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A chromosomal genetic disease is caused by abnormalities in
chromosome structure. Abnormalities in chromosome structure as missing or
extra copies or gross breaks and rejoinings (translocations), can result in
disease. Some types of major chromosomal abnormalities can be detected by
microscopic examination. Down syndrome or trisomy 21 is a common disorder

that occurs when a person has three copies of chromosome 21.

A mitochondrial genetic disease is a relatively rare type of genetic
disease. This type of disorder is caused by mutations in the nonchromosomal

DNA of mitochondria. Each mitochondrion may contain 5 to 10 circular pieces
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invention is therefore to correct at least one of secondary, potentially disease
aggravating effect of said genetic defect in said patient by modulating the
expression of said aberrantly expressed gene. Thus it appears that besides a
mutated gene which can be identified as a causal factor for a genetic disease
there are other genes which are aberrantly expressed, although those genes
seem not to be directly influenced by said mutated gene or the normal
counterpart thereof. The present invention identifies several of said aberrantly
expressed genes. The expression of a deregulated gene (aberrantly expressed

gene) is different from the normal situation in a healthy individual. Such

deregulated expression, aberrant expression is undesired. The present



der egul at ed expression, aberrant expression is

undesi red. The presentobservation was nmade in genetic
wolc@easas2 t hat are caused by a defect in diffepenNLatoedso175

cells. It has been found that genes can be deregul at ed

already in the precursor of said differentiated cel

even when the gene affected by the nutation (the cause

for the genetic defect) is not nornmally expressed in

obRbFy UL WaS Hha s ix# ge)!u-gﬁ:i@ Hﬁ%{aﬁw{}ﬂ& e}l%ada%sgé %ﬁ{raaﬂéfe& in

expressed gene 1s und 1n other cells tThan the

diffefarteatiedadetld. Dichdsbadti foundl thageReeslchi beeddregahtb® already in
Sxpr ess the phenotype of said genetic disease. The
thaBREWIEAT of saidsditienentiatesheell evan whentthegemerafiested by the

5080 E eGP bl B0 35 05 b BT GBHEH snia
Hreodksol cell. Th bileirenbid ssidcahdrsa y%%bdeégeaigé&l@qéltf?uﬁw in other

the present_ invention, expression of said aberran

celdp rtggséhe gafferdngiatedicelleavhigh tare geinarally beliesedoto express the
recursor,.cells of. said differentiated.cells ar .
RO of 04 G aBHe HRSCARe RSB $ROR ALEEH D dasights for the

t2Ed 1T AHESH iR hbésbe, PhrEANAREES AR CaRa5Ed YarledSy 4

precursor cells to formnew differenti ated ceﬁs af ter
(partnalack of fuorctioh cradlbepre ofiagene pabldact m diffeatntiated cells of

h Y. | [ h f id.cell .
iRV i TR HS RESSEBY IV PrRtFioR pEerid 2horrandy
e%?#ésesréﬂ etnréQS'rﬂgﬁ@iteHoQittH&o 4] 9\?& ?emmgui&[r cells of said

APTeVI atd ng ‘an aggravat ng syn”pPom of a genet1c

diffseageated cellsiordlivdcilyain a phcieat. Whanthppliged @edlsures of said
pr ef er abl é t he reduced capacity of said precursor
rrernesor el it enbances the eapncilyi of seid pseaspacells teform new

rei.n sai d,di sease isthe result .of a nal fungtioning.
i S AT T T PR
tﬁew@dirﬁ?fmﬁhg tRE sTBEHsE Yo BEi BT fSasphthtidh thedsly. OWNBen
aberrantly expressed gene in said precursor cell,
appdiedi directlylimblae patiehis the pneestion peeddes anoetlyal fr alleviating

S 5120 A58 T TR OSSR 18 505,800y i i
g e e U L R b e
diffefentidticanito ganl diffeee atahtedeaiisr ndienginssdid disewseiis the result of
BB Bhe LS a2 STERSR Bl s motha
Joﬁﬁﬁliéingfmbéﬁyﬂﬁj J}Hﬂgégigﬂ bpdt Madt e aberrantly expressed gene in
said precursor cell, wherein said aberrantly expressed gene is not said
malfunctioning gene. The malfunctioning gene and thé direct effects caused by
its defect are typically referred to as the primary effect, whereas indirect
effects that occur subsequently as a result of the malfunctioning of the cell
comprising said genetic defect are often referred to as secondary effects. These
secondary effects typically are not a direct result of the malfunctioning of the
gene.

The invention further provides the use of a compound for modifying

expression of at least one gene, for the manufacture of a medicament for
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genetic disease, as used in the invention is a gene with a non-silent mutation.

Cells in the body typically have a limited life span. Many of these cells
are replenished by so-calléd precursor cells. For instance, dead skin cells are
continuously replenished from precursor (stem) cells. Cells of the intestinal
lining are similarly replenished by so-called stem cells. Muscle cells are
typically (re)generated by fusion with precursor cells called myoblasts; blood
cells are replenished by precursor cells that ultimately originate in the bone

marrow of an individual. Regeneration can only occur when the precursor cell
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A gene that is aberrantly expressed in an individual suffering from said
genetic disease, can either be expressed too low or too high compared to the
same gene that is physiologically expressed in a healthy individual. Modifying
expression in a method or use according to the invention, comprises raising
expression of said aberrantly expressed gene when expressed lower than said
gene in a normal state or lowering expression of said aberrantly expressed
gene when expressed higher than said gene in said normal state. Raising

expression when expressed too low or lowering expression when expressed too
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enhancer-sequence of said aberrantly expressed gene. In a preferred
embodiment of the invention expression is modified by providing said
individual with an anti-sense sequence of said aberrantly expressed gene.
There are currently many different anti-sense approaches to down-regulate
production of a gene product. Anti-sense technology exploits oligonucleotide
analogs to bind to target RNAs via Watson-Crick hybridisation. Once bound,
the anti-sense agent either disables or induces the degradation of the target

RNA. Anti-sense agents can also alter splicing. During the past decade, much
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provided as an expression cassette wherein the expression cassette encodes a
transcript comprising said anti-sense oligonucleotide. A preferred viral
delivery vehicle is an adenoviral vector and more preferably an adeno-
associated virus vector. The invention thus also provides such expression
cassettes, vectors and gene delivery vehicles. It is within the skill of the
artisan to design suitable transcripts. Preferred for the invention are Pollll
driven transcripts. Preferably in the form of a fusion transcript with an Ul or

U7 transcript. Such fusions may be generated as described in references [2-4].
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can have 1 = 2.4 nucl eotjde m snatches. Thus the
msmatehend h@ cg}culated number of mismatches based on the percentage

rule is a number between two integers, the maximum allowed number of
mismatches is the higher integer number. For example, an oligonucleotide
having a continuous stretch of 16 nucleotides complementarity can have
16*0.15 = 2.4 nucleotide mismatches. Thus the maximum number of
mismatches allowed in this oligonucleotide is 3. In a preferred embodiment,
the generated oligonucleotide is complementary to a consecutive part of
between 15 and 50 nucleotides and more preferred said oligonucleotide
comprises RNA and even more preferred said oligonucleotide is 2'-O-methyl
RNA and has a full-length phosphorothioate backbone. 2'0-methyl RNA is a

nucleic acid analogue that is characterized by good hybridization properties



m smat ches allowed in this oligonucleotide is 3. In a
preferred enbodi nent, the generated oligonucleotide is
w@oomphesrent ary to a consecutive part of betweeprC/NL200d050175

50 nucl eotides and nore preferred said oligonucl eotide
conpri ses RNA and even nore preferred said

ol i gonucl eotide is 2'-O-nethyl RNA and has a

full-1ength phosphorot hi oate backbone. 2'0-nethyl RNA
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riiommelesise BN gsRNEE &)heormpleneentplry vligbnngleotide is preferably
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aglezb hacketided b siidee@n BN Di¢réticty ges ef ealliy acid®ay be
ol i gonucl eoti de conprises RNA, as RNA/RNA hybrids are

uged yo genprate therpdigopneleotidenhBrefenablyf thaeligomicleotide comprises

i PPI ique.hs to direct.spl.icing ip. subject
AP RS BRABEOR RIS b Gl GRRIAE RabE Bl RARCBIRT bEihe exon
skippdbitbedtiqR iBEedifdich gpﬁélﬁg@h'@ﬂb?&t@'ﬂt Rddlicfd198@!that the
property, for instance resistance to endonucl eases and
oliganueleotidd i RNAramprysas alnsatification peongjting the ROBS sdth an

tabili.t for i.nstance in-.a bodi fluid), incre
g e ko oo L Berates ThsEnoen ] sRittieatdi bR pscH,
e e | . LI ti - i fabCi . . .
PSRRI AR SRR LEUBLARASHI ok hdnce in ol
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nodi fjcation. Preferably said nodification co,rHJri ﬁe a.
iptrace Hulogyirapsragpniasstenfraglécity, etc. Preferably said modification

comprises a 2'-O-methyl-phosphorothioate oligoribonucleotide modification.
Preferably said modification comprises a 2'-O-methyl-phosphorothioate
oligodeoxyribonucleotide modification, locked nucleic acid, PNA, or a
morpholino modification or a combination thereof. In one embodiment the
invention provides a hybrid oligonucleotide comprising an oligonucleotide
comprising a 2'-O-methyl-phosphorothioate oligo(deoxy)ribonucleotide
modification and locked nucleic acid. This particular combination comprises
better sequence specificity compared to an equivalent consisting of locked
nucleic acid, and comprises improved efficacy when compared with an

oligonucleotide consisting of 2'-O-methyl-phosphorothioate



ol i godeoxyri bonucl eoti de nodification, |ocked nucleic
acid, PNA, or a norpholino nodification or a
W@ ooniizsd: on thereof. I n one enbodi nent the i NPENNLZIN7/050175
provi des a hybrid oligonuclieoti de conprising an
ol i gonucl eoti de conprising a
2' - 0- net hyl - phosphor ot hi oat e
ol i go(deoxy) ri bonucl eoti de nodi fication and | ocked
o6 oy AibEhud B dd A ddifith (Mn ORTE B ARLAYIIAES acid
tter equence specificrty conpared to an equivalé
mimiiksihg berhnfolopcitdthabarbaiccp@siltle tagdnefiiethsReules that have a
i, mpr oved efflcacy when congared with an
]ggnp‘{q erahlnd @@ﬁgj,eslgy isption characteristics in kind not

N OGP e ORGP B i

partof Khathieegivio |E3§ﬁnﬂ)ks RESubIe eoiEicH 8§ aivallentsire peptlde nucleic
generate nol ecul es that have a simlar, preferably"t

@airdoelsﬂsi nu¢lein aad andborse nenipboling phesghorbdiamidate. Sultable
é)&cess k in amount .as hucleic . .acid it

e o6 guaes p phlegus Ritinay 8hfroipvention
BRI oS d%h (‘W’&Hle@]:éﬂtcg eIl ‘(Qb@@g?t, an%@dﬂ?% ! @Leﬁomyﬁg) R
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affinity and reduced toxicity and therefore s
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et Sattion £0% birgvint Bgat REAk e bse: TBessandgeudé analogues
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agai nSt viral infections. These nucl eotide anal ogues
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characteristics the nucl eotide they repl ace.
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I
1h9&18%§18 off t‘r?m%str}#g SRipri% A8 eRYE 2000 AN £ B Feotide
analogues. Preferably an anti-sense oligonucleotide of the invention preferably

does not comprise more than 10% of such a nucleotide analogues. An anti-
sense oligonucleotide of the invention preferably does not comprise more than
3 of such a nucleotide analogues. An anti-sense oligonucleotide of the invention
preferably does not comprise more than 1 of such a nucleotide analogues. An
oligonucleotide or functional equivalent thereof may further comprise an
additional entity to provide a further function to the resulting molecule. A
fluorescent tag or immune regulating compound such as a CpG island may be

added to said oligonucleotide or functional equivalent thereof.



i nvention preferably does not conprise nore than 20%
of such a nucl eoti de anal ogues. Preferably an
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anal ogues. An antisense ol igonucl eotide of the
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ol i gonucl eoti de of the invention preferably does not
conprise nore than 1 of such a nucl eoti de anal ogues.
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ence. Lowering or down-regul ating expression
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decreased | evel s of gene product encoded by said gene
ingtange pueyo td gene product is preferably
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erred o I ment sai d conpound conprises a
qfrinh#itingenedibe antadonizibigttheduacdém of aaideglonirantly expeessed
function of said ﬁ)errantly(fxpresseg ) )
gene. In a preferred embodiment said compound comprises noggin or a
functional part, derivative and/or analogue thereof. Noggin is capable of
inhibiting and/or antagonizing the function of BMP-4[5]. A BMP-4 antagonist
inhibits the function of BMP-4. Other BMP-4 inhibitors/antagonists of the
invention are: chordin, ventroptin, twisted gastrulation, gremlin or other
members of the DAN family of BMP4 antagonists, PRDC, sclerostin, CTGF
and follistatin. Thus in a preferred embodiment the invention provides use of a
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



gene. In a preferred enbodi nent said conpound

conprises noggin or a functional part, derivative
wa@npal7oe34enal ogue t hereof. Noggin is capabl e of PCT/NL2007/050175

i nhi biting and/or antagoni 22ng the function of

BMP-4[5]. A BMP-4 antagoni st inhibits the function of

BMP-4. Ot her BMP-4 inhibitors/antagoni sts of the

i nvention are: chordin, ventroptin, tw sted
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BXX Sﬁédoﬂz% 1% said gene in said cell. These methods are herein collectively

referred to as gene therapy. In one embodiment the invention therefore

provides a use or a method, wherein modifying said expression comprises gene-
therapy. Said gene therapy can be executed in an ex-vivo method or in an in-
vivo method. Increasing expression of a gene product in a cell preferably
results in increased levels of gene product in said cell. The starting level may

be undetectable.

A muscle disorder is a disease that usually has a significant impact on

the life of an individual. Any measure that can be taken to alleviate



transcription factor that activates or stinulates
expression of the endogenously present gene and the
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said gene in said cell. It 1s also possible to
directly transfect protein or RNA encoded by said gene
in said cell. These nethods are herein collectively

referred to as gene therapy. In one enbodi nent the
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to abnorrral differentiation of the nmuscl e precursor
cells in addition to the_mal functioning of
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u
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forms of genetic muscul ar dystrophies often differ i'n
prbteins wodwbe cpnedraied (vwith bibdtennical peocassesctihad ogemem muscle
hes di sorders code _for proteins t hdant seemto
ers. he invention provides a use or a method according to the invention,
wherein said genetic disease comprises a genetic muscular dystrophy.
Muscular dystrophies are generally inherited although there are cases in
which no family history of the disease exists. The clinical appearance of the
different forms of genetic muscular dystrophies varies amongst other things in
muscles first and most often affected, the rate at which symptoms progress

and age of onset.

There are multiple diagnostic methods available for the diagnosis of the
genetic muscular dystrophies and the differentiation between them. Most often

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



play a role in supporting the structure of nuscle

fibers, alternatively sone proteins may be concerned
wowdo/ibd4orhem cal processes that occur in nmuSCPE@I/NL2007/050175

fi bers. The invention provildes a use or a nethod

according to the invention, wherein said genetic

di sease conprises a genetic nuscul ar dystrophy.

Muscul ar dystrophies are generally inherited although
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BorRr MRS S PR ST b SRSy ROREEBR og functional
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OPMD). A short description of the causes of
CaingeritabhMustediagBystriophyn{EMID prgethg sicmopte téend affeitirensome of

el ow. . Becker Muscul ar strqphy (BMD),. insufficiept i
U35 Bl OHO SR L BT 0 fB0 COMAtHRC Ko (hech e or brain.
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that affect proteins necessary to the function of muscles.

Duchenne Muscular Dystrophy (DMD), absence of dystrophin, a protein that
helps 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.



the proteins necessary for nuscles and sonetines for
the eyes and/ or brain. D stal Miscul ar Dystrophy
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affect proteins necessary t1® the function of nuscles.
Duchenne Muscul ar Dystrophy (DWVD), absence of
dystrophin, a protein that hel ps keep nuscle cells
intact. Enery-Dreifuss Muscul ar Dystrophy (EDI\/D)
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af fect proteins necessary for nuscle function.
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dystrophy the nuscle protein dystrophin is a
achEuteﬂsmth réyessiopKilmked aﬂme'[mncwrﬂal\/ﬂé\sesuitssﬁmhea frameshift
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Becker has | ess severe synptons then Duchenne. The

tlm teemsair IDI\@IﬂE aéultﬂaped hapranessionof Backet s slower and less
pre(ﬂc{a%ﬁe %h uchenne {:1%n% hxlivllt%hﬁ% cgrl\{%drvwe into mid to late

adulthood. Patients with Duchenne rarely survive beyond their thirties.

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 sarcolemma[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



the teens or in early adul thood. The progression of

Becker is slower and | ess predictable than Duchenne.
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adul thood. Patients with Dagchenne rarely survive

beyond their thirties. Dystrophin plays an inportant

structural role in the nuscle fiber, connecting the

extracellular matrix and the cytoskel eton. The

JbE tALOR inhB e‘aﬂinbﬂé{éd&n%f 1'dt ’thiéwﬁl?ff&aeﬂtfﬂ?oncéfﬂzgﬂrﬁ'{ the

end is part of the dystrophin glycoproteln conplex

prB6)t, invbntionsip has bicba feand ohetpaitddulatly doherslliangpeaes add to
f dystrophin, mechanical stress |eads to sarcol enmal

the symrtemscef thergpnetic deferitwhen ehermamthxexgregsgdin the precursor

I fit | ber interj thereby triggerin .

SR o R EA Bl TaekBLEL Boreh MBS YL BB i

ByrRCMogpho@dnetichhioteimen (BMIRY. Beht MésoRefab{it Proteins (BMPs)

characteristics which nmakes it differentiate into a

ageregwlatprys frstors that wre membersTofthe twposiorining growth factor-beta

characteristics.coppri se the presence.and activatio

SEPETRTY 9T DIGUBIRG | sy Gt Reriaed o e S ChFsOF raolecules
AN [ 0 : .

O O DHEO RN Gl Rl T iRl fob, delfronsiat of a

da et rod it tviori d e ninaisp rdel ns @ rtah e tey oghinoesofofw d Pl atrhbéne

def ect when aberrantly expressed in_the, precursor .

ne@iﬁl.ogpﬁeac ﬁF@?eéW-g%m@%@’éph%ﬂn@w Brofgints agerimplicated in a

T S e —
of egitlhh 08N tHped, dndutlhgd nifoge AR dEIsSI0bné pReferred embodiment the

transformng growh factor-beta superfaml|y of ) _
gy eRidem @rovrlaéy agise @yhmethpd agcarding toshgivantingy, wherein said

iC re cleaved teglvtic,.e S.
HRhSEHEESE URLFHh BEEoEhR S BnB b GHH:hEUERRIIER BMP) or o
fudefibhalaparit] @bQY A6V and/drehiRilshdBier@bS tpiefdr8hBL BNIP4 or a
bone norphogenetic proteins. Bone Mrphogenetic

fenctienalspantederipativenad/orrammlogueytheraof.ety of cellul ar

processes [12]. BMPs are involved in the

differentiation of certain cell types, including

nmyogeni c cells. In one preferred enbodi nent the

i nvention provides a use or a nethod according to the

i nvedhiaowthehesgich thainvdntamns fpporideg sgusswina method according to
actor-heta js a Bon rphogenetic Protein (BWP) or a .

tLa ARYS AR ‘ﬁia?lfe,m @é%‘f 9ggnra@tlarﬁas7p6¢83@éageé§ulé a ¢artEeiling factor in

tRE b AN Ya t RV Sr SidPrecursor cell into said differentiated cell. A

controlling factor is a factor which controls alone, or with other controlling

factors, at least one step in the differentiation of a precursor cell into a
differentiated cell. Control of said at least one step in the differentiation can be
stimulatory or inhibitory. Said controlling factor realizes this control through
being part of a signal-transduction cascade. Said controlling factor preferably
is located at the beginning of said signal-transduction cascade, receiving
signals that come from, for instance, outside the cell in which said cascade is
located. In another preferred embodiment of the invention said controlling

factor is located at the end of said signal-transduction cascade, effecting



functional part, derivative and/or anal ogue thereof.
I n anot her aspect the invention provides a use or a
waoredoiagB4ercordi ng to the i nvention, wherein saPdI/NL2007/050175

aberrantly expressed gene 13 a controlling factor in
the differentiation of said precursor cell into said
differentiated cell. A controlling factor is a factor
whi ch controls alone, or with other controlling

L .
SRR Rat Bl LEASHAONFb R LIS, & fohBithE RoedR iy brampte
ssgtodvtt falctasdr ® beussceiption faberdi f ferentiation can be
stimulatory or inhibitory. Said controlling factor
realizes this control through being part of a

or o ot BEMEH BAESL B SRRT R ARy b 3PgeiRE vBbeptors on
the @;ﬂ@facb ro@@éng ahdqiroarste PH6lifer8ishY bReytH, diféfnithaion and / or

come from for instance, outside the cell in which

mattu’a@mmﬁdétese celde Examples ofgrowsh fw@fsaareedgranulocyte -colony
I.en ventian said contro cto
PR G SpaoeTrsntribsg olthyn At tatife factor

(GM ; p?&ﬁe?&ﬁﬂéﬁféxﬂ@?dv&t}f ﬁ%&o@(ﬁ)@@'ﬁ%ﬁﬁﬂ)o?&ﬁ @EPO)

cascade. "A contr factor 1s for exanple a
thaahbopaietin (TRO) cmycmtatm (G2l &) anA/cg’rﬁbwtdblaiacgmwthsfaetor 2

ER-2 o ereleresd esbedanen %%véﬁ%b?m%if “Brh use Or 2 method
a%r ﬁy&xﬁgég WhE ?ﬁ%ﬁ gr 4 V\ezx%ﬂ? CPEOM&Wn%Ifag{br o(r)ﬁé}?%e% a growth

anples 1oreare

fa@ﬁ@)'r%)a fifricfiohal | pﬁﬁt fd@@iv@tw@@u@&b an@lognlglthéyé(ﬂ' preferably
- macr ophage col ony stinulating factor (Gw

fhrgblaséegrdwih \f@@og (EGmFR) préryHiy h@@growéhyfaqaﬁoes pindingprotein

i‘g@% b?l)agi\fg?o oj @ TPCZ%H?%]% “fe arggg': apa o%% tHereof.

EibROsla 58 BrotiR Fd&‘t’(ﬁm l(pmm QVh dasyla-chagn 961y@e5ﬁ1dacg&owth factor
according to the invention, wherein said controlli

that pbay<a m;gmﬁeanhrcde m»tthe paotess ofwoanid merlingiand p&atpotent

d d/ h
Brohp g RoNes orean (RN Brind LI N Re Ryptippxist
lfa%%flﬂé gtke?irni‘qB% ED%t s‘ize( hE %’%1)1@ u@é@ff altBfn&i{el Qﬁir't %R@E within

vative an /or anal ogue 't hereof. Fibrob
tiE”ed@f B deawet bt has aFBRZJrecest amsihogert rdsad we pimln;txtgptmﬁiu*oblast

growt h factor that plays, a significant rqle
gjfpﬁfébﬁgc@ﬁ‘ Land @aﬁégm%ghwlgg) é’ﬁ’(ﬁt @iﬁwty ’f‘he growth factor is

an extremely potent inducer of DNA synthesis in a variety of cell types from

mesoderm and neuroectoderm lineages.

Insulin-Like Growth Factor II is a multiplication-stimulating 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.



i nducer of angiogenesis. Several different forns of

the human protein exist ranging from 18-24 kDa in size
wolp@7tes4ohe use of alternative start sites w t PETINLE®7/050175

fgf-2 gene. It has a 55 pengent am no acid residue

identity to fibroblast growh factor 1 and has potent

hepari n-binding activity. The growh factor is an

extrenely potent inducer of DNA synthesis in a variety

of cell types from nesoderm and neur oectoderm

| i neages. Insulin-Like Gowh Factor Il is a

mul t iTransfirhtinggrowih #4¢tog (TGd ¢ oné bf nfarly characterized growth
wel | -characterized neutral peptide believed to he

fagtoretlaat exist ﬁbnamr@r Txaasfosmang Surath Hacterseans) lwanonally

achtw;éab%tl)fqﬂe%\%c? g%x Egu&é gﬁvéjk cixjﬁ? (%Pﬁ%ﬂ%tﬁg%en added to

rﬁmﬁdﬁﬁﬁ@tréx&st’@ﬂﬁe@fceﬂb €Tledi¥ tf&iﬁfbﬁﬁﬁ@a@t@ﬂﬂﬁ%&re due to the

prote| ns that bind insulin-like growmh factors
simmeaneovdiastipnaf dwendheavisetusielateiltfogions.trangforming growth

SRR P B Py Tele gy A8 GVt e DS [t BRTSERT Sisbodiment

t9e qi%ﬁnﬁ@ﬁ 3395%&;,@ Al yudeXdiSd nié"thﬁétaléf:@rdﬂé fw%ﬁ@ meﬁﬁmn wherein
G owm h Factors are hornonal Iy active pol ypeptides t hat

sa#dh g'r(mzlt}c fadtbebeloags tothe drzms&mnmmgnmh fadtbeel3 (DGFB)
nor non trz}gsfor d cells.. Their transfqQrmn

SHPCTRCRILEAT 4§ B THDENPERL G Cotorir  AFe BB oh AN theggof. TGED
i g %%Emrsﬁgrnﬁgégg%i e afvg@g%%et&ro? Qfgsﬁﬁgalggic% gﬁ%é}giﬁtically with

tra rmng” growt tor

T(E‘rFfaﬁphadnﬁﬁﬂﬁdﬂn@ﬂeﬂd‘ﬁﬁpicrwﬁﬂéfomwfoﬁvaﬂbBam alseadtrasaa
nmet hod according to the invention, wherein said growh
regatiye amogﬁgg growthdactprnb&Erhatadas o rele lna?él@’aw%al

devaim SR Uy diePhottafon Ml G ehBibe, SF1 WELYP

fuﬁcﬁoﬂ" '@'GF‘Béﬁaeis)foﬁﬁdtrh%l’ﬁ&s hbincdéin®r $y1BE of Sépaaké gene
with TGF-al pha in induci ng phenotypic_ transformation
Ianduc‘mwTGFsbetadt T&F-hetadgert TOF -befiade Hateragtimers composed of

ol e i nal

i@%ﬂaﬁtaﬂ i £ e ORc poteon cnms TR erta pa S AHGE AR have
1#45%‘1@81 YROTHE TGﬁ@EtapﬁI’&eiﬁs & tE@§f‘zb& a@ reeaRdl gﬁbteins.

or s separ ate gene product bet al bet a
DranEfrmhiiggrovtbt facdiaipha ic arfpoee dhat 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.



TG--betal and 2 (TGF-betal.2) or of TG beta2 and 3

(TG beta2. 3) have been isolated. The TG-- beta
w@e@rAaris2 are synt hesi zed as precursor protei NBCT/NL2007/050175

Transform ng grow h factor 14l pha is a factor that has

been isolated in a variety of tissues including

epithelium and nmaternal decidua. It is closely

related to epidernmal growth factor and binds to the
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I'n 1 hducl ng pheno ranst or mat 1 on,
acédrdidyy 8o ohe fivadition wehdrsin @dﬁﬂmudnmgtfaéﬁoﬁ c()aip?izses
known as Gowh and Differentiation Factor 8) is a
ngrasfRHnf act or that linits nuscle tissue growth, i.e.
hi gher concentrations of nyostatin in the body cause
the individual to have | esser devel oped nuscles. The
myostatin protein is produced in nuscle cells,
circulates in the blood and acts on nuscle tissue,
appaMerthiapisms $hat/\dfmﬂata/weli Hiffarentintionslso vivalue ttamscription
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dlfferentlatlon So involve, transcr n factors
aggfdes F3aBFHIRIEOR ﬁ%ctphs/‘éafn bedisspewra 1°an’é ¢h greaps that Those

fgrc?t{)jg Brcﬁé)\;e? ?nét?oﬁ ﬂ'? tﬁ@ Y%scﬁ?tmmoﬁe%xsf‘r 18ec1ﬁx gene(s).

con conprises a transcription

AltarmagivieDy tl@éltrfaafsb ?tﬂoﬁ factorotceh henesredl, ﬂo@mgﬂﬁvoam in the
the transcription o ene. Transcription factors can
sbartiaf dxamsorindiar pkmanyi Gfferetingendsat t hose factors

only have a function in the transcription of one or a

few specific gene(s). Alternatively the transcription

fact gps, ﬁﬁ’a&ﬁaﬂ%ﬁ%@érre& ehi@dimeat e thdtRod B8 vk f thef
transcription of "many different genes. In a

ipeention Iisacdmbmedfthlheah@hbnﬂramment donthengenatic defechfAs a first

t he |nvent|on | onbi n an r treat

egqargl Bk gecnq}gq: ects %&aﬁ,ﬁf an ghge fl'vﬁgmctlonal

g% baubtat £ ﬂﬁﬁelte%%lartgé %ltl Qfm& ?k?ﬁ‘%te (ﬁrthe invention is
nctl onal gene product in a differentiated cell, a

pi‘efehaldl)odfombﬁleﬂf withea inetkod fa@nenlsancing 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



preferably conmbined with a nethod for enhancing
expression of the absent or dysfunctional gene product

w0 noovhes4dt f ferentiated cell. Thus the inventi opcT/NL2d0@050175
provi des a use or a nethod2according to the invention,
further conprising providing said individual with a
medi canent for providing said differentiated cell wth
at | east part of the normal function of said nutated
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e resu stunctiona ene pro

tha gandiafffeeteahby she thwiakion. Thetinkention piseides at ethod to correct
invention is preferably conmbined with a nethod that
ohexsdefegissin thetprervreosicels seeandnrydelthe geaetisanutation, and
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precursor cells may be derived from heal thy donors,
but in that case the risk of rejection is high[13].
Ther éner Birtherembsdiment the dwention Frovidestreupmor rethod

are refteiﬁed. S%i dprecursor cel.ls ar enet | cal HF/} .
agfariing RS piv b pyaretn sai pherr dhily CEBRFGH ehe is
igeishied byoathaimg Ba E@és'i&?pra_ﬂl%_df‘%&ﬁi’bké’dﬁr%@(‘,’élﬁgﬁan

a nmethod to correct other defects in the precursor
indiviidualendfedim gy fitom hhengéticeleifect mithta corresputhdéng areasrsor cell

he differeptjation capacity, of. sajd precursor cell o
0&ﬁ%ﬁ%}ﬂ 1duRL A gengip saidhtake aberrppilyAxpgpssed when it is at

898 SRS BTN AECALNO LSRR procuror
cbM incaphhealhgrindiideslsi on profile of said precursor

cell of an individual suffering froma genetic defect
with a correspondi ng precursor cell of a healthy

indiyjdual . A gene.is said to_be aberrantly expressed

when P oo REIGH b8kl s PRI Bind o BB ERR time
c6argRAstedytiaaipdiBAFY RARCACHIYBLRIE CUltREs §CpérfbFm8di Wherein

heal thy individual. In an exanple of the invention, a
myegenesisaineDyH) eeBs pndddiedirst ireactipupobthesdifigyentiatigg cell to the

rimar unan obl ast cultures is perforned, wherein
Pt ST optibrreanputitn (i 1espls HBRER Clap qiams of the
Bibisl b e i hypebhedi® AlBadPaERRE nBfoblyst! srtggé‘ Yi¥fé¥ehces
noni tored. The results show a clear phasing of the
apipthe nadtalshagds differoptigtioasies msAoriaadyteadt theesame time in
| ast i ff
hr;%?t?)ya:nd ]cf)tl\%%ecuqlcure%,r letnlg esiown that the DMD cells differentiate less
efficiently. Studies have been performed previously which used gene
expression profiling to find pathways involved in the disease mechanism[14-
16]. These studies however, did not analyze molecular differences at the

precursor cell (myoblast) 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



appear and al though differentiation seens to initiate

at the sane tine in healthy and DVD cultures, it is
w@ebamn234bat the DVD cells differentiate | ess PCT/NL2007/050175

efficiently. Studies have Been performed previously

whi ch used gene expression profiling to find pathways

i nvol ved in the di sease nechani snf14- 16]. These

studi es however, did not analyze nol ecul ar differences

S AN Ritafifhs ap THAZ i leol ¥ Betlat S feftenalation

initigidn sibe[1] pOaé of tkel diffapntiallyfexiphesdedvgties ORibroblast growth

significant differences _ in gene expression between

fadar eHy Gl ipvisnificantdy lewes sxpreassed e PMPsmyoblasts Hnsvitro
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r8v it ash s o Bttte it leelly ARt AP FolIH¥IUEHSE ITHE &A@ flecombinant
behanpered by the nutations as they are | ocated

Fépk2 eahanedd thenthesiofpiroliferatinganyoblasis ey fwafold and did not
SPBieR Phadpiiagor el RUERRRTI PE0T I A hBR, Dotikas et al

dexiiResRdd ithaPMa JB¥aPt BisBend BekivEFPofRA FohYd ¥ F6 gones led to
studi es denonstrated an inportant role for FG-2 1 n The

amesmrhdroesrentaff skalethl mvscleatdpsit, showpng lthé emabitamce Bifiéhe FGF

addi tion of recophi.nant FGF2 enhanced,.t he nunber ,of
gpres it é?%&w@tlﬁy% Thesagbsersripns Mlicatedhagihe lower DMD

ey |t S - |
a .%‘?‘EEG eu@ggg?ﬁgﬁge%ggﬁér?é%%gb ﬁ]gg ta?lé'é? ]élgn’ tan
ekphiiaghpeleded ds¢d miyoblabhrolifbch thidion PMBsculedrelsprafiously
enhancenent of skeletal nuscle repair, show ng the
repeibeddcédlof the FGF genes in regeneration[21]. These
observations indicate that the | ower DVD nyobl ast FGF2
expressi on observed in an exanple of the invention,

can edfghdigh prtifeRMiARERshdOR Aebabl édfu%’éétﬁirﬂrdiﬂérentiation

DVD cultures previously reported[22-24]. Although .
iphiiitedeimabMiD celpadiurgs, thepresbltislof aneetiagapleanfdhe invention

ifenf Byt RRnaF Ehe AllrarEnP Hoadieres = il Denfginvolved in
ptrBEfeE'hﬁ'bﬂgir@fsifnﬁ?tﬂieﬁ?@fgﬁr{ﬁwﬂfé%%@éﬁeﬁsa&@r filstdd Afduction in both

Cenes 1 nvolved i n proli ation are sinultaneously

hdaluhyegnd BXIMD @it arlthresi MCMG CENB2, 0D G28,CKS2 and RPAS,
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



heal thy and DVD cell cultures (MCM5, CCNB2, CDC28,

CKS2 and RPA3, Figure 5, group 'cell growth and
wordoitiezaence' ). During the actual fusion proceBsT/ai2007/050175

nmyobl asts i nto myot ubes however, gene expression

di fferences appear between healthy and DVD cel |

cultures, again pointing at an inpaired fusion

potential of DVD cells. In an exanple of the invention
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previvaklyybyl Awpoli giaxlt [28]pate i n DVMD nyobl ast fusion. O
t hese, Menbrane netal |l o- endopepti dase (MVE) and

Adl i can (DKFZp56411922) are thought to be involved in
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s,
L g X e R TR
padhivalys idv@! 06, thi diRefeddf DektropABy. suppressor 1 (MrUsl)
and Endothelin receptor type (EDNRA), both presuned

to be involved in signalling, are only upregulated in
t he cells upon initj.ation.of differentiation.
Thesdngutige-Grasp stad diffszemtigion spdingpmn,d prifiary human

. g . :
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exprossion bhangesyebiiaitle andtgeney aira lsesbly aspsessed[27]. A striking
pproxi mately 4 days, After this, alnpst no expressi %n
L@W&ﬁg@l%l@ eIReEUEAtPHehidY ShTeomeRk| gpne expression aiter
18&%‘&?[? thgf?ére é{iﬁfo'h' i H&h%%'?ﬁgpm& DMD 881 cultures and a
upregur ation SPUPRS 'Sarconeric gene eXpressi on After
subisé d@dn todigAifichink fdRERAE | ShirbAgian dagtd) dueedthble ANDMDYayotubes
cell cultures and a subsequent significant decline, = |
oxl s The gbagnaganf dystrpphén cabses sarcomprigiastaialtyegulting in a

GBS REFoRbe SR RBaRe AU HOTSE smesutah gpes Other
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unctional classes of proteins that are simnultaneously
dipring ngmbiasglifferemtiation 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



during myobl ast differentiation do not show a
difference in the later tinepoints, indicating that
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Transplantation of ex vivo expanded myoblasts to DMD patients is an
alternative and promising therapy[37]. There are 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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patients is an alternative2and prom sing therapy [37].

There are at |least two options. Treatnent with

myobl asts from heal thy subjects or autol ogous cell

transplantation. In the first case, the rejection of
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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 and/or analogue
thereof. Preferably said growth factor belongs to the transforming growth
factor-B8 (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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cell and el evating expressi2dn when said aberrantly

expressed gene is under-expressed in said precursor

cell. In a preferred enbodi nent said aberrantly

expressed gene is a controlling factor in the
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invention further provides 'a nethod for stimulating
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cells with mature nmuscle cells. Preferably said mature .
inhihiting &Y Fs4 mBNfepxruegsiondm wid gpyddest Gedls comprases providing

sgx%ﬁxnlgg)})?%gec%e 1§ 8%?928%35}%%“‘9 Setrr op {Wﬁh E m@tfghgﬁ)%g(%lgotide that is

ransplanting sard nyo

c6RiglSmientfrys® shidl BNIPL4yahe (Aitifehad). Prefirably said myoblast cells
transpl anted nyobl ast cells are froma natched donor.

oPpateurably thereef ayeobi widro providedmathaaaicl BYHr4 anfoistass
ells.. Preferably inhibiti BMP-.4 mRNA..expr essi i,n
cLzonipalifas L Bg fvertiumprntB e DETagP R AgUET R Ryt aeells or
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ol 1 gonucl eotide that I's conplenentary to said BWP-4
gene (Ranthesprsaded & &fuse ablaymsthatl of/dis myentienl wherein said
recursors thereof are in vitro prgﬁéd?d Yﬁth %Fid ..
PEREILE0L A% a_rgg&glgst or a precursor thereof. Preferably said expression is
inhibited by means of a virally transduced DNA sequence. Preferably said
genetic disease comprises a genetic muscular dystrophy. 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
(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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coll ection nyoblast cells or precursors thereof
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provided is a use or a nethked of the invention wherein

said precursor is a nmyoblast or a precursor thereof.

Preferably said expression is inhibited by neans of a

virally transduced DNA sequence. Preferably said
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d!y@ﬁ@bhﬁggén@f the normal function of said nutated
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a symptom of a genetlc 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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O DY OchdorflelryagealdVitisselasd3ystibvsiye (ABMD). 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 analogue 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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said exon (that is targeted 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 complementary 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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exon, if nmore than 5 and preferably nore than 10% of

the NMRNA resulting fromsplicing of said pre-nRNA in
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prefgrre in case of inl vivo agmlmstratlon 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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preparation of a nmedi canent0for the treatnent of a
genetic nuscul ar dystrophy. Said anti-sense
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functional equivalent thereof to said cell. This is
particularly preferred in case of in vivo

ration of said oligonucleotide or functiona
equi val ent thereof. In another preferred enbodi ment

i% nti,-se se ol i gonucl eotide is provided to said
a viral vector. In a preferred
enbodi ment said viral vector conprises an expression

cassette for expression of said anti-sense
Celliaydturel eot i de Exanpl es Exanple 1 Mat erl al and

hods Cel | P
PFER B quxbmyg fod it e dapadetd o€ blonsies (421 o

SR At g RS i gD poms

(IDE&E89.246x6f 5dedeleletlonhdL.3008Texbh @650 d8lebdn] and

S ontdy S delotiom) 431 1lr Ehe cRSAHAmEOT byensbauisted from 2-

t res i,nal
1R3BSR DB Uk Dl 15 ARG
peaeht bh @hs bri@inﬁpﬁlﬂbﬁy STl prdireivgd ofehyollasixiwag dafermined for
descrlbed[44] Heal thy and DNVD cultures did not differ

eagh bmsmbéfr%@mmt@emmgymmelh}@mmg 8s dsycribgjt4]. Healthy and

Di@b' SRS AR diftetliotnd SLQhERRelinaRh of pvcblasgs 67 + 20%).
Ccensfidig rgrowai fnf SFRITE I AL PP REm] iR Jomtg@ﬁ é%xté@ah%ﬁwﬂasks

t he high-serumnmediumw th | ow serum medi uni 2
Wiednl celld were 80%Usenhfuent; Mfee&p’aatmnrw:m imtiap@ds bﬁgeplacmg the

hlglilnjsoee;usin %?é 111.%1 W41t}?TOW -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 I. 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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at a-anal ysi's procedure was perforned. CGenes Wt
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tye hdisbﬁ@e stdite @@ﬂet}@tmt@ca@tidntw’cwlesh efae tarﬂrﬂlbéﬁmte as
tinme and di sease state as vari abl es. Genes were

vesindilew reenes were emnsidgred differentially arpressed whepatheeP-value for

di t 10- 5 i . .
B RAR TaBTLE P Bohidtratt PrisiiPOL G diftrentiaply
eip%eé%eaQnEﬁm\é’e(W flune0 5 Rtdrk YudbtibBiglly dRfifediRtoPSroups using
usi ng Gene Ontol ogy Tree Machine [46]. Quantitative

GandPORtolosy Tvee Madpaebtblf rom total RNA of all 6 cell

cultures by reverse transcription using random
hexamers and 0.5 ng total RNA as tenplate. PCR

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://WWWjgenome.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



primer pairs were designed using Primner3
(http://ww genone.w . mt.edu/ cgi bin/

w@eooTaed4pz i mer 3. cgi /). The ol igonucl eoti de priPET/Np2I07/A50175
used for each of the genes3tn this study correspond to
the follow ng nucl eotides: glyceral de-hyde-3- phospate
dehydr ogenase, 510-529 and 625-644 (NM 002046); BWMP4
394-413 and 484-503 (NM_ 001202) and AQPI 1129-1148 and
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or 62C (for AQPlI) [2 7]. Optinmal cDNA dilutions and

rel ative concentrations were determ ned using a
IM%mn series per gene. Each gene was normalized to
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Data was exported to Excel for further anal ysis. For

ségres pPab Masexperted; %%@Alf%@rgh?r anal yt§1§ed as a
T S R T L
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Protein phosphatase 3 regulatory subunit B). Standard error 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



Differentiation assay and i mmunohi stochem cal anal ysis
Reconbi nant Human BMP4 (R&D Systens Inc.) was added to
wo b@7aedsbs at different concentrations (betweeprCONB2@mds0175

30 ng/m) upon initiation 68 differentiation. During
medi um change, new BMP4 was added (every 4 days).
Cells were fixed with 100% net hanol (-200C) at 7 or 11
days after serum depri vation. | munohi st ochem cal
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I'ine displayed statistically significant

d| fferentl ation proportions. Probability distributions

re associated with the (nodel) error, and both
% and bi nom nal error distribution were
calcul ated. Results To explore the differentiating
potential of human DMD nyobl asts, a | argescal e gene
Bxpxslose the diffdrgatiatimspdieatiapef hanrmedDMDmapollastmnylarge-
skel etal mnuscl e cel I cul tures of di ff erent
scalf geremmre(sgwneam Figis basthaep meriermeth fpaanprimagy skeletal
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ﬂiﬁ&@é@w&t}ahhﬁﬁscﬂ@l@ma%ed SDNA abrayl RNAdwA4isoldiedfdtthe myoblast
genes differentially er(&gessed an error-weighted

stage (ay ANOVAwadlifferensdayd ofidifferentiatiaft Elaash Btdabe 10 and 14).
t.he int ction,between {ine and di.s st at e

Ta Pradienes BRERRD R T ot Heraer srusam oo g ANOVA was
@Jﬁ%eé&z%ﬁl SRYE (ﬁséa{s%@tfitecé‘ﬂ& tRé Rka@iombetwasd tlﬁﬂaeand

imepoint in either all the healthy sanples or all the
dibErsostpbeas vﬁﬂm@é@g@ﬁ@nd&i@hﬁmﬂmtge&bb presgrtegste 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



bet ween healthy and DVD cul tures (52 down, 42 up in

DVMD, p (disease state) < 1 -10-5). Surprisingly,
wa@boogaeBaor n undifferentiated cells (t = 0), 7 BEN882007/050175

showed nore than a 2-fold @d#fference in RNA expression

| evel (Table 1 and Suppl enental Table la/b). Two of

these (AQPI and BMP4), are continuously higher

expressed in DVD over the whole tine course. This
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caaaspmdteigingathedegned diftribdtien asteiredr distiibhition (beth normal
(Table 2 and 3)..The results presented correspond to

aagﬁﬂaomﬁ%aa]rW%ﬂl%rlgelﬂos&atmﬁleéssn@a%rcoapléasm%t i on

(both normal and binom nal error distributions yielded
simlar conclusions). Along with genes that were

Albig eriengemdd thabepssdiffdrdeti se exprakedbetwdeDlBalthgrand DMD
the whole tinme course, there was a smal | fgroup of
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RT- MLPA (Suppl enental Figure 2). The RT-M.PAIs a

duemignivgicn 6hBMBRIcelegMTHEST apiddEBINR A). fiiHdsanesults were

ti fl to 40 '
CgrllJ 1rnmie 'wclf'h lRQID-l\flf_.P;‘l&p(Su(}_?)plemental Figure 2). The RT-MLPA is a

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) < 1-10-5).
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



transcripts in a single reaction. This techni que was
chosen as it allows nultiple sanples and transcripts

wo oooba234est ed in a faster and cheaper assay thpemT/NL2007/050175
quantitative RT-PCR The tw®-way ANOVAal so reveal s
genes whose expression changes equally in the
ti mecourse of both healthy and DVD cultures (n = 68, p
(time) < 1 10-5). The role of these genes in
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conpared to healthy cells (paired T-test, p < 0.01).

O her functional categories showed simlar expression
pattern changes in healthy and DVD cul tures. Exanple 2
Downr egul ati on of BMP4 expression in Duchenne

nmyobl asts by exon ski ppi ng AONs Human nyobl at s,
isolated froma skeletal nuscle biopsy of a Duchenne
patient (DL589.2) were proliferated in 6-well dishes
to a confluency of 50% (for details see exanple 1).
Twenty four hours before transfection, cells were put
on lowserumdifferentiation medium Cells were
transfected with the AONs (2' - Onet hy

phosphor ot hi oate) nentioned bel ow, at a concentration
of 100, 200, or 500 nM or left untreated: AON
sequences: hBMP4-#|l: 5 gca ugg cue gcg ecu ecu age ag
3" hBWP4-#2: 5' cca gug cug ugg auc ugc ucu u 3'
FAMAON: 5'-FAM cuu cca cau ccg guu guu u 3" The first
two ol i gonucl eoti des are desi gned agai nst exon

i nternal sequences in exon 4 of human BMP4, transcri pt
variant 1 (NM 001202). The | ast oligonucleotide is a
control oligonucl eotide which should not affect BWP4
expression, and contains a 5 FAM Il abel to allow
fluorescent detection of




ol i gonucl eoti de uptake. AONs were transfected with the
ExgendQO transfection reagent (MBI Fernentas, 2 m per
WOooADMM02 At 3 hours of transfection, the tranedBEL2@M050175
conpl ex was washed away andéfresh differentiation
medi um was added to the cells. At 6 hours after
transfection, nuclei of the FAM AON ransfected
myobl asts were brightly fluorescent, indicative of
hi gh nucl ear uptake of the AONs. At 24 hours after
E%:%%p&flf tion, cells were |ysed in RNABee sol ution
Di agnostics) and RNAwas i sol ated using the
manuf act urer - suppli ed protocol. RNA was transcri bed
into cDNA by incubating 200 ng of total RNAwWith 40 ng
Defwnrzgutatioresb BB P ekpesssiominl Bunhemte BERGlawts dy dxon skipping
A%ﬁ}fm nutes at 700C. After cooling on ice, 4 m of 5x
8t strand buffer, 2 m of 10 mM dNTPs, and 1 m of
Revertai d RnaseH reverse transcriptase (I\/BI
Fer nent as) was added and the reaction m xture was
Humahahypablats,4&lated fronPa kkaletal mweclechiopseof a Duchenne patient

|ptase S|n ctivate y incubatjon at 70
(I?LSS%} Naramaehierage gs@rwlhg om@réluqncwféo% (for details
St B Emp O P MR AR PO OB e W16 on .

serqrhidifferdrtoatiod nyditim3 GulllstwerdBlyRAsienal with #8SAONs (2-0O-
overal] BMP4 nRNA | evels. Priner sequences used:

Rbﬂ@wotboam«mmmé@m@memratmn of 100, 200, or
55@(%\@)(0”%[@? ¢ eTCA('BCATTC(’;‘GT TACCAGG 3 ' PCR2:
A0aPY e Iieﬁlg ki ppi ng of exon 4 by anplification

with priners in exon 3 and exon 5: BMP4exon3for: 5
TGAGCCTTTCCAGCAAGITTGIT 3': BMP4exonbrev: 5'
ACBGATEITBEEGAGGTTAAA3' PCR3: eval uation of cDNA

BRSBTS P S
hBMPLAASIGT -grlgg @ﬁ?ﬁg% auc ugc ucu u 3’

FAM-AON: 5-FAM-cuu cca cau ccg guu guu u 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.

AONs were transfected with the Exgen500 transfection reagent (MBI
Fermentas, 2 pl per ug AON). At 3 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
AONSs.



PCRs were perfornmed with 40 cycles of 30 seconds
denaturation at 94C, 30 seconds annealing at 56C and
w@0saenzs extension at 72C. PCR fragnents WePE&I/NL2007/050175
vi sual i zed on an ethi di um Brom de-stai ned agarose gel.
Results Results are displayed in Figure 1. Al three
PCRs generated fragments of the expected size. AON
hBMP4#2 i nduced ski ppl ng of exon 4 at the highest
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Se ne { ot

nonse ated decay "activit

resuiceigt cNAowas difisk d BB 2. reduced the level of the
intact BMP4 transcript and thus corrects BWMP4 nRNA

| evel s towards the normal levels in nyoblast cultures

TR VIR o A RBENE i 1B BpPE §RbiIRYing PORS

vadrbipeafdrateddf a cryptic splice site in exon 4 was
observed. Exanple 3 Antisense agai nst BMP4 and DND
RGRE amppicationnf exen Soofdbg BMEdsgane, telrssesstaveppil BMP4

Ubf,{ n}qyelﬁqﬁyal U%fs'gg‘g?xgcfewngs?zﬁogmﬁ% - SHrvival,
TGAG@ET'T‘I@OAG@%A@TT@GWB’ lBMMexm,@@V wer e

generated by crossing of nmalé mdx .ut rn -.hDVDL nice
ABRCAGCATYEGGTTACCAGRDEDH - ('t Hoen et aI

I%E]gﬁzeg; | ﬁ;tllorq ori‘ tﬁg aﬁf‘ﬁﬂlﬁg of e)l\c/(l)lg: (?1 bvy\ezru%p%%a 19)11%&% 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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sequences were targeted against 1. the exon 23 -

intron 23 boundary of the nurine Dnd gene, sequence
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di sl ocation, and the gastrocnem us, quadriceps,

tibialis anterior, heart and di afragm nmuscl e were

Bxaghpleedl and snap frozen in liquid nitrogen before
Anl“l;rlsteql%g g%lcl)r({s“atsﬁw4 and DMD exon skipping antisense sequences in mdx
x 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



Level s of corrected dystrophin nRNA transcript were
nmeasured as descri bed before [53]. Dystrophin protein

wo enehiss4orer e determ ned by Western bl otting aspCT/NL2007/050175
descri bed[ 53] . Standard hesat oxyl i n/ eosin staining was
performed on 10 nm cryosections of the nuscles to
assess nuscl e histol ogy. The average fibre
crosssectional area was determ ned. Evans bl ue
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Vgéggﬁ’gf’ﬂzots‘%ﬁiﬁ A8l 8 GThhies. MR WEELs R defli1ieEbreARd 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 pm
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



cryosections were nmade. Sections were stained with
heanoxyl i n/eosin and with dystrophin and

w2ehngsrsone- speci fi c anti bodies to anal yze feet/sekdo7/050175
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BMP4, evaluated on day 7 of differentiation. Cells
D(%Eﬁ)p‘}ﬁﬁ'a'fﬁduﬁ%bﬁilpégﬁci%m Weibe PRAAxANEhPAHIRS wePe $8RB ded by
red) and nyosin (green). Figure 3. Dfferentiation
crosding aof miade it dw/"0arten DD MDH nak:t fembr e mddtivtron DMD*- ('t
iffer elnt concentr.ati ons of reconbi nant BMP4. I1s
Peetily mpnyscyay 1n prepafadion) oy were housed ungep standard

el e AR A B BIEITHON A1 100 o
deirdihgsieabldelibitogiict i on of differentiation; BF, MVE,
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at any ti
AON). At 2 days after transcfection, cells were pelleted and taken up in 7 pl

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.



6). Figure 6. Ethidi umbrom de-stained agarose gel
denonstrating the anti sense oligonucl eoti de-nedi at ed
wa@ kooppeiagz of exon 4 of human BMP4 i n nyobl ast spOf/NB2007/050175
Duchenne patient (experinedt descri bed asexanple 2).
Panel A shows the fragments obtained with PCR 1 (exon
3 of the BWP4 nRNA); panel B shows the fragnents
obtained with PCR 2 (exon 3 - 5 of the BMP4 nRNA). The
preo s skipped has a size of 142
B?lﬁc e%{ﬂflgﬁom gﬁ%%% évvs the fragnents obtained with
PCR 3 ( GAPDH nRNA) . Suppl enental Figure 1.
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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, MTUS1, EDNRA. Vertical bars show standard deviations of the

different lines used (n = 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



Coefficients P-value Intercept 4.02 -10 7 *** Cell

line (DVD) 0.22844 Concentration BwWP4 0.3 ng/m
w@26h7858=0LConcent rati on BVMP4 1 ng/m 0.30271  PCT/NL2007/050175

Concentration BMP4 3 ng/m 40. 86939 Concentrati on BMP4

10 ng/m 0.48777 Concentration BMP4 30 ng/m 0.00867

** Days in differentiaton (11 days) 0.09281 Int. cell

line - con. BMP4 0.3 ng/m 0.25261 Int. cell line -

<585 EURIS GO or kMo 0 ol IO Bl BURA i o2
6). 04648 * Int. cell line - con. BMP4 30 ng/m 0.00756

** |ntercept: baseline proportion for the healthy cell
culture, with 0.3 ng/m BWP4 at day 7. *** P < 0.001,

X * 1. * 0,05 Tab 3. e L [, .
gyt 8o B Prip e B e i R AR SEhatstiftin patisonse
oMabhadlegtid1iyédide Ckipplind 8f Ox A 989 hntn mnpg?hilzﬁ?oblasts ofa

BVP4 4.74e-05 *** Days in diffentiation 0.092
Dhdhiennie matienddpspetimenit describgbasexample 2). Padel A showe the

< 0.01, = P.<0.05 Supplenental .tab ; raliz
faeTiSnts ey pizied A BB | FFond pf RRME2 mBNA)Geasel 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).



Coefficients P-value Intercept 4.02 -10 *** Cell line
(DVD) 0.22844 Concentration BMP4 0.3 ng/m 0.47855
w@oocaed4nat i on BMP4 1 ng/ m 0. 30271 Concent r at PONNBMB4/050175
3 ng/m 0.86939 Concentrat4dn BMP4 10 ng/m 0.48777
Concentration BMP4 30 ng/m 0.00867 ** Days in
differentiaton (11 days) 0.09281 Int. cell line - con.
BMP4 0.3 ng/m 0.25261 Int. cell line - con. BW4 1
ng/m 0.08274 Int. cell line - con. BW4 3 ng/m
0.43757 Int. cell line - con. BMP4 10 ng/m 0.04648 *
Int. cell line - con. BMP4 30 ng/m 0.00756 **
Intercept: baseline proportion for the healthy cel
culture, with 0.3 ng/m BWP4 at day 7. *** P < 0.001,
** P <0.01, * P < 0.05Supplenental table 3:
Ceneralized linear regression nodel for
differentiation i ndex, ANOVAt abl e Vari abl es P-val ue
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. O5Suppl enental Tabl e la: Genes show ng
ffereptigl genea expressi on between heal thy and DVD
yotﬁ;g‘ssgf@i?@} @Sei%s upregul ated in DVD) Log2
rission differencé (DVD- heal t hy) Genbank Nane
dence p-value 0 1 2 4 6 10 14 H24316 AQP1 *
quaporin 1.11E-16 2.[70 3.27 2.92 3.12 2.44 2.80 1.99

®LNDI A

ESTs, Weakly similar to hypothetical protein FLJ20958 [Homo sapiens]

aquaporin 1 (channel-forming integral protein, 28kDa)
[H.sapiens]

bone morphogenetic protein 4
insulin-like growth factor binding protein 3
aldehyde dehydrogenase 1 family, member Al

T-cell acute lymphocytic leukemia 1
fibroblast growth factor 2 (basic)

Table 1: Genes showing differential gene expression (> 2-fold) between healthy and DMD myoblasts

Genbank Symbol Sequence Description
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Al 268273 MAP3K5 * mitogen-ac 1.11E-16 0.97 1.15 0.85
0.67 0.61 0.77 0.65 L06622 EDNRA * endothelin 1.11E-16
W0 0002720062 1.53 1.52 1.64 1.36 1.65 AA463225 BIVESLI007/050175
bone norp 1.55E-15 1.62 1.08 1.53 1.62 1.17 1.36 0.70
AA496896 MISGL * transcriptio 1.59E-14 0.27 0.97 1. 36
2.00 1.22 1.39 1.35 AA448194 SMNL * survival of
9.14E-12 0.54 0.47 0.65 0.55 0.49 0.71 0.50 AA773333
DPM2 dol i chyl -phi 3.86E-11 0.49 0.78 0.67 0.51 0.58
Table12: Grengraiizeddiypar cquression masel fordlifferemtimtion ipdeo
TOcfB9eNs 81 0.43 0.68 1. 09 & vAUAAI04269 PRI CKLEL
’Ffﬁ}e% e é lik 1.16E-09 O, 5@20.19/78‘ D.84 1.14 0.71 0.89
C@ tr t1

2 APl 2 adapt B2 §4é| 1.81E-09 0.32 0.55
oegge 7 MDFI MyoD f ani

an%éz@g}] G’g 0.68 1 g 99 1.24 0.61 AA456821
“anhg 3. 86E- 33384071060100093
86 0r96n g, BACHL EIf Hnd C 6. 46E-09 0.59 0.77
vei e%@ntga 0.63 9 HLA-DVA ngj or histo
o B9ER9 oS 9 m92 10922d]. 49 0.60 0.56 AA402874

IIE{LI(JﬂmJaoas}h@th 19n E- 09 goda740. 42 0.55 1.47 0.98 1.29
1. &9 1404 248 BArHASTIN/&1 dest piyprg7ad 1. 62E-08 0. 75 0. 95
18k, 6531 1he 7 o) BOBP 01001 59 HB9443646 Kl AA0B30 Kl AAO830
T4, dAFird8 céh. BRI Hmgfnl95 002779828 0. 46 0. 20 NM 00426
DitAEdept: basbline @6pditich fhr £H3heflthyceBQuibur6 Awith @2 ng/m2 0. 11
BMPAlat@ag 7. N35907 Kl AA0O830 Kl AA0830 2. 07E-07 0.65 0.85
O BS 00033 *® 9200.728<0.083 AJ249545 HEY2 hai ry/ enhar
3.62E-07 0.58 0.82 0.75 1.20 0.91 0.55 0.99 N51002
PPFI A2 Protein tyre 3.77E-07 O. 69 0.75 0.42 0.68 0.59
0.74 0.46 H7/4106 LDB2 LI M domaj i 64E- 07,0, 29 Q. 39
'IbbseZS (fealzr%}l@d 19165\9 reg@imma\m éormffzrq:wtmﬂndex’
€0 g

’1; 5B Si gnal tran 6. 05E-O y ‘“gg 0.33 0.47 0.53 0.23
hi‘ﬁtro 36,0#449289 SMIN smoof N.9. 74E- 07 0.40 0. 63
iy _,ﬁ?;’ha@% 6 0.75 0.36 Al FLJ10151 CDNA FLJ

B 06 2 Qi1 0.42 0.54, % 0.46 0.38 AA458981
* 0 DH € ~1p 0800 0706 0-4370.43°0.73 0.34

0.48 AF091555 CIBP1 C-terminal 1.41E-06 0.51 0.78
0.62 0.18 0.78 0.42

ﬁ‘b’

Supplemental table 2: Generalized linear regression model for
differentiation index

Coefficients P-value
Intercept 4.02 -10-7%**
Cell line (DMD) 0.22844
Concentration BMP4 0.3 ng/ml 0.47855
Concentration BMP4 1 ng/ml 0.30271
Concentration BMP4 3 ng/ml 0.86939
Concentration BMP4 10 ng/ml 0.48777
Concentration BMP4 30 ng/ml 0.00867 **
Days in differentiaton (11 days) 0.09281
Int. cell line - con. BMP4 0.3 ng/ml 0.25261
Int. cell line - con. BMP4 1 ng/ml 0.08274
Int. cell line - con. BMP4 3 ng/ml 0.43757
Int. cell line - con. BMP4 10 ng/ml 0.04648 *
Int. cell line - con. BMP4 30 ng/ml 0.00756 **

Intercept: baseline proportion for the healthy cell culture, with 0.3 ng/ml BMP4 at day 7.
**% P <0.001, ** P<0.01, * P<0.05



AA699926 SNTAl * syntrophin, 1.53E-06 0.17 0.32 0.37
0.47 0.25 0.49 0.33 AA677824 TEAD3 TEA donmai 1.99E-06
w@2@5/18348D 0.58 0.28 0.27 0.41 0.41 H65596 SAPEGI/NL2007/050175
sin3-assoc 2.22E-06 0.52 0433 0.55 0.28 0.33 0.33 0.23
Al 291262 EST Honmp sapi 2.94E-06 0.79 0.51 0.76 0.59
0.93 1.06 0.59 N63172 LOC 153222 Retina prot 3.21 E-06
0.62 0.43 0.65 0.48 0.26 0.59 0.39 AA282983 Cé6orf 129
Chronosor 3.28E-06 0.32 0.68 0.50 0.40 0.23 0.58 0.28
AA485871 MYO 1C nyosin IC 4.11E-06 0.51 0.95 0.39 0. 66
SGppRnientdl tabR: BRAHAizEhehf BélGEbdibholleflE- 06 1. 20
diffekbnGation DodeXk, ANEV Dtable 0. 23 AA464736 FLJ14525
Varjaldesnet i c. 5. 40E-06 0.24 0.77 @-vale0. 21 0.31 0.71
Cell ime N70786 ASHIL Ashl (abse 5. 9880696 0. 34 0.64 0. 45
ConmptratiguBMP40 0. 14 AA122049 FANBIR0FETi |y with
Dgysgpdiffsgtigtiaos 0. 46 0.53 0.33 0. 49928148 0. 42 AF1l 76422
1 i ynz 92E.06 Q.70 0083051 35 Q.63 0 53
0. 5%8009h0" Bo79%b "2 i t ogen- ac 7. 96E- 06 0. 13 0. 21
0.28 0.22 0.38 0.34 0.59 AA704226 TNS tensin 8. 70E-06
0.42 0.74 0.74 0.54 0.48 0.48 0.26 L07872 RBPSUH
reconbinin 9.79E-06 0.70 0.51 0.31 0.82 0.75 0.53 0.94
Confirmed by sequenci ngSuppl enental Table 1b: Cenes
showi ng differential gene expression between healthy
and DVD nyobl ast fusion (Genes downregul ated in DVD)
Log2 expression difference (DVD heal thy) Genbank Nane
Sequence p-value 0 1 2 4 6 10 14 R38539 FGF2
fibroblast g 1.26E-12 -1.15 -0.44 -1.07 -1.05 -0.94
-0.71 -0.71 AA598601 IGFBP3 insulin-like 5. 12E-12
-1.23 -1.27 -1.30 -1.29 -0.69 -0.90 -0.36 HO7926 ACAA2
* acetyl-Coei 1.16E-10 -0.56.-0.87 -0.69 -0.63 -0.54
-0.61 -0.38 R42685 I MPA2 * inositol (my 1.50E-10 -0.71
-1.25 -1.12 -0.97 -0.98 -1.21 -0.55 R51218 PI&X3
Transl okin 3.66E-10 -0.63 -1.10 -1.00 -0.57 -0.23
-1.44 -0.31 AA401441 BF * B-factor, pi 6.90E-10 -0.15
-0.20 -0.66 -1.33 -1.50 -1.31 -1.41 AA669750 EST
Transcri be' 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




RO8851 MVE * nenbrane 2.98E-09 -0.49 -0.69 -0.94 -1.82

-1.48 -1.09 -1.54 H23235 PDGFRA pl atel et-dei 1.04E-08
WO 2@6/12340244 -5.80 -1.62 -1.05 -1.56 -0.58 AAGGHEADNLAWDHS0175

1A1 al dehyde d 2.40E-08 -1465 -1.19 -1.05 -0.57 -0.80

-1.06 -1.22 AA630104 LIPA lipase A, |y 3.87E-08 -0.84

-0.36 -0.18 -0.59 -0.66 -0.45 -0.49 AA975768 EMP1

epithelial pr 4.61 E-08 -0.75 -0.37 -0.71 -0.79 -0.63

-O 50 0.56 R59697 EST transcri bed 7. 10E-08 -0. 46

-0.62 -0.63 -0.38 -0.63 -0.24 AA464691 MXRA5 *

SUM%'PWaer@Heﬂ a3 6gnes showingglitigrential genegrxpression betweep

-1.12 -1. 3@%&!@@9@%@@@%@ (Reseq uprggulgted in DY)

-O 97 -0.89 -0.60 -1.11 -1. 06 -0. 96 AAA60353 NMAPKAP1
n7 036 g2 expressip n wffemncm(DMD healthy)
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AA556§§‘1 kE‘P@E O6net.9 3086%%9' Op. EZ 09 34§86 0.96
A1336?94§ BAGH FRBRUI90S b 69 0455 620062 063
Ha26%93 HLQD?A%\ HaJZthustQ 766‘155-6@ 609962948063 5152 C@IZ@ €881 0.56
AAdo28BEpPOfP &5@%« §3elp - 01930249. 845- 9492008 449 059
AAM%«Z@SﬂG@rfS QHDIS@E-ob 78k506.950048 09770690052 0.59

AA9 136462 KiAh0&3D - QLA‘A68300 AEWB5 8723 N KBl Aopughean 28ag4s 0.20
NMLo@EFABS2 0. Lfatty BeiPe 2T - 0.3010.60. 992- 0.263010. 431 0.17
N3298% 98 ADASHRSRIARDEIC i IWEfcIC 8.6686:8660.96. 648- 0.0Z00.24. @73
AJ2Q555HED2 69 - Rairflenhd). FeLERSS20.88 UBB3A0.abi qadt D191p0.55 0.99
N570034EPPBIA20. SProtdh ty® 3.17EGT - 0649079. 692- 0665050. 14 0.46
H74W4 851382 GRSFlIMGamat .6AHL072. BAE- 069 - 0.88640:89. 880- 0.5250.61
AAS@08B PAR2 51 - B2 U@ DKD. SHEBEAX4 88884 0BSTOCDNAA44| 09 0.86 0.44
R264160ESDATSH). 48ignd r8¥ 6.06EAY - 0.452032. 687 - 0.5050.23. 0.89 0.36
AAMNR8S SBIZNE2 F6 si@dthdlin BE-T. 70.4€- 063- 0.791071. 2686- 07860.36
AlM291189FLI04% - CDBA FLO. O@EAS0304880FL) 040785408t Rab i @38
AAZ58PAEFBBP4 0. 3PKSM®. MR 1.GBEX® - 0.6830.48. 923- 0.7250.39. 881 0.43
AF091555 CTBP1 C-terminal 1.41E-06 051 0.78 0.78 0.62 0.18 0.78 042
AAG99926 SNTA1*  syntrophin, 1.53E-06 0.17 0.32 0.37 047 025 049 0.33
AAB77824 TEAD3  TEAdomai 1.99E-06 065 0.80 058 028 027 041 0.41
H65596 SAP18 sin3-assoc 2.22E-06 052 0.33 0.55 0.28 0.33 0.33 0.23
A291262 EST Homo sapi 2.94E-06 0.79 051 076 0.59 0.93 1.06 0.59
N63172 LOC153222 Retina prot 3.21E-06 062 043 065 048 0.26 0.59 0.39
AA282983 C6orf129 Chromosor 3.28E-06 0.32 0.68 0.50 0.40 0.23 0.58 0.28
AA485871 MYO1C  myosinIC 4.11E-06 0.51 0.95 0.39 0.66 0.02 1.14 0.66
RO7066 TGM2 transglutan 4.45E-06 1.20 1.15 0.70 0.63 0.22 0.02 0.23
AA4B4736 FLJ14525 hypothetice 5.40E-06 0.24 0.77 0.63 021 0.31 0.71 045
N70786 ASH1L  Ash1 (abse 5.98E-06 0.34 0064 045 0.53 0.54 0.40 0.14
AA122049 FAM35A  Family with 6.60E-06 0.15 0.46 0.53 0.33 041 048 0.42

AF176422 HEY1 hairy/enhar 7.92E-06 0.70 0.63 1.36 063 0.53 0.86 1.00
HO7920 MAP2K6  mitogen-ac 7.96E-06 0.13 0.21 028 0.22 0.38 0.34 0.59
AA704226 TNS tensin 8.70E-06 0.42 0.74 0.74 0.54 048 048 0.26

L07872 RBPSUH recombinin 9.79E-06 0.70 0.51 0.31 0.82 0.756 0.53 0.94
* Confirmed by sequencing




AA486919 RPL28 ri bosomal | 3.31 E-06 -0.50 -0.63 -0.30
-0.42 -0.83 -0.74 -0.21 AA056395 HCBP6 hepatitis C
wW@22H2062 - 0. 35 -0.36 -0.21 -0.28 -0.51 -0.50 POI/882007/050175
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ant agoni zi ng expression of BMP4 in said myobl ast cell
5. A nethod according to claim4 wherein said conpound
waolearazses and/ or inhibits BMP4 nRNA expressi OPCT/NL@/ds0175

nyobl ast cell. 6. A nethod4&ccording to claim4 or
claimb5, further conprising contacting said myobl ast

cell with a mature nuscle cell. 7. A nethod according

to any one of clainms 4-6, wherein said nature nuscle

cell is derived froma subject that suffers from said

wa4s AN STASBRTUS CHARindly %.9’98 Y08 fs88h 899 25 COLELAE LPre

*C I. % LR S y
orﬂﬁ e:o‘kj)dl);t F?;Uengkg4 MRNA expression in said myobl ast cell

conprlses provi di ng said myobl ast cell or a precursor
thereof with a BMP4 oligonucl eotide that is

conpl enentary to said BMP4 gene (anti-sense). 9. A
nmet hod according to any one of clains 4-8, wherein
said myobl ast cells or precursors thereof are in vitro
provided with said BMP-4 anti-sense oligonucl eotide.
10. A collection of nyoblast cells or precursors

t hereof conprising a BMP-4 anti-sense

ol i gonucl eoti de. 11. Use according to any one of clains
1-3, or a nethod according to any one of claim4-9,
wherei n expression is decreased, inhibited and/or

ant agoni zed by nmeans of a virally transduced DNA
sequence. 12. Use according to any one of clains 1-3,
or a nethod according to any one of clains 4-9,
wherein said conpound is provided to said cell by
nmeans of a viral vector. 13. Use or nethod according
to any one of clainms 1-12, wherein said genetic
muscul ar dystrophy conprises one of the follow ng

di seases: Duchenne Muscul ar Dystrophy (DMD), Becker
Muscul ar Dystrophy (BMD), Congenital Muiscul ar
Dystrophy (CMD), Distal Miscul ar Dystrophy (DD),
Emery-Drei fuss Muscul ar Dystrophy (EDVD),

Faci oscapul ohuneral Miscul ar Dystrophy



(FSH), Linb-Grdle Miscul ar Dystrophy (LGWD), Myotonic
Dystrophy (MVD), Ocul opharyngeal Muscul ar Dystrophy
W@ o#lvD34014. Use or met hod according to any oneCDNL2007/050175
clainms 1-13, wherein said d@dnmpound conprises a protein
inhibitor. 15. Use or nethod according to any one of
clains 1-14, wherein said conpound conprises a BMP4
i nhibitor or antagonist. 16. Use or method according
to claim14 or claim15, wh i i.n, said inhibitor or
ant agoni st conpri ses noggi n; din, ventroptin,
twi sted gastrulation, gremin or other nenbers of the
DAN fam |y of BMP4 antagonists, PRDC,_ sclerostin, CIGF
1akige of areompennd for reduging, iehibiting apd/ar, ant@goniaing expression

of {008 MBRHUE L H0ESh 4 (P S el K Eh PR B @lire of
ndicaBiehad ist £1RAtAG of Sfmpiian RF ARAMRYICGAuSEular dystrophy in an

_nedi canent for treatnment of said 1ndividual wherein
individwadcond conpound provi des a nuscle cell of said

individual. with.at |east part.of the normal funection

2S5y Aseiiitingsp Sedin, LoRBeeBBraid ool &5 dngdiass ¢olf or & brecursor

thasegl ar dystrophy (nutated gene). 18. Use or nethod

according to any one of clainms 1-17, wherein said

3gtlsetaccomiing b alainy § tor ephiyn Rswhercdiarnvagd Mompoluad comprises an
strop DVD) , or Becker Muscul ar Dystrophy (BMD). 19.

apkisense /% a; nstign qcsl,lw\%f@rt refi d second
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peyEtiphaid weoBlas? Gell Avitle bhh@ehfdiin difl e tubingg inhiditis and/or
a BMP4 anti-sense ol igonucleotide or a functional

astpgoniras expresdon of PNMBdaplseidmyabdastiaedl- ski ppi ng of
s SR A B AT Ry 3 Bl e
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determ ni ng whet her said exon is absent from mature
enANephatiacceddingin daim 4orelaRNg, further comprising contacting said
myoblast cell with a mature muscle cell.
7. A method according to any one of claims 4-6, wherein said mature muscle
cell is derived from a subject that suffers from said genetic muscular
dystrophy.
8. A method according to any one of claims 4-7, wherein 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).
9. A method according to any one of claims 4-8, wherein said myoblast cells vr
precursors thereof are in vitro provided with said BMP-4 anti-sense
oligonucleotide.

10. A collection of myoblast cells or precursors thereof comprising a BMP-4

anti-sense oligonucleotide.



21. A nethod according to claim20, wherein said
anti-sense oligonucleotide or a functional equival ent

wo b@vaeds0t s conpl ementary to said exon. 22. A per/Noeho7/050175
according to claim20 or clsaim 21, wherein said
anti-sense oligonucleotide or a functional equival ent
thereof is conplenentary to an exoninternal part of
said exon. 23. A nethod according to any one of clains

140172, adﬁ@f‘digg"’cpsﬁi'ydox?é"é ; 61§EH$ qrfﬂldrgaoﬂ*é‘ﬁhg@ﬁhéﬁdﬁ{g fo any one of

functi onal uivalent thereof is conplenentary to ex
claiof BNMR4Avhéréin expresticanisatcreaseds enlobitgdrul/ephntigomized by

RepamoLA g Al BAPScto NI peprenseai o exon | n & ENPA
12, SIS Moo 8 A one AR, PG U BRhaTpioBing g any one of

ctadais 09, B¥Rrédid edidusenpouddie provaddteitt s:afl callds@lehds of a viral
muscul ar dystrophy. 26. Use of an anti-sense

v8ctonucl eotide or a functional equival ent thereof is
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any one of clainms 20-26, wherein said antisense

MPS@daU Oystrapdy (BMpPY oBedeat Molssalad Eﬁtlropdyy (B13), Congenital
Niyrelpy B PtoicMEf Pretal Mkl By bhik b Fndig Dreituss
MRS S TVt RIp ISAEDRIDY), Foebiafilo8omahe i dedar Dystrophy
(FSH), Limb-Girdle Muscular Dystrophy (LGMD), Myotonic Dystrophy
(MMD), Oculopharyngeal Muscular Dystrophy (OPMD).

14. Use or method according to any one of claims 1-13, wherein said compound
comprises a protein inhibitor.

15. Use or method according to any one of claims 1-14, wherein said compound
comprises a BMP4 inhibitor or antagonist.

16. Use or method according to claim 14 or claim 15, wherein said inhibitor or
antagonist comprises noggin, chordin, ventroptin, twisted gastrulation,
gremlin or other members of the DAN family of BMP4 antagonists, PRDC,
sclerostin, CT'GF and/or follistatin or a functional part, derivative and/or
analogue thereof.

17. Use or method according to any one of claims 1 to 16, further comprising
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).

18. Use or method according to any one of claims 1-17, wherein said genetic
muscular dystrophy is Duchenne Muscular Dystrophy (DMD) or Becker
Muscular Dystrophy (BMD).
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19. Use according to claim 18, wherein said second compound comprises an
oligonucleotide, or functional equivalent thereof, for skipping an exon of a
dystrophin gene.

20. A method for determining whether a BMP4 anti-sense oligonucleotide or a
functional equivalent thereof is capable of inducing skipping of an exon in a
BMP4 pre-mRNA containing said exon, said method comprising 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.

21. A method according to claim 20, wherein said anti-sense oligonucleotide or
a functional equivalent thereof is complementary to said exon.

22. A method according to claim 20 or claim 21, wherein said anti-sense
oligonucleotide or a functional equivalent thereof is complementary to an exon-
internal part of said exon.

23. A method according to any one of claims 20-22, wherein said anti-sense
oligonucleotide or a functional equivalent thereof is complementary to exon 4
of BMP4.

24. 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.

25. An anti-sense oligonucleotide or a functional equivalent thereof is
complementary to an exon of BMP-4 for use in the treatment of a genetic
muscular dystrophy.

26. 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. |

27. Use or a method according to any one of claims 20-26, wherein said anti-
sense oligonucleotide is provided to said cell by means of a viral vector.

28. Use according to claim 27, wherein said viral vector comprises an

expression cassette for expression of said anti-sense oligonucleotide.



