METHODS OF MODULATI NG M CRORNAS | N THE TREATMENT OF PULMONARY ARTERI AL
HYPERTENSI ON FI ELD OF THE I NVENTION [1] The present invention relates to

t he treatwenbizassispreventi on of pul nonary arterial hypercercs2ormr/isyo1s

adm ni stering agents that nodul ate the activity or expression of a m croRNA
(mRNA). In particular, the invention provides a nmethod for treating or
preventing pul nonary arterial hypertension by inhibiting the expression or
activity of MHEFHODBSIOF YHODULATINGMIRORN AS e dHE TREAGTMBRTHKBEROUND OF THE
| N\VENTI ON [ 2] Pul nonaPyLMONRARY ARYERIAEMBYRPERTENSJONS a di sease of the
smal | pul monary arteries (PAs), characterized by an increase in PA pressure
and vascul anErLpoIeHEMgVERAGUDNg to a progressive increase in pul nonary
vascul ar resistance (Rich et al., 1987%1. The consequence of vascul ar

obl i t er at i dA0¥]s The grspeny iyprtiondplptss (o thncasme 2ROPEEINHPY Of DHMPRAY et al .,

2002; Voel kekri@thypdrtensidO8y ddmifBicRhg AenfUtAhicaMStelthe Jclﬂeit?%pfé@%@g for the
bone m)rphﬁenetlc protein (BMP) type-2 receptor (BMPR2), a receptor for

t he transf & aitHeOBNSWEHRNAGt Brp y,-thginggpiep prayifcs g meHwd dorgecating dent i fi ed
i n appr oxi 709 j | : 3 hPAH)
(Morrell etrBlil gﬁv?nt%g@@m%éé%ege%Y&é{ﬁ@%Hg&%?&tg@gh@?%%asﬁglg&n%ﬁ&%I y reduced
i n PAH cased nik-1then elis ehesibegfet mneed thomsf.i n t hi s gene (i di opat hic PAH,

i PAH), suggesting a broader role for this receptor pathway in the

devel opment of PAH. In pulnmonary artery snooth nuscle cells (PASMCs)

mut at i ons IBAGMBROUNTR ORSIFUCINWENTMAN h an abnormal growth response to BMPs

and TG~ 1 3. ndot hel i al. .cel | th mut gt i ons.i ncrease t he

S hacenti b4l ARSI dSpestnabL OoHRERe AN RE P b PR aT P dmon5001) | The
absence of aaM?mEmn)t feﬁair@h&slfzi:dwbﬁﬁﬂilﬁcr%mlli Peprande hid xtabﬁlld’f&j:rgdlideliyg Iof i EAH
cases sugg sts that urt.her at ho ogl ca nechnani sns, QSSI y re ate to
the TGF-| ﬁ%ﬁ@ P@Fﬂgriﬁw%tnﬂ%ﬁseﬁ%@@ﬂpaafafé/am hSSISteaeE & %’f]t an@88F the main

hi st opat hol1egiceeqi@ad svaScut® BBMBratiéh Alrlghf RAATaiREe Elﬁrﬂ&ﬁn&mit@ccuwl ation

of cells ex?r essi n(7:1 snmoot h nuscl e s%em ic a-actin .(Sl ) in peripheral

pul nonary dfafery €¢l. 2002 sVodledl s 198 Gepdiae BEEowYin Siggepoeqdingfer cel I|'s in
t he neointi ¢ it oSttt ie B (8NP PiVBe B oSk ptb Y §3198R ) S, # Sgapillary

pul nonary e{gétabe(?ligol es fgﬁza%tlggfdégn(()rna dee\?g'istg @;‘ sm;’o%t ﬁ%ofe é(al\/landegar et
al ., 2004) trafifferngieg kol faptoo CEDeSsupersfponlsi iplve bfepridgnhiiednns cul ar i zat i on of

this distal part of A are not. cl ear ut ations suggest a
contral r ot'gbPsim ket of ReRhE v bR Boh obRRH P EOAT R Einas Tt Fag)
are ia tcI aSSal.QﬁO(HMMéreqx%ﬂ(Blgmﬁ@b t re;a@dn mme&;ﬂi&myﬁﬂ%&dabﬂ’&%tcmsemﬁgng\lk\sl)el y |
regul ate gene expressi on by targeting spe C senger an

i nduci ng tH wbSﬁ@apgalataP%%Fhlﬁ f‘&ﬁé‘ﬂ%@ﬁﬁﬁﬁ’*ﬁ’é%ﬁgiﬁl St(%%%d,(er 2004;
Bartel, 20Q8ik forAhi e&eptb inak ddedlb BFRRH dR @Bl t he

pr edom nant me%halni st?cr%l%ﬁytl of m RNA: mEQNA targgjths Gjbgdhee?}sal .,. 2010).

Several recERPthspyrgiess!HBNS Vs andigns IRSITF 2w arsetiatcd PithmRe# vascul ar
i nfl ammmat i i I it | t ha and
Subr anani are® 30750 AF B hEPOFAL | O ndASEH AL, BRICIIRRE TSR | 12 has
shown t o behadusergtbilityyof@xibrte spapdosis{PAREs v@ssall enal. | 200 Ohéhgabetrak of 2009) .

M R-145 is jr, cribed.as a long pri-mnm RNA encodi both m R- 143 and
R 145 on AVERPELRERIE S bRk B NSRS A PO A, nosome

18, regul atfehddyatiolo s &ficcRehiShREp&sinili wgteditd the (DGRIP Slipelfamily2Q0OP) .
Localization of m R-145 to the vessel wall denonstrated high expression in
the smoot h WekEI% 48874 n conparison with adventitial fibroblasts and
endot hel i aljpgs] kﬁleQ)gh%%ir?ﬁist@‘;atholgggd?}“eatlf&rcoﬁﬂo% tb 8RER s o PRIG B! S

consi dered a snooth nuscle cell phenotypic marker and nodul ator, able to
regul at e sromilatiesof eclsekpregsSgsmontit mysatei sperifang-aphi(SMA) iatevpheraind

vascul ar negjntimal_ |l.esion.for ion_throu ihS. target, gene KLF-5 and its
downst r eam S GHAlY 5o B it LI sl ey B PabPPEINEBE. 2 ol
2009) . Agomesingmwiahdihn ckthision@F-SMA pugigvd @it inyo pravapilbeepulsboasn t o acti ve

m R- 143/ 145 cl.uster via a d-d ndent t Davi s- enpery et al.,
J0n1;  Long WEEHTIS fysth forful By s o TR b R R 15

m R143/ 145 dsm@ekoredebseh keBpomsibie) foffihe enushidmedtién ¢Takis deabpat sfthdP&ares Moot h
nmuscl e | ayer of the aorta and other peripheral arteries, due to a reduced
SMC si ze induced by a disruption of actin filaments Elia etal., 2009. This
| eads to noderate system c hypotension and the absence of neointinma
formation in response to injury in mR-145 -/- mce (Xin et al., 2009).
Mor eover, vascul ar snmooth nmuscle cells (VSMCs) isolated fromsingle and
doubl e ko ani mal s showed hyperproliferative activity and a higher ability
to mgrate towards platel et-derived growh factor (PDGF), a known
chenpattractant for VSMCs (Elia etal., 2009; Xin etal., 2009). Furthernore,
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[8] In one enbodi ment, the antisense oligonucleotide is an antim R The
antim R is an antisense oligonucleotide that targets and inhibits m R 145.
The anti mvB20mnsbssan LNA antimi R I n one enbodi nent, tReTa@R2MRIGIAr get S
base 2-17 of mature m R145. In another enbodinment, the antim R is 16

nucl eotides in length. In yet another enbodinent, the antitnilk is fully
phosphorot hiol ated. The antim |k can fully phosphorothiolated and perfectly
conpl ement aoycltad, huteheS olrseghtioms oliggritR-cidtial rolééor RASMAsRneten al so be

synt hesi zed, ag a m x f LNA and DNA, [009] In another enbodi ment of the
i nventi on, dteﬁ‘% Wﬁtﬁ%ﬁnhi bitor is admnistered to a subject diagnosed
wth or at [Oliéﬂkmf:roliMKﬂﬂUﬂgs)Qhﬂ areiagroy sylpenhd@rsdeandhoptddinary arteri al
hypert ensi qn &PA . Fornms gl@egl nonary hypertension the subject my be

di agnosed WY e‘&tnegﬁtgﬁlyd? ?/%?nﬁﬁf‘l?fﬁssior’i‘dﬁydﬁféeu%&?“é “emﬁ%?nge’f mted to,

i di opat hi c R (mgglah@mauahg frRMAdcradatBAGE rA3chtis 84 APeALi¥n PAthBRBAT Y
hypert ensi on 1& . 1 2éﬁgrten3| on resulting from pul nonary enboli, enphysens,

pul monary 308 A sregrinidyihaydedined wRdadeeyadation ayike embodi ment , t he
subj ect is Spqiéd%an%ﬁﬂemamle QY&P@F&'R@\IAP&RNX talREGBiub 8 ¥, POV dhesPe
enbodi nment the subject at risk of devel oping PAH has’a rrut ation in the
gene encodirpggnt shedidsdrare moespliohedicact lpefon@Npstiy pasclar mflepmetion 4nd a

parti cul ar J e, i nhl bit or
can be adm ﬁlﬁggg{r'éefg ent {){%S&H% pg&l%logllseghgia}r&?(%ﬂ&sg%ur{me@} ndﬁﬁg}tﬁ&

i ntravenous#. y20(]8mtln amcbﬁrsnalbr un ivfsads| showo reelhel asyaunctantlye@rasqmuhmtmnar y route

(e.g. via inhala t hr oug (o] n cert enbodi nent s,
e R 1as ek Qe e ey SoBPRE Bl TRtolise lheSRER H0are thr ough
pul monary datddvey Boti@IR-¢43 addmiRUTHS @rmadhmmsomm(m B di450i0khdi t or may
be fornul ated as dry powder or |iquid aer 001 The present
i nvention ASHPYWHEN é@ﬂ&vﬁrfegvlaﬁe Pﬂécwrss%ﬁéﬁf 8%%%%&%%’ of pul monary
arterial hypeoyt eRsilRation dF nARE 48N L ivER B wall d¥aofbtkatHOHTEH & éx%@e%s@ﬁ'm! nhi bi tor of
m R- 145 as descri bed herein and an admnini stration device
adni ni st r atthomepsymewlcayer Becaesrigiedith gvepifishbbraplpstaand Qﬁé@%ﬂeh% uch as
i nhal ers, f? dh%r?g’ Sral ] 5098 AR Sasof HARPEISSs cABAREL %8bth Affsse | N ot her
enbodi rrents e adnministration device can be designed for 1ntravenous or
i ntraart ericall phl@llotyv@rryark@w@ﬁn medulatosablede eagulafireonibmuses ceh kMY or may be
optionally The kit
may furt herrﬂéglgﬁypérnla%ng%f(ﬂg? tﬁocﬁg %@%@q‘fdé% ntgg‘%l%?ls% ggérlfﬁr?hﬂéthomhrg@ﬂlgss i nhi bitor
to a subj ectrgétesege KhbiFemyl ith dowmstleamsggalmg rmflem&nmyn@rdm&(?heagleﬁﬁ DESCRI PTI ON

SV Nor e ORGP dpol i Sids vl R PPty R BB ot al i ng

as det ai | edciive thikel BXasphesr vied)SnadREAn dpntghaechvandDSh-Basanbery €B)/., Cont r ol

P om pat | enbderh et aL0 B s (ogb gk Mo FTad il | zat i on i n

nouse | ung 198a45 bRt @¥PY-8SHEcNRovEd DAGtIRNIIE thileSiSodiy RAXICapdree. (A) In
situ hybridjzation show ng m R- 145 | ocalization in muse |ung. Paraffin

sections V\/éh%aorr@h’i‘%?@?feﬁfﬂah‘ﬂall afetipatedo wiredicehSMRtsizeAndreadiy br  scranbl e

probe as negaiiibg of MM fmedtOL1i £ ul. ORAbI AR lQdk: to%o@&taie@yé’é@&cdet ected in the
same sanpl es using an i nmunohi stochem stry assay, wth noni nmune

i sotype- | g@yaw@msmwldél@ Fhecyae pﬁ/@ommarf@nmatlpwag@@mmg igpry @ geRhdni f i cat i on
=50 P ype m ce.

Total RNA vvaps%lgé; rlgg}t%d% rgg MBE&)IV% %gu&%ranfﬁ%gﬁgﬁgcﬁé)?(%&? rg t ventricle, of
nor noxi ¢ ( wildted fn@rnsmgbranﬂlylpnd»ke lo a(ﬂuhds khdmldél)/pe:tﬁromwc hdlvmy@ed a6

m ce/ group ,\ zed ver est cate. Results
wer e nor nal |%§Hatiaﬂ L%mv%?te Owargsc@%rﬁg tr(gegggdgré)‘sx’%hrgg {bﬁé#) Ogﬁlange, with an
arbitrary \atmeatodfctdht ﬁsﬁsgﬁ(egimlaeztdiezo(ammlo&t agr mﬂp) Foehamoey, e anal yzed
usi ng an unpaire *E X sa S). 014] Figure 3.
VR 543 i n RarpEcyarLuts it R 4R B E SOt ki ¢ ol 14
days hypoXiutuntdd rBipese td QbsdbrehiNA s\ﬁ@ﬁﬂlE{EM @:Catze@b(brnm&hﬁ 2(069).&@1&@% llung or

(B) the right ventricle, of norpoxic te bars) or poxici ack bars)

10 week ol doggthes. these ﬁp@égSp%\PW@rd@dﬂéfeWéP@e%ﬂ&mgﬁz@ﬂof ERMES sk tested in
triplicate.gnResrlits/ 1 vesgototomickzed to U6 val ues and expressed as rel ative
fold change, with an arbitrary value of 1 assigned to the control group.
Data were anal yzed using an unpaired t-test (*p<0.05, ***p<0.001 vs

nor noxi ¢ sanples). [0015] Figure 4. M2R-145 expression in the brain, kidney
and spleen of hypoxic wt mce. (A B, C respectively) of nornoxic (white
bars) or hypoxic (black bars) mce. Total RNA was extracted in
quadruplicate fromeach organ and anal yzed by g-PCR Data were analyzed

u5| ng a t-test but no Si gnl fi cance was |dent| f| ed [0016] F| gure 5 M R— 145

o ~R A~ o Y e~ - .



[0018] Figure 7. MR-143 expression in wild-type and mR-145 -/- mce in
response to hypoxia. g-PCR analysis of nornoxic and 14 days hypoxic

wi | d-t ypewOWd2/@ssknockout (KO mce. Total RNA was extcaciBdiZdosoors

nor noxi ¢ (bl ack bars) or hypoxic (striped bars) 10 week-old mce. 6

m ce/ group were anal yzed. Results were nornalized to U6 val ues and
expressed as relative fold change, with an arbitrary value of 1 assigned to
t he control [OQﬁ]om@splﬁahampmweﬂ @anlatsiepéidg oSiho gn@erllyimg-gam}icAN(AH\rdtmhﬂs(aV\ed by

Bonerroni's ost * ok <0 001 vs, .control s | es 0019] Figure

5 B fact oFva Fb1En SR i BRRS oot SERe R RS E G R s ol

Eem)del ing mdludiilg?}ﬁtoh%ﬁaﬁeﬁsf’@ﬂﬁlh ofdry (ap@arysllyls(stﬁrh?uﬁclé bgtst(laxsmsj cular pr eS)sur? \
SRVP, n = 10) .an ght ventricul a ertrophy = 10 C

Repr esent at‘?‘?féotﬁ%ﬂe gf‘ Lﬂgtfequrr@@ @?agpﬁ%g%f’gﬁfré E?sacdie%uag?‘%a@f&on | mages

al | 400x magbihi maklcProlifea@ ethBamderficOOAD FutholB)y. Rubomad ¥ adkéehi al

renodel i ng from bot h nornoxi c_and hypoxic w | d-t and m R-145 -/ -

mce (n = 8he arpfog the\deydorgt atromel tﬁ@alﬁ?spf@RPéHf MicrqﬂNgay@hwhqhaVﬁ Gever of
mice. Data w@d@%hy;% 1S Q1R rd MR MY e?'r\é%ﬁ glchenadydnBgefer roni '
post - hoc test .05 vs. WI nornoxic m 020] Figure 9. Assessrrent
of (A systtmtdheadetvelpiﬁlabntmf elfentiv e tr¢aBamts fDrPAGI 9) and (B) heart rate (HR
n=6-10) in wld-type and m R-145 -/- mce subjected to nornoxic or hypoxic
conditions. Mce were subjected to hypoxia for 14 days. n, nunber of mce.
Dat a were aaMylzddly OFiTHE ENVENTIUEY ANOVA fol | owed by Bonferroni's post-hoc
test (*p<0. ***n<0. 001 vs, € no ic.mce). [0021]
Fgure 1o, 1008l JEPERP® prrerpaB Ry b ey PR BRLE L on ] svel of
(A) SMAD5, c@ﬁ):gtﬁﬁ(@@fh méusg st anBIAKT Rhd Kp-Fpulaes 1@5151@&5@1@ obyurflanCR i n t he

total lung o R-.145 - m.c or no a OXi C ta were
anal yzed us‘P&‘a”% %ﬁ’éb% alfdol}efl@a? ‘ﬁ)ci)ﬁf%%rﬁgﬂling@mpq;ﬁl ﬁgé t est
(*p<0. 05, %?(1’51@@%&(33%%1&%%1 kifdcR&Ut @nitnhls cﬁﬁ@lrsylﬁbtéctﬁ)fn ahifid t@gnd KLF5 protein
expression |evel in W and m R-145 -/- hypoxic female mce. (A D) The

expr essi on desjenmaet ofdAd. Aserringis. %grea@%wgwwnwom@eﬁqﬁhqﬂ in the total
! ung of WI tf%@@n r re"v%én g PAF?\IP@SL&’)}%@Q%%@@& Rehf mdﬁnmmgﬁﬁ‘g t@tlflé)gubj%é’t days. 4
m ce/ group were anal yze and the intensity of 'the western bl ot” bands was
measur ed usﬁnn@lﬂat%pé@llill@ W@swanerﬁus@mn | mage software). The resulting
quantifi cat and (F).
Results vverg olr?r% |ze§d{£&@%[5ﬁ|&ﬁgq ue {S&p gliﬁﬁgtgé@tatﬂe% Je%?ii ncr ease,

wi t h an ar bintiscasepoligahurdcotifle tha@sipginesc stemldnh@thwis grleasppariddlya wer e anal yzed
using an unpaifed (-test.. **n<0.005 cf. wt .gice. [0 Figure 12.

Val | St on S RTEPERr AR e e St A W ) Toren,
(O FRZB, (diR-135B2In c(eEz)inéﬁﬁodiﬁﬁ)ts,EMlsex(se))h@’E&qeot(dH)copﬁpgm i4, (I) AP2B1
and (J) | TGBL1I, S asIsessed 1byb%P§CR in gul m)na art i“%f wt and m R145
/- mice, noMBG BaEHY Tyl MR ¢ ﬁéliug}% A Wﬁi ne-way ANOVA
fol |l owed byechRA¢LMeRN ienRAHzoMREoti@S¢an (oMM 0AS or MbTRaORALIr subst024] Fi gure
13. Sel ective knock-down of m R 145 or m R-143 obtai ned after the injection

of an anti MMifigafpgs. sisbas phasphogotiyioate liglkegcs.emi)- @khhre@l%rl@n% Mdected
subcut aneoussdyyidd by ﬁﬂle@ﬂ&é RbBeP&iok {4 'Mcl&:@ﬁ@él&%&l&@{) tih€ome T egion of
either the mature m-R-143 or m R-145 sequence and s ed to chronic
hypoxi ¢ f orenjbpdimegtgythe aflfﬁé@seloéé@iwk?@m@ l%blmféitaifgﬂ‘tlé%ml%ﬁ“&ﬁlteé?o@ days of
hypoxi a. Af] racted from
the T ung, | (RS RS a Ak B BT frh e BRRa kA mEM L 01 ¢
treated an|or1ngbrg1,clehyqlm>targetmgm1&IéStrattgatﬁem ookl te abando hygentides iani mal s

i njected vmt I mR-143 antimR (O -(F) Northern
bl ot anal yS| o?rsff %&ﬁ%oéﬁgogs%enudeo l(gesmql , showing (c)-(p) m R145 or
(B)-(F) 1inia843:n memnﬁ&ﬂmmm |tievakisenBad | gzonedl @tide &l ayp zedmils | Tig aatimiie- way ANOVA
foll owed by Bonferroni s st t est * x % <0 001 m R-145 and

R 143, douht Bgari P BTk AR ER 1) TG R ReT: THEPEITRAT O he ot ner
groups.). [a%ﬁ@l adeingill &, éAe enlifoliBednt, 0fe MHiRA 4500 bdik R1143nlknockadown on the
devel opnment of PAH and vessel renodel ling in nice. Assessnent of (A

systolic rildht aNteT epbodimpidasiteifdrippingpotdes iglepgft Iy gy “?‘f%ﬁt

ventri cul areaBelhl aRINikIRVE My phuz-sz%%)mbm@ﬁﬁ;&um&%nth{ gated with an
antim R specific for m R-145 or 143, scranbled antim R’ or vehicle and
exposed to chronic hypoxia for 14 days. (O Pulnonary arterial renodeling
measured in the sane groups (n=4). n 3 nunber of mce. Data were anal yzed
using a one-way ANOVA foll owed by Bonferroni's post-hoc test

"p<0. 005, ***p<0.001). (D) Representative pulnonary arteries stained with
el astic-Van G eson. Images all x40 magnification, scale bars = 20 [0026]

F| i gure 15. Assessrrent of (A systemc arterlal pressure (SAP n 8) and

T . . . ¥ T 1 o o



p<0. 005, ***p<0.001 cf. CTR or si Scranble group as indicated. [0030] Figure
19. m R 145 expression in w and BMPR2 BMPR2 R899X mice. RNA was extracted
fromthe wotai2/1ssr3g of 4 wt or BVMPR2 nutated m ce and agsegsdidosiois R- 145
expression by (A g-PCR, where every sanple was analyzed in triplicate and
results were normalized to U6 and expressed as relative fold change, with
an arbitrary value of 1 assigned to the control group (***p<0.001 vs
control samabaéprotiamieked @dﬁ@ctﬁ}%@ﬁaﬂ%n&ﬂmm th( B) refzion sf tiR-hydorTidi zat i on
show ng n1F%% Ioc lﬂfat'ﬁ n the naﬁgf th rsane m ce. Paraffin
sections were" gtng% ﬁ“@ﬁéﬁ%gwgﬂﬂ P 2af gh i -m R 145 or scranble
probe as ngged|i \hea@«mt e@bodifnert of Hedtahiidi tHeQhiR - Bésaslibioriesdntieisesdided i n the
same sanpl es u5|$%6an | nohlstochg%gtstry- assay, W th non-immune

i sot ype- | i §&* AHiThargnased wEgat Ftvisk e FIBngPHlﬁf@’él’s‘WHBW%@?\P‘h cation, scal e
bars = RmdaiArieER @E§QB&16’H (RN OFF oo £ VRO N R0 M tlhe present
|nvent|on is based, in part, on the surprising discovery that m R145
expr essi on sabiectiipydeidgenesed yith o pf sk @A Hevelspang Ic vdte bienenas Himitae toof
pul monary ggiberdiglp Ay Be%ale%b%mﬂ%bm Jﬁtﬁseb&l\ﬂgﬁ gtrﬁontaﬁmgy SHQW3nt hat

m R-145 is significantly up-regulated in mce In respors to chronic
hypOX| a andeghapedanienirgubing flhar mwineiaogératdli, embisbemi,gulrodnary freds i s
protective p i ssues, the
Pvent or s g crLehip Dt BSGPIRR: deafiblcnt fe Meih R 7 9T, g
tissues anddmp@ha?éﬂhpuhnﬂmaw?A&tUemmmsanMMmmm$¢hembgUMsn@PﬁBNES) obt ai ned

f PAH i ent. t \ d to .controls.
Thus, the grusanite AU BHEb g SRt e PSP RRREE s ™ ' °
t her apeut i Qyﬂdﬁﬂﬁbe{ﬁcﬁﬂ II@mpirﬁEulﬁ/Ntﬁboﬁﬁ&BﬁlhdsObj@dS’tes mhadi ment, the present

i nvention a of treatin ventin ul nonar

hyper t ensi dhoTo iﬁ Pt%@%f saF gan a&mgﬂ%fré%@tﬁw%@a%ﬁ ﬁeﬂ%roe%tnpri si ng
admi ni ster |1ﬁ'cgud1ﬁ7g Eﬂiﬁv&lblﬂkl?clhtr@di‘tehﬂm taastamy oﬁillymr%ééﬁllﬁéﬂir?m@@ g@nd/ or
activity. Pulnnnary pertension results mhenggp nnnam¥ﬁarter|es in the

| ungs becoﬁ@alﬁhtlttméarouﬁt@evaeuOrawu&@n@gf@&aea digieats thapikdda in arterial
pressure. mﬁbﬁd}h@mﬁﬂseéeals&eﬁlqlheﬁu&mrcrut&tﬁoug@thﬁlhﬁhs?,eeye&? strain on the

heart nuscle and can lead t0 heart failure PAH 1 ncl ude, but
are not |i rfevied Inpuchséroadimess, 616ImRe]eﬂt5hnhlblmrtImaalbleyf0mhlﬂﬂt@1 asxedrei si ng and
eventual ly %Qh&xn%>md%%5mﬂfatlgue di zziness or fainting spells, chest
pressure or’ parn ing in lower extremties (ankles and | egs) and
abdonen, bl[00Kh Too pmsentt owsikion agndndludes ¢ kaufiat th@tmangem ot prevantiomefar t

palpltatlons Pr ef ne or.nore resaid s is inproved
b 61 1 mi nadalmosf SO BTt e rBor b B PR SYERAE Lt r g
from PAH f alfingRi 14§ aadkitiibedthe@in @d adhdintestmiid ddteei Mhé bdrhiafstratonconpared to a
subj ect not, recei vi tre ment onme enpodi ment s 1e right ventricul ar
Syator1 o prlegts e e L o3 B S oI E T i ot at on of -t he
m R- 145 i nhhdaidrs, d-&P3s] akdQesolokrsP Uk SRBbolRAlst @B siMmidhadn can be
treated with the methods of the invention include, but are not limted to,
i di opat hi ¢ donrE cadicetapigngdyforpintraverpys oxintiatteriah delivere sHel AP § c¥bsitFonar v
hypertensi ofjeG§RY-45 hm{()tr%§'b9'8 ﬁcﬁﬁlﬂl FdrRGlafcl QTbOUHRR ﬂ?ﬂhé’ a@f:f"ﬂ‘féltrh‘monerrphysema
pul nonary fibrosis, and congen|P heart di sease). Fam | or hereditary
forms of PAkvisayBididemay ﬁiﬁhercpomﬂm}petmcbms fpiadguRistating tﬁene% l4fFor i nstance,
70% of pati I /ggnutations in the gene
encodi ng béﬁg&%gﬁ%% ine‘ﬂ%hgt%géﬁﬁk%ﬁﬁﬁﬁ‘”§§§“ receptor (BMPR2) (Mbrrel
etal., 2001). Thus, in sone enbodi nents, the subject to be treated with the
nmet hods of i evel opi ng PAH. I n one enbodi nent,
t he subjecgi %F[ﬂ%gﬂﬁtﬁgnﬁ6F%ﬁ?§§§§ﬁ%@&ggnutat|on in the gene encoding for
BMPR2. [ 0034012AFigised. Getoeblivatibhel themiR 14S phgbead SMAT. Nopailihanih luhef ers to any

chi mpanseos-aita: SeRaroced B ikttt dB el B AR ENE o caitl e,

sheep, pigga) ﬁﬁl@-t@@di&a'ﬁ@lsw&)tm @) RS b [GrEBRMBISM {&inOMag QQQS(G?nd cats),

| aboratory ani nmal s 9 rodents such as mce, rats, and QU|nea pigs), and
birds (e.g. ,na&éﬁé%mrea wrtwdl Igngangddmeg i gaticafiorthiEALNIBAE, ¢ ur keys and

ot her gallinaceous birds, ducks, geese, and the like). In sonme enbodi nents,
the subject is a manmal . In ot her enbodi ments, the subject is a hunan.
[0035] MR-145 is located in a cluster with mR-143 in an intergenic region
on nurine chronmosone 18 and human chraemosone 5. M R-145 and m R- 143, which
have no honol ogy to each other, are co-transcribed as a single transcript.
The prem RNA sequence for m R-145 is processed into a nature sequence and a
star (i.e. mnor) sequence. The star sequence is processed fromthe other
arntof the stentloop structure The pre- ntRNA (e g. sten}Ioop sequences)
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Human mi R-145* (SEQ ID NO 2) 5' - GGAUUCCUGGAAAUACUGUUCU-3' Human
pre-ni R-145 (SEQ ID NO 3) 5' -
CACCUUGUGEOEARAGRIBEAGUUUUCCCAGGAAUCCCUUAGAUGCUAAG AU PCT/GB2012/051018
GCCGAUUCCUGGAAAUACUGUUCUUGAGGUCAUGGUU- 3'  Mouse mature ni R-145 (SEQ | D NO
4) 5' - GUCCAGUUUUCCCAGGAAUCCCU- 3' Mbuse mi R-145* (SEQ ID NO. 5) 5

- AUUCCUGGAAAUACUGUCUUG- 3 * Mouse  pre- m R-145 (SEQ ID NO 6) 5'-

normoxic versus hypoxic mice. (A) In situ hybridization showing miR-145
localization in mouse lung. Paraffin sections were rehydrated and incubated with an
anti-miR-145 or scramble probe as negative control. For co-localization, a-actin was
detected in the same samples using an immunohistochemistry assay, with nonimmune
isotype-IgG antibody as negative control. Images x100 or x400 magnification =50
um. q-PCR analysis of normoxic and 14 days hypoxic wild-type mice. Total RNA
was extracted from the (B) total lung or (C) right ventricle, of normoxic (white bars)
or hypoxic (black bars) 10 week-old mice. 6 mice/group were analyzed. Every sample
was tested in triplicate. Results were normalized to U6 values and expressed as
relative fold change, with an arbitrary value of 1 assigned to the control group. Data
were analyzed using an unpaired t-test (***p<0.001 vs. control samples).

[0014] Figure 3. MiR-143 in normoxic versus hypoxic mice. q-PCR analysis of
normoxic and 14 days hypoxic wt mice. Total RNA was extracted from the (A) total
lung or (B) the right ventricle, of normoxic (white bars) or hypoxic (black bars) 10
week old mice. 6 mice per group were analyzed. Each sample was tested in triplicate.
Results were normalized to U6 values and expressed as relative fold change, with an
arbitrary value of 1 assigned to the control group. Data were analyzed using an
unpaired t-test (*p<<(.05, ***p<0.001 vs normoxic samples).

[0015] Figure 4. MiR-145 expression in the brain, kidney and spleen of hypoxic wt
mice. (A, B, C, respectively) of normoxic (white bars) or hypoxic (black bars) mice.
Total RNA was extracted in quadruplicate from each organ and analyzed by q-PCR.
Data were analyzed using a t-test but no significance was identified.

[0016] Figure 5. MiR-145 expression in SMC exposed to 5% hypoxia in vitro.
Primary distal pulmonary artery smooth muscle cells were exposed to (A) 24 h or (B)
72 h, 5% hypoxia in vitro and assessed for levels of miR145 at 24 with and without
the presence of inhibitors SB203580 (p38 inhibitor- 5 uM); SB431542 (TGF-B
inhibitor — 1 uM); U0126 (ERK inhibitor — 1 uM).

[0017] Figure 6. Analysis of miR-145 expression in miR-145 -/- mice in comparison
with wt mice. miR-145 ablation in ko mice was confirmed by (A) g-PCR and (B) in
situ analysis. Images all x100 magnification, scale bars = 100 pm.

[0018] Figure 7. MiR-143 expression in wild-type and miR-145 -/- mice in response
to hypoxia. g-PCR analysis of normoxic and 14 days hypoxic wild-type (WT) and



[ 0036] The above sequences can be either ribonucleic acid sequences or
deoxyri bonucl ei ¢ acid sequences or a conbination of the two (i.e. a nucleic
aci d conpwonregisbsh ri bonucl eoti des and deoxyri bonucel ®CTaBR)12/051018S
understood that a nucleic acid conprising any one of the sequences
described herein will have a thym di ne base in place of the uridine base
for DNA sequences and a uridine base in place of a thym dine base for RNA
sequences. Kno&dv{ (KGymibé.tTora ROIA whsRxirdGedfcpmasshaxic iackbbmsvart y suit abl e for
use in nethods .of the. invention. include.antisense oli cl eoti des,

ot agor s ISt anes pPL ALy Biceup it T RE Bl Bt hent s, an

i nhi bi tor albrmalRed U6 SalaR adi bABEBEEstlhG@Tukl ddided®ith dhabiadty \waRrRs e

ol i gonucl eot i des can includg ri bonucl eoti des or . deoxyri bonucl eoti des or a

conbi nat i orfft HEVEISH to Br eprdfelgiopr- PR Werk 37 BREEIHIE YBRAEPOYPYés have at

| east one GHRIH Gy BEAirddi GRbbidbe (@t @+ *p<05000a%. Rhtrbagkprae modification).
For instance, suitable antisense oléggnucleotldes can_be conprised of one

or nore " cdMS kigureSeifept elgniki- 145 abksiron gp thsidsyelonrecns piRAH aod Vel de
modi fi cati gpgoddh nﬂlﬂétAs%&@lfn@ﬁt_o?gﬁ%gﬁtt%gg PiQﬁrvgﬁtkicvﬁg éslsﬁtjé)(sli\ﬂ),cﬁo—”pl exes

formed between the oligonucleotid alnfng BSN and their conpl enentary
m cr oORNA t &x¢@tand (Bhmght vengricuda dyrpireopliyi Rk nerfbddl. EhR¢preshrtatanst | sense

ol i gonucl eqf | ain.. : Re, "4.ocke i id.~ lLocked nucleic
aci ds. ( Lnag) ASRPERAHR e 8Pk ¥Ry, G ImIUE LU BRI Ut U
wher ei n t hecale base SSugalDyPulebyary srterial eeniddolddeeldm bathfnormaadic @rd. | n anot her

enbodi nent, the antise ol i go eotides contain at | east one 2',

4'-C bri dgdBP2iic Hﬂ@&w@’ﬁa det %&gﬁgi-/( EEIRAD ~0r (e B %&?J.ec © eg.,US
Patent No. 1§pd310206 daRd nVibeebf @lce. DIRIDre BiaBREMAMELa AdwiEdi Ci nal

Chem stry Letters, Vol. 9: 1147-1150, both of which are herein incorporated
by ref er endBNP KAl woddnt Bonderiask's Pesirhpetestd ARty vseWjorarmexie Mishe ant i sense
ol i gonucl eqt)ﬁﬂb?iiéiﬁ@ba%@se@émén?@ﬁé?)%ﬁQHéﬁa@gre%?é @2 e ngyLng the
structure shown ih structure C. The antisense ol igonucleotidés targeting

m R- 145 cartBebetrtaite (dBnisim ) ilowd d-ofpeBSNMIRNAS -/COI& sabiactedie nofRexic or ot her
nodi fied n k P ! i . [ pOo ides. In sone
enbodinentg?hﬁﬁ%hgﬁﬁﬁggﬁggh%$§gg%ﬂ§%%%ﬁﬁg sxﬁg§gg¥§dg'ﬁ#%%%%%Hgonprise a
conbi nat i omioé. DiAwarschnEittednstigadtvo dey. ANBY ACGo [lo0Si8]y Binf@ranas pestl y, t he
antisense qligonycl i.de n rhse tide nucl.ei¢c acids (PNAs), which
contain a gQﬁg¥Q§Pﬁ§§%§ Pac oﬁepggphgy&gﬁgﬁ“§I?ﬁﬁ%FQBW§'phate backbone.

Gt her nodi floed | Figae 1@rAmhespliadR 8§ eflcdmidhifsle allicarprebsion Ibecl anfA)sense

ol i gonucl eqt i e.al I or instance, her. chem cal

modi fi cat i 54@5?%2@ DO &%ﬁbﬁg‘&ﬁg&fﬁééﬁwﬁ Yc%fﬁgé\dﬂfhéitﬁta‘i ncl ude, but

are not | i mitges wtQnd SiRans yohidel SstinoidSind BfoRicabatd wekk dlakybd (sehoth

2' -0-nmethyl, 2'-0-nethoxyethyl), 2'-f|luoro, and 4 thio}pndifications, and
backbone nmOHFFARFAYGKA, fo byBogirerost's prst-Boc isHES Mot HiPo&PRD- mor pho 1 no,

or phosphoq@mqiw%ﬁk 21 SAdalRRIRS FUIREKLES hrotR B &siok1Sel iRa€Bhd NOS.
6, 693, 187 and 7, 067, 641, which are herein |ncorEPrated by reference in

their enti meiRiES)-/- hypoxéefemalermiseridddPirEig exprossien gieliof Bhdd apd Kgbaucl eot i de
conpri ses | 2 'q&ﬁ% b0 { nent ,

anti sense §V%3%%ﬁ§?gg?@ﬁég%@%gg%gﬁﬁﬂ m f?gggggﬁ?%ﬂﬁﬁé'%gﬁggﬁﬁﬁigﬁgar

nmodi fi cat i chenarhypaxdh fdydd dapnd macederbimierd atnlyzshosgdhloriotehiiyatf¢hd | nkages.
Anti sense ol i gonucl.-eatides. particularly..those of,shorter lengths (e.g.,
fess than e RIEHELARILER aRRE LM Sk R e Pl g v Rl Rane ! ng

nodi fi cat i Ofhs resslibh qastifioationrvats aré rpitesahtdddn gtaplissin (B), €€ L (ExanduE).eosi des,
phosphonof es, 2' 0O-.alkyl ifications and the like. In sone

o mont gt tanramaic s ol ridaer v ekt dd e S iy et hy!
"gapners” wiighyGent af Naignbt MREOWAYEbEY Dabmdirt e 4 bonuel ephireles on bot h
5' and 3' ends with at |east ten deoxyribonucleotides in the center. These
"gapners" drestdapabf® dfViPicggeri ng RNase H dependent degradati on

mechani sis [9623$W\%Jrélﬁﬂe\ta$idatgnhﬁ"%m%%ew dadl TROSpREssiBM I SIRSA) WIF1,

ol i gonucl eotides to enhance stability and i nprove efficacy, such as those
descri bed i(R) UCBB2.0&) ERZBNG) Det B33E) (WA@VJL §Ghefel ) reerpofiat ed by
reference in its entirety, are known in the art and are suitable for use in
the nethods of the invention. For instance, to facilitate in vivo delivery
and stability, the antisense oligonucleotide can be linked to a steroid,
such as chol esterol nmoiety, a vitamn, a fatty acid, a carbohydrate or

gl ycosi de, a peptide, or other small nolecule ligand at its 3' end. [0039]
Preferabl e anti sense ol igonucl eotides useful for inhibiting the activity of
m RNAs are about 5 to about 25 nucleotides in |ength, about 10 to about 30
nucl eotides in length, or about 20 to about 25 nucleotides in length. In
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ol i gonucl eoti de has a sequence of 5'-AAAACUGGAC-3' (SEQ ID NO 11). In
still another enbodi nent, the antisense oligonucleotide has a sequence of
5'- AACUGEACIR/MSEBEQ I D NO 12). Antisense ol igonucl eot Pde&GR2aR/BOIRr | Se a
sequence that is at least partially conplenmentary to a mature or m nor
(i.e. star) m R145 sequence, e.g. at |east about 75% 80% 85% 90% 95%
96% 97% 98% or 99% conplenentary to a mature or mnor (i.e. star)

m R- 145 seqimmend &) §7G BSHQvAD s ed by o PSEQ panNﬁhy 2yery bfwsadeniBrbodi nent s,

i ure o mnor MRS G NG DRk e b L ERTO GBS st 069

97% 98% aplIERLyBERFRBRNS pdsy-hbOtest (HBI0YE, *Pkyir) eot i de sequence I n one
enbodi nent, the anti sensz ol i gonuc| eot i de corrprl ses a sequence that is 100%
conpl ement dPY24 Figredd. pdecdive hpdsbrion Rl TWR- de gl d? o o 4T He
enbodi ment §xjcdiRE 204 LEBNRAMGINOGRUEGL 8L EdRIE Sl thRASLrA L@l | Y
conpl ement ar%( to SEQID NO 1. I'n other enbodinents, the antl sense
ol i gonucl edtp@EEasEt v Hegstigak prdicly c@fé?rlpmeﬁéewﬁeﬁy%egsecgit«titw@t . [0041]
The anti Se%ﬁuz%%ﬂttbt%%Pm@f@tt!t%%m% ARk b%eﬂﬁ%o Birbrgoﬁ%&&:%t deqdhat is
partially or tfully conplenentary to a m he ant1 MR can be Conpl enentary
to the 5 &ildyofcetvbrba mawnan@mgwezemﬁ@vm«eéﬁﬁt heddvalrhiccongsl enent ary
sequence of, v of SEQ ID
Noe: 71D rﬂt%eéi"[tl A tﬁ‘aégt &%m%ﬁ&& ti§e tﬂxgng& Bﬁ{ IEE")gan% %gﬁa&tl@gggt vartially
conpl enent anymt@nanrmtnm& @mltm tmartd({mmetls symandgc whiatt]mﬁuéeqmettbcmd e.g. at
| east about 750/Q 809% % 50/ 6%, 9% 98% 99% enentary to
nat ure. of AT ST b febis B birc oty S e EERED T or " Skq
ID NG 2). Norhsarmotenhiods aht samd kresankisnll By gy ehaubs t@Atm) aliRy
conpl enment to . a mature or mnor. m R- 145 seq ence that is at |east about
50 % 95% 995 ToAe o/ﬁ%ﬁpfg@%nébwmﬁtraﬁpﬁw &SPRFGBEVEBI ynucl eot i de
sequence. |ANOWA BIRAG iERnfortRe s oAb iR SN, F88s 008 ekuensaniihat is
100% conpl ementary to a mature or minor m R 145 sequence. In certain
enbodi ment $VRr e dairiTaetios inttatjsdedly ‘*tﬁét“tbr“étlvautﬁhﬁkéﬁeﬁg‘”ﬁiw)t o SEQ ID NO
1. I'n otherp QBN Sk NG rRRU AT Rli8.188 ch&ashoRaklhaddosaRlgementary to
SEQ ID NO 2. [0042] The antim R can be about 5 to about 25 nucleotides in
| engt h, abdutt 26! tesschisopdeiBoe wusiceotsteweitw [Angtthlic vghtabgutul@0 t o about 25
nucl eot i de Ie): o i [ nLR Largeting
m R- 145 |ssbrébgiﬁrtg? tignab }ﬁ)eg%ﬂlﬁu%?%%?& Ii[&u?;gﬁéﬁw {bhﬁt%)% to about 16
nucl eot i desCi7Bld mwgttxhgm.@m}butm 1016, spboin toimﬂhuéﬁ eomilde43, iserafnbladgt h, or about
11 to about tides in lLength. |n one the antimR is
about 16, niel BT EeE T ety S Cun bR e SRR ET Pyl T el Ty, or ot
phosphor ot hiretidtathdcling epauerho dicrent grotlf}lﬂna&) ItFrﬂuBbeSOfambN@a&ﬂti mR In
one enbodinent, the antimR tarﬁgti z! 217 of mature 1 R-145. For
exanpl e, t RETQMPIFRICEN HEvEst heOYéyidnue! b Berfe : -3 (SEQ
ID NO 13) ;]Ha} Bnesemiyed] ety o6 He PRk RERAAS pliRe n&§AHERNSE Btakd SEQ | D NO
13 and is fully phosphorothiolated. In yet another enbodinent, the antimR
havi ng t he "8iketied BOISED myerorl 14 magniieNen. a7 AR 24HE- ant i ni R havi ng
the sequenqgog F %ﬁ@eh?ﬁ@ss&éﬁ%@g )Q%zs@mfﬂ&fﬁeﬁél%r&éurb%@%d= and N Yyet
anot her enbodi nent, the antim R having the sequence of SEQ NO 13 is a
LNA anti i RBY hesrt rats (HBlllly7p]t$d§p‘{‘ﬁditcéﬂ—t@atedatble@m{f0@ﬂ31}d ltl}moglem!“enbodl ment s,
the antise
Singl o- st angad VRCHFUERHLABRIRpR AN AR [F o PR ESARE |
part| ally wmglammaAWQ\gA@lmwﬁdbﬁBoséwmmst Wonttagomi rs may conpri se Ione
nore no nucl eot i des ications. In
sone enbodﬁlr)r@rﬁ %lgureltl 5 Assesrsrélér%:tgﬁpﬁigzs &t resmnge % Eynucf“ggl%]fa Ant agom rs
can al so copiah degoie qel?CRmntaﬂeystshﬁ“i?mlmﬁtahted&bmﬂalrafﬁﬁgmseddeshhrtwmg in a
partial or full horo ackbone, To f CI|I ate | vi vo delivery
and st abi | i't88S O{ﬁ{pi h’Péﬁg an 4<?%E8%Pat18n% ncﬁ@%@ ©or other moiety
at its 3' %ﬂﬁres&ﬁiﬁl@@i@ﬂfﬁtﬁ{ $485. tbmbdaﬁtpfe@nvefentmhattzte&ga m&ﬂéﬁu&aﬁd be about 15
to about 50 nucleotldes i.n | ength, about 18 to about. 30 nucl eotides in
| engt h, abdiPresd ﬁwe%ﬁﬁtolctelaﬁ%ﬁz IWétBtaP&@%m}leV‘l‘lé‘h%ft hassigpedgp difrcontiol o about 14
nucl eot | de?dﬂﬁb beRgtd ankiScARk ol RayCRARNORA Bllo &R BTN §PHkt- 80% 85%
90% 95% 96% 97% 98% "or 99% conpl enent ary to a mature or mnor m R145
sequence. In sonme enbodi nents, the antagomr nay be substantially
conplementary to a mature or i nor m R 145 sequence, that is at |east about
95% 96% 97% 98% or 99% conplenentary to a target pol ynucl eotide
sequence. In other enbodi nents, the antagomrs are 100% conpl ementary to a
mature or mnor m R-145 sequence. [0044] The inhibitory nucl eotide
nol ecul es descrl bed here| n pref erabl y target the mature sequence of m R- 145
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SEQIDNO 1 or SEQID NO 2). The phrase "operably |inked" or "under
transcriptional control" as used herein neans that the pronoter is in the
correct |woabi2on3sad orientation in relation to a pol ynecrssasta@scont r ol
the initiation of transcription by RNA pol ynerase and expression of the

pol ynucl eoti de. [0048] As used herein, a "pronoter” refers to a DNA
sequence recogni zed by the synthetic machinery of the cell, or introduced
synt heti ¢ recksn@py0.0%, &¢ps.@0d ) .t(B) Imitriaatlesit bfemiRp b dkpesdiominparaffot i on of a

gene. Suitable promoters include ut are n imted,to R |1, pol 11,
o i1 e B ARBHE i ARGE Stk P AR b A S et at e
early gene vk QR Bh.nckRe SMAD] GRE LA I0RAIMADGE lu-acBiR B ab BEcdiQLIR tEafRMa Vi I Us
long term nal repeat). In one enbodinment, the pronoter is a tissue-specific
promot er. GPMplgs BsivgingRuioRisiockapistar @n sealsastipns spcioninempicapsYRer8G and nore
particul arl y,: k£ 1a..8§nmoot h nuscl e
Dot 1 pr ot A B B B e B e B i - 2
pronot er (FEndnER-a#s5 al a typLOIBbmparlchicysmid éng eswlyoluscB{ripd 285i0k3; Kelly et al .
(1995) J. | | _Bi,ol Vol... 129(2).:383- 396), the alpha actin pronoter (Mss
6t ol { 10dByEmg 00 R SeE e B o Db ) R gh o et Py BB
pronot er ( Bhawdattinftlesidn ofhPB8OaticRB A 66-locM@ationd 2L detin blprés3jon viRe Na+/ Ca2+
exchanger pronoter (Barnes et al. (1997)1. Biol. Chem, Vol.

272(17): ;151f@9tfiélv§1@u@%t@9§m}5%hi n promoter (Kinura et al. (1997) Dev.
Gowh Dif f[m% F¥@ire 13X lysR2f HiARR) BMﬁa@-ﬁhﬁﬁaMsM@sggAmm%maty@{s (Zi ober
and Kramer (1996) J. Bio. 'Chem, Vol. 271(37):22915-22), the brain

nat ri ur et i ©f paRtltdexpessiontie PAEMAPoT oialdkNd wab extratd donHydEYICeasi on, Vol .

s T

15(12) : 708 isq ODNA widspinalymdder prehedvuyatohaniR- b erpesron(iYaompaetsoilaki har a et

al . (1989) Proc..Nat|. Ac i . USA. Vol - 3504-.3508) the ANF
oot er (1 AROTAPRR copfiSR{esi) o Bphmalifig o 0 SIbPIPBERE b o07e)
[0049] In dent4s for dohadiremiR-945 tildecxprosstoherclaipe fadbyanke, mithchnt 0 a

pol ynucl eoti de encodi a. mR-145 inhjbitor_can be an induci ble pronoter.
| nduci bl e gFOFHY §p° F BastigBihioi T FHEO LRI RS HEF ARy “BUTEPE not 11 mi t ed
to, tetracympdiR@ tREOBHer.003 R+ OERID] RSP0 Bl sal@adtalFOLK
pronoter, steroid/thyroid hornone/retinagic acid response el enents, the

adenovi r us KEtdedFRBlertyresng BMR I mugkr isele Wb wedieargthetmilet virus LTR

[0050] Met hagdssi@fn A&y &5nfing teXPPER$EQN. PRI IHELFicAReh WHGeabindaci ds to
cells are knowmn in the art and can include, for exanple, calcium phosphate

co- preci pi tvath Inipn lmage safoyser: Rendintensiiies ofithy miN b af iInPRAEYerext r an,

| 1 pof ecti 0restatﬁsﬁ&%@%ﬂgggm&gg%@9%@@%? bl SELlRNd gagent s, cell

soni cation, gene Igh velocity mcroprojectiles, and

r ecept or - nedivapagdttancT &rtl. M. vs k@Ol pariies) pr esent i nvention al so i ncl udes
met hods for ngi l,ear i L R145 i nhibitor W ng treatnent.
The et hod INEEST YL P8R, B SR PRRTR Sl PLARED rrehe "o R Tas

i nhi bi t or s downtagnigtet if@BMPRT beprévsiod ivingy SRNA. Piegarghampn EASMVEBIwereont ai n a
sequence of t seed region for m R-145. The s regi is the 5 portion
of o i FA GG A SR e S o e STy GRE AL QPP A S RE B gn 1 on.

I n sonme enbah ESdrsmble Bea hedatid@nEbl EofABRNAGHs@kiacledSEGHENE ol OM t he 3' UTR
of one or npre targets of m R-145, such as KLF4, KLF-5, Srgapl, and Srgap2.
[0052] The thise samRics and apreasd oslls®r pormpaiigens Thastficisaax el %MPRgé?aﬁ%-si ti ons
conpri si ng rahdtdRiWak tedlu@d U9 (B) FpvaRed st PORCE) ARPI4B AN [ONsiRaT €

cont enpl at ed, pharnmaceutical conpositions will be prepared in a form

appr opri at d4p SEPressEnwreHeetbsespist in dxrspa sangdpre Ragulty wepajosmelized taant ai |
preparing GPARSSirs ; tizal K wel | as

ot her i rrpugclg)tl es f%ﬂhég}q§%%8@dR@£E%g)? %IM?S&%{?{%%S %Ird egﬁlfegr)r%ﬁggreﬂag%%ﬂ I n one
enbodi nent ,foldkbanghavtroreubitenl vabem d shtigned tebapeitoegroap 4t werci ve dose of a
m R-145 | “%Qﬁe‘ar SR04 e .?Wbi%l’fo%&e'd%y%g?e@ ﬁP osERSd ! - For 1 nstance,

t he pharnaceu Fcal gorrpoa i on conprises-an eftectlve dose of a nodified
ant i sense of*pgboiseFEg0de] tRCTRtdrsiperinRicdgdbuas iddisaed. bed herein. In sone
enbodi nents, the pharmaceutical conposition conprises a nodified antisense
ol i gonucl eoti de having a sequence sel ected fromthe group consisting of SEQ
IDNO 7, SEQIDNGO 8 SEQIDNO 9, SEQID NGO 10, SEQID NGO 11, and. In
one enbodi nent, the pharnmaceutical corgosition conprises an effective dose
of a synthetic antisense oligonucleotide, such as an antim R having the
sequence of SEQ ID NO 13. In one enbodi nent, the pharnmaceuti cal
conposition conprises an effective dose of an antim R having SEQ ID NO 13,
that is fully phosphorothiolated. In yet another enbodi nent, the
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[0060] Sterile injectable solutions may be prepared by incorporating the
active conpounds in an appropriate anmount into a solvent along with any

ot her i ngvednemiss13¢f or exanpl e as enunerated above) as ®esigBadi2/sodiBowed by
filtered sterilization. CGenerally, dispersions are prepared by
incorporating the various sterilized active ingredients into a sterile

vehi cl e which contains the basic dispersion nediumand the desired ot her

i ngredi ent 40038) g“lgura$9 mmanmﬁa:&mdssahnuw ahmBmzmmRS%DémhdeeRNAV\der s for

t he preparation of ons t he ref err met hods of
preparati on"¥ ﬁéﬁra(faeéi t?ﬁﬁ’?tﬁg (bﬁa‘ﬁt r eDHRR oY gl‘?ﬁﬁeﬁfﬁgg "which yield
a powder ofmiRhEi5agpicyston BYYNAGAHRIR, (whkreviy sampleaed iahdlpidlin Gpsitdteshd ngr edi ent
froma previously steri I e-filtered solytion thereof. In enbodi nment s,
sterile poWERsVEEMOHR &B%W@%r@reéareaﬁeﬁéﬁfqlawgo if ﬁféangw@@ﬂ* ARy wi t hout
reconstit utjapR ofmaﬁlgitledi WS dontloPEroB B¥BH-0.001NE QUGHH1 3imp1agUdnkil(BS-ar) or

i nhal ati on device. [0061] The conpositions of the present invention

general |y rmgythegss biogr ‘rﬁﬁlfétﬂé’d hwd et p aivzer RskfStlogugpation in the lung of

Phar maceut 'tﬁaédh% RS PRl o8 tdrd ﬂ%ﬁx‘rdﬁ'&i&i af b S¥RAR)i® an 3k thiRddktion salts
(formed with the free am no groups of the protein) derived frominorganic
aci ds (e. g.or stiydbloohibors eewirivphogphbei @M@h@s?n uc-mtlﬁ rs\@srdmogfahndmam ds
(e.g., acet Jtar s~formed with
et e Ca%%;g%)zey Xﬁé», ing a% @&t h&mi{s%?g&nljygmﬁé m J&Jﬁ%& mu§% r%m " nor gani ¢
bases (e.qg. aﬁti&@mdun%dpm as}sml,lﬁunagam mazgmfc‘ixahm lsmic. ‘mrs#éﬁ pitc hydr oxi des) or
fromorgani c bases (e.g., isopropylamne, trinethylamne, histidine,

procai ne and the like). [0062] Upon formulation, solutions are preferably
admi ni st er GEETAHEUHBBS@RIP(HIDN&IH ‘PHE INNENH(DN dosage fornulation and in such
anount as i s therapeutically effective. f or mul at,j ons sily be

adni ni st er 4@04%‘%& @ﬁqnétrvef&%nd%%ai %%e CHPESINE H] SERERHRE B ut T ons,

drug rel easias¢aRsddlodsind Uiktio&La bmtital ®lcSin t@uévélb@néﬂt kEpulf@harpar ent er al

adm ni stration in an aqueous sol ution, for exanple, the solution generally

i s suitabl yistflhepagnaer(RAD- |ThamvantaIS|1@whowwlmt nfRride iseeenitisndni ¢ f or
exanpl e wi tj r%éﬂlitb&in%ke BabipaRseqb BbHE AFFoxiHEIhAQHEPHS, SOl Utions may be
used, for exanple, for 1ntravenous, iIntfanuscular, subcutaneous,
intraarter |péwrmaa®|1dglp¢itlmlalp@®m @hplé%al%az@lmomcﬁm ageinstthe Pevsfopmant of, PAd erl | e
agueous ne r - :

particul ar ﬁ%l/ﬂ}l% Fﬁ gﬁt Itlg%ﬁltgf'igﬁepllpzesnlédr%? y%o %%%?Z)f&% a Mltu er\fmlr‘ﬂpsust rati on, a
si ngl e dosemiRaldShe hoigsisoley adl iiscrlat&d pdlmoﬁarysnerminoothlan@ﬂsclsotlutl on and eit her

addedtol |st or. |n t he proposed site
i nf usi O?@R%]@C‘SS) X%E% ?rtisﬁvétﬁ ﬁﬁc@g t'1 " Sci ences” 15t h
Ed| tion, p&gﬁ@arﬂ:ﬂ)%eoilﬁalg Tal;tmé, tﬁéﬁr@seilBﬁOénnoﬁ@mldeafmlan|45) Bs 4 ficvdlasgge Wil |
necessari | Y gcur depend gqr}ﬁ t qg condition of the subject being treated.
The per son PEEHEREIH néerf’?ﬂ“ BT St ration will, in any event, determine the
appropri at goeh2s en 6 enttd@inkdnel ithdl Hekaht i66ALEE broviMBs £LA¥@bd of @atifk BRN
adm ni stration, preparations should neet sterility, pyrogenicity, general
saf ety and DBRHCRHRE MIBGRIEY gcHensioagRATtiadrr i PATHAN op il e IgreeBihsiadi cs
standards. ,APRdhe AdmiaRRtikek tﬁggﬁ)?écmhhi@ftortch%nﬁrﬁ%%%reésfb‘ﬁ%ﬁ)o?n an
i nhibitor of MR E%L45 is used in conmbination with other therapeutic
modal i ti es,actiaty. iPhbrennehypetitneion agielit sherpmensny iaricpiHhe Brasml es of
conbi nati o i I may be
achi eved w%t% acrlga?{r?g%cel Hggélﬁg(ggfﬁiﬂ%rgg grca%ﬁgra?ré%g (Is)glfglca %lrrér%u%%??%n t hat
i ncl udes b@tlhanagiawt>$ Joad pn wietrhght wmtrdnlfsdzaiusﬁststr@tonpda heryneisde afdorarrul at i ons, at
the sane ti re e $9IP9 i des 45 inhi.bitor and
one nore otlggirtoghaﬂ S F n?l f/%lgh hﬁ({% {)L{are s nmltgaB ]hormﬁ fﬁS i nhi bi tor
may precedéreh, ﬁmﬂldltvalalérwmsmlgahd e\renmfalljz kwallmthest fm@m ci[lsz)mdayoﬂ nterval s
rangi ng fr?fmmnu E 1tlo weeks. In enbg B)ts wher e th(8 t her, . agent and
m R- 145 i nHiBit&Pedy SMSHYFTSEY o5 8 Gr HYEIM 1f PR EErics (BHeNBEii® yener al I y
ensure t hatandasdogithf bigighto P iskid 204 lipd, bR Aeidg Polbe €XRbit falpitiveen the time of
each delivery, such that the agent and the m R-145 inhihitor would still be
able to exdrtcahlyaeReanmeseeiils sforstn pyaRons FSdmprayRd pimipgted. of n such
i nstances, delelbfin&®6f BAR@kadichnata safyec ot thotitph BAHIf¥1&HERE act the cel |
with both nodalities wthin about 12-24 hours of each other, w thin about
6- 12 hours of each other, or with a delay tine of only about 12 hours. In
sonme situations, it may be desirabl e to extend the tinme period for
treatnment significantly, however, where several days (2, 3, 4, 5 6 or 7)
to several weeks (1, 2, 3, 4, 5, 6, 7 or 8) |apse between the respective
adm ni strations. [0064] In one enbodi ment, nore than one adm nistration of
the m R-145 inhibitor or the other agent(s) will be desired. In thls
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quinapril, Rampril, imdapril, perindopril, erbumne, and trandol april.

ACE receptor bl ockers may al so be used in place of or as well as ACE

i nhi bi t orwp 2arxis8tsese i ncl ude, but are not limted to, [POTAHR2812/051018

i rbesartan, candesartan, cilexetil, and valsartan. [0072] Ni cotine receptor

agonists, e.g., nicotine (S-3-(1-nmethyl-2- pyrrolidinyppyridine) and ot her

conpounds that substantially specifically bind a nicotine receptor and

provi de a pldminiecabogi tbhamikflf#gahitd@nasadospated tas adjdchnag osbivivgt i on with a

m R-145 inhibjtor for treatin reventi r preventing.PAH Nicotine

Fecept or agBAMsRt lanemhpaceindi b g st PSS BeuNaL PRIt ng.  but

not lim tﬁis fe@uceaff@l!dwiﬁg)zli(ﬁﬁﬂﬂs@iaiignlﬁﬁmdém?ﬁti@gﬁhibiﬂﬁpti Flgas, and(t he Iike, fsgcg

as naturally-occurring ant al kal oi ds), endogenoqus | i gands .g., purifie
; b e oo heas il o

from a nat UP%3I EoR ROWREFRIPYN HROERICETCa 5 W riichaet rther
i ncl udi ng dgychMat in¥B8e, B0CarY A6t AN t@fidiSpiehlc PRGBSy bd BRANASPAHAN
synthetically produced conpounds (e.g., small-nolecules, peptides, etc.).

The term " fnestPndry pulmepwy hyprstedris(canynsHarsinidedgicdtan yulaesdpt abl e

der i vative ook aoldr panofkis HatiR, Ml ERzcnfiiHehi i-RBANIRARE ber apeuti c
properties simlar to ni Eot| ne: Such derivatives, netabolites, and

deri vat i vederstlitergtfierbwlof PAE lave béandinked to mutetions in cedtpid gemms| Kdanstdnae, are not
necessari | ynbhj [0 , el 0 Lk i rpicotine,. nicotine

N ot do. ot TRt Sy B bR RS AR AR RRELTBL LIS a0

phar maceut itoa¢ ingrphogapti@ipbeirs@MB) tyfre? woéptor[(BOIPR2) AMoir&} drd5, 2G0H).bi t or can
al so be us wi.th one or.nore agents that increase nitric.pxide for
treating, prevéhtihg® ‘?OdBPf‘é\}SeH{ei%Hﬁe%A%&%ﬁé ‘T”ggtigfne fisr?fctg%xi de pronoting
agent s i nclinsd@tiorigtat Askefonddvelopii P t1a onSembddins@phobwbjdct @g ae, sodi um

ni troprusside, N-ethyl-2-(1-ethyl-2-hydroxy-2nitrosohydrazino) ethanam ne
(NOC 12), M aﬂl%ﬁggas‘ﬁﬁﬁ‘gtb?%‘dﬂ&qgﬁﬁe Coglf“gif‘?r@l%& e may al so be nodul at ed
by cyt oki n30034$Wéhlsélﬁle)/e‘hilﬁlﬁeet&fr@f‘@ﬂ'ecﬁ?"éFB[SatiBﬁCE&‘&is_550zfrﬁz%ﬂébratlsb 1, IL-2 and
endotoxin due to their effect on t"he enzynme, nitric_oxide synthase. The

i nduci bl e fiRfvdies Wby imiidee umapsrd ofse aripgtor (rokah arngaes ardrther
constituti \ﬁﬁesf R PRE Eetis) DA %ﬁl%ﬁ%ég., BMIE YRR RES godiMaddRALeduct ase

i nhi bitors have been found to upregul'até endothelial “cel | NOS activity, as
descri bed spmgsts mapamals Nog., @8 47 g0, labdraieryeninggls (egnyodehtstsheh 4sor ms  of

nitric oxi . - b e I . clive fragnent
derived t hglr?ltg,%%%%ﬁ%%gmgg%ég%@hg (k)ﬂﬁi{%dhgjcat%ﬁ}e%)t? ’ ‘évg %?‘%{%%ﬁéegglrt?gb%f% Agents with
an anti - anghogeni wriefs ecitotlza galihseousdinds eldckshgeomnbndtt libe). I somea m R- 145

inhibitor for treafi reventing .or eventi.n AH. These include, but
are not 11 PRl fesuR o in O e al e &t  n:

endost at i n;huaadl. anti - angiogenic anti-thronbin Il11; and the Iike, and
further in unctiopal ly. active variantg . and. derivatives thereof. O her
bt § - angi od S B Prtrdiad St PG e RET ST B PORR of eases. 6. 0.
am f ost i ne,miRet0BRioss¥as | @R IAInan RhioMoREEE fitMiRat4b ABWIRIYRSWRIch Sphi ngosi ne
and the |like. [0075] Agonists of the TG--f3 receptor are also of interest.
TGF- 13 receptoro hapdogy taserhiafliss arg cqrsensaiitediep & singlettiapsctiped hepreTar- | 3.

Li gands i nchigden $fenled for MR- 105 78 b ESs@Nfto RinBF s &Rk A% aﬁ&&!st‘éﬁ(lig.er! vatives
thereof. [0076] Other agents of interest for use Wth a m R-145 inhibitor

i ncl ude deaninoesrEtrer doeprigreqiangatidsocewshd Epmaheotbarpo ehths steuslgen | y

pol ypeptid A i,nd.to i rs
Comor | 51 ng SR FigaenIRN AteRCb R IRERIc AR, Siblre WAL SAGERREL S | by
bi ndi ng so naeis¢ srarhumagingRall45faor giegpdptaysi s to the cell. The intracellul ar
protein interactions triggered by these receptors can be attributed to
bi nding interactions of the death donmain, which is honol ogous to an

appr oxi mat elymaBtnanic MORaG5 SBOMRINO:Ngar the C-term nus of TNF-RL, and is

responsi bl e,f I I toxi city. ,The TNF receptor death domain

fam |y inc%u‘éﬂéc%éwg{;%&%w (wsl/ Apo- 3/ DR-3), TRAIL-RL (DR-4)
and TRAIL-R2 (DR-5, TRICK2, KILLER). Death donmain |igands include proteins
that regulate cellular proliferation and differentiation by binding to
speci fic dditmrndifal 4™ (REQPPNE 2 These 1igands include the TNF fanily,
e.g., TNF, ymphotexuscORROAdigandeu41l BB Iigand, CD40 |igand, CD27

| i gand, and TRAIL (TNF-rel ated apoptosi s-inducing |igand), and honol ogs and
anal ogs thereof [0077] Anal ogues of rapamycin, such as tacrolims (FK-506),
sirolimus and everolinus, normally use@ as i nmmunosuppressants but recently
di scovered to also inhibit the proliferation of vascular snpboth nuscle
cells, may al so be used in conbination with a m R-145 inhibitor. Antisense
knockdown of c-nmyc, a protein critical for progression of cell replication,
is another approach to inhibit cell proliferation in the artery wall, and
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EXAMPLES Exanple 1. Primary Culture of human Pul nonary Artery Snooth Miscle
Cells (PASMCs). [0081] PASMCs were explanted from peripheral arteries as
previ ouslwoaderxisstsed (Yang et al., 2005). Snooth nuscl epcEldB2biziEso18er e
obtained from4 patients with PAH known to harbor a nmutation in BMPR2.
These included: 1 patient with a nutation in the kinase domain of BMPR2 in
which arginine is substituted for cysteine at position 347 (C347R); 1
patient with a mssense nutation in the cytoplasmc tail of BWPR2, | eading
to a senile,in plac ine at position 903 (N903S); 1 patient with
a truncatiﬁﬂ’%ﬁ‘té?f]g%q ?Wﬁg%ﬁ?b position 9 (WX) and 1 patient with a
truncati ng st ati on at am no acid position 899 (R899X). Three further PASMC
preparations were obtained from unaffected subjects. Cells were cultured as
previ ousl y {SCYPEUE (WahGOEU ACUYBESCCASGABUL B URNAALGGURABon from
frozen lunggy PASMCs and reverse transcription [0082] Total RNA from
tissues and cells was obtained using the m RNeasy kit (Q agen, Hilden,

Ger nany) f SFPGUARY GHECHAAFEEEUE J A BOLEA Y ‘)F(IQU[H eated with the DNAse
1 (anplification grade; Sigma, St. Louis, MO, USA) in order to elimnate
genom ¢ DNA contam nation and quantified using a NanoDrop ND- 1000
SpectrophotM@r@@mU{rmﬂblﬂffﬁEq&N@pogi es W | mi ngt on, DE, USA). cDNA for
m RNA anal ySi t.al RNA using stem | oop reverse
transcri pt |%r@%¢¢%em¢ A@ﬁﬁ@{?@ aql\/an M RNA Assay protocol (Applied
Bi osystens, Foster City, CA USA) Each reaction contai ned 50 ng of
extracted total m.| ooped RT priner, 1 x RT buffer, 0.25 nM
each of dN'Pg% Se?%“ﬁ?&%&?séil be reverse transcriptase and 0.25 Un
RNase i nhi mmchUeGmAMJAcemmwccms(}v@ere incubated in a 96-well plate for
30 mnutes at 16C, 30 mnutes at 42C, 5 mnutes at 85C and the n held at
4C. Total cDNA for prem RNA anal ysis was obtained fromtotal RNA using the
Super Scri ptMblse Bﬂ,\/@ﬂ(smsT(rs@QsIgNQt%se (I'nvitrogen, Paisley, UK). Each
reaction contal ned 1 ng of total RNA, 1 x SuperScript Il buffer, 10 U nml
Super Scri pt 1] RT, 0.15 ng/ M of random hexaner priners (Invitrogen,

Pai sl ey, U*@UCAC@G’@C@Gﬁb‘@%ddKG@M@Cd&ﬁ@GGQ@G@@&A@%@JG(Y&GAUSA) and
0.25 nmM each of dNTPs. Cycling conditions were the followi ng: 10 m nutes at
25C, 30 mi MfEd at 48C, 5 m nutes at 95C. cDNA was stored at -20C. GAPDH
was sel ect g 39\ gene due to its stability across all in vivo
gr oups. Exarrpl e extractl on from paraffin-enmbedded human | ungs.
[0083] Formalin fixed paraffin wax enbedded ti ssues bl ocks wer e obt ai ned

fromthe P undat i on Ti ssue Bank adhering to
LRec o 0 rhe Midks SRR - rhe i iR E & B bRt or mea and
consenti ng qaai}irtbam&ldmﬂﬁd gquérged sranspbaatiat sfake alo (Para\mrcte{m aclspital for end

st age pul nmonar ns Ti s obt ai. ped fro r

Soadrt one PREtsing Rh HBARRRid BT EoRar e A bR IR a2 ( nms).
and control@cl@ﬁa@)dcoﬁi@ﬂglﬁ@h@&@@pﬂie%agle@éesae@ﬁy@iHeaéﬁewllfmmal obes of |ung
clear of tupour_ from patients undergol ng pneunonectony for Iung car ci noma
and reporté%lvrmﬁ@é Wﬂﬂaﬁﬁwftb%/u%ﬁl bal%f%&pl%% seqppieeREKGEIdmeIbagofal  RNA

| sol ation 1&;06 AfdinchdsE &l RNA Querfedfada) was used to extract total RNA
(1 ncluding rom For mal i n- Fi xed, Paraffin-Enbedded FFPE) sanpl es.
Three 10 m{{l@ﬁﬁ] é@@blm‘ré Ry PRSI Q()?F'@ﬁ’é’ spiypblSforrbyeun exetheds sty washed
twice with nutes, then
for 15 m nﬁ%e@ﬁ%?ng%@?ﬂ*ﬁégﬂ? g&t 3%\%@65%sgﬁﬁ?%?%nﬁée%nfbggyln#grgpcartr| dge and
DNAse di gespederst ﬂenerRMﬁemmlmdnm, e inhibit80ofimhiReT45RNAs entiserse wat er and

quantified usin 1000 ectr.o arrpl e 4. Taghan
QUK Anar yURLBEbE RE AR R oo tRE BRI R R 0P oot hoh

(g- PCR), lQieﬁiyribeﬁm:ﬂdoﬁﬁ& onalcembinetidnath &tofi PreferadB0 thwedntisedpd | cal pl ate at 95C
for 10 m nu 4OCcIesof 95C or 15 se and 60C for 1
ronut e, MrodtiEbtnclfie® M fhside B g Spodigrngrnle i 3T BRI o0 and hunmn
m RNAs res PR fi a861). PétdndtmcEARIRINIS Hitisdis € oliddRudiéhidex@hes sh@prisedlae f ol d
change for every m RNA expression was obtained using the 2-D D G et hod

(1, 2). Theéngopegs ‘refpfomtinnliyrrpstipgicd” piicyche %%%WCEQ@@@ and results are
presented agdif@HFRIBSNG HRANGRFE cREnOEd RERARIBS 1o LORASes F@neal | the g- PCR
experiments val ues are expressed as fold change or nean standard
deviation. Al data were anal yzed using a tw-way ANOVA fol | owed by
Bonferroni's post-hoc test, one-way ANOVA fol |l owed by Bonferroni's post-hoc
test or unpaired t-test as appropriate, as described in figure |egend.
*p<0. 05, **p<0.005, ***p<0.001.



[ 0086] Exanple 5. Mcroarray analysis of wld-type (w) and m R- 145

-1 -pul nonary arteries. [0087] Main branch pul nonary arteries were dissected
from6 mwe:2brmssBach group at 10 weeks of age and st or edTiGREEXMDSHI18- BOC
prior to RNA isolation. RNA quantity and quality were assessed by NanoDropO
Spectrophotometer (Therno Scientific, WImngton, DE, USA). RNA integrity
was assessed with the Agilent 2100 bi oanal yser using the RNA 6000 Nano Kit
(Sant a C arbatwe@Ajhe olilgenuclcbtidd ¢cvataimonaB FX epd RdA camplembntegtrionRNA  ( Arbi on)

was used t enerate bhiotinylated, .anplified RNA from 500. ng i nput RNA
For hybri ci RGNt ok T 1t koA S A GBS Car | sbad.
Cal i f or ni a)conthinent |astiont NAcEd WS EVIGa61dV2LECkEX PickSS hdds (DBRAAT bdnpsn Wer e

hybri di zed fal | ow n%ht he manufacturers protocol, scanned with the Illum na

BeadArray RedHérCanehyleatdibonrdeastdesuiaraahBRE S ik 1H9se depar st Wer si on

1.1.1). Forip fHpbRdaksdymdba 18R NG ctbafiched@ ticdatiicAth ol gbAM dotigesnor nal i sed
and background subtracted intensi t%&j‘val ues were exported from GenoneSt udi 00
G

sof t war e f sPnigitahloastenedsing-tikged irpopyelrside (CRANAeHuctrkBhr oduct

stati sticalg.anal yskSpaas Noas AoLSkel w ieﬁ&ﬁgbw)% WO MBdiEingar ri ed out
bet ween the 4 groups. Probes with a fal Se discovery rate | ess than 0.05

wer e consi déragbtyilghei ¥eln?:.113ad hih betb o€ whicp restsram ingstpaspted b&ppl i ed

Bi osyst ens, er Q. . r r t validation on cDNA
derived fr or?ne%ﬁ%e %ﬁl%é%ér{rlf)lfegég ulgg@) Tor efﬁ}é't?o%ﬂgérng’aﬂrlér %{;19%3218 per group).
Exanpl e 6. dNgoduskopniddicottaiAnaleys ose OOIE8] niaddoaide RNAngvhs siswypae slicrch on a 15%

TBE- Urea gel (Invitrogen,. Paisle UK),, transfer t o an _uncharged nyl on
roror ane, b BEIEARK ER R PRfie ke RO S Bl seh stk U “bsi ng. o
trans- bl ot cs@binadsng o$ BSNGINABICDNA6h d A HkH o0 bihesSmodigekhucketist #dd, UK), and
WV cross-1linpked. Pre-hybridization was carried out at 55C for 30 m nutes
with hybridi alfql??ﬂd%%ﬁrfde?w%m%eﬂﬁi%n?wawre&r Rl hsxEepE  5X Denhardt s
sol ution, %11%8@@13&@@@@&1@%110@5 ReaprigdenahibiRboNer TNAGng PRAM DNA) . Then 25
pmol of m R-145 or U6 m RCURY LNATM Det ecti on probe, 5'-Di goxigenin

(DI G - | abel"ggleptidgs.qon, Denmark), were added over night at the sane

(i nvi t rogen, X | 1 oved by f iwute wash with the high
stringency wash ggtution [invitrogen,  Pe UK). After that, the

menbr ane was bl oc é@-—t_mg 30 minutes if bl ocki nd sol ution (1% Bl ocki ng
reagent in maleic acid) and incubated for 3% mnutes with an anti-DI G

anti body (Roche Applied Science, Indianapolis, IN, USA) 1:5000 at room
tenperature. The CDPASt ar Cheni | uni nescent bstrate (Sigma-Aldrich, Poole,
UK) was used to detect the presence of the m RNA of interest on the
menbrane. m RNA,quantification was perforned with the Scion | mage software:
band intensities ofsthe m RNA of interest were established and nornalized
to the relative U@ sﬁmﬁél . Exanpl e 7. I mmunohi stochem stry [0089] Human and
mouse | ungs were-fixed in 4% par af or mal dehyde sol ution at 40C for 18 hours
and enbedded in pé’&r“a‘:fffi n. After deparaffinization with graded
concentrations of“xylene and ethanol, slides were inmersed in 3% H202 in
phosphate buffered saline (PBS) for 30 mnutes at roomtenperature to bl ock
endogenous peroxi daGe activity. Then, they were incubated with 20% nor nal

goat serum m nutes, to .reduce nonspecific background st aining The
Jocti ons b Al RSBl in s tio RS Ren samp et Py Sl not
g- smoot h mugidk Fpga&s;)j sm(neBlgedmmn thgggﬁeibé&d blx&l@bne\%ﬂﬁﬂihgm a hil@ar-pilldméﬁa% (W v)

ovi ne serum al buni A) in or isotype nmatche use, | gG noni mmune
cont r ol (Dgaeesbom-&%ﬂw%é,wwrplgéﬁltqd&ﬁ%érwe{i%cw%ﬁtqt EHUBREBE Wit h
appropri at &]iRbRlcicBMdAde8lsS mPbtYd. #0F Inbaslé, §bakBemidhiGho MY ERiaREhatUK)
diluted 1:200 in 1% (wWv) BSA in PBS, and t hen hor ser adi sh
per oxi dase-thapébeye phgonydpeiidasean(captigirancisie, bytgig rot ligpred (9smy2agi | ut ed 1: 400
in 1% (W V), BFA atibhsP i Z2ed_LiSi iraninobenzi di ne
and the nucl ei 1\f\llltel{r;hes’ g%ﬂ%%?ds)?g{}%g?\% phﬁ%gl’e?' g ﬁ%ﬁ?@%@’l?r@m&]aml e 8. In
si tu hybri ding 4t henmédficaiens endbhckbaRimddgecatipnsasichas 0jed@98Ye For t he
detection of m R-145 in nouse and human | ung, sections were rehydrogated
wi th histoclear nd graded concentrations of ethanol. Slides were then
boiled for 10 mnutes within 10 mMsodiumcitrate pH 6.0, cooled to room
tenperature (RT), incubated with 10 mgzm proteinase K at 37C for 15
mnutes and finally fixed in 4% PFA for 10 mnutes at roomtenperature in
order to allow antigen retrieval. Followi ng antigen retrieval, slides were
i ncubated with hybridisation buffer (50% formam de, 4X SSC, 2.5X Denhadrt's
solution, 2.5 ng/m salnon DNA, 0.6 ng/m yeast tRNA, 0.025% SDS and 0. 1%

~NNr~ B o ~N~




Exanpl e 10. Elimnation of m R-145 expression protects against the

devel opnent of pul nonary arterial hypertension in mce. [0092] To eval uate
whet her mMvB-20%1598S expressed in lung tissue, in situ hyomighzatisonswas
performed on lung tissue sections of wild-type (wm) mce, as described
above. Positive staining for m R 145 was observed within the snooth mnuscle
| ayer of vessels and bronchi in the lungs of the mce (Figure 2A). To

eval uat e whpabdphorofidtd 4brghopine s iphssph@mcabdatadlitapesigeer s pamgde,t 0 i nj ury,

t he expressi f R S d pby.quantitative in the total
ung and- s AeSrdie Somarit TS BRTRRA Bl Bt ARy Ry P ray s
and this exptesehOrtivasInceRipiacetoditheiisCle axBOSE dlifdutlestimRxbmpaasdi tions.
Pypoxi a botth! PRSP ightr e e, B PRl TERGURETSE, G, reapect|vely)
M R- 143 | e\l SnleR6B8IR !t PotthB mAALI43 8 ktaih P OLH @hy3 bugaf Rl ¥Rhtfon9 bn BAR 145
expression in the brain, kidney and spleen of the sane aninals did not
reveal any bayemdgin lipkpd By plrspiarethioptc Ikepss. Antienpa sligapuelsgiidsssed in snoot h
nuscl e cel 'p%rtlcﬂlahi?%oké’&%h%er%%ﬁlsw%, leSs B [ £ iéle%%i@él? L LRPAYGR 0 hypoxia
selectively in the lung. In isclated human distal pul nonary arterial SMC,
changes i n orinRerelafEnigyt crdgpcizgodifbatiornp owiliras, tub nohymuscd 4o, keNAs, hisyclget ect ed,

compar Lmon LR PEORbE 2 0 PPk LEEM A o o

m R- 145 on enthedidevs| oyiatdntntoGtnseAlgams]cetidek amt 22 @) -mithRx yodlfy] Kgepokolit m ce have

previously heen descr.,i bed .(Xi t al.. (2009 nes Ve, L. 23:

D 6 9178 I Toh iAo e o St e S - ¢ ype
ﬁont rol sf ( s&iﬂladtrélba%&B&&i&rm&raﬁge&nw&e&ate@mﬁ@e)gamére" zﬁ%b@?ﬁl@ of 0 Chcrj oni ¢ .
ypoxi a for 14 days or_nami ntained in nornoxic cqonditions assessed at 1
weeks of adeggep@@ﬁﬁasﬁ&ﬁre%@%fﬁ@w ﬁéteihfglsg}%@?&g{ﬁwtaﬁ@ 45 -/-) nice and

control agendficahesh dfiahii RAEENBSNIORDBIRXP ST RACCtsbANY BIY iEnphARRRARCRI
nmai ntai ned in nornoxi c conditions for 14 dags and eval uated for the

devel opmentsugtasphgse describedigdicd: Rytenaitje. 6,328 whielhis hesgieinperaeieied by i ght
systolic Vepkfh&iihdlk RieSSHE RndwiMRhe NosdRASHERY forhisMGRe HRABHs rSOf | urane
(1.5%in 02) anaesthesia“via a needle advanced into the right ventricle

t r ans- di aphhagrention.dior ynstagys tasfatibitate inepp deliypresnsiptabilt SAR) anfisense ecor ded vi a
a cannul a p}. 0t i S i . de | (Keegan et

al ., 2001) %h%&g%%eo@%en%rﬁibg gfﬂg%d tﬁﬁg%%ﬁé’%%ﬂ‘yas?@%&y\gé&a f%?l{rﬁlﬁggl as ratio of
t he right \fettyacid alcabohyalkdte ¢ cowde,ghteptide, bhahdremiall werddcniedigengdtuts sept um
(LV + 9) V\B_,'Ihglfg . Lung sections were stained with Elastic-Van G eson (EVG
stain and t ercent age of renodel ed vessel s assessed in a blinded fashion
as previ ougD39 @sdernlie ant(skee @hporaiclcatides uPdl ¥pr inAibRing tHeaicti@s, ofer e consi der ed
muscul ari zed._i f, they possessed _a di stjnct double-el astic m na visible for
T Teaet RaMRNAGbeRes Brop SoauCbaklen gt abSudb Ramts G cor or oup wer e
anal yzed f afcl6iied el lemdh, oPRBSUOZ) fRdbBhiy2 5kR0lcatidee i BEgth Bdea@aN | ung section
wer e assessed. [0095] The absence of m R-‘145,exzﬁ)ressi on in the knockout

ani mal s useEMPAMAE. Aigenye Aigonedertidenitectie Bifaht traebaus 8 poropylicr) and in
situ hybri djyzRbdR0 i IEh@Bo®)12 tShRGE 1M RIARes i I EANSol! REE abbuti1ls

pri-m RNA formclustered with m R-143, the expression of mR-143 was al so
anal yzed i muglcotiles {plengiihdr Rbré kbiptabawi Ivatusleotiase in Isegth. Aoy foxdrer and hypoxi c
condi ti ons i were not substantially altered in
15 E O IEERAY (I fR-1 . _ y .
the | ung foﬁE Swwggieﬁc%ﬁ aﬁg%ln}?%efelllsr%r?l?- 145 and in response to hypoxic
insult. Q RORONat wstaisceoin ont RnbadBmentpthe sigtisomse iohigdNA cetidertas b ecljufmcem t he

total lung Qf.,wdd=< 1 R- <) = g, ] difference in
response tg?ﬁyg()d%}‘%@ &%W@{%é%ﬁ? &@T@Wﬂyc@nﬁnﬂt&f’% (Figure 7).
Thus, any chiod@sni, thetahdsod @@ gopinsdiotidohasBAktucAca @Sponse to hypoxia in

m R-145 -/ - peci fi g & h ive loss of m R 145  [0096] Next,

t he devel oﬁéﬁ&@%@ﬁ%ﬁ%@@gbﬁé %I @i@%‘e-rf’mg] g quantified. In
wi | d-type ninG&nscolBogibldotigaRds aa8gheBXAETS iGN 2R8€UGE ALY $t GEQUDRVP and RVH
was observed (Figure 8A, B). In contrast, m R-145 -/- animals_displayed no
i ncrease i MQyRtIganetheagmberingpt thepngisgnge eigonpgleotidey hasaeedyengt 9£ 5t her e was no
di fference goaRaselUdGABYB (9D ¢D RE? 107, 1RV HeiHeeSRbIMih&he lPHiRALe M R- 145
-/- mce (Figure 8A, B). The neasurenents are as noted in Tables 1 and 2:
[0097] Table 1. Ventricle weight in WI and m R- 145 -/- mce. Goup RV (ng)
LV+S (nmg) RV/ LV+2 WI' Nor noxi ¢ 13



22.06 1.13 85.12 + 1.24 0.26 + 0.015 WI Hypoxic 25.71 1 0.84 73.69 1 1.77
0.35 1 0.012*** m R-143 -/- Nornobxic 18.60 1 1.25 69.74 1 3.08 0.27 1 0.014
m R- 145 -weo 2bigpiexizs 19. 21 0. 85 PCT/GB2012/051018

oligonucleotide has a sequence of 5~ AAAACUGGAC-3’ (SEQ ID NO: 11). In still
another embodiment, the antisense oligonucleotide has a sequence of 5°-
AACUGGAC-3’ (SEQ ID NO: 12). Antisense oligonucleotides can comprise a
sequence that is at least partially complementary to a mature or minor (i.e. star) miR-
145 sequence, e.g. at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% complementary to a mature or minor (Z.e. star) miR-145 sequence (e.g., SEQ ID
NO: 1 or SEQ ID NO: 2). In some embodiments, the antisense oligonucleotide can be
substantially complementary to a mature or minor miR-145 sequence, that is at least
about 90 %, 95%, 96%, 97%, 98%, or 99% complementary to a target polynucleotide
sequence. In one embodiment, the antisense oligonucleotide comprises a sequence
that is 100% complementary to a mature or minor miR-145 sequence. In certain
embodiments, the antisense oligonucleotide is at least partially complementary to
SEQ ID NO: 1. In other embodiments, the antisense oligonucleotide is at least
partially complementary to SEQ ID NO: 2.

[0041] The antisense can be an antimiR, an antisense oligonucieotide that is partially
or fully complementary to a miR. The antimiR can be complementary to the 5° end of
the miRNA and progressing across the full complementary sequence of the miRNA,
such as comprising or having a sequence of SEQ ID NOs: 7-12. The antimiR can
comprise a sequence that is at least partially complementary to a mature or minor (i.e.
star) miR-145 sequence, e.g. at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% complementary to a mature or minor (i.e. star) miR-145 sequence (e.g.,
SEQ ID NO: 1 or SEQ ID NO: 2). In some embodiments, the antimiR can be
substantially complementary to a mature or minor miR-145 sequence, that is at least
about 90 %, 95%, 96%, 97%, 98%, or 99% complementary to a target polynucleotide
sequence. In one embodiment, the a antimiR comprises a sequence that is 100%
complementary to a mature or minor miR-145 sequence. In certain embodiments, the
antimiR is at least partially complementary to SEQ ID NO: 1. In other embodiments,
the antimiR is at least partially complementary to SEQ ID NO: 2.

[0042] The antimiR can be about 5 to about 25 nucleotides in length, about 10 to
about 30 nucleotides in length, or about 20 to about 25 nucleotides in length. In
certain embodiments, an antiraiR targeting miR-145 is about § to about 18 nucleotides
in length, about 12 to about 16 nucleotides in length, about 10 to about 14 nucleotides
in length, or about 11 to about 15 nucleotides in length. In one embodiment, the

antimiR is about 16 nucleotides in length. The antimiR can be fully, partially, or not
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68.63 + 1.92 0.28 0.01411-1- R ght ventricle (RV) weight, left ventricle
pl us septum (LV+S) weight and RV/LV+S ratio. ***P<0.001 cf. W nornoxic
m ce; 11IwB<0120B3136f . WI' hypoxi c m ce; Data expressed a®CwrGB2012/(SHNMS

n=9-10. [0098] Table 2. Haenodynamics in WI and m R- 145 -/- mice,

nor Noxi ¢

and hypoxic. Paranmeter WI Nornoxi c WI' hypoxi ¢ KO Nor noxi ¢ KO Hypoxi ¢ sRVP,

mMHg 20.00 1 0.80

phosphorothiolated. In one embodiment, the antimiR is a LNA antimiR. In one
embodiment, the antimiR targets base 2-17 of mature miR-145. For example, the

antimiR can have the sequence of 5’-UCCUGGGAAAACUGGA-3’ (SEQ ID NO:

13). In one embodiment, the antimiR has the sequence of SEQ ID NO: 13 and is fully

phosphorothiclated. In yet another embodiment, the antimiR having the sequence of

SEQ ID NO: 13 is a LNA antimiR. The antimiR having the sequence of SEQ ID NO:

13 can be a mixture of LNA and DNA. In yet another embodiment, the antimiR
having the sequence of SEQ ID NO: 13 is a LNA antimiR that is fully
phosphorothiolated.

[0043] In some embodiments, the antisense oligonucleotides are antagomirs.
“Antagomirs” are single-stranded, chemically-modified ribonucleotides that are at
least partially complementary to a miR-145 sequence. Antagomirs may comprise one
or more modified nucleotides, such as 2’-O-methyl-sugar modifications. In some
embodiments, antagomirs comprise only modified nucleotides. Antagomirs can also
comprise on¢ or more phosphorothioate linkages resulting in a partial or full
phosphorothioate backbone. To facilitate in vivo delivery and stability, the antagomir
can be linked to a cholesterol or other moiety at its 3” end. Antagomirs suitable for

inhibiting miR-145 can be about 15 to about 50 nucleotides in length, about 18 to

about 30 nucleotides in length, about 20 to about 25 nucleotides in length, or about 10

to about 14 nucleotides in length. The antagomirs can be at least about 75%, 80%,
85%., 90%, 95%, 96%, 97%, 98%, or 99% complementary to a mature or minor miR-
145 sequence. In some embodiments, the antagomir may be substantially

complementary to a mature or minor miR-145 sequence, that is at least about 95%,

96%, 97%, 98%, or 99% complementary to a target polynucleotide sequence. In other

embodiments, the antagomirs are 100% complementary to a mature or minor miR-145

sequence.
[0044] The inhibitory nucleotide molecules described herein preferably target the
mature sequence of miR-145 (SEQ ID NO: 1). In one embodiment, the inhibitory

nucleotide molecules described herein target the minor (i.e. star) sequence of miR-145

(SEQ ID NO: 2). In some embodiments, inhibitors of miR-145 are antagomirs
comprising a sequence that is perfectly complementary to the mature or minor miR-
145 sequence. In one embodiment, an inhibitor of miR-145 is an antagomir having a
sequence that is partially or perfectly complementary to SEQ ID NO: 1. In another

embodiment, an inhibitor of miR-145 is an antagomir having a sequence that is

15



29.71 1 1.16*** 21.21 1 0.61 27.07 1 1.38111- SAP, mmHg 83.22 1 1.55 94.01
1 2.91 71.34 1 8. 14***
WO 2012/153135 PCT/GB2012/051018

partially or perfectly complementary to SEQ ID NO: 2. In some embodiments,
inhibitors of miR-145 are chemically-modified antisense oligonucleotides. In one
embodiment, an inhibitor of miR-145 is a chemically-modified antisense
oligonucleotide comprising a sequence substantially complementary to SEQ ID NO:
1. In another embodiment, an inhibitor of miR-145 is a chemically-modified
antisense oligonucleotide comprising a sequence substantially complementary to SEQ
ID NO: 2. As used herein “substantially complementary” refers to a sequence that is
at least about 95%, 96%, 97%, 98%, 99%, or 100% complementary to a target
polynucleotide sequence (e.g. mature, minor, or precursor miRNA sequence).

[0045] Antisense oligonucleotides or antagomirs may comprise a sequence that is
substantially complementary to a precursor miRNA sequence (pre-miRNA) or
primary miRNA sequence (pri-miRNA) for miR-145. In some embodiments, the
antisense oligonucleotide comprises a sequence that is substantially complementary to
a sequence located outside the stem-loop region of the pre-miR-145 sequence. In one
embodiment, an inhibitor of miR-145 function is an antisense oligonucleotide having
a sequence that is substantially complementary to a pre-miR-145 sequence (SEQ ID
NO: 3).

[0046] Any of the inhibitors of miR-145 described herein can be delivered to the
target cell (e.g. smooth muscle cell) by delivering to the cell an expression vector
encoding the miR-145 inhibitors. A "vector" is a composition of matter which can be
used to deliver a nucleic acid of interest to the interior of a cell. Numerous vectors are
known in the art including, but not limited to, linear polynucleotides, polynucleotides
associated with ionic or amphiphilic compounds, plasmids, and viruses. Thus, the
term "vector" includes an autonomously replicating plasmid or a virus. Examples of
viral vectors include, but are not limited to, adenoviral vectors, adeno-associated virus
vectors, retroviral vectors, and the like. An expression construct can be replicated in a
living cell, or it can be made synthetically. For purposes of this application, the terms

2% Le

“expression construct,” “expression vector,” and “vector,” are used interchangeably to
demonstrate the application of the invention in a general, illustrative sense, and are
not intended to limit the invention.

[0047] In one embodiment, an expression vector for expressing an inhibitor of miR-
145 comprises a promoter operably linked to a polynucleotide encoding an antisense
oligonucleotide, wherein the sequence of the expressed antisense oligonucleotide is

partially or perfectly complementary to a mature or minor sequence of miR-145 (e.g.,
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70.92 1 5.59*** Heart rate, bpm 329.42 8.92 329.18 12.66 325.88 6.67
342.08 14.78 Systolic right ventricular pressure(sRVP), system c systolic
arterial woeseursg13§ SAP) and heart rate neasurenents in ROTMABeDL2/ENS
chronically hypoxic female WI and m R145 -/- mce. ***P<0.001 cf. W
nornoxi ¢ mce; 1-1-1-P<0.001 cf. W hypoxic mce; Data expressed as nean +
SEM n=6- 10.

SEQ ID NO: 1 or SEQ ID NO: 2). The phrase "operably linked" or "under

transcriptional control” as used herein means that the promoter is in the correct
location and orientation in relation to a polynucleotide to control the initiation of
transcription by RNA polymerase and expression of the polynucleotide.

[0048] Asused herein, a "promoter” refers to a DNA sequence recognized by the
synthetic machinery of the cell, or introduced synthetic machinery, required to initiate
the specific transcription of a gene. Suitable promoters include, but are not limited to
RNA pol I, pol 11, pol III, and viral promoters (e.g. human cytomegalovirus (CMV)
immediate carly gene promoter, the SV40 carly promoter, and the Rous sarcoma virus
long terminal repeat). In one embodiment, the promoter is a tissue-specific promoter.
Of particular interest are vascular specific promoters, and more particularly, smooth
muscle specific promoters, such as alpha smooth muscle actin promoter. Other
suitable promoters include the myosin light chain-2 promoter (Franz er al. (1994)
Cardioscience, Vol. 5(4):235-43; Kelly et al. (1995) J. Cell Biol., Vol. 129(2):383-
396), the alpha actin promoter (Moss et al. (1996) Biol. Chem., Vol. 271(49):31688-
31694), the troponin 1 promoter (Bhavsar ez al. (1996) Genomics, Vol. 35(1):11-23);
the Na+/Ca2+ exchanger promoter (Barnes ef al. (1997) J. Biol. Chem., Vol.
272(17):11510-11517), the dystrophin promoter (Kimura et al. (1997) Dev. Growth
Differ., Vol. 39(3):257-265), the alpha7 integrin promoter (Ziober and Kramer (1996)
J. Bio. Chem., Vol. 271(37):22915-22), the brain natriuretic peptide promoter
(LaPointe et al. (1996) Hypertension, Vol. 27(3 Pt 2):715-22) and the alpha B-
crystallin/small heat shock protein promoter (Gopal-Srivastava (1995) J. Mol. Cell.
Biol., Vol. 15(12):7081-7090), alpha myosin heavy chain promoter (Y amauchi-
Takihara et al. (1989) Proc. Natl. Acad. Sci. USA, Vol. 86(10):3504-3508) and the
ANF promoter (LaPointe et al. (1988) J. Biol. Chem., Vol. 263(19):9075-9078).
[0049] In certain embodiments, the promoter operably linked to a polynucleotide
encoding a miR-145 inhibitor can be an inducible promoter. Inducible promoters are
known in the art and include, but are not limited to, tetracycline promoter,
metallothionein 1A promoter, heat shock promoter, steroid/thyroid hormone/retinoic
acid response elements, the adenovirus late promoter, and the inducible mouse
mammary tumor virus LTR.

[0050] Methods of delivering expression constructs and nucleic acids to cells are
known in the art and can include, for example, calcium phosphate co-precipitation,

electroporation, microinjection, DEAE-dextran, lipofection, transfection employing
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[ 0099] Hi stol ogical analysis showed the presence of pul nonary vascul ar
renodel ing in small pulnonary arteries (PAs) of wld-type animals foll ow ng
exposur e wWo 2bipis3iza but such renodel i ng was reduced in PomgB2oevoseEsed from
mR-145 -/- animals, a finding confirmed by quantitative scoring (Figure

8C, D). Therefore, genetic ablation of m R-145 protects m ce agai nst the
devel opnent of PAH in response to hypoxia. [00100] The nean SAP was | ower in
m R- 145 -/ -polyiaméneccmpfacted réagemanti edsqatias, gerplachi@ddramd udonksipst ent wit h

previ ously blished work (Elja et al., 2009:.Xin et al., 2009). Neither
Phe i -t yBEob Piiveriiziiey iid Sedlor-Bid @ Eniiidhed by exposure to- hypoxi a
(Fi gure 9A)[0681¢ The phin e sntivarato aieicy 8dthots foh scah@iidg or alegrifdHR-of the wt
or m R 145-/ - ,rngacie exposed to hypogi a %Fi gure 9B). [00101] The results of
this seried 4ot éRiger PHANNG TSHBIRt At MAIRY TUE CPEPIEE VISR BROMYIvel y in
the snoot h suisel Be @R 1146 KRB Ming tRslUTBSHih@ke fitd QBRI PreRaBHb] ected to
nor moxi ¢ or hypoxi c conditions. |n the hypoxic npuse nodel , m R145 |evels
are el evat €8N8 aofsareef thoscedrgian far mifd | trefbe peed spiantih 81 SoPOHPR- 145
prevents t %@a%mkosﬁsm Qe wifleH! RGHRRAor ARG Y3bghi®hn. Ih@nyascul ature
of MmR145 -/- mce eve;ﬁ ed a reduced response to hypoxia: when these mce
wer e exposeathbodintepisotke dinflog sitevmamwewitan a sygicrdeifonpthe dWiFR otiorng oot  show a
significant_ri i oW J-d- t ] Ao sd.pd dar o t was obtained for
right vent rﬁlggh?ag e?i%/f{gg;{twﬁgb%uﬁﬁQ?ﬁﬂgﬁgflfff‘%’ig,rgqpﬁ’e?{ngesﬁg%gt age of renodel ed
vessel s waqd0832¢ihé pesmt Inyentedudsedndluties piarkacokoditorapusitehs corspirisoggl y

suggesting a.protecti le for. mR 145 abl ation in PAH devel opnent. This
ot foct  ocodrBhRIoRs miCLIE e il rr i s SR arP IR 13 °t hus

confirm ng phhgnacEpiRilticdnpesitdns WilRbd ARpadd inhefotle ipropimior afc it&kded Thus, these
findi ngs suggest. that m R-145 qaé @e a viabl e therapeutic targﬁe{%for

desi gni ng tPRAEHRht SeB Y PRI VI 68110 DFRCHISOBTP oY long At pisj csseptialhy free1 45

predi cted tApg@LSns! 43 vidlslotRESRkitied MRatlbd/be haingRl © MRRAES ahPogont rol s.
[00103]In order to verify the effect of m | k-145 abl ati on on gene and

protei n expPESipanc wxhpdimmt. thorphprmcgeital eogmgation camirsap Y&rPi¥at ed in the
literature fte &AGHR.{4558hibEAEd I 3R R5AE RNEcPt® Ak G0t flstafi, al gori t his

and selected for their potential involvenent in PAH were analyzed by qg-PCR
in lung ti shughaghaogpticahepnrrioRligs cqaprasas #rall adfectiveedpsd ofcl roethfieddntigenand KL. F5
(Krueppel -1 j. . B) th. i | roliferation and
differenti aotl‘?gr}%%gﬁ%rt? %ﬁﬁ%ﬂlﬂ%y%'ﬂé%ﬁ%ﬂi %‘850%8?" rorg1 |eafsi @% for the
TG | 3 supgharfirmagdtical cAmpbsigersconipriRida medifed adisanss o lggonfi¢leert hanprg @gul at i on
of both SIVID4 and SIL4D5 in m R-145 .-/- iGN i ison with
ot nor oxi cIHBE PRt e bRe conkbng b MRS G In N e oxi ¢ and
hypoxi ¢ m RDING: 9, SEQiDCOW, ISEQHIDRSO eXip bk S @Ac wabodiment) the cant | y

up-regul at e?l in w. Qypoxi e.versus. m Ré%A'S‘ -/ - toggd c Hl ce %\;el gure 10C, D).
The west er PIATGECULGa cPEIPEsHgn qanpPrisesinstarth e &Ry ALV BASTG T Shd KO ani mal s
in hypoxi ¢ otigadlictcbQdts sk bf R GhikNAvaE 8 bi@asd ofgpEEyNet i DNt hi s
target, whereas no significant changes were observed. in nornoxia (Figure
11). I n corffogdiment, fe hprmscgitispleomppEla coppsiseion cficghicrdoegftany up- r equl at ed

in the samg,gaMh&smPHP D Nd?@B,rfﬁa%i@fuﬁp%’m&&%@%1&9&%5%%%@5 gure 11).
1001041Exanpl e 12. eroarray anal ysis” of gene expressi'on profile in th PAs

of ni R 145 combodigiesi therphammgeuticalsamppsitongpnamiserensffestgye dose of a LNA

2012/ 153135&'{?&%%%]5&?19%: 13, wherein the antimiR is fully phosphorothiolated.
[0054] An “effective dose” is an amount sufficient to effect a beneficial or desired
clinical result. An effective dose of a miRNA inhibitor of the invention may be from
about 0.001 mg/kg to about 100 mg/kg, about 0.01 mg/kg to about 10 mg/kg, about
0.1 mg/kg to about 10 mg/kg, about 1 mg/kg to about 10 mg/kg, about 2.5 mg/kg to
about 50 mg/kg, or about 5 mg/kg to about 25 mg/kg. The precise determination of
what would be considered an effective dose may be based on factors individual to

each patient, including their size, age, type and severity of pulmonary arterial
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[ 00105] d obal transcriptonme anal ysis was perfornmed with 6 sanples from each
of the m R-145-/- hypoxie, WI hypoxic m R- 145 nornoxi c and WI' nor noxi e
groups. PsDentZB@B13A R- 145 targets with 3" UTR mi RNA bi n@iCmgBe/3nESas
predicted in at |east 3 of the databases in m RMl k and significant false
di scovery rates in the m R 145 -/- hypoxic vs WI hypoxi c conpari son were
selected for further analysis. Ingenuity pathway anal ysis software and the
Dat abase f diypdrengd@tand natuiof irdlibioatd. @ antagunir, rekpxmsa‘admﬂbn@hsc eméeyse( DAVI D)

were used to sel ect tar S at, are sent reI vant to

bl monary 15 peTieBRk AR APl SR BF GRrL eP R oy val | dati on
by real ti rmdﬂ?&a?sklusﬂfmgatttfﬁ)ﬁethsse;h@(btsu@ran@ﬂieuﬁbwadgeﬁabﬂ@rs). [ 00106] Tabl e 3.
M croarray data for t§r§pets sel ected for va!nié)?%hie(ggmplexes KO hyp vs WI' hyp

PROBE ii) $WUmOCoApidHSPeRiopalSemyseday 81t

nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water
emulsions, micelles, mixed micelles, and liposomes, may be used as delivery vehicles
for the oligonucleotide inhibitors of miR-145 function or constructs expressing
particular miRNA inhibitors. In certain embodiments, the miR-145 inhibitors are
formulated for pulmonary delivery. As used herein "pulmonary delivery" or
"respiratory delivery" refer to delivery of miR-145 inhibitors to a subject by
inhalation through the mouth or nose and into the lungs. For example, the miR-145
inhibitors can be formulated as a snuff, acrosol, solution for a nebulizer, or as a
microfine powder for insufflation. In embodiments in which the miR-145 inhibitor is
formulated as a dry powder, the particles of active compound suitably have diameters
of less than 50 microns, preferably less than 10 microns, such as between 1 and 5
microns or between 2 and 5 microns.

[0056] One will generally desire to employ appropriate salts and buffers to render
delivery vehicles stable and allow for uptake by target cells. Aqueous compositions
of the present invention comprise an effective amount of the delivery vehicle
comprising the inhibitor polynucleotides (e.g. liposomes or other complexes or
expression vectors) dissolved or dispersed in a pharmaceutically acceptable carrier or
aqueous medium. The phrases “pharmaceutically acceptable” or “pharmacologically
acceptable” refers to molecular entities and compositions that do not produce adverse,
allergic, or other untoward reactions when administered to an animal or a human. As
used herein, “pharmaceutically acceptable carrier” includes solvents, buffers,
solutions, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like acceptable for use in formulating
pharmaceuticals, such as pharmaceuticals suitable for administration to humans. The
use of such media and agents for pharmaceutically active substances is well known in
the art. Except insofar as any conventional media or agent is incompatible with the
active ingredients of the present invention, its use in therapeutic compositions is
contemplated. Supplementary active ingredients also can be incorporated into the
compositions, provided they do not inactivate the vectors or polynucleotides of the

compositions.
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[0057] The active compositions of the present invention may include classic
pharmaceutical preparations. Administration of these compositions according to the
present invention may be via any common route so long as the target tissue is
available via that route. This includes oral, nasal, or buccal. Alternatively,
administration may be by intradermal, subcutancous, intramuscular, intraperitoneal,
intraarterial, or intravenous injection. In certain embodiments, pharmaceutical
compositions comprising miR-145 inhibits are administered by inhalation.
Pharmaceutical compositions comprising miRNA inhibitors or expression constructs
comprising miRNA inhibitors may also be administered by catheter systems or
systems that isolate coronary/pulmonary circulation for delivering therapeutic agents
to the heart and lungs. Various catheter systems for delivering therapeutic agents to
the heart and coronary vasculature are known in the art. Some non-limiting examples
of catheter-based delivery methods or coronary isolation methods suitable for use in
the present invention are disclosed in U.S. Patent No. 6,416,510; U.S. Patent No.
6,716,196; U.S. Patent No. 6,953,466, WO 2005/082440, WO 2006/089340, U.S.
Patent Publication No. 2007/0203445, U.S. Patent Publication No. 2006/0148742, and
U.S. Patent Publication No. 2007/0060907, which are all herein incorporated by
reference in their entireties. Such compositions would normally be administered as
pharmaceutically acceptable compositions as described herein.

[0058] The active compounds may also be administered parenterally or
intraperitoneally. By way of illustration, solutions of the active compounds as free
base or pharmacologically acceptable salts can be prepared in water suitably mixed
with a surfactant, such as hydroxypropylcellulose. Dispersions can also be prepared
in glycerol, liquid polyethylene glycols, and mixtures thercof and in oils. Under
ordinary conditions of storage and use, these preparations generally contain a
preservative to prevent the growth of microorganisms.

[0059] The pharmaceutical forms suitable for injectable use, catheter delivery, or
inhalational delivery include, for example, sterile aqueous solutions or dispersions and
sterile powders for the extemporaneous preparation of sterile injectable solutions or
dispersions (e.g. acrosols, nebulizer solutions). Generally, these preparations are
sterile and fluid to the extent that easy injectability or acrosolization/nebulization
exists. Preparations should be stable under the conditions of manufacture and storage
and should be preserved against the contaminating action of microorganisms, such as

bacteria and fungi. Appropriate solvents or dispersion media may contain, for
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example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The
proper fluidity can be maintained, for example, by the use of a coating, such as
lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. The prevention of the action of microorganisms can be
brought about by various antibacterial an antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use
in the compositions of agents delaying absorption, for example, aluminum
monostearate and gelatin.

[0060] Sterile injectable solutions may be prepared by incorporating the active
compounds in an appropriate amount into a solvent along with any other ingredients
(for example as enumerated above) as desired, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the various sterilized active
ingredients into a sterile vehicle which contains the basic dispersion medium and the
desired other ingredients, e.g., as enumerated above. In the case of sterile powders for
the preparation of sterile injectable solutions, the preferred methods of preparation
include vacuum-drying and freeze-drying techniques which yield a powder of the
active ingredient(s) plus any additional desired ingredient from a previously sterile-
filtered solution thereof. In some embodiments, sterile powders can be administered
directly to the subject (i.e. without reconstitution in a diluent), for example, through
an insufflator or inhalation device.

[0061] The compositions of the present invention generally may be formulated in a
neutral or salt form. Pharmaceutically-acceptable salts include, for example, acid
addition salts (formed with the free amino groups of the protein) derived from
inorganic acids (e.g., hydrochloric or phosphoric acids), or from organic acids (e.g.,
acetic, oxalic, tartaric, mandelic, and the like). Salts formed with the free carboxyl
groups of the protein can also be derived from inorganic bases (e.g., sodium,
potassium, ammonium, calcium, or ferric hydroxides) or from organic bases (e.g.,
isopropylamine, trimethylamine, histidine, procaine and the like).

[0062] Upon formulation, solutions are preferably administered in a manner
compatible with the dosage formulation and in such amount as is therapeutically

effective. The formulations may easily be administered in a variety of dosage forms
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such as injectable solutions, drug release capsules, unit dose inhalers, and the like.
For parenteral administration in an aqueous solution, for example, the solution
generally is suitably buffered and the liquid diluent first rendered isotonic for example
with sufficient saline or glucose. Such aqueous solutions may be used, for example,
for intravenous, intramuscular, subcutaneous, intraarterial, and intraperitoneal
administration. Preferably, sterile aqueous media are employed as is known to those
of skill in the art, particularly in light of the present disclosure. By way of illustration,
a single dose may be dissolved in 1 ml of isotonic NaCl solution and either added to
1000 ml of hypodermoclysis fluid or injected at the proposed site of infusion, (see for
example, "Remington's Pharmaceutical Sciences” 15th Edition, pages 1035-1038 and
1570-1580). Some variation in dosage will necessarily occur depending on the
condition of the subject being treated. The person responsible for administration will,
in any event, determine the appropriate dose for the individual subject. Moreover, for
human administration, preparations should meet sterility, pyrogenicity, general safety
and purity standards as required by FDA Office of Biologics standards.

[0063] In another embodiment of the present invention, an inhibitor of miR-145 is
used in combination with other therapeutic modalities, for instance, other agents that
inhibit PAH. Examples of combination therapies include any of the foregoing.
Combinations may be achieved with a single composition or pharmacological
formulation that includes both agents, or with two distinct compositions or
formulations, at the same time, wherein one composition includes the miR-145
inhibitor and one more other agents. Alternatively, the therapy using a miR-145
inhibitor may precede or follow administration of the other agent(s) by intervals
ranging from minutes to weeks. In embodiments where the other agent and miR-145
inhibitor are applied separately to the cell, one would generally ensure that a
significant period of time did not expire between the time of each delivery, such that
the agent and the miR-145 inhibitor would still be able to exert an advantageously
combined effect on the cell. In such instances, it is contemplated that one would
typically contact the cell with both modalities within about 12-24 hours of each other,
within about 6-12 hours of each other, or with a delay time of only about 12 hours. In
some situations, it may be desirable to extend the time period for treatment
significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3,

4,5, 6, 7 or 8) lapse between the respective administrations.
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[0064] In one embodiment, more than one administration of the miR-145 inhibitor or
the other agent(s) will be desired. In this regard, various combinations may be
employed. By way of illustration, where the miR-145 inhibitor is "A" and the other
agent is "B," the following permutations based on 3 and 4 total administrations are
provided as examples: A/B/A, B/A/B, B/B/A, A/A/B, B/A/A, A/B/B, B/B/B/A,
B/B/A/B, A/A/B/B, A/B/A/B, A/B/B/A, B/B/A/A, B/A/B/A, B/A/A/B, B/B/B/A,
A/A/A/B, B/A/A/A, A/B/A/A, A/A/B/A, A/B/B/B, B/A/B/B, B/B/A/B. Other
combinations are likewise contemplated. Specific examples of other agents and
therapies are provided below.

[0065] In one embodiment of the present invention, the method of inhibiting,
preventing, or treating PAH in a subject in need thercof comprises administering to
the subject a miR-145 inhibitor, such as an antimiR-145 as described herein, and a
second agent that inhibits, prevents or treats PAH, and one or more additional
agent(s). In one embodiment, a combination of different miR-145 inhibitors are
administered, such as an antimiR-145 as described herein, and a small molecule
inhibitor of miR-145.

[0066] In one embodiment, the additional or other agent is an agonist of miR-204.
The human miR-204-5p sequence is 5’-UUCCCUUUGUCAUCCUAUGCCU-3’
(SEQ ID NO: 15). The human miR-204-3p sequence is 5°-
GCUGGGAAGGCAAAGGGACGU-3’ (SEQ ID NO: 16). An agonist of miR-204
can be a polynucleotide comprising a mature miR-204 sequence. In some
embodiments, the polynucleotide comprises the sequence of the pri-miRNA or pre-
miRNA sequence for miR-204. The polynucleotide comprising the mature miR-204,
pre- miR-204, or pri- miR-204 sequence can be single stranded or double stranded. In
one embodiment, the miR-204 agonist can be about 15 to about 50 nucleotides in
length, about 18 to about 30 nucleotides in length, about 20 to about 25 nucleotides in
length, or about 10 to about 14 nucleotides in length. The miR-204 agonist can be at
least about 75%, 80%, 85%, 90%, 95%., 96%, 97%, 98%, 99%, or 100% identical to
the mature, pri-miRNA or pre-miRNA sequence of miR-204. In one embodiment,
the miR-204 agonist has the sequence of SEQ ID NO: 15 or 16. The miR204 agonist
that is a polynucleotide can contain one or more chemical modifications, such as
locked nucleic acids, peptide nucleic acids, sugar modifications, such as 2'-O-alkyl
(e.g. 2'-O-methyl, 2'-O-methoxyethyl), 2'-fluoro, and 4' thio modifications, and

backbone modifications, such as one or more phosphorothioate, morpholino, or
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phosphonocarboxylate linkages. In one embodiment, the polynucleotide comprising a
miR-204 sequence is conjugated to cholesterol. The polynucleotide comprising a
miR-204 sequence can be expressed in vivo from a vector and/or operably linked to a
promoter, such as described above.

[0067] In another embodiment, the agonist of miR-204 can be an agent distinct from
miR-204 that acts to increase, supplement, or replace the function of miR-204. For
instance, agents that inhibit PDGF, endothelin-1, angiotensin II, and STAT3
expression or activity can be used in combination with a miR-145 inhibitor for
treating, preventing or preventing PAH. The agent may be delivered in the form of a
polypeptide, peptide, small organic molecule, nucleic acid encoding a polypeptide of
interest, and the like. A polypeptide may be any translation product of a nucleic acid
regardless of size and glycosylation. An agent may also be in the form of a simple
drug, peptide, peptide fragment, DNA, RNA, ribozyme or engineered hybrid of a
nucleic acid and peptide or peptide fragment, or a derivative of each.

[0068] A combination for treating, preventing or preventing PAH can also comprise a
miR-145 inhibitor and a blood vessel dilator (vasodilator), such as, but not limited to
epoprostenol. Other agents that can be used with a miR-145 inhibitor include, but are
not limited to, an endothelin receptor antagonist, such as bosentan, sitaxentan, and
ambriesentan; phosphodiesterase inhibitor, such as phosphodiesterase type 5
inhibitors, sildenafil and tadalafil; calcium channel blocker, such as amlodipine,
diltiazem, and nifedipine; prostaglandin, such as treprostinil, iloprost and beraprost;
isosorbide dinitrate; and guanylate cyclase activator, such as cinaciguat and riociguat.
[0069] An anticoagulant or compound that blocks or inhibits thrombin can also be
used, such as, warfarin and compounds based on the tripeptide motif D-Phe-Pro-Arg;
e.g., LY287045, etc. Many compounds, such as inogatran and melagatran, are known
in the art and can also be used. For non-limiting examples, sce U.S. Pat. Nos.
6,326,386, 6,232,315; 6,201,006; 6,174,855, 6,060,451; and 5,985,833; among others.
[0070] Additional agents that can be used with a miR-145 inhibitor include an
angiotensin converting enzyme inhibitor; nicotine receptor agonist; agent that
increases concentrations of nitric oxide, anti-angiogenic agent; agonist of the TGF-f3
receptor; and death domain receptor ligand.

[0071] Angiotensin converting enzyme inhibitors (ACE-I) that can also be used in
combination with a miR-145 inhibitor for treating, preventing or preventing PAH

include, but are not limited to, captopril, benazepril, enalapril, fosinopril, lisinopril,
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quinapril, Ramipril, imidapril, perindopril, erbumine, and trandolapril. ACE receptor
blockers may also be used in place of or as well as ACE inhibitors, and these include,
but are not limited to, losartan, irbesartan, candesartan, cilexetil, and valsartan.
[0072] Nicotine receptor agonists, e.g., nicotine (S-3-(1-methyl-2-
pyrrolidinyl)pyridine) and other compounds that substantially specifically bind a
nicotine receptor and provide a pharmacological effect can also be used in
combination with a miR-145 inhibitor for treating, preventing or preventing PAH.
Nicotine receptor agonists encompass naturally-occurring compounds (including, but
not limited to, small molecules, polypeptides, peptides, and the like, such as
naturally-occurring plant alkaloids), endogenous ligands (e.g., purified from a natural
source, recombinantly produced, or synthetic, and further including derivatives and
variants of such endogenous ligands), and synthetically produced compounds (e.g.,
small-molecules, peptides, etc.). The term "nicotine” further includes any
pharmacologically acceptable derivative or metabolite of nicotine which: exhibits
pharmacotherapeutic properties similar to nicotine. Such derivatives, metabolites, and
derivatives of metabolites are known in the art, and include, but are not necessarily
limited to, cotinine, norcotinine, nornicotine, nicotine N-oxide, cotinine N-oxide, 3-
hydroxycotinine and 5-hydroxycotinine or pharmaceutically acceptable salts thereof.
[0073] A miR-145 inhibitor can also be used with one or more agents that increase
nitric oxide for treating, preventing or preventing PAH. Examples of nitric oxide
promoting agents include, but are not limited to, S-nitrosopenicillamine, sodium
nitroprusside, N-ethyl-2-(1-ethyl-2-hydroxy-2nitrosohydrazino) ethanamine (NOC
12), and others. The production of nitric oxide may also be modulated by cytokines,
such as y-interferon, tumor necrosis factor, IL-1, IL-2 and endotoxin due to their
effect on the enzyme, nitric oxide synthase. The inducible form of NO synthase is
increased by cytokines and the constitutive form seems to be decreased by cytokines.
HMG-CoA reductase inhibitors have been found to upregulate endothelial cell NOS
activity, as described by U.S. Pat. No. 6,147,109, Liao et al. Any of the forms of nitric
oxide synthase can be utilized, as the protein or an active fragment derived therefrom,
or as a DNA construct for expression.

[0074] Agents with an anti-angiogenic effect can also be used in combination with a
miR-145 inhibitor for treating, preventing or preventing PAH. These include, but are

not limited to the anti-angiogenic polypeptides: angiostatin; endostatin; and anti-
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angiogenic anti-thrombin III; and the like, and further include functionally active
variants and derivatives thereof. Other anti-angiogenic agents include inhibitors of
matrix metalloproteases, ¢.g., amifostine, WR-1065; marimastat, primomastat, a-1
antitrypsin; sphingosine and the like.

[0075] Agonists of the TGF-f3 receptor are also of interest. TGF-f receptor Type 1
and type II mediate most activities of TGF-f3. Ligands include TGF-f3, and mimetics
and biologically active derivatives thereof.

[0076] Other agents of interest for use with a miR-145 inhibitor include death domain
receptor ligands, which are compounds, usually polypeptide compounds that bind to
mammalian cell surface receptors comprising a death domain or homologs or
orthologs thereof, and that, by binding so deliver a signal for apoptosis to the cell. The
intracellular protein interactions triggered by these receptors can be attributed to
binding interactions of the death domain, which is homologous to an approximately
80 amino acid domain near the C-terminus of TNF-R1, and is responsible for
signaling cytotoxicity. The TNF receptor death domain family includes TNF-R1, Fas
(CD95), TRAMP (wsl/Apo-3/DR-3), TRAIL-R1 (DR-4) and TRAIL-R2 (DR-5,
TRICK2, KILLER). Death domain ligands include proteins that regulate cellular
proliferation and differentiation by binding to specific death domain receptors. These
ligands include the TNF family, ¢.g., TNF, lymphotoxin, CD30 ligand, 4-1 BB ligand,
CDA40 ligand, CD27 ligand, and TRAIL (TNF-related apoptosis-inducing ligand), and
homologs and analogs thereof.

[0077] Analogues of rapamycin, such as tacrolimus (FK-506), sirolimus and
everolimus, normally used as immunosuppressants but recently discovered to also
inhibit the proliferation of vascular smooth muscle cells, may also be used in
combination with a miR-145 inhibitor. Antisense knockdown of ¢c-myc, a protein
critical for progression of cell replication, is another approach to inhibit cell
proliferation in the artery wall, and can be used in combination with a miR-145
inhibitor.

[0078] In one embodiment, covalent or non-covalent attachment of antiplatelet agents
is also of interest, including GPIIb/IIa inhibitors, e.g., RheoPro, which can be used in
combination with a miR-145 inhibitor. Treatments or therapies such as oxygen

therapy, can also be used in combination with administration of a miR-145 inhibitor.
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powder dispersion devices, and other pulmonary delivery devices, including manually

activated, gas propelled, sonic-driven, and the like. In some embodiments, the miR-

145 inhibitor is formulated as a powder contained within the administration device.

In other embodiments, the miR-145 inhibitor is formulated as a liquid acrosol

contained within the administration device. In a particular embodiment, the

administration device is an inhaler. In embodiments in which the miR-145 inhibitor is
to be delivered intravenously or intraarterially, the kit can comprise a catheter or other
like appropriate administration device. The kit may further comprise instructions for
administering an effective dose of the miR-145 inhibitor to a subject to treat
pulmonary hypertension. In some embodiment, the kit comprises one or more
additional agents or therapies, such as described above.

[0080] This invention is further illustrated by the following additional examples that
should not be construed as limiting. Those of skill in the art should, in light of the
present disclosure, appreciate that many changes can be made to the specific
embodiments which are disclosed and still obtain a like or similar result without

departing from the spirit and scope of the invention.

EXAMPLES

Example 1. Primary Culture of human Pulmonary Artery Smooth Muscle Cells
(PASMCs).

[0081] PASMCs were explanted from peripheral arteries as previously described
(Yang et al., 2005). Smooth muscle cell lines were obtained from 4 patients with PAH
known to harbor a mutation in BMPR2. These included: 1 patient with a mutation in
the kinase domain of BMPR?2 in which arginine is substituted for cysteine at position
347 (C347R); 1 patient with a missense mutation in the cytoplasmic tail of BMPR2,
leading to a serine in place of asparagine at position 903 (N903S); 1 patient with a

truncating mutation at amino acid position 9 (W9X) and 1 patient with a truncating
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mutation at amino acid position 899 (R899X). Three further PASMC preparations

were obtained from unaffected subjects. Cells were cultured as previously described
(Yang et al., 2005).

Example 2. RNA extraction from frozen lungs, PASMCs and reverse
transeription

[0082] Total RNA from tissues and cells was obtained using the miRNeasy kit
(Qiagen, Hilden, Germany) following the manufacturer’s instructions, treated with the
DNAse 1 (amplification grade; Sigma, St. Louis, MO, USA) in order to climinate
genomic DNA contamination and quantified using a NanoDrop ND-1000
Spectrophotometer (Nano-Drop Technologies, Wilmington, DE, USA). cDNA for
miRNA analysis was synthesized from total RNA using stem-loop reverse
transcription primers according to the TagMan MiRNA Assay protocol (Applied
Biosystems, Foster City, CA, USA). Each reaction contained 50 ng of extracted total
RNA, 50 nM stem-looped RT primer, 1 x RT buffer, 0.25 mM cach of dNTPs, 3.33
U/ml Multiscribe reverse transcriptase and 0.25 U/ml RNase inhibitor. The 15 ml
reactions were incubated in a 96-well plate for 30 minutes at 16°C, 30 minutes at
42°C, 5 minutes at 85°C and the n held at 4°C. Total cDNA for premiRNA analysis
was obtained from total RNA using the SuperScript II Reverse Transcriptase
(Invitrogen, Paisley, UK). Each reaction contained 1 mg of total RNA, 1 x
SuperScript II buffer, 10 U/ml SuperScript I RT, 0.15 mg/ml of random hexamer
primers (Invitrogen, Paisley, UK), 1 U/ml of RNase inhibitor (Promega, Madison,
WI, USA) and 0.25 mM each of dNTPs. Cycling conditions were the following: 10
minutes at 25°C, 30 minutes at 48°C, 5 minutes at 95°C. cDNA was stored at -20°C.

GAPDH was selected as housekeeping gene due to its stability across all in vivo

groups.

Example 3. MiRNA extraction from paraffin-embedded human lungs.

[0083] Formalin fixed paraffin wax embedded tissues blocks were obtained from the
Papworth NHS Foundation Trust Hospital Tissue Bank adhering to LREC and HTA
guidelines. Lung samples were used from informed and consenting patients
undergoing transplantation at Papworth Hospital for end stage pulmonary
hypertension. Tissue was obtained from a range of conditions including hPAH

associated with mutant BMPR2 (n=5), iPAH (n=6), and controls (n=6). Controls

28



Role in win signaling | LMN2857748 WLF1 N. Mp 1915.1 0, 0002 1.9685 Negati ve
regul at or of canonical wnt signaling 1LMN 1225196 TGFB2 NM 009367.2 0. 0003
1. 8467 Neweat2oizeissBgul at or of canoni cal wnt signaling PCT/GB2012/051018

comprised of tissue taken from lobes of lung clear of tumour from patients
undergoing pneumonectomy for lung carcinoma and reported free of tumour by a
pathologist. The RecoverAll total RNA Isolation kit (Ambion, Streetsville, Canada)
was used to extract total RNA (including miRNA) from Formalin-Fixed, Paraffin-
Embedded FFPE) samples. Three 10 mm slices were dewaxed with xylene for 3
minutes at 50°C, washed twice with ethanol, and digested with protease at 50°C for
15 minutes, then for 15 minutes at 80°C. The lysate was passed through a filter
cartridge and DNAse digested, then RNA was eluted in 30 ml of RNAse free water
and quantified using the NanoDrop ND-1000 Spectrophotometer.

Example 4. TagMan q-PCR Analysis of Mature miRNAs and mRNAs

[0084] For quantitative PCR (q-PCR), 10 ml reactions were incubated in a 386-well
optical plate at 95°C for 10 minutes, following by 40 cycle s of 95°C for 15 seconds
and 60°C for 1 minute. Results were normalized to U6 or Rnu-48 values for mouse
and human miRNAs respectively and to GAPDH for pre-miR-145 expression. The
fold change for every miRNA expression was obtained using the 2-D D Ct method (1,
2). The q-PCRs for each miRNA were run in triplicate and results are presented as the
mean + standard error of samples.

[0085] For all the g-PCR experiments values are expressed as fold change or mean +
standard deviation. All data were analyzed using a two-way ANOVA followed by
Bonferroni’s post-hoc test, one-way ANOVA followed by Bonferroni’s post-hoc test
or unpaired t-test as appropriate, as described in figure legend. *p<0.05, **p<0.005,

w8%p<0.001.

[0086] Example S. Microarray analysis of wild-type (wt) and miR-145 -/-
pulmonary arteries.

[0087] Main branch pulmonary arteries were dissected from 6 mice from each group
at 10 weeks of age and stored frozen at -80°C prior to RNA isolation. RNA quantity
and quality were assessed by NanoDrop® Spectrophotometer (Thermo Scientific,
Wilmington, DE, USA). RNA integrity was assessed with the Agilent 2100
bioanalyser using the RNA 6000 Nano Kit (Santa Clara, CA). The Illumina TotalPrep
RNA amplification kit (Ambion) was used to generate biotinylated, amplified RNA,
from 500 ng input RNA, for hybridization with the Illumina arrays (Applied

biosystems Carlsbad, California). The Illumina mouseWG-6 v2.0 Expression
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beadchips were hybridized following the manufacturers protocol, scanned with the
[llumina BeadArray Reader and read into [llumina GenomeStudio® software (version
1.1.1). For microarray data analysis and validation, quantile normalised and
background subtracted intensity values were exported from GenomeStudio® software
for data processing and analysis in R, in which rank product statistical analysis was
carried out. Adjacent comparisons were carried out between the 4 groups. Probes with
a false discovery rate less than 0.05 were considered significant. Tagman gene
expression assays (Applied Biosystems, Foster City, CA, USA) were used for target

validation on cDNA derived from the 24 samples used for the microarray (n=18 per

group).

Example 6. Northern Blot Analysis

[0088] Total RNA was separated on a 15% TBE-Urea gel (Invitrogen, Paisley, UK),
transferred to an uncharged nylon membrane, Hybond-NX (Amersham Bioscience
UK Ltd, Buckingham, UK) using a trans-blot semi-dry system (Bio-Rad Laboratorics,
Hemel Hempstead, UK), and UV cross-linked. Pre-hybridization was carried out at
55°C for 30 minutes with hybridization buffer (50% de-ionized formamide, 5X SSPE,
5X Denhardts solution, 0.1% SDS, and 2 ug of heat-denatured herring sperm DNA).
Then 25 pmol of miR-145 or U6 miRCURY LNA™ Detection probe, 5°'-Digoxigenin
(DI1G)-labeled (Exiqon, Denmark), were added over night at the same pre-
hybridization temperature. Following hybridization, the membrane was washed for 30
minutes at 50°C with the low stringency wash solution (invitrogen, Paisley, UK)
followed by a 30 minutes wash with the high stringency wash solution (invitrogen,
Paisley, UK). After that, the membrane was blocked for 30 minutes in blocking
solution (1% Blocking reagent in maleic acid) and incubated for 30 minutes with an
anti-DIG antibody (Roche Applied Science, Indianapolis, IN, USA) 1:5000 at room
temperature. The CDP Star Chemiluminescent Substrate (Sigma-Aldrich, Poole, UK)
was used to detect the presence of the miRNA of interest on the membrane. miRNA
quantification was performed with the Scion Image software: band intensities of the

miRNA of interest were established and normalized to the relative U6 signal.

Example 7. Immunohistochemistry
[0089] Human and mouse lungs were fixed in 4% paraformaldehyde solution at 40°C

for 18 hours and embedded in paraffin. After deparaffinization with graded
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concentrations of xylene and ethanol, slides were immersed in 3% H202 in phosphate
buffered saline (PBS) for 30 minutes at room temperature to block endogenous
peroxidase activity. Then, they were incubated with 20% normal goat serum for 30
minutes to reduce nonspecific background staining. The sections were then incubated
with mouse monoclonal antibody against a-smooth muscle actin (Dako, Clone 1A4,
High Wycombe, UK), in 1% (w/v) bovine serum albumin (BSA) in PBS or isotype
matched mouse IgG nonimmune control (Dako, High Wycombe, UK). Sections were
then incubated with appropriate biotinylated secondary antibody (Dako, High
Wycombe, UK) diluted 1:200 in 1% (w/v) BSA in PBS, and then horseradish
peroxidase-labeled ExtravidinTM (Sigma, St. Louis, MO, USA) diluted 1:400 in 1%
(w/v) BSA in PBS. Staining was visualized using 3.3 diaminobenzidine and the nuclei

were counterstained with Mayer’s hacmatoxylin.

Example 8. In situ hybridization for detected miRNA localization.

[0090] For the detection of miR-145 in mouse and human lung, sections were
rehydrogated with histoclear nd graded concentrations of ethanol. Slides were then
boiled for 10 minutes within 10 mM sodium citrate pH 6.0, cooled to room
temperature (RT), incubated with 10 mg/ml proteinase K at 37°C for 15 minutes and
finally fixed in 4% PFA for 10 minutes at room temperature in order to allow antigen
retrieval. Following antigen retrieval, slides were incubated with hybridisation buffer
(50% formamide, 4X SSC, 2.5X Denhadrt’s solution, 2.5 mg/ml salmon DNA, 0.6
mg/ml yeast tRNA, 0.025% SDS and 0.1% blocking reagent) at 60°C for 1 hour
followed by a 60°C overnight incubation with 40 nM miR-145 or scramble mercury
LNA™ Detection probe, 5°-DIG labeled (Exiqon, Denmark) in the same buffer.
Melting temperatures were 79°C and 78°C, respectively. Immunodetection was
performed by blocking the sections in 1% blocking reagent in PBS and 10% FCS for
1 hour at RT followed by a 4°C over night incubation with an anti-DIG antibody
(Roche Applied Science, Indianapolis, IN, USA) diluted 1:1000. Slides were then
incubated with 0.1M Tris pH 9.0 for 5 minutes. In order to stain miR-145, BM purple
solution (Roche Applied Science, Mannheim, Germany) or NBT/BCIP solution
(Roche Applied Science, Mannheim, Germany) was added to each human or mouse

section respectively and left at room temperature for 3 days.

Example 9. Colocalization of SMA and miR145.
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[0091] MicroRNA in situ hybridisation was performed on routinely fixed paraffin-
embedded 6 wm human lung sections, as described above. The slides were
deparaffinized with histoclear, and treated with10ug/ml proteinase K (Sigma) at 37°C
for 20 minutes, then fixed with 4% paraformaldehyde for 10minutes. After washing
with phosphate buffered saline (PBS), slides were incubated with hybridisation buffer
at 60 degree for 1 hr. Then slides were hybridised with 40nM DIG-labelled miR145
or scramble probe (Exiqon) at 60°C overnight. After washing and blocking, slides
were incubated with anti-DIG_AP Fab fragments (Roche)in blocking buffer at 4
degree overnight, and washed with PBST (PBS plus 0.1% Tween 20) and 0.1M Tris-
HCL (pH9.5). miR-145 was visualized with BM purple solution (Roche) for 1-2 days
at room temperature until the staining was visible under microscope. After washing
with PBS, slides were quenched with 0.3% H202 in PBS for 10min. To block non-
specific background, 10% rabbit normal serum was applied on slides for 1hr, then
slides were incubated with monoclonal anti-human alpha smooth muscle actin
(DAKO) in 10% normal serum at 4°C overnight. The slides were visualized with 3,3’-
diaminobenzidine as chromogen for 5 minutes. The visualization is shown in Figure

1.

Example 10. Elimination of miR-145 expression protects against the
development of pulmonary arterial hypertension in mice.

[0092] To evaluate whether miR-145 was expressed in lung tissue, in situ
hybridization was performed on lung tissue sections of wild-type (wt) mice, as
described above. Positive staining for miR-145 was observed within the smooth
muscle layer of vessels and bronchi in the lungs of the mice (Figure 2A). To cvaluate
whether miR-145 expression was altered during response to injury, the expression of
miR-145 was assessed by quantitative PCR in the total lung and the right ventricle
from wt mice exposed to hypoxia for 14 days and this expression was compared to
mice exposed to normoxic conditions. The analysis revealed a significant up-
regulation of miR-145 in response to hypoxia both in lung and the right ventricle
(Figure 2B, C, respectively). miR-143 levels were also upregulated (Figure 3).
Analysis of miR-145 expression in the brain, kidney and spleen of the same animals
did not reveal any dysregulation (Figure 4). Thus, miR-145 is expressed in smooth
muscle cells in the lung of mice and is up-regulated in response to hypoxia selectively

in the lung. In isolated human distal pulmonary arterial SMC, changes in miR-145 at
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24h and 72h exposure to hypoxia were not detected, suggesting complex regulation in
vivo within the multicellular vascular compartment (Figure 5).

[0093] Next, the effect of genetic ablation of miR-145 on the development of PAH
was evaluated. MiR-145 knockout mice have previously been described (Xin et al.
(2009) Genes Dev., Vol. 23: 2166-2178). Homozygous miR-145 -/- female mice or
age-matched wild-type controls (strain C57BL6J/129SVEYV, 8 weeks of age) were
exposed to chronic hypoxia for 14 days or maintained in normoxic conditions and
assessed at 10 weeks of age.

[0094] Eight week-old miR-145 knockout (miR-145 -/-) mice and control age-
matched littermates were exposed to chronic hypoxia or maintained in normoxic
conditions for 14 days and evaluated for the development of PAH at 10 weeks of age.
For all the experiments, right systolic ventricular pressure (sSRVP) was measured in
mice under isoflurane (1.5% in O;) anaesthesia via a needle advanced into the right
ventricle trans-diaphragmatically. Systemic arterial pressure (SAP) was recorded via a
cannula placed in the carotid artery as previously described (Keegan et al., 2001).
Right ventricular hypertrophy (RVH) was determined as ratio of the right ventricular
wall (RV) weight to the left ventricle plus septum (LV + S) weight. Lung sections
were stained with Elastic-Van Gieson (EVG) stain and the percentage of remodeled
vessels assessed in a blinded fashion as previously described (Keegan ez al., 2001).
The arteries were considered muscularized if they possessed a distinct double-clastic
lamina visible for at least half the diameter in the vessel cross-section. 5 mice/group
were analyzed for remodeling. Approximately 150 arteries from each lung section
were assessed.

[0095] The absence of miR-145 expression in the knockout animals used in the study
was confirmed by quantitative PCR (q-PCR) and ir situ hybridization (Figure 6).
Since miR-145 is transcribed in its pri-miRNA form clustered with miR-143, the
expression of miR-143 was also analyzed in wild-type and knockout animals under
both normoxic and hypoxic conditions to ensure that miR-143 levels were not
substantially altered in the lung following genetic ablation of miR-145 and in
response to hypoxic insult. Q-PCR analysis of miR-143 expression in RNA extracted
from the total lung of wild-type and miR-145 -/- mice showed no difference in
response to hypoxia between wild-type and miR-145 -/- animals (Figure 7). Thus,
any changes in the development of PAH in response to hypoxia in miR-145 -/- were

specific to the selective loss of miR-145.
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[0096] Next, the development of PAH in wild-type and miR-145 -/- mice was
quantified. In wild-type mice, a significant and expected increase in systolic RVP and
RVH was observed (Figure 8A, B). In contrast, miR-145 -/- animals displayed no
increase in systolic RVP or RVH (Figure 8A, B). Interestingly, there was no
difference in baseline systolic RVP or RVH between wild type and miR-145 -/- mice
(Figure 8A, B). The measurements are as noted in Tables 1 and 2:

[0097] Table 1. Ventricle weight in WT and miR-145 -/- mice.

Group RV (mg) LV+S (mg) RV/LV+2
WT Normoxic 22.06+1.13 85.12+£1.24 0.26 £ 0.015
WT Hypoxic 25.71 £ 0.84 73.69 £ 1.77 0.35+(0.012%**
miR-143 -/- 18.60 £ 1.25 69.74 £ 3.08 0.27+0.014
Normoxic
miR-145 -/- Hypoxic 19.21+0.85 68.63£1.92 0.28 £ 0.014%++

Right ventricle (RV) weight, left ventricle plus septum (LV+S) weight and RV/LV+S
ratio. ***P<0.001 cf. WT normoxic mice; T11P<0.001 cf. WT hypoxic mice; Data
expressed as mean + SEM. #=9-10.

[0098] Table 2. Haecmodynamics in WT and miR-145 -/- mice, normoxic and

hypoxic.

Parameter WT Normoxic WT hypoxic KO Normoxic KQO Hypoxic
sRVP, mmHg 20.00 + 0.80 29.71 £ 1,16*** 21.21 £0.61 27.07 £ 1.38%1+
SAP, mmHg 83.22 £ 1.55 94.01+2.91 71.34 + 8.14%%* | 70.92 £ 5.59%**
Heart rate, bpm 32942 + 8.92 329.18 £ 12.66 325.88 + 6.67 342.08 + 14.78

Systolic right ventricular pressure(sRVP), systemic systolic arterial pressure (SAP)
and

heart rate measurements in normoxic and chronically hypoxic female WT and miR-
145 -/- mice. **¥P<0.001 cf. WT normoxic mice; 717P<0.001 cf. WT hypoxic mice;
Data expressed as mean + SEM. n=6-10.

[0099] Histological analysis showed the presence of pulmonary vascular remodeling
in small pulmonary arteries (PAs) of wild-type animals following exposure to hypoxia
but such remodeling was reduced in lungs harvested from miR-145 -/- animals, a
finding confirmed by quantitative scoring (Figure 8C, D). Therefore, genetic ablation
of miR-145 protects mice against the development of PAH in response to hypoxia.
[00100]
as expected and consistent with previously published work (Elia ef al., 2009; Xin et

The mean SAP was lower in miR-145 -/~ mice compared to controls,

al., 2009). Neither the wild-type or miR-145 -/- mouse SAP were altered by exposure
to hypoxia (Figure 9A) and no changes were observed in the heart rate (HR) of the wt
or miR-145-/- mice exposed to hypoxia (Figure 9B).

[00101] The results of this series of experiments show that miR-145 is

expressed exclusively in the smooth muscle cell compartment in lungs taken from
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mice subjected to normoxic or hypoxic conditions. In the hypoxic mouse model, miR-
145 levels are elevated as compared to controls and genetic ablation of miR-145
prevents the development of PAH. A functional analysis of the vasculature of miR-
145 -/- mice revealed a reduced response to hypoxia: when these mice were exposed
to hypoxia for two weeks, systolic pressure did not show a significant rise as in wild-
type mice. A similar result was obtained for right ventricular hypertrophy. In addition,
the percentage of remodeled vessels was significantly reduced in the knockout
animals, strongly suggesting a protective role for miR-145 ablation in PAH
development. This effect occurred in the absence of any modulation of miR-143, thus
confirming the importance of miR-145 in the development of PAH. Thus, these
findings suggest that miR-145 may be a viable therapeutic target for designing
treatments for PAH.

108162) Example 11. Analysis of miR-148 predicied tavgets in the fungs of

i R-145-/- mice compared {6 controls.,

[00103] In order to verify the effect of miR-145 ablation on gene and protein
expression, several miR-145 gene targets, alrcady validated 1n the literature or
identified using TargetScan and PicTar prediction algorithms and sclected for thew
potential invelvernent in PAH, were analyzed by g-PCR in lung tissue of wt and miR-
145 ko animals. They included KLF4 and KLFS (Krueppel-like factor 4 and 5}, both
mveolved in SMC proliferation and differentiation, and SMAD4 and SMADS, signaling
mtermediarics for the TGF-§ super-family. Analysis of RNA revealed a significant
up~regulation of both SM.A4D4 and SMADS in miR-145 -/~ normoxic mice in
comparison with wt normoxic mice (Figure 10A, B). KLFY was elevated both in
normoxic and hypoxic miR-145 -/~ mice while KLF5 expression was significantly up-
regulated in wt hypoxic versus miR-145 -/~ hypoxic mice (Figure 10C, D). The
western blot analysis of KLF4 protein expression i WT and KO animals in hypoxic
conditions confirmed the significant upregulation of this target, whereas no significant
changes were observed i normooxia (Figure 11). In contrast, the KLF5 protein level
was not significantly up-regulated in the same samples both in normexic and hypoxic

conditions (Figure 11).

[604104] Example 12. Microarray analysis of gene expression prefile in the

PAs of miR-145 -/- mice in comparison with WT animals.
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16G185] Global transeriptome analysis was performed with 6 samples from each of
the miR-145-/~ hypoxic, WT hypoxic miR-145 ~/- vormoxic and WT normoxic groups.
Potential miR-1435 targets with 3’LUTR miRNA binding regions as predicted in at least 3
of the databases in miRWalk and significant false discovery rates in the miR-145 -/-
hypoxic vs WT hypoxic comparison were selected for further analysis. Tngenuity pathway
analysis software and the Database for Annotation, Visualization and Integrated
Discovery (DAVID) were used to select targets that are present in pathways relevant to
pulimonary hypertension. A total of 13 targets were selected for validation by real time

PCR using these selsction criteria (Table 3).

108106} Table 3. Microarray data for targets selected for validation.
KO hyp vs WT
hyp
PROBE 1D SYMBOL | ACCESSION False discovery Fold miR-145
ratc change | target?
ILMN 2424060 | ACE NM 207624 .4 1.41¢-04 215 | Validated
TLMN 2636424 | ITGBLA NM 1454671 R.02¢-05 2.06 | Predicted
ILMN 2857748 | WIF1 NM 011915.1 2.04E-04 | 197 | Predicted
ILMIN 2759365 | ANGPTL4 | NM 6205811 1.73E-03 70| Predicted
TEMN 2601155 | FRZB NM 011356.4 3.82E-03 1.62 | Predicted
ILMN 3147944 | AP2B1 WM 001035854.2 6.35E-03 1.53 | Predicted
TLMN 2909150 | CTGF NM 0102171 2.97H-02 1.40 | Predicted
TLMIN 1228221 | TTN MM 176926.2 1.20B-02 | -1.37 | Predicied
ILMN 2596479 | CAMKZA | NM 177407.3 8.04E-03 | -1.43 | Predicted
ILMN 2588759 | APHla NM 146104.2 1.99E-03 | -1.63 | Predicted
ILMIN 2977404 | TMODI NM 0218831 2.078-03 | -2.01 | Predicted
RO hyp ve WT
nor
ILMN 2543173 | DAB2 AKO02856 3.22E-(2 1.39 | Validated
W hyp.vs.wtnor
ILVIN 2630605 | FSONT NM 00679842 3.098-04 2.34 | Validated
[08147] The validated miR-145 targets FSCN1, DAB2 and ACE were selected for

further analysis {Cheng ef al, 2009; Boettger et al.,, 2009; Kano et al., 2010; Xu et al,,
2009). Real time PCR validated 19 of the targets selected from the microarray (Figare
123 The W'T hypoxic group showed significantly increased expression versus all other
groups for 7 of the targets TGFB2, FRZE, ACE, CTGF, ANGPTLA, AP2BY and ITGBL1
{(Figure 12). Further, the real time PCR data reflected the changes between groups
observed in the microarray for WiF1, CAMKZA, TTN, ACE, DABZ and FSCNI (Table
3) and showed that these changes were significant (Figure 12). The changes observed in
the microarray were not validated for TMOD1 and APH1A (not shown). The validated

targets were categorized into 5 groups: inhibitors of wit signalling (WIF1, FRZEB,
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{CAMKZA}, cell adhesion (ITGBL1, TTGF) and endothelial function (ACE,

ANGPTLA). Further analysis from the arvay data revealed marked changes in many

components of the WNT signaling pathway (Table 4).

[30168]

the wnt pathway,

KOhyp.vs. WT

Jhyp
PROBE 1D SYMBOL ACCESSION False Fold Reole in wnt
discovery rate | change signaling
ILMN 2857748 | WIF1 NM (11915.1 0.0002 1.9685 | Negative regulator
of canonical wnt
signaling
ILMN 1225196 | TGFBZ NM (09367.2 0.0003 1.8467 | Negative regulator
of canonical wnt
signaling
ILMN 2604282 | SFRP1 NM (236534 0.0033 1.6829 | Negative regulator
of canonical wat
signaling
ILMN 1258734 | WNT2 NM 0236534 0.0165 1.6295 | Positive modulator
of wnt signaling
ILMIN 2601155 | FRZB NM 0113564 {1.0033 1.6218 | Negative regulator
of canonical wnt
signaling
ILMN 1215252 | BMP4 NM 007554.2 .01 11 1.53668 | Exprossion is
inhibited by wnt
ILMN 2588227 | FNi NM (1102331 0.0116 1.5155 | Pesitive modulator
of wnt signaling
TLMN 2737710 | TIAMI NM_009334.2 0.0232 1.5102 | Posttive modulator
of wnt signaling
ILMN 1214602 | SFRP2 NM_(009144.1 0.0350 1.3971 | Negative regulator
of canomical wnt
signaling
HLMN 2686745 | RGS12 NM 1734021 0.0146 -1.4291 | Positive modulator
of wnt signaling
TILMN 2450384 | VEGFR NM (011697.2 0.0263 -1.4756 | wot target gene
ILMN 2753422 | GNAO!L NM (3103083 0.0092 -1.5804 | Positive modulator
of wnt signaling
KO.hyp.ve. WT
§ile
ILMN 1221594 | PPARG NM 0111462 0.0090 1.5400 | wni target gene
ILMN 2669793 | CCND] NM 0676312 0.0229 -1.4080 | wnti target gene
W hyp.vs.wi,
nor
ILMN 3121255 | VEGFA NM {({1025250.2 0.0255 1.4672 | wai target gene
IL.MN 2889641 | WNT4 NM (095231 0.0321 -1.4181 | Positive modulator
of wnt signaling
KO.hyp.vs. KO
.nor
HLMN 2789692 | WNTTh NM_ 009528.2 0.0018 -1.7822 | Positive modulator
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[00109] Thus, a whole transcriptome microasray study on isolate pulmonary
arteries was used to quantify the transcriptional response to hypoxia. KLF4 and 5
expression corrglate with miR-145 regulation, with a significant up-regulation of both
these targets in hypoxic miR~145 knockout mice. Three validated targets from the WT
hypoxic vs miR145-/~ hypoxic comparison inhibit canonical wnt/B-catenin signalling,
WIF1 and FRZB bind to Wnt proteins in the extracelhilar space and prevent ligand-
receptor interactions{Leyns ef al., 1997, Hsich e al., 1999; Hang er o/, 2009; Baldin e/
al., 1993; Baranwal ef al., 2009}, while DABR2 stabilizes phosphorylated axin and
attenuates Wt/ B-catenin signaling by increasing proteasomal degradation of B-catenin
{lang et al., 2009). These factors inhibit wnt signaling leading to decreased expression of
wnt target genes, such as cyclin D1 (CCNDI) and E cadherin (CDH), which were also
found downregulated in the miR145-/- hypoxic group (Table 2). Downregulation of CDH
and CCNDI can cause cytoskeletal reorganisation and decreased proliteration
respectively (Baldin er o/, 1993; Baranwal ef af., 2009). Therefore, inhibition of wnt/3-
catenin signaling may contribute to the phenotype obsaerved in hypoxia in the miR145-/-

mice.

Example 13. (}uantification of the development of PAH in wi mice treated with a
miR-145 antimiR in comparisen with controls and wi mice treated with a miR-
143 antimiR,

100116 To determine if the protective effect against the development of PAH
observed in miR-~145 ablated mice in response to chronic hypoxia can be replicated by
pharmacological manipulation of miR-145, ENA antimiRs were used.

(66111} The ENA antimiRs were 16 nucleotides in length targeting base 2-17
of mature miR-143 (SEQ 1D NO: 13) or mature miR-143 (5°-
TACAGTGCTTCATCTC-3’; SEQ ID NO: 14) and were as fully phosphorothiolated
oligonucleotides, perfectly complernentary to the 37 region of either miR-143 or miR-
145 and were synthesized as a mixer of LNA and DNA. The LNA control
oligonucleotide (scramble) consisted of a sequence divected against a C. elegans
specific miRNA with a comparable LNA/DNA content. AntimiR and control

oligonucleotides were administered to female C37BI6 mice (8-10 weeks old) via
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ohserved in scramble-treated and antumiR-143 animals, however, mice treated with

antimiR to miR-143 showed a significant reduction in systolic RVP (Figure 14A}. No

changes were observed in RVH and SAP in antimiR-145 or antimiR-143 treated mice

(Figure 14B). Histological analysis showed a significant reduction of pulmonary

vascular remodeling in small PAs of antimiR-~145 treated mice exposed to chronic

hypoxia in comparison with the percentage of remodeling observed in vehicle- or

scramble-treated mice exposed to hypoxia (Figare 14C, D). These data show that

selective pharmacological manipulation of miR-145, but not miR-143, prevents the

development of PAH in votce exposed to hypoxia. No changes in mean SAP were

observed (Figure 15A). No changes across the groups were observed in the HR

{(Figure 15B).

Example 14. miR-145 expression is elevated in lung tissue of human patients with
idiopathic or hereditary PAH.

[00113] To further elucidate the role of miR-145 in the development of PAH,
miR-145 expression in lung tissue taken from patients with idiopathic PAH (iPAH) or
hereditary PAH (hPAH) was compared to control lung tissue. Lung samples were
obtained from patients undergoing transplantation for end stage pulmonary
hypertension. Lung tissue was obtained from patients who were diagnosed with
hPAH associated with mutant BMPR2 (n=5) or iPAH (n=6). Control samples (n=6)

were comprised of tissue taken from lobes of lung clear of tumor from patients
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Ant i m R andndapbing bnanhiogenany éotlingesrciwere aad ndpoitst feced tioorflgral e C57B16

m ce (8-10 \A@e&é. gl d) via subcutaneous injection (25 nmg/kg in 0.2 n
saline). MPEEREPE injected with oligonucl eotide or vehicle on days 1 and 8
of the 14 dey113fl: ypoXiRNAXRIS pareffihQdbtddddi @ty tisweekasaikfadteramlde C57B16 m ce
were injected subcutaneously with an antim R specific for m R-145 or

M R- 143 and*PIREPIRFOSELC AEFssod Ne@ias ity it et pelaa v ah@™P8itar ed t o
vehi cl e-  ang c&flodRIiR145 (a4 @HAINES clcfutSERDIh IFOFEaNBIPAHYaBpI8d at day 8 of
hypoxi c exposure. The selective and substantial down-regulation of m R-145
or ni R 143 (Figurek6A) Naxted sémhyiidizatios waowed feeplize crmessiop a§mBy 142 PCR
(Figure 134y phan GREATRLRY H0RFAREEIIL RIHNGURA PRFFIDON BnldiyrfXPr essi on
of both mR-143 and m R'145 (Figure 13A, B). rthern bl ot confirned

sel ecti ve dothranelyss af thomofiFd lgugsecxpBGsiP) of MHE | Hewneabuipetduns softioRAMas n t r eat ed
mce in co ' it I - e lbn_vehi cl e treated
nypoxi ¢ m CBREHeER bl aR i NS, ARk AR B ol Bt U 08 B
i n conpar i dimnages (FigmeHioB).? AH sahadctordred dp dicalentlopnevasf bk eoncedri¢ Fi gure 14).

The sane effgc{ ﬁas agos.erlved i.n ?crapbl e-tr(ga% ed .and E}qti m R-143 ani nal s,
however, ni%R& PIFUATEH TR F s ANEE 0 ARG B RGN UM L2t e nt

r egucti on iIA pstyeatsolitlCiPRY and hPAGL HER 114 )vas éﬂq;r@balrtg@&t(emwsﬁmoﬂaseas;ﬂed in RVII
and SAP in antim R-145 or, .antim R-143 treated mce. (Fi.gure 14B).

Hi st ol ogi cﬁﬂ%wﬁ}qygqf%eds%mgﬂem%ﬁmn@aw ?&&aeeelfr&rle%c?nsaaﬂmnar y vascul ar
renodel i ng FidkifSrmRkisciidy ISsihs vtkdvidt frededb(Higiaati 68). MiREI486BAERSAI9 chroni ¢
hypoxi a i n conparison with the percentage of renodeling observed in

vehi cl e- orvaeplamphseed Baredndite-akposEdics vheigpextlahidhgame 14C, D). These
data show that,ig@l-a¢higkfe fHB%.rIE{%B&lh&]g'n%@«lK RRLIRH) Rtk 0R016f at M 1Kzl 4P,  but not

m R- 143, prevents the devel opnment o Hin mce exposed to hypoxia. No

changes i n ahealr SR ereresscduberdpetdniRFl GurNAZRigurabolDhalbash derivss the
groups wer & QBSEHY 8 dr QudnifitR iRl GY'E é%%'wgﬁ%ﬁﬁgiyge&u%e%ﬁ R-145 expression
is elevate |n1ung t1ssue of "human pa?lents with 1'diopathic or hereditary
PAH. [ 0011 3diotifmalrhjvdibrailasesi cdadperet trempieldeffaéntcR-SMIGs esid¢thevittimvied opnent  of

PAH, m R-145 expression in lung.tis ken from.patients w. i.di opat hic
oAt (g e B e a3 Rem a7 s 0, TS Tod- LR VD RishirtBy WikThas () 205
Lung sanpl éscipessecddbtiai sadthimmicpall c@npatnsne ol 43@xprcasiaphb algd at i on for end
stage pul monary hypertension. Lyng.tissue was .obtained, f tients who
were di agndOsI S THR SAI9ISSL BeFelt SLFORMIY IR iR PERERY THEA B | PAH ( n=6) .
Control sanphBESIn(BFe vcWelk Sc el ilmiRed sabpdat fdu& dtikeintfhoaisobes of | ung
clear of tunpr from Eati ents under goi ng pneunonect ony for | ung, carcinoma

and report d80¥8ke of Stgnihe eryvth anheharcsgtics of POBNYI Aol atadArgm paents

par af fi n- enhaddarb HithibhSis WRdWRSHtAX! SifGERdo #de RYRIEFDhORtbRYEl S were
assessed by .g]tgantl tative PCR, as described above. Conpared to controls,
i

m R- 145 wasvigiogrgermbnsmmpiptiens emaadringrbest b ir@iprearrie pRAR saepsithes (Fi gure
16A). Next,.cd i y.hr.i di L.OR_ t: i ssi on of

TR 145 | n o o AR g Bh R M3 SR kB R S R gur e 168).
| N concor daht@edifitom Bvid Ipyisdnss wére chlairerbandeniRiNdglsyelextphegsinoRNGf andi R- 145 i n
control |ung., sect.i s conf.ine 0.snoot h. le cells.jin lung,
el udi ng. BOIT STk S ey e B el P NS So B e L PR 1 6

char act er i zedubyniRhd5 sewedigpfiently okvbat i celndzeintd frem patitnpl veixti krofm ar t eri al

| esi ons i nvol yj the pre- and intra-acinar pulnopary. arteries. |n patients
weh i paH kRt R fy 2o B Gl Pl FRPRE S GG hbIot e el 1
and obser vegalyéit Whﬁ?&ﬁ&nm%tﬁﬁﬁn SQMPORED theafiffGomBeRt ¢l 6f theslagins and

pl exi form vascul ar 1esions wherever present (Fiqure 16B). M R-145 positive
cel I's wer e BRsWHSAB &6 syRE SqRPIgs Bl-coa?mdfrww&hélal’ré% anglysisy DY [hhwpe vessel s
had becone  pAFThdS 4RI RN &irh&R) fromPaBdl §itPRutaBEN i¥ srpseul ari zed
arterioles at the level of alveolar ducts expressed abundant m R-145 nRNA
(Figure 16B). Although in situ localization is not quantitative, m R-145
expression was notably reduced in neo#mti mal nyofi brobl asts conpared to
nore differentiated SMCs resident within the nedial |ayer (for exanple, see
Figure 16C). Taken together, in human lung, m R 145 is expressed in the
snoot h nmuscle cell conpartnment. M R-145 expression is al so observed within
renodel ed vessels of conplex lesions in patients with hPAH and i PAH 1In
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with BMPR2 nutations is fundanentally different to those isolated from
patients without germine nutations, human primary cells in culture were
used to awseesr/isbissef fect of BMPR2 mutations on m R 145pce&@B2at2/Bm018Pr i mary
human PASMCs obt ai ned from PAH patients were cultured and m RNA | evel s at
the pre-m RNA and mature m RNA level in the cultured cells were quantified.
Both pre-m R-145 and nature m R- 145 were significantly elevated in cells
derived fr ecompatd endam-mithted kovowoh PBYVMR2 (Righed 1 0 D) chinpeforedbasd lemesf f ect ed

trol's (Fi 7A, B). A hern bl ot analysi formed t fi
and. quant | 1§ THREF Perbt P ar i e Cegr b AVERY BB iR 235 T The same

sanples. In concordance with the PCR analysis, m R 145 was significantly

el evated in RNA extracted f_roma%%ti ents with nutations in BHPR2 conpared to

non- nut at ed*Xgls by E@&W‘(E?Rg e peguibion opHaifsl b ad BEEAFS | evel s of

m R145 ar e fepessaiord fympadisHYiEswi th _gernline BVPR2 nutations. Exanple 15.

Ef fect of BUBRSI Down’ e Hof ofc MR 24T AR R U S ek dPRE Sl on I n Human

PASMCs [ 0016700 eMal.- Y2t Sdl RinVi 45" Qpleligo SLE G nfandf T RME fTRdisat ed

knock-down of BMPR2 on m R-143 and m R-145 expression |evel in human W

PASMCs, celwsse wsEcted andfagsee dhivfarie & stvavancs. nblerd wrichepd &iwp- sequence, abl e

to target apd.down- | 31,858 LEical Ly BVMPR2 .or W a si Scranble as
QD%Q?QT m[%%%—/fﬁ%@ D& G LGl Mx&%@?@:ma&%&%}%

negati ve contro were seeded I n lates (1.5 x 105
cel | s/ wel I )[0@GIHA] gr owRABBICstweoe stages! in A-vBRUMENtA03BBS| 05SRellgwell )oind georwerf ect i on,

PASMCs wer e. i ncubat eq..,i j l. for 3 PA: re transfected on Day O
ih s ond! GEHRE R bl Py R e Sk oy A e D RREER o "o Pia

f or BMPR- | [Om@imebima@4 3h.aYA S\ Gowtre alandlamddadngedyl (ngitiPe Ghal cendERy{tlBardii o Sci ence
UK Ltd in . co X W th Dh F 4 I iluted i timem 1. The
Dar et ot MAS TS sbisthartt T TG ET Db RO o e St el 1) of
Optimem | fsaTonBrolMonthrgstinfeCHob DWRTP ) (Prrbasigin co KO tdfiah bompre witBOONML for 1

wel 1) cont ai ni n% 10X final concentration of the rel evant si RNA, making the

si RNA at  5PHRREECANE éplrah dHuted ReOpHmenph e bhapeaferd vepmeostadiihut es  at

room t enpengafryksrid Pv&hhg@dohﬂ’ﬁ)‘?'l%.%&ﬁ _om?tfirﬁém fstqnﬁﬁ@mu?%& gp M X
e

a
(400nt/ wel 1) was dropp onto cells in fresh timem | .6 wel I),

ensuring fudditienoePeigecrn (A0Rel el wellgeemtanine d @X ifinelAoaestiatdntdi thche conpl exes
for 4h at ‘?legxgnt giRNlAO\ﬁﬁginP¥hJ sﬁ&hg%?ﬁ @i%al}’@ok&:n . "‘]’Qe(y ﬁlﬁﬁ%sfiﬂgug%g' Day 1).

[ 00118] RNA was extracte romthese sanples an romuntreated cells after
4 days. Thdoddwninutg e radindemipfratBiRRelowndrepédes tedorsi. gihe Trapsfiattianprikegul at i on

of both rniR; d mR 145  where han e.phserved in untreated
or s scr ar S YRl Cadiieq R BB R SRR T 6P S P RREIE R " s
series of expaigendEnicswadhulld Werendebddbwltiethelcsmpaleeesetbedtait8dod,n human sanpl es
frompatie wi th hPAH and i P t 1 R- 145 expression is |ocalized
to both neg.?[)@qweéilﬁi’éfrf‘%?)“ieﬂ]tefﬁr’?ﬁllth W@&A’%&ﬁ é@i ns. The results also
denonst r at gog118peci f RNA wikexbediwersm BMPRAnpitsaté aos: wanthiel evated 4 evel s of

m R-145 in dgul monary snmooth muscle cells. Interestingly, despite the

up- regul at iB¥ 8P° APR-TESI3 N EHE P L AUFnl Bevbre unBey3e PARDati ent s,
the in situyykocaldhdalikans ofnddk So ThRMA 4&e bherNEESRlRaRf of PAH and hPAH
patients showed abundant m R-145 nRNA expression in hypertrophied arteries,
pul monary vasEEAT-rpas] sHs(daeredéM y nmuscul ari zed arterioles. The

meni pul ati oA R 1S SHRLEEA QARRSALALE SESH: Arsibstant @l | mpact on
t he devel ogmant] of PAI—?rgn toﬁus, r'ne - 14@5@%V\m-sr egu earﬁ onis a novel

t her apeut i claptpd oelomahormplaHtoBPanpitewliBhPAH Rad B3 e xpd 8esindh 14 BMPR2 R899X
m ce. expression is localized to both medial and neointimal SMCs of complex lesions. The
results also demonstrate a specific link between BMPR2 mutations and elevated levels
of miR-145 in pulmonary smooth muscle cells. Interestingly, despite the up-regulation
of miR-145 in the total lung of the analyzed PAH patients, the in situ localization of
this miRNA in the vessels of iPAH and hPAH patients showed abundant miR-145

mRNA expression in hypertrophied arteries, pulmonary vascular lesions and newly
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[ 00120] Consi dering the inportance of m R 145 regul ation in the nouse nodel s
of PAH and in PASMCs extracted from PAH patients with a nutation in the
BVWPR2 gerwo 20treisefsfect of a truncati ng BMPR2 nut ati on oRCEFAB20RHSEMPr €SSi on
in heterozygous R899X +I- mce was evaluated. These mice, simlar to

previ ously descri bed R899X transgenic mce (West et al., 2008) devel op
spont aneous pul nonary hypertension. [00121] RNA was extracted fromthe whol e
| ung of 6 muutidadded aﬂérﬁxﬂesaﬂdhemaipwaﬁdn bﬁ/mﬂﬁ-—llﬁ?éx@wdsimoaﬁphasm &eota for

i R-145. Thi ficant fomiR-1
mutat eq m ol EBRERER e Bofroraorer PPt & ehererdiaT st on i ¢

m R-145 in ap@waftlﬁdrﬁpehu@@)ps@@hmmwonfl rmed posi tive staini ng within the
snoot h nmuscl e | ayer of pul nonary vessels and bronchi of both wt and BWMPR2
mutated mce, with strong staining observed in imtated aninmals (Figure

191)) . [ O0Eahihe1dovam] £Sexdenunsty shedog@odzaidon of m R-145 in nouse
|l ung to snooth nuscle. Using quantitative PCR (g-PCR), increased expression

of ni R 145 [PH2Y | dt ypensidpeye the@p@i@;@efs@dn%?%Vpéti&#iammﬁud@mnst r at ed.

M1 k-145 T $y5d.QRirblheaRly pMﬁmﬁ%sééi&tt%%&@?m&%ub& &8 Q%§§1@E% @Rroni c
hypoxi a, and genetic ablation or antim R driven pharnacol ogi cal reduction

of m R- 145 BMFR? gtrecthe vccghi istcatiip Héde noprenon ofiRPABckmesviosen [ 00123] A
functi onal h%ggcll)(%{u% R%t)‘)g(h n\ﬁ ?&J%‘A é”u:aH{a%dOfi hggei 13‘4%@11&1‘ mrgr m[xgzveal ed a

reduced pulrionary vascul ar response 1o chro poxXl a ‘an duced right
ventrlcuIamkhy@aﬁﬁﬁ%b@yamﬁwmdmmx(%&ahmaiéﬁﬁ&mﬁmﬂﬁbﬁﬁﬁmkmmskﬂﬁmnmand nm ce
treated wth antlans via neasurenent of systolic right ventricular
pressure (é 5 Ui ‘'ght ventricular hypertrophy (RVH) and percent age of
renmodel ed pedrepary RNRekiseStadtt @eldite vl ihgopemoaitdpeicehng enodel ed

vessel s was 5| i.fic uce i.nh the knockout an| mal strongly

suggest i ng 4" b?(gt ééit?{\% ‘%/‘b’”l"ié‘ Bt ?ﬁ{?ffi‘%]%’ol% Eiroreirhe PRy %‘ﬁérifé‘i”oprrent The
simlar protgadioverfif-ees iMasnaRsRNYedcdihad el rdly @aded 1w lch an ant i m R
able to reduce m R- 145 expression substantially. Thus, mR- 14 deficiency

and anti mi Riiwpiieden FeuBcds onveeSniredertivns g Pre BmtissBiet i on from t he

devel opnmenty,@fi, Ao GRAE §a§'§i of ;ﬁﬂn%dary‘k%@éménmwﬁm@ﬁ%f Bene.egt -
[00124] Furt hernore, up-regul ation of mR- 145 lung tissue of patients

with idi opdifiFig2 anthiddanice. aﬁthet@ﬂﬂ\ﬁdl@@ﬁbﬁvfhﬁ%}ﬁﬂé@ﬁp@ﬂ@d% tiogumaf f ect ed
control s wagpObserved and expression of m R-145 in RAC of renodel ed vessels
was denonstrated. In human tissues, pre- and mature forns of m R 145 are

el evat ed i f08i22kues EindEimnﬁks»@iLaibesdmt%A%sat@btoémﬂéd% rompiBAHIngati ents with

a mutation in B;VPESZ Féo QQI’I'[I‘O| s. There. el evat ed
| evel s of rﬁﬁﬁothzf%ubéﬁp S qu,ﬁm ﬁivb?’%ﬁ% NENES L GIE TP Ed o 7 ‘%ﬁﬁgt ients with
BMPR2 nut atih @ﬁiéﬁ@ﬂ dviahBa: dxpodet @ hypogs wak d@h@ﬁ@fr&uﬂemm efts m ce. Th| S
conserved d sriﬁg ation sugﬂiest,‘s .the Oglr eseg 3 g bet We
Fegul at on W FEROLIG EH Y RO RO Bt S dpar T duT Ty > LOBTIST M ROEAS | 5
dysregul at e ahtimiR0i58n PRASLS 9 icAPAIHuand o @WR-145 is protective against the

development of PAH in mice.

[00123] A functional analysis of the vasculature of miR-145 -/~ mice revealed a

reduced pulmonary vascular response to chronic hypoxia and reduced right

ventricular hypertrophy.  PAH was evaluated in miR-145 knock-out and mice treated

with antimiRs via measurement of systolic right ventricular pressure (sRVP), right

ventricular hypertrophy (RVH) and percentage of revnodeled pulmonary arteries. o

addition, the percentage of remodeled vessels was significantly reduced in the

knockout animals, strongly suggesting a protective role for miR-145 ablation in PAH

development. The similar protective effect was observed in wit mice treated with an

antimiR able to reduce miR-145 expression substantially, Thus, miR-145 deficiency
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regul ation of m R-145 protects against the devel opnent of PAH. |In patient
sanples of hPAH and i PAH, m R 145 is expressed in renodel ed vessel s and
mut at i onswonoBMBRBs| ead to up-regulation of m R 145 i n MCTAENR/B10AR]
patients. On the basis of these observations, there is a critical role for
m R- 145 in the devel opnent of PAH and mani pul ati on of m R-145 represents a
novel strategy in PAH treatnent. [00126] All publications, patents, and

pat ent appIa'ndamtilmRQnéji&cmsﬁedioamd»umdiedigln'fmeﬂmpnae@iehrﬁmoﬁporat ed herein by

reference in their ent ynder sto hat the discl osed
vent on 1@vaiare BAG s Rims ik S AR G TR DR Ggy. b ot ocor s and

mat er i a: s qe(mm!j bﬁd BstHchese, Qﬁl@m‘ﬂﬁﬁdﬁ 0f|n{1Rl-j$E5?ﬂ1 g@w &i&@gbﬁﬁ&ﬁdmhh@t | t he

t ermi nol ogy .used herein .is r.the oses of describjng part|cu ar
embodi ment SYgRAC aiRGTEaT Mﬁ\iiﬁ%’é@ﬁaé‘ﬁ 1B PR e CREASEHTEOBIO Nés present
invention Wak&hedWnk kxhesslonrbed 1ankysiay drhenRRREREQE: s GWad iffBons:£0427] Those
skilled in the art will recognize, or be able to ascertain using no nore
than routi 8 hexpFersHeEntEt PR wEATTEh PRI 1éhes doehe Epesioht & enbodi nent s
of the inveptlanp deset b%ﬂﬁ%ﬁ'}ﬂm %&Ets%%ﬁ' vrﬁﬁmn%empkeg%%to be
enconpassed by the follow ng clains. 1. Dant zker DR,
Ayres SM Beﬁ@méWﬂEmleﬁhmdag@ eBHdtcE)éfthe GKMLRﬂﬁShmwswplilmml ng RM

or ospect v Sy i B i Y BNk DARS RSN U TR e

NW Mol eculmram;ﬁmt mtdearTHraginscrofd kbfwkgmmamuggstsm}h@mmmmdalhnhg in

pul monary ert ansion I’dl 173-202 3. Voel kel N,
Tuder R, V‘gl WER Bﬁ?%%%ﬁ?&?%ﬁ%g l?dt? Hgli?tasdrﬁéwﬁiéﬁy hypert ensi on. I n:
Rubi nI 1. kEﬂ@lﬂS] s. EBiika#s is dkdcp@ibnd Mxmaafoyuklysppmemsid@m- New Ygr k, NY:
Mar cel Dekker. 1997:8 . Morrel on PD, Jourdan KB,
Mbr gan N, Sﬁ%}éwéokwﬂ#%ﬁfﬁ&m %ﬂ%&%ﬁ’@&v@%&i RAH wﬁs%éara%rk»piﬁ monary

artery snmoofrh HMSGPEHCRIR-344 LORMBALE BN SioMIdd Wl YnRiloADRAr Y _
hypertension to transformng growth factor beta-(1) and bone rmriphogenetl c

proteins. CGIWEt td WP"I?%%“TMW?‘@W*‘?9’5““‘/5a“‘l\/ﬁﬁﬁéﬁaﬁfmmﬂmﬁ ayg! Huang W
Remi | | ard %se @s@éh@n&% thXﬁléqpa gréicag%liJ ?H% ﬁfi\@@dm@é @&Héaﬁﬁﬁeﬁmqlﬂﬂ@! adB of

pul nonary vascul ar rempbdeling: Role in the devel opnen pul nonary

hypert ensi omniviatipo phger-RéScpRo@ys 68v7ErOgy islPAAMsrtowy. The functions of
animal mcrornas. Nature. 2004; 431: 350- 355

[00126] All publications, patents, and patent applications discussed and cited
herein are incorporated herein by reference in their entireties. It is understood that the
disclosed invention is not limited to the particular methodology, protocols and
materials described as these can vary. It is also understood that the terminology used
herein is for the purposes of describing particular embodiments only and is not
intended to limit the scope of the present invention which will be limited only by the
appended claims.

[00127] Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of
the invention described herein. Such equivalents are intended to be encompassed by

the following claims.
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10. The nmethod of claim9, wherein the antisense oligonucleotide is about
12 to about 16 nucleotides in length. 11. The nethod of any one of the

pr ecedi ngwol2aizms313dher ei n t he i nhibitor is adm ni st eredPCo/dBre12203b)18Ct by
an inhal ational route of admnistration. 12. The nethod of claim 11,
wherein the inhibitor is fornulated as a dry powder. 13. The nethod of
claim1l, wherein the inhibitor is fornulated as a liquid aerosol. 14. The
nmet hod of axdyWwesns, Hfmztihelmé@éﬁhgg Gled }m;:mmhﬁr&ibnqtﬁemﬂmj €eganiks a human.
15. The rret od of claim gvvq pdseg tatlonlnthe gene
encodi ng tHh ‘CBSW66WP8WM%§?| %“WB?@*H‘“P@B&“‘ZG SEEPEBITOE. A kit for the
treat ment ofsdquiewedhi 0Gn 0PhRWI MRACY! BIct Bhys@)l J0pRens BN&I-pIF conpri sing an

i nhi bitor of mR-145 and an admi nistration device. 17. The kit of claim
16, wherein the adm nistration device is an inhaler. 18. The kit of claim
16 or clai mrligynWensiintder T NRinbstoFi-Qfc 811 AdRrdsSeansant iisense
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conpl enent aFgeiEbaayt-upieV HisRI1 S Getredseihe sqguanTrEzaRizer 6Fllcl ai m 18,

wher ei n t heganki 5€N8g; ol i gonucl eotide conprises a sequence that is at |east
partially corrpl enentary to a sequence of 5 - GUCCAGUUUUCC CAGGAAUCC CU-3 '
or 5' - DCCUEGARAAGHEIUCH B¢t ML, R@ncTheSkpiwesfd BN dtamos&tor cl ai m 19,

o 1 cat .“ﬁ\inﬁ%ﬁ%s%f%%%@‘é&?%@éa‘?f&eﬁ%ﬁ?ééfﬁﬁﬁﬁm%% PSSR m 20,
wher ei n t henlabitd teasictiones. Sgar. IWoR3Ps:¢Ht-43¥n is a 2' -0-al kyl nodification or
a bicyclic sugar nucl eosi de nodification.

29. Jang Y, Luo W, Howe PH. Dab2 stabilizes axin and attenuates wnt/beta-catenin
signaling by preventiog protein phosphatase 1 {(pp1)-axin interactions. Oncogene.

2009;28:2099-30{7

30. Baldin V, Lukas J, Marcote MJ, Pagane M, Draetta G. Cyelin d1 is a nuclear

protein required for cell cycle progression in gl. Genes Dev, 1993;7:812-821

31. Baranwal S, Alahart SK. Molecular mechaniss controlling e-cadherin cxpression

in breast cavcer. Biochem Biophys Res Commun. 2009;,384:6-11

47



22. The kit of claim 21, wherein the bicyclic sugar nucl eosi de nodification
is a locked nucleic acid. 23. The kit of any one of clains 18 to 22
wher ei n twe 2artisssase ol i gonucl eoti de conprises at | eastCorgB20raisbane

nodi fication. 24. The kit of claim 23, wherein the backbone nodification

i s a phosphorothioate |inkage. 25. The kit of any one of clains 18 to 24,
wherein the anti sense oligonucleotide is about 8 to about 18 nucleotides in
| ength. 2&laibiee kit of claim 25, wherein the antisense oligonucleotide is
about 12 to about 16 nucleotides in length. 27. The kit of any one of
clainms 16 to 26, wherein the inhibitor is fornulated as a powder contained
W t hin the 1adm i stthad bfarcat@ydrgReventdh pulfiendy brt@fal Bypyri@RRnPABN & N8 16 to
26, wherein the inhibitor is forml ated as a Liq id aerosol contained

W Ehin t he CHAFHIS A hSrT SBRPEENe g istRng il HIDGE: SrTHPRE A8 Ror use in a
met hod of tjygating or preventing pul nonary arterial hypertension (PAH) in a
subject in need thereof the nethod conprising adm nistering to the subject
the inhibitor of mR-145. 30. The inhibitor of m R 145 for the use of

claim29, wher eife bifol BRLRING OhwiRfeiinRinkittol 81 AR-MM i 38 IRl gONucl eoti de
conprising a sequence that 1s at least partially conplenmentary to a mature

m R- 145 seqligomeleoti@lconpising alipdicnesrthasfis atil@stipaBiafly complemgrierydé acl ai m 30,

wherein th i SEI i.gonucl eotide conprises a sequence that is at |east
partially g%%%%gﬁgﬁﬁngh?%%a sequence of 5'-GUCCAGULJUUCCCAGGAAUCCCU- 3' or

5' - GGAUUCCUGGAAAUACUGUUCU- 3' . 32. The inhibitor of m R-145 for the use of
claim 30 or, 31, erei e. ti,sense ol.igonucl eotjde,conpr.i ses at | east
e e g+ iThOReGR of S5 RIRRAR i Ry b s R Lo T SRR s o of et ai m
32, wher ei neduacathatlieaséasofpetiSlygampRB@hiyaatisefuch& o 52' - 0- al kyl

nndificatiqﬂjgéA%>Ri%¥8&52(§$§K%C888L§%§%ge nmodi fication

GGAUUCCUGGAAAUACUGUUCU-3".

4. The method of claim 2 or 3, wherein the antisense oligonucleotide comprises

at least one sugar modification.

5. The method of claim 4, wherein the at least one sugar modification is a 2°-O-

alkyl modification or a bicyclic sugar nucleoside modification.

6. The method of claim 5, wherein the bicyclic sugar nucleoside modification is

a locked nucleic acid.

7. The method of any one of claims 2 to 6, wherein the antisense oligonucleotide

comprises at least one backbone modification.

8. The method of claim 7, wherein the backbone modification is a

phosphorothioate linkage.

9. The method of any one of claims 2 to 8, wherein the antisense oligonucleotide

is about 8 to about 18 nucleotides in length.
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34. The inhibitor of mR-145 for the use of claim 33, wherein the bicyclic
sugar nucl eoside nodification is a | ocked nucleic acid. 35. The inhibitor
of m R 14sofwryisBssuse of any one of clains 30 to 34, wereraBiBE1@At i sense
ol i gonucl eoti de conpri ses at | east one backbone nodification. 36. The

i nhibitor of m R-145 for the use of claim35, wherein the backbone

nodi fication is a phosphorothioate |inkage. 37. The inhibitor of m R 145
for the usdOof &hynmethedof cleina?,meheBin tho aBfenstodipeiurlcbtid ianbaus ehse

ol i gonucl eot i i s about.8 to about 18 nucleotides in length. 38. The

i nhi bitor &%mﬂﬁﬁPT%%QF%?lqﬂgﬁﬁse of claim37, wherein the antisense

ol i gonucl eotide is about 12 to about 16 nucleotides in length. 39. The

i nhibitor of m R-145 for the use of any one of clains 29 to 38, wherein the
i nhi bitor i4d- ad%hﬁ@thegeﬁa%y(j)nﬁwgthg@bﬁcg P8 BymIn™ IiRA R NBIREPT ¥ out e of

adm ni st r atadMihist@ed WBE Qiviect Bear AR R rolits oBsirkiakirfidn0 be admi nistered to
the subject by an inhalational route of admnistration. 40. The inhibitor
of m R-145 for the use of claim39, wherein the inhibitor is fornul ated as
a dry powdep. V02012l 53LERPATAREROIRL ORARL: ity DU RIS, Of i R 145
for the use of claim39, wherein the inhibitor 1s fornulated as a liquid
aerosol. 42. The inhibitor of mR-145 for the use of any one of clains 29
to 41, whergin ' i . 43 . i nhi. bi tor:. m R- 145 for

t he use of]glaiE?gﬂﬁH@E§?§?ﬁ§¥ﬁgmﬁgﬁgﬁeIégmggﬁﬁlgﬂ@%%hpﬁlwﬁg‘gene encodi ng
t he bone noeepkadgenetic protein type-2 receptor.

14.  The method of any one of the preceding claims, wherein the subject is a
human.
15.  The method of claim 14, wherein the human has a mutation in the gene

encoding the bone morphogenetic protein type-2 receptor.

16. A kit for the treatment or prevention of pulmonary arterial hypertension

comprising an inhibitor of miR-145 and an administration device.

17. The kit of claim 16, wherein the administration device is an inhaler.

18. The kit of claim 16 or claim 17, wherein the inhibitor of miR-145 is an
antisense oligonucleotide comprising a sequence that is at least partially

complementary to a mature miR-145 sequence.

19.  The kit of claim 18, wherein the antisense oligonucleotide comprises a
sequence that is at least partially complementary to a sequence of 5°-
GUCCAGUUUUCCCAGGAAUCCCU-3’ or 5°-
GGAUUCCUGGAAAUACUGUUCU-3".

20. The kit of claim 18 or claim 19, wherein the antisense oligonucleotide

comprises at least one sugar modification.
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21.  The kit of claim 20, wherein the at least one sugar modification is a 2’-O-alkyl

modification or a bicyclic sugar nucleoside modification.

22.  The kit of claim 21, wherein the bicyclic sugar nucleoside modification is a

locked nucleic acid.

23.  The kit of any one of claims 18 to 22 wherein the antisense oligonucleotide

comprises at least one backbone modification.

24, The kit of claim 23, wherein the backbone modification is a phosphorothioate
linkage.
25.  The kit of any one of claims 18 to 24, wherein the antisense oligonucleotide is

about 8 to about 18 nucleotides in length.

26.  The kit of claim 25, wherein the antisense oligonucleotide is about 12 to about

16 nucleotides in length.

27.  The kit of any one of claims 16 to 26, wherein the inhibitor is formulated as a

powder contained within the administration device.

28.  The kit of any one of claims 16 to 26, wherein the inhibitor is formulated as a

liquid aerosol contained within the administration device.

29.  An inhibitor of miR-145 for use in a method of treating or preventing
pulmonary arterial hypertension (PAH) in a subject in need thereof the method

comprising administering to the subject the inhibitor of miR-145.

30. The inhibitor of miR-145 for the use of claim 29, wherein the inhibitor of
miR-145 is an antisense oligonucleotide comprising a sequence that is at least

partially complementary to a mature miR-145 sequence.

31. The inhibitor of miR-145 for the use of claim 30, wherein the antisense

oligonucleotide comprises a sequence that is at least partially complementary to a
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sequence of 5’-GUCCAGUUUUCCCAGGAAUCCCU-3’ or 5°-
GGAUUCCUGGAAAUACUGUUCU-3".

32. The inhibitor of miR-145 for the use of claim 30 or 31, wherein the antisense

oligonucleotide comprises at least one sugar modification.

33. The inhibitor of miR-145 for the use of claim 32, wherein the at least one
sugar modification is a 2’-O-alkyl modification or a bicyclic sugar nucleoside

modification.

34.  The inhibitor of miR-145 for the use of claim 33, wherein the bicyclic sugar

nucleoside modification is a locked nucleic acid.

35. The inhibitor of miR-145 for the use of any one of claims 30 to 34, wherein

the antisense oligonucleotide comprises at least one backbone modification.

36. The inhibitor of miR-145 for the use of claim 35, wherein the backbone

modification is a phosphorothioate linkage.

37.  The inhibitor of miR-145 for the use of any one of claims 30 to 36, wherein

the antisense oligonucleotide is about 8 to about 18 nucleotides in length.

38. The inhibitor of miR-145 for the use of claim 37, wherein the antisense

oligonucleotide is about 12 to about 16 nucleotides in length.

39. The inhibitor of miR-145 for the use of any one of claims 29 to 38, wherein
the inhibitor is administered to the subject by an inhalational route of administration,
or wherein the inhibitor is suitable to be administered to the subject by an inhalational

route of administration.

40. The inhibitor of miR-145 for the use of claim 39, wherein the inhibitor is

formulated as a dry powder.
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41. The inhibitor of miR-145 for the use of claim 39, wherein the inhibitor is

formulated as a liquid aerosol.

42.  The inhibitor of miR-145 for the use of any one of claims 29 to 41, wherein

the subject is a human.

43, The inhibitor of miR-145 for the use of claim 42, wherein the human has a

mutation in the gene encoding the bone morphogenetic protein type-2 receptor.
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