALDH1A1 * aldehyded 2.40E-08 -1.05 -1.19 -1.05 -0.57 -0.80 -1.08 -1.22
AAG30104 LIPA lipase A, ly 3.87E-08 -0.84 -0.36 -0.18 -0.59 -0.66 -0.45 -0.49
AAQ75768 EMP1 epithelial m 4.61E-08 -0.75 -0.37 -0.71 -0.79 -0.63 -0.50 -0.56
R59697 EST transcribed 7.10E-08 -0.46 -0.42 -0.62 -0.63 -0.38 -0.63 -0.24
AA464691 MXRA5S *  matrix-rem 1.17E-07 -0.66 -0.41 -0.80 -1.35 -1.40 -1.12 -1.33
NM_00033SGCD  Sarcoglyca 1.63E-07 -0.88 -0.97 -0.89 -0.60 -1.11 -1.06 -0.96
AA460353 MAPKAP1 mitogen-ac 2.02E-07 -0.36 -0.52 -0.39 -0.30 -0.69 -0.43 -0.83
H14810 EST mMRNA; cD 2.12E-07 -0.31 -0.48 -0.60 -0.64 -0.53 -0.79 -0.45
AA190882 C200rf3  chromoson 2.59E-07 -0.51 -0.61 -0.56 -0.29 -0.77 -0.55 -0.57
AAD34939 LAMAZ *  laminin, alf 3.97E-07 -0.74 -0.68 -0.79 -0.70 -0.64 -0.42 -0.43
R61674 PTP4A1  protein tyrc 4.12E-07 -0.85 -0.75 -0.37 -0.70 -0.39 -0.36 -0.33
W02630 SDCCAG3 serological 5.94E-07 0.05 -0.24 -6.91 -0.51 -1.25 -0.13 -1.82
H18640 MTX2 metaxin 2 6.09E-07 -0.37 -0.26 -0.37 -0.67 -0.55 -0.69 -0.42
AA192765 NDUFAT0 NADH dyhy 1.02E-06 -0.67 -0.30 -0.42 -0.15 -0.29 -0.57 -0.25
AA629844 LRRFIP2  leucine rict 1.09E-06 -0.59 -0.40 -0.27 -0.10 -0.46 -0.43 -0.38
AA456400 ADSL adenylosuc 1.45E-06 -0.52 -0.62 -0.39 -0.27 -0.74 -0.64 -0.60
T62048 C18* complemet 1.68E-06 -0.80 -0.67 -0.75 -0.63 -0.94 -0.62 -0.44
R49329 C6orf85  Chromosor 1.78E-06 -0.43 -0.75 -0.52 -0.32 -0.62 -0.65 -0.43
W56872 NFKBIA  nuclear fac 1.84E-06 -0.16 -0.32 -0.59 -0.71 -0.99 -0.63 -0.48
AA598400 SFRS3  splicing fac 2.08E-06 -0.54 -0.70 -1.27 -0.55 -0.69 -0.71 -0.81
R85213 UBE3A  ubiquitin pr 2.34E-06 -0.57 -0.78 -0.63 -0.49 -0.60 -0.65 -0.41
AA485773 GRSF1  G-rich RN/ 2.55E-06 -0.64 -0.39 -0.25 -0.28 -0.51 -0.42 -0.52
AA488084 EST CcDNA clon 2.60E-06 -0.42 -0.87 -1.72 -1.52 -2.60 -1.05 -1.16
AA935533 E2F6 E2F transc 2.71E-06 -0.91 -1.26 -0.86 -0.99 -1.45 -1.84 -0.98
AA939088 FLJ10781 hypothetice 2.74E-06 -0.89 -0.23 -0.28 -0.43 -0.22 -1.25 -0.82
AA486919 RPL28 ribosomal | 3.31E-06 -0.50 -0.63 -0.30 -0.42 -0.83 -0.74 -0.21
AAQ56395 HCBP6  hepatitis C 3.52E-06 -0.35 -0.36 -0.21 -0.28 -0.51 -0.50 -0.58
W56356 PEG10  paternally ¢ 3.59E-06 -0.15 -1.26 -1.92 -0.34 -0.64 -1.71 0.17
T72235 NNMT  nicotinamic 3.77E-06 -0.58 -0.43 -0.57 -0.15 -0.71 -0.50 -0.49
Al249935 MYO10  myosinX 3.99E-06 -0.22 -0.84 -1.03 -1.72 -1.10 -0.57 -0.39
AA444051 S100A10* S100 calcit 4.10E-06 -0.67 -0.80 -1.32 -1.31 -1.00 -1.21 -0.84
H99699 RPC8 RNA polyr 4.81E-06 -0.54 -0.89 -0.40 -0.48 -0.50 -0.62 -0.75
AAT74755 SPG3A  spastic par 4.82E-06 -0.18 -0.40 -0.50 -0.22 -0.75 -0.86 -0.38
AA936738 DFNA5  deafness, : 5.25E-08 -0.59 -0.08 -0.27 -0.30 -0.57 -0.29 -0.23
AA188661 SH3BP5  SH3-doma 5.31E-06 -0.34 -0.57 -0.69 -0.33 -0.65 -0.48 -0.60
H08424 HSKM-B  HSKM-Bp 6.43E-06 -0.53 -0.38 -0.40 -0.55 -0.58 -0.24 -0.03
AA292054 GAS1 growth arre 6.62E-06 -0.21 -0.34 -0.70 -0.87 -0.77 -0.71 -0.60
AA456688 DRG2  developme 6.85E-06 -0.42 -0.31 -0.43 -0.59 -0.50 -0.67 -0.24
AA496576 NFE2L1  nuclear fac 7.05E-06 -0.62 -0.34 -0.36 -0.46 -0.65 -0.33 -0.49
H20908 ERCC3  excisionre 7.95E-06 -0.37 -0.36 -0.43 -0.16 -0.56 -0.57 -0.25
AA487210 FLJ10081 hypothetics 8.55E-06 -0.39 -0.40 -0.29 -0.25 -0.35 -0.34 -0.24




Mb98400 SFRS3splicing fac 2. 08E-06 -0.64 R85213 UBE3Aubi quitin pr
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sequencing 49 Cainms 1. Use of a cogp@ynrd for reducing, inhibiting
and/ or ant agoni zi ng expressi on of Bone Mrphogenetic Protei n 4 (BMP4)

inacell, f(%fgetot}eL &Hlﬂl(i féﬁ? (Qu 130 %’tﬁ@l“%%nzk% 'u?cl W?ﬁrl ng a
synpt om of a re n
sai d corrpouja %ne ?)I“ﬁ”ellle ll‘i gﬁl% i a nal
equi val ent I’E‘ﬁ’é? 192’ & ’érEB’éTl ‘é‘g%’l‘i"’:q”é*? ﬁ]simmﬂ’é]r 53%% W cell is
a nyobl ast pagqulayy 3faf‘t LS 1 EF , Wherep gaid fw&l pprises a
conpri sing lﬂ\'lﬁmmutlawesws%@mﬁlwloamﬂ afevAlsRditheipetval ent ther eof
for the manufacture of a medi canent for reducing, inhibiting and/or
ant agoni zi rig Usepreessiog totlaBPY wieraimybical is sakyobldst calluser
accordi ng tpeealrabpmlrabfer ei n sai d conpound decreases and/or inhibits
Bl VI P4 nRNA expression in said nyoblast cell.
3. Use of a compound comprising a BMP-4 antisense RNA or a functional
equivalent thereof for the manufacture of a medicament for reducing,
inhibiting and/or antagonizing expression of BMP4 in a myoblast cell.

_ 4, A use according to claim 3 wherein said compound decreases and/or
L mhibits BMP4 mRNA expression in said myoblast cell.

5. A use according to claim 3 or claim 4, further comprising contacting said
myoblast cell with a mature muscle cell.

6. A use according to claims 5. wherein said mature muscle cell 1¢ derived
from a subject that suffers from said genetic muscular dystrophy.

7. A use according to any one of claims 3-6, wherein said BMP-4 antisense
RI\ A1s a BMP4 oligonucleotide that is complementary to said BMP4 gene
{anti-sense).

8. A use according to claim 7, wherein said myoblast cells or precursors
thereof are in vitro provided with said BMP-4 anti-sense oligonucleotide.

. 9. A collection of myoblast cells or precursors thereof comprising a BMP-4
L anfi-sense oligonucleotide.

10. Use according to claim 1 or claim 2, or a method according to any one
of claim 3-8, wherein expression is decreased, inhibited and/or
antagonized by means of a virally transduced DNA sequence.

11. Use according to any one of claims 1-2 or claim 10, or a method
according to any one of claims 3-8, wherein said compound is provided to
said cell by means of a viral vector.

12. Use or method according to any one of claims 1-8 or claims 10-11.
wherein said genetic muscular dystrophy comprises one of the following
diseases: Duchenne Muscular Dystrophy (DMD), Becker Muscular
Dystrophy (BMD), Congenital Muscular Dystyophy (CMD), Distal
Muscular Dystrophy (DD), Emery-Dreifuss Muscular Dystrophy (EDMD),
Facioseapulohumeral Muscular Dystrophy (FSH), Limb-Girdle Musculay



5. A use according to claim3 or claim4, further conprising
contacting said nyoblast cell with a mature nuscle cell. 6. A use
according to clains 5, wherein said re muscle cell is derived
froma subject that suffers; from said genetic nuscul ar dystrophy.
7. A use according to any one of clains 3-6, wherein said BMP-4

anti sense RhWAuis BVIMD! Mgensak eaktdohl IRMDS GampheaBMgasy to said

BWP4 gene (@ptdiSEnSehonh8(OPMISE according to claim7, ‘wherein said
1113r Cbl ast cé?ﬁs g? 6?géﬁ}sors ?hereof are in vitro prOV|ded W th

said BVP-4 %nU s¢ ?nﬁf?ihglll Q?@llﬁglllg% aneoncg Arﬁol 09@1a?m<:n]}f)opia5t
cells or recE

ol i gonucl edtH & (’OT@“(’&%H? Al d 1 méjlo ﬁﬁﬂ }0 HLéfah?'éon 8t2a

met hod accPePRYER: Emf 1b9h‘én%’ff 54 kﬁns l*eu SoheReTTin SR S8 | o

decr eased, CPWH?PHF@@H%WG?‘ Sringfite gothrz sridppdivediad Whéw?r%%|l+lyt of the

t r ansduced TDNRas Seuasinaeo! 2 gane Uk iasewcHitag with amyl asmetism aicalars 1-2
or clai m 1@ysoophy fetioddgeeer.di ng to any one of clains 3-8, wherein
said conmpound is provided to said cell by nmeans of a viral vector.
12. Use or 1aptUkedr agethbdiaagorilingtyamnen®©bf dhahes-8l 08 chiine! 8-b8, 10- 11.
wher ei n saighegeneddig JoHsal hdkscdlat dyRpiyhe Q8 Phichesnd Muehldhe

fol | owi ng_ g seapes: (D@B?@P%cwms&ﬂa ShopRY (SMMD)., Becker
Muscul ar Dystrop y (BMD), Congenital Muscul ar Eystrophy (CvD), Distal

Muscul ar [)51 UOQHXTO(I ’}O‘thHg{l g@heg&ﬁ W% ﬁ (;{1§FIQ¥M&)§RNP)

FaC|oscapquh le 3 scular
50 Dystrophg %% “OMyot e Ié‘{‘lrocﬁ ‘ﬂﬂ%??ﬁg’é’a pron
Miscul ar Dy5®$pHY % }¢-  13. Use or nethod according to any one of
claims 1 to 8, or clains 10-12, further conprising _ use of a second
conpound f ép- Une opre gathesnss osreorureaiidapenfurgionyl estitentomhesenly

i ndi vi dual tiwbeisepmpdandntas dadinceimoddaMBrolardes raeparsdion el | of
sai d i ndi vinchda¢ampgnthfoatthe éastmear of afgentide nowsmalarfdystiopby. of a gene
that is associated with said genetic nuscul ar dystrophy (mutated
gene). 1417USec atcorginpoh A£0016] Wletdnanid ong- @mselodicpRudlediidofs

clai ms 10- pHpviddteteididsallhyaangehs 6f Mvsaukadtodyst rophy i s Duchenne
Miuscul ar Dystrophy (DVD) or Becker Muscul ar Dystrophy (BMD). 15. Use

accor ding 49, gLah&oldina &l 1934 A6 ARM FOAPANAG &m&&&eﬁl an
0"90“UC'69§) | f8si001 aw%l?&lﬂ)g%% &RV aaﬁﬁe_ﬁgeﬂggéﬁdé tgprng an

exon of dystrophin i gonucl eoti de
or a functional eqU|vaIent thereof that is conplenmentary to an exon
of BWP-4 for the preparation of a nedicanent for the treatnment of a
genetic nuscul ar dystrophy. 17. Use., according to claim 16, wherein
said anti- sense oligonucleotide is provided to said cell by neans of
a, viral vector. 18. Use according to claim17, wherein said viral
vect or conpri ses an expression cassette for expression of said
anti-sense ol igonucl eoti de.



