Title: Means and nethods for counteracting, preventing and/or determ ning
heart failure, or a risk of heart failure FIELD OF THE | NVENTI ON The

i nventi orwoebares3?wo the fields of biology and nedi ci nePCUINI010r050251
particular, the present invention relates to m RNAs for use in diagnhosis
and therapy of heart failure. BACKGROUND OF THE | NVENTI ON M cr oRNAs

(m RNAs) are small RNA nol ecul es encoded in the genones of plants and
animals. They are present within introns of protein-coding genes, in

pol ycistronic transcripts encoding nultiple m RNAs and in individual m RNA
genes. These highly conserved RNAs with a |l ength of approximtely 21-23
nucl eotides usually regul ate the expression of genes by binding to the
3'-untransl ated regions (3 -UTRs) of specific mRNAs. Each m RNA i s thought
to regul ate ?Q t|p| %£%§ Ina;oﬁ'?%gmﬂ% dr 93 %Leaagwﬁzg%ﬂgs are predicted
to be present I higher UK aryo es the po & El regufé%ory circuitry

af forded by m RNA i sleraiinbigsheaseiahat, sresask chhgodpduteave provi ded

evi dence that m RNAs act as key regul ators of processes as diverse as early
devel opnent, cell proliferation and cell death, apoptosis and fat

met abol i sm pmmg@ﬂw quﬂj fievenfN on. There is speculation that in higher
eukaryotes, the role of mRNAs in regul ati ng gene expression could be as

i nportant as that7Bﬁﬂmwam@@nr@akﬁnoth@ﬁehsOfbné%aﬁﬂﬁiMMdEnmnﬂﬁmwsnhave been
valldated to d gﬁ K uter %} gﬁg bt 8§ be thousands
mor e. C&vaéfd %%%esﬁ%]{l 09% &' ﬁnﬁﬁm§ 5 A e%%&b’ﬁ PE8 by ni RNAs.
The genes th@ﬁdaﬂﬁggﬁoﬂhéaMﬁhﬁuﬁgtranscrlbed from DNA by RNA pol ynerase |
but not translated into protein. The primary transcripts, which generally
have a | ehgth of several kilobases, are called pri-m RNAs. Pri-mi RNAs are

processed |th@§g§§btm@th@@§Hggg§ﬁgﬁﬁ@%q 70-100 nucl eoti destem | oop
structures known as pre-m RNAs. This processing is perfornmed in animls by
the RNase |11 enddviccoEse (muBBTIAa) aifer enall RNAS nelecules encoded in the
genomes of plants and animals. They are present within introns of
protein-coding genes, in polycistronic transcripts encoding multiple
10 miRNAs and in individual miRNA genes. These highly conserved RNAs
with a length of approximately 21-23 nucleotides usually regulate the
expression of genes by binding to the 3'-untranslated regions (3'-UTRs) of
specific mRNAs. Each miRNA is thought to regulate multiple genes, and
since hundreds of miRNA genes are predicted to be present in higher
15 eukaryotes the potential regulatory circuitry afforded by miRNA is
enormous. Several research groups have provided evidence that miRNAs
act as key regulators of processes as diverse as early development, cell
proliferation and cell death, apoptosis and fat metabolism, and cell
differentiation. There is speculation that in higher eukaryotes, the role of
20 miRNAs in regulating gene expression could be as important as that of
transcription factors. Over 540 human miRNAs have been validated to
date; however, computer models suggest there may be thousands more. It
is believed that up to 30% of human genes are regulated by miRNAs.
The genes that encode miRNAs are transcribed from DNA by RNA
25  polymerase II but not translated into protein. The primary transcripts,
which generally have a length of several kilobases, are called pri-miRNAs.

Pri-miRNAs are processed in the cell nucleus to shorter, 70-100 nucleotide



subsequently transported into the cytoplasm where they are processed to
doubl e- stranded mM RNAs with a I ength of 21-23 nucl eotides by a second
RNase || Iwerdovzéi7ease, DI CER. One strand of the m RNA @#pm™Na20108350251
subsequently incorporated into the RNA-induced silencing conplex (RISC). As
part of the RI SC, gene expression of a target gene is counteracted by
inhibiting translation and/ or by cleavhgg MRNA. The mature m RNAs are
partially conplenentary to one or nore NA nol ecul es. If m RNA and nmRNA
are expressed in the sane cell, they can hybridize in a sequence- specific

manner, therghy, B‘b?‘é%tcfﬂ%s ‘k'h@@%' A eMmANAD eF}HBbrk%c'e&tng B Sdr@drhed hus
|nportantly regul ating specific protein |evel | evel of interest and

confi dence |Hlﬁﬂﬁmﬂsba§h®8§§$bﬂﬁfﬁﬁpnudemﬁbmaybaSPUEmHREA@éWQnstrated by
the fact that varloqup1 ase hﬂolo anles have(fgen started

up recently. at “have b ﬁltoe£%nc rERd heart “di sease.

Expr essi on aﬂ@ilﬂ@sﬁfaﬁﬂbkﬂihﬁRNA&;\/xeﬁh apleﬁgufdfezi 78 RNAe&Xdsa8S4 Sdtondl t unors
conpared to normal_ tissues. 8 hmi}are q;hg%ulate%ﬁgn breast, lung, and
col on can%erRNélﬁﬁIH;ﬁné@w%l?w PH Bl nerster B¢ RN AeRles iz o |

| yTPROMES. - ASuIRGRUARAHED ra TR THoMKI-(AlRdd KiRhindoflld ohl v useful as

bi omar kers, especiall’y for future cancer diagnostics, and are rapidly
emer gi ng as @ISCachs pertttéwgeﬁés@ogeml @@a@@lqnmf@rixaegﬁtl geme i$n addition to

their link with,cancer he control of
diver se aspedt B GReEahy BETHORETuR Sl By UPERE ERBk o REN T eyt <
growt h, integiaktie IﬁfRNA@ a¥&partiAlyl @mplemknt L0 Mb ba@br hidry mRI§AE expression,

and mai nt enance of cardiac rhythm_The m sexpression of ni RNAs has been
shown t olbhe metesulesr If %}?&%@Pﬂﬂeﬁgﬁt aveqyxpieRsed hr Ehe e cdb thewedn di sease.

It was r ece”ﬁ Wi S G bl%g&ildetrﬂétspgal%rﬁ{e? t%'e?é% &%&Rﬂng {}aﬁéﬁ%n opever al

m RNAs coul d be detected at relfatively hi s In serum plasng,
pl atel ets, eﬂyﬂhR@b&U&spragnwehhsasp@%enﬁumﬁgdahdgbp@m@cpeﬁﬁslébﬂsrant

expression profil e’fhgievgi Merege/a% con il erelgeclrr{ 191 NIArs] a%lp%smbpe clinical
players can be demonstrated by the fact that various miRNA-based
15  biotechnology companies have been started up recently.
Several miRNAs have been linked to cancer and heart disease.
Expression analysis studies reveal perturbed miRNA expression in tumors
compared to normal tissues. MicroRNAs are deregulated in breast, lung,
and colon cancer, and upregulated in Burkitt’s and other human B-cell
20 lymphomas. As a consequence, human miRNAs are likely to be highly
useful as biomarkers, especially for future cancer diagnostics, and are
rapidly emerging as attractive targets for disease intervention. In addition
to their link with cancer, microRNAs play an important role in the control
of diverse aspects of cardiac function and dysfunction, including myocyte
25  growth, integrity of the ventricular wall, contractility, gene expression,
and maintenance of cardiac rhythm. The misexpression of miRNAs has
been shown to be necessary and sufficient for multiple forms of heart
disease.
It was recently described that miRNAs are also present in blood.
30 Several miRNAs could be detected at relatively high levels in serum,

plasma, platelets, erythrocytes, as well as the nucleated blood cells.



subjects with sickle cell anaem a or in prostate cancer. Although it is
certain that genetic factors are associated with the predi sposition to
devel op hweanroidasi7are, the identification of such genetiPCTNQOIDBrS0ATAS been
probl ematic given the conplex nature of the disorder. Methods for

di agnosi ng acute coronary syndrones, including heart failure, have inter
alia been described in WO 2002/ 083913, 002/ 089657 and WO2006/120152. Al
t hese net hods use the level of brain natriuretic peptide (BNP) as a narker
for the acute coronary syndronme in for instance blood or urine. However,

this polypephhggahfesiesgbiedrdiiled HEmYBOAL hakeBeH ddLBiHBEH bldol of €SPONSE to
excessive stretching of heart nuscle cells, and is therefore a

physi ol ogi catuhieatk ently sitklecell pgacimea hery prostmidicanesn. There is a need for

genetic markers, wlilch ol ¢, ASEHRIhel YL EListh.{ e Aenelis Migdhspos tion
of a subject of deve oﬁ ng eart farl e ‘sich narkers a’so a I"'Oow di agnosi s
nore early. pledésposithe taviavblapibehityfailirgeneidantitRbiien sf sl galeeicpr edi cti ve

for devel oping heart failure is highly desirable. Au%present, no such
mar kers eXi stactesepppRIe ORI PLENRIKENTRERE FOmRlES AW peldherdbitider hat m RNA

bl ood profiles areaios ff difeEMd adfts d3RarVy J&Hhe‘é‘h&%ﬁidﬂgg h@e bound

by any theory, it is believed that cells, including cardiac nyocytes,
excret e t hesailwirRNpyeviter exioserasleseriled ineWH/YHP/CH3@18hat t he excretion

RNA prof 1| N PsBa RN 02l Tan L AR ERE e AN e ARl C o

bi omar ker appreaabesutdiiciRptide (BNIPUGE a thhrkes fantiycacd cbniRe present
invention to provide neans and_ nethods for_treating, preventing or
det er m nithg #E@drpyR BT Kekance pigod graring Eweaver his RABPEedpt i nventi on

provides in Qecff't!ééﬁo%z%?ﬁg%%%ft?cﬁ%géf*}ﬁg He@ft th888drd t9bxRENERlcRGifgar t

failure in a subjec
of heart muscle cells, and is therefore a physiological marker reflecting the

heart condition. There is a need for genetic markers, which more
accurately reflect the genetic predisposition of a subject of developing
15  heart failure. Such markers also allow diagnosis more early.
Hence, the availability of genetic markers that are predictive for
developing heart failure is highly desirable. At present, no such markers

exist.

20 SUMMARY OF THE INVENTION
It has now been found that miRNA blood profiles are altered in
heart disease. Without whishing to be bound by any theory, it is believed
that cells, including cardiac myocytes, excrete these miRNAs via exosomes
into the blood and that the excretion pattern is changed in disease.

25 Thus, the present inventors have shown that miRNA profiling in
blood can be used as a novel tool for diagnostic or biomarker approaches in
heart failure.

It is an object of the present invention to provide means and
methods for treating, preventing or determining (a risk of) heart failure.

30 Accordingly, the present invention provides in a first aspect a
method for treating or preventing heart failure in a subject the method

comprising the step of:



conprising the step of:- decreasing within said subject the expression,
anount, and/or activity of at |east one m RNA, or - decreasing within said
subj ect twe20rwesxeti on of at | east one M RNA with its FREANIReNgS02510r -
increasing within said subject the expression, anmount, and/or activity of
the nRNA target of at |east one m RNA, wherein said at |least one mMmRNA is
sel ected fromthe group consisting of nj R 423-5p, m R 191*, m R- 15D,

m R-1228*, m R-181la, m R-18a*, m R 107, m R-299-3p, m R-342-3p, m R-652,
m R-675, m R 129-5p, mi R18b*, m R-1254, mi R 622, HS 202.1, mi R 302d and

sol exa- 3927- 221. 1Rt wRBRES kiibjebY @RS brd MBNLRANRIM/des a et hod
for treating or preventing heart failudre in a subject the nmethod conprising

t he step of :activibicoleddeard one miRNAzird subj ect the expression, anmount,

and/or activity of O%%r la%%StwRﬂFn m. NABj\%c?t{tﬁfe.i'{lpe% asi ?fgat"i‘e%s_ i sai d subj ect
the interaction of at Téast one m i'ts arget; or - decreasing
wi t hin sai d suRNeckithhiss RN essigot) oranount, and/ or activity of the nmRNA
target of _at |east .one ni RNA rein said at | east one m RNA is sel ected

\,_wher :
fromthe Yroup condh@erigssfithinRaibiubiastpphggEprassiR7ARoURs RREPY- 3p and
sol exa- 2952- 3Q6,ity & tRE SARNNEG &P AL TBRE SnOfmikke above aspect, said step of

increasing the expression, anount and/or activity or the interaction of
sai d m RNA cwhprdis esidatneaitonemiigNA as sdeded inethe gamd confdiingsf f unct i onal

R 82 OSSO RO LRRST SR S LG OB BEL TRRY | s
sel ected fronnt, heiRgeeYPp CAMS33LI3RINOR-652RMIRIG75MRR30W, 5pinRRA4A:, M R- 142- 3p
and sol exa-2952-306, or a precursor mcroRNA (pre-m RNA) or a m croRNA
10 miR-1254, miR-622, HS_202.1, miR-302d and solexa-3927-221.
In another aspect the present invention provides a method for
treating or preventing heart failure in a subject the method comprising the
step of:
- increasing within said subject the expression, amount, and/or
15  activity of at least one miRNA; or
- increasing within said subject the interaction of at least one
miRNA with its mRNA target; or
- decreasing within said subject the expression, amount, and/or
activity of the mRNA target of at least one miRNA,
20 wherein said at least one miRNA is selected from the group consisting of
miR-191, miR-30e, miR-744, miR-142-3p and solexa-2952-306.
In preferred embodiments of the above aspect, said step of
increasing the expression, amount and/or activity or the interaction of said
miRNA comprises administering to said subject said miRNA as functional
25 miRNA, as precursor microRNA (pre-miRNA), or as microRNA primary
transcript (pri-miRNA).
In another aspect the present invention provides a miRNA selected
from the group consisting of miR-191, miR-30e, miR-744, miR-142-3p and
solexa-2952-306, or a precursor microRNA (pre-miRNA) or a microRNA
30 primary transcript thereof, for use as a medicament, preferably for use in

the treatment or prevention of heart failure.



primary transcript thereof, for use as a nedicanent, preferably for use in
the treatnment or prevention of heart failure.ln yet another aspect, the
present iwoentoae7provi des a conpound, preferably a nuclrerczNiaciodsoxsapabl e
of specifically binding to and thereby inhibiting the activity and/or
function of at |east one m RNA selected fromthe group consisting of

m R-423-5p, m R-191*, m R 15b, m R-1228*, m R- 18la, m R-18a*, m R-107,

m R-299-3p, m R-342-3p, m R 652, m R 675, mR-129-5p, m R-18b*, m R- 1254,
m R- 622, HS 202.1, m R-302d and sol exa-3927-221, and precursor m croRNAs

(pre-m RNA) or m qh%’t\l‘ﬁ‘nQﬁHe%EI}fe&rﬁ@%ﬁ@é&ﬁ%m@&ﬁ{ﬁ%rotlﬂres USBnfpoudd
medi cament, preferably for use in the treatnent or prevention of heart

failure. Theplteé@narblwf&ungclﬁmramd\@aeabieméﬁmcsflqalhlydandmgabandttbetdw capacity of
the said m R ran ion. of Ah e.nucleic acid
N%lbl?lélrgggﬁ EW&%BPe ? nct (?ftalt?]egas?hge ﬁngﬁ%sele(?ced ?I‘()m

is therefore' pre cap dizatton 1n a
sequence- s patd drioGp rdfaxlﬂsri@ﬂin@eﬂ N@RﬂZBl@ m1RNAa 1ananI1$bnﬁm waryahiR-The term

"speci fically bindin in the context of ucl ei.c acid. as defined

herein reter i nﬁé‘r?@%unaﬁ 1Y 3R %R iy a4% RBt M- 6 2R -&70¢
hybri di zi ng Hlnﬂqrzgsgé; hﬁﬁeféb*cﬁﬁﬁ' 1tz5qn§nf<cesz§hﬁss%fi1%%02&%@ preferred

enbodi ment, the said nucleic acid has a sequenCe that is the conpl enent of

t he sequencesaiéxat &%mendsarpcwmdedcle\msqmenﬁRNAi amoichdtNAspect t he

pr esent |nven]}| on ]govsl les @8 £ gorr scorrprl Cgme ﬁe G %Jlgi seguence
encodi ng a nUCIE ¢ "HErE REpasl € o §5etti & I ggll {Pept erl §ab'S 9L H5G Wer eby

i nhi biting the @6edtnyddtyor ppeVaditiohWitichffadlir@THeash “QnetithRNArsgl ect ed from
t he groui) consjisting of m R 423-5p, m R-191*, ni R 15b, m R 1228*, m R-18la,
m R 18a*10 ni rRfqpin narieywlgyto tiy capppitg abthpsaidupRaEbto hehib 75 ni R- 129- 5p,

m R-18b*, m 5&19@1@%’1{)&&" ﬁleﬁ'ga,% eﬂ'ﬁk%@@ ’lahe Hﬁé?\el%%ﬂi ﬁ‘qgel%%r%)ﬁei%gg(ﬁ 221, and

precursor mcroRNAs (pre-m mcroRNA primary transcripts "t her eof or
a m RNA sel ecipadhld mfonhtm‘engltlmlhybmdnsatsdm nya ekquAanRe-bPdcificnR3@e, i R— 744,

m R-142-3p agedcwsegll e mlﬂﬁle (? its mnﬂNB;r targéts ‘ﬂle q‘er% S Igﬁﬁ'lc(aﬁy %mrglng
to” in the context of a nucleic acid as defined herein refers in particular to

15 anucleic acid that is capable of hybridizing under stringent conditions to
the said miRNA. In a preferred embodiment, the said nucleic acid has a
sequence that is the complement of the sequence of the miRNA as
provided in Figure 3.

In another aspect the present invention provides a vector

20 comprising a nucleic acid sequence encoding a nucleic acid capable of
specifically binding to and thereby inhibiting the activity and/or function
of at least one miRNA selected from the group consisting of miR-423-5p,
miR-191*, miR-15b, miR-1228% miR-181a, miR-18a*, miR-107, miR-299-
3p, miR-342-3p, miR-652, miR-675, miR-129-5p, miR-18b*, miR-1254,

25 miR-622, HS_202.1, miR-302d and solexa-3927-221, and precursor
microRNAs (pre-miRNA) or microRNA primary transcripts thereof or a
miRNA selected from the group consisting of miR-191, miR-30e, miR-744,
miR-142-3p and solexa-2952-306, and precursor microRNAs (pre-miRNA)
and microRNA primary transcripts thereof, and capable of expressing said

30 nucleic acid or (pre or pri) miRNA, for use as a medicament, preferably for

use in the treatment or prevention of heart failure.



and m croRNA primary transcripts thereof, and capable of expressing said
nucleic acid or (pre or pri) mRNA, for use as a nedicanent, preferably for
use i n thwotowaeant or prevention of heart failure.|ln yer/Nanotolwss2saspect
the present invention provides a cell conprising a vector according to the
invention as described above, for use as a nedicanent, preferably for use

in the treatnment or prevention of hear t6fai lure. In still another aspect
the present invention provides a pharmaceutical conposition for treating or
preventing heart failure in a subject conprising: - a gene according to the

invention as descrihRed aHQNe albedt REe BXREREHVRALIBA PeMaled HefiE0f, a (pre- or
pri-) m RNA according to the invention as descri bed above, a vector

accor di ng t ocarerising @riecton agsordestio ﬁh@dn‘a@um asmlesarlb@d Bbfa@cfmfmsﬁg to the

i nvention asasq%smcer baencli a)cbo a%pd a Maceut aOIrI 8s6ept Oafbl e carrier,
di | uent or excrpi en(f TH ?]‘i a?’%ourut er aspec ﬁ%esen I nvention

provi des a neéhodailwe. di agn05| ng a subject as sufferl ng fromheart failure

or being at risk of devel 0191| ng heart failure, the net hod conprising: a)
det er ni mfng the | dpefillanotherermnert theameasnt Rventonpioxidsseai ned from sai d

subj ect, }ff)ﬁéﬂ?né?c%hﬁczgl% Igoglt%r%f""ﬁre'aﬁ o&“p@%n% efefin@as e group
consi stl ng of mR-191* 15b, m R- 122 m R- 18 m R-18a*, m R- 107,

m R-299- 3p, silRe@42nBpising: R- 652, ni R- 675, m R 191, m R- 302d, m R 30e,
m R 744, m R-142-3p, sol exa- 221, .and pr ecur sor

o oms (e RS SR ARRA TR IERGoR e a R e

di agnosi ng wagirbediod prodadbilegtofs Hiiher sr brionmiTMAtactaiding & thie 1S at ri sk of
devel opi ng heart failure based on the | evel of a genetic marker determ ned
in step H? Inyentipy ag descrited sione it Vet Headqepkddng fothepngendesaa net hod f or

described above, or a cell according to the invention as described above,
and

- a pharmaceutically acceptable carrier, diluent or excipient.

15 In still a further aspect the present invention provides a method
for diagnosing a subject as suffering from heart failure or being at risk of
developing heart failure, the method comprising:

a) determining the level of a genetic marker in a sample obtained
from said subject, wherein said genetic marker is a miRNA selected from

20  the group consisting of miR-191*, miR-15b, miR-1228*, miR-181a,
miR-18a*, miR-107, miR-299-3p, miR-342-3p, miR-652, miR-675, miR-191,
miR-302d, miR-30e, miR-744, miR-142-3p, solexa-2952-306, and solexa-
3927-221, and precursor microRNAs (pre-miRNA) or microRNA primary
transcripts thereof;

25 b) diagnosing whether the subject suffers from heart failure or is
at risk of developing heart failure based on the level of a genetic marker

determined in step a).

In a further embodiment, the invention provides a method for
30 diagnosing a subject as suffering from heart failure or being at risk of
developing heart failure, the method comprising a) determining the level

of at least one genetic marker in a sample obtained from said subject,



di agnosi ng a subject as suffering fromheart failure or being at risk of
devel opi ng heart failure, the nethod conprising a) determning the | evel of
at | east woeogenei7c marker in a sanpl e obtai ned from saca/NQbjodse2sWher ei n
said at | east one genetic marker is a m RNA selected fromthe group
consisting of mR-423-5p, m R-191*, m R 15b, m R 1228*, m R 181a,

m R-18a*, m K-107, m R-299-3p, mR- 342-7’3p, m R- 652, m R-675, m R-129-5p,

m R-18b*, m R- 1254, m R- 622, HS 202.1, m R-191, m R 302d, m R-30e,

m R-744, m R-142-3p, sol exa-2952-306, and sol exa-3927- 221, and precursor

m cr oRNAs  ( PiBefEiRNAN AMNeftOndR¥ARE WHBLYr s ARSRNAR Sect EFERS theand b)

di agnosi ng whet her the subject suffers fromheart failure or is at risk of
devel opi ng hgmup copsisting obadBdl26rP1, MR- B&] noR- i thiBt12284smikdne genetic
mar ker determned .ibn. st.ep . .8)in- 0. err odi t id at |east
one genetic %ﬁﬁ(é?lhé%%%rglég)slogt ngégg%%mﬁng%gp’ %rg'g%%’rlgﬂgp r%g’d at | east
t hr ee m RNAsmsR!1@ot5d niiRongbt, RNR- 9skestiRG20r HI® 2OR 1 gmiR19¢omsRst i ng of

m R-423-5p, m R-191*, m R-15b, m R-1228*, m R-181a, m R-18a*, m R- 107,

i R- 299- 3% w% 2uR-40p. miRRI 44 53R 1 I3l Aglexa; 49525865 and solexa 8827 ni R- 1254,
m R-622, HS 28¢.,14 ﬂ%girsg‘lgﬂﬁcr%&& ge-nﬁRR‘A%Qﬁ ’mlrg}&ﬁﬁlbﬂlﬁél% 142-3p,

sol exa- 2952-306, and sol exa-3927-221 and precursor m croRNAS (pre-m RNA) or
m cr oRNA pr i franycriptatbereoftagdth) di agmiosingrvlaethar thresulpedfsaffesdrembodi nent

the at | east, t i RNAs .are sel ected f.romt ro cqnsi,sting, 0

R G23 oo ahtrn A ER SR e Skt he Reb bR Rt 108 B 1OSE & 100
m R-423-5p agedd @ Rab8bae oBhdRichR3riad @i niinBd 18atep 471 R 48MBireand m R- 107,

m R-423-5p and. m R-299-3p, . m R-423-5p and m R-342-3p,  m R-. 423-5p and

m R- 652, 10 rembadigigninidersapl gt7sast e gepstisgmapkgr gorbhises atggasti"R. 423- 5p and

m R- 18b*, m B’iﬁ&%&ﬂlo@ﬂréﬂ}ﬁé&%?f'easﬂlﬁ'eé%%ﬁA@Me%Bﬁ%%‘?mim 423-5p and
HS 202.1, mi R-423-5p and m R-191, m R-423- 5p and m R-302d, m R-423-5p and

m R-30e, ni Reed@Bedfroanthengricup 4dnsistii 423iR@ 230, miR-1MZ; BpR-1HbR- 423- 5p and
sol exa- 2952- 300, .0k M B 18232/ 209 SOk SR 56425, miR-342-3p. miR-
652, miR-675, miR-129-5p, miR-18b*, miR-1254, miR-622, HS_202.1, miR-

15 191, miR-302d, miR-30e, miR-744, miR-142-3p, solexa-2952-306, and
solexa-3927-221 and precursor microRNAs (pre-miRNA) or microRNA
primary transcripts thereof. In a further preferred embodiment, the at
least two miRNAs are selected from the group consisting of miR-423-5p
and miR-191%*, miR-423-5p and miR-15b, miR-423-5p and miR-1228%,

20 miR-423-5p and miR-181a, miR-423-5p and miR-18a*, miR-423-5p and
miR-107, miR-423-5p and miR-299-3p, miR-423-5p and miR-342-3p, miR-
423-5p and miR-652, miR-423-5p and miR-675, miR-423-5p and miR-129-
5p, miR-423-5p and miR-18b*, miR-423-5p and miR-1254, miR-423-5p and
miR-622, miR-423-5p and HS_202.1, miR-423-5p and miR-191, miR-423-

25  5p and miR-302d, miR-423-5p and miR-30e, miR-423-5p and miR-744,
miR-423-5p and miR-142-3p, miR-423-5p and solexa-2952-306, or miR-
423-5p and solexa-3927-221.

In still a further aspect the present invention provides a method
30 for diagnosing a subject as suffering from heart failure or being at risk of

developing heart failure, the method comprising:



In still a further aspect the present invention provides a nethod for

di agnosi ng a subject as suffering fromheart failure or being at risk of
devel opi nyohlzeaw2637ai | ure, the nethod conprising: a) det ePgirmi2glotosesk evel of
a genetic marker in a sanple obtained from said subject, wherein said
genetic marker is a m RNA selected fromthe group consisting of m R-423-5p,
m R-191*, m R-15b, m R-1228*, m R- 181 m R-18a*, m R- 107, m R-299-3p,

m R-342-3p, m R-652, m R-675, m R-129-5p, m R-18b*, m R- 1254, m R-622,

HS 202.1, MR 191, m R 302d, m R-30e, m R-744, m R 142-3p,

sol_e_x a-2952- 306, adca2hAXR3PR Taved ot a BRI PHACKESAra SRpRRNASnERT €- M RNA)
or m croRNA pri marg transcripts thereof; b) diagnosin et her the subject
B

suf fers fromrhwasaid subiects evhereinsagd gerieske ofrkdeveh opi helaeted fieginh ur e based

on the level ;of a genet.ic ket determ.ped,in step,a) .ol preferred
g L L A S b e e L A

subj ect suf f e, hii® HiandiR A7, HiR-299-318 naiR-8435Bp ohiRISEL2| R BF5hear t
failure when: - the expression,_anmunt, and/or activity of m_R-423-5p,

m R 191*,° ni RIR4SH;5nynpi b {I“ﬁi]ﬁﬁfBTéB'@izRH%%@z,-angﬂ@% MR R- 299- 3p,

m R-342-3p, gy 6oR-300 BiRiPaa, FR: ﬂ@ﬁs@%l&h&%ﬁ@%, OhirsdidR4-398% R 622,

HS 202.1, mi R-302d and/or sol éxa-3927-221, or precursor m cr oRNAs

(pre-m RNA) 221, mindroRNAspr imeoR NAsa(pse nii BNy tomenisofRNAprupaegul at ed
relative to a controlthsub%_ect not suffering fromor not being at risk of
devel opi ng h&&PE P P&  and/ or - the expression, anmount, and/or activity

of MR- 191, m R 30gdidinBsitddvhéthBr fe2sid3hect UL fro@lIexat 29wZe 306  or
precursor m crqoRNAs ( i m croRNA primary transcripts thereof, is

) prem RNA) or. .
downr egul @it edtt ¥igh at depslamnghedyidpidareshaspdop thodevslipf 2 BpRRficParkedr not bei ng
at risk of dgvel.Qpidgnhegsty failure. The invention further provides a
nmet hod for treating or preventing

In a preferred embodiment of said method, said step b) takes
into account that said subject suffers from heart failure or is at risk of

15  developing heart failure when:

- the expression, amount, and/or activity of miR-423-5p, miR-191*, miR-
15b, miR-1228* miR-181a, miR-18a*, miR-107, miR-299-3p, miR-342-3p,
miR-652, miR-675, miR-129-5p, miR-18b*, miR-1254, miR-622, HS_202.1,
miR-302d and/or solexa-3927-221, or precursor microRNAs (pre-miRNA)

20  or microRNA primary transcripts thereof, is upregulated relative to a
control subject not suffering from or not being at risk of developing heart
failure; and/or
- the expression, amount, and/or activity of miR-191, miR-30e, miR-744,
miR-142-3p, and/or solexa-2952-306, or precursor microRNAs (pre-

25 miRNA) or microRNA primary transcripts thereof, is downregulated
relative to a control subject not suffering from or not being at risk of
developing heart failure.

The invention further provides a method for treating or preventing
heart failure in a subject, the method comprising diagnosing whether the

30 subject suffers from heart failure or is at risk of developing heart failure

based on the level of at least one genetic marker according the invention;



heart failure in a subject, the nmethod conprising di agnosi ng whet her the
subj ect suffers fromheart failure or is at risk of devel oping heart

fail ure baeeadioonei’ne | evel of at | east one genetic mar kecTadcorndsomgit he

i nvention;and treating the subject when the subject suffers from heart
failure or is at risk of developing heart failure. In another aspect the
present invention provides a kit of paQ%s for diagnosing a subject as
suffering fromheart failure or being at risk of devel oping heart failure
conprising: - at |east one conpound capable of specifically binding to at

lleast one m BNAsaliBgkRE sfikjem When OUDSQRalEEd BOmAeal RithedopRy M R-191%,
m R-15b, m R-1228*, m R-181a, m R-18a*, 'm R- 107, m R-299-3p, m R- 342- 3p,
m R- 652, ni Risk ohfdeel@dnspeantif®lugh* | ni R- 1254, ni R-622, HS 202. 1,

m R 191, m R-302d, m R-30e, m R-744, m R 142-3p, sol exa- 2952-306, and

sol exa-3927-221, and precursor mcroRNAs (pre-m RNA) or mcroRNA primary

transcri pts ther edh;andtitbr-aspb&tthd Girems ih@ntisheprotidean kit ohfotntdrf or
di agnosi ng a_subject as_suffering.fromheart failure or being at risk of
devel opi ﬁ% h@REROTIaE ppBIest ap Pulieidng Brom hearh &l we arhsins &lsdstt of nvention. In

anot her aspeg(gvqu}gngBg%q-gﬂ{urbv&%ﬂr%ngr ovi des a nethod for determ ning
whet her a candi date conpound is capable of treating or preventing heart

failure in a human al&jseone compowrd bayghbboofnriesifingtly binslomy teat kegstsai d
candoat & coouihat 4D TIOR8 0 e ORI R o
modul at i ng t heRespl £SRI10728* anTRINB1ANETHI N 8&G hhiR- 17, @fiRaP99-8pemilt- M R- 423-
5p, M R-191*, m R-15b, m R-1228*, m R-181a, m R-18a*, m R 107, m R 299- 3p,
m R 342- 8, MBROB5nIR-GPRY-67pi RIRASY: SonHRIEH”, iR 1224, Mk £2875,
;no:?eizzagzggz %ngzé%?; msl?)i:gli%ggz%@éiglllﬁ?ﬁ%seg%ﬁ%gll}lémcgfIleé&?Igpie%fggr ably, said
conpound af f 283%30Ghendxpteasiot-29l, ahd pnedRikds mivroRNAdi(peecmildNA)or
microRNA primary transcripts thereof; and
- instructions for use of said compound for diagnosing a subject as
15  suffering from heart failure or being at risk of developing heart failure
according to a method of the present invention.
In another aspect the present invention provides a method for determining
whether a candidate compound is capable of treating or preventing heart
failure in a human subject, the method comprising:
20 - contacting said candidate compound with a human tissue cell,
preferably a cardiac tissue cell, and
- determining whether said candidate compound is capable of
modulating the expression, amount and/or activity of any one of miR-423-
5p, miR-191*, miR-15b, miR-1228%, miR-181a, miR-18a*, miR-107, miR-
25  299-3p, miR-342-3p, miR-652, miR-191, miR-302d, miR-30e, miR-744,
miR-675, miR-129-5p, miR-18b*, miR-1254, miR-622, HS_202.1, miR-142-
3p, solexa-2952-306, and solexa-3927-221 in said tissue cell. Preferably,
said compound affects the expression of all miRNAs into a direction no
longer associated with (a risk of) heart failure.
30 In a preferred method for determining whether a candidate

compound is capable of treating or preventing heart failure in a human

subject, the method comprises:



| onger associated with (a risk of) heart failure. In a preferred nethod for
determ ni ng whet her a candi date conpound is capable of treating or

prevent i n‘yohewv2637ai | ure in a human subj ect, the net hod PCOMIR)BEOS0251
contacting said candi date compound with a tissue cell, preferably a human
tissue cell, nore preferably a cardiac tissue cell, and - determ ning

whet her sai d candi date conpound is capapl e of decreasing the expression,
anount and/or activity of m R-423-5p, R- 191*, m R-15b, m R-1228*,

m R-181a, m R-18a*, m R-107, m R-299-3p, m R-342-3p, m R-652, m R-675,

m R-129-5p, m R- 18R6nt 4Ry s3RFoarliBite G8mpotiRL 46k étiséﬂ%%g%gefﬁ%aéﬂ}é 0

sol exa-3927-221 and/or increasing the expression of mR- e,
m R- 744, ni Rehamagptissore csb| woze poderadbioa cardsad dssvegslleardl | . Al so part of

the invention, in gl aspects,and enmhodi s, are the m m R- 654- 3p,
R 346, m R 1301, SR SR SRR coBpEu O rieEe
di f ferenti al dacrexdifig slseekprbsdrasimmowntt add/qraictieft Sf nviReeeopnpaited to pl asma
of healthy controls. The aspect of the invention pertaini ng to the

scr eeni g of LEkndBatD. fHBr Rpetit FER dStpotiHd eyt 407 DB IpeP dPrred i n a
model  syst emyif G0l S LARCE A MR THRI miRdeb.5 MHi RN pxhibk hssspaeR fic m RNA
expression patterns associated wth (an increased risk of) heart failure as
i ndi cat ed he623,d1S R0dsl, miRu3@2derolasp88L7-821 bhd/or nnentsiog the a (ani mal ,

aasoci at ed WETRCCIN P HErEaeTut Reke o rddy PP SAE NP R 0P her i n.
Such nodel sysipasisswycde used in nethods for screening for candi date

t herapeutic agents conprising. the step of exposirgg (cells of) said nodel
system t & or adni ri¥&e Byt the inggnionomerl] aspacksnind eahediganss @depbtind and

determi ni ng whRKAG M FRES4-SBNAIRAUE. SORRAENALR.c6aPAN fsObad NAELNY @ change
in said m RNA expression profile that i's no [onger associated with (an
i ncreased ri wkrefopnHdabt difféirentielly expipasdd iouplasme ap & patodnts meheasi ng
compared to plasma of healthy controls.
The aspect of the invention pertaining to the screening of
15 candidate therapeutic compounds may also be performed in a model
system, for instance an animal model, which exhibits specific miRNA
expression patterns associated with (an increased risk of) heart failure as
indicated herein. Thus a further aspect of the invention is a (animal,
including human) model system that exhibits a miRNA expression profile
20 associated with (an increased risk of) heart failure as indicated herein.
Such model systems may be used in methods for screening for candidate
therapeutic agents comprising the step of exposing (cells of) said model
system to or administering to said model system a candidate compound
and determining whether said candidate compound is capable of inducing
25 achange in said miRNA expression profile that is no longer associated
with (an increased risk of) heart failure, in particular capable of increasing
the expression, amount and/or activity of miR-191, miR-30e, miR-744,
miR-142-3p or solexa-2952-306 in (cells of) said model system and/or
lowering the expression, amount and/or activity of miR-423-5p, miR-191%*,
30 miR-15b, miR-1228*% miR-181a, miR-18a*, miR-107, miR-299-3p, miR-
342-3p, miR-652, miR-675, miR-129-5p, miR-18b*, miR-1254, miR-622,
HS_202.1, miR-302d or solexa-3927-221 in (cells of) said model system.



t he expression, anount and/or activity of mR-191, m R-30e, m R-744,

m R-142-3p or sol exa-2952-306 in (cells of) said nodel system and/or

| ower i ng wbeosxpRs3esi on, anount and/or activity of m R-223Mp010/56R5191*

m R-15b, m R-1228*, m R-18la, m R-18a*, m R- 107, m R-299-3p, m R 342-3p,

m R 652, MR 675, mR-129-5p, m R-18b*, m R- 1254, m R- 622, HS 202. 1,

m R-302d or sol exa-3927-221 in (cells ﬁi) sai d nodel system BRI EF

DESCRI PTI ON OF THE DRAW NGS Figure 1 shows m RNAs enriched in plasnma of
heart failure (HF) patients. Plasma sanples. 1) healthy person 1; 2)
heal t hy person 2; 4) HF patient 1; 5) HF patient 2; 6) HF patient 3. Figure
2 shows m RNAs down-regul ated in l%Icﬁgsma of heart fallure patients. Plasma

sanpl es: 1) BREEFMEDPERESHON Of T DBWVB%GSM 2: 4) HF patient 1; 5) HF

patient 2; 6) HF patient 3. FI 3 sh se nces of the
m RNAs a s di scus?gﬁu%e{r (Séklmryvs gureegfr1C aémea%gﬁleeégﬁ %éllué? %t{ﬁe m RNAs as

di scussed hep@mdshta Blamssahqﬂe@n) hedhy phlrspnar ERMecalhiep@ison ped) HFRNA 24
measurenents are irst 12 are rreasur ements from pat i ent sanpl es

and the nf'éxtpal@er{trﬂos%) Hﬁp%ﬁf)nta?r &) EBhpatd¢e 3-FC = fol d change; p = p val ue;
and padUsted is t@é@r @E%§&Eﬁﬁ%ts%wfnofegm%8%Elatsﬁlsatéfr}gaarfrﬂ?luﬁfgsu' ts

were confirmed by Figure 5 shows expression profiles of 16 candi date
m RNAs in pl panentef PlaFmparingries lahdaltonpesonduB) bedlthy befkon 2; HaklE of each

panel show m RNA |e deter m array in 12 healthy controls
and 12 HF paP%% ?ﬂtl \é&@hlt)atierg gé?fﬁ?b%?ﬁl% I\?s of the same m RNA now

val i dated by real -Riptiee PIRDWNtIReRGuah®@sSHG esfithe @3RN gasesusmpd 39 heal t hy
cont rol s}. Data_are presented a s nmeans SEM *P<0.05 conpared t o healthy

control s10 Fj ]@iﬁe@-G shows di agnostic accuracy of m RNAs. A, D, and G show
m RNA Tevel s in heglifyy SOREE HeSexpP@RidiFortas eSiRNUWad FiscaS83 helBha are

as measured on a DNA chip array, wherein per miRNA 24 measurements
are shown. The first 12 are measurements from patient samples and the
next 12 (nos. 13-24) are controls. FC = fold change; p = p value; and padjusted

15  is the p value corrected for multiple testing. The results were confirmed by
QPCR.

Figure 5 shows expression profiles of 16 candidate miRNAs in
plasma of HF patients and control subjects. Left 2 bars of each panel show
miRNA levels determined by miRNA array in 12 healthy controls and 12

20 HF patients. Right 2 bars show levels of the same miRNA now validated
by real-time PCR in separate subjects (30 HF cases and 39 healthy
controls). Data are presented as means +SEM. *P<0.05 compared to
healthy controls.

Figure 6 shows diagnostic accuracy of miRNAs. A, D, and G show

25 miRNA levels in healthy controls, non-HF cases, and HF cases. Data are
shown as mean + SEM. *P<0.05 compared to healthy controls; $: P<0.05
compared to non-HF cases. B, E, and H show ROC curves and AUC
regarding diagnostic power to distinguish HF from non-HF cases. C, F,
and I show Spearman correlation between proBNP and miRNA, which is

30  significant for miR-423-5p (P=0.002) and borderline significant for miR-
18b* (P=0.049). Omission of the single outlier did not affect correlation of
miR423-5p but reduced that of miR-18b*.



shown a s mean SEM *P<0.05 conpared to healthy controls; $: P<0.05
conpared to non-HF cases. B, E, and H show ROC curves and AUC regardi ng

di agnost iwopowerei7oo di stingui sh HF from non- HF cases. ECTRL2emd50258how
Spearman correl ati on between proBNP and mi RNA, which is significant for

m R-423-5p (P=0.002) and borderline significant for m R 18b* (P=0 049).
Om ssion of the single outlier did not ffect correlation of m R423-5p but
reduced that of m R-18b*.Figure 7 shom& m RNA expression in postnortem
nyocardi al tissue from subjects who had died due to dil ated cardi onyopat hy
(DCM conpared to ﬁg@i&%%&@f@nﬁm éidp@gss‘ijdhelntﬁbs'ﬂﬂe%ﬁmnﬁ&éiﬁ}éﬁes (control).
Real -time PCR for mR-423-5p was nornalized fo ression of U6. denotes
p<0. 05 conpatiethetfpomenbrastswhp jad digl @tkﬂ)tﬁsdll%eér:@r mgorathy &PCHY mi RNAs in

puprects W kAR SLER Qb FESHRATRN AR ORRICLILLE (LRED Of heart
failure. To are circu atln accor t he

under | yi ng CRugletiok FGRfdr hill-UD3-8p wes lﬁbr&ialﬂgdjlf@he@)rastsﬁtﬁf @Ps[dﬁ erotic forns
of HF and nonathegpsclerotic forms of HF. It is inportant to stress here
that in this study JEoEehTHGRICHAPISALS CHEShowed act ual signs of

nyocardial i SCheme}% uR0s bRk %%l's‘é?cir%&l'&%ﬂg%ﬂ@%@ﬁ%&lﬂ&% 3t cause of HF.

12 patients out of 30 had a history of chronic extensive coronary
at her oscl er oaiiher@HCkaeatseVM@admng a@beIIeIFclefblmsferIBﬂbf lecars falluri. Ho her oscl eroti ¢

di sease showed signific I rcul atin ve R-423-.5p and

n R-675, but Coﬁ%‘fa‘%qe‘fﬁlﬁ 13&‘3%’&5@ ST DY g gn‘%%deofy%%g cause of

nonat her oscl k&0t fgilik, Qvafllﬁ)ngu’ishdaﬂh@ﬁ)s@l@mw@dmts@f haidasescl erotic
forns. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The term "heart failure" or

"car di acl9 aj pilpeosclezpids forms of KB JAinopprréanl togtiess barethah Inbien t he heart,
via an abnor gglyity. ch&t?erd%sﬁ‘fenw%%'sﬁ[}wé@'%h%%ﬁ akhe oPhly%Qéx)daalf ails to punp

bl ood at a rate”commensurate wt he requirenments of "the netaboli zi ng
ti ssues and/mch@unpsoQMMyMimenmﬁmna@M@@Wﬁﬂhﬁeébewamﬂdedeﬁt¢2|c filling
pressure. Hegaqtger{tglolu OF S%Xd g%isct%%; SP chl%Xnic extensive coronary
atherosclerotic disease leading to HF. These subjects with atherosclerotic
15 disease showed significantly higher circulating levels of miR-423-5p and
miR-675, but not of miR-18b*, compared to the patients with non-

atherosclerotic HF (n=18). *: p<0.05 compared to nonatherosclerotic forms.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 The term "heart failure" or “cardiac failure” refers to the pathophysiologic
state in which the heart, via an abnormality of cardiac function (detectable
or not), fails to pump blood at a rate commensurate with the requirements
of the metabolizing tissues and/or pumps only from an abnormally
elevated diastolic filling pressure. Heart failure may be caused by

25  myocardial failure but may also occur in the presence of near-normal
cardiac function under conditions of high demand. Heart failure always
causes circulatory failure, but the converse is not necessarily the case
because various noncardiac conditions (eg, hypovolemic shock, septic
shock) can produce circulatory failure in the presence of normal, modestly

30 impaired, or even supranormal cardiac function. The term “heart failure”
thus includes systolic and diastolic heart failure, acute heart failure and

chronic heart failure, irrespective of the cause of heart failure, and



nyocardi al failure but may al so occur in the presence of near-normnal
cardi ac function under conditions of high demand. Heart failure always
causes ciwoubariasyrof ai l ure, but the converse i s not nec@sIANL20N/056p81 case
because various noncardi ac conditions (eg, hypovol em ¢ shock, septic shock)
can produce circulatory failure in the presence of normal, nodestly

i npai red, or even supranornal cardi ac nction. The term"heart failure"

t hus i ncludes systolic and diastolic heart failure, acute heart failure and
chronic heart failure, irrespective of the cause of heart failure,

andi rr espect {¥&REtiVhEREheF oPRbt HISE & d SerfbtRBBRJoR RONRONSAL RwRFOC at ed
with the heart fpal | ure and/ or the cause of heart failure. As used herein,

"nucl ei ¢ aci dte hevet (rdbwe paflor dhe eanss o hgevixiptlibonucl eot i de or

ri bonucl eoti de polymer in either single-or doublestranded form and unless
otherwise |limted, enconpasses known anal ogues having the essential nature
of natural nucl eotAdesd herematnidiay ahighindudes tefersnergtoes st r anded nucl ei ¢
acids in nner.sim/lar.to naturally occurring.nucl eotide . g.,

pepti de _nfm FEYEOPBYS COU O BP U4 é&&ydstp@ Mty eilﬂierisgb%tlef%ﬁo'é@m ", refers
to material, sighedePRrA, 684 inlediotherindssSkbsteanid@hlpasQis 168santial ly free
from conponents that normally acconpany or interact wwth it as found in its

nat ural | y oceealeguss kawig thmessentidimatyet eff ratucal nudkepyidee i tleatl thexul t ur e
bt ai ned b uring. . an . fr ' in which
obt ai ned by ﬁ%r&%ﬁé PdsiBe eﬁ%%aﬁ&%tn 3ic Q?ﬁ@.11§?ngérgﬁeggﬂlﬂlﬁllggnﬁen%ﬂuﬁﬁg I nowhi ¢

it normally resides an I's no Tonger integr I Ssue of the
or gani sm f r osacwhtia nutlebSdeketel ¥edeptidNuahdoiciadel). are referred to by their

commonl y_accepted,gingl el etter codes foll ow | UPAC nonencl ature: A

(Adeni ne}? ¢ (oyt &i}ent@)”,n ﬁogeﬂfﬁﬁ}maﬁé?,lséa(ﬂ%@ﬂ%qgn ?YSGO(%%WL)SPC%A or T), R
(Aor G, K §&®rwHikh isWWst@htidlly oredsbnQhll T ree Mol eOhpidentBthkde, G or T), H
(A, C or T), D(A G or T), V(A C, or G, N/(A Cp G or T). A "coding"
or "encodi nghomeajileacempany loe igaract ofitlal unéan ite sdégrafllyrocteringri no aci d

sequence of & 1{"00r;[n%n i A%risglg{edacehumnacgf 10(9 I?a{‘%lell lgll}lﬁ;‘u%éj gbhta(flﬁedqoy culturing a
cell that has been separated from a tissue in which it normally resides and

15 that is no longer integrated in the tissue of the organism from which it is
derived.

"Nucleotides" are referred to by their commonly accepted single-
letter codes following IUPAC nomenclature: A (Adenine), C (Cytosine), T
(Thymine), G (Guanine), U (Uracil), WA or T), R(Aor G), K(GorT), Y

20 CorT),SCorG), MAor(C),B(C,GorT),HA,C,orT),D A, G,orT),
VA C orG),N(A,C,G,orT).

A "coding" or "encoding" sequence is the part of a gene that codes
for the amino acid sequence of a protein, or for a functional RNA such as a
tRNA or rRNA.

25 The term “gene”, as used herein refers to a DNA sequence
including but not limited to a DNA sequence that can be transcribed into
mRNA which can be translated into polypeptide chains, transcribed into
rRNA or tRNA or serve as recognition sites for enzymes and other proteins
involved in DNA replication, transcription and regulation. The term refers

30 to any DNA sequence comprising several operably linked DNA fragments
such as a promoter region, a 5' untranslated region (the 5' UTR), a coding

region (which may or may not code for a protein), and an untranslated 3'



tRNA or rRNA. The term "gene", as used herein refers to a DNA sequence
including but not limted to a DNA sequence that can be transcribed into
MRNA whi cwocar/f2e37br ansl ated i nto pol ypepti de chai ns, tPamsarite®dozsnt o r RNA
or tRNA or serve as recognition sites for enzynes and ot her proteins
involved in DNA replication, transcription and regulation. The termrefers
to any DNA sequence conprising several gperably | i nked DNA fragnents such
as a pronoter region, a 5 unt r ansl at ed region (the 5° UTR), a coding
region (which may or may not code for a protein), and an untransl ated

3' region (3" dJdR (30@'T9¥)'c§h1§>91s§1|:§05’bM@QG&YﬁQﬁbI@@né"Fﬁméﬁ}ﬁp'tH@BUTRthe 5" UTR,

the coding region and th are transcribed into an RNA of which, in

the case of theproding regemcanl Hy JEAE arterteawmbﬁ@ integiroRNAsoltwhaigbl ist ed into a
protein. The,gene usuall ises in ron and exon e i ncl ude
DG 1 onal | Dk PraghE Rt ATROLRrR A IO A e RS A BRI I, ("C0G°

its broadestpsesiscTas ge@@h@uaﬂlmnﬁm@ée@lﬁtx@ﬁs gad e&orﬁeampg@erms(y conprise a
bodily fluid such as . bloqd or urine; the soluble fraction of a cel
pr epar at i dn, sFudepdditionad DA fragmepts sughreHor 8¥aBPlge e Gisown: a

chronosone, an Org%%%km%seﬁ‘%msa&%aaé‘s@'s@ﬁ&dasocron%h{r?gcﬁ&qelfcra@f@sa cel I

genom ¢ DNA, RNA, or in solution or bound to a substrate; a cell; a
tissue; a tiésaenﬁehnnwmauﬂnwgebphbﬁbndbud@aBbh@ﬂkglwykimhesﬂuhblr and t he
i ke. A prefFrred et ection.of to the

et on s BB SRR P AR R Gt pR iR EaERE A REE P 8 PP et er e

sanple is a Blowad a&mmhesoxﬁe Binogdasary loe nimyb1eaapsdlsedarwhtletdd ood sanpl e,
or a sagg$e that is obtalned by centrifugation and/or filtration such as,

for exant! e, frpmaa pell; gempioig DYfaddY @, cOEY 1ppelyondr bouphite 8 bl ood cel | s,
as i s known fg,k0geSkidil. %%%‘ﬁ[e%?ﬂssu% 15&'199% SARLAN BN PA Ll %'kﬂ?]g)rby

venepuncture, arteripuncture and/or capil Iary punct'ure such as
exanpl e, a fhaigeangtheclike.The sanple preferably a bl ood sanple, may be

collected in a tube comprhshadief, AL E0R0KL RPN GR. 33:d d3RGr T n tube or

invention is a body fluid selected from blood and urine. A most preferred

15 sample is a blood sample. A blood sample may comprise a whole blood
sample, or a sample that is obtained by centrifugation and/or filtration
such as, for example, plasma, serum, platelets, red blood cell, white blood
cells, as is known to the skilled person. A blood sample may be obtained by
venepuncture, arteripuncture and/or capillary puncture such as, for

20 example, a finger prick. The sample, preferably a blood sample, may be
collected in a tube comprising an anticoagulant such as a heparin tube or

an EDTA-tube, as is known to the skilled person.

The present invention relates to the diagnostic, prognostic and
25  therapeutic use of miRNAs indicated herein as hsa-miR-423-5p, hsa-miR-
191*, hsa-miR-15b, hsa-miR-1228*, hsa-miR-181a, hsa-miR-18a*, hsa-
miR-107, hsa-miR-299-3p, hsa-miR-342-3p, hsa-miR-652, hsa-miR-675,
hsa-miR-129-5p, hsa-miR-18b*, hsa-miR-1254, hsa-miR-622, HS_202.1,
hsa-miR-191, hsa-miR-302d, hsa-miR-30e, hsa-miR-744, hsa-miR-142-3p,
30 solexa-2952-306, solexa-3927-221. The nucleotide sequence of these
miRNAs is provided in Figure 3.



an EDTA-tube, as is known to the skilled person. The present invention
relates to the diagnostic, prognostic and therapeutic use of m RNAs

i ndi cat edwberwneéxs hsa-m R-423-5p, hsa-m R 191*, hsa- RCRANIZD10/050251

hsa-m R-1228*, hsa-m R-181a, hsa-m R 18a*, hsam R- 107, hsa-m R-299- 3p,
hsa- m R-342-3p, hsa-m R-652, hsa-m R-675, hsa-m R-129-5p, hsa-m R-18b*,
hsa-m R- 1254, hsa-m R-622, HS 202.1, hsa-m R- 191, hsa-m R-302d,

hsa-m R-30e, hsa-m R- 744, hsa-m R-142- §§ sol exa- 2952- 306, sol exa-3927-221.
The nucl eotide sequence of these mRNAs is provided in Figure 3. M RNAs

counteract the exNEaSAQBoRiteractRESbiiEsd6n6f REPINEE ol FoRgalhyng to the
MRNA encoded by the gene that encodes the protel naceous gene product. Thus,

m RNA has th@n@&ahlmgtty the mENAgingodeshial the ge@prtésselacosiawget nmRNA t her eby
regul ating a to%elge§ néé? C?nﬁéu%ﬁhlgﬁo ﬁsssthea e gene products

encoded by t Rese™i uenced y |nfluen0|ng t he

expr essi on, aﬁﬁulrahoaﬂﬂgé e¢prasd a Varigyt 6RNA theadl rofdatinfNAasgdtacRBIA from t he
group con3| S %QOf hsa-m R-423-5p, hsa-nm R-191*, hsa-m R-15b,
hsa-m R- 1228 82ly-R- 181a, hsa-ni R-18a*, hsa-ni R-107, hsa-m R-299- 3p,

hsa-m R- 342- 3p: hsg, p%ﬁl&?gﬁthg?@n%%d&z§en&)ﬁ@d 'E}I'ﬁ'lés%gmﬁmAs}.ﬁ%aa MR- 18b*,
hsa-m R-1254, hsa-m R-622 hsa-m R-191;, hsa-m R-3

hsa- m R- 30e, istthas mffucirad bhsaﬂu@mlr}gﬂle&p}iprs@h@xam&za@d@r asumxaf 3927- 221,

or a function art, or ri reof ., wthi d ce d/ or by

i nfl uenci ng ?ta][ 3$acrf6| Ighmg?’ GK daF&‘@%FrF%WW?WStP% RIS %lrgé %? sel ect ed
fromthe grong-gORSINE | NG-AIRNSB; BRFRMRI 2B, vemiR-RS19 Hsa-MsR-180R- 15D,
hsa-m R-1228*, hsa-m R 1814, hsa- mi R- 18a*, hsa-m R- 107 hsa MR- 299- 3p,
hsa- ni R B42- Bip- AR AP7RsE 8D R- 3003 nbra gyl -34% 30 - m3l-653, hpsauki R 18b*

EEZQ S: é(z)gfl%samag}& §%5Rsﬁ§aﬁ1ﬁ%%§bh§%e‘%§§? 22%4 2%%‘2“13{%?%(%?%;1 3927- 221,
or a functi oHal 2¢2ilt hermdiliov absasmiRi®2dolisa-miilR{H0e, Bed-thiB&144, hga-use of at
| east one miR-142-3p, solexa-2952-306, solexa-3927-221, or a functional part or

derivative thereof, within said cell, and/or by influencing interaction of the

15 target mRNA with at least one miRNA selected from the group consisting
of hsa-miR-423-5p, hsa-miR-191*, hsa-miR-15b, hsa-miR-1228*, hsa-miR-
181a, hsa-miR-18a*, hsa-miR-107, hsa-miR-299-3p, hsa-miR-342-3p, hsa-
miR-652, hsa-miR-675, hsa-miR-129-5p, hsa-miR-18b*, hsa-miR-1254,
hsa-miR-622, HS_202.1, hsa-miR-191, hsa-miR-302d, hsa-miR-30e, hsa-

20 miR-744, hsa-miR-142-3p, solexa-2952-306, solexa-3927-221, or a
functional part or derivative thereof, within said cell. A use of at least one
miRNA selected from the group consisting of hsa-miR-423-5p, hsa-miR-
191*, hsa-miR-15b, hsa-miR-1228*, hsa-miR-181a, hsa-miR-18a*, hsa-
miR-107, hsa-miR-299-3p, hsa-miR-342-3p, hsa-miR-652, hsa-miR-675,

25 hsa-miR-129-5p, hsa-miR-18b*, hsa-miR-1254, hsa-miR-622, HS_202.1,
hsa-miR-191, hsa-miR-302d, hsa-miR-30e, hsa-miR-744, hsa-miR-142-3p,
solexa-2952-306, solexa-3927-221 or a functional part or derivative
thereof, or use of a compound capable of influencing the expression,
amount and/or activity of at least one miRNA selected from the group

30 consisting of hsa-miR-423-5p, hsa-miR-191*, hsa-miR-15b, hsa-miR-1228%,
hsa-miR-181a, hsa-miR-18a*, hsa-miR-107, hsa-miR-299-3p, hsa-miR-342-
3p, hsa-miR-652, hsa-miR-675, hsa-miR-129-5p, hsa-miR-18b*, hsa-miR-



m RNA sel ected fromthe group consisting of hsa-m R-423-5p, hsa-m R 191*,
hsa- m R- 15b, hsa-m R-1228*, hsa-m R-181a, hsa-m R-18a*, hsam R- 107,

hsa- m R- 290-28p/126898- m R- 342- 3p, hsa-m R- 652, hsa-m R- 67BCThNae1wi0R2529- 5p,
hsa-m R-18b*, hsa-m R-1254, hsa-m R-622, HS 202.1, hsa-m R 191,

hsa-m R-302d, hsa-m R-30e, hsa-m R-744, hsa-m R-142-3p, sol exa-2952- 306,
sol exa-3927-221 or a functional part or_.derivative thereof, or use of a
conmpound capabl e of influencing the exﬂjpesm on, anount and/ or acti vi ty of
at | east one m RNA selected fromthe group consisting of hsa-m R-423-5p,

hsa- m R-191* 1 o 1S = MnRR16M . HIS 2091 1Rhi228R- 1s5‘15<'hsﬁln|ﬁi%1§é§d Higanil-Bhd8a*,
hsa-m R- 107, hsa-m R-299-3p, hsa-m R-342- 3p, hsa-m R- 652, hsa-m R- 675,

hsa- mi R- 129- Bgn- tha7 Ak Rear 81R; 142s3p, 30 RX224521308, $alexa63L.7- HEL 1202 cdll,
hsa-m R- 191, hsa R- 302d, ‘hsa- hsa-m. R- 744 142- 3p,
sol exa- 2952- 30 seoso EX3 Oé@ﬁlfa?ﬁ elort;lrgﬁ%eé’icfnglcr)lﬁeraggo% Pa ectg ecg;und capabl e of
i nfl uenci ng MRNeA &dth anleakt MbexnﬁlaNgestelerWntﬁhe@tromea&tsmﬁeg SHRNA sel ect ed
fromthe roup consi sting of hsam R- % hsa-m R-191*, hsa-m R- 15b,

HEY

hsa- mi R- 122801R{Lg-95, hsam%i 19sa hpg- RﬂBs]a% AR R27hsainilriSasgg. 3p,

hsa- m R-342- gn, iR argyk %ga%?R 1'0’%%&! RiR520. %S%smn'ﬁ R135. 5% hdaSAiil R 18b*,
hsa-m R- 1254, hsam R- HS 202.1, hsa-mi hsa- mR- 302d,

hsa- i R- 30e, 65 dsaitRR- 67451 'hshsgaiRril 2O- ﬁpzhsaamlgd@stéh@emlaa@ézx hsa-

ncoded by AN Eky gt R T E el PR P RS "or ovi dea

I n one enbod74EMsa-eIP 1 £5-Sh Osbl&a- 29&2 &me@blfem 3ggmazmr1@dmﬂ1uerﬁ;mgwfl uenced in
vitro, for instance in a cell culture. The nmi RNAs follow a standard

nomencl atir eeXretsaon obd speciiiigne Rrodyftensriqd athsemsRNA sAargtcapi t al | zed
"mor-"orefery s g, BhiR- c’éllRé\'ﬁaer\%r{a Q1R oRidbal inZS e Rimehef €rS 10 a mature

form MRNAs wth nearl dentical sequences are annot at ed ‘Wi th an

addi ti onal | exweesgasef ﬂ}etStpeuflc Bone praivpt &, influRaceti2iBavifre, folr asghyca el ated to
mR- 123b. M RNA% ﬁ@% are 100% i dentical but are encoded at different
places in t h& JEHOAE W% i ndi cat ed

15 The miRNAs follow a standard nomenclature system, as is known
to the skilled person. An uncapitalized "mir-" refers to a pre-miRNA, while
a capitalized "miR-" refers to a mature form. MiRNAs with nearly
identical sequences are annotated with an additional lower case letter. For
example, miR-123a is closely related to miR-123b. MiRNAs that are 100%

20 identical but are encoded at different places in the genome are indicated
with additional dash-number suffix: miR-123-1 and miR-123-2 are
identical but are produced from different pre-miRNAs. Species of origin is
designated with a three-letter prefix, e.g., hsa-miR-123 would be from
human (Homo sapiens) and oar-miR-123 would be a sheep (Ovis aries)

25 miRNA. When relative expression levels are known, an asterisk following
the name indicates an miRNA expressed at low levels relative to the
miRNA in the opposite arm of a hairpin. For example, miR-123 and miR-
123* would share a pre-miRNA hairpin, but relatively more miR-123
would be found in the cell. The suffices 5p and 3p indicate if a miRNA is

30 derived from the 5’arm or the 3’arm of the pre-miRNA respectively. These
suffices are used when both miRNAs are expressed at equal levels. For

example miR423-5p and miR423-3p would share a pre-miRNA hairpin.



wi th additional dash-nunmber suffix: mR-123-1 and m R 123-2 are identi cal
but are produced fromdifferent pre-m RNAs. Species of origin is designated
with a thweeeloeszn prefix, e.g., hsa-m R-123 woul d be fPCcomL2MOA5025H0NMD
sapiens) and oar-m R-123 woul d be a sheep (Ovis aries) m RNA. Wen rel ative
expression | evels are known, an asterisk follow ng the nane indicates an

m RNA expressed at |low |l evels rel ative1 o the mRNA in the opposite arm of
a hairpin. For exanple, mR 123 and m"R- 123* would share a pre-m RNA

hairpin, but relatively nore m R 123 would be found in the cell. The

suffices 5p ARGr3gltBdhe t&eht 1r?vem185mm'1§N@‘§ras‘fﬁéhtﬁdrf%@ﬁe’?@in%x‘%r mor the
3'armof the pre-m RNA reéspectively. These suffices are used when both

m RNAs are e@@ma@bes@fctoanteefquamg paressgon Pospeeiargsne prpdRA23-Spusedd ni R423- 3p

woul d s_hare ﬁ%e tﬁle term hl%lllﬁlﬁ neﬁg’ocnqrgslsn tO tlf‘ornprfet%%r]stalld 1@1¥ﬁ$fAl on, m RNAs
as nentioned hergéin are ca e o un era I'ng expression o SpECIfI C

gene product snd A8 mlérﬁﬂer’@@fEhélsalﬂhﬁleIﬁalﬁﬂyEMEam@ﬁﬁJ@&&e&aaﬂiygI sof or m of
the said m RNA and alﬁl nenbers of the said_m RNA - are_capabl e of
count er ac? i ngRERBTIYL S &y S@fmflﬁéeg%@mdfwcks Jesderp auENé* trHe IRAYGRS" mi RNA"

thus i ncl udeg, ppRGUE wﬁa%ﬁ%ﬁm&%drﬂrmw& RELs LN es SlArasSequences

such as mMmR-123 and mR-1 fam | menbers such as" mR-17 and m R-18: and
cl ust er nmenmbexiB- @acamdamRﬂl%@Zamllmﬁlgﬁarszuchaﬁdmﬁi R/ 368 miRal® andhe term

m R-423-5p includes the isof or nspte- m.oa d m RA23-3p; the term
TR 12055 1 HEPEERerbhe i & MrBIE Mik s 7 S laheed” 5 " R 150+ and
m R-129-3p; the term m R-18b* includes the isoforns pre-mrl8b, m R-18b,

pre-mrl 7 mR 17, mR17*, pre-mrl8a, m R 18a, m R-18a*, pre-mr20a,
m R 20a, 1or e- i r 208husnilr: teom mR-A23@panclydes Hrg igotormms proanirdidand

pre-mrl O6a, m”RBzalggathe%Bn%Qﬁmm Bb ?Hgl{ulié;ﬁ@i’e 15‘8f13~n]; R@Pe nﬁ}ﬁglpgﬂ
pre-mrl 9b-2 b, m R-19b-2*, premr92a- 92a, m R'92a-2

pre-nr363, miR2963 midt29i RB63R:120Hp; tlee tarm RJRZJE%* imgdhdekethet he i sof or s
pre;m 11254 the Lot 022, 16l Y985t 02 L5019 MRAE S8R %5a 1 torm

miR-18a, miR-18a*, pre-mir20a, miR-20a, pre-mir20b, miR-20b, miR-20b*,

15  pre-mir93, miR-93, miR-93*, pre-mir106a, miR-106a, miR-106a*, pre-

mir106b, miR-106b, miR-106b*, pre-mir19b-2, miR-19b, miR-19b-2*, pre-

mir92a-2, miR-92a, miR-92a-2*, pre-mir363, miR-363, and miR-363*; the

term miR-1254 includes the isoforms pre-mir1254; the term miR-622

includes the isoforms pre-mir622; the term HS_202.1 includes the isoforms

20 pre-mir221, miR-221 and miR-221*.

Hence, as used herein, the term “miRNA” encompasses any
miRNA member. Although hsa-miR-423-5p, hsa-miR-191*, has-miR-15b,
hsa-miR-1228*, hsa-miR-181a, hsa-miR-18a*, hsa-miR-107, hsa-miR-299-

25  3p, hsa-miR-342-3p, hsa-miR-652, hsa-miR-675, hsa-miR-129-5p, hsa-miR-
18b*, hsa-miR-1254, hsa-miR-622, HS_202.1, hsa-miR-191, has-miR-302d,
hsa-miR-30e, hsa-miR-744, hsa-miR-142-3p, solexa-2952-306, and
solexa-3927-221 are known in the art, their association with heart failure
and their effect on heart failure was unknown before the present

30 1invention.



pre-mr221, mR-221 and m R-221*. Hence, as used herein, the term"m RNA"
enconpasses any m RNA nenber. Although hsa-m R-423-5p, hsa-m R-191*,

has- m R- WD,20tg263WR- 1228*, hsa-m R-181a, hsa-m R- 18a*, Pa3AH2) iR/05@5]
hsa-m R-299- 3p, hsa-m R-342-3p, hsa-m R-652, hsa-m R-675, hsa-m R-129-5p,
hsa-m R- 18b*, hsa-m R 1254, hsa-m R-622, HS 202.1, hsa-m R-191,

has-m R-302d, hsa-m R-30e, hsa-m R- 744, _hsa-m R-142-3p, sol exa-2952- 306,
and sol exa-3927-221 are known in the aF?, their association with heart
failure and their effect on heart failure was unknown before the present

inventi on. Now t h_atNéxD%hé}t”t\h%rih{z&ﬁid?ﬁl%ad%x%\ﬂd@QhE ﬁ‘x‘?sijgl'i‘tsﬂ'}&lﬂtthé Bedvet he
abovenentioned m RNAs are associated wth heart failure, it has becone

possi bl e t o dieatjnoestmiBNAsaare aapatiatedatitthbeart (didureuttchasTieeomssoci ati on

bet veen the gi R, dgscrlbed Nerehna30d Reartcliahl Wie I SodbEquan speci fic
gene product® 2R BRSPS PER S prevented of regulated vy T'he ni RNAs.

Count er act i ngetiseen ek haBN A datribet hatein ahd hhesgaipacisftheoggngepifieduct s
will result in a |lower anount of these specific gene@groducts which in

turn wi |12 di #6 RRIEHE YOHEREXPISEHGR dS BYRNIHUT dietipfeths tht miRNAS. £ ai | ure.
qhis 1 s Part Cou@ENid (R dBredRRAGMREAGHELEHINOSR. MPLARY OIS wiggul at ed

by m RNAs that are upregul a uring heart failure. ition,

stimul ati ng tdseltanpr bysr amovht obtheat npedifi¢ Fevepwdachsf wbidengupnedlict s, for

i nstance by preventing the expression,pf th | e Wl vesult in a

i gher - amount TSy e pReg s SEh BPARE caa Th ot et h ey ol 2o

di m ni sh t hepganialarlpre@fesgdnpraddéerwiefst egpestibnheasduld@bilvyre. This is
particularly true for gene products whose exfpressi on is. regul ated by m RNAs
t hat ar elYowmiBYdsdhatiaxnprsguinded duwngg hgpe fattpess dn @ddeiqy, ¢ gene product s

are therefor g;hng 63l 6 ré's‘&%r&ft%ﬁfta%gf Q¥ Speirigdletprb@ididr gy by yet

unknown nmechani sns. "According to e present I nvention, several of the
m RNAs sel ecinsthrfcedm frsuentiig: #23xppessigoefithRniiGINAs, vaH-res Rt iibb,

hsa-m R- 1228ﬁigh@1§ gﬁlrgillr%; %fB g’c%’er Qts &fersrie ls?f)elc%?g gen%s&_ogllluﬁz_s,lvglzdchhnslg}_f g‘isl(?_ 299-
diminish the onset, progression and/or effects of heart failure. This is
15  particularly true for gene products whose expression is regulated by
miRNAs that are downregulated during heart failure. These specific gene
products are therefore indicated as important mediators of heart failure,
by yet unknown mechanisms. According to the present invention, several
of the miRNAs selected from hsa-miR-423-5p, hsa-miR-191*, hsa-miR-15b,
20 hsa-miR-1228* hsa-miR-181a, hsa-miR-18a*, hsa-miR-107, hsa-miR-299-
3p, hsa-miR-342-3p, hsa-miR-652, hsa-miR-675, hsa-miR-129-5p, hsa-miR-
18b*, hsa-miR-1254, hsa-miR-622, HS_202.1, hsa-miR-191, hsa-miR-302d,
hsa-miR-30e, hsa-miR-744, hsa-miR-142-3p, solexa-2952-306, solexa-3927-
221 are capable of counteracting heart failure, by counteracting the
25  expression of specific gene products.
One embodiment therefore provides a method for counteracting,
treating, diminishing, delaying and/or preventing heart failure, in a
subject, the method comprising:
- increasing the expression, amount and/or activity of an miRNA
30 selected from the group consisting of hsa-miR-191, hsa-miR-30e, hsa-miR-
744, hsa-miR-142-3p, solexa-2952-306 or a functional part or derivative

thereof, within said subject, and/or



3p, hsa-m R-342-3p, hsa-m R-652, hsa-m R-675, hsa-m R-129-5p, hsa-m R-

18b*, hsa-m R- 1254, hsa-m R-622, HS 202.1, hsa-m R-191, hsa-m R-302d,

hsa- m R- 3W0,201e63MR- 744, hsa-m R-142-3p, sol exa-2952- 36T/ ®H0a0B927- 221
are capabl e of counteracting heart failure, by counteracting the expression
of specific gene products. One enbodi nent therefore provides a nethod for
counteracting, treating, dimnishing, ggl ayi ng and/or preventing heart
failure, in a subject, the method conprising: - increasing the expression,
amount and/or activity of an m RNA selected fromthe group consisting of

hsa-m R-191, hsa- m1&1%9§nghﬁé‘1ﬁ'ﬂe&ct%ﬂ4)ftHééItaéEﬁﬁ% 3 2st3RRNTO WP 2952- 306 or
a functional part or derivative thereof hin sald subject, and/or-

i ncreasi ng t meRNAt wlerted mothetdreus pewdisting ofdrgemiRaRRN hia: miB-30ERNA
sel ec_t ed fr O t QlelR ﬁqli}?t%acglg Ils4t2| i? %5%?%5181 6109r1W1 Safu Bon part

hsa-m R- 744, "H§&-m sol or w unctitshal part or
derivative taedamatlmthhre@fsmﬂussabd eﬁleectAAsdi%saﬁbdalel@brhﬁrl@afarebezﬁldr e, said

m RNA conprises any nenber of the s and/ or - decreasing
the expr @hRNz\rwmrl%ﬁ%Wrm%P?w e@ﬁldamhﬁ%ﬁgptagé%épé@rfromthe gr oup
consi sting Of hsa- meRrchdidy ’(gSfJBe elﬁﬁf’esgfoﬁ ;‘I%%unt Qﬁ(ﬁ’[ﬂ Bctn;ligbof PRARNIAR 1228~

hsa-m R-181a, hsa-m R-18a hsa-m R- 107, hsam R hsa- m R- 342- 3p
hsa- m R- 652, setiaseqhﬁronﬁf?lfe gmsacnn@stm@otlma mﬁ%%pmba mlﬁsbﬂlrﬁ Rsd-254,

or dori vat | VECRBPBI TR AR S A R R e sorHEel g ke P

interaction gfiR{29e- :ﬁpa@afnn@% s gle,thgaiﬂhlﬂ% 662 hn@ 1 RS, sgbeﬁﬂedzg BpM t he
group consisting of fromhsa-m R 5p hsani 191*, hsa-m R- 15b,

hsa- ni R-1®2ghksa-pdR- %bﬁh@1@13ﬂ§§4nh%@8%’622h§§ 20R1 107R-5R34 ARfARY 290- 3p,

hsa- m R-342- g’cﬁ eh§§‘27nhﬁ %gfum%ngl Bart@)?%bem@ﬁﬁv@ﬂ%r%glg V&gﬁnn@ﬁﬂr m R-18b*,
hsa-m R- 1254, %sa m R-622, HS 202.1, and/or sol exa-3927-221, or with a

functional psuljedrandpr vative
- decreasing the interaction of the specific target mRNA with a
miRNA selected from the group consisting of from hsa-miR-423-5p, hsa-
15 miR-191%, hsa-miR-15b, hsa-miR-1228%*, hsa-miR-181a, hsa-miR-18a*,
hsa-miR-107, hsa-miR-299-3p, hsa-miR-342-3p, hsa-miR-652, hsa-miR-
675, hsa-miR-129-5p, hsa-miR-18b*, hsa-miR-1254, hsa-miR-622,
HS_202.1,and/or solexa-3927-221, or with a functional part or derivative
thereof, within said subject. As described herein before, said miRNA
20 comprises any member of the said miRNA family.

In one embodiment, said subject has been diagnosed with heart
failure. In another embodiment, however, said subject has an increased
risk of heart failure, for instance because said subject is already suffering
from injury or disease. In an alternative embodiment, a method according

25  to the invention is performed in order to generally prevent heart failure, in
an unaffected subject.

Methods for diagnosing heart failure are known in the art. A
subject is for instance diagnosed with heart failure, by determining
whether mechanical stiffness is increased, whether normal functions, such

30 as for instance electrical properties of the heart, are decreased, whether
ECM proteins are accumulated excessively and/or whether levels of

specific gene products are above a certain threshold level. An increased



thereof, within said subject. As described herein before, said m RNA

conpri ses any nenber of the said mRNA famly. In one enbodi nent, said

subj ect ha© 2benedvagnosed with heart failure. |n anot hecTaNtodiosest
however, said subject has an increased risk of heart failure, for instance
because said subject is already suffering frominjury or disease. In an

al ternative enbodi nent, a nethod accorgéng to the invention is perforned in
order to generally prevent heart failufe, in an unaffected subject. Methods
for diagnosing heart failure are known in the art. A subject is for

i nstance d! aﬂBE%?Heé’i‘ttfﬁhﬂ%% BftEﬁlipEége%t Py s%fe%f #hBh B8 \Ml%[e&’celé _rrechani cal
stiffness is increased, whether nornal functions, such as for instance

el ectrical pswWpeind eemain ihersheadisordar.e decr eased, whether ECM proteins are

accumul at ed excessi;vgl y.apgd{or whet her |evels.of;.specific.gene products are
. etho ?8 e lnvention are suitable for dﬁa I}OS 1C an{i . .
above a certain thresho evel ” An I'ncreasedris eart failure is often

present in atlsubpacic whadr hbgrt $aidiuecIn bhe prdféaed Rehbodnemna hiphddy or
di sorder._Methods of the invention are suitable for diagnostic, and
t her apeut? ¢ ¥EETFBE thERE IVeRtiPRY isusedingrdeniosouptadct Msali HBHRISE met hod

accordi ng t 0418¢ ah AN PréRIht icﬁrdg;é&ieﬂaiiu@e.oﬂ“ﬂ%ext Prov AL EFRGkfork keat ,  di m ni sh,

del ay and/or prevent cardiac f ure. Further provided is therefore a
met hod for tmethddiigr arvdtiog gndéorareiergingehedrt falungrie a subgecsuibeect , t he

met hod conpr | swogi:co- irilcre_asi ng the expression, anount and/or activity of
the m RNAs t Hat"Ar @ 40w égul ated in heart failure as identified herein,

and/ or decr easi ng -tih@eaXPERES kQpkesabh Udth o@tk @t/ o10gdtividyt of thE ntiR&NAE RNAs t hat
are upre%I ated in heart failure as identified herein, within a subject in

need of Huchthatéae dewpremdnise 1pheoerfeilsre asdeatifag bessini ad/ahce be
acconpl i shedqfy., égfr;;g BRSLNG 6 M RIARGHIRR REVISR b DR RANIGhaTRRAS Of

t hese m RNAs and by decreasing the interaction between the target nRNAs
of these m RWaguiabed ithbeald\imilegdsatlextified heypis guithinead swhjRMAs need
of such treatment and/or prevention. This may for instance be
accomplished by increasing the interaction between the target mRNAs of
15 these miRNAs and/or by decreasing the interaction between the target
mRNAs of these miRNAs, for the downregulated and upregulated miRNAs
respectively.
In one preferred embodiment, said subject has been diagnosed
with cardiac failure, or with a risk of cardiac failure. In an alternative
20 embodiment, said method is performed in order to generally prevent
cardiac failure, in an unaffected subject.
It is possible to increase the expression, amount and/or activity of
a miRNA downregulated in heart failure as indicated herein directly, for
instance by administering an activating compound capable of increasing
25  the expression and/or activity of the miRNA. It is also possible to increase
the expression, amount and/or activity of the miRNA indirectly, for
instance by decreasing the expression, amount and/or activity of an
inhibitor of the miRNA. The opposite is true for decreasing the expression,
amount and/or activity of a miRNA upregulated in heart failure as
30 indicated herein.
In a preferred embodiment, the amount of the miRNA is increased

by administering the pri-miRNA and/or the pre-miRNA and/or the



respectively. In one preferred enbodi nent, said subject has been di agnosed
with cardiac failure, or wwth a risk of cardiac failure. In an alternative
enbodi mrerwQ 208 d63met hod is performed in order to generalPCy/Nizeweso2scar di ac
failure, in an unaffected subject. It is possible to increase the
expression, anount and/or activity of a m RNA downregul ated in heart
failure as indicated herein directly, %ﬁr i nstance by adm ni stering an
activating conpound capabl e of increasi'ng the expression and/or activity of
the mMmRNA. It is also possible to increase the expression, amount and/or

activity of pLheNm BNA fh Adidee bht orf RirivatSt ARER P Yo 8Er AR the
expression, amount and/or activity of an inhibitor of the m RNA. The

opposite is Admenﬁbﬁtmeefeaspﬁdﬁﬁh@O@@pﬂ@@Spoﬁnyammbnuwamdﬁdhe%rt|V|ty of a

m RNA upregul ated in hea;t fgllure s |ng|c t ed yg n£qﬁferred
a

. mpounds. results in (ncr coun eragtlon 0 S,
enbodi ment, theP Anpuint h I'S T NCrease n1n|s ering 't he

pri-m RNA angthaneitad€iop aa dfsir BN eanidh@f hiehanh Bk, Tore @i-iRNA ongdle part or
derivative thereof, to said subject Adnlnlstratlgn of an ¥ of these
[6) 1 (‘i)

conpounds? oPTIEWYY EERSFHRE ?foﬁhedlﬂlfi%sleanegraAWQ PESTPL K9St ncr eased)
counteract i oghgh {kahaghe RREY alaﬁscrm% of (AU RE AR mm@@qeén&rwent ion of

heart failure. The pri-mRNA Is the primary transcript of the m"RNA, having
a | ength of BéVepaimkirdwdisks, mwiNahsitke elmm(wnéﬁ lé)Dtremletorﬂaiﬁ%&mptl on of the
genomi ¢ an orter,

IO 00 nuc! eloep SR ERES R PR apbeeebi bR B R BB e Sl g of

the pri-m RNAbbyudlésseDideRalcClieasRubhashl thd hﬁRsmmeasca&fd mdﬁen{n RNAs as
i ndi cated herein are depicted in Figure 3. A functional part of the
pri - ni RNIY or sy deristriim SiWPRNA i s defined herein as a nucleic acid

sequence with a '%%&tﬁhaﬁﬁa&%@%ﬁe IZm’]Hfﬁ}@&tok%?éni’i'ﬁmﬁbof ﬁuRN@Hser then the

pri-m RNA or pre-m RNA (‘mature RNA, respectively, and which is
capabl e of bdeffmadgiea*etna_alsg@nuclelc a01d sequence with a length of at least 7

nucleotides which is shorter then the pri-miRNA or pre-miRNA or
(mature) miRNA, respectively, and which is capable of binding a target

15 mRNA gene (the gene encoding the mRNA to which the miRNA binds)
and/or target mRNA and counteracting expression of the protein from the
target mRNA or the gene. Said functional part is preferably capable of
binding the same 3’ UTR region of target mRNA which is capable of being
bound by the miRNA. Said functional part preferably comprises a

20 sequence of the seed region of the miRNA. A seed region of the miRNA is
present in the 5 region of the naturally occurring miRNA. Said seed
region is particularly involved in target recognition. The sequence of the
seed region of the miRNA can be found by the skilled artisan without
difficulty or inventive skill by performing binding experiments between

25 the miRNA and the mRNA. A functional part of the pri-miRNA or pre-
miRNA or miRNA is thus preferably a nucleic acid sequence with a length
of at least 7 nucleotides, comprising the seed region sequence. However,
slight modifications of said seed region are allowed, as long as the
capability of binding a target mRNA gene or the target mRNA is

30 maintained. A functional part of the pri-miRNA or pre-miRNA or miRNA
thus also comprises a nucleic acid sequence with a length of at least 7

nucleotides, comprising a sequence which has at least 72%, more



MRNA gene (the gene encoding the nRNA to which the m RNA binds) and/or
target nMRNA and counteracting expression of the protein fromthe target
MRNA or twe 2gevie6378ai d functional part is preferably capabma2ofo/os02stdi ng t he
same 3' UTR region of target nRNA which is capable of being bound by the

m RNA. Said functional part preferably conprises a sequence of the seed
region of the m RNA A seed region of e MRNA is present in the 5 region
of the naturally occurring m RNA. Said“Seed region is particularly invol ved
in target recognition. The sequence of the seed region of the m RNA can be

found by thepgitidab80atAkh s WhikayerdhbliAYbdy 8%5/0 'n'iBé%}éﬂéFab%b{' by
perform ng bi ndi ng “experi ment’s between the m RNA a A functi onal

part of the Jsabt %%&Nﬂqmﬂcw@ntmmm the RIMenee @ﬂﬁhe seﬁfét@etbb&t}@ nucl ei ¢
acid sequenceg . i%lt sm&c% %]}961} at | east 7 nucl eotides, conprising the seed
regi on sequence wever Rt nodi fi cations of sai d seed region are

al | owed, as |ong a@far{wmﬁap@éawatt% dﬂfth@pﬂdmimNA draprgehi RNANAr geR&Or t he
target mRNA |s |nta|ned A functional part. of the pri-m RNA or pre-m RNA
or m RNA 2 hu$ dgfigis &leﬁep@e@sma efuke whigh éem@reeaaeﬁ%ewwh@ Pahd?h of at

| east 7 nucl §Pﬁl'of’ee%ut ¢QERMAS 106%2 s&ﬁ@ﬂ@é‘ﬁi’en‘é\f@ﬂz %}Pﬁfe - nbiRASA orf pré-

morepreferably at |east 80% nore preferably at |east 86% nost preferably
at | east 90mBHM1RNérﬂndtthhtHaSta’qéemqueﬁeeleoafropetrey seednmegi on of the
m RNAs as i nd| cat etd AE OPnaJE ﬁe,(r% V(g% ve o 1 t he h m RNA or
pre-m RNA or AT RRA Yeod%“ral“ﬁlé% ‘r‘oélsh A8 orEe ut e AT ‘?9“&%%8‘? Yes a
sequence Whi edpabasofMIfdians st ABRNA g&te diior 0086 mRevaIgAde identity with

the pri-m RNA or prem RNA or. mi RNA and whi ch_has at | east one sanme property
in comot i r FRgheEcting expregeigntof tia Piateingmepdrd ax thyniaid gandy adhaitt i onal

equi val ent I §,CaRallei0t, PAé‘Q.L JeftchBhIBle MI&@R%%&‘QMRNA@BB“ MRNA and

count eracti ng expression of e proteln encoded by t sal d gene, albeit
not necessar miRNAo Suble feartmnak e@nvalast fdrenﬁnalnem@hlé\rlsﬂfs pre-m RNA or m RNA

Such functional equival en 0 st ance
9 a polynuc eotlo{e Wﬂerem one or nrrlp)re nugl

eotides are added to
the native sequence of the pri-miRNA or pre-miRNA or miRNA;

15 - a pri-miRNA or pre-miRNA or miRNA molecule wherein between
1-40 % of the nucleotides are substituted by one or more other nucleotides,
as long as the seed region sequence retains at least 72% sequence identity
with the miRNA sequence as indicated in Figure 3; and/or

- a pri-miRNA or pre-miRNA or miRNA derivative wherein at least

20  one nucleotide has been modified so that the resulting product has a non-
naturally occurring nucleotide. Preferably, a functional equivalent of the
pri-miRNA or pre-miRNA or miRNA has a nucleotide sequence having at
least about 75% sequence identity with the pri-miRNA or pre-miRNA or
miRNA, preferably at least about 80%, more preferably at least about

25  85%, more preferably at least about 90%, most preferably at least about
95%. The higher the sequence identity, the more closely said functional
equivalent resembles the pri-miRNA or pre-miRNA or miRNA.

A preferred example of a functional equivalent of the pri-miRNA or
pre-miRNA or miRNA is a vector comprising at least the seed region of the

30 miRNA, or a vector comprising a sequence which has at least 72%,
preferably at least 80%, more preferably at least 86%, most preferably at

least 90% sequence identity with the seed region sequence.



- a polynucl eotide wherein one or nore nucleotides are added to the native
sequence of the pri-m RNA or pre-m RNA or mRNA; - a pri-m RNA or pre-m RNA
or m RNA wol2envi2e3™her ei n bet ween 1-40 %of the nucl eoti ¢#e3/NaRe103@St i t ut ed
by one or nore other nucleotides, as long as the seed regi on sequence
retains at |east 72% sequence identity with the m RNA sequence as i ndicated
in Figure 3; and/or - a pri-m RNA or %g m RNA or m RNA derivative wherein
at | east one nucl eotide has been nodifi'ed so that the resulting product has
a nonnaturally occurring nucleotide. Preferably, a functional equivalent of

the pri-m RNA or prg- izl RNA QX u@h%eﬁﬁ%yﬂs'&%ﬁh@@hbf&%%@%@ﬁ%eﬁ% ng at
| east about 75% sequence |der§1t|ty wWth the pri-m RNA or pre-m or m RNA,

preferably aef nucdetideboun B8olic aodsepraicerthat ip id¢nticdstithafout 85% nore

preferably at st _abaout 909% refera ut 95% The
hi gher the se‘éﬂ%%c‘ieesllaen?uc‘?em af]h seﬂnr%cec%cl)ISI%FXStSal %r?u% ?gkrllal equi val ent

resenbl es thgeq@@hcd@ﬁm%mtorm@qmrm%cmg gﬁp%e&sﬁr@f&i’ddﬂev@%&ﬁpl e of a
functional equivalent of the pri-m RNA or ﬁre m RNA or mM RNA is a vector
conpri si my afaKEEYn R%@e@é@au?wﬂéﬁnw Mréhodsrapd C%?plgev@é%am@é%n sing a

sequence whi Qll?grnﬁént%tarla %%?ltkﬂo%vﬁ 1rP€}ﬁefa§ft akl ¥ héx%ﬁ?tthé‘@eﬂnsr@l WR1dp ef erably

at | east 86% Tnost pre erably at |east 90% sequence identity wth the seed
regi on sequeadé s¥feence’ armd %@éemei@eeahsq@ntqmlyaSS|®ndmtun@ldnhlep@|eﬂ as the
per cent age uence dentical with

|
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sequences angjrtqnﬁalgnmloamddmwcméiuamﬂglseqa&f:ceslﬂepmﬂ@eﬁﬁ:aeﬁyama@ @chéleve the
maxi num fercent sequence identity. Methods and conput er pro rans for
al i gnment®  arenyPIC ackbyuPRcesHaEIISingat lpasidonremetiiedislaoBides " nucl ei ¢

acid_sequenceyq/andon AUALAPHLARSIIALI® SIGOMRASR.NANsARL ural ol ecul es based

on and/or derived om nucl el c acid sequences, such as for instance
artificially nodi fMetdhodsuédrent:roducms)emmmlﬁe&de@wb|ad1ellraxe kebwndoi ds, as

wel | as nucl ﬁ{ecar%.cl{/lgtﬁo%l% ernﬁl 1§od(1:1(():1 grrllus llelga id f]ore ?nss ar?créeconrrg)%sfeicg chﬂ%d eotide
phosphate transfection, DEAE-Dextran, electroporation or liposome-

15 mediated transfection. Alternatively, direct injection of the polynucleotide
is employed. Preferably however, a nucleic acid sequence is introduced
into a cell by a vector, preferably a viral vector. Said vector preferably
comprises a retroviral, adenoviral, adeno-associated viral (AAV), or
lentiviral vector. In one embodiment an AAV9 vector is used.

20 Various terms are known in the art which refer to introduction of
nucleic acid into a cell by a vector. Examples of such terms are
"transduction", "transfection" and "transformation". Techniques for
generating a vector with a nucleic acid sequence and for introducing said
vector into a cell are known in the art.

25 Preferably, the pri-miRNA or pre-miRNA or miRNA or a
functional part or derivative thereof is used which is able to be introduced
into a mammalian cell in vivo. Non-limiting examples of methods
according to the invention are the coupling of said nucleic acid sequence to
cell-penetrating peptides, to microcarriers or to nanocarriers, or the use of

30 liposomes containing said nucleic acid sequence. Preferably, said inhibitor
is targeted to heart muscle cells, for instance by using artificial HDL-like

particles bound to said inhibitor, enhancing delivery to the myocardium.



and/ or non-natural nucleotide such as for instance inosine. Mthods for

i ntroduci ng polynucleotides into a cell are known in the art. Methods for

i nt roduciwg 2nw¢i2e37e aci d for instance conprise cal ci um poDsNIRat®50251
transfecti on, DEAE-Dextran, el ectroporation or |iposonenedi ated
transfection. Alternatively, direct injection of the polynucleotide is

enpl oyed. Preferably however, a nuclelg acid sequence is introduced into a
cell by a vector, preferably a viral ¢tor. said vector preferably
conprises a retroviral, adenoviral, adeno-associated viral (AAV), or
Ient|V|raI_vector%¥kaqu t&ﬂﬁﬂﬂb&ﬁﬁhn@&ﬂﬂﬁ¥9&§ﬂhﬁﬂu&é1y?§ﬂmnﬂ§myous terms
are known in the art which refer to introduction of nuclfeic acid into a
cel | by a vewebroumeanppbdandfor puetentest sadmenistormestdeari-onkRNA or ansf ect i on”
and "t 1 ansf opMRLLRIA or [SGHOAGHES:f L AENGEAL] 0. AeghOL Loy nuct el ¢
aci d sequence an or’itro ucli ng sail srictare knomn in the
art. Preferakbjectt iea ﬁIrictiaShR[\iéaxmrorﬂ@ﬂvml%\%@éom%m’ectasdfmm onal part
or derivatin t her eof |s ? which is able to_be introduced into a

manmal i arP ceftPy AT 9 Yigk 0&6# 1iRg PRy hegdfplluee- dreanbiaige 18856r ding to the

| nventi on ar e LRUPLING: Hovsflcd UGl EinksiBRhd SBARAGE chfiable of
cell-penetrating peptid o mcroCarriers or to nanocarriers, or the use
of i posonesmt;w&tsmgwrnlgasmm theclxpressam, danuend/@r am@tzeoﬁ@hym\@m d
inhibitor is,targeted to ange by using

arti 1 oral et RSB A6t EURGPet S B rflinPES B inanci ng del i very
to the TTVOCaﬁ&ihﬁﬁbt%@ﬁl(gl’adwi@pd@dtd@t@able&ﬁ"elﬁﬁreaﬂﬁglﬂtﬁﬂe@ﬁhtldhaﬂl’the taidetire, is
partlcularly wel | counteracted and/ or prevented by _adm nistering_ the

pri - m RNK or mENA pyinheomiNRNRat Fadowzregblate b it A pies i@ @ipr essed in
Sai d subj ect sullbct ATh U R BiOlhPASre Al flef bYRAdEn i BAFROL anllBr Brsubl ect
suffering from or at risk of suffering from heart failure. art failure,
is also counnnRhM&&mwﬁmmMBNApmevend@mn%¥UEﬂﬂdnrsnéﬁmmgMﬁSanp@ﬂ@d capabl e
of increasin rest ressi on t and/ or acti vi of a
mRNA that | St Poe A Res Pl AR UE BT p AR eE R os ARty by

of increasing or restoring the expression, amount and/or activity of miRNA

15 that is downregulated or underexpressed in heart failure as indicated
herein in a cell, or a compound capable of increasing interaction of the
target mRNA with the miRNA that is downregulated or underexpressed in
heart failure as indicated herein, for use in counteracting, treating,
diminishing, delaying and/or preventing heart failure. The opposite is true

20  for the miRNA that is upregulated or overexpressed in heart failure as
indicated herein.

The above-mentioned compounds, or any combination thereof, are
thus particularly suitable for the preparation of a medicament or
prophylactic agent against heart failure. Further provided is therefore a

25  use of the pri-miRNA and/or pre-miRNA and/or miRNA as indicated
herein, or a functional part or derivative thereof, or a use of a compound
capable of increasing or restoring the expression, amount and/or activity of
the miRNA in a cell, or a use of a compound capable of increasing
interaction of the target mRNA with the said miRNA, for the preparation

30 of a medicament or prophylactic agent against heart failure. Said
prophylactic agent is particularly suitable for subjects with an increased

risk of heart failure, as well as for subjects already suffering from heart



adm ni stering a conpound capabl e of increasing interaction of the target
MRNA with the m RNA that is downregul ated or underexpressed in said

subj ect. Wbeoiwmne3ti on t herefore further provides pri-nPRINL20/06025pr em RNA
and/or m RNA that is downregul ated or underexpressed in said subject, or a
functional part or derivative thereof, or a conpound capabl e of increasing
or restoring the expression, anount angéor activity of mRNA that is

downr egul at ed or underexpressed in heaft failure as indicated herein in a
cell, or a conpound capable of increasing interaction of the target nmRNA

with the m RO 0w Sved ol S9sIRN &I M genplenISy BERSSIE G0l Serleany failure as
i ndi cated herein, for use in counteracting, treating, dimnishing, delaying

and/ or pr eveptavagting heartifailieg, en umhBedppevhieetsis true for the miRNA that is

upregul ated or overexpressed in,heart failure as indicated herein. The
above- nent i oned coogs Al R aEmphshet iy A o decreill

parti cul arl ytishalteorf etivithef phe padtain ddaét encoiel bptmntargst mROPYI acti c
agent against_ heart failure. Further prqvided is 2geref re a use of the

pri - m RN® anef/t6e %PEN% peatidied hepsipnAdBEnIsHEt o1 dnk &f Bhsabye a
functional  pafhtiBhe YA Mol HEF ERAPINGLioA tHSRoL0 3 suPflRPHN capabl e of

i ncreasing or restoring the expréession, anount and/or activity of the m RNA
in a cell, opadicusalofuitalde fipowndiaragiand endbr prevestisghgatnfadpnactinon of t he
target mMRNA wi.th %hetiaid m_RNA fq; thefagg aratioq.of a nedicanent or
prophyl act | c"HgSHP G AR R8¢ DRI RHY 81 e v PABHASd PP gafY i s
particul arl yosaty @drhiEinh€ibn $hidjedf; i Sadiidis@bed fick ealsieet whskadbedieart failure,
as well as for subjects already suffering fromheartfailure. However, said
prophyl ald i cdiggapied; with heartsfailieg e apgthegemhodimeniy agyohthagbdysart fail ure,

I nunaf f ect egh . ZHBLEF LinpdlIR1sABON Sy EARLiRkL ‘in%ﬁer_%ﬁf‘;%&%fnﬁh%ré’d’ td QiCr easi ng or

decreasing the anount or activity of the protein product encoded by the
target nRNA sfbjedievith RNAscrassdddeskt bf hedt fesheienfor Agitanéess saltjecirwlod any of
the above nel%ta{hge%%lgf s%?f%%%gl IdOSIfl ir%qlr}é (r)lly dlcs(e)arlrsbei. owe(\)lgr,tsgle({ ceo%flpan%s,a orSUbj ect is
any combination thereof, are also suitable for generally preventing heart
15  failure, in unaffected subjects.
As already described, methods for establishing the presence or risk
of heart failure, include examination of heart functioning. It has now been
found that a method can be provided which includes measurement of the
accumulation of (pri/pre) miRNA levels or the levels of the proteins
20  encoded by the target mRNAs as identified herein. However, now that the
present invention has disclosed the presence of a connection between a
group of miRNAs and heart failure, additional methods have become
available. According to the invention, the presence or risk of heart failure,
is established by determining whether the amount of the pri-miRNA
25 and/or pre-miRNA and/or miRNAs associated with heart failure as
identified herein in a sample of a subject is above or below a certain
reference value. In one embodiment said reference value represents the
amount of pri-miRNA and/or pre-miRNA and/or miRNA selected from the
group consisting of miR-191, miR-30e, miR-744, miR-142-3p and solexa-
30  2952-306 in a healthy subject or healthy population. If the amount of the
said pri-miRNA and/or pre-miRNA and/or miRNA in a sample of a subject

is significantly below the reference value, the expression of the target



particularly suitable for counteracting and/or preventing heart failure, in
sai d subject. In one enbodi nent, any of the above nentioned conpounds, or
any conbiweatoon2titer eof, is adm nistered to a subject wroThN20OSIRS1

di agnosed with heart failure. In another enbodi nent, any of the above
ment i oned conpounds, or any conbination thereof, is admnistered to a
subject with an increased risk of hearg failure, for instance a subject who
is already suffering frominjury or di fase. However, said conpounds, or
any conbi nation thereof, are also suitable for generally preventing heart

failure, in wraiA echod FHBERAY Soudrfll LAY, fastl REssiBRAEs for

establishing the presence or risk of heart failure, include exam nation of
heart funct i broteig.encoddthley HowabgetrmRdned il hatoghigbtanddhe snbiset jsr ovi ded

whi ch incl udes..neasurenent. of . t he accunul ation .af ..(pri/pr m RNA | evel s or
he level s of "Gy brarha: ek SEEPGNR bBdutefth L eRY, o

her ei n. Howesgfraphawordiak tb hiee preeseninvensientid eromasendiedcl osed the presence
of a connection between a groupﬂgf m RNAs gfnd heart_failure, additional
met hods Have becorf®® Biaethghhand Aé thy ginagnt of theedri-AIBAYT 8RYOY RES pr esence or

risk of hear hiﬁﬁ%} Mflor IFRRAL o’-fl%gire] %?ﬁ%z@é’se@&&& Mot 18 WMIED R&Lsiligy amount of

the pri-m RNA and/or pre-m RNA and/or m RNAs associated wWith heart failure
as identified heRet23-3m nails 491, eniBf 15h, sl B428*i miBid®te, miRdERhOWMER-cert ai n

ref erence va o e i,pent sgid.refarence. e. repr nts the
amount of pr#%nﬁﬁzgﬂgp’o%%ég%ﬁp% é%&/ @Fﬁmlgaégé?peﬁﬁgﬁfhe gr oup
consi sting omiRI1R519%4hiRB2R- B8e20211 Rn/4024kRd/b4 2013Ra-3997-9al exa- 2952-306 in
a healthy subject aor healthy population. If the amount of the said

pri - nmi RN antfreplesf a-sybrpisvignidicanilirripoventhg refarpnee wlue tatgstect is

si gni ficant |y, theh Quptheioh @5LfRNE SnMalibe of 1 SXR"RRRIACH O brdthe) tiar get mRNA
is not sufficiently counteracted. As a result, expression of the protein
encoded by t ¢wetdy getnteRiAedvilnlthecasecthieisghjcahth dlbedmgbpecitas s suf feri ng

f t risk.of fferj f heart fail - h , th
accor di ng. t o {5 BB eT rhUShel NP F bepndgmadanre: © o T

15 The amount of the pri-miRNA and/or pre-miRNA and/or miRNAs
associated with heart failure may be determined after isolation of RNA
from a sample, preferably a blood sample or urine sample. The isolation of
RNA is preferably performed in the presence of a strong denaturant such
as GITC, LiCl, SDS and/or phenol in order to inactivate RNase, if present.

20  Methods for isolating RNA are known in the art, including the use of
commercial RNA isolation kits such as, for example, mirVana PARIS kit
(Ambion) en Trizol LS (Invitrogen). However, a sample can be processed
for detection of miRNA sequences without prior isolation of RNA, for
example by isolating vesicles such as microvesicles from a sample.

25

Methods for detection of a miRNA in a sample are known to the
skilled person and include Northern blotting, the use of micro- en
macroarrays, in situ hybridization, single molecule detection in liquid
phase, massively parallel sequencing and quantitative polymerase chain

30 reaction (Q-PCR). The RNA in a sample is preferably amplified prior to
detection of miRNA sequences. Methods for amplification of RNA

sequences are known in the art and include reverse-transcriptase



On the other hand, if the anount of the pri-m RNA and/or prem RNA and/ or
m RNA of the m RNAs selected fromthe group consisting of m R-423-5p,

m K- 191* woi2Rolahg7om R- 1228*, m R-181a, m R-18a*, m R POT/NL2f/02@31 3p,

m R-342-3p, m R-652, m R-675, m R-129-5p, m R-18b*, m R 1254, m R-622,

HS 202.1, m R-302d and/or sol exa-3927-221 in a sarrpl e of a subject is
significantly above the reference valug target mRNA expression (or the
translation of the target nRNA into pr {ei n) is severely counteracted. In
this case, the subject is also diagnosed as suffering from or at risk of

suffering frommieadt chfaﬁi F&icBion ThE-PORMA A RfucidieApii st BN Bagd/qor pre-m RNA

and/ or m RNAs associated with heart failure may be determ ned after
i sol ation ofAmnhflfCabﬁrm éNé@R@DeA pp)ﬁéfeﬂ@d&bmyhfepabm@dne@admb@pme@r| ne sanpl e.

The isol ation of ra E gforrred L0 th presenc of a strong
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RNase, if preS$BR G\EEENd(QoEl@é Be&;el BwingrBNg) ar ﬂukmmtlwlabhl%dart,
i ncl udi ng_the use of corrge NA sol ation kits such as, for exanple,
mi rVana PARl SRKPRD PEMSSS )OpBﬁd ﬁlq%ﬁentssFeﬁW. iPodeH): However, a sanple can

be processed for Ct%ﬁ%fé R0 rOferH %&%ﬁ@é‘ﬁﬁeﬁw\%& RR¥A E;Fﬂt%sﬂs %’i’e{yat i on of

RNA, for exanple by i1solating vesicles such as mcrovesicles froma sanpl e.
Met hods for bepesidaibyothespmoviRidh éfa dlae"adrpdatele@pet«abmﬂl\b%sme@ked | ed
person and incl ude Nort hern bl LO- .en croarrays in

oo hy ot i St i B kb B A0t R pactivel y

paral | el seqUenginal Tamskfeaantfolledéd By RRhyATBIASRUCA®IiHef- elagz‘d(drﬂ)ﬁ (QPCR). The
RNAlnasarrpIels preferably anplified prior to detection of m RNA
sequence) MBEIRGYs w@herawrhquccampéweéhe REROK Glieaéeoy I&%I@elkﬁe\%ru n the art

and i ncl ude peverSghLANSar dgp@m%%pﬁheyme%aﬁﬂ@atweﬁghﬁ idfJRER) and

Nucl eic Acid Sequence Based Anplification . A preferred
anplificati oRNn?!ewwdnwnpmfsr@bl}qbbameﬂ{tane P@Ihmpbﬁefakdﬁtomprlsés 2#he RNA

sequences by, for ex t he YBR GREEN (Roche, Basel,
St zort and) Wpiversel SRIR g SR Stpethe ThiaE

The primers used for detection, cDNA synthesis and/or

15 amplification preferably comprise RNA nucleotides, DNA nucleotides or
modified nucleotides such as Locked Nucleic Acid (LNA) nucleotides,
Peptide Nucleic Acid (PNA) nucleotides, and/or 2’-O-alkyl modifications,
2’-fluoro modifications, 4’-thio modifications, a phosphorotioate linkage, a
morpholino linkage, a phosphonocarboxylate linkage. In a preferred

20 embodiment, the length of a primer, preferably a miRNA-specific primer,
is identical to the length of the specific miRNA. In a further preferred
embodiment, the length of the miRNA-specific primer is shorter than the
length of the miRNA, for example 14 nucleotides, 15 nucleotides, 16
nucleotides, 17 nucleotides, 18 nucleotides, 19 nucleotides, 20 nucleotides,

25 21 nucleotides, 22 nucleotides, or 23 nucleotides, depending on the length
of the specific miRNA. The sequence of a primer, preferably a miRNA-
specific primer, preferably comprises one or two mismatches compared to
the sequence of the miRNA or the adapter sequence that is added to the
miRNA, more preferably is identical to the sequence of the miRNA.

30 Methods and means for detection of one or more miRNAs in a
sample are preferably provided as a kit. Said kit preferably comprises a

set of primers, preferably at least one specific set of primers, enzymes such



Taqman probes (Applied Biosystens, Foster Cty, USA). Priners for reverse
transcri ptase-nedi ated cDNA synthesis nay be provided by the provision of a
shared seyoenoe26moal | m RNA sequences such as, for exampTaL2e10mso23( A) -t ai l
by ligation or through action of a Term nal Transferase, followed by

anneal ing of an adapter-oligo(dT) prinmer. Further nethods conprise the use
of a stem /| oop priner, and/or the use g% a m RNA-specific prinmer. The
guantitative anplification of the RNA Sequences, preferably by real-tine
PCR, preferably conprises a universal prinmer and a m RNA-specific prinmner.

The primers psg®NALMefeiRek TNA p%%x%!@%ﬁ&/%k% A, RpeadRid Hi@at i on
preferably conprise nucl eoti d DNA nucl eoti des or nodified

nucl eot i des Belgmeassel gk atlladat bt buﬁf@n fgr @EDﬂA})mmﬁ:ﬂh@dﬁﬁd@ orPept i de Nucl ei ¢

Aci d (PNA) ”Pe%'cﬁ&tl% i) a%d k%ggéfca%rov%ed kéld 1g(§)d| fil Caf IfOI’IS ah;uor 0

nodi fications I ons osf)lhag?% r oa]fteé(a age a

nmor phol i no |1yﬂi§ﬁﬂﬂat1&n,ph%ﬁd‘lhdjl@ﬂar boxyl at e linkage. In a preferred

enbodi rrent the length of a priner, preferably a m RNA-specific primer, is
i denti cal® to the length of the specific mMmRNA In a further preferred

enbodi ment, the | gpglh, Qbuhdier t%%ﬁl??@l I PoPhdBERNA éﬂl}?&t BﬁRNl&a” the

| engt h of the m RNA, for exanple 14 nucl eotides, 15 nucleoti des,
nucl eot i des, inld smupleedta didsect 18essantiely tuesamd 8s e tdotdnde salug0

nucl eoti des,, 21 nu tides i des eotid S, dependi ng
on-the | engt e Proceputrriet i ARy Bl Biebt M B SR or et erably a
m RNAspeci fi gutedti®hot fiaghededlsysuCRmpisi (B8, Ane 19tk bef@rﬁ@&mﬁes conpar ed

to the sequence qof the m RNA or the adapter sequence that is added to the
m RNA, nHte braté&dilifiey is identical to the sequence of the mi RNA. Met hods

and nmeans for det Q‘}Fdoﬂgseofot}%@%ﬁ’&s We?er@hé%’%ﬁuéé‘t}?an%@é ?fl‘?efa?ﬂﬂrr ef erably

provided as a kit. Said kit preferably conprises a set of pringers,
preferably a$uHJefetst:a1mheus¢m&foﬁfllnst&e‘ce of refereney wyluenay besisedithas a

v dependent O gol\TeL 855 19 AVY deBgp eIt SELYRIRSR, ond o
in a sub]ect or population suffering from heart failure. In this case, a
15 sample with an amount of the pri-miRNA and/or pre-miRNA and/or
miRNA which is essentially the same as said reference value indicates (a
risk of) heart failure. A sample wherein said value is much smaller or
larger indicates health.
The invention therefore provides a method for determining
20  whether a subject is suffering from heart failure, or whether a subject has
an increased risk of developing heart failure, the method comprising:
- obtaining a sample from said subject;
- determining in said sample the amount of the pri-miRNA and/or
pre-miRNA and/or miRNA indicated as associated with heart failure
25  herein;
- comparing said amount with a reference amount; and
- determining from said comparison whether or not the subject is
suffering from heart failure, or is having an increased risk of developing
heart failure.
30 The amount of the pri-miRNA and/or pre-miRNA and/or miRNA in
a sample of a subject is preferably established using a binding compound.

At least part of a sample is preferably contacted with such binding



reactions. Said kit nmay be provided as dried material, for exanple after

| yophilisation, or as a liquid. If the anmount of the pri-m RNA and/ or

pr e- m RNAvardiooneé3™RNA in a sanpl e of a subject is essemrCrall2gioiiessane as
the reference val ue, target nRNA expression is sufficiently counteracted.
In this case, the subject is not diagnosed as suffering from or at risk of
suffering from heart failure. O courgg ot her kinds of reference val ues

t han those of healthy subjects can be ed. For instance, a reference val ue
can be used that represents the anmount of the pri-m RNA and/ or pre-n RNA

and/or m RNAtdIHp(ﬁHﬁl%bﬁGﬁalW aﬂ@&pﬁueﬂdu@ 'br@ééfsgl%%'o@ghé g&ﬁbﬁ?%ﬁer@%‘fﬂe&” e. In

this case, a sanple wth an anount of the pri-m RNA and/or pre-m RNA and/ or
m RNA whi ch sbayslerenimmineyts dve prafrsalls thddra@faefre@dc@umﬂ aerondideat es (a

ri sk Of) heag te faheraﬁlsr VléA‘ ﬁlzrrﬁla%dm@%{ﬁ%f eﬁsélnd oglmen %hrgw | l gr or
| ar ger i ndi cat h. I Avention theref 6re pr OVI 0d for

det er mi ni ng melid&diccar(ﬁﬂ@t@ﬂie inSestidi ﬁfrld@gexfnﬁlﬁmg‘”lﬁhéﬁhei"al sJulbﬁee,t ior whet her a
subj ect has an i ncreased ri sk of devel oping heart failure, the nmethod
conprisi my: Suibping Bpmgheart Eibire g whetasr 8 sybispebas an 1%%%6&1%1%@ in said

sanpl e the agmiiy; %h%gﬁ fQﬂﬁre”‘tl'?é%e@l‘ﬂch’ ﬁ&t}%r%ofﬂp%ga&ﬂ{té’&nfgﬂ% I ndi cat ed

as associ at ed vmth eart fallure herein; - conparing said anbunt with a
reference amaﬁtpamnﬁsaldcﬁemﬁwnﬂn@t Ihastmr@auomm@nﬂazapsbiﬁ of\ketchizrallyr not t he

subject is sufferi fro allure i ncregsed risk of
cover opi ng noarne i s SRS bhal ke biraande BV T BFpRash Ra
and/ or m RNAohIR adpE8BPsEdGhmdlS isbjRd! a partiselsed adigh esttaisi shed using a

bi ndi ng corrpound At | east part of a sanple is preferably contacted with
such bi nH? ngBd#FEBIHY odpet arnuitedledesicls caraed 8s processing of the sanpl e),

where after The sample is preferably a blood or plasma or urine sample.

The invention furthermore provides a kit of parts for carrying out
a method according to the present invention. Further provided is thus a
kit of parts comprising:

15 - at least one compound capable of specifically binding the pri-
miRNA and/or pre-miRNA and/or miRNA indicated herein as associated
with heart failure; and

- instructions for use of said compound for determining whether a
subject is suffering from heart failure.

20 The invention furthermore provides a kit of parts for carrying out
a therapy according to the present invention. With such kit of part, target
mRNA expression is typically counteracted via miRNA. A kit of parts
according to the invention comprises:

- the pri-miRNA and/or pre-miRNA and/or miRNA indicated

25  herein as downregulated or underexpressed in heart failure, or a

functional part or derivative thereof, and/or

- a compound capable of increasing or restoring the expression,
amount and/or activity of the pri-miRNA and/or pre-miRNA and/or
miRNA indicated herein as downregulated or underexpressed in heart

30 failure in a cell, and/or



unbound conponents are preferably washed away and bound conpounds are
preferably visualized and quantified. One enbodi nent thus provides a nethod
accor di ngvoaotoesi7nvent i on for determ ni ng whet her a sulpCeEmNL20®/08wS1 er i ng
fromheart failure, or whether a subject has an increased risk of

devel oping heart failure, the nethod further conprising contacting at |east
part of said sanple with at | east one %gnpound capabl e of specifically

bi nding the pri-nm RNA and/or pre-m RNA"and/or m RNA. OF course, if only a
part of said sanple is used, a part is used which contains mcroRNAs so

that a suitable te%@co‘nﬁao%%'iirc'aﬁgbl@lbtf1nc-ﬂé‘§s1ﬁ%mle?adtﬁ)nﬂff%ﬁgféi%leﬁ’nﬁ{b@xOOd or
pl asma or urine sanple. The invention furthernore provides a kit of parts

for carryi ngwdlittha mmBNﬁa@mﬂﬁﬁpmntNﬁr@%me@eﬁﬁNA indatddolpereffuas her

provided is thus it ,0f [t 8 i N east one conpound capabl e
b “spect 11 cat 1y stk Bt nER SRR ThRS P Eb A ERA andror i RUA

i ndi cat ed herei n asnassatirtfeduvé 6ﬂ'sa|ikﬂ§6(51hp€51&ld(gbl’fer c@ntteractingt r ucti ons for
use of said conpound for deternlnlng whet her a subject is suffering from
heart fai?ur 8ea%RS JIHVBIFRIRN ?Wt%%?%pwsmlagéleartmlu%ﬁ, harts for

carrying out s@ogé&%fh@éd AGR6AISag £Q. Ihﬁﬁ\mra%%l%@tprb G‘I\{ﬁmA %d/oWIﬁl'RI\?A'Ch kit of

part, target expression I's typically counteracted via m RNA. A kit of
parts accor dindacated hhl@lm v annwgld@a:ﬂrowswslere-Xprdm@eqb i hmﬂ?l‘fmllawdbba
pre-m RNA an cated herein own at ed g rexpressed

in heart fai f‘jmrcém%l bagt pf ﬁ%ﬁ“’%tﬁ gt 1%?“5%% \P’aPlge\%mt Wet E%Cftor htf or -

conpound capalsb @o&iblet6 ie@ s ivagtod lcomPsisiid NgutlbR RIPs@ESheNen@dMENt and/ or
activity of the Prl-anNA and/ or pre-m RNA and/or m RNA indicated herein as
downr egul@t edbe! sbprsPreadivagd campednds. i veckoy preferably comypigesr - a

conmpound capgli,g1 9dcth Gk &ABLAGrdtH GHBGLVRM, AlehNErd1 2L 8ko- BN ated

viral or lentiviral vector. In one embodiment an AAV9 vector is used.
Further provided is therefore a vector comprising:
- the pri-miRNA and/or pre-miRNA and/or miRNA indicated

15 herein as downregulated or underexpressed in heart failure, or a
functional part or derivative thereof, and/or

- a nucleic acid sequence encoding a compound capable of
increasing or restoring the expression, amount and/or activity of the
miRNA indicated herein as downregulated or underexpressed in heart

20 failure in a cell, and/or

- a nucleic acid sequence encoding a compound capable of
increasing interaction of the target mRNA with the miRNA indicated
herein as downregulated or underexpressed in heart failure.

In one preferred embodiment, said vector comprises:

25 - one or more of miR-191, miR-30e, miR-744, miR-142-3p and
solexa-2952-306, or a pre- or pri-miRNA thereof, or a functional part or
derivative thereof, and/or

- a nucleic acid sequence encoding a compound capable of
increasing or restoring the expression, amount and/or activity of one or

30 more of miR-191, miR-30e, miR-744, miR-142-3p and solexa-2952-306 in a

cell, and/or



with the pri-m RNA and/or pre-m RNA and/or m RNA indicated herein as
downr egul at ed or underexpressed in heart failure, and - instructions for
use of sawo020wvmpedrnd(s) for counteracting, treating, di rCcmiNghings0del ayi ng
and/ or preventing heart failure, in a subject in need thereof. Said

pri-m RNA and/ or pre-m RNA and/or m RNA indi cated herein as downregul at ed
or underexpressed in heart failure, or functional part or derivative
thereof is preferably present in a vec?gr. It is also possible to use a
vector conprising a nucleic acid sequence encodi ng any of the

above- ment i oned CoNPOUES acERlelu YRt GlcoPing LA MnEQAPRbRSF @ Viral vector,
nost preferably a retroviral, adenoviral, adeno-associated viral or

| entiviral vicrasing mterstieniobthientangetanRANA/O @t @grmpre ofgeiR-1FLUmaiker
provided is therefore a vectpr conpri siNGx-o-nkne: pri \df,or pre-m RNA
P oo r SRR ! £, Sk 25 ERRGIRE D52 a0k iR hirth Kl AnBG0S" P o T |

failure, or miRungl mdRal42paidtsoddxad®Is2valid. Bach Aseenl: is patidilarly a nucl ei c
aci d sequence encodi ng a conpound cgpable of increasing or restoring the
expressi on, aHEAME lgf@rBteraetns pegrtd4iltige ni RNA i ndi cated herein as

downr equl ated of UNYSEEXRIERARY 1) hdRREBAPHILEHINAnERbly g and/ or - a

nucl ei c aci d sequence encodi ng a conpound capa of increasing interaction
of the targetetnRivalidenovivel, alRMAassudiated vdaher kentivas] dentwn. dgohat ed or

under expr essed Hﬂ h%ﬁgt.éai%ure. I n_one Rr rred enbodi nent, said vector
conmpri ses: - “BR&UBIHAA S ﬂ%?@lﬁ%,sesnﬁ‘lhl-%sg,ve R 744, m R 142-3p and
sol exa- 2952- 306, Qnyaoftheabbve flehtibhENAutIBRIRA seq@iendesfdfrCidcedral part or

derivative thereof, and/or - a nucleic acid seguence encodi ng a conpound
capabl e H} i aepehag ke thy investion prgypraferablporeg ablydinkedd Qe Prameres sacti vity

|O];1 gne or mfkﬁat%&pf@sﬁoﬁ%’sam RiB39E acidl W1/ ddur BeEr 44358 E80! exa- 2952- 306
promoter is preferably suitable for expression in a mammalian cell. In a
particularly preferred embodiment, a vector according to the invention is
suitable for expression in a cardiac cell, so that (a risk of) heart failure, is

15  counteracted. In that case said vector preferably comprises a promoter
suitable for expression in a cardiac cell. In another embodiment, however,
a vector according to the invention comprises a ubiquitous promoter. It is
advantageous to use an inducible promoter, so that expression of (at least
one) nucleic acid of a vector according to the invention is regulated at will.
20  Non-limiting examples of inducible promoters are cardiac troponin and
alpha myosin heavy chain, which are cardiomyocyte specific promoters. In
one embodiment a cardiac fibroblast specific promoter may be used.
A vector according to the invention is particularly suitable for
therapy. Further provided is therefore a use of a vector as defined above
25  for the preparation of a medicament and/or prophylactic agent for
counteracting, treating, diminishing, delaying and/or preventing heart
failure.
Also provided is a method for counteracting, treating, diminishing,
delaying and/or preventing heart failure, in a subject, the method
30 comprising administering a therapeutically amount of a vector according
to the invention to the subject. As said before, said vector preferably

comprises a retroviral, adenoviral, adeno-associated viral or lentiviral



cell, and/or- a nucleic acid sequence encodi ng a conpound capabl e of
increasing interaction of the target nRNA of one or nore of MR-191, MR-
3Ce, m RWO2p10m2637042- 3p and sol exa- 2952- 306, w th m R PET/NL2) /351

m R-744, m R-142 and sol exa-2952-306. Such a vector is particularly
suitable for counteracting heart failure. A vector according to the

i nvention preferably conprises a retro§%ral, adenoviral, adeno-associ at ed
viral or lentiviral vector. In one enbddi nent, said vector conprises an
AAV9 vector. Any of the above nmentioned nucleic acid sequences of a vector

accordi ng t oyddagy. IRYRDLLPRAREE PR IR ¥1OPENARL YA id¥adqte a promoter, so

that expression of said nucleic acid will occur after transfection. Sald

pronoter is meﬂ@ﬁmtweﬁﬂpmmsmg oredpreessdivg to thalnventran isalseel | . In a

partlcularlyhgref redcfgbodlnent a vector according to the invention is
I'er LOV1 e :

suitable for expression 1h a cardiac cell, so that (a risk of) heart

failure, is countdtaﬁpﬁﬁﬂﬂéfbpmmﬁddhﬁﬂevaatduy@@h@ﬂnmﬁehek@@hy conprises a

pronoter suitable for expression in_a _card I.n anot her enbodi nent,

however, & vBRRYA apder wikYA s wie- %%ﬁ‘»ﬁlisd?}xe@aﬁw%@g syitaBiedar t ous
promoter. | trés%a&ﬂ\ﬁﬂba&%omré&eySs%cﬁreeuélgﬂ&glﬁta%l@f&r{%ﬁ #gr t hat

expression of (at l'east one) nucleic acid a vector accordlng to the
i nvention |sumeguka@éb(B@rwmﬂ¢smﬂﬁwnd@Hnquﬁﬁreﬁhhﬁlesﬂb80¢ndﬂ%7%4e

t ty hai whi,ch
Car di onyocyt B Eadei b & branet e S0 ReBhEe BHBRATIERT 1he SuPihie FHEF obl as:
speci fic profpdeiedsd)thdeisustteart MBGIQFuadtemibiided & tHeecforwenté on i s

particularly suitable for therapy. Further provided is therefore a use of a
vect or akl de®i Hedptad 6ok carable ﬁ%ow@w%ﬂt%ﬁn%w moxeaf PaRESL BARY or

prophyl acti C3RQenR. 701, ﬁ%ﬁiféﬁ%ﬂ%&ex& 15980 d%'@g o fﬂrﬂ:‘tﬁ)ﬁhpﬁ%m%@l aying

and/ or preventing heart failure. A'so provi I's a nethod
count er act i nggrivateattheggof,dionthn sipaptidedlzymedicandho engforvent i ng heart
failure, in 81‘0%?1?7{&1%&% ’aggr?tefor co&ntgractmg, treating, diminishing, delaying
and/or preventing heart failure. Alternatively, the use of an isolated cell
15  capable of overexpressing, and preferably excreting, one or more of the
proteins encoded by target mRNAs of the miRNAs indicated herein as
being overexpressed in subjects suffering from heart failure is envisaged.

Pharmaceutical compositions allowing prevention and or
treatment of heart failure comprising one or a combination of compounds

20 indicated herein together with a pharmaceutically acceptable carrier,
diluent or excipient are also provided herein.

A pharmaceutical composition according to the invention may
comprise the pri-miRNA and/or pre-miRNA and/or miRNA, or a functional
part or derivative thereof of a miRNA of which the downregulation or

25 underexpression as indicated herein is associated with heart failure,
and/or

- a compound capable of increasing or restoring the expression,
amount and/or activity of said miRNA in a cell, and/or

- a compound capable of increasing interaction of the target mRNA

30 with said miRNA, and/or
- a vector according to the invention, capable of expressing the said

miRNA in a cell, and/or



conprising admnistering a therapeutically amount of a vector according to
the invention to the subject. As said before, said vector preferably

conpri seswao8inesbral , adenoviral, adeno-associ ated vi Pall/NIR2010/050251

| entiviral vector. In one enbodi nent, an AAV9 vector is used. An isolated or
reconbi nant cell conprising a vector according to the invention is al so
herewith provided. It is possible to p%%vi de cells with the pri-m RNA
and/or premi RNA and/or M RNA in vitro. “Such cells are particularly suitable
for research purposes. Moreover, such cells are suitable for therapy. For

instance, cells over&XRL@s6lcNg o@&%ngesgﬁfgesa@d mTRRALYL o fThEHROE pafl R- 744,
m R-142- 3p and sol exa-2952-306 can be adm nistered to a subject in order to

decr ease theOIrd@kVaﬁvertéeretoffaaldVQne Furt her prOV| ded is therefore a use of

an isolated cell capable of oyerexpress 191 m R-
306, i R 74s i R Pad Ol Sna BRI GERL AGRN S R R Pl T L

derivative t{mexregafatldnarr dvhﬁe@me;@adrﬁas odieftedhorih ¢oabtiatddinh prophyl actic

agent for_counteracting, treating, dimni Sﬁ% ng, delaying and/ or preventing
heart fai? urBearAfibygay & 8pGor pi@ celd gaible Al ¢ aBPt s Sadrotetbabl e of

OVer expr essi ng, ar{g%é%h&f %ﬁﬁ’abé %h%ﬁéc%hh@ d§|7 0L pRIb1TPLS iR dlfhlﬂ&lt%m eins

encoded by target cated herein as being
over expr esseekcpiesubj ect s sufferl ng from heart failure is envisaged.
Phar maceuti cal reven and or. treat ment of heart

failure conprisi n@g?ilgtl AL 136%% r%’a h°® n 8511153%1%& S HE ei n

t oget her V\At@elaym@ai’ﬁmqjibv&&hﬂg/h@dﬁ%l@@lBl@@ﬂilﬁ]e@d’ thélinletigglt or exci pi ent
are al so provided herein. A pharnmaceutical _conposition according to the

i nvent i ol meSPIRRIAEAE SEMIRIStHIRS AtiRNEAPawdraly fr‘)‘?l@mh‘ﬁ B RHIAESEUHERNA, or a
functional pggf d%ﬁtl&l%éc\é?dlhg% thefRehtifh &t &Qf which the

downr egul ati on or under expression as i ndicat ed er ein is associated with

heart failure, andfwther @rovckposadoodpabheaoimalongasiimg or restoring the

expression, - an exogenous nucleic acid sequence comprising one or more of the

pri-miRNA and/or pre-miRNA and/or miRNA, or a functional part or

15  derivative thereof of which the up or downregulation is associated with
heart failure as indicated herein, and/or

- an exogenous nucleic acid sequence encoding a compound capable
of increasing or inhibiting the expression, amount and/or activity of
miRNA, of which the up- or downregulation is associated with heart

20 failure as indicated herein, or a functional part or derivative thereof, in a
cell, and/or

- an exogenous nucleic acid sequence encoding a compound capable
of increasing interaction of the target mRNA with the miRNA, of which
the up- or downregulation is associated with heart failure as indicated

25  herein.

Said non-human animal preferably comprises a mammal. In one
preferred embodiment said non-human animal comprises a test animal
such as a rodent, a rabbit, a goat, a cow, a sheep or a monkey. A non-
human animal which has been provided with a vector, an isolated cell,

30 and/or a pharmaceutical composition according to the invention is also
provided. A non-human animal according to the invention is especially

useful for screening, detection and/or identification of candidate



amount and/or activity of said mRNA in a cell, and/or - a conpound capabl e
of increasing interaction of the target MRNA with said m RNA, and/or - a
vect or acwonrdimgei’o t he i nvention, capabl e of expressi ngCrin.2e@i0do2si RNA i n
a cell, and/or- a cell capable of overexpressing said m RNA, or a
functional part or derivative thereof, and/or - a protein encoded by a
target nMRNA of a m RNA of which the upg;gul ation or overexpression as

i ndi cated herein is associated with heart failure, or a vector or a cell
capabl e of expressing said protein, together with a pharnmaceutically

accept abl e C@d’rﬁ%cﬁfnds%hbé‘lﬁ@bf HhiB A PdreMere Al iPe O S Gnk s’ aRiRod for
counteracting, treating, dimnishing, delaying and/or preventing heart

failure, in actsubjeot mikRNA thet kodregoipted 31 hgarddailwiesasainidivgted herein.
t her apeut i cagl amount  of. a Qhararfellggpti cal on according to the

. 0Si 1
mveation ¢ oot ATRE N tols PAMATICERL ERAARTRATLE fof HaBESiE
conprisi ng: detacti@xag@vpitenhificheoe ofci i g empeusdpadiag one or nore of

the pri-m RNA and/or pre-m RNA and/or m RNA, .or. a functiaonal part or
derivative theredTngintaractienohghe frrget @&»ﬁﬁé@m 4p coFesrRondioriBNSd wi t h

heart failurfeas. iar}gjngﬁitlﬁgnggéteairﬁmaZQ%OQ&in'g t8ThEXRIBMBHSs BYRLLG aci d

sequence encodi ng a conpound capabl InCreasing or inhibiting the

expr essi on, wsabuhior acittoimgadetieviioy anf/onidRpAificefiomief candifieteup- or

downregul ation is soci.ated.with heart, failure J.ndigcated .hgrein, or a
funct onar - paper R arbod SlathESrinar bl Bl o ¥ SRS genons

nucl ei ¢ aci deRFUENICERAEDH MPea htOPRPUNS, Rapadloténdddaoeadsidng i nteraction
of the target nRNA with the m RNA, of which the up- or downregulation is
associ at 8 wrdmimgartion 4 humengabjesti-cat ed her ei n.

In methods of treatment according to the present invention, the
subject is preferably a mammal, most preferably a human, and the
miRNAs as indicated herein refer in preferred embodiments to the homo
sapience (hsa) miRNAs.

15 In yet another embodiment, a method is provided for screening,
detection and/or identification of candidate compounds capable of
counteracting, treating, diminishing, delaying and/or preventing heart
failure. In this embodiment, candidate compounds are typically screened
for their potential capabilities of increasing the expression, amount and/or

20  activity of a miRNA of which the downregulation is associated with heart
failure, for their potential capabilities of decreasing the expression,
amount and/or activity of a miRNA of which the upregulation is associated
with heart failure, or which have capabilities of counteracting the effects
of the aberrant protein expression associated with the aberrant miRNA

25  expression as indicated herein. If a candidate compound appears to have
this property, it is capable of counteracting or preventing heart failure.
Further provided is therefore a method for determining whether a
candidate compound is capable of counteracting, treating, diminishing,
delaying and/or preventing heart failure, the method comprising:

30 - contacting said candidate compound with a cell, preferably with a

cardiac cell, and



Sai d non- human ani mal preferably conprises a manmal. In one preferred
enbodi nent said non-human ani mal conprises a test aninmal such as a rodent,
a rabbit ,wea gquoat2¢37a cow, a sheep or a nonkey. A nonhuma®CamLredo/osRsch has
been provided with a vector, an isolated cell, and/or a pharnmaceuti cal
conposition according to the invention is also provided. A non-human ani nmal
according to the invention is especialé% useful for screening, detection
and/or identification of candi dateconpbtnds capabl e of inhibiting or
decreasi ng expression, amount and/or activity of a m RNA that is uregul ated
in heart failure agietdigliaHLInREER Anal-R0 B APIRN {83 %a@@%ﬁal is also
especially useful for screening, detection and/or identification of

candi dat e com@mmgtlnap@ba@ il the@ffé@t@wﬁgh& m@rmpm‘rﬂlmexpw@smarget mMRNA

with its corres N@ NA Don. hunan te JIE=TIN according to
asso 1a e F erra fnl? Cpressmn as 1n ategl ereln
the invention 18 espe0|a ts et or reeni ng, i'on"and/ or

identification of Iﬁamdlpdaﬂeerddcumlmmd@n@ap@tﬂdedaaé cbm@uamdl@, @ht&AB&Nnci ng
heart failure, If a candjdate conpound appears_to have this property, it is
r ecomendd Wbthea/%qlba%alfﬁlﬂgéq Fhft PISRCR G N ENEoR WhBFEREEPrasHoR fds of

treat ment aC&@RWA”@r&f%réﬂT? wﬂﬁ@}ﬂ%’l{ov&rﬁ\é%ﬁﬁ%‘c&ﬁm Het %ﬁ%ir@ﬁts disiRGREgr ably a

manmmal , nost preferably a human as I ndicated herei'n refer
in preferredﬂBﬂb@dhﬁEﬁé@sDbaﬂhbdMEWDnHapnémuem(HsaynHNRN#®Hﬂﬂpqwn anot her

enbodi nment , atl ypdls Y %% ﬁésgeempg a%ﬁypnan

i dentificati 87 oF éa{‘ﬁ%ife CORPounEE EIFShTe 6P FOStRI P AL IRy, Ce{ reating,

di m ni shi ng, oﬁl@érﬁhhﬁﬁin&aﬂﬁﬁﬁﬂ c@fx@Mapudna@nhﬁahé at@in dlk@eehingtrhétho@nbodi ment ,
candi dat e conpounds are typically screened for their potential capabilities
of i ncreldi ngccprEngkpthasisiventionnisume apbpddmenbtd Ret-PupRNAMMRNA of whi ch

the downr eguja %hﬁﬂg%§ﬂ§§§gghﬁgggsﬁgéJ1 heart failure, for their potential

capabilities of decreasing the expression, anmpunt and/or activity of a
m RNA of which t hdnugmotmarl enbhiimiest, assdiciase exnpaurniskeastrebaed fore, or which
have capabi | Jclr;[ellre gap% 11?t(})7%?5r?cl}gacsti££ gnttepaectlon o?%ltle target mRNA with the
miRNAs as indicated herein, or with a functional part or derivative
15  thereof. If a candidate compound appears to have this property in relation
to the miRNA of which the downregulation is associated with heart
disease, it is capable of counteracting or preventing heart failure. Further
provided is therefore a method for determining whether a candidate
compound is capable of counteracting, treating, diminishing, delaying
20 and/or preventing heart failure, the method comprising:
- contacting said candidate compound with a cell, preferably with a
cardiac cell, and
- determining whether said candidate compound is capable of
increasing interaction of the mRNA with one or more of miR-191, miR-

25  30e, miR-744, miR-142-3p and solexa-2952-306, or with a functional part

or derivative thereof, within said cell.

In a preferred embodiment, a method for diagnosing a subject as
suffering from heart failure or being at risk of developing heart failure
30 according to the invention comprises (a) determining the level of at least
one miRNA selected from miR-423-5p, miR-191*, miR-15b, miR-1228%,
miR-181a, miR-18a*, miR-107, miR-299-3p, miR-342-3p, miR-652, miR-



of the aberrant protein expression associated with the aberrant m RNA
expression as indicated herein. |If a candi date conpound appears to have

t hi s propw®ot2910/i26370s capabl e of counteracting or prevenPCmiNLRewrosoRBai |l ure.
Further provided is therefore a method for determ ni ng whether a candi date
conmpound i s capable of counteracting, treating, dimnishing, delaying

and/ or preventing heart failure, the rrgghod conprising: - contacting said
candi date conpound with a cell, preferably with a cardiac cell, and-
determ ni ng whet her sai d candi date conpound i s capable of counteracting in

said cell the7eihgciSo.gh hive 18FSHhANt 254 Ghll-G2£1PS 899I VR RRQobAt €d with
the aberrant m RNA expression as indicated herein. In one preferred
enbodi ment, 2% anidi- §4t, enidoaPlimeiR- 30 omBacdde anily- 142-8p esilor selesadi ng to the

present inveptip erein_express f the, (\RNA (.prefierabl y which is
R ouns oqul at eaaRSd R pf PRSI SRR thrd BTN i PLOA SRl <N ¢

candi dat e cotrpaiiss Wherof aied 1) ANfrxTgesBéthar Oie aWjedtisuyfersfromr e clearly
visible. 1t |s, ?Qmeverh al so p?ssible to use any cell or_non-hupan ani nal
current | Y2 knBeHt {3 lyngerds at rigk of devedening fenetiABar alassA gnrgedere ne

i nvention. |gigne &abefl BEMt: AaRAh: RLMBHIAN Bltefeo0ndi g a1 t he i nvention
is used. In another enbodi nent, candi date conpounds are screened for their
capabi |l ity omiRNérieasifg23-hperaction of the target nRNA with the mi RNAs as
i ndi cated herein, or with a functional part or derivative thereof. If a
candi dat e conpound appears to have this property in relation to the m RNA

of which the downraguh@tic@preerasisashat @dniid hetiedrdccslidseasethe t is capabl e
of counteracting or preventing heart failure. Further provided is therefore

a met hodl4 or 1%9@9%%%@8%@%@%&% sheileyat o atdeasddwe MR NApsripdeds
Fai T ur et he R e P Y A & ound wi th a
cel |, prefersbRylOF mhR £99aidna®-36)-8p, miRi652, miR-675, miR-129-5p, miR-
18b*, miR-1254, miR-622, HS_202.1, solexa-3927-221, miR-191, miR-302d,
miR-30e, miR-744, miR-142-3p and/or solexa-2952-306, or precursor
15 microRNAs (pre-miRNA) or microRNA primary transcripts thereof, such
as two miRNAs, three miRNAs, four miRNAs, five miRNAs, six miRNAs,
seven miRNAs, eight miRNAs, nine miRNAs, ten miRNAs, fifteen
miRNAs, twenty miRNAs, all miRNAs selected from miR-423-5p, miR-
191*, miR-15b, miR-1228* miR-181a, miR-18a*, miR-107, miR-299-3p,
20 miR-342-3p, miR-652, miR-675, miR-129-5p, miR-18b*, miR-1254, miR-
622, HS_202.1, solexa-3927-221, miR-191, miR-302d, miR-30e, miR-744,
miR-142-3p and/or solexa-2952-306, or precursor microRNAs (pre-miRNA)

or microRNA primary transcripts thereof.

25 In a preferred embodiment, said at least two miRNAs are selected
from the group consisting of miR-423-5p and miR-191*, miR-423-5p and
miR-15b, miR-423-5p and miR-1228%*, miR-423-5p and miR-181a, miR-
423-5p and miR-18a*, miR-423-5p and miR-107, miR-423-5p and miR-299-
3p, miR-423-5p and miR-342-3p, miR-423-5p and miR-652, miR-423-5p

30 and miR-675, miR-423-5p and miR-129-5p, miR-423-5p and miR-18b*,
miR-423-5p and miR-1254, miR-423-5p and miR-622, miR-423-5p and
HS_202.1, miR-423-5p and miR-191, miR-423-5p and miR-302d, miR-423-



- determ ni ng whet her said candi date conpound i s capabl e of increasing
interaction of the nRNA with one or nore of MR- 191, MR 30e, m R-744,

m R- 142- poant/red7exa- 2952- 306, or with a functional paPCTONL20®I050511 ve
thereof, within said cell. In a preferred enbodi nrent, a nethod for

di agnosi ng a subject as suffering fromheart failure or being at risk of
devel opi ng heart failure according to g%]l?e i nvention conprises (a)

determ ning the I evel of at |east one RNA sel ected from m R-423-5p,

m R-191*, m R-15b, m R-1228*, m R-181a, m R-18a*, m R- 107, m R-299-3p,

m R-342-3p, 5) Ba834R- mﬁ%ﬁ&g 5 488 nﬁlRﬂzm 'ﬁnk%fs 5%&&%%5{4142135 622,

HS 202.1, solexa-3927- 221, m R-191, m R-302d, m R-30 m R-744, m R-142-3p
and/ or sol exaiR2g8H 3086l S@@X%?%@ﬁ%mml&m a(lérselemamﬂy 281 mi cr oRNA
primary transcripts thereof and (b) diagnosing whether the subject suffers
fromheart failure or is at risk of devel oping heart failure based on the

| evel of said at Ageatan@amegha@fdmlamdgmgaﬂﬂbﬁpmgneangracsdrathg(t@) A
preferred mRNA is m R 423- In a further ferred enbodi nent, a nethod
accor di ng? t of bc@rfé‘V?Ihf\}@hf‘}r(S}herc“(?Hﬂ}ri‘%eééh‘%ié?'fé’ﬁ‘ﬁi)rhP P4 HePER RIMGEKSS | east two

RNAs sel .5p * oDy R- 181
ﬂ R 18a% %CER-}%(%OH%&}Q% {%éz%%? 3 a,?g%%s g_g%nh% X Ogh o *‘%HeaﬁfR.%%ﬁ%ﬁ?% 129- 53

m R 18b*, nbiRMERBAS m181‘-‘er61@12 Comr@eznﬂammtwaﬂ@mzsmh agi(Reas@tiveni R- 302d,
m R-30e, m R 744, miR-ﬁ and/to%1 exa- 295, -130%11_? recursor m croRNAs
(pre-m RNA) B S aﬁlrm WQEIQ r‘PSeélsl ﬁlfgs heredr ™ ae %gl fwo ni RNAs,

t hree m RNAspedrosis fHotGNANTF iiv@icAtdrBAS, oxsdative SSNAS susle we lowridBNASy el ght

m RNAs, nine m RNAs, ten m RNAs, fifteen m RNAs, twenty m RNAs, all m RNAs
sel ect edl4 r ohP?ﬁrRﬁeAQ%JBﬁon%ahlehl@iﬂnd@WQ@?OXWF@ a0 Foproptaue Byals

m_ R-18a*, lea%'a 1%{%96 ?flqarlﬂ&ﬁfo%%gmgﬂelh%%f %@ext%c@ll@?ﬁtm%& 129- 5p,
m R- 18b*, m R— 254, m R- 622, HS 202.1, soleXa-3927-221, m R-191, mi R-302d,

m R-30e, ni Refrhé Ventxﬁclasmuc&pasam@peptl@@pmcaﬂwzw% and/rorrpufemptsi@r m cr oRNAs

(pre-m RNA) procollagen type III; neurohormones such as plasma levels of

norepinephrine and endothelin-1; markers for myocyte injury such as

15 cardiac troponins T and I; markers of cardiac remodeling and fibrosis such
as galectin-3, and markers for myocyte stress such as natriuretic peptides
BNP and N-terminal pro—brain natriuretic peptide (NT-pro-BNP),
adrenomedullin and ST2, a member of the interleukin-1 receptor family. A
further preferred method for diagnosing and/or prognosing according to

20  the invention in addition comprises conventional methods such as, for

example, electrocardiography, echocardiography, and/or cardiac magnetic

resonance imaging (CMR).

In a further preferred embodiment, the results of a method for
25  diagnosing and/or prognosing according to the invention determine at
least in part a method of treatment of a subject suffering from heart
failure or being at risk of developing heart failure. Possible treatment
comprises dietary measures such as reduction of sodium intake, weight
reduction in obese subjects, and/or discouraging of smoking; prescription of
30 drugs such as angiotensin-converting enzyme inhibitors and/or beta-
adrenoceptor antagonists; and/or invasive procedures such as

revascularization procedures, mitral valve surgery, ventricular restoration



or mcroRNA primary transcripts thereof. In a preferred enbodi nent, said at
| east two m RNAs are selected fromthe group consisting of mR-423-5p and
m R- 191* woi2RoA28&78p and m R-15b, m R-423-5p and m R- 122P8T/NL2)R/04@315p and
m R-181la, m R- 423-5p and m R 18a*, m R-423-5p and m R-107, m R-423-5p and
m R-299- 3p, m R 423-5p and m R-342-3p, m R-423-5p and m R- 652, m R-423-5p
and m R-675, m R-423-5p and m R-129-5p,  m R-423-5p and m R-18b*, m R-423-5p
and m R- 1254, m R-423-5p and m R-622, AP R- 423- 5p and HS 202.1, m R-423-5p
and m R-191, m R-423-5p and m R-302d, m R-423-5p and m R-30e, m R-423-5p
and m R-744, ;i Re A4 3raRp@ifdafbR M2ci}Rce M Frd23naR @R af Rla8XAr gA%2- 306, or
m R-423-5p and sol exa-3827- 221. A preferred nethod for diagnosing and/or
prognosi ng adeawndiangtheddenietyi andéent therlevalof henressapf glelsasthenadgsnetici on of
one or nore i rker at rmay _be used for Adi i-ng /.Q% PrOQgNOsi ng
neart a1 ur Lo iReededrd R IR B PR OB EE P r iRl By ker <.
such as G- reasH,invi®R-p22s*e nfiRarsd ai miR argaey @iB-10y] @R 209-3puatiRasi2- 8, er | euki n- 6
and tunor_necrgsis factor (TNF); indicatqgrs for oxidative stress such as

| ow densi?y MiP&SLomeRiy s, makdidran, dahy P “amdRmsertopeR il Hoe 28ad,
i soprostane }eralog, in@R@O@ﬁf‘BiR—%e%ﬁf@-@ﬁ&%ﬁ}ﬁgg@-3f 0L e85 Bba % f the

extracellular-matrix of the ventricles suc propeptide procollagen type
| and/ or pr opdptd-d2 PRIk einldageensypmitroRN AveprohoRiges sigedRN4 pl asma
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such as gal efibing Subjagtd markers for myocyte stress such as natriuretic
peptides BNP and N-term nal pro-brain natriuretic peptide (NT-pro-BNP),
adrenometl Iin and ST2, a nenber of the interleukin-1 receptor famly. A

further pr efPh&rggaé’é?ﬁtﬁwﬂc&%oﬂii%&%& '?%e?dﬂ%% AL9gnosi ng according to the

invention in addition conprises conventional nethods such as, for exanple,

el ect rocar di ogr apBharechectacaicogpaphyns emut@npose dolgpeptedpset i ¢ resonance

I maging ( CNR?Jélynucleotides or small molecules of the claimed invention, collectively
called pharmaceutical compounds herein. The pharmaceutical

15  compositions will comprise a therapeutically effective amount of either a
biomarker protein, a polynucleotide or small molecule as described herein.

The term "therapeutically effective amount" as used herein refers

to an amount of a therapeutic agent to treat, ameliorate, or prevent a
desired disease or condition, or to exhibit a detectable therapeutic or

20 preventative effect. The effect can be detected by, for example, chemical
markers or antigen levels. Therapeutic effects also include reduction in
physical symptoms. The precise effective amount for a subject will depend
upon the subject's size and health, the nature and extent of the condition,
and the therapeutics or combination of therapeutics selected for

25 administration. Thus, it is not useful to specify an exact effective amount
in advance. However, the effective amount for a given situation can be
determined by routine experimentation and is within the judgment of the
clinician.

For purposes of the present invention, an effective dose will be

30 from about 0.01 mg/ kg to 50 mg/kg or 0.05 mg/kg to about 10 mg/kg of the

polynucleotide or polypeptide compositions in the individual to which it is

administered.



In a further preferred enbodi nent, the results of a nethod for diagnosing
and/ or prognosing according to the invention determne at least in part a
nmet hod ofworeskmes®w of a subject suffering from heart fa&crTNeowroséesLng at
ri sk of devel oping heart failure. Possible treatnment conprises dietary
measures such as reduction of sodiumintake, weight reduction in obese
subj ects, and/or discouraging of snnkigg; prescription of drugs such as
angi ot ensi n-converting enzyne inhibito and/ or bet aadrenocept or

ant agoni sts; and/or invasive procedures such as revascul ari zati on

procedures, m trala ¥phMEa SUEQST bmpeeitidd G Abo L&REA Abhanandirant
transpl antation. The choice of a treatnent may at |east in part depend on

t he identityacapfable ¢cdvaier elled tegin harweséwiradly agrenteblstcapner'gefvesi ¢ nmar ker
sel ect ed frog1the I gpﬁfonﬁu%gﬁggoﬁf r@ﬂg—423-5§ tn@&%lQl*, m R- 15b,

m R-1228*, m R (i%ffa, m -Ifglaﬁ, m K- ?)J}}} npﬁ}tiﬁﬁ- p; mhFésse}lZ- 3p, m R-652,

m R- 675, N Redi2ferfifle, pblRnti8labtidsidRdldhd; thorRp@a R, addfit MheltermirReko1,

m R-302d, m R-30e, m R-744, m R-142-3p, sol exaq—ﬂHZQSZ- 306, and .

sol exa- 3927- any phaymacstiralgaripthakidass ppr dsel mdare she modueimnobr i nary
transcripts fhersels hihat & ﬁledl%hﬁfiﬁhéle%céigir% 2B oSRhA! Bedwhiam a

subj ect. Pharnaceutical Conpositions and Therapeutic Uses Pharmaceuti cal
conposi t i onsmeabecompnigerqdoyiybeptundbe, topoity nbeitelde icdesersrmayhé | ol ecul es
of the cIaian i n eqﬁioqf ol l.ectivel c?lled pharmgceutical conpounds
herein. The PAArmEEEYTCAPO U IIBRFPIERE NS T CRSHEFPSE™ t her apeuti cal I y

ef fective anpslptacoha@iléd)blydaddicQitbdsk polyplyebled fcidd pgoBhyotch@oid gadar smal |
nol ecul e as described herein. The term"therapeutically effective_anmount™
as used HirefMiREAEH SORVYRATSHABAARAGT eI Teharbislesi Sudyertiorvate wal |

anel i orate, EEO&%@ygﬂke%fgﬁﬁhéﬁﬂﬂgh§§@§@?ﬂ{ condition, or to exhibit a

detect abl e therapeutic or preventative effect. The effect can be detected
by, for exanple, dermcatunellyercsemabkmnaltyeanteveled thditeandpeutic ef fects

al so Inol ude. 1 Soet Lo, . BRYS 3. YIBY SR TS ARS8 SRSt ve amount
phosphates, sulphates, and the like; and the salts of organic acids such as

15 acetates, propionates, malonates, benzoates, and the like. A thorough
discussion of pharmaceutically acceptable excipients is available in
Remington's Pharmaceutical Sciences (Mack Pub. Co., N.J. 1991).

Pharmaceutically acceptable carriers in therapeutic compositions
may contain liquids such as water, saline, glycerol and ethanol.

20  Additionally, auxiliary substances, such as wetting or emulsifying agents,
pH buffering substances, and the like, may be present in such vehicles.
Typically, the therapeutic compositions are prepared as injectables, either
as liquid solutions or suspensions; solid forms suitable for solution in, or
suspension in, liquid vehicles prior to injection may also be prepared.

25  Liposomes are included within the definition of a pharmaceutically

acceptable carrier.

Delivery Methods
Once formulated, the pharmaceutical compositions of the invention
30 can be (1) administered directly to the subject; (2) delivered ex vivo, to cells
derived from the subject; or (3) delivered in vitro for expression of

recombinant proteins.



upon the subject's size and health, the nature and extent of the condition,
and the therapeutics or conbination of therapeutics selected for

adm ni st re0i20r/12d370s, it is not useful to specify an exa&ct/NaRiwosiase anount
i n advance. However, the effective anobunt for a given situation can be
determ ned by routine experinmentation and is within the judgnent of the
clinician. For purposes of the present bnvention, an effective dose wll be
from about 0.01 ng/ kg to 50 ng/ kg or 6205 ng/ kg to about 10 ny/ kg of the
pol ynucl eoti de or pol ypepti de conpositions in the individual to which it is

adm ni stered. A phasag &liv &3l of $RFBORHELiABNS #M 815G a BB BlcBorplished
phar maceutically acceptable carrier. The term "pharmaceutically acceptable

carrier" reflysjedian, edher subchipaneadmiynigrararitoneadly, antrhesrmpelitdrc agent ,

such as a_pol ypeptl e, pol yANGL LAt Uk, ;And A NRL LG AREUL fragents. The
termrefers {6 any 6har ceutheal carrier that does’not | SeP? i nduce the
producti on ofonapdsitherth @ d18¢ bé Hllmiwistered intdithé dualous @¢&tie. Whthe
conposition, and g?ich-nay be adm pi stered wi thout undue toxicity. Suitable
carriers fraym9ges gfrasanindstamiin etudsdiorical okdle poPRASESIFESuch as” pr ot ei ns,

pol ysacchari %ﬁsdé}maﬁla Bhbﬁl(ﬁfs', H%edl@é?la}ﬁ_ﬂlﬁégﬁhliecgu‘ﬂ%iog%yp{?éﬂré{%ari c am no

acids, amno acid copolymers, and Inactive virus particles.” Such carriers
are wel |l knoldnsage trémssendimay ki aamglesitodel schedulher armultPladesceut i cal |y
accept abl e sah}é gan be used therein, for exanple, mneral acid salts such
as hydrochl ofi'd€8.% hydr obr oni des, phosphates, sul phates, and the Iike; and

the salts of orgamnethaas ds theeh vam RtEtat 85d rimplaanaiasef mal onat es,
benzoates, and the like. A thorough discussion of pharmaceutjcally
accept abl® etanpiosmed cplds mpapisablest pre Reawmiyt the art PRdrdeacabrd 196-25ci ences

( Mack Pub. Cf-hterrutti](mai- 9aﬂjpicat%?1aﬁ W?Zﬁ/@@’#%@é Eﬁ{%ﬁﬁﬂésagl c%%lg Ei'l'ééfiu? FI§ ea-b n

t herapeutic conpositions nmay contain [iqui such as water, salline,

gl ycer ol andvieb hanb¢atiohddntludedbt yxamplei bliear gelbubsttamdady such as wetting
or emulsifyi ﬂgngg)%g}e%ic, lymph cells, macrophages, dendritic cells, or tumor cells.

Generally, delivery of nucleic acids for both ex vivo and in vitro

15  applications can be accomplished by, for example, dextran-mediated
transfection, calcium phosphate precipitation, polybrene mediated
transfection, protoplast fusion, electroporation, encapsulation of the
polynucleotide(s) in liposomes, and direct microinjection of the DNA into
nuclei, all well known in the art.

20 Various methods are used to administer the therapeutic
composition directly to a specific site in the body. Receptor-mediated
targeted delivery of therapeutic compositions containing an antisense
polynucleotide, subgenomic polynucleotides, or antibodies to specific
tissues is also used. Receptor-mediated DNA delivery techniques are

25  described in, for example, Findeis et al., Trends in Biotechnol. (1993)
11:202-205; Wu et al., J. Biol. Chem. (1994) 269:542-46.

Pharmaceutical compositions containing polynucleotides are
preferably administered in a range of about 100 ng to about 200 mg of
polynucleotides for local administration in a gene therapy protocol.

30 Concentration ranges of about 500 ng to about 50 mg, about 1 pg to about
2 mg, about 5 pg to about 500 ug, and about 20 ug to about 100 pg of

polynucleotides can also be used during a gene therapy protocol. Factors



pH buffering substances, and the |ike, may be present in such vehicles.
Typically, the therapeutic conpositions are prepared as injectables, either
as | iqui doweabuize3t8 or suspensions; solid forns suitabl @CToNL28wIE0250N | N,
or suspension in, liquid vehicles prior to injection may al so be prepared.
Li posonmes are included within the definition of a pharmaceutically
acceptable carrier. Delivery Mthods O% e fornul ated, the pharnaceuti cal
conpositions of the invention can be ( ; adm nistered directly to the
subject; (2) delivered ex vivo, to cells derived fromthe subject; or (3)
delivered i ngyih dOmE@odBERERSS LAR eBical§ 6PIRLIBRhaPbR LSS pRLRAardel | very
of the conpositions will generally be acconplished by injection, either
subcut aneoustaonsidenatienrewhichrieidl 4ffect tin desagn gewiiyedbior jultimataisidighar ¢ofy, or

del i vered totlr;[eheoli n&c?r %Jlto{etsiﬁflhelsé3 A5t Orfexart issosrluies'deTQfgd SoPY a!rt tiaronrseacan al so
be adni ni stered Into the ner vousgsysef emr OPher Pmoaes” of “atnt AT st rat i on

i ncl ude topi eftlissuer Rirgersaipposts tod polgauclasddés @anddenir aappits@at i ons,

needl es, and (?a-rt-i cl e, guns or hYIOOSpr%is Dosage treatnent nay be a single
dose schedjul @dppnigteneq i PPRcCHEEe BEdhR phadpiifzatorsor speerak vivo del i very

and r e- i ! agdatiofafbnd (ARKLALITERIAEAE 5 HBLOHBRURKGhs B Goknown Tn the

art and described in e.g., International Publicatiion No. WO 93/14778.

Exanpl es of ewsimpleusafrie dnimg owsympapphy batreanised heaflichd a gosrtiwxanpl e, stem

celis) o 1y abeteCSTRRER Cosar P Up SopS iR o PPAR RS FIBL 1

vivo and in will Aéteapphd GalcifRtnN@nganfdepaeciihtiapbetc bffectf Armepeanpl e,
dextran- nedi ated transfection, calcium phosphate precipitatjon, polybrene
medi at ed1q r apranietq dscriptign g theapoyectaiseetbesidy Fetrenrakyresgysul ati on of
the pol ynucl Fs%h@'ﬁﬁ?& i} W bRRABSIESyhitR s SifeSdly MOt At&LhdRfh.0f the DNA
into nuclei, all well known in the art.

The invention will now be illustrated by way of the following, non

limiting Examples.



Various nethods are used to admi nister the therapeutic conposition directly
to a specific site in the body. Receptor-nedi ated targeted delivery of

t her apeutwo 20m6essdt | ons cont ai ni ng an anti sense pol ynueCemLi2a®/0563bgenom ¢
pol ynucl eoti des, or antibodies to specific tissues is al so used.
Recept or- nedi ated DNA del ivery techniques are described in, for exanple,
Findeis et al., Trends in Biotechnol. g%993) 11:202-205; Wi et al., J .
Biol. Chem (1994) 269:542-46. Pharnacefltical conpositions containing

pol ynucl eoti des are preferably adm nistered in a range of about 100 ng to
about 200 ngpsfanpelygucl eotides for |ocal adm nistration in a gene therapy
protocol. Concentration ranges of about 500 ng to about 50 ng, about 1 ng
to about 2 nixamidetl. UsepofimiBPe\t asorcmiptinadiapuukers foythe about 100 ngy
of pol ynucl eqtj.des ¢ | 0.0 sed during a gene therapy protocol.

Fact or ssuch géhﬁgFﬁb§PB?a§%§P§H%5nd efficacy of transformation and
expressi on are cdisodlengtdraws fidm eheaathly iaflifivedialé hed dasagefailegei red for
ultimate efficacy of the pol ynucl eoti des. ﬁhere greater expression is

desi red overPa1¢Hp gRlasmpgragfolierted pdter capigapeaion Mrsl SonipEey Alicsdt i des or
the same anoygt §,\8300hR St RERGd Asiflg FAAORSSE Y& IPNALALR {Applied

adm ni strations, or several admnistrations to different adjacent or close
ti ssue porti Brsygkms)crccexdamplothean aevfactvensbrigoot. Myl psxpnespione requi red

to affect a positive therapepti.c tcome, In all c . routine

experi ment at ORIV ET PRTREPEG viide oM ing By Ren s I8 e BSslates £ or

opti mal ther ppFidHCPR{d €0ber ArdBsEANDIEt SAVESHY1- POO0 10 a1 9RIE/doher apy
vectors, especially. retroviral vectors, Is contained in W) 98/00542, which
i s exprebd| yRewtodpéy weea mlek-ariny- Nesmahvaiien was werfPrmedhup@si | | ustrated by

way of the fgl}ow aQM LI M ting Exanpl es. EXAMPLES Exanple 1. Use of
m RNAs a s circ%ﬁ%?g%%)blgnarkers for the detection of heart failure Blood

was drawn from 2 Aeghl 689 mBNWsduakedoanditBbdagnifichatly mpeepdaiednns. Pl asma
was col | ect eﬁlealglgo%{ 0 eerg[r£ %Jiﬂggtpia%gn{s?gn& % Ilrﬂfgwgev?er%tdo%v?éroegulated.
(See table 1, and figures 1 and 2).
15 These differentially regulated miRNAs may be used as biomarkers

for the detection of heart failure.



x g. Small RNA was isolated using PARIS kit for RNA isolation (Applied

Bi osystens), according to the manufactures protocol. M RNA expression
profil es waoperéomed using the 111 um na human m RNA Epprag20wm562sofil i ng
Panel (User card for bead chip cat#M -501-1001, part#11297760 RevA). This
was a pilot-array. Normalization was performed using CGenespring software. A
total of 9 m RNAs were found to be sigq&;‘ei cantly upregulated in the bl ood
of heart failure patients, and 6 m RNA“"ere down-regul ated. (See table 1,
and figures 1 and 2). These differentially regulated m RNAs nay be used as
bi omar kers fohpide DakEH PP ExPPasded MiRNAs itPBlfsnta oPHehefential Iy
expressed m RNAs in plasma of heart failure patients. Upregulated in HF
p-val ue fol dfadharegeatientsyi R-191* 0. 00031 1.241047 up has-m R-15b 0.05 1.61
up hsa-m R- 1228> g 0%%0%8. 52983 up hsa-m R-181a 0. 057393 4.049339 up
hsa-ni R-18a* "8’ 698454 87800895 up hsa-ni R-107 0.03166 5.999936 up

hsa-m R-299-3p 0. 046533 6. p30e upfdldachange342- 3p 0. 019917 5. 593522 up
hsa-m R- 652 0.001642 % 926441 up Downrequl ated in HF p-value fold change
hsa-m R- 121 bswaka?P1ld 1500980¢own A<41M RUB02d 0. 018313 15.54471 down
hsa-m R-30e ,012R26,0. 567286 down hga-yg R 744 0.036437 0.183446 down

hsa-miR-1228* 0.029037  8.52983 up
hsa-miR-181a 0.057393  4.049339 up
hsa-miR-18a* 0.098554  5.809895 up
10  hsa-miR-107 0.03166 5.999936 up
hsa-miR-299-3p  0.046533  6.359402 up
hsa-miR-342-3p  0.019917  5.593522 up
hsa-miR-652 0.001642  2.926441 up

15  Downregulated in HF

p-value fold change
hsa-miR-191 0.018187  8.150075 down
hsa-miR-302d 0.018313  15.54471 down
hsa-miR-30e 0.012626  0.567286 down
20 hsa-miR-744 0.036437  0.183446 down

solexa-2952-306 0.035421 6.306514 down
solexa-3927-221 0.008918 5.52349 down

25 Example 2. Use of miRNAs as circulating biomarkers for the
detection of heart failure. Definitive array.

The above example was repeated for an overlapping set of miRNAs
on a new array that was produced specifically for this new screening.
Blood was drawn from 12 healthy individuals and 12 heart failure

30 patients. Plasma was collected after centrifugation for 15 minutes at 1550
x g. Small RNA was isolated using mirVana PARIS kit for RNA isolation
(Applied Biosystems), according to the manufactures protocol. MiRNA



sol exa-2952-306 0.035421 6. 306514 down sol exa-3927-221 0.008918 5.52349
down Exanple 2. Use of M RNAs as circul ating biomarkers for the detection
of heart weai2ouwee37’Definitive array. The above exanpl e wasTmapemrtiosesi or an
overl apping set of m RNAs on a new array that was produced specifically for
this new screening. Blood was drawn from 12 heal thy individuals and 12

heart failure patients. Plasma was coll ected after centrifugation for 15

m nutes at 1550 x g. Small RNA was isoflgt ed using mrVana PARI S kit for RNA
i sol ation (Applied Biosystens), according to the manufactures protocol.

M RNAexpr essigie i bl SReVRas PEFERhORAsiugitA8 IMRidd hitfaRan RN M RNA
Expression Profiling Panel. Normalization was perfornmed using Genespring

sof tware. ThBxpeessionrofiling&anel prmalighioom wian prigumed fisigr e confi rmed by

QPCR. One m NASngoI exa- 3927-221) was found to be upregulated in this
. enespring soltware. . . .
experi ment ereas M e pilot array experinment of Figure 1 it appeared

downr egul at ed. THEheQRERItE @BtHd srraepaf shomeal it Magurt DewMcRNAfvasd bk f act
upregul ated | %d]R: rt fai I{l&re patients. The pemai ni ng m RNAs wer e, confirned.
iral

These difler® Rf PEFIReAaxarP Riad2 Bayablouns da P s SHaters or t he
detection of e;l}ﬁ%@flﬁerft%lllé{regs i@%l(ﬁ a%i’a}@ﬁae?ifméﬂt%dglﬂ% lcftraf)ﬁéﬁteﬂng

bi omarkers for the detection of heart failure. Validation in an independent
clinical studgynidgthddd TFam@RCH msnlis senfpinesl that ého Bli&NYewawiin fadt nf or ned

consent under_a neral , wai. wer by the, A derﬁc.l\/Edilﬁgl{ nter institutional

Fovi ow boar apSRFEd B bR ELLE R PP S TR RS e For ™t he

dyspnea regi &nf¢mdgdl asma sanpl es were obtained as part of a nulticenter

effort involving 3 centers in_The Netherl| ands. Experiments descri bed were
10 These differentially regulated miRNAs may be used as biomarkers

for the detection of heart failure.

Example 3: Use of miRNAs as circulating biomarkers for the
15 detection of heart failure. Validation in an independent clinical
study.
Methods
Human plasma samples were obtained with informed consent under
a general waiver by the Academic Medical Center institutional review
20  board for the proper secondary use of human material. For the dyspnea
registry, plasma samples were obtained as part of a multicenter effort
involving 3 centers in The Netherlands. Experiments described were

performed on samples obtained at the Academic Medical Center.

25 Subjects were classified as HF cases when they met the
Framingham criteria for the diagnosis and if circulating NT-proBNP was
above 1000 ng/L. Subjects were classified as non-HF cases if clinical
diagnosis excluded HF and the circulating NT-proBNP was below the age-
related cutoff points published by Januzzi et al. (Januzzi et al. 2006. Eur

30 Heart J 27:330). In total, 50 of the 77 patients screened for the dyspnea
registry fulfilled the criteria.



performed on sanpl es obtained at the Academi c Medical Center. Subjects were
classified as HF cases when they net the Fram nghamcriteria for the

di agnosi sweandio/f26x7or cul ati ng NT- proBNP was above 1000 n@CIL/NL3ubjosetss wer e
classified as non-HF cases if clinical diagnosis excluded HF and the
circulating NT-proBNP was bel ow the agerel ated cutoff points published by
Januzzi et al. (Januzzi et al. 2006. Egé Heart J 27:330). In total, 50 of
the 77 patients screened for the dyspn registry fulfilled the
criteria.Thirty- nine healthy controls and 50 subjects of the dyspnea

registry vere stugiigd.niQk HeBRhy QoPRbls&MdS50 %@)'&lﬁ@bﬁgesdl\%éﬁfﬁ% figgppsed not

to have HF and 30 subjects were diagnosed to have expr ession
| evel s bet weenarasizdizdad thond patisnisePe selinplarvedte dsagnpsehaotstodtiant s t -t est

or the Nann- Wi Liieys Wlieal w Al (R eS8, CORAUGH AR USLE.R0] SLLC

regressi on anal'ysis. ceiver-operator-characteristics ( curves were

made acr oss Neéfveoh $asdstarlf JonkeNelwsrofonihareprueitigcihedtpdahabitédttareaBe of t he

| ogi stic regression-nndelékgngifferentiating HFcases, from nonHF- cases or
y 5C

heal t hy cdntMsrg: WeHgenls BRIYBteW RIS oOBARGAE (AU lofeS casEieREPRd to
assess the dAAADOR! RE:oARTHLBRK oL ENRRL L ROBIBLKSE SvtE iRk Qmed usi ng

SPSS and all statistical tests were two-sided. For a anal yses,
p- val ues<0. OBammrsecud offiSlietiels ofl thst ptedstted at dhpbditepsi ff itbahigistireerasdioal ti ssue

We obt ai ned post.-.nor.t.em cardi.al s | es om subj.ec who, had di ed due
Vo ol obae i Eoien e BN aiseR BB Sk OB Ry B aRRE O ST
non-car di ac Theses udddrahe RUC vasyea AU @Qck gdedtihaigd kbiaz@dssthavi t rogen) . RNA

qual ity was assured and subsequent realtime PCR was _used to assess
expr essi Hh | dpgnestyragsiracy 28 B NAR AL apadysrsrhareibesermed usins @R3P on of U

to eval uat eB%Ili'(f afl%ltéffti%t}/cgl f@é@sc@[apé %o-ﬁ)&gtﬁ.ﬁlﬁoﬁri é?ﬂaﬁe{lyégsﬁbzvél?tﬁa'sﬁg.OéiBl ood

processi ng ood of a subjects was collected via a direct venous puncture
into were considered statistically significant.

Myocardial tissue
We obtained post-mortem myocardial samples from subjects who
15 had died due to idiopathic DCM and myocardial samples from subject who
had died due to non-cardiac causes. Total RNA was extracted using Trizol
(Invitrogen). RNA quality was assured and subsequent realtime PCR was
used to assess expression levels of miR-423-5p. This was normalized for
expression of U6 to evaluate the relative myocardial expression of miR-
20  423-5p.
Blood processing
Blood of all subjects was collected via a direct venous puncture into
2.7 ml sodium citrate containing tubes (BD Biosciences 363048). From the
subjects for the miRNA array 10.8 ml blood was drawn and for real-time
25  PCR we collected 5.4 ml blood. All blood was processed for isolation of
plasma within 4 hours of collection. Blood was processed by spinning at
1550 x g for 10 minutes at room temperature. Plasma was carefully
transferred to a fresh RNAse/DNAse free tube and stored at -80°C.
RNA isolation
30 For the miRNA array we isolated RNA of 4.4 ml plasma and for the
real-time PCR we isolated RNA of 500 pul plasma. Plasma was thawed on
ice and RNA was isolated using the mirVana PARIS kit (Ambion)



2.7 M sodiumcitrate containing tubes (BD Biosciences 363048). Fromthe
subjects for the mRNA array 10.8 m bl ood was drawn and for real-tine PCR
we col | ecweaoB/®®631™ bl ood. All bl ood was processed for iPsomMNaRIOIOS@S1pl asna
within 4 hours of collection. Blood was processed by spinning at 1550 x ¢
for 10 mnutes at roomtenperature. Plasma was carefully transferred to a
fresh RNAse/ DNAse free tube and stored -80 C. RNA isolation For the

m RNA array we isolated RNA of 4.4 ni 6?asna and for the real-tinme PCR we

i sol ated RNA of 500 ml plasnma. Plasnma was thawed on ice and RNA was

i sol ated usi Q&of«hﬁ?% Eﬁl@ﬂﬁnﬁﬂgkéelf*stpr&%@@f@f‘)lé&l‘aoé’a%ﬂgs et f8tocol
manuf acturer's protocol for liquid sanples. The protocol was nodified such

t hat sanpl eswaenwdaied suchedat wmelewweﬁe@ﬁt@qwél twirest Wrﬁa em‘emldphenol

chl orof orm and. t he COIdL'I;)ﬂnné)’Ya ed for 3 mnutes a teled % ast vvashl ng

volume, 01 acl OI'O orm a the umnw S
step and before elut array From er'ite sarrpl es or “the m RNA

array 50 m sfasr ﬂi@ﬂé@ﬁﬁzaﬁﬁﬁgst‘@aﬂrﬂibﬁoﬂf@uﬁ% each sanple 5 m was used for
the array. The_| I | um na human v2 m RNA expression profiling was perforned
on t hese %an{ﬁ‘l@%I FHBY I | | umi na i RNA beadchi p probes 1146 mi RNAs and ot her

smal | RNAs predi gigth {1 é?&te'&i‘ ﬁ'}lﬁﬁeéi‘o@ tﬁé‘%ﬁﬁ&ai’i‘%&%oﬂﬂ%ﬂ ocessed,

summari zed, |ogtranstorned, d ‘quantile normalizéd using the beadarray
package (ver mrmantraﬂezl t0)12 Hril atrh]efos tath stmplald lsloww\m@i @a@lkfagleraR Th@r si on

2.9.0). Diffgrenti expre LSR%E was as.sess%rclil (i gﬁl - test
using the Ii 1615‘ HGd (’vé‘? i) CSPLEESIRIN DT ér%% e]\fNBr Wer ed
significantl yarﬂplbfserlﬁﬁﬂl@hin)é Iﬁmﬂga@adcﬂlfg pirbigesP- M8l N Me had bess than 0. 05.
Real - Ti me PCR For I\Ezhasma sanples a_fixed volune of 8 mM of the eluate from

the RNA {&ol applR ﬁpquﬁflctﬁ%w@ BN AS 53 Fave dats) werepragprasesietbut  RNA was
used as i ”puéuﬂlﬂlaﬂfﬁ%drl%gﬁ«ﬁﬁgfo%@@saﬁ{d QA e HBARLI2MH u%(lﬂ?'tlfle RNA was reverse

transcribed using the n'Script reverse transcription Q agen)
beadarray package (version 1.12.1) in the statistical software package R

(version 2.9.0). Differential expression was assessed using a moderated t-
test using the limma package (version 2.18.3). MicroRNAs were considered

15  significantly differentially expressed if the P-values were less than 0.05.
Real-Time PCR
For plasma samples a fixed volume of 8 pl of the eluate from the RNA
isolation and for myocardial tissue samples 1 pg of input RNA was used as
input in the reverse transcription reaction. Input RNA was reverse

20 transcribed using the miScript reverse transcription kit (Qiagen)
according to the manufacturer’s protocol. The real-time PCR was
performed using High Resolution Melting Master (Roche). MgCl2 was
used in an end-concentration of 2.5 mmol/L: and 2 pl of 8 times diluted
cDNA was used in a total volume of 10 pl. The forward primers had the

25  same sequence as the mature miRNA sequence with all U’s changed into
T’s and the sequence of the reverse primer was
GAATCGAGCACCAGTTACGC, which is complementary to the adapter
sequence of the RTprimer (part of the miScript reverse transcription kit)
used to create cDNA of miRNAs. Real- Time PCR reactions were

30 performed on a LightCycler480 system II (Roche) using the following
program: 10 minutes pre-incubation at 95°C and 40 cycli of 45 seconds of

denaturation at 95°C, 45 seconds of annealing at 55°C, and 45 seconds of



according to the manufacturer's protocol. The real-tinme PCR was perforned
using H gh Resolution Melting Master (Roche). MygCl2 was used in an

end- conceworatam7of 2.5 nmmol /L and 2 m of 8 tines dil rCeNIcDNASWAES used
in atotal volume of 10 mM . The forward prinmers had the same sequence as
the mature m RNA sequence with all Us changed into T's and the sequence of
the reverse prinmer was GAATCGAGCACCAGTI CGC, which is conplenentary to the
adapter sequence of the RTprimer (part “of the m Script reverse
transcription kit) used to create cDNA of m RNAs. Real - Tinme PCR reactions

wer e perfor negnoiich b @?b%'t&%?@a@/@&%éih%M@@?E%hﬁﬁti%ﬁ?vef ol | owi ng

program 10 m nutes pre-incubation at 95C and 40 cycli of 45 seconds of
denat ur at i onPaR BB analyssewdivdareoveraimnedl 3.3 J hatsta8 Mg condedBager ohds

of el ongati on #2C. ..Data,were. anal yzed usin i nRegPCR guantjtati ve PCR
data anal yel BRNARGap R LT HB MBS AR TS RS RBHE 50 of i Ruas
esti mat ed bysthliifg sefdewaragionsif eniRor748¢ ha@dnflogeriohe nERINAet=®lly St arti ng
concentration of m R-1249, an endogenous m RNA stably expressed in our

m RNA ar ray. ©esticddn pp g bayof il es of MRNAs in Plasma of HF Patients
M RNA arrays (Il1um na beadchi p, human v2 m RNA panel) were perforned on
RNA from plasma of 12 HF patients and 12 healthy controls. A total of 108
m RNAs were Begdificantly differentially expressed between HF patients and

controls. Framthese, se 16 & RNAs d.on their fold changes and
robabi 1ty aptssor & isd oh SR Gone 20T BUPR of Candi dat o M RNAG
in an | ndependentMAINAl atAy@NIVemWad bétalcBlp, hen2xpr £SRNANpaiel)lbeandi dat e

m RNAs in three novel %rou s of subjects. The first gzroup consi st ed of

subj ect s1q r opsitrac Aphda ep Rlpppaighd 24EF eatiraigrsseld hralhHontgs.cases,
n=30), the 5&%}9{5@_09&?’81911RN&%%%%%§11% r?c_l}ahﬁ%r%ﬁﬁw%réés%ﬁ‘ﬁe%?éiy spnea

regi stry but clinical diagnostics establi'shed themto be free of HF (non-HF
cases, n=20)HFamdients and controls. From these, we selected 16 miRNAs based on

their fold changes and probability values for further validation.

15  Validation of Candidate MiRNAs in an Independent Population
We validated the expression of 16 candidate miRNAs in three novel

groups of subjects. The first group consisted of subjects from the dyspnea
registry who were diagnosed with HF (HF cases, n=30), the second group
of subjects were also obtained from the dyspnea registry but clinical

20  diagnostics established them to be free of HF (non-HF cases, n=20), and
the third group consisted of healthy controls (n=39). In HF cases, 19 of 30
subjects had an ejection fraction (EF) lower than 45%, whereas in non-HF
cases 3 of 20 subjects had an EF lower than 45%. These latter three
subjects therefore had left ventricular dysfunction, but lacked the clinical

25 and NTproBNP criteria to diagnose HF. The expression level of the
miRNAs was assessed by real-time PCR, and normalized by expression
levels of miR-1249, a miRNA that was found to be unchanged in the
arrays. The fold changes of miRNA levels for the HF cases versus healthy
controls are shown in Figure 5.

30
Diagnostic Accuracy of Candidate MiRNAs



the third group consisted of healthy controls (n=39). In HF cases, 19 of 30
subj ects had an ejection fraction (EF) | ower than 45% whereas in non-HF
cases 3 ov020112bj7ect s had an EF | ower than 45% These PaTiNgRotolSES1

subj ects therefore had | eft ventricular dysfunction, but |acked the
clinical and NTproBNP criteria to diagnose HF. The expression |evel of the
m RNAs was assessed by real-tine PCR, igd normal i zed by expression |evels
of m R 1249, a m RNA that was found to be unchanged in the arrays. The fold
changes of m RNA | evels for the HF cases versus healthy controls are shown

in Figure 5. Di aghashiRNACHRA0A-9), wANELHaLE b RN ERS TR o8 R- 423- Sp,
was found to be a significant predictor of HF diagnosis in a nultivariate
| ogi stic regHés&pgmosppiied niwtivadategogigtic aegresusn nRidglimslelisgods anthat

m R-423-5p ig specifical |y increased in HE cases conpared bot h heal t hy
cont ol s and P0G ROR e R e DA R L RS £ Cas ol

from heal t hycomgpdrealts boiH Resdthyadoddrdingded td Qs phdicviton- ABQased. MirR412%-95%
confidence interval,  O. to 0.98). The predictive power of m R 423-5p was

. .0.84
al so hi giP wi PhAFHNREIpE fhiegases gTan byalthh eppieolpath AR A HACTHAS- HE cases
(AUC, 0.83; 95% ¢R0(0)denes <9§%Ecreﬁﬁgenc%-izéerbgl, 8. 4h-0.64)" eHL ??éoﬁ&i\;@ R-423-5

correlated with NT-proBNP and pear nan correl ation coefficient: 0.43,
probabi | i ty wevereof MiR@23-58pewratemhigbrwighin therdyspedd regisny,: witerg4,

orovat |11 b b 23y FSROFLIYE N DXL B 0L, 423 B
human hear t std ©.09). Bigulfind miBeSBdRScoitdRathd vitlh N bro BN hahdrEIRNAS
(m R-18b*, m R-129-5p, m R-1254, m R- 675, HS 202.1 and m R-622) were found
to be int} eaddgarRapEoRsiition coelfighntn0-Ab rorpbabilitn daler0 895 are’ depicted in
cl ovat ed i n HEn T B BB v Catat ed i non-HE
cases to thercsapdivedy)eExpestbnodsel:42Bk51s wax engkadddadredifold sofreling RNAs
initially i dﬁl?lgliailin%gocg}{di%% g {:(;nq arlgﬁ tg%%%%af ﬁuggglﬁeg}{tsc(ggé ﬁi?glu% %Ct ual Ty
Besides miR-423-5p, six other miRNAs (miR-18b*, miR-129-5p,
15 miR-1254, miR-675, HS_202.1 and miR-622) were found to be increased in
HF cases, of which miR-18b* and miR-675 are depicted in Figure 6.
However, within the dyspnea population, miR-18b* is also slightly
elevated in non-HF cases, whereas miR-675 is even upregulated in non-HF
cases to the same level as HF cases. This exemplifies that some miRNAs
20 initially identified by comparing HF cases to healthy controls actually
appear also to be elevated when dyspnea is not caused by HF and
therefore are less specific for HF. However, it is known that also NT-
proBNP can be slightly increased with pulmonary disease attributable to
right ventricular overload so that miRNAs like miR-18b* may still be
25  valuable biomarkers of HF.
To investigate whether candidate miRNAs relate to disease severity
or etiology, we categorized HF patients according to their EF, NYHA class
or underlying etiology. Levels of circulating miR-423-5p and miR-18b*
were higher in subjects with EF of < 45%, compared to subjects with EF of
30  >45%, but this did not reach statistical significance. Circulating levels of

miR-423-5p, and also other miRNAs like miR-18b* increased with
increasing NYHA class. Finally, some candidate miRNAs (miR-423-5p and



appear also to be el evated when dyspnea is not caused by HF and therefore
are less specific for HF. However, it is known that al so NTproBNP can be
slightly woersaefowi t h pul nonary di sease attri but abl e POTNIghto/o3e3tri cul ar
overload so that m RNAs |ike m R-18b* may still be val uabl e bi omarkers of
HF. To investigate whether candidate m RNAs relate to di sease severity or
etiol ogy, we categorized HF patients aiﬁordi ng to their EF, NYHA class or
underlying etiology. Levels of circulatfng m R-423-5p and m R- 18b* were

hi gher in subjects with EF of < 45% conpared to subjects with EF of >45%
but this di dfiRlg75eREMGLAIR- §%&%ex§'kﬂ§ﬁ&'1ﬁ%@ﬁ@ms@bf&i&'f@hhé‘gf Hevgl s of

m R-423-5p, and al so ot her * increased with increasing
NYHA cl ass. ®&imdrey to sonatheasrdledatiefonRASII (Mer4285). andni R- 675, but not
m R-18b*) were higher in atherosclerotic forns of HF as conpared to

nonat heroscl erotic forns of HF (see Figure 8).Clainmns 1. A nethod for

di agnosi ng a subject as suffering fromheart failure or being at risk of
devel opi ng heart failure, the nethod conprising: a) determ ning the |evel
of at |east one genetic marker in a body fluid obtained from said subject,
wherein said at | east one genetic marker is a m RNA selected fromthe group
consisting of mR423-5p, M R 191*, m R-15b, m R-1228*, m R-18la, m R-18a*,
m R-107, m R-299-3p, m R 342-3p, m R- 652, m R- 675, m R 129-5p, m R-18b*,
m R-1254, m R-622, HS 202.1, m R-191, m R-302d, nmi R-30e, m R-744,

m R-142- 3p, sol exa- 2952-306, and sol exa-3927-221, and precursor m croRNAs
(pre-m RNA) or mcroRNA primary transcripts thereof; b) diagnosing whet her
t he subject suffers fromheart failure or is at risk of devel opi ng heart
failure based on the | evel of said at | east one genetic marker determ ned
in step a). 2. Method according to claim11, wherein said subject is

di agnosed as suffering fromheart failure or prognosed as being at risk of
devel opi ng heart failure when:



- the expression, anount, and/or activity of m R-423-5p, m R-191*, mR-
15b, m R-1228*, m R-181a, m R-18a*, m R 107, m R-299-3p, m R-342-3p,

m R- 652, WORB7/3637m R- 129-5p, m R-18b*, m R-1254, m R- 6P2T/NHES0 020251

m R-302d and/ or sol exa-3927-221, or precursor nmcroRNAs (pre-m RNA) or

m croRNA primary transcripts thereof, is upregulated relative to a control
subj ect not suffering fromor not bei n% at risk of devel opi ng heart
failure; and/or - the expression, anou 9 and/or activity of m R-191,

m R-30e, m R 744, m R-142-3p and/or sol exa-2952-306, or precursor n croRNAs
(pre-m RNA) or mcroRNA primary transcripts thereof, is downregul at ed
relative to acontrol subject not suffering from or not being at risk of
devel opi ng heart failure. 3. A ne€laamsfor treating or preventing heart
failure in a subject, the nethod conprising diagnosi ng whet her the subject
suffers fromheart failure or is at risk of developing heart failure based
on the level of at |east one genetic marker according to claim1 or claim
2; and treating the su ct when, t he subj ect ffers fromheart failure or
is at risk of deve h?fJg o shgqnoplig q pbiedt, as‘ﬁﬁ‘?éi‘i@gﬁ%né’@éﬁrféi HEe 00 claim 3,

conpri sing th&nshLepisRior devéfl&[?uh?f}ﬁbf‘tgfa%}@'tﬁe %_?étﬁo& H&hﬁﬁ%mtghe expr essi on,

anmount, and/or activity east one nm RNA; - decreasing within said
subj ect the i nter@dtdletﬂlrnnfnrgtthleé@l@tl obakleasRME %rtehwlm%rhe‘f'{matbadget or -

i ncreasing subj e he . expressi on, . anount /or ctl vity of
the e ar Bot G REd bR RS RE S SR Ohe e ChaRE Y Rk f
sel ected Jrommd HﬂRgAOSbFDec@émﬁ"bﬁi ihRGrehp Bbiidads SmiRuPRs- 53 1miRmoR= 15b,

m R-1228*, m R-181la, m R- 18a*, m R-107, m R-299-3p, m R-342-3p, m R-652,
M R 675, i Rmilidﬁépm%W%t}mR AP ke 108 184y, righ 107, mRogd0-3p. ik 302d and

sol exa- 3927- 223, miR-652, miR-675, miR-129-5p, miR-18b*, miR-1254, miR-622,
HS_202.1, miR-191, miR-302d, miR-30e, miR-744, miR-142-3p, solexa-
2952-306, and solexa-3927-221, and precursor microRNAs (pre-miRNA) or
10  microRNA primary transcripts thereof;
b) diagnosing whether the subject suffers from heart failure or is
at risk of developing heart failure based on the level of said at least one

genetic marker determined in step a).

15 2. Method according to claim 1, wherein said subject is diagnosed as
suffering from heart failure or prognosed as being at risk of developing
heart failure when:

- the expression, amount, and/or activity of miR-423-5p, miR-191*, miR-
15b, miR-1228* miR-181a, miR-18a*, miR-107, miR-299-3p, miR-342-3p,

20 miR-652, miR-675, miR-129-5p, miR-18b*, miR-1254, miR-622, HS_202.1,
miR-302d and/or solexa-3927-221, or precursor microRNAs (pre-miRNA)
or microRNA primary transcripts thereof, is upregulated relative to a
control subject not suffering from or not being at risk of developing heart
failure; and/or

25 - the expression, amount, and/or activity of miR-191, miR-30e, miR-744,
miR-142-3p and/or solexa-2952-306, or precursor microRNAs (pre-miRNA)

or microRNA primary transcripts thereof, is downregulated relative to a



5. The method for treating or preventing heart failure in a subject the

nmet hod according to claim3, conprising the step of: - increasing within
sai d subjwototiiesrpr essi on, anount, and/or activity of pa/NIeawtoseie m RNA;
or - increasing within said subject the interaction of at |east one m RNA

with its nRNA target; or - decreasing within said subject the expression,
anmount, and/or activity of the nRNA target of at | east one m RNA wherein
said at |east one miRNA i s sel ected frd8f the group consisting of m R-191,
m R-30e, m R-744, m R-142-3p and sol exa-2952-306. 6. A nethod according to

claimb5, whergithsabflcshePs Herifdoh ST 13t bOR X RIESSH RVelopUWMarand/ or
activity or the interaction of said m RNA conprises adm nistering to said

subj ect sai dfapiuRNA as functional mi RNA, as precursor mcroRNA (pre-ni RNA),
or as mcroRNA primary transcript (pri-mRNA). 7. A m RNA selected fromthe
group consisting of mR-191, m R-30e, m R- 744, m R-142-3p and

sol exa-2952-306, Nmedh@t £e Ur&@ingbroiroRNAI{Phert BNA)redh sasuljet ORNA pri mary
transcript thereof, for use as a nedicanent, preferably for use in the

tr eat ment® or MSFRAASAFRIFSIBE heart failure. 8. A nucleic acid, capable of

specifically bi ”%%&sﬁl Heﬁﬂé?f&ﬂ@é’uﬁjﬁ&i Rtk Do hBe A€ FiMirkYr 308 Or function

of at least one m sel ected fromthe group consisting of mR-423-5p,

m R-191*, i RskBhdeveldRinghgart failiee HaBed onrthRla8h of anieRst1@R, gemeRc 299 3p,

m R-342-3p, mi_R-652, g} R—??El .M. R- 1%— 5. ] R-18b*, m R-1254, m R- 622,

Hs 202. 1, ni RABOTASA SBF XA B AT “A precur sor m cr oRNAs (pre- ni RNA)
or m croRNA pri nakyatingihecdubpics wihkartbetkubjett sigferasromn Hegitail®rtar ipr ef er abl y
for use in the treatnment or_prevention of heart failure. 9. A vector

conpri si HYy aahwiel ef develqmang BegrddeidWiencodi ng a m RNA or a precursor ni cr oRNA
(pre-m RNA) or a microRNA primary transcript

4. The method according to claim 3, comprising the step of:
- decreasing within said subject the expression, amount, and/or
activity of at least one miRNA; or
15 - decreasing within said subject the interaction of at least one
miRNA with its mRNA target; or
- increasing within said subject the expression, amount, and/or
activity of the mRNA target of at least one miRNA,
wherein said at least one miRNA is selected from the group
20  consisting of miR-423-5p, miR-191*, miR-15b, miR-1228%*, miR-181a, miR-
18a*, miR-107, miR-299-3p, miR-342-3p, miR-652, miR-675, miR-129-5p,
miR-18b*, miR-1254, miR-622, HS_202.1, miR-302d and solexa-3927-221.

5. The method for treating or preventing heart failure in a subject the
25 method according to claim 3, comprising the step of:
- increasing within said subject the expression, amount, and/or
activity of at least one miRNA; or
- increasing within said subject the interaction of at least one
miRNA with its mRNA target; or
30 - decreasing within said subject the expression, amount, and/or

activity of the mRNA target of at least one miRNA,



t hereof according to claim7 or a nucleic acid according to claim8, and
capabl e of expressing said (pre or pri) mRNA or nucleic acid, for use as a
medi canmerw 2proef2e37abl y for use in the treatnment or preveariNarowfoséesar t
failure.10. A cell conprising a vector according to claim9, for use as a
medi cament, preferably for use in the treatnent or prevention of heart
failure. 11. A pharnaceuti cal corrp05|t| n for treating or preventing heart
failure in a subject conprising: - 8 e- or pri-) m RNA according to
claim7, a nucleic acid according to cI aim@8, a vector according to claim

9, or a cel 'wﬁ@fé?ﬁ@bﬂ%tﬁ@a&'o%'e%ﬁ@\m%@elect@d BRA MRcauLbeahlivtiag 6ept abl e
carrier, diluent or excipient. 12. kit of OEarts for diagnosing a subject

as sufferi ngmflel’thlh@aRt30EamIlR|f7é4omlﬁél4ﬁg3paan pkxpf9eded.opi ng heart
failure conprising: - at |east one conpound capabl e of specifically binding
to at | east one m RNA selected fromthe group consisting of m R-423-5p,

m R-191*, m & 150 nfethbd 2@8FdinfitéRelbBhed, wﬁe?ah&&id sﬂéb%flﬁ&easﬁhg%ﬂz&Q 3p, MR
342- 3p, m R-652, m R-675, m R-129-5p, mR1 1254, m R-622,

HS 202.1,° ni Wprgaﬂonnw@%wnd(ﬁrﬁcgwy Ofithe era%ﬁoﬂ Ofééldgﬁﬁg@ exa-

2952- 306, a”E’oxﬁ&H@éaad?ﬁ%%?st@ﬁﬁ% t@%d%ﬁ%ﬁa‘d{ SO0 RN L BNASH {iRjn81 THiRNN), or

m croRNA primary transcripts thereof - instructions for use of said
conmpound forasdpleagnwwmglca)fﬁ\ll«bj(lemmaENémefrasmqr@RNmmgaaty franbaig or bei ng
at risk of d vel @ heart failure according to a nethod of claim1 or 2.
13. A net hod pgb{n g@?grm' ni ng whet her a candi date conpound i s capabl e of
treating or preventing heart failure in a human subject, the method

conprisin - contacting said_candi date conpound with a human tissue cell,
pref er ab]r(g alcar dh BH Nﬁsgq}@ct@@fqom Hhggroup consisting of miR-191, miR-30e,

miR-744, miR-142-3p and solexa-2952-306, or a precursor microRNA (pre-
miRNA) or a microRNA primary transcript thereof, for use as a
medicament, preferably for use in the treatment or prevention of heart
failure.

15
8. A nucleic acid, capable of specifically binding to and thereby
inhibiting the activity and/or function of at least one miRNA selected from
the group consisting of miR-423-5p, miR-191*, miR-15b, miR-1228*, miR-
181a, miR-18a*, miR-107, miR 299 3p, miR-342-3p, miR-652, miR-675,

20 miR-129-5p, miR-18b*, miR-1254, miR-622, HS 202.1, miR-302d and
solexa-3927-221, and precursor microRNAs (pre-miRNA) or microRNA
primary transcripts thereof for use as a medicament, preferably for use in

the treatment or prevention of heart failure.

25 9. A vector comprising a nucleic acid sequence encoding a miRNA or a
precursor microRNA (pre-miRNA) or a microRNA primary transcript
thereof according to claim 7 or a nucleic acid according to claim 8, and
capable of expressing said (pre or pri) miRNA or nucleic acid, for use as a
medicament, preferably for use in the treatment or prevention of heart

30 failure.



- determ ni ng whet her said candi date conpound i s capable of nodul ating the
expression, anmobunt and/or activity of m R 423-5p, m R 191*, m R-15b,

m R- 1228*worhR/12gra, m R-18a*, m R- 107, m R-299-3p, m R- B¢IA32010r05625652,

m R 675, mR-129-5p, m R-18b*, m R- 1254, m R- 622, HS 202.1, m R 191,

m R-302d, m R-30e, m R-744, m R-142-3p, sol exa-2952-306, or sol exa-3927-221
in said tissue cell. 53

10. A cell comprising a vector according to claim 9, for use as a
medicament, preferably for use in the treatment or prevention of heart

failure.

5 11. A pharmaceutical composition for treating or preventing heart
failure in a subject comprising:
- a (pre- or pri-) miRNA according to claim 7, a nucleic acid
according to claim 8, a vector according to claim 9, or a cell according to
claim 10, and

10 - a pharmaceutically acceptable carrier, diluent or excipient.

12. A Kkit of parts for diagnosing a subject as suffering from heart failure
or being at risk of developing heart failure comprising:
- at least one compound capable of specifically binding to at least
15 one miRNA selected from the group consisting of miR-423-5p, miR-191*,
miR-15b, miR-1228% miR-181a, miR-18a*, miR-107, miR-299-3p, miR-
342-3p, miR-652, miR-675, miR-129-5p, miR-18b*, miR-1254, miR-622,
HS_202.1, miR-191, miR-302d, miR-30e, miR-744, miR-142-3p, solexa-
2952-306, and solexa-3927-221, and precursor microRNAs (pre-miRNA) or
20 microRNA primary transcripts thereof; and
- instructions for use of said compound for diagnosing a subject as
suffering from heart failure or being at risk of developing heart failure

according to a method of claim 1 or 2.

25 13. A method for determining whether a candidate compound is capable
of treating or preventing heart failure in a human subject, the method
comprising:

- contacting said candidate compound with a human tissue cell,
preferably a cardiac tissue cell, and

30 - determining whether said candidate compound is capable of
modulating the expression, amount and/or activity of miR-423-5p, miR-

191*, miR-15b, miR-1228* miR-181a, miR-18a*, miR-107, miR-299-3p,
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miR-342-3p, miR-652, miR-675, miR-129-5p, miR-18b*, miR-1254, miR-
622, HS_202.1, miR-191, miR-302d, miR-30e, miR-744, miR-142-3p,
solexa-2952-306, or solexa-3927-221 in said tissue cell.



