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studies help to delineate the roles of microRNA in heart physiology, growth and
morphogenesis, detailed molecular mechanisms for microRNAs in disease
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microRNA antagonists have been shown to silence endogenous microRNAs in
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function and, perhaps more importantly, as a novel therapeutic modality.

SUMMARY
The present invention relates to a promoter region of a microRNA, the use of a

microRNA, in particular miR-21, and related elements for the diagnosis and for
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fibrosis. In certain embodiments, the fibrosis is liver fibrosis. In certain
embodiments, the fibrosis is lung fibrosis. In certain embodiments, the fibrosis is
skin fibrosis. In certain embodiments, the fibrosis is age-related fibrosis. In
certain embodiments, the fibrosis is cardiac fibrosis. In certain embodiments, the
fibrosis is kidney fibrosis. In certain embodiments, the fibrosis is spleen fibrosis.
Provided herein are methods comprising administering to a subject having
or suspected of having fibrosis a compound comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and having a
nucleobase sequence which is complementary to a miRNA or a precursor

thereof, wherein the subject has at least one cardiac disease or condition.
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In certain embodiments the heart valve disease is selected from the group

consisting of mitral valve insufficiency, aortic valve insufficiency, tricuspidal valve
insufficiency, and pulmonary valve insufficiency. i

In certain embodiments the methods provided herein further comprise
administering one or more additional pharmaceutical agents.

In certain embodiments the administering ameliorates heart weight
increase, left ventricular dilation, or impairment of fractional shortening.

In certain embodiments the administering prevents heart weight increase,
left ventricular dilation, or impairment of fractional shortening.

In certain embodiments the administering improves cardiac function.
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Provided herein are methods for treating fibrosis, comprising administering
to a subject having or suspected of having fibrosis a compound comprising a
modified oligonucleotide consisting of 12 to 30 linked nucleosides and having a
nucleobase sequence complementary to a miRNA or a precursor thereof,
wherein the subject has at least one lung disease or condition.

Provided herein are methods comprisingidentifying a subject having or
suspected of having fibrosis, wherein the subject has at least one lung disease or
condition; and administering to the subject a compound comprising a modified

oligonucleotide consisting of 12 to 30 linked nucleosides, wherein the nucleobase



wherei n the subject has at |east one |ung di sease or
condition. Provided herein are nethods
weapndsshgi denti fyi ng a subj ect having or susPEERWOHH01590
having fibrosis, wherein the subject has at |east one
| ung di sease or condition; and adm nistering to the
subj ect a conpound conprising a nodified
U308BBgonucl eoti de consisting of 12 to 30 |inked
nucleosides wherein the nucleobaseU80038 sequence of

the no | ed uC| ] b t NA
SeQH?W@AO % ’Bpgbﬁﬁ?soé'pgpﬁ@%é%fe l%n rtai ngéﬁn‘gd(;gl ﬁlgﬁt s O ®
preét8oihek&stSin @éﬁalﬁ)l‘ehﬂfodnmegtsdhsené.mstolonecmum iupg digease or
chronic obstructive | unl%é‘dl sease.

I
conditiopdismeahrenie hebgeHating stegi § &eeaﬁ.prlﬁsg%r{ lﬁ@ﬁodlments the
adnﬂﬁféh{}ln@téc?ﬁ%rOSIFJQLnr%hQ&daJiﬁ'h%Itﬁatlaﬁe et hods  f or

conpri si ng adni ni steri ng
Sutﬂrecltiebammg ane ngahbmtoe@egfm@gbrqs,& £PHPHSINg aéjmlnlsterlng

to %éﬁ&%? %ﬁémg’?&éu%p%cwgrq&bﬂg Rl 9|9né‘§bﬁ¥bto'uﬂ8 comprlsmg a

nucl eosi des "'and havi ng
mofitEl HNEBsECIsaTticcEnsistppbfet@id 80yinked ausieRsitlesrang havmg a

precursor thereof, wherein the su a t
BB har NS e SEMBIOTEBRAN 1 1Bra BIRURagh ferselSaF yhereot,
wheTElREs %@ﬁh§'a?@a@?8ﬁéBWéﬁ@ils%a%é@r%Ohdlham ng or

suspecte avin brosis, wherein. the suk% ?th
at FPreasiEddreeelotaﬂemeih@@%%mEHS'G%’GPPfV&Q a,rxyblec aVing or

n st.er h
o S0 P ch el RUEh TGS uperhsspt arBrzing gecpe

or cHHEitRPS heeadnibisteging tbhbe subjesbaaogpound SREW5ING aanodified
modi fi ed ol i gonucl eqtj d a

olgonslephae GPRSRITE e bk 30 [ieeh i F0 ko helfp g hPppase

se<11 ARk é’fnfﬁeoﬁ'@%fﬁe@' élW%c@otlﬁéﬂéldanemsnmuyrtormrnleNA or a

ypertension. In certain enbodi nents the at
preoutwr tdersshs in @ﬁna@n@ntbpéﬁn¢f§5ath6| olpasb O0g © &‘ %‘%aese of

cor}détl?og}azsg pafr@ea&t@g@ ﬁgBF" %ﬁaﬁwhgm%@%d(@%@at least one

cte fromt e group consi sting
othef aistase abr sctdnﬁftloesss aetlioadc vessrlirelatesh disease. In certain

enrBEA TS, il sBef SHALY 00 Tt o o

cotétiiy) Bf eadi gﬁmﬁ@sst heedibstlemsts, carel aﬂbeos@e@@@sénwertam
condi'tion is systemc sclergsis. In ce

embotisermenhe ahieast oNga_NehHsesSher” 8?@%'&%% Ig,Qut sclerosis. In
cer?agﬁdérlnb%l e%t§%§%telga§tr @Hét&ﬁelgﬁi%lé@sémscmmh@ iofsystemic

roperitoneal rosis, proliferative fjbrosis

scleewyy. ds tdectafri bmb)swdsnemwm @éjéf?ﬁsé anesotBef disERp? <9§|C§’nd't'°” is

selec{e%cftromo r’fhé Ich{u%Scosn&sr{[ﬁS o?%tjr&?érltoneal fiorosis, proliferative fibrosis,

neoplastic fibrosis, nephrogenic systemic fibrosis, injection fibrosis, mediastinal
fibrosis, myeloflbrOS|s post-vasectomy pain syndrome, rheumatoid arthritis.

In certain embodiments, the administering ameliorates the fibrosis. In
certain embodiments, the administering slows further progression of the fibrosis.
In certain embodiments the administering halts further progression of fibrosis. In
certain embodiments the administering reduces fibrosis. In certain embodiments

the administering reduces collagen content.



fibrosis, nyelofibrosis, post-vasectony pain syndrone
rheumatoid arthritis. In certain embodinments, the
waadwpniessteri ng aneliorates the fibrosis. I'n cePC@BEP2009/001590
enbodi ments, the admi nistering slows further
progression of the fibrosis. In certain enbodinents
the admnistering halts further progression of
U3003 osis. I n certain enbodi nents the adm nistering
reduces fibrosis. In certain enbodi nents the

e TPHOBACN RIS TR RIS A01 NG00 | Br PRI AF ALy v order

contb PR €adrRRiIREHS) NG & nduj édteh'amiggt @r assspgobert (bfa\h'angmg a
or suspected of having a #

fibropiofiteualivec sgnrde @g cgmﬁggpc:d,b %ﬁ%lr&%%é%ﬁcg oshgonuclegllde
corﬁ%gllrsw'ggcg' 19150 linKkE rg(%lédsm%%dwwé?élﬁ‘lﬁé FRiZleonacE @equétice of

ase sequence he nodi fied oligonucleotide is
thec aralifee oligo yudieotaeriRanplemeptagt Upsar MiRdAegf @ precursor

t her treatin fi b r di
theiadi BRIPta ot NoenE SO P BT s B R ompr 1 ses
| NtjhaveRAdsn addihpbgitientd Onadralnixttdtianeogsmprises  intravenous

adm ni stration, pulnonary adm nistration
admimisteadioner | SHDCAEAROPUSE 1 ggwstr%tfoq nt PYOENANY administration,

mtr%%ﬁbpéIsatorrﬁwsﬂgtloﬁr&vht‘f@@ar{iﬁ%&%‘dﬁnﬁﬁ%ﬁaf@{ hods f or

BT N roblast proliferation conprisin
Coanvtdeldg erkirbr atel asetheidsh far cimfiving &fefﬁslasg. REplifgration

R AU A HIEThShiEo sl YRrhai 4 e

ondm@lcféoﬁde @bhg@nm% be o2 tal80 n.skemnquxtleammarvyhetremahmn;qmobase
precursor t

et o s b ahs TR LML A R o
pre%‘ﬁ 'tﬁ%ﬂeeﬂ tlfiérQB mrﬁ@hn@n@mt@rcﬂmnom g cont acting

a conpound conpr.i sing ed
oI [ @mmtddcboher@m CGFQSI geitiasisof for 2 St*@%@é'”g. rf@égblast apoptosis
nucl .eosi des e | eo
cogirTpoteBe Py Eb g 1A 8 BTReas SR, Singsrec
ol@orﬂfc%ﬂﬂé@onéhﬁh@@f 12tdnéﬁdabyedsnudabade&gNmerBrrbtbleaB{CbObase

N SR e
éi‘&'?é&%ér%%f tiherebly Rtietlamg Wrbilast awmwmd conpri sing a

Prtodi Tied ol gonucl eoti de consi stl 30 |
nucPevddett sheraine @6 nMeH©dsU e BIFH q\%‘éﬁ?& of pcrlﬂt%i'(neqn a

oMt & Sldifg iRt &ehh de! forbamRt W’iﬁnba&d’mb@urﬁi comprising a
modified oligonucleotide consisting of 12 to 30 linked nucleosides, wherein the
nucleobase sequence of the modified oligonucleotide is complementary to a
miRNA or a precursor thereof, thereby stimulating Sprouty 1 protein expression.

Provided herein are compositions for inhibiting MicroRNA. In certain
embodiments, the miRNA is miR-21. In certain embodiments the modified
oligonucleotide has a nucleobase sequence complementary to a nucleobase
sequence which is at least 80% identical to miR-21 or a precursor thereof. In
certain embodiments miR-21 has the nucleobase sequence set forth as SEQ ID
NO: 1. In certain embodiments the miR-21 precursor has the nucleobase
sequence set forth as SEQ ID NO: 11.
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sequence of the modified oligonucleotide has no more than one mismatch to the

nucleobase sequence of miR-21 or a precursor thereof. In certain embodiments
the nucleobase sequence of the modified oligonucleotide has no mismatches to
the nucleobase sequence of miR-21 or a precursor thereof.

In certain embodiments the nucleobase sequence of the modified
oligonucleotide comprises at least 15 contiguous nucleobases of the nucleobase
sequence of SEQ ID NO: 12. In certain embodiments the nucleobase sequence
of the modified oligonucleotide comprises at least 16 contiguous nucleobases of
the nucleobase sequence of SEQ ID NO: 12. In certain embodiments the

nucleobase sequence of the modified oligonucleotide comprises at least 17



sequence of the nodified oligonucleotide has no nore
than one m smatch to the nucl eobase sequence of mR-21
W@er00g/13etur sor thereof. In certain enbodi nent BCT/ER2009/001590
nucl eobase sequence of the nodified oligonucleotide
has no m smatches to the nucl eobase sequence of m R 21
or a precursor thereof. In certain enbodi nents the
U30038| eobase sequence of the nodified oligonucleotide
conprises at |east 15 contiguous nucl eobases of the

| eob f SEQ.ID NQ 12 | i My
contisth HHESDTTRS ALAMEJHEEDRSSEUEHENEE Theorbar )94 2 I

cert9ln ERBHEIENE dRe GRIRIGLRSE sequbREs bf 16 eardifiglioligonucleotide
nucl eobases of the nucl eobase sequence of SEQ I

D NO
comiiises rat deastal & contipenuseRvdeebrsasuel bspRuceabatsesraegre of
SE(&Q@B%@J f1'2?q{1°l:érgﬁﬂu8h1%%lrﬁ§nt§ot'ﬂgg h?ﬁéo@ésé aaglience of the

8 Conti guous nucl eobases o ne nucl eobase
modiRe eNlgeniie 8@ tomiifses 2t l¢ast ckr cantigunvsodlicieehasesd the

nucl eobase sequ f the,nodi fied i I
nucaobpe seoe s Bae 18 WO TbePhoAREt ! ffeooase
seq[]ﬁ@ééegﬁaﬁ% HESHRNL @1igbnBisdtide ¥emplides lat teaist &n contiguous

enbodi ments the nucl eobase sequencg g{ tp?? .qlled Hai
nucteobgeesicofe e deudephnses §8auengee Rt SES dbnt (gﬁo@s n-certain

UGeRRas cl S BAURIRC amBHifiSEQJIiGMleotid
el IR P Lokl o o P
contfTsesTati [Bastd2 bldogtigucise oticldebassspef thes nueleplass sequence of

cont i guous. nucl eqbases_,of,. t he nuycl f
SEGR 1N 15 cfRe R FruRk A, fPERPRaSe HeRlEReor the
mo§iﬁ8&lQﬂi Bn@flebitfe @BEIptises a0llegareicentigutaisc onpedlsaesacf the

east 1 contiguous nucl egbases of the nucl eobase

NUGHRNREA SEIBEN PEONB NY212i 1y certain enbodi ments the
nuglenbasa %%’c?di‘rﬁ@gfzéf thdenfmdbbaed Rlquensecbeanedenodified

conprises at | east conti guous nucl egbases of the
oligonatleotides eorswsta @f the oiclsp@sesaqoente of BEGE Nal 2.

emyodi nepts the nucl epbase_se f pdi T4 e ifi
ol i'Bon aé%tiedgb%cﬁﬁ]gi%gst'sstg t%ﬁ%ﬁogg@ngﬁuedncgwgfmed
oligdR IRt coAZgalen toed ligami. emisedhimeernbodintents bap dumatructure
conprises a nodified oligonucleotide conjugated to a
(i gand. In certain enbodi nents has the structure (I11)
(3) '

(57 Qx Q2 {Qy):QZ QL QL 'Q-L (37)

(M
Wherein
Each Q is independently a 2'-O-methyl modified nucleoside;

One of A and B is S while the other is O;
yis



(1'1'1) Wherein Each Qis independently a 2'-0O nethyl
nodi fi ed nucl eoside; One of A and Bis S while the
w@eenodds? O, y i sU30038 Each of z1, z2, z3, anRCHBP1089/001590
i ndependently x or y n = 6-17 L is Werein: X Js
N(CO R7, or NR7; Each of Rl, R3 and R9, is
i ndependently, H OH or -CH 20 Rb provided that at
U30088st one of Rl, R3 and RO is OH and at |east one of
Rl, R3 and RO is -CH 20 Ro; R7 is Rd or Cl1-C20 al kyl
substituted with NRcRd or NHC(O)R d; Rc is Hor Cl1-C6
; Rd is a carbohydrate radical; or a steroid
which is optionally tethered to at |east one
%ar"b ydrate radical; and Ro is with one of A and B is
vlh e the other is O In certain enbodinments, Rd is
chél estierol . In certain enbodi ments, each of z1, z2,

n 4 &ﬁw MmmnEMS Rl is -CH

Eaéhmﬁgfgt%'cer ai ﬁ%ﬁﬁﬁgéﬂ KBr is OH In certain
n =@1Hpdi rents, R1L and RO are trans. In certain

enbodi nents, RL and R3 are trans. In certain
U%MdemMS R3 is -CH 20Rb. In certain enbodi nents,
Rl is Q. In certain enbodi nents, Rl and R3 are trans.
I'n gert/ain embodi ments, R3 and R9 are trans. In
Rbodi nents, RO is CH2q Rb. In certain
nts, Xis NC(O)R7 In certain enbodi nents, R7
H.S | )3CH2ZNHC(O R d. I n certain enbodi nents, at
ne “knt er nucl eosi de |inkage is a nodified
#’nt er nucl eosicde |inkage. In certain enbodi nents, each
i nt ernucl eoside |inkage is

Wherein:

X is N(CO)R’, or NR';

Each of R', R® and R® is independently, H, OH, or ~CH,OR?" provided that at
least one of R', R® and R® is OH and at least one of R, R® and R® is ~CH,0R";
R7 is RY or Ci-Cap alkyl substituted with NR°R? or NHC(O)R;

R® is H or C4-Cs alkyl,

RY is a carbohydrate radical; or a steroid radical, which is optionally tethered to at

least one carbohydrate radical; and
R®is

with one of A and B is S while the other is O.

In certain embodiments, Rd is cholesterol. In certain embodiments, each

of 2, 2%, 2% and z* is with one of A and B is S while the other is O.



a nodified internucl eoside |inkage. In certain
enbodi nents, at | east one internucl eoside |inkage is a
W RWepMssdt hi oat e i nt ernucl eosi de |i nkage. | n BEFERI0A/001590
enbodi nents, each internucl eoside |inkage is a
phosphor ot hi oate i nternucl eoside |inkage. In certain
enbodi nents, at | east one nucl eosi de conprises a
U30#88i fi ed sugar. In certain enbodi nents, a plurality of
nucl eosi des conprises a nodified sugar. In certain

embodi nents, .each nuclgosi ri.s ifi. 9 .
Rt e A
OHCRBE t&iRSedbadinfarts hRX wat g asugans. Inncertaib @mbodiments, R

embodi nents, each of a plurality of_j;nucl eqsi des .
andc diprargedransy’ mOQ@éPbe?’@PH?'F“%%@aﬁaﬁ% éggﬁggf' gn certain

emtf)éd#n@htst K19k %N.Cineeékﬁﬁ%méﬁtgsm ahd-RY HRY PasdigAlcertain
n certain enbodi nénts, each nodified sugar is b
embodiepatsi et byd KR argt tans r oneertain corbasimeritethyls SHef@R, - In

a 2'-flugro sugay, .a Qn; t hyl , bl oyClhT i _
Cer@ﬁba‘i}mhﬁg'@?‘iﬁs'l c&tﬁ?ﬁ%o%ﬁ ncze%iﬁ g?{bloggg‘%rﬁ%’nep{ 'S
CH{(@ng,Qﬁizdm@(@jpzﬁj ses a nodified nucl eobase. In certain

enbodi ments, the nodified nucl epbas

5. e CRYREyPBBPRETSNt Hdrrsl AesISRTTRNTS BKag5i5sq magdied
inte?%l@@ééjﬁﬂﬁﬁ@rlﬁ%eﬁa% EMbBainfkhts WhdheinkerhDele6¥itiosinkage is
i's a b-met hylcyt osi ne.

( e. In certain enbodiments, each
a mytifistnintemualedsiset Hipkage odn neertaim e@pedinents, at least one

. nmbodi S, th [ . . . i fi .
nteRgerae ok s § HoSpRaRR R AR drodide MRS, 1 Certain
embBoEihRAkas e esequeitermicleds@el D liNKagd. isn cer t phesphorothioate

enmbodi nents, the nucl eobase seqguence 0 h i fi :
intesN Y RRRies ebitiage- | aqeqa&s?mgg&w&gﬁ)l @Eret‘?tag} )I/TOD rféo riLﬁgeo&de
coﬂ%eﬁ?@ﬁ‘ﬁ@diﬁ&ﬂ%@%@ IRfcePaid ERDYEIMdnts| 8 pleraligi of nucleosides
enbodi nents, the nucl eobase sequence of the nodifie

_ d .
coropriisgsraiolosisddeygas. oTERaiD AFIDEAERNE S Ryfdeoside comprises
Dt 0 S R doside EOmpREESREN2'-O-

a %ﬁ%ﬁ%@ﬁ?ggt%ztaﬁﬁ% eo asgﬁtss'egggllr]]ce ofo t he _rmgi fied
metloxgethyt begdri die ceasairf eimbotiemytts, eanipbeaariumity ebony¢eosides

nucl eobase_sequence, of SEQ ID NQ 1. .1n i ;
COMBRIRSi ﬁeif Qjmgﬁ‘gx)ﬁ%@y'e%%eaggq‘??ecrpcgf S pﬁ‘ﬁéﬁtﬁodgi ?llJ%IteJIOS'de_S
corRblignychemidrdesdgaraln lceaain 8f%odiomeitemeattamyodibed fsegar Is
~ nucl eobase sequence of SEQ ID NO 11. In pgrtai_ n 2-0-

indeperaani¥raeiecteh FORLR PebhRst s hadass a ehEURROASREF <

' | 504 ikl dli | aasibty ORVe.608M! GRBAIAAALS Catt (B8St one
meﬁl&égggggscgr ésebq echéeﬁg? SEQ P/D NO 11. In certain,
nucedside nenthprisashe moedifieth asuclesh@senda certain embodiments, the
modified Aucleobase is a 5-methylcytosine. In certain embodiments, at least one
nucleoside comprises a cytosine, wherein the cytosine is a 5-methylcytosine. In
certain embodiments, each cytosine is a 5-methylcytosine.

In certain embodiments, the nucleobase sequence of the modified
oligonucleotide is at least 90% complementary to the nucleobase sequence of
SEQ ID NO: 1. In certain embodiments, the nucleobase sequence of the
modified oligonucleotide is at least 95% complementary to the nucleobase
sequence of SEQ ID NO: 1. In certain embodiments, the nucleobase sequence

of the modified oligonucleotide is 100% complementary to the nucleobase

10



of the nodified oligonucleotide is 100% conpl enent ary

to the nucl eobase sequence of SEQ ID NO 11. In
we@erwadaeenbodi ments, the m R-21 nucl eobase sePUERR09/001590

consi sts of the nucl eobase sequence of SEQ ID NO 1.

In certain enbodi nents, the precursor nucl eobase

sequence consists of the nucl eobase sequence of SEQ ID
U338 11. In certain enbodi ments, the conpound

conprising the nodified oligonucleotide is prepared as

seaBCarBR Do Podn et r e edlREls, e rHeBatE Sofuence

of tREMFBGEY bligructautieshas fll-lehgthantementdrp do trenbecleobase
t he compound _consi sts of a nodified ol ‘_lgonu[:?lﬂ%otl de.
sequaneeof HER RN fet sertaiReemBerimests. Jh¢ JuaiForast iSgauence
of the n‘?ooﬁfi&%g%&d{@%?ﬁe@% {dRH96dd apRMEhRAtAY 8o thé nucleobase
cértal n enpodi nents, the nodified oligonucleotide is
seqaenembf SEG D NO gdhuel cestairiembpdipwedadhaerusiepbase sequence

conposj.tiopns fo se.in,.th a j
of 8 dhaiienBlgan et 3 b S & oqHintbmeRigy a0 it fucieobase
sedi@heé df FEND ¢ONOUNASInCEIRIN 8mbodimdité,i thd nucleobase sequence
ol i gonucl eoti des havi ng a_nucl eobase seguenc

| eob
of Ssmanestied 29\gongciEoRERNA, 1901 GREPIAMEHEN HaalfeRyclecbase
seoﬁ%ﬁkﬁ&r}}f@@@ RP 1 RMBI b AL ietbdfimbhfar @sd miRFZOWLEEEbase

erern are anti sense ol i1 gonucleotides conplenentary to .
sequieRe@ Icansists é thamuckeahase sgauenge dfcaRentD fP: thdn certain
reat ment , and/ or prevent i of . f IS e d ucleob
emh%&@]‘%‘? rtgeaﬂrtelcga% e's '?Og?%gﬁc{eé‘g’? Pé%?"@%‘ﬁgﬁr g‘rr/rggefaru 30/ °Po e

sedlicRc@bf 68N IBQO M t.he treatment and/ or prevention of
i brosis. U30038 Provided herein is {he use of g’hR- 2r%odified
andNorCeatitn EMBaEBeRIS) ghifucPUBPYYY afRMREE i RIS1 Yo
oIig%?ﬁclTeEﬁ@é ”@Epr@ﬁaféﬁr&s! §. pPamvyd ddadcdiercepdsionhelruseertain
of mR-21 and/or an antisense oligonucl eotide agai nst
emhb@nnts othet meodifiedyriigpsugeotidepindireparpr g a pharmaceutical
DESCRI PTI ON OF DRAW NGS Fig.1 Deregulation of mR-21
COMPOLEYi ac di sease and pr edom nant

in certain embodiments, the compound consists of a modified

oligonucleotide. In certain embodiments, the modified oligonucleotide is a single-
stranded modified oligonucleotide. In certain embodiments, the modified
oligonucleotide is an antisense oligonucleotide.

Provided herein are compositions for use in the treatment, prevention,
and/or amelioration of fibrosis. Further provided herein are compounds
comprising modified oligonucleotides having a nucleobase sequence
complementary to a miRNA, for use in the treatment, prevention, and/or
amelioration of fibrosis.

Provided herein are antisense oligonucleotides complementary to miR-21
for the manufacture of a medicament for the treatment and/or prevention of
fibrosis.

Provided herein are antisense oligonucleotides complementary to miR-21

for use in the treatment and/or prevention of fibrosis.
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expression in cardiac fibroblasts (a) Analysis of
m cr oRNA- expression by mcroarrays. RNA was isol ated
WO paild@dt ventri cul ar nyocardi um of a mnuri ne PGHEP208%/001590

heart failure (bl1AR-TG mice) at early (three nonths
ol d), noderate (six nonths old) and | ate stages
(twel ve nonths) of heart failure. Expression is

U30PB&sented as fold regulation vs. wild-type controls.
m'R-21 is mrked in red. Data are from 3-4 i ndependent

di z i
Do BWET bt i Ble SO BRmRE e P st bidonucieotive
agalrr\gﬂl:h‘iR-fZ’cllfb]lyﬂ?htlréadtb\tbﬁlRoﬂ'ﬁbmFﬁe Ri ght Quantitative t
anal ysis o e dat a m the upper nel. :
Provied hefen 1 e U0 ygl%nganﬁi{% %ﬁg@%ﬁgg%?'%o'g&a'e&ge against
miR ok déH%%n%E@ difbldgig human left ventricul ar

myocar ght Quantitative analysis of the mature
form of m'R-21 |n non failing and failing human | eft

BR'EE%#%% vaét‘d% Upper Neonat al

Fig4 @en@g@ﬂ%tﬁbmooi nheznml inlolcardipaPidjsease amndnpregepinant

d| rected agaj nst a.‘??Ctl nin after transfection with
eXP§%$%lPrBI'@d:-arﬂﬁathU8 YF-pre-niR 50 nM 72 h),

t ticroaftandd RNA mothted from left
o TR o o

en it omy oo b2 Medriney msdeL Al BTN Gl (IARITE, BriEe)
earl&oﬁhrgguﬁ%nﬁ% cﬁ cé &5)si® rm§rt|th§'%léf %ﬂdW‘aléT skdefes( Eidelve

at rve anal ysi s” of individual
moRaEbPhYAt Ydikirs. Emeemostmgrmnmay@lé)regwistz@o vs. wild-type

cardi onyocytes were analyzed U
congsire MR At meriam g Dot ai BopP 4 2uRaes g Rbrigizations
pe té;:? F5:ontrol of the al pha-VHC pronoter. M ddl e Northern

t of t R-21 ldt
IR TARGE A e R
falltgrtregﬂ}‘ég% ¥ dgt,i ice. tf¥ t@ﬁnmaﬁvg%n'alyfs%néfgmel datgifeen the upper

erm e general norphol ogy (HE-stain) and
pareol | agen dep05|t| on (Sl rius red). (f) mR21

o SN RERhE S SBE LBHeLhred rechamag n
hurﬁﬂﬁ'l&ﬁlﬁen&dm}d@f )nyoélaiduﬁhr d?/g/ldaﬁganhtdtwmta@as@lﬂ ofythe gnature
forrgjgf@ghe%g g}lsnchzfgll!g]%%lgclf faldlg\ng humasnl? fett! \t/é/ntrlédjgroﬁ'\%cérbﬁn‘?l

(d) Upper Neonatal cardiomyocytes stained with 4'6-diamidino-2-phenylindole
(DAP]) and an antibody directed against a-actinin after transfection with
scrambled- miR (control-pre-miR, 50 nM, 72 h), synthetic miR-21 (pre-miR-21, 50
nM, 72 h) and a miR-21 inhibitor (anti-miR-21, 50 nM, 72 h). Cardiomyocytes
were cultured under control conditions (see Supplemental Methods) or stimulated
with FCS (5%) for 48 h. Lower Quantitative analysis of individual cardiomyocyte
sizes (histogram analysis). n>200 cardiomyocytes were analyzed per group.

(e) Upper Generation of transgenic mice expressing miR-21 under the control of
the alpha-MHC promoter. Middle Northern blot of mature miR-21 in wild type

(WT) and transgenic (TG) animals. Lower Cross sectional cardiac areas from
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and enhances fi broblast survival (a) Hearts from Spryi
LacZ +/- mce were stained with X-gal. Macroscopic

W@ yppapepeand m croscopi c (I ower) anal ysis showRCT/EP2009/001590
detection of LacZ in cardiac fibroblasts. Short black
bar represents 100 mm Big black bar represents 10 mm
b, c) Upper Detection of SPRYl , ERK1l/2 and

U30§ﬁ§spho- ERK1/2 in failing human left ventricles (b)
and after transfection of co-cultured cardi omyocytes

de%&égHr@i“%%%ﬁ tﬁqn‘@&%nlc @f&p?la&%d%cdé?%né I:ﬁe‘?\ef'ﬁl'?ﬁér'i!ihology

synthetic mR-2
HE(éQéKh) ﬁthBﬂagerE@epd‘dltlo?Q (Sijusoredd. i R- 21 i nhi bi t or

() rg&p)}s@@r%sf&%éq éﬁm'ﬁ? (gpqutH%gtF eaé'\?g}’\?érd Qntc&] %t 'I\Yo“?thern blot

(UpPBA S H é‘érﬁtﬁﬂtuﬁéf reatkimke- Pc;ERK&é@ssqhowpboAEF«adrzDasnremcate
PE T AN AREd
SI I at ed knockdown of SPRY1 ( 150 nM 72 h) or

SEMread3datasti th scranbled si RNA ( 150 nM 72 h) of the
co-cultured cardiac cells. Lower Quantitative anal ysis
of Western blotting results. (e) Upper FACS analle/sjs )

Figob mmilsition Wf [Bysroutyk theoufilaaniR-21 aderepressest ERK-signaling
treatment wt d m croRNA (control-pre-m R

andlg@hmegfzbmbqag%qrp{é\(q c MR21 (pre-mR 2 1, 100 nM

(a) ﬂ@ah% frofi BpR/l LaBEz aganicetwereaainedviRh24-gal. MruMopm(dwper)
respective controls (100 n

andqmwmwtom {lewaRaanalsis shows ﬁ@k‘#qﬁlov&géaﬁhe GeEing figrqolgsts.

shdrfBER kbt R E S ITPD TPl prRarrpesEpRORER o0 1
(b, t:f @@bﬁﬁﬂété&tlbh 0$8PERN.‘T1 @RM/@rarm\phcésmnmEBK1/g2rle-fmhpg human

72 h) h
left mnt?@eﬁ) b@ranpﬁl fgatf g%f‘gfﬁgh?%t%% (:3%{3 turr%g] c§@omi%c%9eswland
fnbr%tg&gk Rth (éc?é{vﬁbbed%tc%RﬁAPMermmmt esgatveckdotnel #2, 50 nM,

150 nM or treatnent with_s l.ed
7218 mqtmﬁrw m ny A1, 56N 7B} o 7 AIRcaE BNBERY (FNtimiR-
T/ EP,
21 ?wuﬂm"f‘znfv e G SO e S
alnplpé?e@retterhanétme of a3PRYPerERK U@ axwsnbe-ERIEH sy é'RNA'

eI CH AP ERSHLPIR T T, hp
siRRIA gPsicingot7ide) Vdfathe co-cultured cardiac cells. Lower Quantitative
analysis of Western blotting results.

(e) Upper FACS analysis of annexin V-positive cardiac fibroblasts after treatment
with scrambled-microRNA (control-pre-miR, 100 nM, 72 h), synthetic miR-21
(pre-miR- 21, 100 nM, 72 h), miR-21 antagonists (anti-miR-21, 100 nM, 72 h) or
respective controls (100 nM, 72 h). Lower Quantitative analysis of annexin V-
positive cells after respective treatments.

(f) Upper FGF2 concentration in supernatants of cultured cardiac fibroblasts after
treatment with scrambled-microRNA (control pre-miR, 100 nM, 72 h), synthetic
miR- 21 (pre-miR-21, 100 nM, 72 h) or miR-21 antagonists (anti-miR-21, 100 nM,
72 h) or (lower) after siRNA-mediated knockdown of SPRY1 (150 nM, 72 h) or
treatment with scrambled siRNA (150 nM, 72 h) All error bars indicate SEM. n=3-
6 for a-f.
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the jugular vein. Controls received PBS injections.

Lower M ce subjected to transaortic constriction (TAC
WQ@R00gnea¥vbdperati on were injected with control PEBBEP2009/001590 -

200m ) or antagomr-21 (200m ; 80ny/kg/d) 24h post-

operation for consecutive three days. (b) Upper

Nort hern blot analysis of mR-21 expression in
U300a8reated (control) and antagomir-21 treated nice

after TAC. Lower Quantitative analysis of cardiac m R-

2 1 expression. (c) Upper Western bl ot anal ysis of

SPRY1 , ERK1/2 and phospho-ERK1/2 in mce af

ter, .
Fig SheAeRRRIAIC SiferiwingfdfeniRFACIN viea BERVENtR cardigg fibrosis and
control or antagomr-21 . Expression of G beta was
heagtfgilH'®%s a housekeeping control. Lower Quantitative

(a) @P@éfy ﬁiéx%régce%égrﬁfctfbé_@bptc df@uﬂi%rs ?f C?_)i aoar fEDM’d seioingongeft
arter Sirius red staining for ction..of I :
venfrichlaogiearti tisscerﬂfteoﬂnje%img@r%%; e -dzTOBF'SQtOL@E;ﬁ]&%gJ?@de via
Nt QAL tag Xahs iBhdi abwkl IMiesi subjected to
the gy VB GRA s FeBEN Y B, PEROs Bbne Bt rol s
trandBbAig wdnktrizlioh (EACEdr Erhar?.op(efrathqowgfe jested thh contro ,
transcri pt one. an i s.0f .t 3 i
e
threkt?rtfagfsedhw th co.ngrol o:r ant agoom't_)r- 21OI Red (green)
ox€s show significantly (p<0. i nduced., (r
(b) ¢ones Nottbaey bl_%t ﬁgalrygi!siozfz{puﬁ:g%? &I’(p{?ﬁ?@au‘f‘ ?‘l{%é%a_g%;‘ @ﬁﬁg% a.nd
ant%&c?réf-%}k%%be%r & AieriTAE] Msiper Quamps@edamdlydis bf osidac miR-

y antagomr-21 treatnment. (9Q)
21 &gdressioni ogr aphi c anal yses. LVD, left ventricular

dianeter: FS, fraction r i /2 in mi
(©) HeeRamestsratie RS PRePBITe SRAUTE and phofbg erad 2 mice
aftet! %Ii“alﬁ‘ﬁjo%rétib{r;oélg bftéﬂ'dRAZitrEratéidaw&U dithier Isiontreh opantaRIr-21.

. error bars indicate SE n=3-6 {0 - itati
E i esion of Caety Was FDAUN H5ch RS BR PR i fqisi Geintiatve

vat. | within the m R-21 -pronoter
aneﬁ'gsg?gﬂ\g\%g?&ﬁisofq?ter?gwgspeci es in conpari Zgg to

(d) lDemdiac seRiQ1s aferodiguered Haiing fagidetgatiop

conCtPorI]-SaerH/ gﬁt‘aggmir-%treated mice.

(e) Quantitative analysis of myocardial fibrosis (/eff) and heart / body weight -

p%yé)cgltscnael fibrosis in |

(right) in control- and antagomir-21 treated mice.

(fy Upper Global transcriptome analysis of the mouse genome in heart tissue of .
mice after sham-operation or after TAC treated with control or antagomir-21. Red
(green) boxes show significantly (p<0.05) induced (repressed) genes. Lower .
Normalization of upregulated genes coding for proteins involved in myocardial
fibrosis after TAC by antagomir-21 treatment.

(g) Echocardiographic analyses. LVD, left ventricular diameter; FS, fractional
shortening.

(h) Proposed mechanism underlying the derepression of cardiac ERK signaling
through miR-21-mediated inhibition of SPRY1. All error bars indicate SEM, n=3-6

for a-g.
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(b) Luciferase activity of human m R-21- pronoter
constructs. Progressive shortening of the native
WQrWane@s7 | eads to identification of a 117 bp PEHERW09/001590
that is responsible for expression of mR-21 . n=3.
(c) Luciferase data of human m R-21- pronoter
constructs after deletion / nutation of individual
U3Q@G3Bnscription factor binding sites. n=3. Fig. 5
Knockdown of the ubiquitously expressed m R-21 i nduces
. a.cardi ac_phenot | -@fJssh (a) Left Lateral view
F'gof%al(/@ﬁfl’m? Tar]éﬁﬁglsa&‘s%aéﬁmrﬁlgjﬂ nor phants at 80 hpf .
(a) ASeqiidricBMtoNservativr iwitin thar kiBrdloprontghiregiens of different

ericardial edema, R ght Upper. Control - '
SPeEHD BrATRATam e REa T E 41 SRRy RhoP R Riely degree of
corlBRRIRghogy at 80 hours post fertilization (hpf). The

earts are | ooped, endocardial and ngocard'hal Ialgers ssive
(b)at ecitezhse dactoitypefi hwnan hBliReIrPIORIQCI \BONSHHC (T 09re
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(b) Inhibition of miR-21 function by two different morpholino-modified antisense
oligonucleotides (MO-1, n=496 and MO-2, n=460) leads to identical phenotypes
in > 90% of the injected embryos. Data are from 3 independent injections per
group. ‘
(c) Myocardial function displayed as fractional shortening (FS) of the ventricular
chamber of MO-control (n=6) and miR-21 morphants injected by two different
morpholinos (MO-1, n=8 and MO-2, n=8) at 48, 72, 96 and 120 hpf. Ventricular

FS of miR-21 morphant ventricles severely decreases over time.
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Fig. 8 miR-21 real-time PCR expression data

In addition to determination by Northern blotting, expression’ of miR-21 was
analyzed by real-time-PCR in left ventricular tissue of mice after sham-operation,
sham+antagomir-21 treatment, TAC and TAC+antagomir-21 treatment (leff), as
well as in hearts from wildtype mice and miR-21 transgenic mice (right). n=4-6

per group.

Data not shown:

A screen for theoretical miR-21 targets revealed 22 known potentual target genes,
of which 8 were shown to be expressed within cardiac tissue. Combination of
three different target prediction tools identified Spry1 (sprouty1) as a highly likely

candidate.
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car{;i%%x- e INEeterdminkd bivrsi BAPI salore. bilodheey Habes £ Mid-21
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nMan e garsyatheticssiRe2 1 preanil-2erBenM) iV §EMYBSAAEEY s to

be understood .as a..pligon i hahgé@s a certain
wigeRtAmdoa Bty HES ST RLIR Sphoraee 3 cef "
TR oG B R meot T

y i F5i L RRAMPERSIYTR
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wegg AR u%q Q%W%Ig wth a squence at | east
miR-21 real-time PCR expression data .
In addition to determination by Northern blotting, expression of miR-21 was
analyzed by realtime-PCR in left ventricular tissue of mice after sham-operation,
sham+ miR-21 antagonist treatment, TAC and TAC+miR-21 antagonist treatment

as well as in hearts from wildtype mice and miR-21 transgenic mice.

DETAILED DESCRIPTION
Definitions

“Fibrosis” means the formation or development of excess fibrous
connective tissue in an organ or tissue. In certain embodiments, fibrosis occurs
as a reparative or reactive process. In certain embodiments, fibrosis occurs in
response to damage or injury. The term “fibrosis” is to be understood as the

formation or development of excess fibrous connective tissue in an organ or
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conplenentary to mR-21 wll lead to a derepression or
even an overexpression of targets of mR-21 , |ike
w@prgnespeand the |ike. "Subject” nmeans a humanP@r/EP2009/001590
Ir)on-_human ani mal selected for treatnent or therapy.
Subj ect suspected of having" neans a subj ect
U30§J')|f(igl biting one or nore clinical indicators of a
"Sease or condition. "Subject suspected of having
fibrosis" means a subject exhibiting one or nore

. clinic i ndj.c : . ShS.oDI i foghation of fib
tissli, B R B B P e o e Fing the
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sease for a perio f, ti LN ' . .
or Afegplsense; g QPé‘r‘ffeo?'SP fsﬂ% eg% "&Aﬁ%ég%tgg?ﬁ%gﬂl%ﬁr?de
whi®f h958 QrtdiPkeqsea®l Eoraplenutaytesinetwl seareneRd ip ppagticular

or anelioration of di o j '
2 scwospRcHaTREIRORY I T 2he AdAIGRisEt APTOR of narg: o°
unqégsgggé’ﬁ‘%ﬂ@@ﬁo géés‘?é!do@\%ﬂb%m {ahgERl of oRiRt 2 DY isnierestaat to note

ning everity of at |east one indicator of

thab@rﬁl:ﬂﬂtiﬁ)iﬁm of miRsZheg. via arepliggngcleptidR wieHA sequence £ least
anel i oration . u i o -
conggEBEe) 4 TR S opafilE MePlesplgfib pherrar et pryesir
of tgfgtegdr §ﬁﬂ$§-2g The %@Nﬁty ayd tife likedi cat ors may be
m ned by subjectiv bj i '
S mons gbemaciresh FF o AR E b ERRHEEEy Hlent o
the([i}a%t‘?/d t hereof neans a subject identified as in need of

herapy or treatnent.U30038 " Adni ni sterjng:
pr mu@{em:g saspéciedsfehayios] Megenta éPQ@Bﬁrﬁébﬁbﬂlnéggﬁgs"é more
. subj e and i b e wdSs not limted to,
C"”&cﬂﬂr}ﬂp‘?{t_@ﬁ § %;g/é%sderr@a?%hdpr?of essi onal and
sel foupslitt Ruspecteaqf Haragefirosis! nagamsn stpigct SXNIDIRGANS OF

adm ni stration through injection or infusion
mOP%lﬁlé’H‘t?%r'%cl"C%\taFﬁ?l'{]fr&’P%?i on includes, but is not |inited

t 0, \URSHINRNER Uprédintioh S refatd an delayingaoeeroestalling the onset,
de\?eollcr;:)nqleﬁtt ro?t;;rggfeslsirg)tnr %Puas%%kgirtior?dgri gissegggtficypna period of time,
including weeks, months, or years.

“Treatment” or “treat’ means the application of one or more specific
procedures used for the cure or amelioration of a disease. In certain
embodiments, the specific procedure is the administration of one or more
pharmaceutical agents.

“Amelioration” means a lessening of severity of at least one indicator of a
condition or disease. In certain embodiments, amelioration includes a delay or
slowing in the progression of one or more indicators of a condition or disease.
The severity of indicators may be determined by subj.ective or objective
measures which are known to those skilled in the art.

“Subject in need thereof’ means a subject identified as in need of a

therapy or treatment.
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[ nt_ra_arteri al adm nistration, and intracrani al

adm ni strati on. "Subcutaneous admni ni strati on" neans
W@awbndEssT at i on just bel ow the skin. "I ntravenRUEEP2009/001590

adm ni stration” neans admnistration into a vein.

"Intraarterial adm nistration"” neans adm ni stration

into an artery. "lIntracardial adm nistration" neans
U3BQQRE nistration into the heart. In certain enbodi nents,

intracardi al adm nistration occurs by way of a

cat,heter.. l.n certal [
n}lﬁﬂ?'ﬁﬁwgnm&@gﬁF’ég\ggmgaé;&g%%ggggﬁiag%?%%ﬁ %oer?glosnmn to
L&édroraaayurﬁ;dmersl Sutatsi oot limstets tedadmisistesingoby ta mpadical
Iun S. "Inproves l.iver function"” neans the changes
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enbadimRaf WhidftratiBACT hRANk S ad@iRstERBNDYhrERESS Uinjetgon or
nol ecu Lngs a?ounrt] [ nr a| subj ect's bl ood. For exa?rlgl el ?n

infuseart ai n enbodi nents, inproved liver function is

Parleg\;eé? drgﬁésﬁwggu%élweé N RO o Aimitd ANRATsDBERaneous

euti ca mposition" means a'm xture
adrAiishsieh anaeFariouabl edfrmustzaaimml sinbemugcular anadministration,

di vi dual that incl
it RApAA @i Ao Bk AT BB T oy compr i se. &

”Uld'sf 'b%Gta%bQQEHﬁhhrﬁ%étﬂﬁm Mshris Sdreinistratiogiebslow the skin.

sol ution. "Pharmaceuti cal agent" neans a subst ance

t ha“ﬂntmpuegdm»mlh@atgpblmwsa@r@wstw%ﬂ AR 't er ed
if‘rétfjana? eef% admﬁﬁ%t?é‘fﬁg?%&éﬁ%h%ﬁhhé@g{t@gh%'ﬂlte"ry means

t he conposi tion that
pr Ovmtfb.&r@ad@&nnmlrabhémean'sm@etstraty@m #ite thehgart. In certain

emgegéwqeré§ ggl{Aracao{pla?ﬁgangﬁAlct}ﬂngélfcrél L %?:@gg;cg%fﬁét%# Qn certain
emBSHHQeﬁt@ﬁgt%@idiayaam'imﬁ%tm m&mwd@y BPBPEs heat saeyery.

) Targeting" neans the process. of desi and
sel @thmgnardfadm'msé’éb@@em§éﬂ|%léﬁﬁ1én'§tﬁaét°wq H&Wr di ze

; T %gf&%@thv@wur?dtlﬁna%é%n%rlﬁe'dP\‘%HQSs avéleminefsh ediaatnormal

means aV|ng a nucl éobase sequence t hat
panamiételasl llnveettay iedikastinentst divar furagien isuagsesseddydmegsuring

molecuﬁmsefc?lun(gie%’nI raegut%]:af: S bloocp o E%rﬂple, in certain embodiments,

improved liver function is measured by a reduction in blood liver transaminase
levels.

“Pharmaceutical composition” means a mixture of substances suitable for
administering to an individual that includes a pharmaceutical agent. For example,
a pharmaceutical composition may comprise a modified oligonucleotide and a
sterile agueous solution.

“Pharmaceutical agent’” means a substance that provides a therapeutic
effect when administered to a subject.

“Active pharmaceutical ingredient’” means the substance in a
pharmaceutical composition that provides a desired effect.

“Target nucleic acid,” “target RNA,” “target RNA transcript” and “nucleic
acid target’ all mean any nucleic acid capable of being targeted by antisense

compounds.
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enbodi ments, a desired effect is reduction of a target
nucleic acid. "Mdulation® nmeans to a perturbation of

WO vetld@n7 or activity. In certain enbodi nents, PCT/EP2009/001590
nmodul ation neans an increase in gene expression. In
certai n enbodi ments, nodul ati on neans a decrease in

e expression. "Expression" nmeans any f '

U30 . . y functions and
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of a target nucleic acid. F
emtendimentsermedwationimeans G @gFﬁ&%)lé:g‘tp lﬂgge é‘xp‘%&s.&% e ¢Eftain

on SRR AL e saamioon
ol i"geprestient inteariss abPdenctons af@blséﬁpsoby a‘(‘”?i’?fhmge”e s coded

stem| oo nce.
infosmBliRH St ocgweg,gg éntpesérugﬁﬁgg EIL esent 863%% h@g cell.

h means
t hesorfgdt Qie"GeRrsguane rﬂmtdo@ebas:ésa targetangcleiccagd which is

ori entation d d £
conmmlerentsy 80 Hath TmBskUSEOLAss B PR 1o B A Baude ©
msags Eangg Epba nb%dhtﬁl@ébés@dbfaﬁaﬁtgdtmmu aichevhich is

el c acl "Nucl eobase compl ene t
cortyblermaiiari/ oy thef 3tmosihudledingsds atkp n’g%ﬂ'?' %Q%r”IHS%QF g%?lnfl

vi g _hydrogen_ bondi ng
nucREGIRNS dNERRR, 8nk Pg oﬁﬁﬁéﬁ@ﬁ%@{%ﬁe&%@?ﬂ%ﬁ nﬁ%lée(f}i acid. In
r@a@rﬁ?er@@c%nm%a% Qa%dlaa%ongaﬁamotwmasieemnuu% ohags Seguence

100% i dent |
ot 2l 1 b0k 18, ST SR O B SeGPabryple p cerain
suc‘%leméédm%%ts %%o@lﬁled HigoAdcledtiie @&‘.on?pﬂeménfary 20 a r2gion of a

45° 50, 55, 60, 65
miFISA %em%svplcseq@ﬁ:nqﬁarénneéﬁ%‘abaﬁéiéé RGOie B e i odiied

oligonucleotide is 100% to a region of a miRNA stem-loop sequence.

“Segment” means a smaller or sub-portion of a region.

“Nucleobase sequence” means the order of contiguous nucleobases, in a
5 to 3' orientation, independent of any sugar, linkage, and/or nucleobase
modification.

“Contiguous nucleobases” means nucleobases immediately adjacent to
each other in a nucleic acid.

“Nucleobase complementarity” means the ability of two nucleobases to
pair non-covalently via hydrogen bonding.

“Complementary” means a first nucleobase sequence is at least 60%,
65%. 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical, or is 100%

identical. to the complement of a second nucleobase sequence over a region of
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sequences hybridize under stringent hybridization
conditions. In certain enbodi ments a nodified
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is 100% conpl enmentary to a m RNA, or precursor
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tarlt of a mpdif]|
the tﬁm enjari %{ucm%%rbsa e npgngBélérenggﬁ F@%‘r{é ?t‘gﬁfg%@ﬁ a first
nucFe'ﬂ:e?élé%%ta SetIndi fucksit dciddi vi ded by t he nunmber of

nucl eob f th di f i
Cermf’pﬁzﬁémmﬁgrﬁ%ﬂ'gr Idgg?gl%lggﬁﬁucl og;ralg? |$ first nucleic
aad"Bdt}afeo' s of bfglﬁﬂy%lﬁ‘péé&? n(Bapsadst é‘@ﬁh@ép@fdmg posmon ina

bases are conplenentary to a m RNA, div q
secbwdtheclaw,rrtlmd ofF anuekamipies e oferidie ABtPOMrRgNtS, 2 mod ied
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in aflrhigonleheaili-dagtregimplentfeatarénto thegndNAound i s

| cul d by d '
f ﬁeﬁlé@%tggt c,oéw %\ﬁgg{@%? ;F@agg:gﬁéngra%rgﬁ% e8pa§8§1pfgmentary
nucidb99BY 6l §HucHEe Ayidtdigidbemytthe dndthef trey gedleicegiidirin cerfain
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number of nucleobases of the modified oligonucleotide.

“Percent region bound” means the percent of a region complementary to
an oligonuéleotide region. Percent region bound is calculated by dividing the
number of nucleobases of the target region that are complementary to the
oligonucleotide by the length of the target region. In certain embodiments,
percent region bound is at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%. at least 97%, at least 98%, at least 99%, or 100%.

“Percent identity” means the number of nucleobases in first nucleic acid
that are identical to nucleobases at corresponding positions in a second nucleic

acid, divided by the total number of nucleobases in the first nucleic acid.
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"Substantially identical"” used herein may nean that a
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970}3%%?%3%% f?:%l tdrol"qo% lcPen%ESlOBdePéﬂ%@bﬁ cﬁts @ 10, 11, 12,

ntary nuc freans two nhucl eobases
13, t1hat|5an@ 10t 18; aBal2l0e 20 f 221a23|2ﬂﬂg 25hBOUGH. HctD§dn 55, 60, 65,

bondln "I neans, _havi ng.t he same nucl eobase
70, géq% %Rmﬁobmor%{%cle S a non- codi ng RNA

bet"bﬂ@@ﬁdé@ Anchrdb tHl GnpeBRe of | dorhagiehtarhi mitleic acids that
hybridizes to and regul ates the expression of a coding

occRIgAhreughorydle@lpserisoR RERNEMMYS ni RNA i s the product of
g:c eﬁ\,lxgﬁﬁs&f” rﬁe?ﬁsea Rb ¥e g REOZYIBRiDacRS thabXamatl capable

_ are found int m RNA dat abase known as
of pairiigasieh ahuciEabase at erqwaresan@@ng positiry pf aseeaodnRAlaic acid.

or ' pre- di
o B PN AR AT P BB A Be o
cap%BT%%#‘ﬂmm thréu gt RydioBBboadinge product of cl eavage of
a pri-m R by the doub] e strandﬁd RNA- specific
r| b&%%'Pé‘a@terWrY'% hersgeManuelepRaRs ©d&Guence”

RRJ?-\" Blél\&ﬁﬁ"'n%e%nga'ar PoR-RINHCIRINE BBEvENt S Nimig 25
ure sequence. Pre-m RNA sequences and

nucsecmasbsop leegthewchg}h hnlyndjz@r ta@ndereawntes e wPsmsiybp’ 2
coqiqgQ%Z\gﬂéeI%h%rr%a? Fl ng a%%qéttﬁ%’ﬁ?@dm%mle%%ﬂmof a

Ra-s&nqer . ac =
preQhiRNM ibynth &' en”f@amDa:enofExampllee@fmNRNﬁewamgfoanﬁah the MIRNA

structure that _is a trate for the bl e- stranded
datpR@ses kW Pg nwf?@@ﬁeéﬁ@%z@'%%% W&N%Hpr ecur sor"

MeaRSe fniRRNGS6F iPle-hirat n¥dngi Qaﬂicﬁﬁccﬁdlﬁgm RNgehaving DNAirpin
structure, which contains a miRNA. In certain embodiments, a pre-miRNA is the
product of cleavage of a pri-miR by the double-stranded RNA-specific
ribonuclease known as Drosha. :

“Stem-loop sequence” means an RNA having a hairpin structure and
containing a mature MiRNA sequence. Pre-miRNA sequences and stem-loop
sequences may overlap. Examples of stem-loop sequences are found in the

miRNA database known as miRBase (http://microrna.sanger.ac.uk/).

“Pri-miRNA” or “pri-miR” means a non-coding RNA having a hairpin
structure that is a substrate for the double-stranded RNA-specific ribonuclease
Drosha.

“miRNA precursor’ means a transcript that originates from a genomic DNA

and that comprises a non-coding, structured RNA comprising one or more
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and that conprises a non-coding, structured RNA
conprising one or noreU30038 m RNA sequences. For
We2and@s7 i n certain enbodi nents a m RNA pr ec UPGHEP1089/601590
pre-m RNA. In certain enmbodi ments, a m RNA precursor
is a pri-m RNA. "Monocistronic transcript” nmeans a
U30r(r)1 RNA precursor containing a single m RNA sequence.
B8 ycistronic transcript” nmeans a m RNA precursor
containing two or nore m RNA sequences. "Seed: region”

miRgﬁlﬁg%%d?elﬁ%leggl\{)&d@)é IEOin&ePtajrPehBodinfen®ma IiIRNA pesedrsal is a
re “m RNA Sequence. "d I goneric conpound”_ neans a
pre-BEIRPIAU ivdl ceraipransbadjmantso RymENA praduissds ABHOTERNA:

subunits. "di | eoti de"
nucM@_Bg?'até%Q'?lé Oméﬁpfe\?m'?agrﬁs 8%@%\? %gﬂrl}égﬁfz%rﬁ’tfamllﬁdqbeﬁngle

miRlN)z(TQéJchJén%g., i ndependent from one another. "Naturally
occurring intenucleoside |lin

ph6@plmgatr@@rpe&ramqmg@Wméeﬁgﬁwérﬁ%@@@?Cqﬂt@{‘ﬁ‘rgafw" of
| sugar found in DNA (2'- or RNA
mo%%ﬁ%_@?&@%rsal nucl eobase" meang a I:?,IC| eobase_t hat
i s “Seaddedivet] medrst nudeotidast 2 taf @F & 8 /olkemr heng-end of a

form _"lntenucl eosi de |inkage" nmeans a coval ent
mature, PUBNARSRANERR® adj acent nucl eosi des. "Li nked

Puegﬁ@@heﬁ?\l"cc{mp%lmdﬁumeeosi aecommoureld coynpaisingval palymer of
~ linkage. "Nucl eopbase" means a heterocyclic noiet
linked psioanasic W H8val ent |y pairing with another d

nuG N i dey ot i ;
bﬁg@ﬁﬁmgﬂg%sﬁ% depolyRanst ankutr haebesides,i edardot which

a sug ot1 de" neans a nucl eosi de having a

canpii:msmldiibd cgnpm!ppdiﬁﬁéli@fﬂﬁn%ﬂdler‘hﬂ(@ﬂ ang 3" Qugar porti on
e G AR
phd3pRedieser lihkeyebétwdeorelensies, "ni R-X antagoni st
T el ot Sl PR TR AR 0 arelaszer)

“Natural nucleobase” means a nucleobase that is unmodified relative to its
naturally occurring form.

“Internucleoside linkage” means a covalent linkage between adjacent
nucleosides.

“|inked nucleosides” means nucleosides joined by a covalent linkage.

“Nucleobase” means a heterocyclic moiety capable of non-covalently
pairing with another nucleobase.

“Nucleoside” means a nucleobase linked to a sugar.

“Nucleotide” means a nucleoside having a phosphate group covalently
linked to the sugar portion of a nucleoside.

“miR antagonist” means a modified oligonucleotide complementary to a
miRNA, or a precursor thereof. For example, “miR-X antagonist” means a
modified oligonucleotide having nucleobase complementarity to miR-X. In certain

embodiments, an antagonist is a miR-21 antagonist.
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en‘toodi ments, an antagonist is a mR-21
ant agoni st. U30038 "Modi fi ed oligonucl eoti de" neans an
W@PR0gaict eot i de having one or nore nodifi cat i REEEP2009/001590
relative to a naturally occurring term nus, sugar
Irllu_cl eobase, and/or intenucl eoside |inkage. ’
U3OP(§I ngl e- stranded nodified oligonucleotide” neans a
i fied ol i gonucl eoti de which is not hybridized to a
conpl enmentary strand. "Mdified intenucl eoside

[ " . . ) .
i 'n{ﬁg@ncﬂﬁ?d %ﬁggrzu?{%il?%h@ﬂ%sf BRBligoRadigstald Kaving wnei orgmore

| _ eosl age. "Phosphorot hi oate

modiffeations telatbiede d hatkisally"0oeEINY t§MINNR agj0as ch ylappase, and/or
_ . nuc| eosj des_where one of the non-bridging atons is a
intergye Bﬁmgﬁﬁg?geWbdified sugar" means sgbs?itution

ﬁnelii‘,iﬁ@gagmén@aangenédiﬁm a phgamaledidgir . meRpE| f ded Modified

~ nucl ecbase” means any substitutiaon /

oo AR B SaSREye s 1o
CYL341Ed TRrhialodiie NinRagEt Mok anp chahgefesimt @ ritterally

5 ~position. "2"-O nethyl “sugar” or "2'-OWVe sugar”

occumgiag sntarsutpsidealinkagea O net hyl nodification at the 2

position. "2'- . i "2 H
POSkhd Shpifioa TREIUIEIA, (HGBE" Rear? o WiRaguaaticen
nucleBgidds vafesé ohernf thehe®bfidgingatemgas a soifur #onk sugar "
means a sugar having a fluoro | fi ' ;
oS e e, SR TP A LR R Zhatura
Suggpdl fied by the bridging of two non-gem nal ring
atons. "2'-O methoxyethyl nucl eoside” neans a
2' “Modifiededuelaebassti MeanavAmy %Jbét't-uéb@ﬁe?ﬁ’fg%@ﬁwe from a

sugar dification. "2'-fluoro nucl eoside" neans a
natlfa[g%cd%agg. nucl eosi de having a 2'-fluoro sugar

modistinetylaytosifie’ nfearst fay Icytasing gpeditied neih sa gmethyl group
attoahed i e 4 aigheosi de having a 2' - Oret hyl

“2'-0-methy! sugar” or “2'-OMe sugar” means a sugar having a O-methyl
modification at the 2’ position.

“2'-0-methoxyethyl sugar” or "2’-MOE sugar’ means a sugar having a O-
methoxyethyl modification at the 2’ position.

“2.O-fluoro sugar” or “2'-F sugar’ means a sugar having a fluoro
modification of the 2’ position. -

“Bicyclic sugar moiety” means a sugar modified by the bridging of two
non-geminal ring atoms.

“2'-0O-methoxyethyl nucleoside” means a 2'-modified nucleoside having a
2'-O-methoxyethyl sugar modification.

“2'_fluoro nucleoside” means a 2'-modified nucleoside having a 2'-fluoro
sugar modification.

“2'-O-methyl" nucleoside means a 2'-modified nucleoside having a 2'-O-
methyl sugar modification.

“Bicyclic nucleoside” means a 2’-modified nucleoside having a bicyclic

sugar moiety.
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sugar nodification. "Bicyclic nucleoside" neans a
2' -nodi fied nucl eosi de having a bicyclic sugar
WOorz00et1963680038 "Mt i f nmeans a pattern of nodi f PEHEP2009/001590
and/ or unnodi fi ed nucl eobases, sugars, and/or
I nternucl eosi de |inkages in an oligonucleotide. A
"fully nodified oligonucleotide" neans each
U3qgﬁéleobase, each sugar, and/or each internucl eoside
linkage is nodified. A "uniformy nodified
ol i"g%ﬂﬁclr%%isds" BRSNS ofanbdifled | aatias einneadified uyeleobases,
and/ or each internucl eosi de Iinra e haﬁdthe sane
sugaty) iahdtcatinternudgasidshbnacend AB Q'Y H'%onucl eot i de.

A stali Lzl AbhliGablig” %a8hMetiéoteak] @ach sugar,
nu e@@”@é{“ﬂg&j qg'ggblh géﬁ%;hrg%ggﬂ s?t ability to a
andi® s Sdneifitephigersidé Gokageeis modifiete presence of
nucl eases, relative tp th roVi , h
2' -%é‘éﬁ%ﬁﬁ@ye@&dﬁﬁg Pﬁ%%%‘eoo)%d%ho'ﬂ%%o%%éggp e?uclfaobase eac
sudaﬂ%@r{dﬁb’%ﬁ&ﬂn@&nh@:l@b@i@éSinkEgH hax tepsame imodéeatignthroughout
enbodi

ments, a stabilizing nodification is a
thesbadified gligapuelaatiessi de nodification. In certain

embpdi er i@QitlonZ | REaf® @ Maidationi ® a nucleoside that
ntar SR 3%5‘?'?%?%% ﬂrqrgadi_fi cation. A "sta%l izing o
orovidek et atrsdnstahiitya tozc stk ofigrn udeideo hriaviRIESS"C
enhanced nucl ease, stabi ity tq. an o dendéglelinked by
nUfl‘f'%%’%ﬁSiyvée'tagV? hgcl H}aévikb&é\é'h ?/ gyz,rb_ glgx' nucl eosi de. I n
ph o%d@%@é’riim%raﬁuc@os‘»d@bmkaigeisnaonexaremsi deceriaimembodiments, a

-nodi fied nucl eoside, A "stabilizi ' Uel egsi d8tai
stabilialeggenogiieativnans i At éﬁ?ﬂ@fr@osquﬁéeqsi'({{%a@gaﬁkﬁjﬂ' Tf &:?am
LW lfieaseh Btaitdrhtivledsidatinkage modification.
emg)lol& %ﬁ%‘l%g@ﬂgﬁ&eﬁgt@ibe to that provided b% g to provide
phosphstdbiigingr riuctesisiel| BwaNge | iNYkiEgE!de Meg{ie P
enbodj nent, a L 2hNghig 4 qeRitide tb ithkagevidsd by a
e B Qe D8R ht b P BRLSEINE, TRBuG: oﬂmg o
2 hiSosirseReered mheneiemiidirenbai stakiliziog ingsleasidedpidegmodinie
conpl ementary to m R-21 are pharmaceutical agents for
nuglgesidghi bition of M R-21 . In certain enbodinents, the

modiaf i £ i3ih§ IREFHRMOLIES linksgatdmenns taar edemucigoside linkage
subj ect t?1aV| ng a di sease characteri %.ed b%{l h@‘ﬁ relative to that
thatppregideat érhraneed riuriease. steRiliefd a0 PIGRBBYFRERY £

provided by a phosphodiester internucleoside linkage. In one embodiment, a

stabilizing internucleoside linkage is a phosphorothioate internucleoside linkage.
Overview

It is discovered herein that modified oligonucleotides complementary to
miR-21 are pharmaceutical agents for the inhibition of miR-21. In certain
embodiments, the modified oligonucleotides are administered to a subject having
a disease characterized by the upregulation of miR-21. In certain embodiments,
the disease is cancer. In certain embodiments, the disease is heart failure. In
certain embodiments, the disease is fibrosis. Fibrosis results from the

development of excess fibrous connective tissue in an organ or tissue In
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the disease is cancer. In certain embodinents, the
di sease is heart failure. In certain enbodinments, the
wele®eass61 s fibrosis. Fibrosis results from t hRCT/EP2009/001590
devel opment of excess fibrous connective tissue in an
organ or tissue inP2009/001590 U30038 response to
Uwg%émge or injury. Left untreated, fibrosis can lead to
ariety of conditions of the heart | ungs, ki dney,

l'iver, and skin, anong other tissues. It is discovered

resp@ﬂs?itgac? fa é'oPrlﬂm';ﬁsLtefﬂ@ﬁlréfﬁ@dnﬂlers%lcam doyed a) a variety of

infi'brosis. Enhancement of

condii&'med of thmmlrtewngsbkndbemjtvegw, SkH). an%mgr%tg]gr |ssues
Ft||s g%zlpﬁgr%m%gﬂqggp@&%b@gﬁ?@ﬂvédﬁﬂ%@@’ ;ﬁmé etitical role in

herein i d Is a necha b
flbrd@*“s! CEnHEMReRknt eguhniR-2d leveisoploastted dibrobiast. s%&:afgmu reas

cuppbron, & crgisarar L SRR SRl BY B s, nerer
|derﬁﬁ58'|§5%9éé}{a\mstrﬁ b?"vﬁfu@ll nARE2 Phayuraes fibiobédst agemas Alkgrrant

€ treatnent of rosis. In certain e

fmmmﬂatfpredfemnogbaumwlyalen@dmgpgnt@nﬁtgp?s?‘gcwrge rﬂy @%dmed
ohg%@cl?ﬁ{%ﬁt gé@g%%%?&t{ AEiRUWP L pEBRaAM N RicAl Bgedtslfor the

enmonstrate a critical role of
treatiBrOfasibrabey.i wedcertdn 2errmdnrsam1 a ﬁn@ﬁ@eﬁe&}'sowfa'egmde

3h). The dat est_that s
conl e odR S0P SEAStnS bR EL Brenory o e
4 inportantly regulate cardiac fi br03| s. This study

represents the f t |
pirecavemars Aemonpiseless CHURLITOIC QLT iant g/ ed T2 Gnd
niz Rs2
SR\ IFH 538 P oF} PIoUSR Aiokteral suetualcagdng i
mefri:gmdjt @}q&aladg@éﬁthP@MMkmm aplavity |rﬁabtﬁ‘t‘ﬁ>%ﬂ%'|yrfﬁg¥”éfe cardiac
ar ai e a t h

fibrgsis il AiSo R afﬂpgaﬁ?s{‘ gvﬁ] ﬁrskt)one a:g@gcgaQeMﬁdrSRgléﬂi\teﬁrtﬁgrbpéutlc
a dneat%ﬁ PR diSdadecmodel. tmmupfanmg@nimg mR- %hpr%@ﬁge@l the

ol 1 gonucl eoti d
sterthgQanqi @fnoqt&qggln%%glfl(g%{tlgan ér|$ @fzrrllgﬁrﬁ]'egé]%@gﬁefm% ?% nd S suggest
n
a nfe(Agr e'f'?@éurtgl %é@{j pglfng‘ggl‘;ggQﬂ fQﬂurfaladeOQh@Nahd/bJoad therapeutlc

0SI The invention particul arl
potentialef nEcro®NA aotagesists.i ¢ di seases i nvol ving fi brosi >s/

(= f' bros' SeE yrgé ep[qegérﬁei‘?ﬁﬁﬁﬂon hékRsCR BHea@se of miR-21, an

hyp Eénsi ve
antisense ohgonucleotlde against miR-21 and/or a target of miR-21 for the

manufacture of a medicament for the treatment and/or prevention of fibrosis
and/or fibrosis related diseases.

The invention particularly concerns cardiac specific diseases involving
fibrosis (= fibrosis related diseases), like cardiac hypertrophy, hypertensive heart
disease, diastolic and systolic heart failure, storage-diseases related to heart,
such as M. Fabry, cardiomyopathies, e.g. dilatative cardiomyopathy, hypertrophic
cardio-myopathy with and without obstruction, restrictive cardiomyopathy,
arrhythmogenic right  ventricular cardiomyopathy and other forms of
cardiomyopathy, like e.g. diabetic cardiomyopathy, constrictive pericarditis,

coronary artery disease, myocardial infarction, acute and chronic right heart
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di sease, diastolic and systolic heart failure,
storage-di seases related to heart, such as M Fabry,
wae220dheisyopat hi es, e.g. dilatative cardi omyopak¢lyEP2009/001590
hypertrophi c cardi o-nmyopathy with and w t hout
obstruction, restrictive cardi onyopat hy,
arr hyt hrmgenl c right ventricul ar cardi onyopat hy and
U3088Ber forms of cardi onyopathy, like e.g. diabetic

cardi onyopat hy, constrictive pericarditis, coronary

t AN iDAEAiSHbsisn rjogbidus. eaed Gbads, diseases
fa"”%fr%ﬁa@gra?g eart 01590 U30038 failure, car

of tleg hhami vailvas lelading ¢o Nawe@e@oan5Wg|qQ@yr g|gatsg%r0318 e.g.
si s, di seasg Vv s , d/
mltrg{ad Vet SIReSES o?ﬁqlgsuir{i%ffr&?eq{cg QJ)MT&‘ vla%d Q@nbgs and/or

I'cienc sclerosis), g.
insuffidiérady, Vtﬂl:us}m@élen@lsesmandmramdieuﬁmsuffumw m&rrnpnafy valve

val ve ‘stenosi s and/or insufficiency, tricuspidal valve
stenpisimanrd/er insaffisieNtisuf fi ci ency, pul nonary val ve

st eNaS| Rn&NaY et il EhGoreBEYcerhlothet disehees a's/pemtg filbresis
i nvention concerns other diseases invol vi ng fibr

= {ibrobisbredated diskases), Mot dalaéed torhe sAARCHIIE™ Sn-fimiting

candi ac Syt e n eRindl &liddtR@s, pulmonary
exam%%s?& %'}grcr)ﬂwb Q? bSd[%']é:tbl \g/e ungledl sngasés pul rPDnaré/
hypBMERSibRNBIePMibrddiy due fto hrtosicssudwendingahepatitis and/or secondary

o ik nape 1= 0en STk eberS, 2B el BERBR AL 08 & e bloos

es@éltree‘atéﬁld#ge)ésegﬂ QR%H é/@ﬁﬁ@ﬂlalfsﬁlffﬁé@rshtsdasege cgd*ojheetgnsnon

stiffness related to age or. hypertens
mediedclasisisr agedosagrosisi Raa-@ldsd sfibrggis- %E (%t{f%rgn |°[§9%%Si s9ut

scl%];)g%'n]é&e &i‘ﬁgé ¥ IARS gidHseS %g?feﬁﬁé Scle®sth afWORBST syndrome

se, system c sclerosis and CREST syndrone
etc €kiiney Kibessy, rfedm‘mlcélbrcvmphdigt rheumaspigAIrEiAd/ or

rheumat oi d rthr|t| Furt

PO, el it Buo YRl ULt gsorgers are oo
enc?d?ﬁ%ﬁé‘?&iéf Fiopdsid léHcDSd@patmb |rdymmad|hpathwwmc¢alsgpmlﬁly can

cirrhosis which can result @ fibr qufs %fo tpg Ihhgye&ffuse
resultifespatfibrasipaf thehyss. fq'w%gicsp mopAY TRIRES Ui

ar en e dhRRASAiInaMRBIRT, i Ioffbrbmespsst vasectomy
par%q ﬁ%gps:% g,lé‘%‘ost vasec%ngny pai n sgén

paihelyndmene, treneaerltbnbwdmr@&aﬁad mePRFasIgBIs stﬁ;glpémr%&s
therbasaeet AR BRERUR EoHBRhe hepkbispRisntoh ot he

acé&nb‘&%g{)%laﬁﬂi@ aiaggbesiusedt featthentdiagnasier %@@mwu apd/or
pre;))/f@ﬁggg pgﬂévae%r%%grﬁég{;&def <|j|§géasseessdlsordse% %ﬁﬁstoﬁaﬂmns which are
given as possible examples. The list is not limiting.

In one embodiment, the invention relates to strategies for modulating miR-
21. In another embodiment, the invention relates to strategies for modulating,
e.g. overexpressing and/or upregulating targets of miR-21. Possible
modulations are implantable devices, like viral vectors and liposomal
formulations, etc, gene transfer systems, sponges and the like.

Sprouty (SPRY1) is herein identified as a target of miR-21. Both miR-21
and SPRY1 are expressed in cardiac fibroblasts, among other cell types.

Increasing miR-21 expression in cardiac fibroblasts induced a strong repression
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gi ven as possible exanples. The list is not limting.

I n one enbodi nent, the invention relates to strategies
WO 200919361 ating MR- 2 1. I n anot her enbodi menkCT/EP2909/001590
invention relates to strategies for nodul ating, e.g.

over expressi ng and/or upregul ating targets of m R-21 .

P%%si bl e nodul ati ons are i npl antabl e devices, |ike
U3QA3Bal vectors and | i posomal fornul ations, etc, gene
transfer systems, sponges and the like. Sprouty

' LiBn| ithéciflcrRasad ERKHOARKInagdRactivation. In
of ﬁﬁ%}m&ﬁ@iﬂgﬁélg&@?ﬁre_elxgregseg i n cardiac consisting of
a préferretl asbsdireenintheotaraet iseisplecigsledion iRe HSHFRCMR: 29

expr.essi I n_cardi ' INRSt 2 drisiuQed aicsts, ongfbi, Krit1,
SprPHB(ﬂe@%%ﬂ&d@%@#@Pﬁg%ﬁ%t@h?ed>£pr essi on and e
PitlurbBeNfibnchenaerd RERK- MAPKi nase activation. In a

preferred enbodi nent the tar | S-S - rdH id
b1 Grecssiest NP BPee PG e 1 FfShepiciibhligeotide
4 %%Q |P Mp@ﬁntﬁqd)%g@ I8, NOgfbitp EELt ID, NSi t425prouty
o asl , I'b, Lnx1l and RRn4. In @ _ cﬁ heK [E$79% Fasl
(SARNVENIN particelantS=QtlD MR 4 %Feggg @ﬁpgo g 'eoﬁl de 77 ’
.agai nst_(ar e : : chR NG« g\enBEQ) of Mibrosis
Nfil ?“‘gﬁf gﬁﬁw&(@gg@%%%‘ﬁ)%art iebglaar Oé%(r% I Ig N T i
an@br H5Qs|sDeNded BliscEgkbi In ¢ertain aspestsx2) apHES Isengliggnucleotide
Lnx1 and/or Rtn4 for th i 08].S, i | & ty1
coppleRantayn o Taigederdddrtl RO He: 8§§L§§?3§F‘§F28§‘”&, prouty
(S%?*f,‘?ﬁ Frtld&_lagr%E@i D REPaCcSSEaNiDaMQO: g ghbi, Krit1, Pitx2, Fasl,

ol i gonucl eoti de conplenentary to a.target I R
Nfibr omt ved/gr B deinsPeas Wi Bre abitty of A EERNA) ,g‘g‘%hﬁgs m'thZT
artjcyl | it DNBe Saledigh argekr int certain
to %'nlgl {oxﬁ,tg@f?ﬁ?ehﬁ%?hﬂ%&%&gﬁg?gp Rtn4, i %t gr feres w %gside
aspé@s abidH by aftisense aliganucleatigenceraprise 94 A d BIH8Y

a target site and inhibit expression of the selected
mMadificgdPNS | n certai n aspects, such an antisense

ol i gpBHE|RPELOMECHBRENSBSentnn tateprte anoell defiviert for miR-21,
S s so el W BB A el SR 0 0 7
TR ey a0
 Nfi by onexdspecti/toe imyention| iplaige t%%ge@-%luﬂgaq m?érﬁplaoﬁr? ck-out
ol Bt P Y BT NP 08 ke oo
'(Sﬁﬁ\oll),t Wl particular SEQ ID NO: 7 or SEQ ID NO: 8, Tgfbi, KritT, Pitx2, Fasl,
Nfib, Lnx1 and/or Rtn4 as a disease model for fibrosis and/or fibrosis related
‘diseases. Also encompassed are transgenic animals, in particular non-human
mammals which overexpress miR-21.

It is discovered herein that fibroblast-derived miR-21 contributes to heart
failure. Analysis of left ventricular cardiac tissue samples from subjects with end-
stage heart failure due to idiopathic dilated cardiomyopathy revealed increased
miR-21 expression and repressed SPRY1 protein expression. Additionally, ERK-
MAPkinase was activated in samples from these subjects, as evidenced by an
increased phosphor-ERK/ERK ratio. It is discovered herein that in an animal

model of heart failure the administration of a modified oligonucleotide
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(SPRY1), in particular SEQID NO 7 or SEQ ID NO 8,

Tgfbi, Kriti , Pitx2, Fasl, Nfib, Lnx1l and/or Rtn4 as
wQ2uvsegse nodel for fibrosis and/or fibrosis PEIV/EP2dI/001590

di seases. Al so enconpassed are transgenic animals, in

particul ar non-human mammal s whi ch overexpress m R-21

..t is discovered herein that fibroblast-derived
U30QBR- 21 contributes to heart failure. Anal ysis of left

ventricular cardiac tissue sanples fromsubjects with

iR-3 8 igRricaH hioliof @edlac fibrosis.
com R R oial i+ Ul B e Chce R B4 xpr cost on
Heaatn thilueprie sshetaGBRYEd prot Ihang xpihes flasrimelidsi £AGHR] ||9[OSIS.

ERKMAPKiI nase. was activ i.n m {he -
oS e ARG, SRS eshR) ar
phaRRgSANRA FdBHER thaticatmét ofcaddisc bbesed herei n t hat

In an ani mal node| of heart failure the qd I N Sr& 'faefﬁjiré)r\he

of taisrajer Tiss@veradybaiedl dti inakankE! JBRYS eﬁrﬁ%aa Vto
atteﬁL%ﬁo@of %%E*@ei‘é\@dﬁﬂ 5‘si§i g dcbfyhicdf benaainuationfofclasalt aright

Ibrosis. art fral ure i s characterized by, armng,

incroadws.  parthert ssessmenti af CAishiazi Bincligrobyi Rghgcardiography

di fi | | | ' . ; o
revies Hiidng cinafiafieh of & mpRey IEBhdckoide BopRinansry to
miR.2 PpAsiented feftivenalicoardiistion andchdnmabied pamim4terseaf fractional

i mal nodel of i , :
shogan@Bad A faitire ey s SpHnesizeny b PRI PiRr Jprameters.

hea'{”re@feﬁqh‘ﬁ%eﬁgasleg,c SFRSRBtridOWt Bfitionasmess smpaitmeht oarfdictional
unction by echocardi ography reveal ed that fhe R-21
shoaeningi Atcendingly, anodified @ligoririentidgsraarienegiry to miR-21 are
cop: SaEDN @, L R | 26t p G tIInCoH H¥fart failure
the@ipgm'? Bﬁe'i‘tgcixrn%]%rrtg% %ﬂ? t’%ﬁéﬁrﬂe}%@é agq:d Rractional
assobiatddewitingardisafitrobai | ure may be characterized by,

anong ot her paraneters, .heart wej pncr

ven® raneupsped g PEFFenkh AavSniBa; | J@E% t{%PaC fpﬁg‘@tgfeén'lae?’fot” of a
micSSFONA E HitNA Peof s Y nituliiddtied of iagealcalreonMfegesponse

conplementary to m R-21 are therapeytic ts. for t'?efor
elemestipraatn, (GQRER) g oo hSrUgh dEFRANPEN 'Ciﬂﬂ' g‘%’ﬁ}ea‘lﬂf"”g sie
fallur i ' ik RSGs hhDoPRbsis reladdediseases.
o P P e P e et o

r egh @medmbodimentRNA romRies)regionpiesaans of mtard T ea'f a/or

v 5E L, G BT 58P P53 BB R FERE) mutatons
e e rm
amendments to the wild-type sequence lead to"the de novo formation of a novel
miR-21 binding site or to the deletion of a miR-21 binding site. In  another
embodiment the modification of the promoter region is selected from the group
consisting of a point mutation, a truncation, a deletion and an inversion. Further,
the promoter region can be selected from the group consisting of SEQ ID NO: 2

to SEQ ID NO: 4.
Diagnostic Applications

In one aspect the present invention relates to the use of miR-21, an

antisense oligonucleotide against miR-21 and/or a target of miR-21 for the
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In one enbodi nent, the pronoter region, the gene of

mrR21 itself and/or the 3'UTR of various nessenger
WERRRS/1668Y7 cont ai n pol ynor phi sns, nut ati ons, i NPCT/EP2009/001590

particul ar point nutations, deletions, truncations

and/ or inversion. Al these anendnents to the

W | d-type sequence |lead to the de novo formation of a
U30R8%el m R-21 binding site or to the deletion of a

m' R-21 binding site. In another enbodi ment the
di ficati.on of the ar r |Oqse$agggct ad fastdense
d'agl“ﬁé'sgr 86 f'g%‘:‘éﬁ sf ﬁ/"qo?ﬁ@&% nrt%girtrg@atl on,
ollgéﬁwl@cﬂtdeo&, t béebﬁdiereroodnds an oligoreraigadide’ Whlchh‘éils ap frtain
pronoter region can be ected from
seqgenes sftqnh@emenﬁb o esthe” S5 OERRET ! i FofefdP a sequence
conBl quatAo'@:ﬁgétnoprﬂ\QRa@Daﬂaytmeo mees,mderstood to
|nvent|on re ates to the use_ of

1 MRz mo gnt s 1R&t an
encofripges uz |daovristreamy daiget afi RIZ21ant/orma ftaNg q
lnhIBjélpat éfdfngﬁ%%i; gsg?‘gg%s'a?\ gli cgdlpﬁé?ﬁkh% W\FV ar séyimmesi at least

antls nse ollgonuc eotide is to
conffteBARING toadRES! willokad doacderepiessionorcdyeiad) QVRIEXPIESRION

sequence, conple nt a ther sequence, in
of tyrgets duniiy-24, 4& g%fﬁe[éy%%fﬁi& gﬁﬁgnt ary to mR21 . A
t angednPiaspbét 4k Mendba OrelResinGe retivadl foo diagrosipgs Bbrasis

downstreamtarget of mR-21 . It is ipportant to note
and/drdibrasis irelptest diseasestcampiising thesstgPs g5 an
ol i ep ' §sé td aardr fRPMAbesRM@tYyr fi-
)toFﬁ? % E%;,Q]S,e"‘%ﬁ tga§&g Egr%ssi on or even an

bro@‘éﬁ*él@l@;u’@sssasﬁs,of targets of mR-21, like Sprouty and
the Iike,

o neobi i B 5 GRRET REPTER A e gl
ID ﬂb%?i’%ﬁ%f@%m@fs ”Qgtfthrls’t mzpFasl( ??b rjrr?«m amdvi@fb%tM

Sa e o0 an all en Su ose u er rom

andiksrein apreieYaied malecﬁpraﬁ%gé Of(%)f I8 'F('él SPBpdutyt
S%Eg{ )‘r""g‘f’ k%?lcg ar'@é;%%éé NOSI?r&LSEd) IOSRBY B), Tgft, nant mmzalfasl

8, Tgfbi, Kriti Pitx2
Nfi-athx1 Mhidtor RméL i abmPaREom 1o PRl EAMBISsIGAES fbrosis

anqpRbvofis Fleted PisBatrerr SelTRAT el L Th NG 6,

Tgf i onelaspect thépres2nt Eafehtloerelateslmmmgﬂwdofpr REfegning of a
phambcentealby 8546 cmaound JPae et shalsr Jp8pBvenion of
flbrtogfsrgﬁ’cf/or fibrosis related diseases or a predlsposmon thereof, comprising
the steps of:

(a) Providing a sample containing miR-21, Sprouty1 (SPRY1), in particular
SEQ ID NO: 7 or SEQ ID NO: 8, Tgfbi, Krit1, Pitx2, Fasl, Nfib, Lnx1 and/or Rtn4;
(b) Contacting a candidate substance with the sample;

(c) Determining the effect of the candidate substance on the sample;

wherein an alteration of miR-21, Sprouty1 (SPRY1), in particular SEQ ID NO: 7
or SEQ ID NO: 8, Tafbi, Krit1, Pitx2, Fasl, Nfib, Lnx1 and/or Rtn4 indicates a

pharmaceutically active compound.
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In one aspect the present invention relates to a

nmet hod for screening of a pharnmaceutically active
W@ vpouse7 f or the treatnent and/or the prevent PGHERF009/001590

fibrosis and/or fibrosis related diseases or a

predi sposition thereof, conprising the steps of: (a)

Provi ding a sanple containing m R 21 , Sproutyl
U30@§§RY1), in particular SEQIDNO 7 or SEQ ID NO 8,
Tgfbi, Kriti , Pitx2, Fasl, Nfib, Lnx1l and/or Rtn4,

Ce%a?/% E@g%ha%&cﬁtﬁﬂﬁ' date substance with the sanple;
termning the effect of the candi qmt e substszag&%d of
on Ptrd»edsdahpr&m anp areshedsafer Arealing @ Bbiest NaviRgA™ sU

havN@ IST%‘{ FRBH %Id%@ aﬁ’@gﬁ%&%b@rfoﬁﬁ@abr% MOsutjer idSR@idDas

asl, Nfib, Lnx1 and/or
havlignéf el eb@écesafa:aphn@rﬁiHoeust irc abttginaembo@dimesiip ot methods

009/ 001590 U30038 Cert Di
corpyisei @dmipiatesing 49 2 né{llwglatg c Orf]gafgat | Lkgon%%%?nﬁbo%vmg a
nucté%‘f)'agg %qa:%Hé@eéHn‘?ﬂem‘enhﬁyltﬁgafmlF(N;SNE aMreou@po\ﬁth@Qf In

s for treating a subject identified as
cerﬂaavemgodlmemsﬁb@tr@lﬁi"b* 'Sﬁﬁkﬁ Ay fibrosis. In certain

d| nen ﬁ(fHBJFo Th§ifiskedid mga sobjact at

su QF%%&WEC?“FE gonuc eot:rgge\%gw% I a nucl eobase
rlsksmmmmgrmbemmmy:ertalraemhonmerdﬁ &ugﬂ dBf 8? comprise
thereof. In cert odlrre m dified
admif{steTEld pioov? dSl ’r‘?@?egﬁ 1129 tho&g%fomd?mvéﬁt |ér?g§;b e
ohgfthEI@@h@e thn%Sthh@I@bb@ée Se@}enfcercom\mlemeptaﬁg té iabnByNA or a

I'n certain enbodi ments, such met%ﬁ rrgi
preadisontheresf lycertain e§1hﬂdé’8?m§t the iR fs vgl opi ng
fi qf‘osclo?‘taﬁ’ MRicbhfderak gﬁ@uqlqu@g,g dgs hmwdrndibrosis. In  certain
eo

nuc ase sequence conplenentary to a ni RNA or
embbchmﬁrﬂss;rthe Hibress is lumgcliirosis ninesdrtain @EHASIMeRts WFFQNAOSS is

skup ,f\pé951$| é’r Bgrtéllncqerﬁ %c'élnme 'Eg?@éngggﬁsﬁ%hst Egrdﬁécbh]@ﬁigfsogﬁscertam
emb8dintdHs tHABBER. is kitinegrfloadsis. dnicedaimembodiments Hiegdaresis is
Iunlgiﬂbzq.;ig,Iglgggtga%@plggmfereprt% Ie?fét?erﬁglgﬂ%ag tréc'laf&eflq]rb?&oﬁ'éertam
em}’ﬁm"?"'ﬁﬁé@"f@&f"g@% shicRha®i6sis.| N certain embodi ments

In certain embodiments, the subject having or suspected of having fibrosis
has at least one cardiac disease or condition. In certain embodiments, a subject
identified as having or suspected of having fibrosis has at least one cardiac
disease or condition. In certain embodiments, such methods comprise
administering to a subject a modified oligonucleotide having a nucleobase
sequence complementary to a miRNA or a precursor thereof. In certain
embodiments, the miRNA is miR-21. _
In certain embodiments, a cardiac disease or condition is cardiac
hypertrophy. In certain embodiments, a cardiac disease oOf condition is
cardiomyopathy. In certain embodiments, cardiomyopathy is dilatative
cardiomyopathy, hypertrophic cardiomyopathy with obstruction, hypertrophic
cardiomyopathy without obstruction, restrictive cardiomyopathy, arrhythmogenic

right ventricular cardiomyopathy, or diabetic cardiomyopathy.

31



lung fibrosis. In certain enbodinents the fibrosis is
age-related fibrosis. In certain enbodi nents the
WO pMp086367 i s spl een fibrosis. In certain enbodPCGEEP209/001590
t he subj ect having or suspected of having fibrosis has
at | east one cardiac disease or condition. In certain
U30§ggodinents, a subject identified as having or
pected of having fibrosis has at |east one cardiac
di sease or condition. In certain enbodi nents, suc
”Fimegﬁalﬁw%@mﬁwﬂmcmm digeass or SuRR S-SRI
ol i gonucl eoti de havi ng a _nycl e SECBIRIGS is heart-related
dlsaaeﬁplmwtﬂlﬁWnQ@'@emsRﬂAc% 'a§ cggéga}ur o thereof . 1n

storéﬁ%tc@§$r%eenb%smﬁl§ pigaraiti§Nacite myBeartlial infaretign, s§HHonic

nfs a cardi ac di sease or

di
mydtspslinfmisin. cardies eanH e ARG Hiar (088 cae

I sease

condition i ebhdition is heart failure. In
cribaFram Snon Sy B SAR. Peat] o et ve o o
cerGal RhiBanRahtaY hebitpraiitreoshhypectengivenih ?EH&W% gigstolic

obstruction, hypertrop opat hy wi t hout
failoies sysielid keart fedue. k¢ thﬁ%%r?gqqlgﬁé%pat hy,

arr hy% eé?bﬁocﬁuh%tts vgndaritien| diseaser df mepdpianhip, hegrt valve
di aBetT'E car

I onyopat hy. U30038 | n cert
dis@agarldi gartaih soasiventioEA Ve Q'Sc?&SSnﬁﬂ‘Qﬁ'[agﬁ)S%?‘}yée%ﬁos's

aorgllgsryglvﬁ %tﬁnPgl(S:e Fc@%& r‘pé’l%ré?éﬁo%is @rgﬂﬂlﬁloa@ryo\!a%‘fﬁas@ngsls In

ted storage sea
cefAR B ddimeatsp e baadivailve, dla@@ﬁ%lsn@}\g@éﬁ/aﬁ@' insufficiency, aortic
infarction, chronic ocar\(;lé al . d i

10 o alve
valger hw\h‘fﬁ'ﬁncyor tHGGRRITH ¢ YAVG o Rte r?Hk})/r osla)lirsqjjm Ry Y
msﬁ:ﬁ{ce?{p enbodi nents, a cardi ac di sease or condi _t| on is
| s ﬁymefeltc:agér%mgpﬁgggt?dlﬁnfogggp g g'%u%’ectﬂ‘F\a(/ihgfcﬁ“sh'éf)@cted of
haylgg| Hih,rgéls S%{?ﬁ%%lﬁ %Q%@njo ect ¥ak W Bverodiseagghor lsempdition. In certain

ertain e

odi nrents, a ca
e EheN ai subjertridentiiedeasdhadng 87 SPﬁP%‘g‘?‘? o ﬁa§'ﬁﬁ%ﬁ>r9§|s has

enbodi nents, heart val

SRASEMAIR dhbsdmendd, \aaich methods
até@@ﬁid%}’les“Veéo‘?'W%serf \?QKSt'ghogfis tri CUS{OI dal il Ve, o a
coﬂrﬁﬁgs'aﬁmn%teﬁﬁbnwaaysubjleme stropdiied  oligpnuisiaolify having
S et CcateaEmel etod' jﬁ?ﬁ\? A G A dredlirsyaltvgreof. In
nucte;uu:esecseéwezyce LR 8”\‘?& I'Ci ency, tricuspidal
l Veeg#tg) ELG &REYmirNA P! many v adevi@in r%nmqqlr@p@t,aicf liver
: T ams sy init t{eat| A %n?o%@irﬁ&ﬁts a liver
dlb@é/den@r aonglitopeds etreic liver injury. In certa
disease or condition is hepatitis virus infection. In certain embodiments, a
hepatitis infection is hepatitis C virus infection. In certain embodiments a liver
disease or condition is non-alcoholic steatohepatitis. In certain embodiments a
liver disease or condition is cirrhosis. | o
Provided herein are methods for the treatment of a subject having or
suspected of having fibrosis, wherein the subject has at least one lung disease or
condition. Also provided herein are methods for the treatment of a subject
identified as having or suspected of having fibrosis, wherein the subject has at
least one lung disease or condition. In certain embodiments, such methods

comprise administering to a subject a modified oligonucleotide having a
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having fibrosis, wherein the subject has a |iver
di sease or condition. In certain enbodinents, a
W@ awpaed36i denti fi ed as havi ng or suspected of PEI/EP2§09/001590
fibrosis has at |east one |iver disease or condition.
In certain enbodi nents, such nethods conprise
inistering to a subject a nodified oligonucl eotide
U30 i ng a nucl eobase sequence conpl enmentary to a niRNA
or a precursor thereof. In certain enbodinents,
nuc|£‘6t%¥é 5&q lﬁ@r%ezi?lf‘rtlcri fs ammmemeetw:xodonenmRNé e v’fbrpfecursor
disease or condition is ¢ r ts a
therexér InedattadmBEWORERR RIS, @ew%ﬁ’f% Qi 5 B4 emdbimen

e or con |t|on i's

atit] lhve Ringadiseasebodi ment's, a
lung % P Or%oxbplgétlé gﬁ,%ggd (ﬂ%tralljtl\tll Sntg I us infect %\/m or
CePtoa'idfedeh‘em:im re¥at methodsy tH?s‘é%%E‘%i Oio%osl ec?] g
non- al cohal st eat (RN r Qméoahgemssase
suspected, et h@ylgg Eos]S, V@E Al dnk! ﬁrbééc,n f h&S attaéé}st

|t|on| cirrhosis. Provid

or cBﬁ&ﬁbﬁ‘ Al PRiVitRES héin tahe retbadsrdern thef "Qagﬂﬁﬂte‘&fta SUbJeCt

havi ng or suspected of Vi n S [ h t
dersted esthavid P SheRrat s TRuRg THrBS S kereidneisioicaenas o

' epEl e hedgint embiodenentsatshetmethods
least) o&%bgg\%}‘ ﬁg%angtél %F‘ ddnditien i

d h t ed
corrpirige Oadmnm\ﬂeengl tDI ?mesatiiu%&\g@tn gfﬁ‘gé e E&gﬁ%ﬁ&@ aP{é\ﬂ,S)g a
nuc%{gggg%ge%lﬁ%%‘g\'@lgﬁn%snIEé‘rtnE?ernt\@dthyef@(éjlrﬁﬂN/S orsacbrecursor

ring to a sualj ect a nD fdlednts
ther‘ébf R eGagPE bR dmeeritagtheUBIRISA inueiRedbadde ime

whi ch is conpl enent a o.am ri tain
onet h@th@bfdlsﬁﬁs%epf aFﬂ”éﬁ%’bdfsneW‘ﬁ%faﬁ{e ?X%\rﬁé&&fn F? Zier ”

em%cﬂ:i SEhisB ik GiFePdiserss or @ohdlﬂ@n d; sbhmd vessebiglated gisepse- In
'ORl ¢ obstructive lung dis

d. h
certaitt sods dnapodiments: aablapAvesse ar %% s Surtgr'taﬂ Aifffess,
me%utggﬁggggs? d 8223%%#88 dcTs'isbr|r9%b?ta|nV\£}ﬂb€»cﬂ|ﬁ1etnltwmelka;ttmndntme or

I'sease or condition E nﬁﬁéjn is
conRIoRi i8 fg@t eclerddimds cBdaint érabedim@ntieArOther s'sgaﬁ? i
identified as havjng or,_s t & 1dr @sidstion is
sysi@BiCesGienoRiS- éDb?eé%ﬂrgﬁégboiﬁ%gggss?g%%h%?ﬁg?ga| sease or
retr‘éggmoﬁwbgp fMdh@%F@Wé‘ra&V@dd}m@at sieoplastic nfiarAgds Nephrogenic
d

sysmm@ohéés?@{'}rxﬁ!@%tﬁ%ha@s?n%eé R R T
v e T i R0 ) o cer L

e byt shersin opher bedme (s R | on SPBICEE hile
f|br%lrj)lrorlrltf)grg{l\¥e hglggrrdte?n% o@ertélﬂ ERbbainfents such methods comprise
administering to a subject having or suspected of having a fibroproliferative
disorder a modified oligonucleotide having a nucleobase sequence which is

complementary to a miRNA or a precursor thereof. In certain e_mbodlments the

miRNA is miR-21.

The invention additionally relates to miRNA-21 based treatments for
cancer that involve targeting specific cancers by modulation of SPRY-1-mediated
ERK signalling in cancer cells. It is known that miR-21 is overexpressed in many
different cancer types including esophageal, colon adenocarcinoma, breast

i d
cancer, gliomas, glioblastomas, ovarian cancer, hepatocellular cancer, head an
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enmbodi nents one ot her disease or condition is a bl ood
vessel -rel ated di sease. In certain such enbodi nents a
WhLwWwodeesessel rel ated di sease is arterial sti fPCEER2009/001590

nmedi ascl erosis, or arteriosclerosis. In certain

enbodi nents one other di sease or condition is gut

sclerosis. In certain enbodi ments anot her di sease or
U30@3%dition is system c sclerosis. In certain

enmbodi nents one ot her di sease or condi-tion is

I eal, - fd | foukiefrdh | berakhtie danbensjust to name

nec%g%é?%@t?ﬁ8$§bbg&#@Fﬂﬁ%§%rogeniE system c fibrosis,
somergféloegmon fi brosi s, nediastinal fibrosis,

nyel of i,brosi s c [ » prekenti nd/or
b Ehreicseq T inERTY HEF LS8 MoXBGHeV, prebention o
therh 5@ 11AE @bcuebjranttiohedicagcer typmsoplbfaaterest mgstioned in the

disorder. In certain e di nen suc conpri se
clairag mayi ke @@mﬁ@e@'dv'ﬁ‘ E\?Uﬁ@?&f{s&ﬁ ﬁbesgr&é’ggfa%tggd of

having a fibroproliferative disorder a nodified

ol i gonucl eoti de having a nucl eobase sequence which is
CertaomPBbetesraf Administratioh RNA or a precursor thereof. In

certain_enbodi gent . i UBie%t confdie arenteral
Vb AeaR SOGPTTRs SOt (oba MUBCEt ponfinecs, parent
adnlifieaati@nt i tertainasabodintents,i adminiseting Jetd iybigs GonMRrises

cancers by npdyl atj on of. SPRY- ]- ' , .
intravegiAHF | ARgNISHabSc Bt Carthip EmodinBR{s, Hdfinfelifing 1o 2 subject
corr@)‘é%éﬁé%&ft%ﬁé’owaamwaﬁétﬁaﬁer ent cancer types including

sop al |

age col on adenocar ci nonm, breast cancels intraarterial
gl imcadaingrhbedimandsead MiBEia NGO ALFCt FIBRI SR aP AT
cancer.. hga 49 0Q3/iristekng abcersu ogunaprises
adrﬁ"?ﬁﬁﬁ@%@/t ﬁ‘chggﬁe?n&%é%ﬁ’egtai cl: can%%,r just%tg.narre g
intrscTeiabhdiniesratibne Sefitable, mehes fonvietiagasdiahpdminigiraliors nclyde
t he di agnosi s

e il 3 e BOFY ALY SOcimp AR R e abohe
cl aj, KB tERYerABogiRTERS edinvinistratitreindlusiels gsimenary adigigistration.
in certai rehpBmaRN TGN, SBITAGAG! R TplERy Felivery of
o GRRGE GRS ERIE S, BEIIPLT somect momien, Flovis
inhalatiom by reosisbjadnéiderpselized RligPRUEBPYES, ﬁ"@%@@??ﬁé‘fﬁ g|§tr|butes
to caeﬂgiorf]ib%{herqci)rrr]rgalta%d%ﬁémégﬁhg tissue, including alveolar macrophages,
eosinophils, epithelium, blood vessel endothelium, and bronchiolar epithelium. A
suitable device for the delivery of a pharmaceutical composition comprising a
modified oligonucleotide includes, but is not limited to, a standard nebulizer
device. Formulations and methods for modulating the size of droplets using
nebulizer devices to target specific portions of the respiratory tract and lungs are
well known to those skilled in the art. Additional suitable devices include dry
powder inhalers or metered dose inhalers.
in certain embodiments, pharmaceutical compositions are administered to
achieve local rather than systemic exposures. For example, pulmonary

administration delivers a pharmaceutical composition to the lung, with minimal

systemic exposure.
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conpri ses subcutaneous administration. In certain
enbodi nents, adm nistering to a subject conprises

WO popaeaseeri al admi nistration. In certain emboRGCTEP089/001590
adm nistering to a subject conprises intracardial ,
adm ni stration. Suitable neans for intracardial

U30§3 I ni stration include the use of a catheter, or

nistration during open heart surgery. In certain

enbodi nents, adm nistration includes pul nonary
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further progression of fibrosis. In certain embodiments a clinically desirable
outcome is the halting of further progression of fibrosis. In certain embodiments a
clinically desirable outcome is a reduction in fibrosis. In certain embodiments a
clinically desirable outcome is a reduction in collagen content.

In certain embodiments a therapeutically desirable outcome is improved
liver function. Liver function may be assessed by liver function tests, which
measure, among other things, blood levels of liver transaminases. In certain
embodiments, a subject having abnormal liver function has elevated blood liver
transaminases. Blood liver transaminases include alanine aminotransferase
(ALT) and aspartate aminotransferase (AST). In certain embodiments, a subject

having abnormal liver function has elevated blood bilirubin. In certain
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Certain Cellular Phenotypes

Provided herein are methods for inhibiting fibroblast cell proliferation. Also
provided herein are methods for stimulating apoptosis in a fioroblast cell. Further
provided herein are methods for increasing Sprouty 1 protein in a fibroblast cell.
In certain embodiments, such methods comprise contacting a fibroblast with a
compound comprising a modified oligonucleotide and having a nucleobase
sequence which is complementary to a miRNA or a precursor thereof. In certain
embodiments, the miRNA is miR-21.
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In certain embodiments, an additional therapy may be a pharmaceutical
agent that enhances the body's immune system, including low-dose
cyclophosphamide, thymostimulin, vitamins and nutritional supplements (e.g.,
antioxidants, including vitamins A, C, E, beta-carotene, zinc, selenium,
glutathione, coenzyme Q-10 and echinacea), and vaccines, eJg., the
immunostimulating complex (ISCOM), which comprises a vaccine formulation
that combines a multimeric presentation of antigen and an adjuvant.

in certain such embodiments, the additional therapy is selected to treat or

ameliorate a side effect of one or more pharmaceutical compositions of the
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In certain embodiments, a pharmaceutical composition of the present
invention is administered in the form of a dosage unit (e.g., tablet, capsule, bolus,
etc.). In certain embodiments, such pharmaceutical compositions comprise a
modified oligonucleotide in a dose selected from 25 mg, 30 mg, 35 mg, 40 mg,
45 mg, 50 mg, 55 mg, 60 mg, 65 mg, 70 mg, 75 mg, 80 mg, 85 mg, 90 mg, 95
mg, 100 mg, 105 mg, 110 mg, 115 mg, 120 mg, 125 mg, 130 mg, 135 mg, 140

mg, 145 mg, 150 mg, 155 mg, 160 mg, 165 mg, 170 mg, 175 mg, 180 mg, 185
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water for injection or sterile saline for injection. The reconstituted product is
administered as a subcutaneous injection or as an intravenous infusion after
dilution into saline. The lyophilized drug product consists of a modified
oligonucleotide which has been prepared in water for injection, or in saline for
injection, adjusted to pH 7.0-9.0 with acid or base during preparation, and then
lyophilized. The lyophilized modified oligonucleotide may be 25-800 mg of a
modified oligonucleotide. Itis understood that this encompasses 25, 50, 75, 100,
125. 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 425, 450, 475, 500, 525,
550, 575, 600, 625, 650, 675, 700, 725 750, 775, and 800 mg of modified
lyophilized oligonucleotide. The lyophilized drug product may be packaged ina 2
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In certain embodiments, a pharmaceutical composition of the present
invention is prepared using known techniques, including, but not limited to
mixing, dissolving, granulating, dragee-making, levigating, emulsifying,
encapsulating, entrapping or tabletting processes.

In certain embodiments, a pharmaceutical composition of the present
invention is a liquid (e.g., a suspension, elixir and/or solution). In certain of such

embodiments, a liquid pharmaceutical composition is prepared using ingredients
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as dimethylsulfoxide are used.

In certain embodiments, a pharmaceutical composition of the present
invention comprises one or more tissue-specific delivery molecules designed to
deliver the one or more pharmaceutical agents of the present invention to
specific tissues or cell types. For example, in certain embodiments,
pharmaceutical compositions include liposomes coated with a tissue-specific
antibody.

In certain embodiments, a pharmaceutical composition of the present
invention comprises a co-solvent system. Certain of such co-solvent systems

comprise, for example, benzyl alcoho!l, a nonpolar surfactant, a water-miscible
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n igpecific tissues or cell types. For
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mvtsﬂtiqsr}ligscé %ke; ?%ro%ggﬁ d%t'réo} ?\Sm%ﬁg@gﬁ?&dﬁe@ﬁw@odments a
pharmaceutical composition is formulated by combnnlng one or more compounds
comprising a modified oligonucleotide with one or more pharmaceutically
acceptable carriers. Certain of such carriers enable pharmaceutical compositions
to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups,
slurries, suspensions and the like, for oral ingestion by a subject. In certain
embodiments, pharmaceutical compositions for oral use are obtained by mixing
oligonucleotide and one or more solid excipient. Suitable excipients include, but
are not limited to, fillers, such as sugars, including lactose, sucrose, mannitol, or
sorbitol: cellulose preparations such as, for example, maize starch, wheat starch,
rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose,

hydroxypropylmethyl-cellulose, sodium carboxymethyicellulose, and/or
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In certain embodiments, pharmaceutical compositions are prepared for
buccal administration. Certain of such pharmaceutical compositions are tablets or
lozenges formulated in conventional manner.

In certain embodiments, a pharmaceutical composition is prepared for
administration by injection (e.g., intravenous, subcutaneous, intramuscular, etc.).
In certain of such embodiments, a pharmaceutical composition comprises a
carrier and is formulated in aqueous solution, such as water or physiologically

compatible buffers such as Hanks's solution, Ringer's solution, or physiological
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pr apacerthih aymbodiments, a pharmaceutical composition is prepared for
administration by inhalation. Certain of such pharmaceutical compositions for
inhalation are prepared in the form of an aerosol spray in a pressurized packora .
nebulizer. Certain of such pharmaceutical compositions comprise a propellant,
e.g., dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas. In certain embodiments using a pressurized
aerosol, the dosage unit may be determined with a valve that delivers a metered
amount. In certain embodiments, capsules and cartridges for use in an inhaler or
insufflator may be formulated. Certain of such formulations comprise a powder
mixture of a pharmaceutical agent of the invention and a suitable powder base

such as lactose or starch.
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instances, a prodrug may be more bioavailable (e.g., through oral administration)
than is the corresponding active form. In certain instances, a prodrug may have
improved solubility compared to the corresponding active form. In certain
embodiments, prodrugs are less water soluble than the corresponding active
form. In certain instances, such prodrugs possess superior transmittal across cell
membranes, where water solubility is detrimental to mobility. In certain
embodiments, a prodrug is an ester. In certain such embodiments, the ester is
metabolically hydrolyzed to carboxylic acid upon administration. In certain

instances the carboxylic acid containing compound is the corresponding active
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least one blunt end. In certain such embodiments, the hybridization of a modified
oligonucleotide to a complementary strand forms a blunt end at each terminus of
the double-stranded oligomeric compound. In certain embodiments, a terminus of
a modified oligonucleotide comprises one or more additional linked nucleosides
relative to the number of linked nucleosides of the complementary strand. In
certain embodiments, the one or more additional nucleosides are at the %’
terminus of a modified oligonucleotide. In certain embodiments, the one or more
additional nucleosides are at the 3' terminus of a modified oligonucleotide. In

certain embodiments, at least one nucleobase of a nucleoside of the one or more
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or triple bonds), 8-amino-3,6-dioxaoctanoic acid (ADO), succinimidyl 4-(N-
maleimidomethyl) cyclohexane-1-carboxylate (SMCC), 6-aminohexanoic acid
(AHEX or AHA), substituted C1-C10 alkyl, substituted or unsubstituted C2-C10
alkenyl, and substituted or unsubstituted C2-C10 alkynyl. In certain such
embodiments, a substituent group is selected from hydroxyl, amino, alkoxy,
carboxy, benzyl, phenyl, nitro, thiol, thioalkoxy, halogen, alkyl, aryl, alkenyl and
alkynyl.

In certain such embodiments, the compound comprises a modified
oligonucleotide having one or more stabilizing groups that are attached to one or

both termini of a modified oligonucleotide to enhance properties such as, for

47



In certain such enbodi nents, a conpound conprises a
nodi fi ed ol i gonucl eotide hybridized to a conpl enentary
W@ 20aneh361 . e. a conpound conprises a doubl e- st PERER09/001590
ol i gomeric conpound. In certain enbodi nents, the
hybri di zati on of a nodified oligonucleotide to a
Usod%%nplgnentary strand forns at |east one blunt end. In
certain such enbodi nents, the hybridization of a

nodi fi ed ol i gonucl eotide to a conpl ement ar
exaﬁégfj,nﬁu@eéﬂwstabém dncloget in staRiligiig Qfoqqqseaye %glgaﬁ%cmfes-

bl e-strand | i gongeri ¢, COPeiiHied N ofigshdleotide  from
Thesenbigiminzh Todiea oo oot s Y atditied 1o o] ot | e
exonﬁeqéatéé Y AERIoR a'ﬂiﬂn%@radﬁlpf inoﬁediven'r ﬁné@rﬁtggl@éf%f’?mé@
rélative to the number in ; e 6us (3'-
cell. cieptaprean Reypresenddd thg 3'%‘?&”&?3%@&%& %,@Eje onse(Ie
or_ nofr. L& fsiideapasteuctires haclbdet EMngXampie,
cap) ofr &aﬁoe%&?a%?%%énglrbﬁlggﬁﬁgl{egot i'de. P certain embodi nents,
invefté®doowy aiwasiocapsaddi tional nucl eosides are at the 3 5
term nus of a, npdif]i [ i bAE nutrRotigs tai rbeta-D-
enboilab £3P SH{‘CtIl"éeass't%glcl)@é Eﬂ{‘ﬁ _@gﬁg@g ofnua. r?ucl eosiede 1 5.
e BB AN e 100088 mslitonsE ey s EET I B
. ) : as
anhmtbmxiﬁ%ﬁvglﬁoﬁ%r?%luﬂué[?%ﬁg%’ %&a‘gaghrﬁ%i]e or'j:on;%é;;@? o
additio A b ges|inkageoaptheseperaofuranogyh & ue '
nuclmeqan@é?%h&@ﬁn‘bo%%i rlnsntgs, a. tﬁr N Eus Bf Clggg an acyclic
acydiermuesert anglestidearsh aeuee iSstSiNYAE™Y UhPUCISRIES Al Ny
I i nked nucl eosi,d rel atq theldouabenoiofy, bidHdemverte
3,5'14‘@&11@6¥P%I’ét§F%LfC|%&?r9€d%f?gdyrglleitrtggrﬂcI eotide. In certain .
baSEDRSILE BLS-2 - Iiverted aucteotide encielyi @ SoRanVEiekagasic Mo

nucl eosi des are at the,3 i f th hate.
1,4-butapediebnPAPSPRAand. e}ﬁh@éﬁﬁ@amﬁat L Neyexylphosphate, an

tain enbodi nents, the one

amiﬁél?we quééﬂaﬁé‘,&' & i nRephdyphlatnsi des JArphospheredhigate,  a

m’nus ' o

he conpl enent ar t rand., c i hridai
hospharddisinats, 2 Aoaad PRUHHNIPRREAeICI DT e Doybridaing

LKed Lo B ¢ WUSs- SalkyRiphoepikad] rert3Sdiaorieo-2-propyl
robf S PR T oo et
pho%Fﬁét@i, n3embindpropyt sphaspbetodnd-eiaedds RIGBARFr ed

o Lgonuel got dg. copl hafe, MPBE5 MRVEtddsUCleotide
amwﬁﬁ@qﬁe@/ﬁﬁgﬂg@a?ﬁ,ea 5&#&3&?@&@% E}I ar distributjon or 5.
mofl | Uh ars unikaeal ddusic esudietyng aanfl-glaesphoramidate,  a

ol1'gonucl eotides. In. certain such e idreNt$n-Britin 5.
phasphetofhicstea cRol SsPEVH: nfi etd)! 8F“Qa"?ﬁ‘§."§°m ety.h% J

£ditd o) | 188 dtRiba & BN @8 imercapil mdety.
Phek 85%{3@?2%'@@5%3%0' i pi'ds, biotin,
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Provided herein are methods for the treatment or prevention of fibrosis. In
certain embodiments, the methods comprise administration of a pharmaceutical
composition comprising a modified oligonucleotide. In certain embodiments, the
methods comprise administration of a compound comprising @ modified
oligonucleotide. In certain embodiments, a modified oligonucleotide has a
sequence that is complementary to a miRNA or a precursor thereof. In certain

embodiments, the miRNA is miR-21.
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sequence wherein ‘T; is replaced by ‘U’ at one or more positions having ‘T.

In certain embodiments, a modified oligonucleotide has a nucleobase
sequence that is complementary to a miRNA or a precursor thereof, meaning
that the nucleobase sequence of a modified oligonucleotide is a least 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 97%. 98% or 99% identical to the complement
of a miRNA or precursor thereof over a region of 8, 9, 10, 11, 12, 13, 14, 15, 16,
17.18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,

90, 95, 100 or more nucleobases, of that the two sequences hybridize under
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In certain embodiments, a modified oligonucleotide has a nucleobase
sequence comprising the nucleobase sequence 5-
UCAACAUCAGUCUGAUAAGCUA-3’ (SEQ ID NO: 12).

In certain embodiments, a modified oligonucleotide has a nucleobase
sequence consisting of the nucleobase sequence set forth as SEQ ID NO: 12.

In certain embodiments, a modified oligonucleotide has a nucleobase
sequence that is complementary to a nucleobase sequence of a pri-miR

sequence comprising miR-21.
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\ UGA- 1 1). ' .

the oubRdbaSE bequenteRoiAle svalind BENAceLREE M TpgD! Th Rertain

nucl eobase SS%U nce r? . .
embodiments, a modine o‘ﬁ_go ucleotide has a nucleobase sequence having two
mismatches with respect to the nucleobase sequence of the miRNA, or a
precursor thereof. In certain such embodiments, a modified oligonucleotide has a
nucleobase sequence having no more than two mismatches with respect to the
nucleobase sequence of the mature miRNA, or a precursor thereof. In certain
such embodiments, the mismatched nucleobases are contiguous. In certain such
embodiments, the mismatched nucleobases are not contiguous.

In certain embodiments, a modified oligonucleotide consists of a number

of linked nucleosides that is equal to the length of the mature miRNA to which it

is complementary.
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XGUCGGGUAGCUUAUCAGACUGAUGUUGACUGUUGAAUCUCAUGGCAAC

CCAGUCGAUGGGECUGUCUGA '

Wenbotiaent UGACA-3" (SEQ ID NO 11). In certain
Trood s, a nodified oligonucl eotide has aPGEHROYEN1590
na s conpl enentary to the nucl eobase sequence of
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o GoT TR i LS RpRgsSaue sy agontcoi i
A ;
CO@%#}‘E@W&%?%& fﬂ\#@l%bbai;el aerwmem%ngi,ng:pc?ﬁ%tiqr; ﬁ{sta hmiHNA, is
e has .
considapiceie %y MBS BB RARE R A RS e
ol e Byt et ety o o
s ﬁgggq@aeimemmdmmtsntrgg@?pw'ge% ikRed RubiBSSBUL P oPARAIfied
oligﬁ[]@q:lglg' nte’gsggqu%gle&?ﬁg{‘@ isl%Fg%‘t‘HC:o‘PoiHed&nim\SA ato which it is
e
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nucleoside is complementary to a nucleobase of a miRNA stem-loop sequence.

In certain embodiments, the number of linked nucleosides of a modified
oligonucleotide is one greater than the length of the mMIRNA to which it is
complementary. In certain such embodiments, the additional nucleoside is at the
5' terminus of a modified oligonucleotide. In certain such embodiments, the
additional nucleoside is at the 3 terminus of a modified oligonucleotide. In certain
embodiments, the number of linked nucleosides of a modified oligonucleotide is
two greater than the length of the miRNA to which it is complementary. In certain
such embodiments, the two additional nucleosides are at the 5' terminus of a
modified oligonucleotide. In certain such embodiments, the two additional
nucleosides are at the 3’ terminus of a modified oligonucleotide. In certain such
embodiments, one additional nucleoside is located at the & terminus and one

additional nucleoside is located at the 3’ terminus of a modified oligonucleotide.
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modified oligonucleotide is 100% complementary to a portion of the nucleobase
sequence of a miRNA, or a precursor thereof. In certain such embodiments, 15
contiguous nucleobases of a modified oligonucleotide are each complementary
to 15 contiguous nucleobases of a miRNA, or a precursor thereof. In certain such
embodiments, 16 contiguous nucleobases of a modified oligonucleotide are each
complementary to 16 contiguous nucleobases of a miRNA, or a precursor
thereof. In certain such embodiments, 17 contiguous nucleobases of a modified
oligonucleotide are each complementary to 17 contiguous nucleobases of a
miRNA, or a precursor thereof. In certain such embodiments, 18 contiguous

nucleobases of a modified oligonucleotide are each complementary to 18
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linked nucleosides. In certain embodiments, a modified oligonucleotide consists
of 14 linked nucleosides. In certain embodiments, a modified oligonucleotide
consists of 15 linked nucleosides. In certain embodiments, a modified
oligonucleotide consists of 16 linked nucleosides. In certain embodiments, a
modified oligonucleotide consists of 17 linked nucleosides. In certain
embodiments, a modified oligonucleotide consists of 18 linked nucleosides. In
certain embodiments, a modified oligonucleotide consists of 19 linked
nucleosides. In certain embodiments, a modified oligonucleotide consists of 20

linked nucleosides. In certain embodiments, a modified oligonucleotide consists

54



24 |inked nucl eosi des, where the nucl eobases of
nucl eosides 1 through 23 are each conplenentary to a
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nucl eobases of a nodified oligonucleotide are each

conpl enmentary to 16 conti guous nucl eobases of a m RNA,

. . rsor thereof. In certain such enbodi ments,
Ce’%}”%ﬁ‘{’fﬁﬁag nucl eobases of a nodifie
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invention comprises one Or more modified nucleosides. In certain such
embodiments, a modified nucleoside is a stabilizing nucleoside. An example of a
stabilizing nucleoside is a sugar-modified nucleoside.

In certain embodiments, a modified nucleoside is a sugar-modified
nucleoside. In certain such embodiments, the sugar-modified nucleosides can
further comprise a natural or modified heterocyclic base moiety and/or a natural
or modified internucleoside linkage and may include further modifications

independent from the sugar modification. In certain embodiments, a sugar
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ol i gonucl eoti de are each conplenentary to 20
conti guous nucl eobases of a m RNA, or a precursor
w0 b@paaf3s7 | N certain such enbodi nents,

nucl eobases of a nodified oligonucleotide are each
conpl enmentary to 22 contiguous nucl eobases of a m RNA,

U30(%r a precursor thereof. In certain such enbodi nents,
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bridg®ngicsibs comptBesi fired hulet bslinged. P adicgl (HPYPS- e
enbodi nments, . a nodi fie ' tsf 1cengi igtkeddfirabidca
embadifRetsn Qk?gf;lbceggéérngggért%’gzlgw_tgisnggéfdﬂrr}gnts, a_npdi féeq 3
grofs. ?ﬁné@{%tééﬁ@om?i@a@tmeglpicgcﬂlcl sugasdmeIRsY é%?éﬁ(;‘?ﬂ??.s P
certain enbodi nents, a .nodifi g gy iet
linkeb rigfastical cgroygs| i'ﬂk%%f?%ﬁc?’é‘g’ggﬁ“e%‘éw ﬂ%égdr'tg’g’?'ﬁj:;.r:;;:
' | ol getrainlerobidimeotsni B !
Con]eqq%gg?ﬁﬂ{ﬁ%egg?%‘g%{éﬂoﬁgigrtai n _enhodi . dirfrb 686N -
growp iigealectegofronte-@onSt stNERok, 1@3‘&%@%%@%?@%@?%25?@%1'
certain.,. | meat. _a_gg.ctb_' A =0}l gaguCl(e®)-j dbere each K4
C(zcrgéé)rs{ééﬁ%?@%g I'|§{:|§)e>a’nu I e,;'s%(egj.) I'n cer(t a%

ancERY pliindsyendeatiymd] hydrdxyll Cg&m(gll@/(l)ts.@éti%?g i(n:égf(%u.oafHI(YéoCZ'
C SRS EPELEST: | R 2o Umsguca opoi L aesn
Cs-bizqngféf{j, Q{H‘sltlﬁﬁﬁdi QFSSCZO! @rtyt;@r Pa;ano?ﬂmlzm;jdi@h g,s@.s%&qq: h% ‘ ro-
cyogaar ?aﬂ?gaﬁeﬁg@@rgﬁ;fgéhgs%%df : é%telronarﬁ puL eosiere faﬂil'cal,
substituted Cs-C7 alicyclic radical, halogen, substituted oXxy (-O-), amino,
substituted amino, azido, carboxyl, substituted carboxyl, acyl, substituted acyl,
CN, thiol, substituted thiol, sulfonyl (S(=0)2-H), substituted sulfonyl, sulfoxyl
(S(=0)-H) or substituted sulfoxyl; and each substituent group is, independently,
halogen, C1-C12 alkyl, substituted C4-Cq2 alkyl, C2-C12 alkeny!, substituted Cz-'C12
alkenyl, C,-Cs2 alkynyl, substituted C2-Cq2 alkynyl, amino, substituted amino,
acyl, substituted acyl, C4-C12 aminoalkyl, C1-Ca2 aminoalkoxy, substituted C1-Ci2
aminoalkyl, substituted C1-C12 aminoalkoxy or a protecting group.

In some embodiments, the bicyclic sugar moiety is bridged between the 2'

and 4’ carbon atoms with a biradical group selected from —O-(CHg)p-, “O-CHa-—
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ol i gonucl eoti de consists of 23 Iinked nucl eosides. In
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C(=0)-N(H)CHa.

In certain embodiments, a 2’-modified nucleoside comprises a 2'-
substituent group selected from F, O-CHs, and OCH,CH,OCHj.

In certain embodiments, a sugar-modified nucleoside is a 4'-thio modified
nucleoside. In certain embodiments, a sugar-modified nucleoside is a 4'-thio-2'-
modified nucleoside. A 4'-thio modified nucleoside has a B-D-ribonucleoside
where the 4'-O replaced with 4'-S. A 4'-thio-2'-modified nucleoside is a 4'-thio
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In certain enbodi nents, a 2'-nodified nucl eoside has a
bi cyclic sugar nobiety. In certain such enbodi nents,
W0 b@IbdyTl i ¢ sugar noiety is a D sugar in thePGl/pPa09/001590
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In certain embodiments, a modified oligonucleotide comprises oné of
more modified nucleobases. In certain embodiments, a modified oligonucleotide
comprises one or more 5- methylcytosines. In certain embodiments, each
cytosine of a modified oligonucleotide comprises a 5- methylcytosine.
In certain embodiments, a modified nucleobase is selected from 5-

hydroxymethyl cytosine, 7-deazaguanine and 7.deazaadenine. In certain
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Is a 4
Modified ollgonucleoudes having a fully modified motif or uniformly modified motif

are effective inhibitors of miRNA activity.

In certain embodiments, a fully modified oligonucleotide éomprises a
sugar modification at each nucleoside. In certain such embodiments, pluralities of
nucleosides are 2’-O-methoxyethyl nucleosides and the remaining nucleosides
are 2'-fluoro nucleosides. In certain such embodiments, each of a plurality of
nucleosides is a 2’-O-methoxyethyl nucleoside and each of a plurality of
nucleosides is a bicyclic nucleoside. In certain such embodiments, a fully
modified oligonucleotide further comprises at least one modified internucleoside
linkage. In certain such embodiments, each internucleoside linkage of a fully
sugar-modified oligonucleotide is a modified internucleoside linkage. In certain

embodiments, a fully sugar-modified oligonucleotide further comprises at least
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moc’ f q{{( @ﬁ%?%og@?t ;&I nﬂgﬁ\gﬁmgﬁgg&émlcle@smet dinkage. ed@l gertain

emt?:ogzltru?enmclaeumfdrenlyl sucaganertieed 9! @Wﬂ%‘*%&&‘@k%‘&ﬁ‘&’ gomprises at
|ea9r§asor§ql)r(] UChh%n‘tﬂ%gg{éen@Fm%Ie'oQFd%r nikaResi da | terkage such

conponent parts Tn certain
emBohedhiEntach ainterdutieesidel ligkagec| ot 4 r-modified
or nore nmodified nuc 9 ot HifoBRYr iSEgerBIvs

oliganudeptideci§ HPIRINER! &a? ?ernu!:l@ogl%thﬁké’g@"b()dl nents,

In certain embodiments, a uniformly modified oligonucleotide comprises

the same internucleoside linkage modifications throughout. In certain such

embodiments, each internucleoside linkage of a uniformly  modified

oligonucleotlde is a phosphorothioate internucleoside hnkage

In certain embodiments, a modified oligonucleotide compnses the same

sugar modification at each nucleoside, and further comprises one or more

internucleoside linkage modifications. In certain such embodiments, the modified

oligonucleotide comprises one modified internucleoside linkage at the 5’ terminus

and one modified internucleoside linkage at the 3 terminus. In certain

embodiments, the modified oligonucleotide comprises two modified
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conprises one or nore 5-nethylcytosines. In certain
enbodi nents, each cytosine of a nodified
W@RM0gaM3I61 eot i de conpri ses a 5-net hyl cyt osi ne. PCHEP2009/001590
certain enbodi ments, a nodified nucl eobase is sel ected
from 5- hydroxynet hyl cytosine, 7-deazaguani ne and
U30073)8deazaadeni ne. In certai nU30038 enbodi nents, a

nodi fi ed nucl eobase is selected from 7-deaza- adeni ne,

7- deazaguanosi ne, 2-am nopyridi ne and 2- i 1@
terasécus dmbagsarenitse 5 Hsadsedns e arlied f@htieblige
~ from5-substitute ol afalvbdifiedioigsnuatebtide
linkages at ?@%ﬁ{gﬁa“kb‘-“é- g’uﬁ%ﬁ@&ﬁ{eﬂg)ﬁgﬂ?@ﬁé@? i ncl udi. ng 2
comBadIoRN® PYdBRRNinternusieosidep images aai theghgterminus and three

-propynyl cytosine. In . certajn odi S bhiseth
modiﬁadli@g)f/faé‘ée%&?pvrl‘%%ftg'&? g}c{?&mg{@eﬂ{e%ﬁleﬁﬁ%ﬁ Se

modﬁigﬁt@ibﬁpgé\’ggfdé%aﬁw%ris@s ARl kot dhintéreabesside dinsagew t the

C erocycle. In certain enbod|nents :
5 tefUsi @ fiowl wodiied @tﬁfpwl@@%d%“ﬂh%mﬁtﬁee% terfhinus. In
derivative. ln c ai.pn.e HOBNGRerdudfRogltenokdagee is a
certgiln He fuﬁ’r’f'ﬂ%q'”}?g]éstf’fitg ?ﬁ&?\g% 2 Bucl eobase known in
phoet,sd?\%rélhfoa@éini?er@ucﬂeasﬂe liGeagai n O i gonucl eotide Mbtifs
ul

table nmotifs for nodified ol i8otd e&dntéd By the
pr elegartaimeBROABACHECA | ‘%'ﬁeoq}?“ (ﬁ@@%@kﬂ?i mﬂat%Zd to, Y
i fjiied, unifornmy nodified, positionally

followoq ?f’i“@gfg Iz'ah%gapner. Modified oligonucl eotides having
(5") @xtual (Qy)wafiGz°ed @bt (), including a uniformy nodified

nmotif, may be designed to target nmature m RNAs.

Al ternatively, nodified oligonucl eotides havin

Ul yonmdidicmtbmbodifenis einimppunduisi EBRsEp e farmyte 11

nmotif, may be designed 04t itid huldR®eofIn certain
In Qﬁﬂ&ﬂﬁ%&d‘me”gsr ebrrisRﬂAg, Otrgégll?géﬁ t %d processi ng of
emBHdRNAL Y eGUr §OT phbspiorarficste. mMrRN&ertalbdpfibegiments, Y is

ol 1 gonucl eotides having a fully modified ppti is,
phoaphédiestey. hbdegriasyy ﬁ%‘lbgfj'”&errgs'eieiagﬁt |°veze‘i'n |’biz§b§£§,ndo1224 _
. mR Lyi : Idr & nRNEEtBE Nh $ertainf embgdiments, n is
'ndm@%@gbb?‘%%}%ﬁaﬁgﬁfgid(ggjhggﬁpri Ses a sugar .o iionts. nis 12
6 tdTPi |hiceathinoemaodiezartts utsl dwigsierol. In Ceé?'ga‘?rﬂ Wmgnts:

enbodi nents, pluralities of nucleosides are
to 17.- O net hoxyet hyl nucl eosi des and the remai ni ng

nuqheesthfesmBoEn&ENtS,Ixier o nucl eosides. In certain such

enbodi nents, each of a plurality of nucleosides is a

2' - O net hoxyet hyl nucl eosi de and each of a plurality
of A

_§__B_§_
L7
One of A and B is S while the other is O;

NN

o
Each of z1, '22, z3, and z4 is independently x or'y;
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nucl eosides is a bicyclic nucleoside. In certain such
enbodi nents, a fully nodified oligonucl eotide further
weowpnieses at | east one nodified internucl eosiPEI/EP2009/001590
| i nkage. In certain such enbodi nents, each
i nternucl eoside |inkage of a fully sugar-nodified
U30 é gonucl eotide is a nodified internucl eoside |inkage.
n certain enbodinents, a fully sugar-nodified
ol i gonucl eotide further conprises at |eastU30038 one
n = Rfpsphor ot hi oate i nternucl eosi de |inkage. In certain
such enbodi nents, each internucl eoside |inkage of a
fully sugar-nodified oligonucleotide is a
LiSphosphorothioate i nternucl eoside |inkage. In certain
enbodi nents, a fully nodified oligonucleotide is
nodi fi ed at each internucl eoside |inkage. In certain
such gnpbodi ments, each internucl eoside |inkage of a
Iy nodi fied oligonucleotide is a phosphorothioate
Keosi de linkage. In certain enbodinents, a
y nodified oligonucl eotide conprises the sane
I Tication at each nucleoside. In certain such
{menks, each nucl eoside of a nodified
Hol i gonucl eoti de conprises a 2'-O net hoxyet hyl sugar
nodi fication. In certain enbodi nents, each nucl eosi de
WheJfI"y nodi fi ed ol i gonucl eotide conprises a 2' - O net hyl
X is@)RTogi AREat i on. In certain enmbodi ments, each
nucl eosi de of a nodified oligonucl eotide conprises a
2'- fluoro sugar nodification. In certain suych 4 that at
anﬁmgoﬁ{nﬁm%§d R° uBiih@spdndentgli i &H,odri goHe@Redroyjged that a
urther conprises at |east ong nvdhﬁa and R? is ~CH,OR®;
leastineraf iR, BosindeR 115 AKAGET at IFASEPERPH st h HBotf wen s,

each internucl eoside |inkage of a uniformy

sugar nodi fied ol i gonucl eoti de i;s a Wg%%%%ed
R7 isTResnoe Cepalkglesubstitubemwith NREET oA N i ments, a
uni formy sugar-nodified oligonucleotide further
conprises at | east one phosphorothi oate
re i g ruct eoryide |inkage. In certain such enbodi ments,
each internucl eoside l'inkage of a uniformy
sugar - nodi fied ol igonucl eotide is a phosphorot hioate
R fs e%ﬂ%%%g&‘?ﬁé fuitd nbagierbi ragichRwhigisarpitivpalystethered to at
B +37m Y odi 11 ed ol i gonucl eoti de conprises the sane
leakNb s bablobygiatkeradieidaged nodi fi cati ons t hroughout. In
certain such enbodi nents, each «nternucl eosi de |inkage
of a uniformy nodified

RPis

with one of A and B is S while the other is O.

In certain embodiments, RY is cholesterol. In certain embodiments each of

2! 2%, 2% and z* is
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ol i gonucl eotide is a phosphorothi oate internucl eosi de
linkage. In certain enbodinents, a nodified

W@RM0gawmi6T eot i de conpri ses the same sugar nodi PCTYEP20091001590
at each nucl eosi de, and further conprises one or nore
I nternucl eoside |inkage nodifications. In certain such

U308§@°di ments, the nodified oligonucl eotide conprises
one nodified internucl eoside |inkage at the 5

term nus and one nodified internucl eosi de |inkage at
the 3 termnus. In certain enbodi nents, the nodified

f—lrL,t onucl eotide conprises tw nodi fi edU30038
—§n13| -nucl eosi de | i nkages at the 5 term nus and two
d

ified intemucl eoside |inkages at the 3 termnus. In
cer t ai it Bhe & REAHEB i$ Bevhiedheioterds Ogonucl eot i de
conprises two nodified internucl eoside |inkages at the

5 termnus and three_podif] it er nucl easide. 9 ;
| | rrkageainaembhélmm%eRm)'ﬁU‘Q"?Zg)ré cdp tcgiq?'%%@obg)?ﬁ%%?tssl ig '_s
t he di fi L gongel.eatmpd PERY, 1115 eartaincemboldifrieats, is
OH; 'Ht%ﬁ%ﬁﬁ@%&d eérlgtlgh agg‘g Ij{tgrtece 5" term . nus a?r;c? fa 'R3is
OH MPdidrizedlemmiodiments eBS iadd R anealgrs. i cefainemb et i
In certain such enbodi t.S. Al h i f i iments, R'and R
—Cl'iizQngr MIEEERE ‘H@b?‘i"m?é'ésgq?‘ség ||_oih|g‘sp %'r”f)%e ﬁfﬂ)gg;rgen ® 5 o
are irq)éggf HES AR i ddimage R°lis Qttrinaientaineowpdisrerys, B and R

I'fied oligonucleotideds nt , 1
are ftoirisold peytaiorambediments. (i i éﬁ&ﬁ%@ﬁ@”ﬁ&ﬁ?@%‘&“&”ﬁ? Rx *
(3 c . e ti°repatimnsam compioleabodiments, X Is
OHrgb?;%é%HteZ@B%{/‘ feétgcrrm agﬁ)l_. I n cgft aw{\ﬁ‘ﬁs@. pents, Q
‘ NC'(C?TZOIﬁin e@:memodnmam Ed lm%e(@é'iz&é?i 2 tai n ;
enbodi nents, x i.s p or,ot gifitai roligonucleotide
enbddi Ay mbsodgﬂ%i‘%ho L Bog Ry Modi N .
corﬁﬁfig%%@i rrégmn%, ofelaKedofuctedsides? whede eankl nugleoside of each region
I ndepen

ently phosphor ot hi gat e or 0 iastar Nrani
coropnsesi meewagiwgpmﬁty,sang \fvﬁerﬁ_e %hnﬁgglrgtgg?% &readhregion

co PG 8P R At ot of n el renes,
and 1B | serimhidrebadimenthera | BORIIONAlYS ERAHRGr gidphudigotide

conzwgfisgsngt Iczag'sti T b RRE MG nefci@8sides. \$RBIBpositionally modified
oligonucleotide may be represented by the following formula I:

5'-T 1-(NU1-L1)n1-(NUz-L2)a2-Nuz-(La-Nu3)az-T2-3', wherein:

each Nuy and Nus is, independently, a stabilizing nucleoside;

at least 10 Nu; are 2'-fluoro nucleosides;

each Ly, Ly and Ls is, independently, an internucleoside linkage;

each T, and T, is, independently, H, a hydroxyl protecting group, an
optionally linked conjugate group or a capping group;

n, is from O to about 3;

n, is from about 14 to about 22;

n, is from O to about 3; and

provided that if ny is O then T4 is not H or a hydroxyl protecting group,

and if nyis 0, then Tz is not H or a hydroxyl protecting group.
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n =26-17 L is Werein: Xis N(COR7, or NR7; Ea
WR;L@QES and R9, is independently, H OH or ’-CH gg g;)

® 80’ t hat at | east one of Rl, R3 and RO iBCTEP2AL001590

at least one of R, R3 and RO is -CH 20 Rb; R7 is Rd

or OrC 20 al kyl substituted with NRcRd or i\IHC(O) Rd; Rc
U3Od§%s:|e?£)i dCl;ggi 2Ialkyl \;/\h'Rdhi s a carbohydrate radical; ’ or

, ich i [ ’
| east one car bohydrate radiscgiofl gﬂgl R Lol kO o

Qriggdgirtﬁ‘isd such mbpéimms,omh@pdirgi ae ?%ﬁqe‘ﬁeﬁaeﬂﬁﬁ fRfm 1
to ahost B B¥ C n\eﬁQfﬁwdnzdﬁmgﬁtgl, ﬁsﬁﬁgﬂé%%gaéﬁ{iﬂaémr&fdmdd,i fnemtsto
. _ , : Wi
abou!tii%._sl(g"ﬁl@léehgi'gtb Bmluwhﬁént's_s nQ.is| h are?tanh NeriBodi ?%LﬁtAér?nC%i‘gm
emboeimeaits %mnwgfé:géér%fﬁgg i'ngéﬁﬂf) drigwr'égté,lsar’g@gést{dh_e of n1
: S, . er
and ggqgr%@{i?ggwsarﬁ?%rbi gﬂ&%lr_tér\]iﬁ eﬁngbcoqimnemﬁdwbnﬁsﬁ eReh gpter
thanl Feroel aertagnbodiodisng s, Rge'ogdfltﬂg%?ﬂi” Es? Pte%tégﬂa%m- In
enbodi ments, Rl ’ ! : c&r Pain
cert@jﬁm%ﬁ{egfs, Bge ?)Eg&%%dﬂlfigég{rtééa?amd&b&fgt ain
] 5 e
Sglrrf‘gﬁéig %bﬂﬁbdqdlirﬁemer naisnfrembtidionghils c%ﬁlglrﬁegrtn%p@@?’%@ ﬂ}% is
0 i - -
conces it o RS B D At . 1.
in )b ThadefR halepenbodi rents, R is - C ’
pO$i Cedaml & LOR 0. ]t Sraod) RS, rcleosid
| oﬁsag}f ybadientadakoy g%ﬁ%cﬂ 05t B4R ﬁq%n'pr?s?eg eosides are

stat{jl\?z%égigHclpgai:disg.kﬁ\dc%h eé?ﬁti)ﬂgﬁent/ﬂ?ﬂflfo@n adobt Auolabost Geof the

conprises t

Nuzm&mawabemsihgmmewms?ggegﬁ%mci@tgﬁts %3fh about

3 tgg;!bec;\ﬁng 'eé,c[)ge;{ge” Iét?cr'\%cg%gé? grgﬁgﬁaﬁmkﬁﬁgﬁﬁqléwﬂ@; ?ﬂu%{;{tain
em ﬁ%&dﬁ%ﬂgﬁ '3§éjf:ti1§g~lsui9 g\géréosmsaire Ismltz%/n]g)nr? chllééq?g@ﬁ. o

In certain embodimer?fs, Seuacctpx Be P! tl\]u%”@!albmzﬂﬁdirfuic%@sides is
separated from the Nus stabilizing nucleosides by from 2 to about 8 2'-fluoro
nucleosides. In certain embodiments each of the Nu, stabilizing nucleosides is
separated from the Nuj stabilizing nucleosides by from 3 to about 8 2’-fluoro
nucleosides. In certain embodiments each of the Nu, stabilizing nucleosides is
separated from the Nus stabilizing nucleosides by from 5 to about 8 2'-fluoro
nucleosides.

In certain embodiments, a modified oligonucleotide comprises from 2 to
about 6 Nu, stabilizing nucleosides. In certain embodiments, a modified
oligonucleotide comprises 3 Nu; stabilizing nucleosides.

In certain embodiments, each of the Nu; siabilizing nucleosides is linked
together in one contiguous sequence. In certain embodiments, at least two of the
Nu, stabilizing nucleosides are separated by at least one of the 2'-fluoro
nucleosides. In certain embodiments, each of the Nu, stabilizing nucleosides is

separated by at least one of the 2'-fluoro nucleosides.
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ol i gonucl eoti de may be represented by the foll ow ng
formula I: 51-Tr(Nui-L 1)ni-(Nu

WQ@2002)10636Nu2- (L3- Nu3) n3- T2- 31, wherein: each NeGCT/EP2909/001590
NU3 is, independently, a stabilizing nucl eoside; at
| east 10 Nu2 are 2'-fluoro nucl eosides; each | i, L2

uzogdyl L3 is, independently, an internucleoside |inkage;
each T1 and T2 is, independently, H, a hydroxyl

protect[ng group, an optionally linked conjugate gr up,,
or |nacar?2peng>ogirmerpi§, al least taoaPITiay oH SeAUSNCETON 1 f’\?‘{irﬁ -
abou 1 to_about 22 j o) i
quorBrr&{;{]%%dqsha{e ﬁ?p%afeq E;étﬁtﬁéﬁ @e%gtr%g?féhn%trnggﬁgcleo&des
whe%)g?reaébﬂothﬁt?tibniﬂusgswwenmsmaWe e $amenuntkai af22'ifkioro
_ or a hydroxyl protecting group.U30038 In certain
nuclee®ile®nbodi nents, n 1 and n3 are each, independently,

frf?wmcgert%fﬂ BRMYYiRentsN TGEEAQ@I T, Q@ asHomenhdeparideatiy, hBor a
are €ach, i'ndependently, from2 to about 3. | ertain.
hydrerioptotamting, grauipi 6 gertain 2mahagimgniss ap lexast @.”elé} @e?‘i@hﬁ 1S

.enbodi nent s, , ni h. 2. [ '
44-3reapRanby. eefall PrgREmgiE 5P toad® G b T and Te is ar
opti%rfaawtlmﬁé? ﬁoh}mgew gaiup. enbertiimemimdimentsaatieast pre ehEhand

greater an zero. | t Al ' ,

T, IR EoBINGSIGEa R S BATON Y. D Pt S B e Dvérted
deo%ﬁgbﬁgi%grgu and n3 is greater than one. In certain
odiménts, n2 is from16 to 20. |n, cer

enbodémantesnbogimests;, iaopasitionady feodifigd egqc%rglgc%otide comprises

enbodi nent.s i L i i . :
o S5PS Tl FuhBedByuhPobsss o eopgieelmspaaniis coc
inteﬁfmwdjtstngllnaa@bom sitorabpunodified ofiaenwieosiir iedsmadiied
~ are stabilizing nucl i des. .l ' ' .
L L A s
nnk§gsoeﬂbb1* | 21 BOsiNYRAIROShEEsed | BligeTiakaidentiodanmgiosphénodieate
- about 3 to about "4 of the Nu nucleosides are . .
lntes}]wtﬂdSilcta' igkage| dbstediadn Juehc ePMRgdime ofiAthn ingemyclgpside
il Y, BURRSIPRGD Pearthediofiaie 08 demsphoromost
intemMudlesidedirskage. separated fromthe Nu stabilizing

nu?rl‘ % iaig\eesmggdime%@,% ;Soosit?oth%% nodfied ARf R represented by the

following formula Il, which represents a modified oligonucleotide consisting of
linked nucleosides:

T4-(NU1)n1-(NU2)n2-(NU3)na-(NU4)na-(Nus)ns-T2, wherein:

Nu; and Nus are, independently, 2’ stabilizing nucleosides;

Nu, and Nuy are 2'-fluoro nucleosides;

Nus is a 2'-modified nucleoside;

each of n1 and n5 is, independently, from 0 to 3;

the sum of n2 plus n4 is between 10 and 25;

n3is from 0 and 5; and

each T4 and T, is, independently, H, a hydroxyl protecting group, an

optionally linked conjugate group or a capping group.
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nucl eosi des. In certain enbodi nents each of the Nu2
stabilizing nucleosides is separated fromthe Nu
W@ e@biha3g? ng nucl eosi des by from 3 to about 8 PCFEP2009/601590
nucl eosi des. In certain enbodi nents each of the Nu2
stabilizing nucleosides is separated fromthe Nu3
U30Q3&bi | i zi ng nucl eosides by from5 to about 8 2'-fluoro
nucl eosides. In certain enbodi nents, a nodified
(9Qaucl eof I §&s 2nb0aR0HlE & N& In certain
lecFH§ "ng ﬁ%@'@%ﬁ%{ﬂeg‘% IsfrllJFrgcraBrf g?nagﬁbgnl nents, a
embﬁﬂﬁhédt@dhelsugoomﬂ aod indds ¢ dnfprdesi@dn eMRAdIRQ Ui th?zsluﬁbOf n2

nucl eosi des. er,t ai f; e Nu2
and §f‘éﬁ)1$||2|q¢§ta%%m§89| slrgfO %ngggﬁor%a Nd QHSnEIgn
C Ot bSHé’lHSeﬁ%Hﬁﬁérﬂs INu/Cend anms erézomdepend;entlyt 2’ eaedified

two of the Nu2 stabili zi ng nucl eosi des are separated
nuclegsides.| east one of the 2'-fluoro nucl eosides. In

certaj C i . t sl o 2-OCH
nu'nr?l g%@?'ﬁg%ﬂ?é%z? altqulnsbgjc g@?ze?sﬁ%%n@@ofs th@§g~|2 ¥
Nu525 (GHYSOT HY) dl éobil alesTABON38 I n certain enbodi ments,

| east. two c nt| uous
f| [glop%rtqmce;rggg r% rg%tgggcg gg(?rblfg!ec}tﬁl‘éeé;gﬁp%wentary to a
miRNACa§d %Bh&bﬁh@@f pocikesi rdmsewwsemars adtdimofa flhgelected from

conti guous sequences have t nunber_ of , 2 1

TableucReoyingee . qa\ﬁihcem%[PHcéﬁﬁgﬂl f’r@gege i a?ndptf’oiﬁﬁdrg& date
d / ANy a Prhediset i oliyapuolentide

mterﬁwﬁ%@gg’tdg ﬁr‘?lg odi an ycerts'é':rp en%cgjglst o%ea of T1 and@TZ Q&EQ

havidg4i Fdiinmala hiosglectet yitom Tableeh thak ihe ABeigPRgH $AURNCP
e of Ti and T is an optionally |inked conjugate
lDf\&? In certain enbodinents, at |east one of Ti and

$agewpp| ng group. In certain enbodi nents, the

cap 9 929U ([l A5V ed ORaxy dtNasi ¢ gifeu T2 1N
cer tfrarnenbodiment s, a(pesi tiopal Ty |rpodi fi EF_I{ H
ol i ppnuic1&ot® dg Gonpri s ffoBt | gt angoprod| Tl ed
| nt eruereestdeHRage i cersarn \_LQE_n enpbodi frent’s,
eachi nternuzl gosi de& | i Wge i/l %\'/I,(t)iEon ARV H
nod £ oHi-goruclgestde +5—a .uu. 4 Sp mtenmucTeos) de
Iin<§ge.3ln3:ertﬁ3'r7_ent; 'Een é@ 'ﬁéﬁt phe | H
i nt ernucl en‘tqi del 1] lde(?é' ?, . Hy—rott-tied
ol i ggnuL eo 2de1 P hor p hloat t ef ®Kucl elosj de
i n<gqe Jtl n certazl5 su rﬂ;ﬂgﬁbmg/\%r b
i nt ernucleosi, de - ' H
PRMUPEOPR N9 11 |2 e | moe woe |H
21_ 2'_ 2'_
2 |6 |2 |1012 |yoe |moE |moe |7 |M
- 20 2 2'-
2 |7 12 |9 |2 |voe |moe |moe [P |"
2._ 2-_ 21_
2 18 |2 |8 |2 |jyoe |moE |moe [T |F
2'- 2'- 2'-
2 |9 12 |7 |2 |yoe |moe [moe M|
2'- 2'- 2'-
2 11012 |6 |2 |yog |moe |moe [T |"
2. 2 2
2 |12 |5 |2 |woe [moe |moe [T "
2'- 2" 2'-
2 11202 |4 |2 |yoe |moe |moe |7 ["
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i nkage of a positionally nodified oligonucleotide is

a phosphorot hi oate i nternucl eoside |inkage. In certain
Wepipodoasent s, a positionally nodified notif i SPCT/EP2009/001590

represented by the followng forrmula 11, which

represents a nodi fied oligonucl eotide consisting of
U309;gked nucl eosi des: Ti-(Nui)ni-(Nu

n2- (Nu3) n3- ( Nu4) n4- (Nu5) n5- T2, wherein: Nuland Nus

are, independently, 2' stabilizing nucleasjdes; and

Nudarg 2" fTudro ngcle@sides;Z%MB i 8-a 2't ﬁDdlmled

nucl%osiﬁ%; %eadh of L veoEl NSVIOE,  if M@Bendent |l from

0 tp—3;7 the sum of {nZ pbus n4 2's between 1D and 25; n3

is fRom T 4 52 and eagiodl ANOET2 |IMOEI nbEpendent 1y,
cor| 20 qroul 1 |8 chgise0. Eoioeo. Uagags. | cefid
enbpdinentsd—thHesumo 2._.4 and; e 3516 h—ce ta! n
ol e IS 0 W= e | e | [T
b 2 s GRS
Co BBty SN ok e oot [

O (CH2) 2- .| Hiahd T2 2's H |12+ certqjn|

enmbpdi ne@ut sJ,_Ega n%dl f52| ed MDEgopMOteot |M©Econg1 efrentary
to m RNA[and [congi stijmpg of P2-11 nkex}d nucl eps gles has
a FpRmul & 113 sel®ctled fnpeTaboRA, |wheee é¢ach

I nt ernucteosideg tTkage s a prosphgroi hi o
i nt epnuc8eosd de Ti nkage. M E CeRict n |aybedi $€ht sH 2
nodi-H-eg—ehHgenuecteotit .uav. |§.a|- rta 1 serect ed
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A modified oligonucleotide having a gapmer motif may have an internal
region'consisting of linked 2'-deoxynucleotides, and external regions consisting
of linked 2'-modified nucleosides. Such a gapmer may be designed to elicit
RNase H cleavage of a miRNA precursor. The internal 2’-deoxynucleoside region
serves as a substrate for RNase H, allowing the cleavage of the miRNA
precursor to which a modified oligonucleotide is targeted. In certain
embodiments, each nucleoside of each external region comprises the same 2'-
modified nucleoside. In certain embodiments, one external region is uniformly
comprised of a first 2'-modified nucleoside and the other external region is

uniformly comprised of a second 2'-modified nucleoside.
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In certain embodiments, an external reglon comprises 3 nucleos;des In certain
embodiments, an external region compr.ises 4 nucleosndes. In certain
embodiments, an external region comprises 5 nucleosides. In certain
embodiments, an external region comprises 6 nucleosides.In  certain
embodiments, the internal region consists of 17 to 28 linked nucleosides. In
certain embodiments, an internal region consists of 17 to 21 linked nucleosides.
In certain embodiments, an internal region consists of 17 linked nucleosides. In
certain embodiments, an internal region consists of 18 linked nucleosides. In
certain embodiments, an internal region consists of 19 linked nucleosides. In

certain embodiments, an internal region consists of 20 linked nucleosides. In
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In certain embodiments, the present invention provides methods of using
and/or testing modified oligonucleotides of the present invention in an
experimental model. In certain embodiments, experimental models are
employed to evaluate the effectiveness of modified oligonucleotides of the
invention for the treatment of fibrosis. Those having skill in the art are able to
select and modify the protocols for such experimental models to evaluate a

pharmaceutical agent of the invention.
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An additional experimental model for the testing of pharmaceutical agents
for the treatment of fibrosis includes, but is not limited to, the methionine cholir_we
deficient (MCD) diet model (see, for example, Yamaguchi et al., Hepatology,
2008, 47, 625-635). db/db mice spontaneously develop obesity, diabetes, and
fatty livers. Feeding such mice a MCD diet induces non- -alcoholic steatohepatltls
(NASH) and liver fibrosis within 4 to 8 weeks. Modified oligonucleotides having
nucleobase complementary to a miRNA are tested in this model for their effects

on liver fibrosis.
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factors, calcium/cAMP response element protein (CREB) and serum response
factor (SRF), which are classically activated during the cardiac stress response.
Deletion of CREB and mutation of the SRF binding sites in the miR- 21 promoter
resulted in markedly decreased miR-21 expression in response to serum
stimulation, indicating a major role for these two transcription factors in miR-21
regulation (Fig. 4 ¢). An essential role for miR-21 in cardiac morphology and
function was detected by a morpholino-based approach in a biased screen to
knock down several ubiguitously expressed microRNAs in zebrafish. Knockdown
of miR-21 led to a dramatic impairment of cardiac structure and function (Fig. 5).

More than 95% of injected animals displayed massive pericardial effusions (Fig.
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carldlso?ny%tc?/{je geallrt?tk)gng%(:%gl%?acapbroblasts Using in situ hybndnzahon weak
miR-21 signals were detected in normal myocardium, whereas in failing
myocardium the hybridization signal was greatly enhgnced At high
magnification, the hybridization signal was restricted primarily to small interstitial
cells, presumably cardiac fibroblasts. Using a pre-plating procedure, the
inventors fractionated neonatal rat hearts into a cardiomyocyte and fibroblast
fraction. Indeed, the inventors detected endogenous miR-21 expression primarily

in cardiac fibroblasts (Fig. 1 f).
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cardi onyocyte-specific mR-21 transgenic m ce nodels
fails to corroborate a significant function of m R-21

WO poophes3ieart as i ndi cated by the observed ef f BECT/EP1009/001590
zebrafish and the substantially increased m R-21
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Since m R-21 appears to target

distinct mMRNAs in a cell type-specific manner, the
Tablevientors decided to investigate potenti al reart Seed
specj fic mi R 21|tardjats. Using a bioinformatic ee
geROPT RasHe hdel Ny erprrssicn | member ofyBredictad: | Bragicted  match
dat apases for pogienti al m &engervedargets with 3' .
syrms Bilconpri sing seeferengepnspeciasd rgbt ng ftaart ng for miR-21
nucl eotides and |focused this analysis on candi dates |(Target
Wi th reported cardi ac expl ghRBase)NrBiRBase) {RicTar) [Scan)
deptetetd—n—Tabtie—IDbetow| Tablre 1QU30038 |i gand of
numnb; rrgﬁ]tel n Ln¥l X1 17118964 yes no 7nmer Rin4
retic Y4 1620 me 7mer A|ggLeen fages 8mer
SPrYito[ T80 Ti R %%ga?ﬁ%% s9r eveal eq §§2 known pot ent i fal
t ar get
g transforming
growth factor, 8mer
Tgfbi |betainduced |10913330 |7 yes yes me
KRIT1,
ankyrin repeat
Krit1 | containing 16455310 |7 yes, yes 7mer
paired-like
homeodomain
transcription
Pitx2  |factor 2 16836994 |7 yes yes 7mer
Fas ligand
(TNF
superfamily,
Fasl |member 6) 16698421 |7 yes yes 7mer
nuclear facor
Nfib  |IB 9056636 |7 yes no 7mer
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genes, of which 8 were previously showmn to be
expressed within cardiac tissue. Conbination of three
WQIRGoPAIESHT target prediction tools identified Bpr/ER2009/001590
(sproutyl) as a highly likely candi date. Sproutyl
(SPRY1), a known inhibitor of the Ras/ MK/ ERK- pat hway
U30@3g¢anafusa et al., 2002, Casci et al., 1999) energed as
a potential target due to its high score and
sigpi ficant expression Ijxvel in tﬂe heart (|Table 1)}
The| 3" UTR of tlhe Spryl nRNA contgi ns severlal
pre |i|9ﬁﬂ§d rr:'(_:P RNA bi nding sites, |of which |only one
cor [ egpordSted ja m cr oRNA_hi ghly upregul at €d duri ng|7mer
Lnxdar dKac di sease| (7H1R994 | 7see Fig.|Y § To dg‘toerm' ne
thejcell type ijn which Spryi is expressed, {the
i 024791 18 e of SpHFE, in Wii%h the! M
| acZ gene replaces part of the Spryl codi ng sequence.
Assays for lacZ expressi EQPi2naidwrs patientiaigarget
inAtﬂ_ﬁé?%[ﬂ’tth?ﬁﬁg‘é H’é‘ﬁ?{)ﬁ@g@é\%gﬁﬂ Hi gher e tissue
oenER N fHiERlE RBrd FRVIdUsiyeshawrs fobe exkpressedrwitin ogfigf tissue.
expression originating from,i pt er%%‘gtié%{t- I%Ubémh asputy1)
Conffinatich af threewiferpantarget RRECIORAPRS iy Y anrg?Ei E t's o
utative tar iR Ve £ (SPRK) as dedwm inkbitnraef the
as gi b@m j‘§%@ gghgdgg{ i ﬁmt% c(ar di orryo\%yt e f %92%{11%80' O
RasgﬂEKVEIRKfmathah(lﬂhleaies@ﬁéé\'-,VQQ%r%’,sch ?etﬁd g oot
ownr egul at i on. of . SPRY, r £§5itiCht Wprdsaindieval in the hear
potentiah a8l @U%f%ési‘@&%??sﬁgisﬁ%’ﬁrh _R-21§i na . - roRNA
(TaiRr féi. TRECEYTR s8I Spry /MR containgdeveras predisied RIeTo
EB, the transcriptional activ r R dn! requlated
bindngRies] o iEN P Pl esap Sl oo yéi”r:jt upres o
fibroblast iROYENeR! Bigt MRITd dsteetdinehiderasiicym dpwh!
durigg ﬁ%@ggstf"?ena ;gnh(?ng;sl to hurmngdi seaf?Z. Iﬁtgge%,j ANRL¥RitRe lacZ
spfl i$ ekpreseed rtheunantergrameleyed 88 leleMppd 't Fom '
patients w th - I §ediincer Assas far lacZ expression
gened[eRRaes ea@iqfiﬁgfé’g?gﬁogﬁﬁ e

opat hy denpnstrat ed ,
shdwisd 8toRfngTitRsRiniag pirestseordpiti giouse) head lel‘lgmzf i) fHigher

repressi on of SPRY1 protein expr i i dridihating from
el rsged b AT R TIPS s o
. - i : i lg@Be pdnbly. Bimus, ot a3 a
SR EHRRS cap 2o oatoarsy s

Kratio (Fig. 2 ..0Q9/ 0 0 in the

tardbtR- 3pnflunets oPe-exRiesSEfe cﬁ%fsl?&t S%rgée%élgh atid ﬁit tmt o

co-cul Lyl i dbhad Wit tred¥easbseraatibns, no detectable

Ca@é{?rHY%%geogfﬁcgén'tQ{%E%&gtat he clon'posi tion, of igt zé\g enic  mice
dofAféljurstion! SSIESPRYE! | awpieseiPs a¥desdetNdi R Z91°° |

ovzferuer;ggelsg%gb%ili-r.’zqnl?\fae %gllo?&n%cy?é(-gbéﬁfié %aﬂ‘l.n%'r.Zﬂt.\ addm'on, car‘dla:‘
CREB, the transcriptional activator of miR-21 expression (Fig. 4) is localize

exclusively in fibroblasts. The inventors then tested the relevance of these

findings to human disease. Indeed, analysis'of left ventricular cardiac t.issue
samples from patients with end-stage heart failure due to idiopathic dilated
cardiomyopathy demonstrated increased miR-21 expression (Fig. 1c) ‘and
significant repression of SPRY1 protein expression (Fig. 2 b). These findings
were accompanied by activation of ERK-MAPkinase, as evidenced by an
increased phospho-ERK/ERK ratio (Fig. 2 b).
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precursor molecules or inhibitors. Increasing mR-21

i nduced a strong repression of SPRY1 protein
wesppeesion and increased ERK- MAPKi nase acti vap@TRP2009/001590

(Fig. 2 c). SiRNA-nediated Spryi silencing |ikew se

resul ted in ERK- MAPki nase activation (Fig. 2 d). The
u3oosyentors next eval uat ed whether m R-21 -nedi at ed
derepressi on of fibroblast ERK- MAPKi nase signaling

| d suffi : .
oM anions 2156 N SholrTEH BetigBhres,dy mersitel
fibroﬁja%ﬁ%h{‘%a}q?%ﬂg%ﬁégi@hﬂrﬂwicbth@Sdoﬁap@nmwamt cafdiac tissue.

eve not ed cardi ac fibraobl ast [
Thevhotraas sepRedonih 1 GnAABIENATERD PhARBHTE miR-21

apopt ot i 1. ' . - .
precibdoip RS op iR P eshy iR b tess ong teptession
of s?ﬁabﬁ Efdgé?l efpzéssgale aecineteasyd FERVS(ARKiDase actyation (Fig. 2
). SRUARNACRISS 00 | SIS o G SpRPE s r B ok MAPkhase

.S i fd4.cant - s ; . ! .
actn?éé%ﬂq{lﬂ@ ?ngﬁé?%ﬁrg %gvﬁéﬁ? v?rnxp?héblzr]afsze?g%mmmed
deregiresiyion hofs fikireblasé o BY-MARb\&se s$'@ﬂ%‘!’]9nd"°8‘éq a%Hféﬁﬁ i afect
fibrc{ﬂlﬂq?qt];gbrla/é/%gi Erga%éree%%i ewhe £XP5agIoRolT ol BRRIMAPKinase

' ' drdiac dfsease augnment s ERK- MAPki nase activity.
&gntahﬁ@HthbeQﬂdbaltfubmslszferﬂiﬂlﬁlt’&menl of mi-2idavels ipéqmﬁgggrqa,rglac

“'thi's mechani sm may regul ate. fibro i

fbratieste YNOYAL | UBFEGSGOREPTRERRE ot npossTalsy a2 fl fduced
apo%okfi%‘?:%'ll%e%ﬂq(ﬁ r flieqcTHeEMeRlor giso Eaamp eR t-based regulation
erapeutic siTencing of mR-21 in vivo Tao evaluate_ .
of BR&YMurexprassiaf _tm‘ hezg;npqalquyoghel §egrq§gwngyn%flgpt i%?“E’cardlac
fibr%gg# n I?ge%ﬂh ‘;o'ﬂ‘)e'ré&dﬁess’l}ﬁ' Sl naRtIVideyy ws dsnBiFNA eeediated

. 8 ditred olidonucleotide conplenentary to m.R-

sile6éih§3-cﬁlsaRNagexrbret;$ionAsi9miﬁsa;utyeaw*@em@gdsq:qqgm@Tﬂbro?bjlast

hypertroph us del in - i
ol b e 2 i B Tapst R EPEEIETE 47 P JGe e dfetneated
a nS%ldéigﬁalﬁm‘gf SSBdIRS IONBE fhiing@tlebey edietd reeyhrassdnsolemiz21
aortic constriction (TAC}& W model highly, raSqRBite
durinigecardiaic digearfraHIMEAr Eflfes "Q?en%?tlyﬁ?ng Opgf‘ fopeition of
SPIQ?EPM%%H?%%QH HEBNABE AREAENis Mhohedulatepitesisiassurvival
0 l'es (Thumet al. 2007).U30038 To.determnne the ,
and ahalebyatiitivallgf gaveragdme rexteniniof hinteretie h@%{P{S',S 3”&/9%@%
ren’|1 ab?l ed antagonmir-21 was injected intravenously via a
& P8r vein catheter.

Example 3: Therapeutic silencing of miR-21 in vivo

To evaluate the function of miR-21 in vivo, in a normal setting and in heart
failure, miR-21 activity was inhibited using modified oligonucleotide
complementary to miR-21 (miR-21 ahtagonist). A pressure overload-induced
hypertrophy mouse model in was used as a model for human heart failure. In this
model a reproducible cardiac stress response is achieved through transverse
aortic constriction (TAC). This model highly resembles the failing human heart
due to its matching pattern of both microRNA and mRNA changes in global

expression profiles (Thum et al. 2007).

76



Strong staining throughout the left ventricul ar
myocar di um was observed (Fig. 3 a), indicating that
WOorR@pfidea? ol i gonucl eoti des conpl ementary to m REREP2009/001590

achieve distribution to cardiac tissue. The m R-21

ant agoni st conprised 2'-O nmethyl sugars at each
U300088!| eosi de, two phosphorot hi oate internucl eosi de

| i nkages at the 5 -npst end of the oligonucleotide,

t hree phosphor ot hi oat e inte S§de,ihi t at Oe3-

3 Iﬁo@ﬁteé’ﬂﬁ‘eoﬁhet 8a|éﬁai%88n fc%@%?%@g?%%thylgﬁ%ﬁgg?ér ol r
abditKRRaddHiPRYhwas hinficexy ritedvenoLislyi viea . jughliRr 2ein catheter.

ant agoni sts had the nucl eobase sequence of Sgt%ér%d\@ig 3
StrohgostaiBrg thowahout she (git YeHEEHAY Wgﬁ?rdﬁim'yvféopera e '

m.ce . wer - ! ' Aenfang entmig-21 achieve
a), B‘Idi'cé’g\ﬁgctﬁ%{)h% Sﬁef%g’t W&%@é@@gfﬁ Sg%ﬂcﬁgnﬁ% for r)fchr,ee , |
distEORERC W icaedidaytssudr eRbeeniR-ail t antaaerigofPIPIEed 17 EHgISNY

repressed el evated cardi iR } - £ $10th
suchin eee s LSS PR D oph, Biahgrssaoelcass fine
5 g {éﬁ?' ?ﬁ ith® a%%ngseggge@a.s tléfr'eieg -pgeysphdrhtmoa:tﬁeattﬁféwf:leo&de
npiretely reverse -1 nguce re .
inkagFt dhe. ERRRRPRI oo (e ISR PG | A r S Rgrol linked
QVR! 10 I yag-2 agomstsathed nheenydeapase
thr%lgg) a ﬁﬁ/tdé&gkjfat{ﬁgf | [ %Eo\gﬁg 2aﬂd&ﬂeart v?/ei % t relq (%')AC
seqeiegod bf A IyNOndrasfed IPV@el edRiEe e er Qﬁ@vf‘ n°r -
untreated mc u r t . leotide at
oveiRiergaine Wi el FpEgRAgey o g TRRTRG nucieotde 2
doges! b@.ge nmgn@t ait thode tdoasegudivar daysm Trastresriewith antggomir-21
nornmall ze

b ir- .
o e D A0S e BN L0 s o
detgﬂéiﬁ%rpﬁj\ fNo?ﬂng BRRIENG. BNS it red -tyRePCRapTaysid (Fig. 8). This

moperated mce, treatnent with an om fs [ }
treatatent esmiptetely reveyaed iTddntndyRas §eWn ey ?’ i%{cs’i%?(gﬁﬁ doErRK

interstitial. fibraosi indi B9d e Riverebpedived in sham-
MAENAse S?t'vrﬁt'&gz(ﬁfurgﬁ z)é%énsli&gémcﬂ%rltaﬁe nor r¥al_ heart or .
op@ueid mied digt Bxd)cirtyrstitialaitragiorand heart veeightewere apKicantly

el R e ol ACH I 8, gyt

by‘g’%ﬁég&mrdﬁ Q%&rﬂbﬁﬂl(gt@egsad(fi 9). &dégq, Spdagen centsnt of the
upregul ated durjng cardiac u

myasa r@mmageayq%ﬁ%’““gw m@@r@ﬁhzﬁda b% amagpgwéré%{, B Stfrend UE tirther,
fibraomdylin.o | | fant ir-2detreatment

WhFé"dd‘@gﬁ g)]gidgwrt d;opdgg’é@‘?ﬁrte!evﬁleékéswt%rm RO hantaginor @atm

pre3@Wedtigpertsphand wﬁgo%&gﬁai%nga(rglpgf \.?véhf%yqt%qﬁ/f)ir-m did
ol bikananbyled S S LB LAERLE AR e
no discernable effect of miR-21 antagonism on the normal heart or overt
cardiotoxicity of antagomir-21 treatment. After TAC operation and antagomir-21
treatment, global transcriptonﬁe analysis revealed normalization of various
deregulated genes (Fig. 3 f). Specifically, genes highly upregulated during
cardiac fibrosis such as collagen 1a1, collagen 3 a 1, biglycan, fiboromodulin or
connective tissue growth factor were reduced after specific inhibition of miR-21
by 42%, 39%, 44%, 38% and 37%, respectively (Fig. 3 f lower panel). In further

studies, cardiac function was assessed by echocardiography. Left ventricular
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end-di astolic dianmeters increased signifi
weeks after TAC and fractional short gni ngc\‘r;\l/gtsI iyrrégirf‘:d
W@ Fi0g/106367) , as is commonly observed in human PEEEP2009/001590
failure. Wien conpared with controls, antagomr-21
treatment prevented left ventricular dilatation and
U3008® nal i zed paraneters of fractional shortening

essentially to |evel s observed i n sham oper at ed

an l's (Fi 3 . _
ens Smsonmoriloe: imsed SHTAIE et HRsfS AR d40 tho
fract%ﬂgﬁér?ocrtew rﬁﬁ@é@ |rﬂBQi?éd (Fg. 2dyli 49 ism@mneamlg obsemnedvadiuman
m ce were subj ect
hearDVaalulr@a\dlrmh ¢mp¢r@ﬂtww@,¢pmrg$e ap omrég tE@@ZméH[)g]{evented

left tglé]r?tat |I%t|§92§ﬁsﬂgw alizdd - pdreiefds t & $rapRonaldstidrtening

Icant’ left ventricul ar

esseYi ?E}; io{r lﬁ@él}t{oﬁ%ebﬂedsn shamdoperptgdra;um@@r(&pgi@ o) imijlgyfesults
i
wereupbieingst ngbrantegairal EERBIV i BRSSP FiHuPed Beciec

, three
dise%@eehﬁ)dev\her eas animals treated with control displayed

Fogres
ekl asianobesbiMaN! WeBrRsY CagHa T UM R 65 et OBS ©
presalte auSrddL 3 e ERVARNAG A ftnres SBEKE befb@ntrEbtaat with

i npal rment of cardiac functl
antap%hhr 25, Degigtss pariod thmadineals Napéaved (ﬁﬂfy ficary le left VeRtticular

brosis. The dat
wprtmrE Besterd oy SR, By Tk e ek tme
peribl [c):@%er%’i%a@é@ WRR dftagortr21 amd @tmeuiveactfdr iator asislitipnad three
rnmhibrts SPRYL protein expr essi an, pe%sl\fé

weehsgWitnereas eningdls tiagBItR ¢pndio! gapga\yea BIeSsIVe n|mptahrment

hanc
S oy s
anirf&iar Z&@ta&:rd switle ahtaghanif-al | BIB@N%aﬁlgnIﬂ%nts ar’r% f’ion 3f the
sumTar i n Fi h
s E5 o B NRIFFS s R EBroce SPS%%’SS“Y
f.br%agom zing M R-21 in the nurine nodel of heart

Ceboserds ot (8ot YBERI R gored iR 21 and
SPFggﬁ_Er ﬂ\%ﬁt}%ﬁﬂam{@tﬁe?%ég@sﬁlbﬁ@g FRR210h dardhaosﬁbsqblasts inhibits
SPRYJnrpb&m;tnt axyression F{egml%ng-rx alﬁgfglg%g\ﬁé) llqlng\%g ﬂ?ﬁﬁf\/\'ﬁp kinase
actw@y a rbotufr{)o 'dgesr]a%%flgggggrg%{ccgﬁ?odlés@aém%l afnd Itber@bysthe
inteT®fiaf fisdsr! amdlﬁmmebmgpnﬁ;éﬁggggtegg& Qfl t e%mrﬁ'& heart.
This model (summarized in Fig. 3 h) assigns a primary role to cardiac fibroblast
activation in myocardial disease. Antagonizing miR-21 in the murine model of
heart disease prevented structural and function deterioration. Accordingly, the
present invention provides methods for the treatment of fibrosis, comprising
administering a modified oligonucleotide complementary to miR-21. The present
invention further provides methods for the treatment of fibrosis related to cardiac
disease, comprising administering a modified oligonucleotide complementary to

miR-21.
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m R-21 .U30038 Exanple 4 : m R-21 Regul ation of the
Extracel | ul ar Signal - Regul at ed Ki nase MAPK Pat hway
woRlpgosst transformation of normal to cancer REI/EB2009/001590
requires the acquisition of several oncogenic traits
such as uncontrolled cell division, resistance to
U30@3gr ammed cel | death (apoptosis), invasion and
angi ogenesis. Genetic alterations often result in

exairpi g0t Shaab ARy S X IFRE G SRR BaE finace
MAFFKPta?AvVa)( MAP) ki nase cascade invol vi ng c-RAF-1 , MEK-1
, ERK 1/2, p38 and JNK and ot hers

prMﬁbﬁ;ﬂﬁrﬁ.tr@@g@r@m@p@f 885’8%‘0‘8§38P%" %‘é@ rggaﬁéﬂ eaﬁc?qqnsmon
of sg?éa%%g?&\ﬁel ¥&8s 'suchh§srtﬁ%|n&bllédl cefl dio¥siom, neelsltance to

fon, survival and differentiation. Aberr
progr@great icall afealPlapoptesitlesinyasioni iBiide ANGIAUEAEE!- aﬁ&”et'c

R

tran%cgggﬁgbﬂr)gﬁ?va?% s%weasetrTeeaem@eh hetadlatg pratetrhéMAP) kinase
0

casqadeAnyRNDI o RABOAMERT b EIOK T @éb?’%"oJﬁFf g &H? s. Mitogen-

actnﬁ%d’ﬂg dt?fﬁeﬂaé{sﬁMhb‘?{ )adisty@éd are Réy Ei@ﬂakrhgﬂpamvﬁ?lé iny@ved

receptor tzr03| ne ki nase
1 tEGEguBtiopiabrerARLcp Brodlese e SUPGt GO R EACFiAn. Aberran

recep
o RGP ReS R A P Py Py pvtgeases
partRafAUER bhﬂrécéillumadugmailaegdiatﬂd dirmapat E\Bd@ Mé\PK pathway has
hyperactivated in N0 %
beep eé*@%)t srbiegh ol ri@telE‘F‘ﬁa§8§earﬁQ Ftol and c&%% f% et ©f
pha@h cﬁ 8 |ﬁil%%r‘§pt%@| tR8 dretit @ ent of/%éhcws Iisthageal oélls, it is well
ment. The treatment of cancer nmay th%r ef e

estq@osmmmtuyemvmr@n of ithg lanasst FBE: 147eiSaifgfR!e o Ya r¢&Eptor
tyrogﬁg o p§g?%’%§@1h% @Fl- é\%%'ﬁtd 45 ar@'ﬂalét/e%t%hbé\@ygrowth factor

Intracel | ul ar proteins
recédn@rts Q%Eﬂdpwmvat@umt%&$ whichdpefsrpraatiypissi fie RAF-

k|nase p such_as the s/ Ki h
V2 peicadtexRRRaled o™ Ly L ERSRuBh Jftwiay s
hprcWat@@tm afahy Aubidnocsn s gmmbﬁtbrsf afcteweptardyasihe kinases,
lular differentiation,

RaSplCo‘RAFér and HEK-THRaveabRESR a@HFﬁ’ falngoargrﬁt Jarigus sfages of
devb¥hiirt. Eﬁ#% pﬂ@éMtyld’Ft'd&'ﬁcer may therefore be possible by

administering an effective amount of an inhibitor of the RAF-1/MEK-/P-ERK 1/2
pathway. _

Sprouty (SPRY) is a family of intracellular proteins that are endogenous
regulators of receptor tyrosine kinase pathways such as the Ras/MAP kinase
pathway. Mamrﬁalian species express four isoforms of Sprouty, which act as
inhibitors of growth factor-induced cellular differentiation, migration, and
proliferation. The inventors identified sprouty-1 to inhibit ERK phosphorylation
which may result in modulation of tumor formation. The inventors suggest that
upregulation of miR-21 in many human cancers inhibits sprouty-1 thus activating

ERK to result in enhanced tumor formation and progression. Antagonism of miR-
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whi ch may result in nodul ati on of tunor formation. The

i nventors suggest that upregulation of mR-21 in many
woenvano@anhcer s i nhibits sprouty-1 thus acti vat PCYEERBI/001590

to result in enhanced tunor formation and progression.

Ant agoni sm of m RU30038 2 1 (e.g. by an antagomr-21)
U30038therefore able to prevent and/or attenuate tunor

formati on and/ or progression. Exanple 5 : Experinental

Procedures Expr i.on_anal
2 e SRR B S LA gt Horvae o
form%ﬁ%arbmﬁi@)sS%m ORNA (Castoldi et al., 2007) and

gl oba

MRNA expression profiles were generated from
RNA preparations fromnurine left ventricular

[ g . L CroRNAs were confirned b
Exa%ﬁgﬁéngg}lﬁtﬁgpﬁéﬂfE&m| oop specific real-ti m%
ExpRERIonFamalpsssh (MicrafeNAcareay, i Aé/maetriyGenaedins fgelsts Northern
m cr ORNA ar , data anal ysis was done with the use

blotigg, P?eﬁé‘ewgdéék?r om t he Bi oconductor project _ _
(%rehﬂ%gggz)g@tbw Arg), 2607Mrand gleblay nuRNAr xpEasgiThpfiles
et al., :

m R-21 pronoter anal ysi.s 24. hour
were gehatatesh rogeRNA R@P@fawﬁsffoéﬁf%r'ﬁéh Vf”H&“g# Ay Sl
ehni ' N t gpl \isivesin| bipamgnahd stem-loop
Der%&ﬁ%t;e eﬁl"?réﬁﬂrges?r%ézé(%'gﬁ?ggt g%an ne, Invit rogeq, USA ‘RNA
spedifit ecalttnaRER. Fodibeth wigorurieride aeayscand SRRURR AN
24 hpurs later cell re ar e [ ' 2% Fom the
array gy Cgalgﬂoﬁ?%y%ewggssdtohe g\f'ﬁeﬁ%rgﬁ) \%\g? c%\?(%%rg ed
BioMirddetsr Fr6Sct kwivitsiveselutdriorp} s waisvinesly Wesariped ¢Bnym et
I&gat es using the Dual Luciferase Kit (Promega,
al, flany) according to the manufacturer's
recommendati on. Cardi onyocyte isolation, culture and
transfection experiments Neonatal cardi onmyocytes were
miR-8bpededfeagndisisri bed previously (Merkle et al.,

20Q7) . Cardi FIEY tg dyifH am f reporter
i g BN PLEDYEIinbdl Were AR bt e 2 o
plagifidt veihg pAcEstgbligHear lipZeirss! Vessiestianiypethednfipofectamine,

Ger many).. di ocyte gultures r K Wk 24
InvipaerU8) Juien FfBRTGTe o™ ek esEad b B BER
housé R B8IRI Nste FEARULstihet RitNEYar CSdondumplrs Whereaps the other
group was cultured without FCS. Luciferase activity was measured in cell lysates
using the Dual Luciferase Kit (Promega, Germany) according to the

manufacturer's recommendation.

Cardiom}ocyte isolation, culture and transfection experiments

Neonatal cardiomyocytes were isolated as described previously (Merkle et
al., 2007). Cardiomyocyte size was determined from digitally recorded images
using the AxioVision LE 4.1 software package (Carl Zeiss Vision GmbH, Jena,
Germany). Cardiomyocyte cultures were transfected with precursor and inhibitors
of miR-21 (Ambion, USA) or siRNA against sprouty1 (Promega, Germany). Using
appropriate culture conditions the inventors also performed experiments with

cardiac fibroblasts and fibroblast/cardiomyocyte co-cultures.

80



appropriate culture conditions the inventors al so
perforned experinents with cardiac fibroblasts and
wo plpobd3est / car di onyocyte co-cul tures. 009/ 0015R01I/EBROB® 1590
Zebr afish mai ntenance, microinjection of norpholino
anti sense oligonucl eoti des and determ nati on of
U30@3 di ac function A standard norpholino-nodified
ol i gonucl eoti de was directed agai nst the mature
dre-m R-21 (MO 1 = 5" - GCCAACACCAGICTGATAAGCTA-3 ' )
and al so a mul ti-blocking Mrpholino-nodified, ,
Zebakib R oMIEleR@hEslemasinjsztion tas morpépiiey entisenseneigangrigotides
steps in m R-21 processing and function (M>-2 = 5" -
and TEAR CA AAGCTAT -3 ') . A Standard
¢ ORtsrté’Ada‘?{j ! ﬁ&@%hﬁ@%&ﬁﬁéd\@@mue@we (WEENETEDRS,agalrG) the
was 1 njecte t the

loreati :
matrerire ohiR MMM (6s GREAARA R EIBAT RACE ne) @B 2150

st.age w | d-type.zebrafi sh ; Y% to interf ith
2 i RO R OBl o R YRR N Lt e o
multiie Sestep@l ihi MniRa Nt preessing dewel ofmstion PP es™ -
and novi es were r trigul ar, fr, iomal
TOTHAGRORA SRS AT GR ABCTTAT 5% b And T8 Epur 2
: art ihbHzadd pNETESSES! iLal) ywas idiested bedhe same
ohg%i% tlgéewgtzﬁglt% S%OS). Mouse rm?jel s.of. cardi ac e-cell
condgnpeation gstey negativieaganiiod MeepRebeRs W@recmf"r”i'ecoct?aow Q38
er f orned Qut i | B8d @specialy beart
stacruliGheR: eiipbE ety Rerd Rl ancany ecpsnans
tunciBhaids evavhedsatysdvBngdirapdintedudng deyelggmenty frighires and
heart sanples The inventors e ] ' t 48,
Mo OMeER PEATE TG RY hAEEL L e A e Baaged
2o o €86- sh@ofrdessirs f podtureativhasion o(rhif) @tsaentiadly as described
"car'di onyopat hg/ and, for conparison, healthy adult
(Rottlpawer ed ahpP@@0). | nmedi at el y after explantation, tissue
pi eces were renoved fromthe left ventricles, and
exci sed tissue was shockfrozen in liquid nitrogen and

Mo §deomedelatof cAQNIE hypentrophrlydifalugB0038 ni cr oRNA t ar get

preT(?:I:\r(\:stalo?tri]c rrggnfé ASion was performed by routine methods. Betal-

adrenergic receptor transgenic mice (line TG4) have been described in detail

previously (Engelhardt et al., 1999).

Human heart samples

The inventors examined cardiac tissue from patients undergoing heart
t}ansplantétion because of end-stage heart failure due 1o dilatative
cardiomyopathy and, for comparison, healthy adult heart samples. Immediately
éfter explantation, tissue pieces were removed from the left ventricles, and
excised tissue was shockfrozen in liquid nitrogen and stored at -80°C until

analysis.

81



The m cr oRNA dat abases and target prediction tools
m RBase (http://m crorna. sanger. ac.uk/), PicTar
W@ baovpod36pi ct ar. bi 0. nyu. edu/) and Tar get Scan PCT/EP2009/001590
(http://ww.targetscan.org/index. htm) were used to
identify potential mcroRNA targets. Western blotting
U30088d anal ysis of cardiac fibrosis Protein |lysates from
expl anted hearts or co-cultures were prepared as
descri bed o.et al., 2005) and expression of
/nmnE%V§ﬂw©8Ep&§F m”dﬁ%@BHSERKl/Z and G beta detected as
dager | RedoRRei aata'Bgrse@nanyﬂSI targdt rmepictibogytoelid miRBase
fibrosis hearts were fixed

4% f
(httpi//migrarrs. sangeracswik Riekari (BHR 7/@@@8910 WB&%@%@?@Q%%
(http; LA ngﬁ:rp@{s'tgn% W&&Wthﬁ B 88&d fo @enpifyCc potintiaLimicTedNA

rds red”sections were exam ned using a N kon
targ eE@LI PSE 50 microscope equipped with filters to

provide circularly polarized illunmnation. Tissue
I mages were obtained with a 20X objective | ens,

Wesfe?ﬁ ‘Bv&ﬁr% 8hd @n@@x@)saﬁ cdmget abrocsﬂsmsr a (DS-5Mc, Nikon),
anal’yzed usi ng

< rotein Y EPTaMcoXpl RS a5 BbER Cé‘é}gfe%e@@ﬁébaﬁed::
| of esphy1
desc{@%ﬁ”é?@ﬁ%@n %tl g@{g)ejﬁ%aﬁ’\m L$ régsien o e@pwml 2’2&3‘§<

1 transgeni of
phosPheERIEI2 camd d& bater deigctass argdesabed e Eﬂ'era&?%!a's
mor;?ngryo%u&? la“ols'ﬁng rﬁ%Q/Vergf fidedf i '4'°/§Efgrr951%’bﬂ§ émbstded in

nsgene construct containing the
para’f‘?ﬁwt Wu%u{j@ &&%nﬁqauﬁ?):&ﬁmf 1hariL<\é®\/dng sléﬂﬂed)p\lltlbdéﬁm@tgmlghand
t t
eosmrmeplgntqsgmgﬁ{df ?ﬁrlncrg]slrpﬁgre c):ngn e%g%%; g&;g@ ca. Il\rl1|kon
L?%%Olp@ E&pe Eulppedt @ithi fi@rofto rmomdedmmnlartyoﬂplanzed
pry m ce Hearts were collecte g En Peéé reéo‘?&gdon
illumthatim aessaadrﬂaugzedverr@robmn%wﬂib@ EQNORINNG 'So%
L dehyde d S tByan Pro
a cqded RSl £ PRl SIS SeBed s e

Omin in 0.01% lated
SONﬁa sA%lSROdtveare (SODH Mo, Udet). @oli@ger’gﬁgmtﬁgbyvgsaq%cuae

EGTA in PBS. For the det o1y - U30038
as agmrﬁé'ﬂ@gﬁd%%‘ée ElGE Q/tr‘ﬁ?h 'W@gﬁzé)r(érggﬁ e th% thated in
rinsing solution containing 0.5 ng/m X-gal, 10 nM
K3Fe(CN)6, and 10 mM K4Fe(CN)6 at 37C. For whole
aMHC-miR-21 transgen/c mice
Transgenic mice overexpressing miR-21 were generated by pronuclear
injection of fertilized oocytes from FVB/N mice with a transgene construct
containing the mature miR-21 sequence, flanked by 154 bp upstream and 136 bp
downstream of the native precursor sequence under the control qf the murine a-

myosin heavy chain (aMHC) promoter.

X-gal staining of myocardium from Spry-lacZ mice

Hearts were collected from Spry1-lacZ +/- mice and fixed for 2h in PBS
containing 2% formaldehyde and 0.05% glutaraldehyde. Subsequently, the
hearts were rinsed 4 times for 30min in 0.01% Na-desoxycholate, 0.02% Nonidet
P-40, 2mM MgCI2 and 2mM EGTA in PBS. For the detection of the f-
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nmount anal ysis the hearts were transferred to 30%
gl ycerol and digital inages were taken using a N kon

WOR@WPAE@E7 Caner a DXML200F and ACT-1 sof tware. GF/EP2009/001590

hi stol ogi cal analysis the hearts were dehydrated in
I sopropanol, cleared in xylene and transferred to
U30038raffin. 10 urn paraffin sections were generated

usi ng standard protocols and docunented. |njection and
detection of nodified oli t ISR E@itamiig0.5
galagiagifaseACivY t‘b%ﬂﬁﬁﬂ%mﬁr? '&%@éﬁd@ﬁ r!r%ﬁf?a?%e C57/Bl 6 m ce

- \ 3pdstEoraghole
rorait o et i
moumiaa'nﬂ%yfggrth%? neags wareos PHED [t PrETe] Al fiiafimages
wereJgRS3 usingTa NS @igeifth_rcgﬁ'lfe%‘ijﬂlﬂjH wed YAQToH Sdftatses etor

i gonucl®&otide) was injected at 80 [ ki
histoRieal iantysistthe tatitsveare ai@daydmedw@dﬁ@Pf\Rﬁén?'eﬁk‘?ggeo‘hg#y'e”e
| ater, fjxed and. Cy3.staiQpi - . f hgpeseEEns:g
and HansEIE&shy° BB Bbi fﬂ%t&rﬁpgéwéfg%gg%%geppoducti on

HeSroldcB Rt AMRNdockrhdntsd R- 21 precursors, inhibitors or
Stané‘\éesggect ive controls, Annexin V-positive fibroblasts

wer e nmeasured by FACS anal ysis (Annexi n- VFLUCS ki t,

e rmastrca by FACS aneya s onextn U
e AT et et ey

A S ,
peafjoguted vein cathaterfyaFarImaeREENt SHe Qs THE C57/BI6 mice
A Ny t iAxs gbirfyy/iedti asfrsodified

(10-Fh e P e B B o e O o
olig{lsn@ge%%aé%ddsmﬁ}m:m?ﬁw fior B c§a‘§2&t[th@ylg'héln% jugu!lz{ﬁ/@gbat gter. As
accordi ng O 1he nu r \i. id
B
ThaBch S8 kg iohke Glo tRaalasiter wad toaheaddvauterneyasg3h
Wast e Erl Sm SO

are (G aphPad, San Die%%o %g)) or
lateSfiat Vaew GySAsaining ohsareed hy. fluoesrgnCe BRI OFE N age.
ANOVA foll owed by Bonferroni's test and Student's

t-test were used as appropriate. Differences were
FibBBRSt 86664/8GA3F GFgprdductiol when P<0.05 and are

: ﬂg:fég:tégtrggmag,jtg%ﬁ.ﬁ5;;‘;%#85%55@@8@0@ og. %Sg?@tgﬁméont.rols,
Anrlexf W-{%éﬁﬁiv@ﬂé}dbﬁsl@ WirePERagad\by tRACS #alysis HHnR¥n-V-

FLUDS kit e'BSQméfm&éé&é NStk TMah3AS M, E GRAHERy) ez e-linked
immunosorbent assay (ELISA) was performed to quantify FGF2 concentrations
in supernatants of miR-21 modulated cardiac fibroblasts. The FGF2 assay was
carried out using the Quantikine FGF Basic Immunoassay kit (R&D Systems,

Minneapolis, USA) according to the manufacturer's specifications.

Statistical Analysis |
Average data are presented as mean * SEM. Statistical analysis was

carried out using the Prism software (GraphPad, San Diego, CA) or StatView

(SAS Institute Inc., Cary, USA) package. ANOVA followed by Bonferroni's test

and Student's t-test were used as appropriate. Differences were considered
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Mni Kit (Q agen, Hilden, Germany) was used according
to the manufacturer ' s instructions. M RNAs were
WO 2@baeae’ by TRI ZCOL (I nvitrogen, Karl sruhe, GeP@GEERI0HH01590
a MRNA Isolation Kit (mrVana(tn), Anmbion, USA). The
integrity of the isolated RNA was verified wth
U30Q@hat uri ng agarose gel electrophoresis or capillary
el ectrophoresi s (Bi oanal yzer 2100; Agilent) as
ri bed ) r epdicdtesp PCRS, ™
signi ﬁ%“tl"ﬁli‘/%% F% grerNdlic%lfed 89% astérik. 5P

oed an 1 Cy i Qtm Real -Time PCR
indidagd £ ki @01 Systrﬁin‘oa(ta pRa@lQOSer rmny) The i nvent or sused

target-specific stemloop structure and reverse
transcription priner, and after reverse transcription

RNN%&%@HeﬁbB} ‘?/nT@RWCRyAOfd Idoﬂ/@émcﬂiomgbes to quantify
expressi on &Taql\/hn mR-21 Mc %\iﬁ ﬁg&%m Neasy
ApPBbi extraBitiosya ttetak Nﬁo@?@rf'@eﬂﬁ'sst'@frc & ERA

( oramgatepihiel madutestuger's
ang%%ﬁﬁbqg%ug-ﬁ@ﬁaﬁ cr o WRSSSLE.!’);J&COB%I% r ol sg Y

|nstr@b9§rY§tl\ﬁlm$\lAd:%tearso@teq byL]Sﬂ)ZOLA(InVIﬁpm A%ﬁsép@g Ggimany)
derived fr om

B S IR he R¥fated
or agpiEhbMt$leigh! 'tﬁm" Sy h’e’?ﬁB[?InOt 2 aﬁﬁgf@g@%{y%& f ©

g 0
RNA O\géér E\'ﬁle;&eﬂlﬁthl dedgdiriagt agd@¥eagely lelativehoBsk Lpfregaplﬂary
s al ongsi de_an appy.o
eledﬁ@Iphowst (5|°@@?Wé9h@r199r ga] E&)\ aﬁs etslcgﬁé\g\e(ﬁgﬁ‘ tagdaBorlak

r D Bmpl&Jeigen)iCysiendQdt riRealylime
200?¥a§%‘f é‘? n‘%r%@éggm@{r)gnt hen |c§)r6e9 hybri di zed for 1h at
Pc@@%tealdmysystelmz(suom Kegrany|.ULTRAhyb- A i go

Hybri dzat i Buf f _ q
N N i e
nFEQﬁﬁHH drivAér, \ah@ aftavirousby tramsgdription wsedrssneck ngsj'aql\/lan

on) and 32P- ATP were, hen added f
hybntdmagalm)égob@sr to ﬁy@,rpmfwlnglgd \%preﬁst%]t 'IIat%MébEPﬁ fFefiaoRNA

%\Za%ﬂ?&‘té% é\g sbFgkerasiynasseyl Ty smalli Rid aolacslsn6B

ure mnutes (in 0.2* ol y
sm@lnesut:ieme (BNU@ Wwas amaplified Aea. cwtgi%%gwgn#%mﬁgﬁgsf\ssay

d
Corét;(?ﬁe%%gﬁg a%@gysggs FEFE&%'{;T?%? SR 3R fﬁlmel\hPamples were

rray mcroRNA expression
derfRal YR Ssdlaorisrcens iwisy Sepsanae &t A oneaNtiREGH RNAS

R e S S A
acM%%&)!eB%ufé\@'ﬁ‘dﬂmE gels alongside an appropriate DNA marker.
Following electrophoresis, RNA was transferred to a nylon membrane (Qiabrane’
Nylon, Qiagen) using semidry transfer. Membranes were then pre-hybridized for
1h at 65°C in hybridization buffer (ULTRAhyb-Oligo Hybridzation Buffer, Ambion,
USA). LNA oligonucleotides (miRCURY LNA Array detection probes; Exigon)
that were previously labeled with T4 kinase (Exigon) and 32P-ATP were then
added to the buffer and membranes were hybridized over night at 42°C.
Subsequently, the blot was washed three times at room temperature for 3
minutes (in 0.2x SSC), followed by one time at 42°C for 15 minutes. Afterwards

membranes were exposed on a phosphoimager.
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Probes, Carlsbad, Calif) by use of the mrVana
m cr oRNA Labeling Kit (Anmbi on, USA) according to the
WOorWonessur er' s reconmendati ons. Each sanpl e WAGI/EP2009/001590
hybri di zed to a separate array. M croRNA m croarray
hybri di zati on, m croRNA purification and enrichment,
U3003bel i ng and microarray hybridi zati on procedures were
performed according to the Ambi on mrVana nanual s
. . anbion, ¢ lib/prot/) or as described 2. Data
micr i@ﬁp{?%srﬁor\'l\ggg/ggéé with the use of ScanAlyze el
Sof dai® o4 fFap enictaRNA Lexpresaien B@awéewhwaw%’ﬁaﬁs paarately

purif%?%%%bg?@&k%ﬁé’tggsl lhp%éﬁﬂg%@é‘%!ﬁ rs téTrE\ {AthBlon RN A).

I nker

- r Adizeidbeledavith thectyier@y3 (Molecular
mmé\%&’?\‘%@?nﬁ)];égrﬁ%@)ﬁo%?)\}mﬂﬁmpmfi i n<T:1 oé rR Eg%i” Xlr;(i A Pbion
Protap Darlsbad, 0Bbak) piwssi afi thednibYahBePRAY EaPF eSpond to

21 1 huma ' i hieraatiohRNBactassample was
USAée erarding qu tﬁ? %ggga\gg)rrg?@or{gg@}]. Hybridization .. cya
hybridigdtiko i beparate @sraye MiceRNA maigraasiayghYHEiZzadgn. mic

scanner (4000B, | ecul.ar namni i i he q
puriﬁ;mstpan@mé iqﬂr?cgmeg\/gt %%ﬁggg a%lgir f\ﬂ?ér?)ﬁ%rﬁg'} @Jsﬂ)éngfi\%gtr)e droce nl:r::
wer%ig‘g%rr cHSi NgedGrmagi X 6 ( MbeecuhmbioDy nafiy@naandma

e e o etk ST S LML, e
witW%B%hé%h%&c?&%We EF&Wﬁ'r‘éWEWéé?ﬂEa@ﬂ@Wérh@e Berkeley National La

anal yses, reverse transcriptio . ]
(LBN%‘B@‘kéfewamS/ﬁS)ymtbma'tiselyaﬁdugzrt@ahﬁb“\owag abeled with a Cy3

conMBRALTR PR 0BT S T OR: CORTe TN Syt hast s L oo

t
platfrfy MR 1 ?énoM@é\Mdét agrbiilivg foformiBRNAS oiMiCHIRiI CRRINIE nLiebes

control hearts after shams =4.1 WYY atl T H W
imrraffuilé;ted_rmt% argy é@é@é@b Pppd 4P K%ﬂg Exﬁ‘ii Eﬁ??@ 3;@ ﬂgﬁ;jeg;?;

. er : A _INS6.10.r Q
ml@l\%ia&%%&l&gm@gﬂpR@gmag perfoEBr%dA;ﬁvi Iteh tPeDWaqm%E) with
et sa Ml A4 s et 31
, . Al - f
idepyaah PE%‘&HEﬁYP‘Efzégﬁ"\Rgé cﬂggkegd b 'E’Sea o 1 oxnression Was
Geﬁ%@ﬁ% igggﬁ@g?rggnyr}bﬁqing) and f&)@@h@@ftweéRMggpﬁa%eg% §I8 fBr
validatreidpy pPEilG mwan%ﬁ%%i??”%ﬁ%s %ﬁ%ﬁ?ﬁ‘!‘s From art 2y

studi es R packages from the Bi oconductor project

(www. bi oconductor.org) were used. Resulting signal -
Glotd! émasstriptemaearalysdt mal i zed by variance stabilization.

For transcriptome analyses, reverse transcription, second-strand
synthesis, and cleanup of double-stranded cDNA were performed according to
the Affymetrix protocols (One-Cycle cDNA synthesis Kit, Affymetrix, USA)
starting from 2 pg of total RNA (n=4 control hearts after sham-surgery, n=4 left
ventricles after TAC and placebo treatment; n=4 left ventricles after TAC and
miR-21 antagonist treatment). Synthesis of biotin-labeled cRNA was performed
with the use of the IVT Labeling Kit (Affymetrix, USA). cRNA concentration was
determined and the distribution of cRNA fragment sizes was checked by gel

electrophoresis. 15 pg of fragmented cRNA was used for hybridization on the
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Quality of all data sets was tested and statistical
anal ysis was perforned using the Iimma (Linear Mdels
WO 21090 dar ray Anal ysis) package to sel ect f oPCT/EP2009/001590
differentially expressed genes. Cardiac co-culture
experiments and m croRNA / siRNA transfection
U303¥%cedur es Cardi onyocytes from neonatal rats were
i sol ated and cultivat ed using as described (Merckle et

mOU%%BSPB%%Z 3(% paReCly bﬁfp zAWm&'nB @SAUDQdiaatah@llysmrfrom array

cardi onyocyte cul tur eé;

studies ol pbyka?ghﬁ ﬁmmmhefBlpccs'mlmorngolgpbbgwwcplggmdlg& rt%?)o\plere
non- car di o yi tt WIS zati

usedvbResy!tizg %ﬁi o'ln?ed{?let{e%r & carcgh%ﬁ%%%y@ggggfggﬁeﬁ ation.

Quafﬂgstiftdll ﬁt&%et@%dsnﬂe@teodgmme&itusmmr@amsg;hwpgmqrg@rr@]ed using

ures. Scranbl ed-m R tive tro
the Anbnmn(LlrwrnMﬂd/eLs f¢g Mmasr;ay(% ), PACKIEE 1O sefégt for
dlffemr\ga )iegéirte%gg@ cME  Anbion; 50 nm)I/L 72 hours) or

gonrsts (antl-mR Ambi on; 50 nnol /L, 72
hours) were transfected by a Ilposorml - based net hod

Car{v%«'f s uperis ehf PP e Ry e eedeehs pigiostiures
gEFc%mS?Q b4 iR nebn4dl I‘athd;]le hsclg;ateﬁcagld( 5ulgva)@dtq§|ngf as
uce car ocyte ertro or,

oo pat oy S5 SRS SR R 81
carcﬂqvﬁﬁc@% 375 tpd.lgé‘e gF‘o%r'n%é YRR ItGRISCNE @t esbd by adaiionedf pre-

rmat ing density 40.000 ceIIs/meII)
plat'hbe sn&esoftot hexgieVi merenorzrcar%*ey&fgée ( fé?’géEStS

f
confpmﬁ:iatgﬂr@ 3@9@ té@nr%"w 1 con %Wn?y%%?ﬂasa&amﬂnpcﬁ%de or

fions thé i nventors used

achﬁ‘ingeeﬁ%'n%t#éﬁn@wfgrﬁﬁuﬂﬁy @facejl oulgujeyt Seraaiie¢-miR; grenegative
robl asts by ignori t
conttesithiAsaaloabsd emair 42 TOHE; U<y aretds BRI s fpre; iR

I'n detai
AmBEBRY %?ShIQBI/Ef 79Ph¥ark) affdnﬁ'ilma@hta‘gahlstm (avfitt-a7iR, Amb|on 50
S

Mol edemiR (50 nnol { L. .72
anR?Zh%;l;;)gger;dr:ﬂ%@@djﬁéé‘mP?GON%B??; d V‘Et%%%{lgégf&tam'”e
Inv1g]9 21 20t 200R! Bt 1c() Nidmy oRF1dAWER) culues eiriatieF CS

specific siR
(0.1C9C kbaird] cgitios) oBEByLwith ngsteFGSf ﬁé} o I4ﬁcEJrchgr@ggnomyocyte

16.7 nnol/ L each retransfe d 3 e tal
hypesraRiyt uF &r ‘F’?E‘Fﬁéﬂf'ﬁﬂ or’ ef?ellcrsézﬁecby%\%/a“gggmﬁlrét%rgfd nc}e{ona °
carig)ﬂyto s RGR ﬁ&%tﬁf@m?ér%fééﬁmmwbaiwlam s 8a9@swell plate

ed Bi osysterrs&0 and No

format (seeding density 40.000 cells/wel Wlth the use of the AxioVison Rel 4.4

package (Carl Zeiss GmbH, Jena, Germany). Data are expressed as mean

+SEM.

To mimic cardiac in vivo conditions the inventors used a co-culture system
of cardiomyocytes and cardiac fibroblasts by ignoring the preplating step as
described above. Here, the inventors studied in detail expression of Spry-1 and
Erk activation after transfection of scrambled-miR (50 nmol/L, 72 hours), miR-21
precursor molecules (50 nmol/L, 72 hours) or miR-21 antagonists (50 nmol/L, 72
hours). In separate experiments scrambled siRNA or a specific SIRNA cocktail

against Spry1 (three different microRNAs, 16.7 nmol/L each) were transfected to
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blotting. mcroRNA target prediction tools The m Randa
algorithm (Giffiths-Jones et al., 2006) was used to
W@ 2aw/16367 pot ential m R-21 binding sites in 3 RIREP2009/001590
sequences of the human and nurine genone.
Subsequently, Karlin-Altschul normalization was
U30@ f or ned (i RBase Targets version 4.0;

htt p: //mcrorna sanger. ac. uk/targets/v4/). In detail,

the tscgpﬁ@élp vent rec?lgms%?ﬂ S®adatrRohiRsed (E@r seafime-PCR

?ns sorted potenti al R-21 b
meab@redRints SvaqmlaﬂgVIicl'tRMAgmsayhné\pplfﬁdg5'%%&?@?5)0?” orthern
conserved species; >6") | ow p-val ue; <0.001" and
blotttidgh ni RBase score; >15. This procedure reveal ed 22

known genes to be potential mR 2 1 targets, of which

8 were previously shown to be expressed within heart
m/cmRmmrgmwdd/chon feols GEO expression profile

tlgg m\KgWMdN%%Oé)c{rrt% l'ffhh&%ﬁé@@( al. (z098) Tad @ésel) to §can for

ronally predicted as mR—21 tar%
oteldﬁialnﬂnﬂilm Bindihar sitasRINA3 LR seasenges ki dRe dnd” | ”Qdﬁ%‘ﬁ'”e

http://pict ¢
oo BByl ST e Gy SR S eas
TargLe‘?% &?r?%d'f@l ; mrc@&na/Lé)SAgeRed: akibargdtsiva/guly getath: t
Www. t ar get scan. or i nvent or s
mveht—:ufgeisgdvmermﬁgﬁﬁ%ﬁ’ e IdiSion™ % 5400t JhgRld: ') andf
1 f S was t mber o
AR g e s v e o
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Western blotting ” '

Protein lysates from explanted hearts or cultured
fibroblasts/cardiomyocytes were prepared as described (Buitrago et al., 2003).
Extracts (20-50 ug protein per lane) were mixed with sample loading buffer and
under reducing conditions separated on 10% SDS- polyacrylamide gels.
Proteins were electrotransferred onto PVDF membrane (Immun-Blot®, Bio-Rad).
The bands were detected using a chemiluminescence assay (ECL Plus,
Amersham). The inventors used primary antibodies against sprouty-1 (Santa
Cruz, sc- 30048, dilution 1:250-1:500), Erk1/2 (Cell Signaling, #9102, dilution
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anti bodi es (Anti-mouse-HRP (Cell Signaling, #7
di lution 1:10000; Anti-rabbit- HRP ?Cel I gl gnaloiﬂr);;g
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ries River Laboratories (Sulzfeld, Germany).

Transaortic constriction (TAC) was created using a 7-0
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injected into the jugular vein catheter and the heart was removed 3 h later, fixed

and Cy3 staining observed by fluorescence microscopy.

Cardiac functional analysis

After 3 weeks of TAC, mice were anesthetized with isoflurane, and cardiac
dimensions and function were analyzed by 15-MHz pulse-wave Doppler
echocardiography. Then the heart was removed, weighted after removal of atria
and subjected to further analysis. Echocardiographic studies were performed
under light anesthesia with spontaneous respiration using isoflurane. Two

independent ultrasonographer experienced in rodent imaging and blinded to the
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SigmaScan Pro 5.0 image analysis software (SPSS Inc.,USA). Precisely, original

escr

(circularly polarized) images, were resolved each into its cyan, yellow, magenta
and black components (using the automated function CYMK provided by the
image-analysis). The black component was subtracted from the polarized image.
Prior to subtraction the black component was adequately brightness adjusted to
ensure the elimination of the interstitial space and non-collagen elements but not
of the thinnest collagen fibers (confirmed by inspection). Then the subtracted
image was subjected to a final color separation into its hue, saturation, value

(HSV) components using the automated function HSV provided by the image
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nucl eobase sequence conplenmentary to a mR-21 or a
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fibrosis conprising adm nistering to a subject at risk
2. fomn deurldinmgridindr osi s a conpound conprising a
nodi fi ed ol i gonucl eot | ﬁle .consistin qgf”;‘l%mli igQslst 9kgd
nucl eosidgadifyana gabieshNaVIRG Of BUBRESEE S Ry lieice whi ch®i's
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82%33@3&13&@%' Sy of Y 1829058 o sidbdBhA%Rhving a
nucleobase sequence which is complementary to miR-21 or a precursor

thereof.

4. The method of claim 1, 2 or 3 wherein the fibrosis is liver fibrosis, cardiac
fibrosis, kidney fibrosis, lung fibrosis, skin fibrosis, age-related fibrosis, or

spleen fibrosis.

5. A method comprising administering to a subject having or suspected of
having fibrosis a compound comprising a modified oligonucleotide
consisting of 12 to 30 linked nucleosides and having a nucleobase
sequence complementary to miR-21 or a precursor thereof, wherein the

subject has at least one cardiac disease or condition.
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wherein t heart valve disease is selected fromthe
gr stpagenksesisengarafomyenaihy, eansictve RgEsaditigo ojopary artery

val ve stenags o} ht
ey SR bR o R e arcion ri
wheyeainfailie, hemdibc wathyghmdisse as@casditetaiated ditrosgim ané heart
roug/ consisting of mitral valve insufficiency, aortic
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obstruction, restrlctlve cardlomyopathy arrhythmogenic right ventricular

cardlomyopathy, and diabetic cardiomyopathy.

The method of claim 7 wherein the heart valve disease is selected from
the group consisting of mitral valve stenosis, aortic valve stenosis,

tricuspidal valve stenosis, and pulmonary valve stenosis.

The method of claim 7 wherein the heart valve disease is selected from
the group consisting of mitral valve insufficiency, aortic valve insufficiency,

tricuspidal valve insufficiency, and pulmonary valve insufficiency.

The method of any of claims 5 to 10, comprising administering one or

more additional pharmaceutical agents.
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15.L0 ﬁ% ks onupl eAisles, 5 Wharevnaesy DR1SANINBE0ESB Preents
‘nucl eobase sequence of the-mfdi fied ol onucrh ot LB, ktRnal
cormdashweight yingrease Reft vesptricy ?fr@lﬂi‘PBoP’ fqﬂ%?'é ? %ig.
The e ta%g]aof claim17 or 18 wherein the at |east one
[ vsé'lr i Sease or

16. The method of any of claims 5 to 15 wherein the administering improves

cardiac function.

17. A method for treating fibrosis, comprising administering to a subject
; having or suspected of having fibrosis a compound comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and having a
nucleobase sequence complementary to miR-21 or a precursor thereof,

wherein the subject has at least one liver disease or condition.

18. A method comprising
identifying a subject having or suspected of having fibrosis, wherein
the subject has at least one liver disease or condition; and
administering to the subject a compound comprising a modified

oligonucleotide consisting of 12 to 30 linked nucleosides, wherein
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condition is chronic liver injury. 20. The nethod of
claim17 or 18 wherein the at |east one |iver disease
W@eoogamdsti on i s hepatitis virus infection. 2 BCT/EP2909/001590
met hod of claim 20 wherein the hepatitis infection is
hepatitis C virus infection. 22. The nmethod of claim
U30Q¥£or 18 wherein the at |east one |iver disease or
condition is non-al coholic steatohepatitis. 23. The

met hod (0f ¢l @eBbade OfectibritBeio?i d hRoaielcatgormizotide is
1Se

liver ase or condition is cirrhosis. 24. The
met hod aimplamentarg tamiB-2170t »PESUGHREREROL he
adm ni stering conprises intravenous adm ni stration or

subcut aneoys_.adm _ni,st r.af 4 3. thangt [BBEthese aleranigease or
19. ¢ gh?rén% °5o°fz°ia' ér%e(igrn{%&%heéglrﬁn trr?i:gst ering inproves

| i ¥erdifietistdreonicZiGer iAjumet hod for treating fibrosis,

conprising adm nistering to a subject having or

ected of having_fib [ . C hil, St
20. o e ruEneR Soratn 3 S i TR A RS COMBTLE! fdedse or

nugl SR MRsharMitisanLatmiectismc] eobase sequence
conplementary to m R-21 or a precursor thereof,

wherein the subject has at |east one | isOf virus
21. conbiptmetod of Claimed Wg‘@f%ﬁ%}?i EPALNS '8@‘9@.8?3% hEpattis™C viru

sumfggﬂonhavi ng or suspected of having fibrosis,

wheréin the subject has at |east one |ung di sease or

condition; and adm nistering to the bj ect 3.

22 coffipei metpdactel@imi Hd%ﬂﬁg\%%%f@rrbiﬂ% aE%éBﬁSPS?iV%g%%?g or
to 30,l.inke ' &4 NU30038 t he nucl eobase
se&ﬁgﬂ%@n?ﬁ H?ﬁéﬁﬁggﬁ#% too [ ggﬁtcl eotide is
conplenentary to m R-21 or a precursor thereof. %ﬁ or

23. Tha heetretitbcobf claiihm 26r 98 wherejih e h §ask 04 VELYSBRE
ot her I.ung di %easse or condition is chronic obstructive
| uf§NEIIQBIZ &5 The net hod of any of clains 26 to 28

wherein the adm nistering conprises pul monary _
04 adniHy Mbtraid efrany of claims 17 to 23 wherein the administering comprises

intravenous administration or subcutaneous administration.

25 The method of any of claims 17 to 24 wherein the administering improves

liver function.

26. A method for treating fibrosis, comprising administering to a subject
having or suspected of having fibrosis a compound comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and having a
nucleobase sequence complementary to miR-21 or a precursor thereof,

wherein the subject has at least one lung disease or condition.

27. A method comprising
identifying a subject having or suspected of having fibrosis, wherein

the subject has at least one lung disease or condition; and
administering to the subject a compound comprising a modified

oligonucleotide consisting of 12 to 30 linked nucleosides, wherein
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30. A nethod for treating fibrosis, conprising

adm ni stering to a subject having or suspected of
whaooenep3bT br osi s a conpound conpri sing a nodi fPETHEP2009/001590

ol i gonucl eoti de consisting of 12 to 30 |inked

U30@g | eosi des and havi ng a nucl eobase sequence
g‘pl enentary to mR-21 or a precursor thereof,
wherei n the subject has at |east one other disease or

condi ti@B. rRiclkobAsdEtb@ekreni Miggmoddieti fojigonudeotide is

subj ect having or suspected of having fibrosis,

wher ei ncarhplesgsitasny tto FEB-2k OH%BEQCU&CHZPH&P ease or

condition; and administering to the subject a conmpound

CORRLi S hfd i | 1petdt (ke st oRsicsiiérmgn@tliskase
28. t o?‘% nﬁétﬁggg’f%c ezgg(?fd&,%?g@éﬁgdthe nucl eobasg 9

sequeoditiaf istdheomodbsiractivel ILa@HiPERPEDt i de i s

conplementary to m R-21 or a precursor thereof. 32.

The, net hod . of [ ithet iAiktdrinadonpikes
29. o1 b e eg et 2By BBl 25,10 28 WAETER e oAbt o

33 puilfenarptadatnisfratidrai m 30 or 3 1 wherein the at | east

one ot her disease or condition is a bl ood

vessel -

| af ed_di 34, The.qet hodl of<cchai M 33 sub
10 L5 e AT TR Rl Sh L 7 sy
fr g,ﬁ\/ﬁwbﬁar%&béct@@rﬁirf‘atv'{ri@g(iblbsiarat emr:naburgi bOlﬁ_;pE!Sng a modified
medi asCl erosis, and arteriosclerosis. . .
of obigenualemids consistifeptil onad dirked uitRansle, HR Ming =
di LhéBof R 1907 LBPRBArDB.thereof,
TR e S hod I B B e ot Lonst one.

ot herereindbasebject bamal leasirpnesotogs disapse SEFARBT. 37
The nmethod of claim30 or 3 1 wherein the at | east one

other di s ..condition is selected fromthe grou
3. QonemeiEEag e find ative

operitoneal fibrosis, proliferative .
fi brosi sdernippg astubfedt hbriogics suaeted @& ARKING JBFQsis, ¢vherein
fibrosis, injection fibrosis, nediast] i hr@si's,
myel of | Bieosiecy el eu A e D yeRlel: & )

r heunat Qjq¢hiakstdinigt i the subject a compound comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides, wherein
the nucleobase sequence of the modified oligonucleotide is

complementary to miR-21 or a precursor thereof.

32. The method of claim 30 or 31 wherein the at least one other disease or

condition is pulmonary hypertension.

33. The method of claim 30 or 31 wherein the at least one other disease or

condition is a blood vessel-related disease.

34. The method of claim 33 wherein the blood-vessel related disease is
selected from the group consisting of arterial stiffness, mediasclerosis,

and arteriosclerosis.

35. The method of claim 30 or 31 wherein the at least one other disease or

condition is gut sclerosis.
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38. The nethod of any of clains 30 to 37 wherein the
adm ni stering conprises intravenous adm ni strati on,
w@aweae@neous adm ni stration, intraarteri al PCT/EP2009/001590
adm ni stration, intracardial admnistration, or
USOEiél nmonary adm nistration. 39. The nethod of any of
gi nms 1-38 wherein the adm nistering aneliorates the
fibrosis. 40. The method of any of clainms 1-38 wherein
36.t herpadiiHostt 6F £18En B00uvs3f widhein the efriesstiane ofher késease or
fibrosis. 4 1. The nethod of any of clains 1-38
wheosilition fesyd@mif $¥OSI8g hal ts further progression of
fibrosis. 42. The method of any of clains 1-38 wherein

37.! hel'ht%dmemo%t SLEIB% rRdyces vitidieiasthe . at48ast/omeedtied disgase or
‘treating a fi

roproliferative disorder conprisin , .
adrdoniiiberis selectech froobihecgroNaGoRgIsting Qﬁéﬁ@&?%ﬁo'&%' fibrosis,
havi ng a . fibgroproliferafive:disor _u&dmic fibrosis,
o e e ol HR R P T L RgEary e fofost
t 0 iR@clidr kisbsiy chediastites fibmsis, enyelofiwosiac Pesihesectomy pain
sequence of the rr(%ii fi ep ol i gonucl eotide is
corfyNErasRe JhouURGteld RISy 2 precursor ther eof,
thereby treating the fibroproliferative disorder. 44.

38 A MBIQEHARS of Y & ainG 30 for Ibivasteipthel adreinitering comprises
conprising contacting a fibroblast w Ejh.a 9&&%% aarterial
conpiravgneysa assanmtiaion) | YHTHRANEBHS daITWHET LY g "oF 15
to 30 L [ i M of pelinfireirg abaseESEaR0.
u3o?fg“é‘”gsgéﬁgﬂ’ggﬁggg'talwag%ﬁﬁné?ﬁ?ﬁt? ol gonum cotide i
conpl enentary to m R-21 or a precursor_thereof .

39t heFrebynatingd of enp@ffalaimsbl-38tWhssin W@r%\‘{m@ﬁ%%ﬂ ampeliorates
met hoS. for_stinmulating fibroblast apoptosis conprising
cont's 'tbir%sés‘a fibroblast with a conpound conprising a
nmodi fied ol i gonucl eotide consisting of 12 to 30 loimg,k'edth

40nucteosigliesd ofvary ef nlaire Tr3f WbeIRIR dhes agimEHeiarnag S urther
nodi fied oli ucleotide is conplenentary to m R-21 or
a pPOSIRSSKN %ﬁg?i@f?g'?'her eby stinulating fibrobl ast
apoptosis. 46. A nethod for increasing Sprouty 1

41Pr OT R MdtRod@ of iaby alfl daitmscb@pritraiy the administering halts further

progression of fibrosis.

42. The method of any of claims 1-38 wherein the administering reduces

fibrosis.

43. A method for treating a fibroproliferative disorder comprising administering
to a subject having or suspected of having a fibroproliferative disorder a
compound comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides, wherein the nucleobase sequence of the modified -
oligonucleotide is complementary to miR-21 or a precursor thereof,

thereby treating the fibroproliferative disorder.

44. A method for inhibiting fibroblast proliferation comprising contacting a
fibroblast with a compound comprising a modified oligonucleotide

consisting of 12 to 30 linked nucleosides, wherein the nucleobase
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contacting the fibroblast with a conpound conprising a
nodi fi ed ol i gonucl eotide consisting of 12 to 30 |inked
woWPaeshtdes, wherein the nucl eobase sequence BET/EP2909/001590
nodi fi ed oligonucleotide is conplenentary to m R-21 or

U3@Q ecursor thereof, thereby stinmulating Sprouty 1
ein expression. 47. The nethod of any of the above
cl ai ms, wherein the nodified oligonucl eotide consists

of d2eAcS0f tHeredifiet digonidestideds coffptementanytcomifay or a
of the above clains, wherein tIhe nodi f‘.fed o

ol i prenuisbe thereef, Herehsingingbroglast pplitehatign, o q

nucl eosi des. 49. The nmethod of any of the above

cl aj | BritDRtiAg diifroBrsoldpeptuse eotriptisingonseiteriing a
45‘01‘ Algﬁ]te})w%i?ﬁ %ﬂ@d n‘ﬂgl éorsi des. pgo The m%t hod |.of Al otide
of filreblabbvwitic| ai reoMAGEdeiGEMATiSINgG A £ Megitied oligontc
ol i gonugl eot i de, consj,st. 17whdin 1Pe Alcledbase
1, %?73'53@9 8k %l tI%i %egﬁﬁgili%é? ese.s'5wl. 'Il'nhe nmet hod

of gyuedikelditheahdtied aliguayclabtideisrcontiementasy kngeR-21 or a
sequence of the nodifi

i ed ol]i.gonucl i no nore

¢ hapecuoriarabk MEeps STmA e NEHALs E8RaRse of

m R-21 or a precursor thereof.U30038 52. The nethod of
462NY AOhn i aboViereAgh@sSprobeyr i prateie mual Ebtsddast comprising

'sequence_ of the nodified oligonucl eotide h@ﬁsiﬂg gopﬁ ified

t haportmeting sthgt dierejasthvifuct e6PRBYLGEENRESOF i "

or a. [ F8k oP32 Bheonmikeadnedlessienf wherein the

abo@lé&ogq%g!éﬁégémﬁgﬁélﬁﬁbt ﬁgaﬁutgreobase sequence of the i

modhiiéledbadd sequenice affitiie niskfiasooligoaraieetiés I ePrppigmentary to

nucl eqhase sequence of,, m R:2 R BSOS orb@Y e0f protein
54. ”W’%@Q]né’trh% "GFUERY tgg}et%ﬁ’e%haeg%t\))g sglﬁg'lﬁns@ov\hﬁér e:yn t'he
nuckgeRasiensequence of the nodified oligonucleotide
conprises at |east 15, at |least 16, at least 17, at

| east 18, at |east 19 | 20._.at | . .
47a$a|STé§stm%tg°€o%?iS@UY)ugf ﬁ&‘@l :%%’&Segdad@gt h@ﬂ%teérl?eo eagr'godmed

sequphGRcotaEQohBisNdf 12to S linketenuoiddsitesof any of
t he above cl ai ns, wherein the conpound conprises a

nodi fied oli | eot i i t t i d -
48. The me(:)thlo orcl)lfjcaﬁyc/) Io?ethceonilbu % ecalm%, aw'h'egaqﬁ] the modified

oligonucleotide consists of 12, 13, or 14 linked nucleosides.

49. The method of any of the above claims, wherein the modified

oligonucleotide consists of 15 to 24 linked nucleosides.

50. The method of any of the above claims, wherein the modified
oligonucleotide consists of 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 linked

nucleosides.

51. The method of any of the above claims, wherein the nucleobase sequence
of the modified oligonucleotide has no more than two mismatches to the

nucleobase sequence of miR-21 or a precursor thereof.
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56. The nethod of any of the above cl ains, wherein the
ligand is cholesterol. 57. The nethod of any of the
WQpWwoa0@hai ms, wherein the at | east one i nternRCI/EBYEN1590
i nkage is a nodified internucl eoside |inkage. 58. The
hod of any of the above clains, wherein the each
ernucl eosi de |inkage is a nodified internucl eosi de
| i nkage. 59. The nmethod of any of the above cl ai ns,

52. V‘ﬂ?ﬁ@h{ét%d bE&s) olie dtakerchiiekpabenin thentugiroliasesequence
phospho

ot hi oat’e i nternucl eosi de |inkage,
meohthe ofodifieg elfigarsleatigsdas 5P rFBOFE\NﬁE?” ﬂg%'sﬁ%h to the
i nt ern cl eo plaptidrabhat e
i nPYYRE goié@%nF%%E%S 2120'?8 Bfﬁ%g net hod of any of the
above cl ains, wherein at |east one nf.lngflt €0Si

53. cofme Inseﬁlaodiofranly bf the a;bpglgrclalgmg whggel q]gﬁclgc?b%s‘? seguence

t he_above hh&f dHedl td )(h@fnucleobase
o6l S medhd: @POE%‘EEQ'J&%E’? s "%‘35?} EP2009/ 001590

wg@&%r@-ofmuﬁ rebhadprefuracythefeafhe above cl ai ns,
wherei n each nucl eosi de conprises a nodified sugar.

64. The net hod of of t b
e b Ui
;]Tﬂb?n{g‘a‘flé‘adoll@fonﬁﬁké?mﬂe t:jﬁnpabgs/ at [=Haat 16, atlgaslei® at least
eac of a plurality of nucleosi C
" A0, redt laextyéfshﬁt GagarOarmh leatin O @ gq%ﬁ} a0 By 3 '2331‘222
el eost dos ah 668E@h®N
metcga@g esnu?c?é@és%@%f%eznuléléé&fs@ sed@ahce

ains 6 to 63, wherein each q fises
55 NDiHe mét@dgﬂranysonthelapem@emmy wherely hg qanppULd comp

2' - O net hox su ugar, a

> omdirgiotgopieSti bonftdied 148 0T LY. 67, The

nmet hod of claimany of the above cl ai s, vvherelgﬁg
%%erol

56.| eaie MBM oAU #Yifdee aboye Claiss, avheseinfthe d9Ane s
68. The net hod of claim67, wherein the nodified

nucl eobase is t Si 6 d 1okt
57.anyThst ei80dh8 é"”é’l ?fn‘gg é\%elcnrb?rgts I%é%esrtg%og?@ > one

nughgesidsoside linkage is a modified internucleoside linkage.

U30

58. The method of ény of the above claims, wherein the each internucleoside

linkage is a modified internucleoside linkage.

59 The method of any of the above claims, wherein at least one

internucleoside linkage is a phosphorothioate internucleoside linkage.

60. The method of any of the above claims, wherein each internucleoside

linkage is a phosphorothioate internucleoside linkage.

61. The method of any of the above claims, wherein at least one nucleoside

comprises a modified sugar.

62  The method of any of the above claims, wherein each of a plurality of

nucleosides comprises a modified sugar.
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W@ 2Wh/16066Dsi ne i s a 5-net hyl cyt osi ne.

u30

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

conprises a cytosine, wherein the cytosine is a
5-net hyl cytosi ne. 70. The nethod of claim®69, wherein
7 1. ThePGHEP29dI/001590
of any of the above clains, wherein the nucl eobase

uence of the nodified oligonucleotide is at | east

Yo conpl enentary or at |east 95% conplenentary to the
nucl eobase sequence of SEQ ID NGO 1. 72. The method of
anyhdf mbiddakevent!dii e adoseethimsie whectinopage nucleoside
sequence of the nodified oligonucleotide is 100%
c oepherissst 2 mpdified H93hucl eobase sequence of SEQ | D NO
1.U30038 73. The nethod of any of the above clainms,
"‘hﬁﬁ@ir?aef%% RYHCh QP OGS &hes EfRBC elalrhs | eheneidi faell nucleoside
ol i gonucl eotide has full-length conplenentarity to the
nucoreptisesea 2eQuertwxyethgEe¥9ad NO 1. 74. The net hod of
any of the above clains, wherein the nucl eobase
seguence., of it d i l@rdreflecach af d plasdlity of
90%%%ﬁhgﬁeéﬁg?g%grtﬁ%%oggsggg%c% conpl enentary to Ejhel.
nuglcebsdes sempenes ao?'-GEEthDxyathyl sugar@nd/achf 3 g rality
of any of the above cl ai i n the nucl eobase
seglia¢eogres ﬁ%’“%ﬁ‘?%??dﬁg?@é%‘ EEI eotide is 100%
conpl enentary to the nucl eobase sequence of SEQ ID NO .
117h&6neiHod dEhMpGf alaimsy6dito i3e witsoeis eacli MEJiNdepegas 1S

the m R-21 nucl eobase seguence i the:_
U p1dGoPRgRNBesRIENER T Gty B REP T Ul 82 lyorg sygar,
any, plo binpleer, dral yclidhegal moidye pr ecur sor

nucl'eobase sequence consists of the nucl eobase
sequence of SEQ ID NO 11. 78. The nethod . f
t h& haboedhad aif nelainpiasyePh the BRGNS ¥ E%'@inér;tg%taﬁte one

nodi fied. ol | Ind8iel ased as a
phé‘luﬁ%?g'l?f%iéggrﬁé}%%%p%gézogﬁlgﬁ%@@@me nmet hod of any of

t he above cl ains, wherein the corrpoug% gonsilst of . a 5-
nodihki etktbbd gohelimobirdevhegin the MeEHEE BYHC'SRYA ST '?he
above cl ains, wherein the nodified oligonucleotide is

a éﬁ"ﬁtaylgy tP&nded modified ol i gonucl eotide. 8 1. The

met hod of any of the above clains, wherein the _
adninai sieetdchgf any of the above claims, wherein at least one nucleoside

comprises a cytosine, wherein the cytosine is a 5-methylcytosine.
The method of claim 69, wherein each cytosine is a 5-methylcytosine.
The method of any of the above claims, wherein the nucleobase sequence

of the modified oligonucleotide is at least 90% compiementary or at least

95% complementary to the nucleobase sequence of SEQ ID NO: 1.

The method of any of the above claims, wherein the nucleobase sequence

of the modified oligonucleotide is 100% complementary to the nucleobase

sequence of SEQ ID NO: 1.
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reduces col |l agen content. 82. The nethod of any of the
above cl ains, wherein the nodified oligonucleotide is
W@ 00ane636ense ol i gonucl eoti de. U30038 83. Use oPCHEP2009/001590
anti sense ol i gonucl eoti de conplenentary to m R-21 for
U30gﬂ§ manuf acture of a medi canent for the treatnent
/[or prevention of fibrosis. 84. An antisense
ol i gonucl eoti de conplenentary to m R-21 for the
73. LT $R4 MRAho@BHARY oPthevative@hains, fvhbreis e n@Beolase FAUEACE

O S ad ol e S STRRA Xoh PR e

| R ol eot de

A LR TR I AT e
PPl SoliRRiE R B areaspseamdhmemataysron feas

conpey ksAplehemagaathi@husiaapise sentieoae 06 SEDIRNL 1dr a
predi sposition thereof. 88. A nethod for screening a

75. gﬂ%%g?rgg tgldc l@'{)%ﬁ? ﬁ{%ﬁé’@?&e}?ﬁgm%“e?émw@ nbERBbABRNSequence

rosis or a predisposition
t heg aRf moaRiEardlgoAdclkbede tsep0%fcommlempntavy nycleobase
sanple containing mR-21 ; b. contacting a candidate
subsqaﬁmW$EQt|geN@aﬂrﬂ)1 e; ¢ . deternmining the effect

of the candidate substance on the sanple; wherein an
76, 2 beLALLAR 6 FhRoRthd BEbvALRIMS, whereimtieutriiR &1 yucleobase
‘active conpound.” 89. A pronoter regi onfgg aﬂﬂﬁﬁ' RNA
( misRhEncopnsists 0§ the nudeobassrseavebee 8F e IR Ave
response el enent protein (CREB) and/or serumresponse
factar € SRF) ofRdiEe Sbbe tRIMY) Wigsen the greevrsot huieobase
77'angl;h§rm%ﬁ‘e%rd)acg$ng€df?|9%r osis, wherein the m %b'l@z 11
m Regliencelcondistosif the Buclephansisemiens? RhBFGH g
78.  The method of any of the above claims, wherein the compound
comprising the modified oligonucleotide is prepared as a pharmaceutical

composition.

79.  The method of any of the above claims, wherein the compound consists of

a modified oligonucleotide.

80. The method of any of the above claims, wherein the modified

oligonucleotide is a single-stranded modified oligonucleotide.

81. The method of any of the above claims, wherein the administering

reduces collagen content.

82. The method of any of the above claims, wherein the modified

oligonucleotide is an antisense oligonucleotide.
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or devel opment of excess fibrous connective tissue in
an organ or tissue as a reparative or reactive

wWee@eaess7 90. The pronoter region of clai m 89, PUITEP®0$001590

the MmRNAis SEQID NO 1. 9 1 . The pronoter region

U30§é§0| aim89 or 90, wherein the nodification is

83.

84.

85.

86.

87.

88.

89.

ected fromthe group consisting of a point
mut ati on, a truncation, a deletion and an inversi on.

92)skhes Bhomts%rnsée@lg@nu@rteom da)fmpﬂdémeptae;cem mg‘? -21 for the

clainms, wherein the pronoter region,is

thmagwmur@o@§|%tmﬂ‘§f0@ﬁ‘eSE@rl Becreamept %7 f\%eﬂﬁgn of
%S?ell deficient for mM R 21 , wherein the cell

coFrB I'Ses the pronoter region of claima89. 94. A

conmpound conprising a nodified oligonucleqtide
coWnugretisedse @hgohu@]aﬂfwe gpreplementay *@o'ﬁ‘ﬂ%%ﬂdfoﬁé%e {rratment

stru ure XQ1(Qy)NQz2Qz3Qz4Q L (3
(1 |ap§i ‘W?é‘?\éﬁr\%'o oé Eﬁ%'ss i ndependently a 2'- m)((jl fl)ed
nucl eoside; One of A and Bis S while the other_is

U3Qe8oFashanfiserise alRjorzBleotidel complementaspRdBR1A] f@f the
or y ; r el 0y

Eacterbiortare oA Moo Lo TR T SR o or - o
20 Rb provided that at |east one of Rl, R3 and R9 is

OH gandntieniseastigonneleofiddRtomigiraentaRota QiR EH foorthe diggnosis
is Rd or Cl-C20 al kyl substituted with NRcRd or

NHOf fpR$is-Rc is Hor &rC 6 alkyl; Rd is a carbohydrate
radi cal; or a steroid radical, which is optionally

A method for diagnosing fibrosis comprising the steps of:
a. providing a sample of a patient supposed to suffer from fibrosis;
b. measuring the expression of miR-21;
wherein an elevated level of miR-21 in comparison to a control sample

indicates fibrosis or a predisposition thereof.

A method for screening a pharmaceutically active compound for the
treatment and/or the prevention of fibrosis or a predisposition thereof,
comprising the steps of: ‘

a. providing a sample containing miR-21;

b. contacting a candidate substance with the sample;

c. determining the effect of the candidate substance on the sample;
wherein an alteration of miR-21 indicates a pharmaceutically active

compound.

A promoter region of a microRNA (miRNA) comprising a modification of a
calcium/cAMP response element protein (CREB) and/or serum response
factor (SRF) binding site for diagnosis, prevention and/or therapy of

fibrosis, wherein the miRNA is miR-21 and fibrosis is defined as formation
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tethered to at | east one carbohydrate radical; Rb is
wth one of Aand Bis S while the other is O and

wab@paia36t he nucl eobase sequence of the nodifiBGI/EP2009/001590

ol i gonucl eotide is at | east 90% conpl enentary to the

| eobase sequence of SEQ ID NO 11. 95. The conpound
U30g38 a Q fpou

90.

91.

92. ¢

93.

94.

claim94, wherein Rd is cholesterol. 96. The
corrpound of claim94 or 95, wherein each of zl, z2,

ot Rr @Q?eléén*leé?%@%%@eé@ﬁbr%ﬁs?oﬁﬂgctﬁ/e' fssgehidrEofda® or tissue

e conpoun [aim94, wherein Rl
i s as@HepeRiiiveds . redttevequaopermd of claim 97, wherein RO
is OH 99. The compound of claim98, wherein RL and RO
are trans. 100. The conpound of claim94, wherein R9

| S TRE.préMbter régRncsTEROMIED, afhetéiaithe HIRNARSEQNDRIOahd
R3 are trans. 102. The conpound of claim 94, wherein
R3 is -CH 20Rb. 103. The conpound of claim 102,

wheH,ei Erc@%ﬂﬁg ionl & - cldiAe WTHPOQ@dmﬁPlferéihatH@ Hification is

wher ei are trans. The conpound of claim
1oze|emw é’iom lﬂge |g$o®4coms|stmqwé T GebUNEtagPn c Palrwcelion, a
are trans. 107. The conpound of
cl Qie%t@ﬂa Qvﬁrsr-'@]w CH2ORb. 108. The conpound of
claim 107, wherein Rl is O—I 109. The conpound of
claim 108, wherein Rl a tr?@( 110.
O R

orfpeRTaMSterciegian ¢fzan etPsuprﬁegeqlgg herfﬂ{?\eﬁ{gmoter

Cﬁgﬂi@?s @Ele%'te’%i ffbﬂﬂl@\e dYB@bQ:'o"r\sB?ng f SBd 20P4HB: 2 to SEQ ID
. 112, e conpound of any of the above

cl dNOorsd. wher e| n each 2' nmodi fi ed nucl eoside is

i ndependent|y selected froma 2'-0O nethoxyet hyl

nucl eoside, a 2'-fluoro nucl eoside, a 2'-0O nethyl

nugl egbdefzietrfoamiR-@chihereincheoslil demplides theTpremoter region
conpound of any of the above clains, wherein each

2' OhE&iMi&S

A compound comprising a modified oligonucleotide conjugated to a ligand,

wherein the compound has the structure (lIl):

(5') QxQz'(Qy).Qz2Qz°Qz*Q-L (3)

(H1)
wherein
Each Q is independently a 2'-modified nucleoside;

A
-1
- _—p_.. —-—
| I
X is 8 :
One of A and B is S while the otheris O;
y is Q
-1
- —p_ —
I

o
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nucl eoside is a 2' -0 nethoxyet hyl nucl eosi de. U30038
114. The conpound of any of the above cl ai ns, wherein

we2aww/1e36Todi fi ed nucl eoside is a 2' -0 nethyl PCT/EP2009/001590

U3

95.
96.

nucl eosi de. 115 . The conmpound of cl ai many of the

ve clainms, wherein at |east one nucl eoside

rises a nodified nucl eobase. 116 . The conpound of

claim 115, wherein the nodified nucl eobase is a 5-
met hyl cytosine. 117 . The conpound of any of the above
cl at 1%, ereLn 4 de conprises a
cy%@noef%\/\%élrze’i%dt%geiiqe?séﬁﬁghl@sﬁg%gl met hyl cyt osi ne.
11& =®Bht7;conpound of claim 117, wherein each cytosine
is a 5-nethylcytosine. 119 . The conpound of any of
t he- Bbove cl ai ms, wherein the nucl eobase sequence of
the nodified oligonucleotide is at |east 95%
conpl emghtary to the nucl eobase sequence of SEQ | D NO
npound of any of the above cl ai ns,
wher ei nft he\nucl eobase sequence of the nodified
i H's 100% conpl enentary to the
v nce of SEQ ID NO 11. 121 . The
conmpsund of any of the above clains, wherein n = 15 to
23. 122. The conpound of any of the above clains,
whebV¥iaiein: = 16. 123. The conpound of any of the above
cl ai s, i = 7. 124. The conpound of any of
t he abo@gﬁgﬁg¥2g?'&hﬁf%in n = 18. 125. The conpound of
any of tHeehaifdv'e Relamidn®, imindependently, 1o OH, 12 6:CHERR

d of. f.th b | i ) ' = .
o7 O Tnr QBB it e RreRafhy & 6 GFhahd afleds one of
n = 2 1.RAIBEOIMRJIIRBis -Tte,@RNpound of any of the above
cl ai s,

' = 22. 129. The cf
Che’ T R g Gl ARBRER MRS o
any of tFtnequjpgy@r@é@m;, wherei n the nucl eobase

sequence o the nodifi'ed oligonucleotide conprises at
| east 1RCeAtdagoosirateciadisehosa sberoicheadiad| woip dseoptionally

sequencg, b SHR dReMf ore?carbohydrate radical;

R%is

A

B
with one of A and B is S while the other is O;
and wherein the nucleobase sequence of the modified oligonucleotide is

at least 90% complementary to the nucleobase sequence of SEQ ID NO:
11.

The compound of claim 94, wherein RYis cholesterol.

The compound of claim 94 or 95, wherein each of z', 2%, Z°, and z* is
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13 1 . The conpound of any of the above cl ai ns,
wherei n the nucl eobase sequence of the nodified
W@PRG0gae6T eot i de conprises at | east 16 conti guBCEEP2009/001590
nucl eobases of the nucl eobase sequence of SEQ I D NO
éé 132. The conpound of any of the above cl ains,
U30 %rein t he nucl eobase sequence of the nodified
ol i gonucl eoti de conprises at |east 17 conti guous
nycl eobases of the nucl eobase sequence of SEQ I D NO
1 133. The conpound of any of the above cl ai ns,
.%mﬁLL i n the nucl eobase sequence of the nodified
ol gonucl eoti de conprises at |east 18 conti guous

17 19 o SLARELAK SRR e Cai e,
97. o1 156 RREIRSUNP i SIS S Ta T dacC ¥ ont i guaus
98. 1 The S8PABS SSRITHT -SPet) TBTSIG above clal me,
99. o1 BB AEIRSUrR Y AT SAETET K 4t Ro8 e BRI T guous
1001 hE Sa PRl TR o AR For S8 above ol ol me,
10151 TGGARETRR OGS e dr e At B F Rt grous
10215 e sl oF R RE TR e oot e,
10351 | BERERBO SNl Sr N E480'32  cont i guous

1042;?@%%%%%6@@§T0ftﬂh§mn SARASH I@W‘@reﬁt&aﬁg(y I'D NO

corrpound of any of t ove
108 R ol A B e E Y e hucl eobase
vocs RSP il R b i A RROsg o 51 e
107(2.3'_T e%{%@qu%@%ﬁm@&%l%rgﬁ %2@9@@{(9'&“ ly a

i ed ducl eosi
108. The compound of claim 107, wherein R' is OH.

109. The compound of claim 108, wherein R' and R® are trans.
110. The compound of claim 94, wherein X is NC(O)R’.
111, The compound of claim 110, wherein R” is ~CH2(CH2)3CH,NHC(O)R".

112.  The compound of any of the above claims, wherein each 2'-modified
nucleoside is independently selected from a 2'-O-methoxyethyl
nucleoside, a 2-fluoro nucleoside, a 2'-O-methyl nucleoside, or a bicyclic

nucleoside.

113. The compound of any of the above claims, wherein each 2'-modified

nucleoside is a 2'-O-methoxyethylnucleoside.
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One of Aand Bis Swhile the other is O Each of z1,

z2, z3, and z4 is x with one of A and Bis S while the
w@Lenoa3s’ O n = 15; L is Wierein: Rl, is CH2ORGI/ERD09/601590

OH, RL and R9 are trans; Xis NNCOR 7; R7 is -CH

)3CH2ZNHC(O) R d; and Rd is a steroid radical; Rb
U306é&%038 with one of Aand Bis S while the other is

O and wherein the nucl eobase sequence of the nodified

ol § ' i .
114'3559?%%85%3 f%@ aRPBF i SbVe difits) WelersIb@aeh oqueiifcd of

nucleoside is a 2'-O-methyl nucleoside.

115. The compound of claim any of the above claims, wherein at least one

nucleoside comprises a modified nucleobase.

116. The compound of claim 115, wherein the modified nucleobase is a 5-

methylcytosine.

117. The compound of any of the above claims, wherein at least one
nucleoside comprises a cytosine, wherein the cytosine is a 5-

methylcytosine.
118. The compound of claim 117, wherein each cytosine is a 5-methylcytosine.
119. The compound of any of the above claims, wherein the nucleobase

sequence of the modified oligonucleotide is at least 95% complementary

to the nucleobase sequence of SEQ ID NO: 11.

120. The compound of any of the above claims, wherein the nucleobase
sequence of the modified oligonucleotide is 100% complementary to the

nucleobase sequence of SEQ ID NO: 11.
121. The compound of any of the above claims, wherein n = 15 to 23.
122.  The compound of any of the above claims, wherein n = 16.
123. The compound of any of the above claims, wherein n = 17.
124. The cémpound of any of the above claims, wherein n = 18.
125. The compound of any of the above claims, wherein n = 19.
126. The compound of any of the above claims, wherein n = 20.

127. The compound of any of the above claims, wherein n = 21.
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128.
129.

130.

131.

132.

133.

134.

135,

sequence of the modified oligonucleotide comprises at least 20 contiguous

136. -

137.

The compound of any of the above claims, wherein n = 22.
The cdmpound of any of the above claims, wherein n = 23.

The compound of any of the above claims, wherein the nucleobase
sequence of the modified oligonucleotide comprises at least 15 contiguous

nucleobases of the nucleobase sequence of SEQ ID NO: 12.

The compound of any of the above claims, wherein the nucleobase
sequence of the modified oligonucleotide comprises at least 16 contiguous

nucleobases of the nucleobase sequence of SEQ ID NO: 12.

The compound of any of the above claims, wherein the nucleobase
sequence of the modified oligonucleotide comprises at least 17 contiguous

nucleobases of the nucleobase sequence of SEQ ID NO: 12.

The compound of any of the above claims, wherein the nucleobase
sequence of the modified oligonucleotide comprises at least 18 contiguous

nucleobases of the nucleobase sequence of SEQ ID NO: 12.

The compound of any of the above claims, wherein the nucleobase

- sequence of the modified oligonucleotide comprises at least 19 contiguous

nucleobases of the nucleobase sequence of SEQ ID NO: 12.

The compound of any of the above claims, wherein the nucleobase

nucleobases of the nucleobase sequence of SEQ ID NO: 12.

The compound of any of the above claims, wherein the nucleobase
sequence of the modified oligonucleotide comprises at least 21 contiguous

nucleobases of the nucleobase sequence of SEQ ID NO: 12.

The compound of any of the above claims, wherein the nucleobase
sequence of the modified oligonucleotide comprises at least 22 contiguous

nucleobases of the nucleobase sequence of SEQ ID NO: 12.
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138. The compound of any of the above claims, wherein the nucleobase
sequence of the modified oligonucleotide consists of the nucleobase
sequence of SEQ ID NO: 12.

139. A compound comprising of the structure (ill)

(5') QxQz'(Qy).Qz*Qz°Qz*Q-L (3)

()
wherein

Each Q is independently a 2’-O-methyl modified nucleoside;
A

_g_,l,_%_
X is 8 :
One of A and B is S while the otheris O;
yis ﬁ
_E_T__%_
o=
Each of z', z2, z3, and Z* is x with one of A and B is S while the other is O;
n=15;
Lis

Wherein:

R' is CH,OR?; R%is OH; R" and R? are trans; X is N(CO)R’;
R’ is —CHZ(CH2)3CH2NHC(O)Rd; and RY is a steroid radical;
R%is
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A

g—llié

with one of A and B is S while the other is O;

and wherein the nucleobase sequence of the modified oligonucleotide consists of

the nucleobase sequence of SEQ ID NO: 12.
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