- 1" - DESCRI PTI ON METHOD FOR PRCOLI FERATI NG CARDI OMYOCYTES USI NG

.M CRO- RNA TECHNI CAL FI ELD [0001] The present invention relates to a
nmet hod for proliferating cardi onyocytes using mcroRNAs, a vector for
treating heart disease, and a pharnaceutical conposition for treating
heart di sease. BACKGROUND ART [0002] In adults, cardi onyocytes have
lost their ability to divide, so once tHRey become necrotic or |ost
entirely upon exposure to various stresses such as ischem a or
nyocarditis, the | ost cardi omyocyt gsESCRIPIEONever regenerated. In
consequence, the remaining cardi omyocytes try to nmaintain the cardiac
function t hr MEFHODRGR PROINYERATEN Gr@ARPIORMYOCY TEBI SSIDNEhMICROMRNA
conti nues and exceeds tolerable threshold of the myocardial tissue,

it leads to further exhaustion and death of cardi onmyocytes and a
consequent inpairnments nyocardial function, nanely, -heart failure.

[ 0003] HIEHGHNIGCARFEELDncl udi ng heart failure are the second nost
common cause of death anong, Japanese people. |In addition, patients.

wi t h heal@0Qi]s cBhseremsnicingentionyelgiss to prsivdSpspratiterating qardipmpogdes-using
survival rate_is only about 50% Hence, the devel opnent of an. .
ef f ect i vEUCHETRDS 20€CRE Y repting hrast discass 3ad A @harnacsutical estppasitiqnyfor treating
beneficial fromthe viewoints of nedical welfare and nedi cal
econony.%fﬁﬁéﬁfa%bnventionalIy used therapeutics for heart failure

are cardi ' rugs ch as digitalis and xanthine preparations
t hat inciggﬁgbﬁﬁgﬂgg/ggfof nyoca?dial contraction but these drugs are
known to Nt r t te . i se
cond t 1 of XA ARl LRARRR e PRk B ARRAR! @ o BaSeHRS Becomy

1 t . - 1 i i . .
years, tLeahiest ﬁ)sf’\érﬁili]elg ruggrr? 8%6%%&22 arQréMs%%&re? s das%eh%rﬁ%}&%ﬁhns,

t hat redupe an excessl v ( ue to elevations o _
synpat h eiﬁ&lo@@dﬂd&ﬂﬁg%&s&iﬁl% ne @SB O lr?&ﬁis@q&)iéé, He ﬁﬁﬁirﬁﬁ% om ng

t he mai nstream but thése nmethods are just synptomatic and unablfe to

restore thelighaymyed ugathastainl the badiat $@dtion throdgh compensatory hypertrophy, but
if this condition continues and exceeds tolerable threshold of the myocardial tissue, it leads to
further exhaustion and death of cardiomyocytes and a consequent impairments myocardial
function, namely, heart failure.
[0003] Heart diseases including heart failure are the second most common cause of death
among Japanese people. In addition, patients with heart disease have a very poor prognosis
and their five year survival rate is only about 50%. Hence, the development of an effective
therapy of heart failure is considered to be extremely beneficial from the viewpoints of
medical welfare and medical economy.
[0004] Conventionally used therapeutics for heart failure are cardiotonic drugs such as
digitalis and xanthine preparations that increase the force of myocardial contraction but these
drugs are known to potentially worsen rather than ameliorate the diseased condition if
administered over a prolonged period of time. In recent years, treatments with drugs such as
[3-blockers and ACE inhibitors that reduce an excessive cardiac load due to elevations of the
sympathetic nervous system or rennin-angiotensin system are becoming the mainstream but

these methods are just symptomatic and unable to restore the damaged cardiac tissue itself.



[ 0005] Although heart transplantation is a radical therapy for severe
.heart failure, it involves various problens such as the scarcity of
donor organs, sensitive nedical ethics, and the high costs of

physi cal or econom c burdens on patients, nmaking it difficult to take
this approach as a common therapy. [000 M croRNAs (hereinafter
soneti mes designated as m RNAs) are nori“codi ng DNAs of 21-25 bases in
| ength that occur within cells. They are conserved w dely rangi ng

f r om nemj0gifids Althawghiredrstramsglanetiontd yradical dietapadoi segeratheam fdilure, dis

nol ecul es that play an inportant role in regulating the expression of
vari ous devdgesivaripisy/proble0BGUTh ¢ the seagcity of donRNArgass, semitbemdkéch] athica, and
primary m RNA transcript (pri-m RNA) of approximately several hundred
t o sever &be high gesinaf prscsl oresanemie trrgeng n @abents, eakdrgio difficubig, take this
Subsequently, the pri-m RNA is processed in the nucleus with an RNase
11 enzyRdBP©ach ate e9B8AA hegai¥or m a precursor ni RNA (pre-nmi RNA) of

moans. of 10 (YRS Rn grearinatin RS et P @I e RN P g DNas
th t opl wher.e it i d wit RNa [ ] |l ed
bi cer 1 o0f armeddi o et RalRER AR i@ o Prioued yEBE Fhefigor

Kk th t t f .Lhe. i f I

w th t ne praREeflo iR R A S b Bl Aol Badhuf IR 3
bi nds ¢ BN O 8B BRpNANRG: FuSQULRIRAL ALY seduence o

t her eby suppress the st on e targe ene on- Pat ent

Doourrent sodoranchudin, b HIRRIA i traherbee Gk BliRfr} AANARRRGHIPIRS PR AAGOr

m RNAs exi st "per bi ol ogi cal speci es, €i ng consi de

regul at e apPRxEXREIFSEVRM RindARNE séial tRfiRar PbA6d ﬁ%%ﬂi@ﬁ?&ﬁ@éﬂ dhe
controlling about one third of the protein-coding genone (‘Non-Patent

Docunent géngmicDINAdEhibseuentlly RhABTiHBIRN A ¢t osdsestintthe ec]éu’watttvarR Nase 11

bi ol ogi cal reactions such as devel opnent, differentiation and viral

i nf ect i oenzyanecdllediDrostel tatforoms bicpusbt niRNARpreciniRIIAR of appraédtimately 70 bases
suggested. Particularly for the relationship between cancer and

m RNA, t Heat das & haimie sighctmgnVhere#idad vt heans dif Eppenginety, fthicepremiRNA isd smspmorted
modes between a normal tissue and cancerous tissue suggests that

m RNAs af@mstheawglieys totbe criaplasm; whemét is arasesrsd svithsansRNpssdHsmzyme cgled
and the exi stence of ﬁwo typ‘ggjéﬁlfr?m' RNA, a _carcinogenesi s pronoter

and a t uliFerde fpedaubie-stpade BB NPS Pt G- tassse Hitls asuimidat aueqof the
Brof 11 nE e e TR e PR AR SHRPIEK 7 das el BB EIRRJATD defieed
funct i onSREFEOLeDEE RS Tamt Bhgs LB DRNA e bt BRI g B G
and tri goeEReet, (peebRkElRGs MARGHRAI ut Bt eldiBn PRRN DhLATMESL anc

m ce thabyhad been subjected to forced expression of said m RNA
(Pat ent Docunment 1 and Non-Patent Docunent 7) and that mR-1, the

m RNA chpogos] emi #efeddlatEEGheapeskif% RIEBIIRIRNAS 8£idi R bIVRBEDN & s each
suppressed the proliferation of cardiiomyocytes (Patent Docunent 2 and
Non- Pat ebtinPeonsiddtd th feglutbAle EXpredsioh dRATdTRIThdaQDd VRN Srch OV @htulldy ent

Docunent 1: WO 2009/ 062169 Patent Docunment 2: WO 2006/ 107826

NON- PATERint X EtdéTiSone third of the protein-coding genome (Non-Patent Document 3.} In
addition, miRNAs have been shown to be involved in biological reactions such as
development, differentiation and viral infection, and their relationship with human diseases is
also suggested. Particularly for the relationship between cancer and miRNA, the existence of

many miRNAs that display different expression modes between a normal tissue and

cancerous tissue suggests that miRINAs are strongly implicated in the carcinogenesis process,



[0011] Non-Patent Docunment 1: He & Hannon, Nature Revi ews Genetics,

.5: 522-531, (2004) Non-Patent Document 2: Bartel, Cell, 116:281-297,
(2004) Non-Patent Docunent 3 : Berezikov et al., Cell, 120:21-24,
(2005) Non- Pat ent Docunment 4 : Esquel a- Kerscher & Sl ack, Nature
Revi ews Cancer, 6:259-269, (2006) Non-Patent Docunent 5 : Kent &
Mendel I, Oncogene, 25:6188-6196, (2006)'?1\10n-Patent Docunent 6: Zhang
et al., Devel opnental Biology, 302:1-12, (2007) Non-Patent Docunent

7. van Raadjthesdxisitnce oPtoc egas nfimiRNAL heaibpatesis pfoadenyndd tuhiorsesssor,
of the United States of Anerica, 103:18255-18260, (2006) Non-Patent
Docunent h8s ba&maep@ted(Non-Kd¢t DotBent3@35,3hd, 6. 2007) SUMMARY OF

| NVENTI ON TECHNI CAL PROBLEMS - 4 - [0012] The present invention

addr esse$000% Jnebhrsetionwirheait disegsea, Mk @xprossiqur profiling andlysgs in a normal
car di onyocytes which conprises identifying a m RNA that pronotes the
prol i f er Repbands disgased Hayrdbgiedpenmporst hy maay dessrRRETOwPS oo of dhe

use in the treatnent  of heart disease, a pharmaceutical conpagsition

for treafPRAGISHIPEFHICHPRRtions Weghnakyred & give obgariatoanthr oraplestien of miR-195

increased in cardiac hypertrophy, dilating the heart tissues and triggering dilated
cardiomyopathy or heart failure in transgenic mice that had been subjected to forced
expression of said miRNA (Patent Document 1 and Non-Patent Document 7) and that miR-1,
the miRNA characterized by decreased expression in cardiac hypertrophy, suppressed the
proliferation of cardiomyocytes (Patent Document 2 and Non-Patent Document 8.)
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[ 0013] To sol ve these problens, the present inventors noted m croRNAs
.(hereinafter sonetinmes designated m RNAs) as a factor regulating the
proliferation of cardi onyocytes and made a study invol ving anal yses
about m RNAs regulating the proliferation of cardi omyocytes. As a
result of their intensive study, the present inventors successfully
specified a plurality of m RNAs regul ating the proliferation of

cardi onyocytes, which has led to the acconplishnent of the present

i nvent i orf0012)017He preseat investioneadidodsasei probleniseof prassding aimmatkad foon, t he
present inventors provide m RNAs having an action for pronoting the
prol i f er &rplfisraging candifirayaestey idbch ooprprisspslentitying 4 miRNAdhatipRpmetes thet he
present invention enconpass the follow ng enbodi nents: (1-1) A m RNA
havi ng a Fealifgrasiey 6€ gardiomyscyies pad nong sid FERNdg 238¢tppior uge imthe frpatment of
m RNA as recited in apove, whjch is a su@;tance selected from

the gr ouﬁleéﬁﬁlé%ﬁ%%‘si %B’gqlfin]é)ﬁe%?]tﬁ)éﬂﬂ?ﬁmﬂ,fohtriﬂt@é Fabfiseasesadgofpiiu,  as
AR CTIC G e
(i3 (T s Bt anlsin s oyt BN Thesib
Const st 1 netsiingt {1 dited mify A SRATGHCR BB E DR R SrBiRhyocytes
1 R152. (RPN oo PHESHIRANISbIEH ROk RRuHELL (RSBl AT

anal ogs thereof; as recite ove, erein

the substantemeaiyRisi As Aesui®r RAAnEAGYE BhBy, dEPpELEH iR¥nBRQucR: NIy 2

is a substance sélected fromthe group consisting of mR-373 (SEQ | D
NO 9), ppesticdopRriliigbERiRNAS réyildtingShe prolifdthForPditarlich 98Stdsh ehRAhas led
- 5 - [0015] In a.second enbodi nent of the present invention, the
present itovterdcosmplishmendef the presestrihvemnionhat rel ates to pharnmaceuti cal
uses of the m RNA having a cardi omyocyte proliferation pronoting
action ahd0lhi dh adist dmsboddsentiof ¢l meschtinventpivg thegresehi inatntosppoddd | on
for treating heart disease using a nucleic acid that encodes the
above- me b AYIIRNR assion def prowating theynseliferation of c4rdioatyioopteprdomst i ng
action; (b) .a method of treating heart disease wherein a nucleic acid
t hat encébedli¢aly, the miRNAsofthe Bresat dnvsaijer rcompas the &llowing epbedipenisy
action is_intro into a damaged sife in the heart of an

T hdi vi dud e Wﬂ?éﬂ?fgg@ﬂﬂsa|°%%¥%ymraflrmweﬁr%@0%g GO/ site; (c)

use of a ic.acid that .en t he m RNA having a.cardi omyocyte
o ol 1 1 er AT TBIRSA tgedle B R ReHishdt honuEce fIRE Bt ot s
for the AS ): a. | ei cid that
encodes %ﬁgﬁ% aﬁ%@?ﬁg‘ﬁ%@% zgﬁlé% %rg(gﬂ;?fgsq%lr%wjg’r %tﬁ%ﬂasp‘%g% Simﬁ% analogs
action fegepsye in the treatment of heart disease. As used herein, the
term"nucleic acid that encodes the m RNA" refers to (i) a mature

m RNA, & (papTHE BERNAf assaditbdTh RNAY) 0AQ -Nelbbvasymar isaiuBstand &H%@E%Na&eed
thereof, or (ii) an expression vector for expressing a maturée m ,
a precur sejuenée dpidedbyBBO MENGeh lor SEQVED N@I2s and anal ogs t her eof
either in vivo or within cells. [0016] To describe the pharmaceutica
conposi t (bA) ke miRWA dsaocifed)in fbBeatavecwherel thy substaned canprsise thetsbal
foll ow ng enbodi nents: (2-a-1)A pharmaceutical conposition for the

t r eat menteqiengredapictet! seSEQ IPOND: il 3§ ngulatanoe bdeatedatom thdgioup consismgtofie
m RNA having a cardi omyocyte proliferation pronoting action; (2-a-2)
The phar miBelftSa¢AEQdBINGs Lmﬁ-bﬂs%br(éEQIéthSLZmB-]l BE6VE) Nfhéei n
the mRNA is a substance selected fromthe groufp consisting of a

mat ur e nPEEIQAISoxs thersely pg well g varigs spdavaloggdhereafl as variants and

anal ogs f; .(2-a-3) .The ceutjcal conposition as recited in
(28D bS] SRk Ragis heitedin FERHARENE, hetken (e SUbs e CARBE b B ng
a seed S&& lﬁ%ﬂgeede%?c%cf:lgj? QEBVID%g &[i)s a’t\lsotibs%ngé sc?&:%d r[r)ory%c gr;oup consisting of

miR-373 (SEQ ID NO: 9), precursors thereof, as well as variants and analogs thereof.

L ¢




(2-a-4) The pharnmaceutical conposition as recited in (2-a-3) above,
.wherein the substance conprising the seed sequence depicted by SEQ ID
NO 1 is a substance selected fromthe - 6 - group consisting of

m R-148a (SEQ ID NO 3), m R 148b (SEQ ID NO 5), m R 152 (SEQ ID NO
7), precursors thereof, as well as variggts and anal ogs t hereof;
(2-a-5) The pharnaceutical conposition as recited in (2-a-3) above,
wherei n the substance conprising the seed sequence depicted by SEQ I D
NO 2 i s [80E]bsknarrseomnskdnlodim chitrad the presegt tuypnitwmn giegiresegt infentpiR-p3ddde an
(SEQ ID NGO 9), precursors thereof, as well as variants and anal ogs

t her eof ; ipgension fhatpelaten b phesmercutied] usesrasdhs miRNARavingei qaedompoety one
of (2-a-1) to (2-a-5) above, wherein the nucleic acid that encodes

the ni RNRTPIEGT nar%a@t&}&ﬂ%ewéwmcaqaﬂ@ﬁé@?%&b%%&%@@h@fﬂ@?@w% i's

cxpr oss! GRTPRODSR r&?ﬁf@ﬁb@ﬁa%te 1%%833%13 bl Rba e e seTEned
t 2-.a-6 th f. |

2 non- v ?“é‘ldl\@‘}b?‘é@%?%iﬁ *m ?aé?n%ﬁégﬁwgémauﬁé%% SIS
t v/ | ect

fromt Lﬁ%%%@s%&%%?% g ﬁ* Pt B AChiing SedBorSbitl

vi r al Sth‘éf’d ?om&tﬁ}%&ég% Zg mﬁgﬁﬁégﬁ nto Qet’{mﬁg‘]‘:créﬁeriﬂttﬁﬂgﬁa}‘ti/déf;@ 61?‘15171(1'131

Japan ( nomm VI Tus) vec entl Vi

vacci ni a ¢y El{e@ébgvﬁﬁflf?:fa% cgrhiaag?tegesy b Qld YRS EL? WiSe o 6hdPEP Qeﬁg\ﬂazﬁ @hcodes the

vectors; (2-a- The phar mac conposrtion as recited I n any one

of (2-a- hiRNA ﬁ@wﬁ% 8 kardRfoc W’lﬁbﬁfe?atioﬁl%réﬂl% dcPiod 60 tﬁ?é\lfhaﬁﬁfabtﬁ@é bive

conprising at |east one m)dl ied internucl eoside |inkage, at |east
one nodi fphethaegadalyior eieftreatthent @8 fitar0diged¥®Mrf(dPLnAGE aci@tha R} codes the

conbi nati ons thereof; (2-a-10) The pharmaceutical conposition as
recited iniRa»havieg afca:@ibmyobytetpm(iﬂﬁaroﬁ)prabm actibe f@d use i thelmatdient of
di sease i s nmyocardial infarction, ischem c cardiac disease,
congest i \neathdiscasef A hsaddierdip,ghe tmmﬁhudemacm thahempaddsthe Wi RNEAA defers to {Ha
car di onyopat hy, ocarditis, or chronic heart failure. [0017] To .
descri be ﬂ@%@etﬂh@%‘b’eﬁﬁfﬁ@fﬁ@tﬁé@dﬁlﬂmeﬁﬁw%}nﬂsﬂ@}lamﬂéd swdedstthergpf, pr (ii) an
it enconpasses the foll ow ng. enbodi nents:
expression vector for expressing a mature miRNA, a precursor of said miRNA, as well as
variants and analogs thereof either iz vivo or within cells.
[0016] To describe the pharmaceutical composition as invention (a) more specifically, it
encompasses the following embodiments:
(2-a-1) A pharmaceutical composition for the treatment of heart disease comprising a nucleic
acid that encodes the miRNA having a cardiomyocyte proliferation promoting action;
(2-a-2) The pharmaceutical composition as recited in (2-a-1) above, wherein the miRNA is a
substance selected from the group consisting of a mature miRNA, a precursor of said
miRNA, as well as variants and analogs thereof;
(2-a-3) The pharmaceutical composition as recited in (2-a-1) or (2-a-2) above, wherein the
miRNA is a substance comprising a seed sequence depicted by SEQ ID NO: 1 or SEQ ID
NO: 2;
(2-a-4) The pharmaceutical composition as recited in (2-a-3) above, wherein the substance

comprising the seed sequence depicted by SEQ ID NO: 1 is a substance selected from the



- 7 - (2-b-1) Anmethod for the treatnent of heart disease wherein a
.nucl eic acid that encodes the m RNA having a cardi onyocyte
proliferation pronoting action is introduced into a damaged site in
the heart of an individual to thereby proliferate cardi omyocytes at
said site; (2-b-2) The nethod as recited in (2-b-1) above, wherein
the mRNA is a substance sel ected fromthe group consisting of a
mature m RNA, a precursor of said mRNA, as well as variants and
anal ogs tgiewreainsisfizg bf BJR-TH8a (RRG U N X)emiR-4d8% (SRQIBNI): 9y m{R452 YEQ
~above, wherein the mM RNA is a substance conprising a seed seguence
depi cted ID&/N@E@ PrcnsorsithereolSEQVEDaigerignts el dpalpps theeeofiet hod as
recited in (2-b-3) above, wherein_ the substance conprising the seed

sequence (a@p?)c%d)hwn@mw@cm)owl%asaeglwgpé%@@)@ép% pdigTein tmstbssance
t f R- 148 R-148b (SEQ | D NO ,
MR ?5(50?%'&%118%%&% Ser%l Sefﬁwagmfﬁ%%l 'Phggg&ﬁ NQ? 2\jt F“bé?g%ﬁ%%‘ﬂdsff%
| t her eof t ed above,
wher orn G ssiste F BRSSP TiNO 0k B Rl i wL e By s enin

NO 2 is aar% ﬁjtara) e selected fromthe group consisting of mR-373
(SEQ | D KRG cursors thereof, as well as variants and anal ogs

h f; -
(hereot (52 @ﬁm&?ﬁ? IR AR el AP 05, S LA i Bt
a car di omoeyth %aomhelé s&emaﬁ? End¥dedmk H@NIC AR héaﬂdgafﬁ@gﬁgﬁioﬁf@faﬁm

cardi onmyocytes by means of an expression vecto
(2-b-7) B@&nﬂﬁﬁg‘ﬂﬁmﬂﬁs é&ﬁﬁh&ﬁas‘zﬁh dxpreldsibn veReV S, aHﬁIﬁ,Bﬁb ‘Fortlﬁﬁodﬁﬁ:ﬁbfi’ﬁnd S

a viral vector a non-viral expression vector; b-8) The neth

as reci tegiptem(;@nbca?dmmlg@gﬁes wherein the viral vect or is select ed
fromthe group consisting of adenoviral vectors, adeno-associ ated
viral (ARRAa-Tdiieqharmacehticl compositbat mmmtd&l&irr@gl-ﬂ)tabﬂm whgreir theSrectbr is a
Japan (HVJ, also known as Sendai virus) vector, lentiviral vectors,
vacci ni a vial edctorex agws; virhexkegsimawiecmlr; vect ors, and papovavi r al
vectors; (2-b-9) The nethod as recited in any one of (2-b-1) to
(2-b-8) &%wevd Thetpbawnarcutical porrpgsition a5 reeiRAn d2ai?) abbvee wherepr thevirgl eactor
| east one mpdified internucl egside |inkage, at |east one nodified
sugar noilbsejectes from kg 2oHR capsistmEOf 'é%t@@lrabvecmw adenfpissadinted giral (AAV)

her eof ; 8
t vectors, retroviral vectors, hemagglutinating virus of Japan (HVJ, also known as Sendai

virus) vector, lentiviral vectors, vaccinia viral vectors, chick poxviral vectors, and
papovaviral vectors;

(2-a-9) The pharmaceutical composition as recited in any one of (2-a-1) to (2-a-8) above,
wherein the miRNA is 2 miRNA derivative comprising at least one modified internucleoside
linkage, at least one modified sugar moiety, at least one modified base, or any combinations
thereof;

(2-a-10) The pharmaceutical composition as recited in any one of (2-a-1) to (2-a-9) above,
wherein the heart disease is myocardial infarction, ischemic cardiac disease, congestive heart
failure, hypertrophic cardiomyopathy, dilated cardiomyopathy, myocarditis, or chronic heart
failure.

[0017] To describe the therapeutic method as invention (b) more specifically, it

encompasses the following embodiments:



(2-b-10) The method as recited in any one of (2-b-1) to (2-b-9)
.above, wherein the heart disease is myocardial infarction, ischemc
cardi ac di sease, congestive heart failure, hypertrophic

cardi onyopat hy, dil ated cardi onyopathy, myocarditis, or chronic heart
failure. [0018] To describe the use as Lﬁvention (c) nore
specifically, it enconpasses the followi'ng enbodi nents: (2-c-1) Use
of a nucleic acid that encodes the m RNA having a cardi onyocyte

prol i f er 2iboh pmsHhedifaythadrentorent of heartaliseaspvhereinranusieipicid that entodesthe
conpositions for the treatnent of heart disease; (2-c-2) The use as
reci ted PHRMA Baving apydiomygesicdrpliferpbioppragpoting astioy sinapduced éte ardeaaged
fromthe grou onsi stinpg. of mature m RNA, a precursor of said

mi RNA, aéﬂ%‘f e ar\t/af ALy toaﬁl?axeéwa}f%f@@cﬁa,rﬁwyecms atpAd§ie as

o B B e LT Y S N T R 058
Corpr i &1 B ﬁ%%@%)&@éﬁhﬁgeté‘a%ﬁr%@af p Sepeo B RE i NG S HE A c

I d.fr i sti i R-148 SEQ ID NGO 3),
i?R?ngbv%é§%§%%fﬂ€§£%$P&§Q$£igén?SEQ rb NO ?)F pszcursors %hereof,
as wel | g.bg:@g*v}fg%%@mgs éeﬁ%@ﬂ%zlbhﬁr&qﬁsb-@%b&v ,)whEP&ﬁgfegge K84 Liftlance

in (2-c- erein the subst’ance conprising t sequence
depi ct ed B prfiQe b Redeqded® B ﬁtégsﬁgasm IBNECt &dSPE(E N B2, oup
consisting of mR-373 ('SEQ IDPNKI ), precursors thereof, ‘as well as

vari ant s (amdf)arhel@Bod Aefeedd in(2-4C3 abovélevieséin &fe suBSthh@topriafiy thdged
of (2-c-1) to (2-c-5) above, wherei'n the nucleic acid that encodes

t he m RNSequevicedepictedib g SEQYILNOe 11¢ o kuliseinat scdect@l Homtthagroap omisting of
cont ai ned as an expression vector or a |liposone for introduction and
expr essi oniR-H8dSBOQIRYE Oy 8k syiRE 24D-(BEQTREN(s 8), asiR- B (SED) II\NR -7}~ 6)
above, wherein the vector is a viral vector or a non-viral expression
vect or; @Erecyrsg)s titrgolige wall as weriandslandanatogs timreafbove, wherein the

viral vector is selected fromthe group consisting of adenoviral

vect or s, (Z@ehdhadaghodasigeikd ial(2ba\aboye sthsran thesfupgiengegompaising;the seed

0ot IS TSEALISLARG, ) e Rdogen, (0, oL 50 kpoun s, Sendal gt
vect o, ARCAABRLTY) o) G s v o BB e S S0
Ser| Vet (a5 A ko A0SR BB BAA B i i
any conbiypathQass HGhRNA having a cardiomyocyte proliferation promoting action is introduced
into cardiomyocytes by means of an expression vector or a liposome; |
(2-b-7) The method as recited in (2-b-6) above, wherein the vector is a viral vector or a non-
viral expression vector;
(2-b-8) The method as recited in (2-b-7) above, wherein the viral vector is selected from the
group consisting of adenoviral vectors, adeno-associated viral (AAV) vectors, retroviral
vectors, hemagglutinating virus of Japan (HVJ, also known as Sendai virus) vector, lentiviral
vectors, vaccinia viral vectors, chick poxviral vectors, and papovaviral vectors;
(2-b-9) The method as recited in any one of (2-b-1) to (2-b-8) above, wherein the miRNA is a
miRNA derivative comprising at least one modified internucleoside linkage, at least one

modified sugar moiety, at least one modified base, or any combinations thereof;



(2-¢c-10) The use as recited in any one of (2-c-1) to (2-c-9) above,
.wherein the heart disease is nyocardial infarction, ischem c cardiac
di sease, congestive heart failure, hypertrophic cardionyopathy,

di | ated cardi onyopat hy, myocarditis, or chronic heart failure. [0019]
To describe the nucleic acid as invention (d) nore specifically, it
enconpasses the foll ow ng enbodi nents: (2-d-1) A nucleic acid that
encodes the m RNA having a cardionyocyte proliferation pronoting
action fd2-tud@® The mt¢tbod aemcitehin aof oheaf 2-olil3 e@ech-9f Zhake 2yhéibin theibdasi c
acid as recited in (2-d-1) above, wherein the m RNA is a substance

sel ect ed disegps ismeyagrisia] i pBtis¢hgmid cardiradiseasencaRgastive heart faihsoar  of
said m RNA, as well as variants and anal ogs thereof; (2-d-3) The
nucl ei ¢ dvpartphiceardiggyppathy diateq cydioppropathy, mpesseditisues chiopic heart failure.
m RNA is bstance conprising a seed sequence depicted by SEQID .
NO 1 or @&@L Nesscrbe @g-ua@ a@mmtwﬁ&& apte spesifically, Heapquappsses thotofiogjng
above, wherein the substance conprising the seed sequence depicted by
SEQ | D NG™MOPAIECHS s ihst ance sel ected fromthe group consisting of

i R-1 i . M.R- b . 1 R- .
7 precdreobapleis Eiinef Sobie sk g dhonintrgsro teriion

Subst ance Goie £nd6 e 35ul BERRER: bhchasthifd ARSI B Ryl of

substancqmgghgﬁ&ﬁg fromthe group consisting of mR-373 (SEQ I D NO

9), precursors thereof, as well as variants and anal ogs thereof;

(2-d-6) The-Nnumaiss adfdctledin 6&1] Abve WRRYin REMPRNAZs JsdDstdnle §dedePhrom
above, wherei'n the nucleic acid that encodes the m RNA having a

car di ony aky p@up cohdidtRipaifiahatife QRN AG Rebirstt df SaldaMRN A6H vaAsl @Wariants and
expression vector or a |iposome for introduction and expression in

car di ony anylogsthereof;10 - (2-d-7) The nucleic acid as recited in

(2-d-6) above, wherein the vector is a viral vector or a non-viral

expr essi da-ovBckheruse aPretit@] infRec- hual (Bice2)aabode, agherein itheed iRMA (2a shib&ance
above, wherein the viral vector is selected fromthe group consisting
of adenogPrRrisipgatseedsequdetsclepistaddiy-SEQ IDING] 1 onIEQ Qs

retroviral vectors, henmmgglutinating virus of Japan (HVJ, also known
as Sendai(Z¥rhide useas tsac;tef? Brirard) aove.arheseia the sibsiapsecomprising tbe setls,
chick poxvira

ohi ek poxi Il eclol s, SRRV Lol Neclar s (2.0) The vl
LM AT )
ﬁg;?taZiFEC|fe%§lﬁﬁaﬁf oﬁgibf %%ﬁd%§ %gigg}%?gfiabovez wherein the
Congest | Ve ke P B D R PR Secs

car di ony Qpqiciive dépIQERHHSECRID RO: 21§ 9 Shisstdheaidledted frdmahe BB (bndiflind of
third enbodi ment of the present invention, the present Inventors

provi de aniRe3130GHPID MRI9)f @Eatridig tHetdofl] R RYICIs vRSiahtS lahd ahd6gs thereof;
above-descri bed nucleic acid that encodes the m RNA having a
car di oy @2yt Theakt hereaitedin anyemeof (Rycdgto (Rc-SMVaieespRekin thahhleic bid3hat
met hod for proliferating cardi onyocytes enconpasses the foll ow ng
enbodi mernendes ek thhoidg aarrdioroyodyer prolifegatiosr piomoting ydtea inbertahal &
nucleic acid that encodes the m RNA having a cardi onmyocyte
prol i f er anicprep@nvratorgradifoseme foriintrodigtior andenpressjpmnds sadidnmyocytes;
cardi onygcytes: L

(2-0—73 The use as recited in (2-c-6) above, wherein the vector js a viral vector or a non-viral

expression vector;
(2-c-8) The use as recited in (2-c-7) above, wherein the viral vector is selected from the group

consisting of adenoviral vectors, adeno-associated viral (AAV) vectors, retroviral vectors,



(3-2) The nethod as recited in (3-1) above, wherein the mRNA is a
.substance selected fromthe group consisting of a mature m RNA, a
precursor of said m RNA, as well as variants and anal ogs thereof;

(3-3) The nethod as recited in (3-1) or (3-2) above, wherein the

m RNA is a substance conprising a seed sequence depicted by SEQ ID

NO 1 or SEQID NO 2; (3-4) The met hod s recited in (3-3) above,
wherein the substance conprising the seed sequence depicted by SEQ I D
NO 1 is hemghstiastioe Weised Tahnf(HMN dlbekgvoumps Sondsi wiishgeadr, [enfvitd8actors,
(SEQID NGO 3), miR148b (SEQID NGO 5), mR-152 (SEQ ID NGO 7),

pr ecur sorvactihervant yechwswlidk pscviral veatirs aad gapovaviogvettoes; eof ;  (3-5)

The method as recited ingé]_?,- 3) above, wherein the substance

conpri si fgctHelhsawe aseegitedh meangeymic of €2tcly tRT-BalNee, whersinghe niBNAvis
selected fromthe ?,r oup consi st n$gt of mR-373 (SEQ ID NO 9),

pr ecur somBiRMH derdrative somprising gt leagtioan modifind inteavslpssidn dpkage; at(lgasbyne
The net hod (gts (Lecited_i n apy one of (3-1) to (3-5) abqve, wherein the
nucl ei ¢ ARQGHEhHERROIIL 2 1Y aiF RAgdifcd base of 2y combinpHeys thereot;

orol e 98 LenyROTRL Lng Bef o, 5 LpLE o9Ved L BS Qecar hINOEVLS, e
RREAR TR LRI ET L ME N KR I R
s o 1 ARy idlotPShA LRARGLAEIAY. §O0I S SERUBORIEEY O,

vectors, gg?’f(?g Hids@tid Y niélEiS R ashARARoh %ax@'sﬁ&iﬁ%ﬁ)ﬂﬁﬂgi’t %g%ciﬁgl%g&is the

virus) v entiviral vectors, vaccini Iral“vec

poxviral fyestassmbadind@povaviral vectors; (3-9) The nethod as
recited in any one of (3-1) to (3-8) above, wherein the mRNA is a

m RNA der2dat)i A/ gud€igReidshat@naddds @RshifNA habvik fal alibmieyidisloBnsitin

| i nkage, at | east one nodified sugar noiety, at |east one nodified
base, or pamyotigditioatoouss it Herteatm&D\dANACES dSe;EFFECT OF | NVENTI ON
[0021] By using the m RNAs according to the present invention, one
can provi(gd-2 Thetrwobtid anid ps wkitébingRidrl) adwveli wimyeio yhemiRNAves sdrstadnos
use in the treatnent of heart disease, and a pharmaceutical

conposi t iselacted fropy B eronp ¢oaaistingipsamatire YHRNAL hpregurshoef s#id miRNA, as well
proliferating cardjionyocytes according to the present invention is
used, celaﬁvé‘ila}]t%@wl’g%gééhedwﬁryocyt es can be induced for cell

! TGS RS D Skt i Dbt el
Cher apy. PG PT RS Ry S A P ERneee h N LSRR Ol
di seases (gﬁ'-‘d?@tﬁe’h%ﬁfe?csé&q a ll%F!it fn‘}?-&?élé%t K}Erwﬁe%ihlt‘lﬁeesu %tance comprising the
car di onyOCyt &s ey potent i al Ty be freated n an attenpt as part o

e SRS S MOS0 RIS i

car di ony Q¢ wiirst48BRENMO PSB! B - (FRbIBAW INGSO: 5), HAR=152 (SEQ ID NO: 7),
precursors thereof, as well as variants and analogs thereof;
(2-d-5) The nucleic acid as recited in (2-d-3) above, wherein the substance comprising the
seed sequence depicted by SEQ ID NO: 2 is a substance selected from the group consisting
of miR-373 (SEQ ID NO: 9), precursors thereof, as well as variants and analogs thereof;
(2-d-6) The nucleic acid as recited in any one of (2-d-1) to (2-d-5) above, wherein the nucleic
acid that encodes the miRNA having a cardiomyocyte proliferation promoting action is

contained as an expression vector or a liposome for introduction and expression in

cardiomyocytes;



[0022] FIG 1 is a diagram showi ng the proportions of Ki 67 positive
.cardi onyocytes in primary cultures of cardi omyocyes transfected with
mR-148a (SEQ ID NO 3), m R 152 (SEQID NGO 7), and m R-373 (SEQ ID
NO 9) in Exanple 2; Ki67 is a cell nucleoprotein and used as a

mar ker for detecting proliferating cell io FIG 2 is a diagram
showi ng the proportions of Ki67 positive cardi onyocytes in primary

cul tures of cardionyocyes transfected with reconbi nant adenoviruses
expr essi (g-di7 R Tes8wleiSRD preniOrd B)(2-di6)Rb0SE, WIBSEEGN Ithe Wotor 7Y 3 viamldrector or a
mR-373 (SEQID NO 9) in Exanple 3; "None" refers to untreated

sanpl es. non-viral expressmmvectpra di agr am showi ng the proportions of
phosphoryl at ed hi stone H3 (H3P) positive cardi onyocytes in primary

cul tures (%fd-éal?laﬁ WielRde 3d ag fegied BdEuld T\ aboNenyirerain ghe yistergter meelegipd from
m R- 152 EQ ID NO, 7), .and mR-373 (SEQ ID NQ 9) i npl e 4. )
I G 35 1B EHoup SOPISHIEIRS Mg VALY o515 TR RSOTReRsise A (rgtors, retroviral
cardi onyocytes.in primary cultures o r di ocyes, transfected with,
econb nafton Brbeen R he i 0k g B s SR S By ) veson e vl
(SEQ I D ) ] LD NOQ, 9). .in anple.4. "None"

ofers toouinl aftile Tualyeberd, S bBx LBl el AR A3 1B aphs
show ng psingr ; i R e f Lth
ecomb nant Jisafclet 3 &R RAKES (% WBFE) RRPRLFRE SRR
(SEQ 1 D MHRNA is ARRNARAA iR ﬁn@_?t 1628t RAnddIHEY RiFhREhsifelhkagE, at
anti-113P anti body, an anti-Troponin antibody, and DAPI in Exanpfé
4; H3P (géResle thbaipiedishgal Mdi&) at I@RCoIARbdIfiBE HR)., & HiydeRIbHiB8ns thereof;
FIG4 is a diagramshow ng thé proportions of Ki67 positive

car di ony @2yt Hp The nlucRileid ecletitsdsin@hy bhe oh@ad 113 to(2-d-8) sbove anbdreiatteeheart
in vivo with reconbi nant adenoviruses expressing m R-148a (SEQ | D NO
3), mM R Hx2ageSEQ@yobailial infprctiamdschieRiSFRdiaSHRedsE, dddgeQiveihnarEfdlnpd, e 5.
DESCRI PTI ON OF EMBODI MENT [ 0023] Wen carrying out the present

i nvent i olypetiophisgardiaryepathy, dilatedeardiganpopathykmypeeanditis oablmonicdens failure.
met hods and prior art in connection wth nol ecul ar bi ol ogy, )

ni cr obi ol[8RRP] dalalthisd embggdimenteiohp Preasnt iDreatipache pleaeyy inventors piowide a

unl ess ot heévg%% not ed,. | ook, at standard_ - 13 - reference bogks in
those fi dredaod fox rpliferatipg sardiomyosutes usiag thecbpwe-fereriberbnualilr aeid that encodes

Cl oni ng: L t Va |, 3rd Editi Sanbr ook, & I1,.Cald. .
Sor 1 g LR R AT it s GBIy aisifera Gl rORbPE af st T SPogifica s
bi ol . Ausubel. et. .al . John W/ & 1987) : t hods i
ooy ol odg e Hos SHRURER g tara By ol MOF eliantihedts T B o Rk Ao ipeHest™ | "
Mol I i Ql . I i L . P , :
O ecul i Bl ARNod ok prtcithl Eilodfu ik il EYIBR LR or 2R hic
Mast ers, nRINK Halihd ¥ SAridnty Ry R SrelifeRRBh prébiiORkies 'isbi‘ﬁtrbé’thﬁﬁﬁﬁ@fﬁ[ ressed
Manual (ed. by HarTow et al. & Lane, Col'd Sprihg Harbor Laborator
Press, 1%8farfioneaeenrs for the cell culture and cell biol ogical

experinents that are referred to herein are on the comercial market
(for exarpi®Thé heehodi grecitedlial (3-¢haboveywhéreipané HiBNQA is elsabi@rb selected from
Stratagene, etc.) and are readily available. [0024] In its first
enbodi neitlte grohp consésimgtof iamvarwmtei ok Nok cvpreessori dRMAE mhilN A gps avellastviadiants and
for pronoting the proliferation of cardionyocytes.

analogs thereof;

(3-3) The method as recited in (3-1) or (3-2) above, wherein the miRNA is a substance
comprising a seed sequence depicted by SEQ ID NO: 1 or SEQ ID NO: 2;

(3-4) The method as recited in (3-3) above, wherein the substance comprising the seed
sequence depicted by SEQ ID NO: 1 is a substance selected from the group consisting of
miR-148a (SEQ ID NO: 3), miR-148b (SEQ ID NO: 5), miR-152 (SEQ ID NO: 7),

precursors thereof, as well as variants and analogs thereof;



[0025] In its second enbodi nent, the present invention provides a
.pharmaceuti cal conposition for treating heart disease using a nucleic
acid that encodes the above-nentioned m RNA having a cardi onyocyte
proliferation pronoting action; a nethod of treating heart disease
wherein a nucleic acid that encodes the.m RNA having a cardi onyocyte
proliferation pronoting action is intré&ﬁ%ed into a damaged site in
the heart of an individual to thereby proliferate cardi onyocytes at
sai d sit é3-50dbe ofethodasateied im€3-d) alioae, wharoghe substantRMmprasingiye aced
cardi onyocyte proliferation pronoting action for the manufacture, of
phar mac e gequears depigted R WERE ipe sehstance sileded Bomdhelgmwup gensdsting of
acid that encodes the._m RNA having a cardioqyocyte proliferation

pr oot i ngURcE THPEQID 34 Drpregiasary disroobias Vol aseiaripntypagd aradogsithaef | n
its thir di nrent, the present invention praqvides a nethod for ,

br of 1 T er AN e BT AP L Ban ASY f Shia st LS Lk b Hsieth s Brasigasi that
t hat encodes, the m havi ng_a..cardi ocyte.proliferation.pr ti
hetion EOET AP EpR AR SRS AR B oy e R B Rledd e
expanded . (o} i e pt nt. i nventi on may
generalIﬁgﬁﬁ%gﬁﬁggéqgﬁlg%igbgﬁﬁghg%g%ggagHE§§W51opnent, i.e., adult

car di ony | i-e.-cardip L C: o
car di omysiy aBe ol Bl if (AR AR SherBitn FPRANALH Eial vector of o pon-virl
may be cakgi-qimpeydgs that are found in mammalian heart tissues but
inthe first and third enbodi nents of the present invention, ex vivo
cul tur ed (38) tho meadtRednrd ik (27 AboRe BNerdinRe PRa1USEEr is[LRBH rihAetR
vivo cul tured cardi onyocytes that can be used in the present

i nvent i ogrémyconkisghyal flchowdiml avstos|idtny-a8sitiR&Bviral (SAWY i BgorROietro iyt
cardi onyocytes isolated fromthe in vivo heart tissue by various

met hods sacthrsabereagghmirtatiog viresoidapan V], allsdkdokai as Sendaiwirys)cwsctonrlestiviral
obtained by culturing them under suitable conditions for about 1 to 5
days. Spaettbisevansitauisalofecton, chick pgxdzal deampsoand prpovavdrall gsgtorisped i n
many reference papers and representative nethods that can be used

i ncl ude €% Ahe methadad reqigdiin anyers ¢f (Sal)ite (8] Woverwkareinithe miRNA is a
Journal of_Clinical Investigation, 75:1770-1780, (1985). ; Meidell et

al ., AreHBAH dtatEe comPE)e pldeey one podifigdgnisruslsgside il}@@g; at.least one

T i et.al Al [ | of.P i ol , 245: H2036- H2040,
T s S N M e

| 7 d I i ncl ud
10, oore PG RO REEIRECRRAIPL GRS ey oo nclude
f st : : - i AV
o S 18T Ry DA ol RS i bRl o

differ entf&aﬁrslif'emt&g%%{di&ns?@amga Gadsl ffa_mi%ﬁttﬁe hE&%&eﬁhffﬂ%Bﬂ Hﬁ%aééné}ﬁfa

invitro culutre conditions and specific exanples I nclude pluripotent
stem cel bﬁaﬁﬁh@&utﬁfa?ccﬂh%(%ﬁﬂ)ﬁ fol treatr M elidtas. FPhcdUhdnkiRd of pldlFerafit:
whi ch are exenplified by enbryonic stemcells (ES cells), induced
pl uri pot eatdichgayes labsor{inB%o drl grégentintle@idr iy QRdds c@bdivistdl dfcafdimyocytes
cells) that are derived from mamual s such as nouse, nonkey and human
For the et booslucdd for eplhpiotificratias®dgkaygacndopr effieeatly tigant ih dleprdm] arts and the
standard protocols have al ready been established and skilled artisans
may fi ndchdicsaggyeoprapared hg dids plethtidpen dautitivehasaells forithe soedeping ofgyatious
a plurality of reference books such as Manjpul ating the Mouse Enbryo
A | abotatgsayd fenftaasplas@tioniherpyaln asdition, by aeplpinghis mpthqsrip gene therapy,
Laborayory Press, 1994) and, Enbryonic Stem Cells (ed. by Turksen,
Humana PREXS 5118%992%136 tganeggasis, deplefion qioder £3iluge of erdipaeEytpnpay gotentially

(Matsui et al.,.Cell, 70:841-847, (1992) .: Sh | o t al.,.
Pr oceedi Reeapd i Nmﬁmawaf,&eﬁafﬁémaw PERYCLIeIRIRES wisoding & the prosent
of Amerl (i:l%fengéﬁ g’v%zot?aé& 5 7(?\;3‘11 to( ejx %381? a ﬁqal%ldtp‘%ol?ftera?iloh act[i\lxr%%yugneCardiomyocytes.

BREIF DESCRIPTION OF DRAWINGS



[ 0030] Even in the case of cells that do not have property simlar to
.those of ES cells or which are not pluripotent stemcells, the nethod
descri bed herein can be applied if they are cells at |east having
such an ability that they can differentiate into cells having

cardi onyocyte-|i ke phenotypes under in_Y%%ro culutre conditions.
Exanpl es of such cells may include bone rrow nesenchymal stemcells
(Bruder et al., USP 5,736,396 ; Pittenger et al., Science,

284: 143- 14622]( 1969] js Dliagen showtingthd @rapeetiorsrod iki6d pesitieer caodiofbkiteson
et al., The Journal of d.inical Investigation, 103:697-705, 51999) )
WO01/ 048 P3imary gpliurepefccasdipmyoehss ﬁr@@ﬁe¢t¢fgmthrm1§8rb4&ai (§EQdD NO: 3), miR-152
(V®03/035§8§?. %0031] Culture nmethods that can be used .in the present
i nvent i od>EQ 10 BRark apd miRoIAF (S ERAD NP ) oy iorample RsKipdys peelbruclypprotein
types that .are suitﬁgke for imduceg differentiation into

car di oy deg s S54 Bitker fardtespnamabitaetsinods for | nduced

diff iati . dy.b bl i shed. ar . skil]. ed i
cia? “hduce t he FAPTY B0 %%?wﬁno‘%?nggﬁéh%egﬁoﬁfﬁ%a”)&cﬁq%vl%l | f}%@cﬁ%ﬁ ’
Tar koen, PeifaR SEBrEEQr eS8y aRE RS AR R N SR B ipo i s
l ., kil Cal znfé%ﬁ' (.GR, : .
\%bﬁs et a f%Jé(r)(l%rE?a@ 18@' Rg:ngléﬁﬁ][dar andw@ﬂﬂ'gﬁ’aaﬂgélﬁ?éﬂ%g fﬂﬁ%ﬁb?m

29: 1525- ¥53hoid 3:9%Bhe” Ketieto Glircdled safipRsJour nal of di nical

| nvestigation, 108:407-414, (2001); Xu et al., G rculation Research,
91: 501-508, (2002 3-1Tigkahasdth sBéwidk the Sroptioad bOPhospkbFyIAR A ZiskSnOn3 (H3
(2003); Field et al., USP 6,015,67%; Qﬁbgt aI.,p@%O%Q% 950) . [OOB%fHSP)
M cr oRNApofitivebAdjomyocytes inl prmpiyesitties ioh vadiondcpesavindfstedivirhomiiig 48a
(m RNAs) having an action for pronoting the proliferation of

car di ony ¢8EQd®. NOh3), miRNAR (SECOHINQY 7), antl meiRp3 2GR0 ID NO6 9) in Byaeimile on
may be of any types as long as they pronote the proliferation of

car di onyocyt es Fﬁa-& aydizggramisbowingdhe proppuions ef HBEB positve cardicorypogyt iss
descri bed above. [0033] The m RNAs as referred to in the present

i nvent i oltigrasy SHHITes i dpmyesyss FeniieriedNEb reqombingné agdrsovirugss aERIAISINg

or D1 oe 0 TR D 0 ARETRL it iR R o B
O eronth L AR PLALL L O e Ve That con'be used i
RS 2 el s g 0k g A e U B R
1, T L BB LR AP E0End RYETISOER By By

long ( moa.tsI YSEd IDN@57)) uﬁdlg RFRIFSISEOBINOMGY waethleﬁ Vied GAR ABkE-rp @

m RNA famly or a group of m RNAs that share at |east six consecutive

nucl eot i dﬁﬁb@ypﬁgaﬂth%o};ohﬁl T Zntibedy, 00k IBIER] iAEARD1S4; B3EQr&h), thionin T
mat ure m RNA nol ecul e (said shared nucl eotide portion is also called
a "seed (ed)eand XARIEbhe] ke &picedd., PLoS Bi ol ogy, 3:e85, (2005)).
Hence, a m RNA famly contains a plurality of mature m RNAs that have
an identical 5TlGegisadigramashewdigithepmportmns bhKi®7 paitie cafdidrhpoaydstin e
m RNA. Menbers of the sane mi RNA fam |y have the sane function even

i f their tistrsise¢tions ©f eheshegrie atwes transfelgted3n vivegiitnregpmbidiafifadenemitusess
has been reported for the sequence of an 8-ner seed region (seed
SequenceXBESIMEMIRTIA8s (ST TH NxcBi BERA5UIREQEPNRE Ak anomiki373 (FEQED
Bi ol ogy, I]?g'?re%S, (2005)) and in this reported case, two different

m RNAs ™ afBg)thEXEBE'Sy ni RNA fanily that share in the 5 region a

sequence ence that binds the sequence of the
af or emn%ﬁ%ﬁ%gmbbmt a single site were different on
the 3" s '[H(?.Zﬁnql\lﬂeq} c:}nf}r%y g 819%9 pr%’sjerr)lrt) EneV%ISlti(gl{l R raxetlssgllls?% tﬁgzy vthI% to know more

about general methods and prior art in connection with molecular biology, microbiology, cell

=t

biology, recombinant DNA technology, etc., may, unless otherwise noted, look at standard



[ 0036] The m RNA variants are m RNAs in which one or several

.nucl eotides are del eted, substituted, inserted or added in conparison
with the mature m RNAs or their precursors that are inherent in
organi sns. Here, the term"several" typically nmeans up to 7 or 6,
preferably up to 5 or 4, and nore prefe&gbly up to 3 to 1. As noted
above, a "seed region" exists on the 5" *side of each of the mature

m RNA nol ecul es that nake up a mMRNA fam |y and any nenbers of the
sanme m Rgfefence byoksauéhash dieklmnExdmpict thatncas\beneicfred heipchbidé fMpleculat Gkoning:
nucl eic aci d sequence of the region on the 3' side. Hence, nm RNA

vari ant s /atabgreiereMapiagl, SnddiditiorRSambrond & Russalb CottbSpringsHatbbel dwratory
substituted, inserted or added in areas other than the seed regi on of
a mat ur e FeNR001) fomrpant PretoenlRinaMaleanlapbiolney (pdl fndsust bl et iwhJehph ¥dleys
pr epar ed NAs or their precursors,

s to _m mic endogenous, mature M RNAs, )
These sutsonsmisd):Meheds PtasyBaiagy SeHFs @@Q%‘Plc(l?f@is)éé’ retocols: dfgthods in
Anbi on) readily avail ahl e 38]...1n grder to e ce thei
b1 ¢ Moranbielod G Bratre dostiinadinr iy 0, ek el aure: A
forns as - Jiucl ej ¢ aci erivativyes.and/ or | ei.¢ .aci ds. havi o
ot 11 o TritisaHaeRBady & ERRALEE oF MR BB RS P PP Anibadies:
can be a I I the, gr .St 4 0 [o)V)Va]
Cypes. ouoLRRThRLeMAnEE (B bE IO "3 FaOER A SHRL Hlfhof LaBTIREy Press,
i nt ernucl i i i oat.e. -
phosphor c} ???2 ?%g%%n?g(%g g%p%g fcg}% aalf%g tctg% Eoé %ﬁ?% ??@%?%?“%s)‘aﬁ}g ?\%%Hécp% Herein
si | oxane ar& s BRNBhfneréial RAMETEEPNMAATAE Fronf S REATAR &,
thioetheff bri dged ﬁﬁosphoraﬂ?%atggﬁﬂfiébed nefhylé%éhﬁﬁgg%ﬁgﬂggg?
bri dged espbQSHabigens, etc.)dindREdihgMeawilbblede, di net hyl ene-sul f oxi de,
di et hyl ene-sul fone, 2'-0-al kyl), and
2' - deoxy{@024}| uarsghstsepitodithénitowht rdsedtlinwsnnot pReydos miRSeawlg an action for
Revi ews, 90:543-584, (1990); Schneider et al., Tetrahedron Letters,
31: 335- B@BQmQti@m}aprolﬁmatihepf exdioplyesytesicl ude derivatives such as
Locked Nucleic Acid (Koshkin et al., Journal of the Anerican
Cheni cal [&¥]etly its sepndzagpdirgasth¢ pregit invedtiBNprqvides 33BT6Hceutitaés e
nucl eic acid derivatives and/or m RNAs having nodified - 18 - )
i nt enuc| EEPAELIPR H{Fpating heart disease Bging  ngeleie ariAhgleanicodasitheabave-mensioned
present in fon. The m RNA deriyatives include derivatives of
Tat ur 6. rPRRACA hRg o SETORR a5Kie HRNAIAIOB PEBOHIE SCHOR & BETOL QT BFatingdear

variants,..and derivatives of .m RNA anal 0gs.,.[0039] The nm RNAs t hat .
can be. uiftaye R e it Pl PreRor g THBN Rk By DR Gl teration
techni qu A | -nat ur al uct fo hem.ca

synt hesi g)?o%é)ﬁ?%%%& g?}%&ﬂgg%%@lﬁ@n d eziggclri] %?eoléﬁ%g%aé{do tf)arIl olg?lif&dlu%lnt;o thereby
alternati - iq abl | t .
excapl o, PeSitbrad R bo e AN 0 oo 37 R e Ploo RO RUNG e pIREA havie
al | the LeAIESAYEtEThioATadprdMdting Rbtfonl foP e MR LPRturBof PRAmaSh #¥Ris for
Thernmo Scientific,” and other sources. [0040] Methods for

i ntracel kg @¢atsieht ofeeyrt Afscabie RNASa hitlidc béid What @nddleh theGhiRNA Yhdin@acel | s
may be any one of the gene delivery neans that are commonly used in

t he t echihlidmgodytecmnlifengiioatprombiing Agtioprfesesetin ithviesatme of &sart disease.
exenplified by expressin vectors or |iposones. The above-descri bed

mat ur e m{G®3 dn ititiRrrepbadimest tis: presenbimverstaoh provideea method dér proliferating
ol igonucleic acids or derivatives but fromthe viewoints of such
aspect s asrdicipyestytas aisiagdle diovetveperibed prelsiciagid thatenchdesdhe miRYA loving a
which their_effect wl| be sustained, they are preferably used as

i ncor por &EEEPMYRYteIplicsationProweting actiongo41] 1f an expressi on vector

is to be &iﬁﬂ as E Eene delivery means, it may be of any type as |ong
as it ha$ ré Sis capabl e of expressing m RNA, and both a
viral expressi e \égr%}o%yo%? es o B Qip\{alnagi b)}a R nsetnod" aC%SPdEI?é tormé/ pr%gcnl"tls ed.

invention may generally encompass those at all stages of development, i.e., adult

cardiomyocytes, juvenile cardiomyocytes, and embryonic cardiomyocytes. The direct target



- 19 - [0044] Since infection with those viruses does not depend on
.cell cycle, genes can be expressed in various primary culture cell
lines and transforned cell lines. Notably, efficient gene transfer is
possi bl e even in cells such as cardi omyocytes that do not undergo DNA
synthesis or cell division. Since nmany cells receive nore than one
copy of reconbinant DNA (or RNA), the tidnsferred gene will be
tenporarily expressed in high level. [0045] In the case of adenoviral
vect or s, ihtik wesshoinyentich mhp bt chrdionDiNbgtentict RAsundsinahdiymabsi lbartitRsues
the cytoplasmand will not be taken up by the nucleus. Hence, another
advant agéubin ths ifingj and ¢sied embeadiments wbtle presehhiavertioar ex viso biulturéd chance
for the occurrence of nutation-inducing errors which mght take place
random y Carfeom Eeryéssoad iukkq@ae alsg be meesk porated into a host cel |
genone. | 04?] Adenoviral vectors that may be used in one preferred
enbodi medb0%s" e grvdgesltursd ardipmyoeyies that gan bpasedinghe presentiaveation may
usi ng hono) o oug reconbination in the host human enbryonjc ki dney 293
cell or En ?‘M%{PEEPQQ’ Sgprees, netelosardinmyReitroialates dume g in
of Sciences ,of the United States of America, .93:1320-1324, (1996 or
by the sVHBIEAHISHG Y YR OIS SRS ORI WF G algpfé}wﬁwﬁ@mn

the_ DNA vi e SORREAS b MeRldiact SBRTI GO FRRIL LY RS Ry prrecigi
d 2 . udi. e i . .del et ]

o ang it SuuahELaoRlBONY LUTEStRY if Baf) IMGChAGBLRR, P

havi ng NQekrehiARE MighRithdtiodn B@Hseﬁ%n&ﬁﬁ%@ﬁﬁﬁ’s%&h&l?ﬁfﬁ ﬁsorﬁgfrﬁrf}i]s%tfons (Chien

exogenous DNAs of several kilobases w thout exerting any

action ot dlNeriegbinhl SNCRAICMIThwktipAIdn, ¢4:8370-T1ES ¢1998§ OMRMAN; al., American
adenoviruses lack the El gene which is a transcription regulatory

fact or buburasl @RGsvlogy] 25 NH10TGEITOR4, (1986)€ TaRekotii ¢t al. | ANSEEInILULRAL of
unit, only the inserted gene of interest can be expressed w thout
dependi n@hgsioloag, BroHROXG-HR040) (0898 he target cell or irrespective of
whet her ot her viral genes exist. [0048] Adeno-associated viruses

(AAV) ar ¢063% gl Thesmitarededrdddtayadytesshat cafi balsadiare by nkimdahatimited ane ibove
the fam |y Parvoviridae and twelve serotypes (1 to 12) of AAV are
known. AS*ZpaRlcy aed Bay alsn ipludn easdipagopyieseltisingd by indgceddiffgrentiatisn from
interest for Rep (involved in replication or genomnic incorporation)

and Cap (EHYHS Wpey St gellse fhe damy geds forle ysed iz fareng outtbe present invation are

521 Bl BB o kB M B e
g U R Sy e
FECATY) S DA R T o Rt el B,
L 090 e Sty S S0 by B R

bel ongi N@ein® céIRqEGREBLLSY thapard O FrbfaRaAmdisabaiPadkemdR, Adnkey and human.
Hemaggl utinating Virus of Japan (HVJ). The genone of SeV consists of

m nus si ot theshethodbad prbyAsing CRHTR gbneatidayryseidn cERJsteRes plotdcolsRive

si x genes of nucl eocapsid (NP), polynerase (P), matrix (M,

hemaggl utireddy-been establishddard §iElled artifarsinoay fidd it easydo luat thesd pljiripotent stem
proteins. Using HN, SeV adsorbs on sialic acid in the host cell and
degr ades cellsbystghating tea phyally ntireferenes hooks swdhl asadzhipwlatingiihe Miapst Baibryo :
genone into the cytoplasm The viral genome now within the cell

per f or ns Adabratorymaapalfed.oby Heaan el &aki Imingflahehlabiesaygey Prss, dP94) and

protein it encqdes. Unlike with ordinary viruses, the above-described
step is F&bfrm%gteffhg Iilfeééy%ﬁ%% dhanang &ress; 2002) as pepllas arplgplitynd

viral ge?&tgr%n(l:enlga%e}'sh&aqgugle EJIS,CJII?QS%]:H.EQS, &832)\/;95%};13{1)10%9 Qt a .?Pl%%ge%%{g%%f
the National Academy of Sciences of the United States of America, 95:13726-13731,
(1998) ; Okita et al., Nature, 448:313-317, (2007) ; Takahashi et al., Cell, 131:861-872,



- 21 - [0051] As for reviews about adenoviral vectors and other viral
.vectors, as well as nethods of preparing and using them skilled
artisans may refer to a plurality of reference books. Exanples

i ncl ude Gene Therapy Protocols: Methods in Ml ecular Medicine (ed. by
Robbi ns, Humana Press, 1997), Gene Transfer in Cardiovascul ar System
Experi mental Approaches & Therapeutic I'mplications (ed. by March,

Kl uwer Academ c¢ Publishers, 1997), and Adenoviral Vectors for Cene
Ther apy ((@07)hyhesteinetells thewgh bs nselicadenpresddt ewsntiGiO0 by nkimemné Gmited to
preparing adenoviral vectors are also on the comercial market (for
exanpl e, the eferameptioperdyetamiaslls ped sramicmceNy caafbswsadvisldes @s/thr:u bave traits
expressing system (#K4930i and from TAKARA BIO in the_nane

Adenovi r lfém’@(ﬁia §§§F ShEVeetinThrichargtenistins Simiar tafhose eblE F?Hsaaﬁdpfe&lﬁﬂ &0

:pi:eﬁéf .e nig;‘s :I/r éhgj Q%é&s@;’%g{'% i;'t :‘Vglnetéisg%l% %%&ﬁlﬁnt?t; r;%iﬂaphﬁed by the
o onbi niEea i SDU\I,fa Eﬂﬂﬁfzﬁ% R BB AT bihiSkihe CERASbSIOTATE 9 gel
Iet;eit Zc”,t%;f{ ﬁété%% "ot #Blfed 8l %?cv%t?ew%?ag%‘é%al&éﬁ%ﬁf?eaf”ee?}&”t

| r3f_§) I%}féaﬁ ih e ca@@)ﬁ?c ;fl's ks adht HEAR ﬁ?{i}&gﬁ sfih W l‘l@r}S %%F@é,ellsa or,

(siman virus pronote cytonmegal o

Rouse sanrgafar¥ 'nBEEluHPQ@HF §Em c@f'sd tNEREALE dEQRbAA Hér@ﬁaca.a %g%&%ﬁi if they are

pronoter, or an E ongation factor) l1a pronoter

pr oot er e athydar hﬂzlﬁgékfdhralﬁca'fbﬂﬁ? ¥t ﬂ{e'ty']ﬁn Qftfededlé BRANQMG Ahviapd a
pol y- A-addi ti onal signal sequence in fhe rabbit P-gl obin gene fused

to the avhrMorooyedlike phiedonipes sndeNinbirrdtcultre cof@ifions. BX@mpRa of 8i%h cells may
(1991)), and a U6 or Hl pronoter which is a Pol. Il pronoter.

Expr essi amcludeciome sndrtat neaenchgmal sien ecly (Brotdares alaréSoH5 786896 phiengdrat al.,
mar ket (for exanple, from Ambion, Invitrogen, and TAKARA BI O and

readi |y Sewnta@8é:1p8037] (1986), (MG silerlsofdetinel fibm\beneraratioon@algenest.oThe
gene vectors, all nethods known in the art can be enpl oyed and they
Phel ude: Towansiladinie Tosgacom LU DAoL HED : BORV BRI b and Sube ol
transfecting jnto a cell bvallposone or other vehicle that has

t he gene 9§0Y§ %‘Pé%‘!scg%’éb% Q08@3PA82x ; and incorporating the gene

adenovi v Aot gefodt ﬁ}@t i liq”ia?e??ms a&%&%@%&%@%ﬁg stsare el i
- 22 .

i a1 oo SRS Sing3 s RSy B SRS PR ElE- SRR el °

I ncor por %Br%igoﬂlﬂ{ ?te'stA'p rgltl]tg%g 9}%&?:2@% Bleﬁlg\ﬁ@%ir 1&&%?? hlfép&? a{lbr? ha Xcaamac?y been

of |iposones t can I pI i ONS con

N[ 2, 3- (dicghB¥dhed YPLAPIiHNY Meibhd é@ﬁﬁ&&tﬁéhﬁé{;ﬁ@f@f&ﬁ%@ﬁ lop gﬂeﬁl Ogggw

di oI eoyl phosphat i dyl €t hanol am ne

Cbt ai ni N@a@RREYddytes By RBRSring to such fdIGreRELSRIRE ad BB SSIERATIRE. by
through a library of mature m RNAs to identify candi dates that woul d

show a mamiaen, BiwthhniPraks 26000)lant i pivalityt dfeyfeyaake phy @Qu%@ﬂall The Journal of
cardi onyocytes; as a result, they found that m R— 148a (SEQ I D NO 3)

m R- 148b (liskal IIBeN(gatlle 9872 -2 (15BR WBbidRt all) Joanthl of Mob&alag SEQCleﬂar
NGO 9) were nature m RNAs having the action for pronoting the

prol i f er &krdinlogy, 2atWSeAd (¥963); Keahdt ¢thaby The buirmdl of €linkalingestighivs i n
further ex erinents. {9)8057] Precursors of these mature m RNAs are

al so i ncllg 074444280 r)é‘életrﬁlRﬂﬂ@ulaﬁall R@Sﬁﬁf@e%%&w& (A2)pTelebaghi ct al.,

i ncl ude primary

i nventio recursors of

o RNA ¢ A sl%aplrﬁzn%ﬂw@f)e@ BiS08 6 3o USR GRG0 Thor e are PRMDUBI0696@).
respectlﬁoﬁ !\@é@ﬁﬁ :; Elﬁxgrrpl es of the preferred m RNAs that can
be used _ n include the foll ow ng which are
primry t ranscr,lth% presﬁzg{ Iln-ventlon Browde:;[ ltlll?crgﬁﬁiss (I%OQNRQ) fa%lin{:,;[ epneac%% ] f ' ¢

promoting the proliferation of cardiomyocytes. The miRNAs according to the present




~[0058] [Table 1] Table 1: Nane of m RNA Sequence SEQ I D NO m R- 148a
~ucagugcacu acagaacuuu gu 3 - 23 - mr-148a gaggcaaagu ucugagacac
uccgacucug aguaugauag aagucagugc acuacagaac uuugucuc

-16 -

invention may be of any types as long as they promote the proliferation of cardiomyocytes
and they can be used to proliferate the cardiomyocytes described above.

[0033] The miRNAs as referred to in the present invention are small non-protein coding
RNAs that are most abundantly expressed in eukaryotes including mammals and are
considered to play a role in various biological phenomena including development,
differentiation, and proliferation. The miRNAs that can be used in the present invention
include mature miRNAs, precursors of said miRNAs, as well as variants and analogs thereof.
The miRNAs according to the present invention may be single- or double-stranded.

[0034] The mature miRNAS as referred to in the present invention are miRNAs that have
been completely processed and they are 15 to 30 nucleotides long (mostly 21 to 25
nucleotides long). Mature miRNAs can make up a miRNA family or a group of miRNAs that
share at least six consecutive nucleotides among the 1 to 12 nucleotides on the 5° side of the
mature miRNA molecule (said shared nucleotide portion is also called a "seed region"
(Brennecke et al., PLoS Biology, 3:¢85, (2005)). Hence, a miRNA family contains a plurality
of mature miRNAs that have an identical 5” region but are different on the 3’ side of the
mature miRNA. Members of the same miRNA family have the same function even if their
nucleic acid sequences in the 3’ region are different, as has been reported for the sequence of
an 8-mer seed region (seed sequence) at a single site in Bagpipe 3°UTR (Brennecke et al.,
PLoS Biology, 3:¢85, (2005)) and in this reported case, two different miRNAs among those
of a miRNA family that share in the 5’ region a sequence complementary to the sequence that
binds the sequence of the aforementioned 8-mer seed region at a single site were different on
the 3’ side and yet they could suppress the expression of the reporter gene including the 8-
mer target.

[0035] The precursors of miRNAs are precursor RNAs of mature miRNAs. The process of
preparing a mature miRNA in a living cell proceeds as follows: at first, a miRNA is
transcribed as a primary miRNA transcript (pri-miRNA) of approximately several hundred to
several thousand bases from a miRNA gene on the genomic DNA; subsequently, the pri-

miRNA is processed in the nucleus with an RNase III enzyme called Drosha to form a



4 ni R-148b ucagugcauc acagaacuuu gu 5 nir-148b caagcacgau uagcauuuga
.ggugaaguuc uguuauacac ucaggcugug gcucucugaa agucagugca ucacagaacu
uugucucgaa agcuuucua 6 m R-152 ucagugcaug acagaacuug g 7 mr-152
uguccccccc ggcccagguu cugugauaca cuccgacucg ggcucuggag cagucagugc
augacagaac uugggcccgg aaggacc 17.
precursor miRNA (pre-miRNA) of approximately 70 bases that has a hairpin structure.
Hence, the precursors of miRNA as referred to in the present invention include both the
primary miRNA transcript (pri-miRNA) and the precursor miRNA (pre-miRNA).
[0036] The miRNA variants are miRNAs in which one or several nucleotides are deleted,
substituted, inserted or added in comparison with the mature miRNAs or their precursors that
are inherent in organisms. Here, the term "several" typically means up to 7 or 6, preferably up
to 5 or 4, and more preferably up to 3 to 1. As noted above, a "seed region" exists on the 5’
side of each of the mature miRNA molecules that make up a miRNA family and any
members of the same miRNA family have the same function even if they differ in the nucleic
acid sequence of the region on the 3’ side. Hence, miRNA variants are preferably such
miRNAs that nucleotides are deleted, substituted, inserted or added in areas other than the
seed region of a mature miRNA.
[0037] The miRNA analogs are miRNAs that have been so prepared as to mimic
endogenous mature miRNAs or their precursors. These substances are on the commercial
market (for example, from Ambion) and readily available.
{0038] In order to enhance their stability, the miRNAs of the present invention may be used
in such forms as nucleic acid derivatives and/or nucleic acids having modified
internucleoside linkages. Suitable nucleic acid derivatives can be appropriately selected from
the group consisting of known types. Specific examples include nucleic acids containing
internucleoside linkages such as methylphosphonate, phosphorothioate, phosphorodithioate,
phosphoramidate, phosphotriester, sulfone, siloxane, carbonate, carboxymethylester,
acetamidate, carbamate, thioether, bridged phosphoramidate, bridged methylene
phosphonate, bridged phosphorothioate, dimethylene-sulfide, dimethylene-sulfoxide,
dimethylene-sulfone, 2'-O-alkyl), and 2'-deoxy-2'-fluorophosphorothioate (Uhlmann &
Peyman, Chemical Reviews, 90:543-584, (1990); Schneider et al., Tetrahedron Letters,
31:335-338, (1990)). Further examples include derivatives such as Locked Nucleic Acid
(Koshkin et al., Journal of the American Chemical Society, 120:13252-13253 (1998) and
ENA (US7335765). These nucleic acid derivatives and/or miRNAs having modified



8 m R- 373 gaagugcuuc gauuuugggg ugu 9 mr-373 gggauacuca aaaugggggc
~gcuuuccuuu uugucuguac ugggaagugc uucgauuuug ggguguccc 10 The

m RNAs that can be used in the present invention enconpass variants
and anal ogs of the mature m RNAs and precursor nm RNAs that are
identified in Table 1 above, as well as grecursors of m RNAs ot her
than the precursors of m RNAs t hat are fflentified in Table 1 above
(as exenplified by primary m RNA transcripts (pri-mRNA)), as well as
vari ant s iadnalvabidg sinkdges eof refedR8 99 aFmiR WAaleril atjvesiRht48esc ASEQ@nton Nlhe
3), mMR-148b (SEQ ID NO 5) and m R 152 (SEQ ID NO 7) whirch can be
used i n tthiRNbA devativehinshnde darivatives ohmakerniRNdscderivaticagd guRNAQEEUrrs,
NO 1) in comon on the 5 side of the respective m RNA to nmake up a
m R- 148 fdgpvatves phaiBNgvwiats, fd derivatieespd sniRINA maldgas t hat bel ong to
the mR-148 fam_ |y are indicated belowin alignment, with the .
conser veg[og-}?dd g@éﬂ% thah eray e yed In the pEOERtYEntign nay be obtained by using

ﬂg:gﬂgg:ﬁ%@%ﬁ g&%ﬁgg ﬁ)rgigggiqlq%r(p%na%al gro%u%ﬁs,spo:r chemical synthesis, or ‘for gene
recombinant technology-based production; alternatively, they may be available as
commercial products. For example, mature miRNAs have been registered in the Sanger
miRbase and all the registered miRNAs are available from Ambion, Qiagen, Sigma, Thermo
Scientific, and other sources.
[0040] Methods for intracellular delivery of miRNAs into in vive cells or in vitro cells may
be any one of the gene delivery means that are commonly used in the technical art
contemplated by the present invention, as exemplified by expressin vectors or liposomes. The
above-described mature miRNAs or miRNA precursors may be used in the form of
oligonucleic acids or derivatives but from the viewpoints of such aspects as the efficiency of
their expression and the duration over which their effect will be sustained, they are preferably
used as incorporated into expression vectors.
[0041] If an expression vector is to be used as a gene delivery means, it may be of any type
as long as it has a promoter that is capable of expressing miRNA, and both a viral expression
vector and a non-viral expressin vector may be used.
[0042] Exemplary viral expression vectors are those that are derived from adenovirus,
adeno-associated virus (AAV), retrovirus, hemagglutinating virus of Japan (HVJ, also known
as Sendai virus), lentivirus, vaccinia virus, chick poxvirus, and papovavirus typified by
SV40; preferably, adenoviral vectors, AAV vectors, HVJ vector, or lentiviral vectors are used,
contributing to efficient gene transfer as well as high-level expression of the transferred gene.
[0043] Gene transfer by these viral vectors is one of the most powerful ways to introduce
genes into mammalian cells and can be used for gene transfer into virtually all kinds of

human cells and many non-human cells.



m R 152: ucagugcaugacagaacuugg (SEQ ID NGO 7). - 24 - [0061] Hence,
.a group of m RNAs according to the present invention conprises mature
m RNAs that contain the seed sequence of ucagugca (SEQ ID NO 1) at
the 5° end and precursors of said m RNAs, as well as variants or

anal ogs thereof. These m RNAs conprise @RNAS sel ected fromthe group
consisting of m R 148a (SEQ ID NO 3), nfR-148b (SEQ ID NGO 5),

m R-152 (SEQ ID NO 7), precursors of said mRNAs, as well as

vari ant s [8¢f]andihesjiofaction aoth these vivagasioss nptrdspemdor sclbfychmgemes can be

m RNAs, i.e., nmi R 148a (SEQID NO 3), m R-148b (SEQID NO_ 5) and
m R 152 (©Xpxosyed inwariqus primary gaksurg cpll fineams! teamgfopmedic@NiresoNotapby, efficient
respective m RNAs., Specific exanpl es include precursors represented
by SEQ | BeReisansier i passiPle evradn celksush as grrdonenssy tep thh Ao Retuntargg. DNA

P00y e SIS SRIRARR SBUESRLIE SRR v
Dugucucgad: REA R fatistedy dogerip vijtemporariiyresseiin b level 100 Ccec
T R A MR M
Comon SesHI radde i e clobBIm¥ig ARl Be oty B) B5 BEnicMEMLRS, di3pct

M RNA t 0 jR@arda ingQhes? vitaRocdfos {safhd tMereT@ﬁtﬁl@?ﬁMﬁ:@‘f@r @E obARrALENA

inthe mR 373 famly is indicated below, wt e seed sequence

under | i neglutafiéfidhcify Brrdk3vhiolR a0 GAKEGH AU MU Yeten (B Aol eP)is
[ 0065] Hence, another group of m RNAs according to the present

i nvent i onneopgraics éxto Adiost exllekdis. t hat contain the seed sequence of

gaagugcu (SEQ ID NO 2) at the 5 end and precursors of said m RNAs,

as wel | 48044r iAdenevioal vaotatsofst ihinebeoded Th eseprididds mdmdpnés ef thefisent

selected fromthe group consisting of mR-373 (SEQ ID NGO 9),

pr ecur sonrvegfios gardbaprRed &% theantthad usiag hampipgansiregombingtion frethe bbst human

For exanple, precursors of the mature mRNA, _i.e., mR-373 (SEQ ID

NO 9), icHbrypidc bidpey29heal erdfel cpf éMivaiaass alofProeredings pithe NgsioarlfAeademy of

exanpl es _ ncl ude t he precursor. represented by SEQ ID NO 10 depicted

bel gb)v_ _chegcqs of the ﬁnﬁec? gtates of Ameelrca, 5&1132%-1%&4, 51%96)? or by the simpi)c in vitro
ligation based method (Mizuguchi & Kay, Human Gene Therapy, 9:2577-2583, (1998)).
[0047] Adenoviruses are one of the DNA viruses having a double-stranded DNA genome
and human types 5 and 2 are the best studied adenoviruses. By deleting the greater part of E1
and E3 genes in these wild-type adenoviruses, viral vectors having no replicating ability can
be prepared and used to insert exogenous DNAs of several kilobases without exerting any
harmful action on the formation of virus particles. These recombinant adenoviruses lack the
E1 gene which is a transcription regulatory factor but on account of the inserted, gene-
specific transcription unit, only the inserted gene of interest can be expressed without
depending on the proliferation of the target cell or irrespective of whether other viral genes
exist.
[0048] Adeno-associated viruses (AAV) are single-stranded DNA viruses of about 4.7 kb
that belong to the family Parvoviridae and twelve serotypes (1 to 12) of AAV are known. An
AAV vector can be prepared by substituting the gene of interest for Rep (invoived in

replication or genomic incorporation) and Cap (capsid) located between the ITR (inverted



[ 0066] human m R-373: gggauacuca aaaugggggc gcuuuccuuu uugucuguac
~ugggaagugc uucgauuuug ggguguccc (SEQ ID NO 10). [0067] The thus
obt ai ned m RNAs according to the present invention were found to show
a marked activity for proliferating cardi omyocytes. In contrast,
the m RNAs according to the present inv ﬁtion di d not show any
significant activity for pronoting the'g oliferation of established
normal cell lines, such as MRC-5 (derived from human enbryonic |ung),
W - 38 ( ddeinvieal rEpents) AtioppesiserbndsoThis veetogis intapvbicedBiT@a B93 ¢dbiogetber Withm
mouse scull cap_ ). [0068] Application in %ene t her apy In.
anot her dpoadrfeap expraseing plaseid and; gehsequentlpricapsipedopisperfaoned using an
conpositions for use jn gene therapy to carry out the invention,
whi ch corRdenoyigs 35 8 helpshViskss tothereby PrePaEs afcFambinantpsigne pysariated Vit wector
havi ng, an acfion faor

E? g?r_mc ?ﬂtdﬁétﬁ%g%ﬁﬁ%%@f ﬁtgéﬁﬁa‘%}sc ngﬁ?’g%?&h'\@@ hesbg dpgeippidingdiminates the
or ef er abiryed bR hifhg Grod an® e fves RE S SR Ao SRLPR Sxesnine plasmid
adenovi rq}hw\éﬁgél%%cpélé—w %%iﬁg?f’gcé.%ﬁ%’- vectors, lentiviral vectors,

etc. The nrng to be contained in the gene

. _ ‘ . b o e
Chat havaURl Sghd Fke fRvTs FucAl iihelghth (e Al PSSR o
Si nce th%l%h&b%%%én%@gé&&%iﬂﬁ%ﬁa B (95, TRe g@ggné&%e%ngﬁﬁto@i n

nucl ei ¢ acids that enco m aving a I on pronoting the

prol i f er ain@¢siAfleCHafdIMNAY (EsmplEReaSAD tRNAS GRd 85deS¥QGAE Sixenes of
regenerators or therapeutics for heart "di sease”on account of the

acti ons aehckb&Neal (NF)epdipaetasel{P) emarixt (vl hapdpddeidif-@siastididas8GHN), fusion
particularly limted if 1t involves the weakening, disabling or dying
of cardi ¢Ryanylese (I9pecticinscUsing N Gentagglutidetionreasminilase)n Savadsabs on

i schem ¢ cardi ac di sease, congestive heart failure, hypertrophic

car di onyspdichagid iditheahasti calbhardi degyasioatheysameythemby binding tolthoesltarthigairoducing
failure, etc. [0069] The dosage forns of the pharmaceutical

conposi t itksisgenomeniato tha eytioplasar The viraligereme pew vothie thei asH derfamnhgsds

can be used to jornglate pharmaceuti cal preparations. For_exanmple,

t hey nay UBBSGIRUOREN grbhication 'ili‘f‘é@llébff %C“ﬁflé)ﬁéfpé?‘iew epgpdes. Liwikgwithyggdinary
ene expressiop vectors a he present |nvention in rmaceuti ca
S tept apMEuiso e dBRriRebed dep Rnepaned MR byioplatm ;80 Siegs 4 nogpeter U the

wat er or buffered.HEMﬁiolq ical saline. Drug carriers nmay

additionngyg?BHFéln Su"tab% stabilizers (e.g. nuclease inhibitor),
hel at i t : T, Ll i

Che ot NGO S LA SRR LN Son LAY, B8 4o onc o

rmace . . no .
opt i onal lyorb@f fi fIkNema M Yen Q& MRLMhSENSP [3%% %ﬁ%@ﬁ%&&%&@@;‘vg@dﬂdt&{o&ws

cont ai ners such as aseptic anpoul es. ar maceu

conposi t ir&lfka@bn bfi@e REQASLHithinUE RhhFEct@] &1RAY RESHERE T defle HERGSt VB@b:, a
need be appropriately adjusted dependi ng on various conditions such

as the agtasniékavihgdycoseibgiiint aeclossNAGHERed dbWastRakl G T7 ponidrlthass
the route of adm nistration, and anyone skilled in the art can

appr opr i atw@igyizedby albactesopliaged7dizsieed Bdrepalinyrase, lagploinse thas expretsesN, P, F
the range of fromabout 1.0 jtg/kg to about 1.0 g/ kg, preferably from
about 10 anglkgdenthalsontrolndtherlj/ krpmater ind precombinant vaccingr visusghattelpresses a
DNA content_of the active ingredient. If a viral vector such as an
adenovi r dI7 RSO petymeyaserp éntipsleed infrea mopkey kiflnesy degived hd.GrMKRscdlls Recently,

preferably from 107 to 1013 pfu/nm, nore preferably from 109 to 1012
pfu/ i, [i0W? Ppeosag prssihic Rrepaic {heedesaacbvaghuty a qoaveisrt rasthoddat spiely

vector contained in the rgaceytical c ositions af the pr nt.
vent i o Gentestpr B RIa (rateuiia TRy iyo G St Pl GONA inserted
conpl ex Wo%vrﬂst"riealrﬂ 8Py %roﬁrcnle,san]:i%v@ pch151r\1/i é: {h(a)l{ exrf)?gss %I, Q,E)L,ep talluiijl‘ 7,tr%spcctively,

under the control of a CAG promoter).




- 27 - [0072] The above-descri bed gene expression vectors or
_pharmaceutical conpositions that contain them nmay be introduced into
the whole heart of a patient with heart di sease but the introduction

is preferably localized at the diseased site. The term "di seased

site" as referred to in the present invg tion nmeans a site where

cardi onyocytes in an individual (human 6r nonhuman ani mal, as
applicabl e hereinafter) are weakened, disabled or dead as well as a
regi on ndBdBy, Ay foareiigves atlvst adepayidil ongtomsyand Stliem viral vaothiry iasl well aameethods
likely to be weakened or disabled progressively or to die. In the

case und®f pepasngardusing themy, skilled antisansinayowlisdo 8 pbirgits of exfpreasshais.
vectors qQr pharmaceutical_conpositions that contain theminto the ]
di seased Expiplerdpclpde Gone Passgpdimpiasgist Methods jaMelqcylar MadicingidshyRebpins,
t he di seased site Uﬁ#%gggn 2fnntiq , an ospotic tube or the like.

O her ap%fw% &°5%e enrclTERpderdn Capioyasrear Y ytenperimentab Approgrhes &
a syringe.after..thoracoto nd transyascul ar (Jndi.ect) iLnject] i
Chr ough THERPRRICITIRG e (i i RIG0+ dycodarticdhfigipia abfhrand Alenovira
appr oach j f i.nc ne, t.r er;,can be l.ogali at,.t he

noar - and S B BEhE TuglaBy e B SuhEL ISl AcREmuT B Ry, 2802 il

D oo Pérfihe SOMRARAL VMRS b Afsotfhe LA ERRII SR e BEHErb ©

bl ood ve r transfer to cardi onyocytes via 2] eam or,

al t er nat iair¥ger AGNe MMe QPVH&Fd’v@érwadeﬂls)ﬁglése%glr‘égg%lg%Fﬁ%ﬂ#ﬁ@ﬂ Ui Bm

contact cardionyocytes. Such techni que operation‘using a
- cat het er TAKARA BIOR tBE Barkd QMdéﬂﬂ)ver?EﬁfiSﬂess(i&[‘V@dt&%t ol 70P9k8 atdh@hdily
can be referred to include standard textbooks such as Gené Transfer

in Cardi avakdld @ uSymtanyidgdue tieeedeal indpmigaches & Ther apeutic

| mplications (ed. by March, Kluwer Academ c Publishers, 1997),

Vascul ar [@if2derKits ot preparing RAVhecfors shd SK\BvecEaune glss on 20dmmandi] market
Text book of Interventional Cardiology, 4th ed. ( ed. by Topol, WB.
Saunder s (as208Y Heli@atHies system (firatagaye; #24068], tho racopbérmeh$ertdatvirus minivector
above-descri bed nethods are on the comerci al market (for exanple,

f r om Bos PEpaREios kiti(MBL:EAY-088Wa £i¢e anfaesisaditic exildoe forr useiim parrenglout the
readi ly avail able [0074] Use of cardionyocytes proliferated by the

net hod oPTSHYE IPY@ERAt i nventi on The cardi onyocytes proliferated

by the cording to.the present invention are subsequently
e vest od00 3 oSOt AAPISERDA Teslors SRS BYY R TR BB 8 1Rl e virus-
efficient_an - 28 - hi.gh-yd-el.d.production of high-purit .

car d oy SERTRPromRES P Y PP i B oo Sirpisiayis (OMV)
referred I . r .| nyent.i on.
[0075] * TBEtEs SR ROABAAEES AL ARG, dha VEGoR B REnd LURRD By
and puri b &&ERAAB A& TR SbafbidshSPEAd | m%@g&* MRt consisti
antigen-antiéﬁdygreactigﬁ_ba@éd neihé%g sgiﬁﬁas oWﬁ%ﬁ@S&étryfcﬁggnng
of magnebf § OMEREEh&cePAY Pély-RaddiBbhal 3fznaPicquédca G HRIMHIOBLgldbM gene

i nvol ves density gradient centrifugation using a carrier such as
sucrose @iscPes thelavian[ORotH] prémotdie(Nioars aDGay t €8:395-199)¢1 9ED ) ehdtahas or
can be used is such that a gene for a cardi omyocyte source, such as

an ani maHlgebinoter wéidt ism Rodl I groketearEdpiessnlvectioss thitedah ik ehiesd promoters are
modi fied to be provided with drug resistance or the ability to

express an theceonpnerciat otagieh (fon dxamepldi foom doybies, lavitroged, and MAKARA BIO) and
harvested with reference to these nmarkers. For exanple, Field and his
cowor ker &2ddpayailsle he fol | owi ng: a gene cassette capabl e of

expr essi neonyci n ( 8) resistance gene under the control of an
a-type nﬂﬁ?ﬁh %@ng nsrélﬁa?%ﬁ&f‘p?%t@ntwa%d EFficE 98 Gescl SCiors 2H matheds kagwn in
cell to gonstruct a stem.in which the ES.cell, woyld differentiate,
“hto a ot R i e B vipaecH R o ing G ORI SRt arival

only WneBultse ?tr%ﬁétfg&fﬁgq}{ o (E]Cllh\hell?l\l/ X-Ii%(r)]saolrge 5 SRS 2hiclBRais B ue%gtolf Ynterest
encapsulated in it; and incorporating the gene of interest into a viral vector such as a

retroviral vector or an adenoviral vector. Here, the viral vector means such a construct that



- 29 - proteins, peptides, genes, viruses, cells, cell culture
supernatants, and microbial cultures. Efficient gene transfer into
culture systens can be perforned by various nethods, such as adding a
gene to the culture systemusing a viral vector such as a retroviral
or adenoviral vector or adding the gene,as it is encapsulated in a

| i posome or the like. [0079] The test éagétance can be eval uated by
measuring qualitative or quantitative changes in the functions of

car di ony dbg ertye orpartiaklengthef ticapicleiq scidsequanesxadrapiiva] DNFeor RNA is delsted or
cardi omyocytes prepared by the present invention are sown on a

cul ture phifated@pd as/be ganepiiniserst mearpoeted imémis in gn expressible ward in a

serumfr digymio induce |1 death (apoptosis).and in the o
process, e@)ﬁi t%&F@%ﬁWﬁ est ﬁPq’Fé’Hteéélfat §tihB¢ Ysed @rERid [PECPAERTIORS QM UREgE
medi um t r he.,sur vi te or. nortality of rdi ocytes.
The vi abies despraopy S S fe Ryt e BoabEN oy

visual o [ i i he, upt a d e..n0. trypan blue) being
used as lélﬁ (r?rl%é/ﬂél!%o% %%%?etﬁo\a"ﬁ%?’ﬁ% lﬁﬁgg@’ %’%&éﬁyg?'ogenase activity
(red“Pi”Qoﬁﬁﬁliéyﬂhl ARkSRn A even by a nethod using the caspase
activity or he—E?piggg?Un—éﬁ—HHHEX|n V as a marker, both being
specific for hCinG &b -se ki [ Ld.. Ik sm-ar e
on the cormer o S rerleny SpS e S AR RN ity of et S RRAION RS
Pronega) candlditeathial WoaMahbatl Barkb®BRAY uftiRe shiRRL PRGEBe A RErintEuced jnto
obt ai ned by the screeni ng nethods described above have the action for
i nduci ng cfBorflyddyessea 4 AknleNhdyolnd Bl indRYIALY [SEQ 9D N 33%&13&&4851 €SEQ ID
functions of cardionyocytes and, hence, can be used as drugs for
prevent i INODT), miRASR (SEQABXNOt Fparlenil-373 (BEQID WO vbrénatuié ariRNiAGN,

i schem c cardi ac di sease, congestive heart failure, hypertrophic

car di ony dpuingyhe aition tfexdpromoting thegpalifeyatiomoed canditim yytes b ddheyousied these
heart failure. These conpounds may be novel or known conpounds.

[0081] THeatergmeiRO o &y fusthepexnssimedisby t he present invention can al so
be used as aqrafting cells in nyocardial regeneration or treatnent of
heart di i@%%&. Rrecirsory pkbgscnatupramiRNAs pre alyodaclugdedhes prefesed adRNAs that can
nyocardi% in argtion, i,schem ¢ cardi ac di sease, congestive, heart .
failure, PRySeHPiBpRIcECH é?‘éﬁnaﬂ&?a&mpgﬂf Y BT9°HESeR Qfanaisiy it ipclude primary

nyocardi ti. d chronic h failure. ti C t hat can be

used may nflg‘tyéé ﬁﬁnsgm}ts RB?'&E&%L&) BRFFASY HB%%;%SO@ %ﬁ%& ng’f?éfﬁﬁ%t&' hy
the pres } WV s i t. hi rity .and _they ma

el de SIRNAS: 3BbAP Pl SR B BRderiia misdRAP ! b el YEMe dPSent

as a nedi an; . : . We ! h

25 2 bi odrugh pPIREERE RhioRingd WRicht: R BraRli s BRPRGRIA bk f S2HEs
processegdodin @oﬁhgﬁa&iﬁ@ﬁlafﬁ% HRNAY $eft Ha ¢Chden S8 Bond SR 2 irel488 (precursor
Circul ati on Research, 90:e40-e48, (2002)). [0082] Methods for

transpl aef iiiB-148e, SEQYD-NOSE) e Uil PidcuRer 66m MR -8 QHE D NO:t6)8nir-152

di seased site include, but are not limted to, direct injection into

t he hear (preturboranf3yiRi- hEfe SEQ BY NICh @),amd i3 73 (pretarsdéralfindiR - 373 SEQU® NO:

of the heart is surgically incised, and even inplantation by a
transvasdQ) ar method using a catheter (Miurry et al., Cold Spring

Har bor Synposi a on antitative Biology, 67:519-526, (2002);
anascheﬁ§gﬁé Ah#tde 8] of Thoracic Surgery, 75:S20-S28, (2003): Dowel |

et al., Cardiovascul ar Research, 58:336-350, (2003)). It has been
reported P&t ext renel y good therapeutic effects were obtai ned when
cardionyﬁfytes récovered froman embryonic heart were inplanted ih

the hear tVagte ofn ag%nal with cardiac disorder by those netho
(Menasche...The An H¥*Sf Thoracic Surgery, 75:S20-S28, (200%&;
Ref f el mam{ al | Heart Failure Reviews, 8:201-211, (2003)} NO
Car di omyocytes derived fromES cells exhibit phenotypes quiite sinllar
miR-148a | ucagugcacu acagaacuuu gu 3
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“Using Pr

from2-4 day old rats (Wstar
Suppl i es Co.,

popul at i
Per col |
cells w

with a density of
centri f ygairildBa at
obt ai ned car di omjjdégitguger@acagperidgdcin an Eagl e mi ni num

(nakal a

Bi osci ernGgir-aagh t
CO2 incubator at

cel | s/ we
Pre-m Rl
desi gned

Sequence

(I'nvitrg
cell prg

[ 0084] Exanple 1: BrdU Uptake-Based Screening of m RNA Library

The heart was exci sed
rats obtai ned from SH M ZU Laboratory
Ltd.) and treated with coll agenase to prepare a cel

on, from which cardi onyocyte fra tions were recovered by

density gradient centrifugation %é Per col | suspensi on of
th a dengity of 1.082 g/nL was T'ayered on a Percoll[ sof ut
gagf&agy ntugagachc Q&agiavig, agamngasahj ect ed fo
4C and 3000 rpm (2000 G for 25 mnutes). 4The t
medi um
calf serum (FC$%, SAFC

imary Culture of Cardionyocytes

on

nusS

tesque) {supplenented with 5% feta

re dishes for cell culfure in

ggﬁgﬁgﬁﬁgg?%%gﬁgéggared car di onyocyt es (15%000
Il on a 96-well plate) were transfected with 2 pnolf each
'm m RNA Rr@agiassl {4859 ig REvERASMUC(URBAAG2C a | i brary

to mmg the 328 hunan nature m RNAs |isted in m RBase
I{‘Jét]ggg]se UJRZEUSHS EUPPCHRIPR RSV AR RETASREAEAASIM RNAT MAX O
gen) and |2 dq¥s | ater, the BrdU uptake was neasured using
iLferati

Df

a

conpar ed
whi ch Pr
had beer
effect
t he DNA
sel ect eq
m R- 373.

PUEHTUSRAa BN Mo ni | uni nescence kit (Roche) and
with thg BrdU uptake by a negative control or the|group to
eniR-B5d mi

Ridagircang acgradib @cul e- Negati ve control #1 7( Anbi pn)
added—tthe m RNAs that showed a narkedly high Brdll uptake
ver e sel eg

§ﬂﬂh_QSiSﬁggfﬁﬁ?ésgg%ggﬁgu?@ggéggégﬁ%%%@&ld mar kedlly pronpte

_ ¢ ( ove, theSthus
| candl dat| & o0k ipge Wi flsBalfRdsaddluRod R
TAUT T LJ TaAouT T . DI OO0 U|JI. CTANCT \v)

5055, Do Mdfado2y and
| ue m R- 148a

UVUOJ moTo Rn'\\!/—\\ rnl
gaagugcuuc gauuuugggg ugu 9

£ggauacica aaauggggece geuuuccuul uugucuguac
mir-373 10

ugggaaguge uucgauuuug gggugucee

The miRNAs that can be used in the present invention encompass variants and
analogs of the mature miRNAs and precursor miRNAs that are identified in Table 1 above, as
well as precursors of miRNAs other than the precursors of miRNAs that are identified in
Table 1 above (as exemplified by primary miRNA transcripts (pri-miRNA)), as well as
variants and analogs thereof.

[0059] For example, miR-148a (SEQ ID NO: 3), miR-148b (SEQ ID NO: 5) and miR-152
(SEQ ID NO: 7) which can be used in the present invention have the seed sequence ucagugca
(SEQ ID NO: 1) in common on the 5’ side of the respective miRNA to make up a miR-148
family. The sequences of the respective miRNAs that belong to the miR-148 family are
indicated below in alignment, with the conserved seed sequences underlined.

[0060] miR-148a: ucagugcacuacagaacuuugu (SEQ ID NO: 3)
miR-148b: ucagugcauncacagaacuuugu (SEQ ID NO: 5)

miR-152: ucagugcaugacagaacuugg (SEQ ID NO: 7).
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[0061] Hence, a group of miRNAs according to the present invention comprises mature
miRNAs that contain the seed sequence of ucagugca (SEQ ID NO: 1) at the 5° end and
precursors of said miRNAs, as well as variants or analogs thereof. These miRNAs comprise
miRNAs selected from the group consisting of miR-148a (SEQ ID NO: 3), miR-148b (SEQ
ID NO: 5), miR-152 (SEQ ID NO: 7), precursors of said miRNAs, as well as variants and
analogs thereof. For example, precursors of mature miRNAs, i.e., miR-148a (SEQ ID NO: 3),
miR-148b (SEQ ID NO: 5) and miR-152 (SEQ ID NO: 7), include pri-miRNAs and pre-
miRNAs of the respective miRNAs. Specific examples include precursors represented by
SEQ ID NOS: 4, 6 and 8 depicted below.
[0062] human mir-148a: gaggcaaagu ucugagacac uccgacucug aguaugauag aagucaguge
acuacagaac uuugucuc (SEQ ID NO: 4)

human mir-148b: caagcacgan uagcauuuga ggugaaguuc uguuauacac ucaggeugug
gcucucugaa agucagugcea ucacagaacu uugucucgaa agcuuucua (SEQ ID NO: 6)

human mir-152: ugucccecee ggeccagguu cuglugauaca Cuccgacucg ggeucuggag,
cagucagugc augacagaac uugggeccgg aaggacc (SEQ ID NO: 8).
f0063] Amnother type of mature miRNA, or miR-373, which can be used in the present
invention has the common seed sequence gaagugeu (SEQ ID NO: 2) on the 5° side of the
miRNA to be a member of @ miR-373 family. The sequence of the miRNA in the miR-373
family is indicated below, with the seed sequence underlined.
[0064] miR-373: gaagugcuucgauuuuggggugu (SEQ ID NO: 9).
[0065] Hence, another group of miRNAs according to the present invention comprises
mature miRNAs that contain the seed sequence of gaagngeu (SEQ ID NO: 2) at the 5’ end
and precursors of said miRNAs, as well as variants or analogs thereof. These miRNAs
comprise miRNAS selected from the group consisting of miR-373 (SEQ ID NO: 9),
precursors of said miRNA, as well as variants and analogs thereof. For example, precursors
of the mature miRNA, i.c., miR-373 (SEQ ID NO: 9), include pri-miRNAs and pre-miRNAs
of this miRNA, Specific examples include the precursor represented by SEQ ID NO: 10

depicted below.



- 32 - Exanple 2: Analysis of a Marker for the Progress of Cell Cycle
by Forced m RNA Expression in Primary Cul ture of Cardi onyocytes

Car di omyocytes (100,000 cells/well on a 24-well plate) were
transfected with 1 pnol of Pre-m RTm m RNA Precursor Mol ecul es

(Anbi on) that were designed to mmc m Rl48a, m R-148b, m R-152 and
m R-373 (the candidate mature m RNAs obtained in Exanple 1) and 1
pnol of Negative control #1 (a negative control, also available from
Abi on) U8V6fd LnpedreniRadV SifBgalRacawugdanet grogen)uanguugiad agsgaag gr
the transfection, the cells were fixed with 4% par af or mal dehyde.
[0086] FANUCBAMUEYE SaBMGERMEQ BANG:dMwi t h anti-Ki 67 anti body (Thernmp
SCl ENTI FI 7(1: 200 dilutjon) and anti-Troponin T antibody (Therno

SCl ENTI FI[®6 (1: Brsorhps phipingdh MIRNAsaceqding totecpreseat waentigniwerafeuag to show a
Fl uorm | abel(%ﬁi anti %odﬁ/ giAl exa- 48(ﬁ or Al exa-568; Ml ecul ar Probes)
(bot h 1: FoKe peitvitydey Proffrzating qardiomyecidéesnas stained with a

0120 5 0SB IS e Ry B S
[ : ' I 000 .
100 5 A B RO s s

| 20D ML ke YA IR iy 1SRRI binkgHhfon

proliferating at all stages e ce cycl

Journal - gfindyeAdd VB TBIYS(dRti0&Y froth8gout SafPeapd¥00) . SO it was used as

a marker to detect cells that were in the process of continued cell
cycle. [QO%] TASpHcREM inSecAk hey in FIG 1. [0089] In view of

these results, mR-148a, mR-1 , MR 152 and m R-373 were

identified as Inmafbiber diabddiges, thRpkadnciatémionipRovidésymathagulid® compositions
proliferation of cardionyocytes in conparison with the case of using
Negat i ve foowse i geslthefap P @DtarBxautphein8entimalvigihoofairpe dfeskion vectorstsueh as
Progress of Cell Cycle by AdenovirusForced m RNA Expression in

Primary il ermonofirataeeiprsithaiepntadn nucleic acidslthabeiocodt miRbis having an action for
expressing m R-148a, m R-152, and m R-373 were prepared by using

Vi r aPowe DFRRIHE Proliferaion of eardiemspeyten(spidriectorpee Mpreiméiehesferodeo simply
speci fic, human gengm c DNA fragnents conprising the precursor .
sequenceds ofeICITEPICEE PR ¥Eqtots )nPW%@bl& rentainimzviral ygetasemorapoteraily containing

R EE AL MO SRR R R TSR

nucleic acids to be contained in the gene expression vectors may be of any of the miRNA

defining nucleic acids that have been described in the section "Obtaining specific miRNAs."
Since the pharmaceuticél compositions for use in gene therapy contain nucleic acids that
encode miRNAs having an action for promoting the proliferation of cardiomyocytes, they
can be used as myocardial regenerators or therapeutics for heart discase on account of the
actions of miRNAs. The heart disease that can be treated is not particularly limited if it
involves the weakening, disabling or dying of cardiomyocytes; specific examples include
myocardial infarction, ischemic cardiac disease, congestive heart failure, hypertrophic
cardiomyopathy, dilated cardiomyopathy, myocarditis, chronic heart failure, etc.

[0069] The dosage forms of the pharmaceutical compositions are not particularly limited
and conventional methods can be used to formulate pharmaceutical preparations. For
example, they may be in the form of injectable preparations that contain the gene expression

vectors of the present invention in pharmaceutically acceptable drug carriers or dilutions such



[0091] hsa-m R-148a-F : 5'-caccgaacacacct gcaggaagaaact-3' (SEQ I D NO
.11) hsa-m R-148a-R : 5'-gttcccatttacagggtttaaccca-3' (SEQ I D NO 12)
hsa-m R-152-F : 5'-caccgtcccagacteggctcccatca-3'" (SEQ ID NGO 13)

hsa-m R-152-R : 5'-actcgaggtggacaccctgtgt-3' (SEQ ID NO 14)
- hsa-m R-373-F : 5'-caccgt gaccaaggggct gt_aégca- 3" (SEQ ID NGO 15)

hsa-m R-373-R : 5'-ctgcccaccccagaatatgcCa-3'" (SEQ ID NO 16). [0092]
The resulting_ PCR products were inserted into a pENTR/ D- TOPO vect or
(1 nvi t r ogénteridifes wateepr biEwed plysidlegicalsaline. Deegieasders mayeasiditisnaldy enfain
with a pAd{ N5-  DEST vect ?r (I'nvitrogen) was perfornmed with a
Gat eway SYERRIFSEPIEFES(getcleess haiars Chpleinaneents k- g48RTA) and/or other
pAd/ CW-m R-152, anpd.pAd/ CW-m R-373. Subsequent]y,. these yectors
vere di gé‘él%“éla‘fmeﬁpst © P@@WF%&CMO&%H@%@%@%@%g]ﬁ%e IERfS IR
human emry.oni.g Kigdney. derived 293A. cel |l s ,usi Li pof ect am ne2Q00 .
(vt rogRipmaiy 1 0k Bt Sher ik and ieS shdhast o SOL RS ek Soamepri
Ad-m R-152 .8 Ad-m R-373. The reconbi nant adenoviruses prepared by
the abové-described method were so constructed as to express the

respecti oy R\Eyp é\gﬁﬂééﬁgicﬁ%?ﬁoéitfgﬁg ﬁf té]%rﬁ?esglﬁgh‘ye%ltioﬂ fard %i%ﬁéﬁ?dnin doses

pronoter, so-they capa “yield expression w

mammel | agngekbdbe Jﬂ]ﬁoﬁﬁﬂ‘iﬁa@j’u@f&ﬂr@?&nﬁii faned c+ﬂhiﬁ&fs he 36 sex.

processed by a group of enzymes within e mamal1an cells to b8cone
functi onabodateisie afd EiStons OF Akl patie B0 a4/%8l aé thelrbfe AP AKRIHRNEDHAPEE anyone
experinment was Ad-LacZ (TAKARA BIO which is a conmercial reconbi nant
adenovi r ykilledfin thepresiniapgropaiaiély ie@&%}e?nﬁtﬁal&ﬁwe}ﬁnbwly,athb dede i Wtidin the
viral solution was prepared for each of the reconbi nant viruses and

t he titersngsfoftfiven plreeydrOawg/kg teadbomo L0t g/log) prefarablgtfesmriabed 10yugikgioatyoet 100
assay using 293A cells were all within the range of 109- 1019 pfu/ni.
Her ei naf meg/kg.tdady pemasialt ipfterimis\ad the PN qratemit of the avfivehingteidisint. dha viral vector
is infected is designated as the nultiplicity of infection (noi);

hence, i fRekas apdsheViEad VECtQy isito bpusads thedinghtiter ef @evirup fsdireferably ommsy to

were adddl Rl ARk pETRLl A0t et OEPRE0D and 3 taye | At er

P O M Al P R S e
Yepoct i pRmRg el ASmbGRHFIR e WS L B Rt b ot o igh vF e ey
gt + oot Chs SERIEN s 0 BB A BSESIR A Ydnf of OEA ol Hof R 0388 b
Pr iRﬁi;S %Hsfgétﬁiﬂbéﬁi&feﬂaﬁésﬂeeﬁily \iY?Eﬁdﬁ?ﬁ@l:ifﬂgﬁ A R Rf 12;?% lipaRe a&é&%m

and whi ch were accessorfes to ghvan Ccro
Assay ( ApphtaiehgBN 3 BS(desTBdyloxy83dop b 11N NOCH M@y R th S RO hrt
Applied Bi osystg?ﬂrrg %%IOHT yFast Rggll] time PCR gystem and \tmheda (BOTMA)
expr essi ditdecylplobphadityletleanolaRis (WOPE) oithaliké hewd. bekh A9@E]I0pddli R Gp&ANEB
as an endogenous control, the anpbunts of expression were nornaFized.
As a resekamples ofgosomefand vadodshed] liree hawt heee tasiddNAS trvvesfertion jBaxxsRel
in a viral dose dependent manner. [0097] The thus prepared
r econbi ndeungd of BiematarialsiApplicgions ALG: 32, 921 Mhuset-atra R estOpivion oas
the negative control Ad-LacZ were added to cardi omyocytes (100,000
cel | s/ weBiolggical Therany, L:8BH4) (2801 hohlse effectivgds thegoxaliedHyVd-lippseme method
the cells v&l re fixed wth_ 4% paraf orma] dehyde. [0098] Foll ow n

) g |
subsequeRIGES f G ing liRogPEe canfaimipin Y hleryedeveNpe £egemitsu et al,,

1: 200 dil uti d antisT ' ' SCl | FIL C ..
(1. 200 artiorie St onca RS L2 R UA0e) At o o M oqliigticine
ti bod - - H68. Ml |.ar _Pr.ob both .1: 4
ot 000 YA b 28 ML SCUL A T OERM HEBH iRt
(I'ng/ L) of ROVl il Haflke? THS F Y ST RATA AIDSE (1R¥itfoREn) B B0 ctamine
(Invitrogen), siLentFect (BIO-RAD), HiPerFect (Qiagen) and the like can be used as

liposomes that are particularly intended for miRNA transfer.



[ 0100] The results are shown in FIG 2, in which "None" refers to the
.untreated cells. [0101] In view of these results, each of m R-148a,

m R-152 and m R-373 was positive for the cell cycle progression

mar ker 1(167 in contrast with the negative control (LacZ), indicating
an enhanced cell cycle progression of t2§ cardi onyocytes; it was thus
verified that those m RNAs had an actiofi‘for pronoting the
proliferation of cardionyocytes. - 35 - [0102] Exanple 4. Analysis

of a Mar HEB73]orTieedbovexdedcsibehgdng eRpressidn medRMA oEpharemsewitalorompositions that
Adenovi rus-Forced m RNA Expression in Primary Cul ture of

Car di ony eytaisthem may xingriodused dytodke whele hert 06 # patiend wilhtheantidiReas¢ dart the
m R-148b,, m R- 152, m R- 373 and Ne%gati ve control #1 (a negative

cont r ol ) iBjoduston ricisrablelagrlized at the deseased) sitesThe tarma djsqased site” as referred to
experinent, Ad-m R-148a, Ad-m R. 152, Ad-mi R-373 and the negative
control ARMeRIgSeREMEEDMMCAnS 2 SHF WG/ GEYPBYOBIfes IRandagridal dbumar er pap-
in Exanmple 3. In each e rijent, .the cells re fixed with 4% )
oo at or pacER RS S eppliE Bepinasc] e Frakfuetb o Rrtind B dctlar viehps a region

LU SR o IS0
ot el ned RroRETRLbemle T e cudq Gy ColspcBlon, g WIS IR I ome
Mol ecul arexBr006% vedhobh pﬂarﬂﬁ%ﬂkiﬂ%@?a{ g%]t E(%{%&in% ﬁl‘l’(?th\é@?ﬁcgséed site

stai ned w Fh a DAPI solution (11.t e cardi onyoc

| Munost ghayest BytrddigerARg he fonRBALARANE WekEdidY &R %sMgldd dshroti
Cell Analyzerl 0(r) to magasugjéqtﬁ%gir H3I5 pos?ti ve rlate. TheS gan dshotic

phosphor yuatp, amoghotietirbd Or he like.SOwBLappdichisle tlcdisslks indl@leatiRet infection into the
chromati n condensation that occurs during mtotic cell division

(Adanas RearThathhmyringt afiér thimiabotBinglaad yranshasculqr. (ifdiE5et Bectio GHrpuglse i t
was used as a marker for cell division. [0105] The results are shown
in Fl Gs. cathtteaneded r@iioscapwhi ch "None" refers to the untreated cells.
M crographs of the imunostained cells are shown in FIG 3-3. [0106]
As t hese [PERAI thedriasyaseriarapproach B pra®ared winke £61Ie wansfaricRn By Weokiged at the
positive for the cell division marker H3P in contrast with the two
negat i ve NERhaRb L thifeagas the eencor¥Presior Yegtpss arphapeageutisal equposgiony thytd

LacZ (in the.case of FLG 3:-2), d.cells.at mtotic division and
Eot ool A PRSI B7E R b ibed il & BRd SRtselitor amiits o REerB ocYER & i blood

. SeFy . sie
act i on t SRS ShalelBtesla RGRRy by Brocll BRcledPlio S BopPRE D e "
act i on 18 Y BrArTo Bret 871

T Vivo SRRyl lche AR bL o onRln e B e L on

M R 373 40t donBGREd R 1k LA er& ML AR fiRtald eXib¥Ohcs Meff b
rats (250-300 g) were opened in the - 36 -
Gene Transfer in Cardiovascular System: Experimental Approaches & Therapeutic
Implications (ed. by March, Kluwer Academic Publishers, 1997), Vascular Surgery, 5th ed.
(Rutherford, W.B. Saunders, 2000), and Textbook of Interventional Cardiology, 4th ed. (ed.
by Topol, W.B. Saunders, 2002). Catheters that may be used to implement the above-
described methods are on the commercial market (for example, from Boston Scientific and

Edwards Lifesciences Corporation) and readily available.

[0074] Use of cardiomyocytes proliferated by the method of the present invention

The cardiomyocytes proliferated by the method according to the present invention

are subsequently harvested, isolated and purified by known methods to achieve efficient and



chest and under visual exam nation, the reconbinant viruses

Ad-m R-148a, Ad-m R-152 and Ad-m R-373 (each being | x109pfu/nL) that
were prepared in Exanple 3 were each injected in a total anmount of
200 pi into 4 sites of the apical region by neans of a 30 G needl e.
As a negative control, m R 141 was used_and the sequence of interest
was anplified by PCR in accordance vvithzghe procedure of Exanple 3
using the prinmers shown below, with the tenpl ate bei ng hunman genom c
DNAs: hsdgh-ReldiiroBuction’ of highepoity gadiatyogggs CTlgathds olft She) cdrBiodPociltéy are
hsa-m R-141-R : 5'-cgggaagacaat ggaggtgcct-3'" (SEQ ID NO 18).

The r esulbergigpiRCReipmetions cariopyenytes pachans! hynthEpsaspitén@&ntionpr epar e
Ad-m R-141 and under visual exam nation, Ad-m R441 (1x109pfu/nl) was

i nj ect ed (PRI 4Tospurify cadiqmeocyfsiscaty kneynaretbods\ips eall isplatien b Eotion
under thoracotomy in a total anmount of 200 tit through a_30 G needle.
[0108] F&RRY bragraplaysdsgnd specifigjesamplehinclusle gatiamornidod e Frpgdonpascd methods
Fol | ow ngvauBulehEnonBcesR HHERICHERS R Pnind PoBBl of SHGRigonaton tht
30 B O A A BER B R ERT,
Fl uor' | d i . -488 or - 568: . Mol ecul a r.Qbes
(botn 1: 306 AR iRl iy el Ty wWic3y it iSRG rorne
cell nucl I%‘ﬁﬁ ined Wit A5 ' : 0.t it
was Vi si gﬁgﬁ?n yﬁée&luf%iggh #ﬁg st aillﬁéelgbﬁéegt?{t}l {elii;l}s%%]?g: e?lé)lnssIlil glﬁenrﬂéltanly

exani ned (WRREd & dd H6viR6E fivh IV E1RREARSARE a%l {oxpldsY 8n PLORE ;’p%dt%l%nd

of cardi omyocytes (the cells positive for both "DAPI “and Tropon

and car dicarigeyédtesiate $ddetiveRaRSEsRH vEctRsRd t6 Bleke AMAleRs. Fbh&af)Id, Field
positive for both Ki67 and Troponin T) were neasured. The nunber "of

cel | s toahé hisnaswrleds ropogtad thei followingtia perwassitte eggble FXpreféifg b @b Sin
are shown in FIG 4, fromwhich.it is obvious that the proportion o

Ki 67- posi{€GiHi®) resistdnangene yhéar thecorsmd eflai a-typemlyesin hsavtyrchiasf motoeerwias h

t he adenovirus of m R148a, m R- 152 or m R-373. In contrast,

Ki 67- posintredicediingd @ movey ES sclide eonstinetasystommid which the Bfecellwould
transfected with the adenovirus of the negative control m R-141. -

37 - [ ofliffigrentiate inde e cardiamyosyteivhich comdd savivedp @l GA1Srengtainisg aredivan Rely
Ki 67 became positive upqon in vivo expression of m R 148a, m R-152 or

m R- 373, WHGiTRaeHRE AHRYD bR seghan BEPBIOEET §f2S COPSSABFRSFPESSsla the cells sorted

oo 1R IO A G B 5B e

Side of fuSpR gt amle lagfi%é RN of CLifRE Y SHIERGE 0RITEYR4! AobES;.
[0077] In yet another embodiment, the cardiomyocytes prepared by the present invention
are useful in assaying the pharmacological properties and activities of various physiologically
active substances (for example, drugs), novel gene products with unknown functions, and the
like. For example, they can be used in screening to look for substances or drugs that are
associated with functional adjustments of cardiomyocytes, as well as substances or drugs that
are toxic or harmful to cardiomyocytes. In a still another embodiment, an assay kit containing
the cardiomyocytes prepared by the present invention is useful for the screening process
described above.
{0078] The test substance that may be subjected to the screening process is of any kind that

can be added to a culture system and may be exemplified by low-molecular weight

compounds, high-molecular weight compounds, organic compounds, inorganic compounds,



SEQ ID NO 11: forward priner, hsa-m R 148a-F, for anplifying the

.codi ng region of m R-148a gene; SEQ I D NO 12: reverse prinmner,

hsa-m R-148a-R, for anplifying the coding region of mR-148a gene;

SEQ ID NO 13: forward priner, hsa-m R-152-F, for anplifying the

codi ng region of m R-152 gene; SEQ. 1D NO 14: reverse prinmer,

hsa-m R-152-R, for anplifying the coding’regi on of mR-152 gene;

SEQ ID NO 15: forward prinmer, hsa-m R 373-F, for anplifying the

codi ng r egbtomsafcptiled, T sgemses, cells, celbEQirdsiy@rnatBits, med arisrebiat cuttres.

hsa-m R-373-R, for anplifying the coding region of mR-373 gene;

SEQ | D N&ffigignt gege frapsfepinimes turm%tmﬁsmammpsﬂ"ommd nyAriony meghodsesuch as

codlng regi.on of m R-141 gene; SEQID NO 18; reverse primer,

hsa- m R- 244inga gegs toths ICP\‘t%eﬁ(szt?IﬁélS%@i Viggl V@%ﬁ)ro?ﬁlcbfls arroviral gfeadenovivsl

n ee_Tabl e

ot her Segr%gto? grs addS ng the gene asllt is encapsulate%l'i I\{lllsnosomc or the like.
[0079] The test substance can be evaluated by measuring qualitative or quantitative
changes in the functions of cardiomyocytes. To take the viability as an example, the
cardiomyocytes prepared by the present invention are sown on a culture plate to give an
appropriate cell density and cultured in a serum-free medium to induce cell death (apoptosis)
and in the process, a suitable amount of the test substance may be added to the medium to
measure the survival rate or mortality of cardiomyocytes. The viability or mortality of
cardiomyocytes may be measured by visual observation with the uptake of dye (e.g. trypan
blue) being used as a marker, or by a method using a dehydrogenase activity (reducing
ability) as a marker, or even by a method using the caspase activity or the expression of
annexin V as a marker, both being specific for apoptotic cells. Kits depending upon said
mechanism are on the commercial market (for example, from Sigma, Clonetech, and
Promega) and readily available.
[0080] The substances and drugs obtained by the screening methods described above have
the action for inducing the differentiation into cardiomyocytes or adjusting the functions of
cardiomyocytes and, hence, can be used as drugs for preventing or treating heat diseases
including myocardial infarction, ischemic cardiac disease, congestive heart failure,
hypertrophic cardiomyopathy, dilated cardiomyopathy, myocarditis, and chronic heart failure.
These compounds may be novel or known compounds.
[0081] The cardiomyocytes prepared by the present invention can also be used as grafting
cells in myocardial regeneration or treatment of heart disease. Heart diseases that can be
treated may include myocardial infarction, ischemic cardiac disease, congestive heart failure,
hypertrophic cardiomyopathy, dilated cardiomyopathy, myocarditis, and chronic heart failure.

Grafting cells that can be used may take on any forms as long as the cardiomyocytes prepared

by the present invention are contained at high purity and they may include a suspension of



1. A pharmaceutical conposition for the treatnent of heart disease
~conprising a nucleic acid that encodes a m RNA having a cardi onyocyte
proliferation pronoting action. 2. The pharmaceutical conposition as
recited in claiml, wherein the m RNA is a substance sel ected from
the group consisting of a mature m RNA, _a precursor of said m RNA as
wel | as variants and anal ogs ther eof 330The phar maceut i cal
conposition as recited in claiml or 2, wherein the mRNAis a

subst ancehecalisrin ai aguedus eetdcls ageteacemedipig be dmbydixof BieN@lis in ©§o11358Rase
ID NO 2. 4. The pharmaceutical conposition as recited in claim3,
wher ei n tcawies Shbelt @reciodegmpdabls substrdte os dlsocasdiqugacydestibati fetve Hednypro&ssddD
NO 1 is a substance selected fromthe group consisting of m R-148a

( SEQ | D Naio agpongriormpy@iayesEgelizhpgd(SBimizuretrall €xcylgtiqn REsamoh, 90:040-¢48,
precursors thereof, as well as variants and anal ogs thereof. 5. The
phar mace (g9} conposition as recited in claim3, wherein the

subst anc risin he seed sequence depicted by SEQID NO 2 is a
subst anc Zoééﬁg cbtdé@i‘ogsr %ﬂhtﬁaﬂg’?@?% sehedesdiped eraffing eardiomypeytesionee

O DO RR T aSle t S Be B HOESy RRSRAETAS i te
M L R M I R e
P11 98 BBl o B ORHE OO G SSF OO DA DS

Vect or | QnMiatiol BY&?,E,}Qr67;51§-—512-5?g2@5)'§m%§&{e[ ?ﬁéeAirin . Sdrgaﬁl Siirecry,

recited in any one of"cClalns el n

deri vat i vg:$20097g, jUmg);elbmbaﬁ&tal.g)cﬁrdi@ﬁ&'hédlﬂ%s%emtﬁ%%ﬁfEido@baﬂ%as been
at | east one nodified sugar noiety, at |east one nodified base) or

any conbirgiairea at theémelly goBd thdigpcRtiaeffesewetdtaif@Wh& tar@idm3dcytes
recited in any one of clains 1 to 8, wherein the heart disease 1s

myocar di atcovefedfoin amembs@hénheartoeerd implatdied éage, heaw 0f s knival Bdrchrdiac

failure, hypertrophic cardi onyopathy, dilated cardi onyopat hy,

myocar di diwrden bme%thMenﬁajhbuTlez Annal3&f Thoraik Surgemyt To820-528,(2603);

treat nentRe(f)tfelnrl]z?nerllrgt afl,l EISS";\.S gai\lll\ﬂg E{%i/irf]:wg, f_?g(():{-g.lllc, (3((]:(;3(;) %g?c}iorigggy?eessde&igced from
ES cells exhibit phenotypes quite similar to those of cardiomyocytes derived from an
embryonic heart (Maltsev et al., Mechanisms of Development, 44:41-50, (1993); Maltsev et
al., Circulation Research, 75:233-244, (1994)). In an animal experiment involving actual
implantation of ES-cell derived cardiomyocytes into an adult heart, the cell viability was
confirmed to be extremely high and almost comparable to the levels obtained in the case of
grafting embryonic cardiac muscle cells (Klug et al., The Journal of Clinical Investigation,
98:216-224, (1996)). Thus, it can be expected that in the above-mentioned heart diseases due
to the exhaustion and loss of cardiomyocytes, the cardiomyocytes prepared by the method
described hereinabove will help to improve cardiac functions if they are transplanted to
replace the diseased heart tissue.
EXAMPLES
[0083] On the following pages, the present invention is described more specifically by

reference to examples, which are given here for illustrative purposes only and are by no

means intended to limit the scope of the present invention.



m RNA having a cardi omyocyte proliferation pronoting action is
.introduced into a danaged site in the heart of an individual to
thereby proliferate cardionyocytes at said site. 11. Use of a
nucleic acid that encodes the m RNA having a cardi onyocyte
proliferation pronoting action for the pganufacture of pharnmaceuti cal
conpositions for the treatnent of heart>8rsease. 12. A nucleic acid
t hat encodes the m RNA having a cardi onyocyte proliferation pronoting
action f¢o08ge Exunifieli Beii-UptikeHastbSerterndng efiaRNALIbrady Usihh Péinf0¢
proliferating cardi onyocytes wherein a nucleic acid that encodes the
m RNA haiulpraot@Gardiommoegigse prol i ferati on pronoting action is

I ntroduced and expressed in cardi onyocytes. 14. The nethod as

recited in cl aiimheart wosexeised from 204 dyrold sats (Witiart rats obtadedddfoare §HIMIAD
the group consisting of a mature m RNA, a precursor of said m RNA as
vel | “as VaPpeery Sypplics{z0-obid tapd tisated with colipngengss tocepase  eeli penulatipn, from
claim13 aqr, 14, wherein the m RNA is a substance conprising a seed

sequence ich Eﬁ_r@cﬂ’wcﬁEé ACRPINOYere reovgrdbY Bergoll densityigradiepecepsifpgrtionda
recited Iﬂérc%lllas.lugf)e}lgi’on 0 eCtr:l?sl \Qit}l Q%egslilt?rsotf%rb%s g?nqut_r,pvgzis 53?6?8& (?nea ﬁgr?:o 1 solution

with a density of 1.050 g/mL or 1.060 g/mL, and subjected to centrifugation at 4 °C and 3000

rpm (2000 G) for 25 minutes). The thus obtained cardiomyocytes were suspended in an Eagle
minimum mediuvm (nakalai tesque) supplemented with 5% fetal calf serum (FCS; SAFC
Bioscience) and then seeded on culture dishes for cell culture in a CO; incubator at 37 °C.
The thus prepared cardiomyocytes (15,000 cells/well on a 96-well plate) were transfected
with 2 pmol each of Pre-miR™ miRNA Precursor Library-HumanV2 (Ambion : a library
designed to mimic the 328 human mature miRNAs listed in miRBase Sequence Database
Version 8.0) using Lipofectamine™ RNAIMAX (Invitrogen) and 2 days later, the BrdU
uptake was measured using a cell proliferation ELISA, BrdU chemiluminescence kit (Roche)
and compared with the BrdU uptake by a negative control or the group to which Pre-miR™
miRNA Precursor Molccule—Nega;tive control #1 (Ambion} had been added; the miRNAS that
showed a markedly high BrdU uptake effect were selected as candidate miRNAs that would
markedly promote the DNA synthesis abilify. In the test described above, the thus selected
candidate miRNAs were miR-148a, miR-148b, miR-152, and miR-373.

[0085] [Table 2]

Table 2: BrdU uptake of mature miRNA

miRNA SEQ ID NO BrdU value
miR-148a 3 2.7
miR-148b 5 2.3
miR-152 7 2.6
miR-373 9 2.9




sequence depicted by SEQID NO 1 is a substance selected fromthe
~group consisting of mR-148a (SEQ ID NO 3), m R-148b (SEQ ID NO 5),
m R-152 (SEQ ID NO 7), precursors thereof, as well as variants and
anal ogs thereof 17. The nethod as recited in claim15, wherein the
substance conprising the seed sequence depicted by SEQID NO 2 is a
substance sel ected fromthe group consi$fing of m R-373 (SEQ I D NO
9), precursors thereof, as well as variants and anal ogs thereof 18.
The nethod d as recited in any one of claim13 to 17, wherein the
nucleic acid that encodes the m RNA having a cardi onyocyte

prol i f er &xample? ol ysigofecMiaderr for thaProgehss oflCelh Oy cle dydiodradaaiRMes

usi ng an expreSS| on vector 19. The nmethod as recited in claim 18,
wher ei n tHipress a3 gk of €atdiomyocytes0 - 20. The net hod as
recited in any one of claims 13 to 19, wherein the m RNA is a m RNA
derivative corfpafimygeres (198600 salls/wellioniadd-welt plate} wstestranstactadkeigel pmol
at | east one nodified su nmoi et at | east one nodified base, or
any conmbidAre-gukR 't FERNG rc@w@q@écglpgm@on) that were designed to mimic miR-

148a, miR-148b, miR-152 and miR-373 (the candidate mature miRNAs obtained in Example

1) and 1 pmol of Negative control #1 (a negative control, also available from Ambion) using
Lipofectamine™ RNAIMAX (Invitrogen) and 2-4 days after the transfection, the cells were
fixed with 4% paraformaldehyde.

[0086] Following subsequent reaction with anti-Ki67 antibody (Thermo SCIENTIFIC)
(1:200 dilution) and anti-Troponin T antibody (Thermo SCIENTIFIC) (1:200 dilution) , the
cells were stained with Alexa Fluor™™ labeled antibody (Alexa-488 or Alexa-568; Molecular
Probes) (both 1:400 dilutions). The cell nucleus was stained with a 4,6-diamidine-2’-
phenylindole diydrochloride: DAPI) solution (1pg/mL).

[0087] The cardiomyocytes immunostained by the method described above were analyzed
with In Cell Analyzer1000 (GE Healthcare) to measure their Ki67 positive rate. The Ki67
nucleoprotein is of such a nature that it is expressed in cells proliferating at all stages of the
cell cycle (Scholzen & Gerdes, Journal of Cellular Physiology, 182:311-22, 2000), so it was
used as a marker to detect cells that were in the process of continued cell cycle.

[0088] The results are shown in FIG. 1.

[0089] In view of these results, miR-148a, miR-148b, miR-152 and miR-373 were
identified as miRNAs having a marked action for promoting the proliferation of
cardiomyocytes in comparison with the case of using Negative control #1.

[0090] Example 3: Analysis of a Marker for the Progress of Cell Cycle by Adenovirus-

Forced miRNA Expression in Primary Culture of Cardiomvocytes

Adenoviral vector for expressing miR-148a, miR-152, and miR-373 were prepared by
using ViraPower ™ Adenoviral Expression System (Invitrogen). To be more specific, human

genomic DNA fragments comprising the precursor sequences of the respective miRNAs and



<110> DAI | CH SANKYO COVPANY, LI M TED <120> METHOD FOR PROLI FERATI NG
CARDI OMYCCYTES USI NG M CRO- RNA <130> FA1511- 11015PCT <150>

JP2010- 056558 <151> 2010-03-12 <160> 18 <170> Patentln version 3.1
<210> 1 <211> 8 <212> RNA <213> Honop sapi ens <400> 1 ucagugca8 <210>
2 <211> 8 <212> RNA <213> Honp sapi ens 13

adjacent several hundred nucleotides were amplified by PCR using the primers shown below,

with the template being human genomic DNAs.

[0091] hsa-miR-148a-F : 5’-caccgaacacacctgcaggaagaaact-3’ (SEQ ID NO: 11)
hsa-miR-148a-R : 5’-gttcccatttacagggtttaaccca-3’ (SEQ ID NO: 12)
hsa-miR-152-F : 5’-caccgtcccagacteggeteecatca-3’ (SEQ ID NO: 13)
hsa-miR-152-R @ 5’-actcgaggtggacacectgtgt-3’ (SEQ ID NO: 14)
hsa-miR-373-F : 5’-caccgtgaccaaggggctgtatgca-3° (SEQ ID NO: 15)
hsa-miR-373-R : 5°-ctgcccaccecagaatatgeca-3° (SEQ ID NO: 16).

[0092] The resulting PCR products were inserted into a pENTR/D-TOPO vector

(Invitrogen) and after checking their base sequences, recombination with a pAd/CMV/V5-

DEST vector (Invitrogen) was performed with a Gateway system (Invitrogen) to prepare

pAd/CMV-miR-148a, pAd/CMV-miR-152, and pAd/CMV-miR-373. Subsequently, these

vectors were digested with the restriction enzyme Pacl and transfected into human embryonic
kidney derived 293A cells using Lipofectamine2000 (Invitrogen) to thereby prepare
recombinant adenoviruses Ad-miR-148a, Ad-miR-152, and Ad-miR-373. The recombinant
adenoviruses prepared by the above-described method were so constructed as to express the
respective miRNA precursor inserts under the control of the CMV promoter, so they would
be capable of high-yield expression within mammalian cells. The miRNA precursors
expressed in the mammal are processed by a group of enzymes within the mammalian cells
to become functional mature miRNAs.

[0093] Also used in the above-described experiment was Ad-LacZ (TAKARA BIO) which

is a commercial recombinant adenovirus for expressing LacZ.

[0094] Subsequently, a high-titer viral solution was prepared for each of the recombinant

viruses and the titers of the prepared viral solutions as determined by a plaque assay using

293A cells were all within the range of 10° - 10" pfu/mL. Hereinafter, the number of live
virus particles with which one cell is infected is designated as the multiplicity of infection

(moi); hence, infecting one cell with one virus particle is indicated by moi = 1.



<400> 2 gaagugcu8 <210> 3 <211> 22 <212> RNA <213> Honp sapi ens
.<400> 3 ucagugcacu acagaacuuu gu22 <210> 4 <211> 68 <212> RNA <213>
Hono sapi ens

-34 -

[0095] In addition, the prepared recombinant viruses were added to cardiomyocytes at moi
= 10-1000 and 2 days later, miRNA-containing total RNAs were recovered using a
miRNeasy mini kit (Qiagen). From 10 ng of the recovered total RNAs, cDNAs were
synthesized using the reverse transcription primers specific for the respective miRNAs that
were accessories t0 a TagMan MicroRNA reverse transcription kit (Applied Biosystems) and
a TagMan MicroRNA Assay (Applied Biosystems) and, subsequently, using the forward and
reverse primers and TagMan probes that were specific for the respective miRNAs and which
were accessories to the TagMan MiereRNA MicroRNA Assay (Applied Biosystems), real-
time PCR was performed with an Applied Biosystems 7900HT Fast Real time PCR system
and the expressions of the mature miRNAs were quantified.

[0096] Using RNUG6B as an endogenous control, the amounts of expression were
normalized. As a result, it was confirmed that the mature miRNAs were expressed in a viral
dose dependent manner.

[0097] The thus prepared recombinant viruses Ad-miR-148a, Ad-miR-152 and Ad-miR-
373 as well as the negative control Ad-LacZ were added to cardiomyocytes {100,000
cells/well on a 24-well plate) at moi = 10-100 and 2-4 days later, the cells were fixed with
49 paraformaldehyde.

[0098] Following subsequent reaction with anti-Ki67 antibody (Thermo SCIENTIFIC)
(1:200 dilution) and anti-Troponin T antibody (Thermo SCIENTIFIC) (1:200 dilution) , the
cells were stained with Alexa Fluor™ labeled antibody (Alexa-488 or Alexa-568; Molecular
Probes) (both 1:400 dilutions). The cell nucleus was stained with a DAPI solution (1pg/mL).
[0099] The cardiomyocytes immunostained by the method described above were analyzed
with In Cell Analyzer1000 to measure their Ki67 positive rate,

[0100] The results are shown in FIG. 2, in which "None" refers to the untreated cells.
[0101] In view of these results, each of miR-148a, miR-152 and miR-373 was positive for
the cell cycle progression marker Ki67 in contrast with the negative control (LacZ),
indicating an enhanced cell cycle progression of the cardiomyocytes; it was thus verified that

those miRNAs had an action for promoting the proliferation of cardiomyocytes.



<400> 4 gaggcaaagu ucugagacac uccgacucug aguaugauag aagucagugc
~acuacagaac60 uuugucuc68 <210> 5 <211> 22 <212> RNA <213> Honp sapi ens
<400> 5 ucagugcauc acagaacuuu gu22 <210> 6 <211> 99 <212> RNA
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[0102] Example 4: Analysis of a Marker for Cell Division by Forced miRNA Expression or

Adenovirus-Forced miRNA Expression in Primnary Culture of Cardiomvocytes

Cardiomyocytes were transfected with miR-148a, miR-148b, miR-152, miR-373 and
Negative control #1 (a negative control) by the same procedure as in Example 2. In another
experiment, Ad-miR-148a, Ad-miR-152, Ad-miR-373 and the negative control Ad-LacZ
were added to cardiomyocytes by the same procedure as in Example 3. In each experiment,
the cells were fixed with 4% paraformaldehyde 2 or 3 days after the transfection or addition.
[0103] Following subsequent reaction with anti-phosphorylated histone H3 (H3P) antibody
(MILLIPORE) (1:200 dilution) and anti-Troponin antibody (Thermo SCIENTIFIC) (1:200
dilution) , the cells were stained with Alexa Fluor™ labeled antibody (Alexa-488 or Alexa-
568; Molecular Probes) (both 1:400 dilutions). The cell nucleus was stained with a DAPI
solution (1pg/mL).

[0104] The cardiomyocytes immunostained by the method described above were analyzed
with In Cell Analyzer1000 to measure their H3P positive rate. The phosphorylation of Ser-10
in histone H3 is closely related to chromatin condensation that occurs during mitotic cell
division (Adamas R, The Journal of Cell Biology, 153: p. 865-880, 2001), so it was used as a
marker for cell division.
[0105] The results are shown in FIGs. 3-1 and 3-2, in which "None" refers to the untreated
cells. Micrographs of the immunostained cells are shown in FIG. 3-3.
[0106] As these results show, each of miR-148a, miR-152 and miR-3731 was positive for
the cell division marker H3P in contrast with the two negative controls, Negative control #1
(in the case of FIG. 3-1) and LacZ (in the case of FIG. 3-2), and cells at mitotic division and
cytoplasmic division stages were observed; hence, the cell division of cardiomyocytes was
enhanced, verifying that those microRNAs had an action for promoting the proliferation of
cardiomyocytes.
[0107] Example 5: Study for the Possibility of Cardiopmyocytes to Proliferate /n Vivo

To see whether the forced expression of miR-148a, miR-152 or miR-373 would

trigger proliferation of cardiomyocytes in vive, Wistar rats (250-300 g) were opened in the



<213> Honpo sapi ens <400> 6 caagcacgau uagcauuuga ggugaaguuc
~uguuauacac ucaggcugug gcucucugaa60 agucagugca ucacagaacu uugucucgaa
agcuuucua99 <210> 7 <211> 21 <212> RNA <213> Honp sapi ens <400> 7
ucagugcaug acagaacuug g21 <210> 8 <211> 97
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chest and under visual examination, the recombinant viruses Ad-miR-148a, Ad-miR-152 and
Ad-miR-373 (each being 1x10°pfu/mL) that were prepared in Example 3 were each injected
in a total amount of 200 pL into 4 sites of the apical region by means of a 30 G needle. As a
negative control, miR-141 was used and the sequence of interest was amplified by PCR in
accordance with the procedure of Example 3 using the primers shown below, with the
template being human genomic DNAs:

hsa-miR-141-F : 5’-caccgcagggatcctgggeetga-3’ (SEQ ID NO: 17)

hsa-miR-141-R : 5’-cgggaagacaatggaggtgcct-3° (SEQ ID NO: 18).

The resulting PCR product was processed as in Example 3 to prepare Ad-miR-141
and under visual examination, Ad-miR-141 (1x10°pfu/mL) was injected into 4 sites of the
apical region of Wistar rats (250-300 g) under thoracotomy in a total amount of 200 pL
through a 30 G needle.

[0108] Four days after the injection, 4% paraformaldehyde was perfused to fix the heart
tissue and sections were prepared; following subsequent reaction with anti-Ki67 antibody
(Thermo SCIENTIFIC) (1:500 dilution) and anti-Troponin T antibody (Thermo
SCIENTIFIC) (1:600 dilution) , the sections were stained with Alexa Fluor™ labeled
antibody (Alexa-488 or Alexa-568; Molecular Probes) (both 1:400 dilutions) so that they
were visible in green or red. The cell nucleus was stained with a DAPI solution (1jg/mL) so
that it was visible in blue.

[0109] The stained heart tissue sections were examined under a fluorescent microscope and
the relative proportions of cardiomyocytes (the cells positive for both DAPI and Troponin T)
and cardiomyocytes in the process of continued cell cycle (the cells positive for both Ki67
and Troponin T) were measured. The number of cells to be measured in each individual was
at least 300. The results are shown in FIG. 4, from which it is obvious that the proportion of
Ki67-positive cardiomyocytes increased in the hearts transfected with the adenovirus of miR-
148a, miR-152 or miR-373. In contrast, Ki67-positive cardiomyocytes were hardly found in

the hearts transfected with the adenovirus of the negative control miR-141.



<212> RNA <213> Honp sapi ens <400> 8 uguccccccc ggcccagguu cugugauaca
cuccgacucg ggcucuggag cagucagugc60 augacagaac uugggcccgg aaggacc87
<210> 9 <211> 23 <212> RNA <213> Honp sapi ens <400> 9 gaagugcuuc
gauuuugggg ugu23 <210> 10 <211> 69 <212> RNA <213> Honp sapi ens
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[0110] As these results show, the cell cycle progression marker Ki67 became positive upon
in vivo expression of miR-148a, miR-152 or miR-373, indicating that the cell cycle of
cardiomyocytes was enhanced to have them acquire the ability to proliferate.
SEQUENCE LISTING FREE TEXT
[0111] SEQID NO: 1: seed sequence comimon to the 5 side of a miR-148 family;
SEQ ID NO: 2: seed sequence common to the 5’ side of a miR-373 family;
SEQ ID NO: 11: forward primer, hsa-miR-148a-F, for amplifying the coding region
of miR-148a gene;
SEQ ID NO: 12: reverse primer, hsa-miR-148a-R, for amplifying the coding region
of miR-148a gene;
SEQ ID NO: 13: forward primer, hsa-miR-152-F, for amplifying the coding region of
miR-152 gene;
SEQ ID NO: 14: reverse primer, hsa-miR-152-R, for amplifying the coding region of
miR-152 gene;
SEQ ID NO: 15: forward primer, hsa-miR-373-F, for amplifying the coding region of
miR-373 gene;
SEQ ID NO: 16: reverse primer, hsa-miR-373-R, for amplifying the coding region of
miR-373 gene;
SEQ ID NO: 17: forward primer, hsa-miR-141-F, for amplifying the coding region of
miR-141 gene;
SEQ ID NO: 18: reverse primer, hsa-miR-141-R, for amplifying the coding region of
miR-141 gene;

For other sequences, see Table 1.



<400> 10 gggauacuca aaaugggggc gcuuuccuuu uugucuguac ugggaagugc
uucgauuuug60 ggguguccc69 <210> 11 <211> 27 <212> DNA <213> Artificial
<220> <223> Forward prinmer for anplifying coding region of mR-148a
gene. <400> 11 caccgaacac acctgcagga agaaact27 <210> 12 <211> 25
<212> DNA <213> Artificial <220> <223> Reverse prinmer for anmplifying
codi ng region of m R-148a gene. <400> 128 -
CLAIMS

1. A pharmaceutical composition for the treatment of heart disease comprising a nucleic

acid that encodes a miRNA having a cardiomyocyte proliferation promoting action.

2. The pharmaceutical composition as recited in claim 1, wherein the miRNA is a

substance selected from the group consisting of a mature miRNA, a precursor of said

miRNA, as well as variants and analogs thereof.

3. The pharmaceutical composition as recited in claim 1 or 2, wherein the miRNA is a

substance comprising a seed sequence depicted by SEQ ID NO: 1 or SEQ ID NO: 2.

4. The pharmaceutical composition as recited in claim 3, wherein the substance

comprising the seed sequence depicted by SEQ ID NO: 1 is a substance selected from the

group consisting of miR-148a (SEQ ID NO: 3), miR-148b (SEQ ID NO: 5), miR-152 (SEQ

ID NO: 7), precursors thereof, as well as variants and analogs thereof.

5. The pharmaceutical composition as recited in claim 3, wherein the substance

comprising the seed sequence depicted by SEQ ID NO: 2 is a substance selected from the

group consisting of miR-373 (SEQ ID NO: 9), precursors thereof, as well as variants and

analogs thereof.

6. The pharmaceutical composition as recited in any one of claims 1 to 5, wherein the

nucleic acid that encodes the miRNA having a cardiomyocyte proliferation promoting action

is contained as an expression vector for introduction and expression in cardiomyocytes.

7. The pharmaceutical composition as recited in claim 6, wherein the vector is a viral
vector.
8. The pharmaceutical composition as recited in any one of claims 1 to 7, wherein the

miRNA is a miRNA derivative comprising at least one modified internucleoside linkage, at
least one modified sugar moiety, at least one modified base, or any combinations thereof.
9. The pharmaceutical composition as recited in any one of claims 1 to 8, wherein the
heart disease is myocardial infarction, ischemic cardiac disease, congestive heart failure,

hypertrophic cardiomyopathy, dilated cardiomyopathy, myocarditis, or chronic heart failure.



gttcccattt acagggttta accca25 <210> 13 <211> 26 <212> DNA <213>
Artificial <220> <223> Forward priner for anplifying coding region of
m R- 152 gene. <400> 13 caccgtccca gactcggctc ccatca26 <210> 14 <211>
22 <212> DNA <213> Artificial <220> <223> Reverse priner for
anplifying coding region of m R 152 ge?g.g ] <400> 14
10. A method for the treatment of heart disease wherein a nucleic acid that enéodes the
miRNA having a cardiomyocyte proliferation promoting action is introduced into a damaged
site in the heart of an individual to thereby proliferate cardiomyocytes at said site,
11.  Use of a nucleic acid that encodes the miRNA having a cardiomyocyte proliferation
promoting action for the manufacture of pharmaceutical compositions for the treatment of
heart disease.
12. Anucleic acid that encodes the miRNA having a cardiomyocyte proliferation
promoting action for use in the treatment of heart discase.
13. A method for proliferating cardiomyocytes wherein a nucleic acid that encodes the
miRNA having a cardiomyocyte proliferation promoting action is introduced and expressed
in cardiomyocytes.
14. The method as recited in claim 13, wherein the miRNA is a substance selected from
the group consisting of a mature miRNA, a precursor of said miRNA, as well as variants and
analogs thereof.
15. The method as recited in claim 13 or 14, wherein the miRNA is a substance
comprising a seed sequence depicted by SEQ ID NO: 1 or SEQ ID NO: 2.
16.  The method as recited in claim 15, wherein the substance comprising the seed
sequence depicted by SEQ ID NO: 1 is a substance selected from the group consisting of
miR-148a (SEQ ID NO: 3), miR-148b (SEQ ID NO: 5), miR-152 (SEQ ID NO: 7),
precursors thereof, as well as variants and analogs thereof.
17.  The method as recited in claim 15, wherein the substance comprising the seed
sequence depicted by SEQ ID NO: 2 is a substance selected from the group consisting of
miR-373 (SEQ ID NO: 9), precursors thereof, as well as variants and analogs thereof.
18. The method d as recited in any one of claim 13 to 17, wherein the nucleic acid that
encodes the miRNA having a cardiomyocyte proliferation promoting action is introduced into
cardiomyocytes using an expression vector.

19, The method as recited in claim 18, wherein the vector is a viral vector.



actcgaggtg gacaccctgt gt22 <210> 15 <211> 25 <212> DNA <213>
Artificial <220> <223> Forward primer for anplifying coding region of
m R-373 gene. <400> 15 caccgtgacc aaggggctgt atgca25 <210> 16 <211>
22 <212> DNA <213> Artificial <220> <223> Reverse primer for
anplifying coding region of mR-373 gene, <400> 16 ctgcccaccc
cagaatatgc ca22 <210> 17 <211> 23 <212>4NA <213> Artificia

20. The method as recited in any one of claims 13 to 19, wherein the miRNA is a miRNA
derivative comprising at least one modified internucleoside linkage, at least one modified

sugar moiety, at least one modified base, or any combinations thereof.



<220> <223> Forward prinmer for anplifying coding region of m R 141
gene. <400> 17 caccgcaggg atcctgggcc tga23 <210> 18 <211> 22 <212>
DNA <213> Artificial <220> <223> Reverse priner for anplifying coding
regi on of m R-141 gene. <400> 18 cgggaagaca atggaggtgc ct22

1
SEQUENCE LISTING

<110> DAIICHI SANKYO COMPANY, LIMITED
<120> METHOD FOR PROLIFERATING CARDIOMYOCYTES USING MICRO-RNA
<130> FA1511-11015PCT

<150> JP2010-056558
151> 2010-03-12

166> 18
170> Patentlin version 3.1

<210y 1

{211 8

<212> RNA

<213> Homo sapiens

<400> 1
ucagugca 8

210> 2

211> 8

{212y RNA

{213> Homo sapiens

400> 2
gaagugcu 8

<210y 3

211> 22

212> RNA

<213 Homo sapiens

400> 3 .
ucagugeacy acagaacuuy gu 22

Q10> 4

211> 68

<212> RNA

<213> Homo sapiens

<400> 4
gaggcaaagu ucugagacac UCCEACUCUE aguaugauag aagucaguge acuacagaac 60

LUUgUCUC 68

<210> 5

{1y 22

<212> RNA

{213> Homo sapiens

<400> 5
UCABUECAUC acagaacuuu gu 22

<2107 6

211> 99

€212 RNA

{213> Homo sapiens

<400> 6
caagcacgan uagcauuuga ggugdaguuc Uguuanacac UCagECUElUgE gcoucucugaa 60

agucagugca ucacagaacu UUgUcLCgaa agcuuucua 99
210> 7

21y 21
{212> RNA



<213> Homo sapiens

400> 7
ucagugcaug acagaacuug g

216> 8

{211> 871

212> RNA

<{213> Homo sapiens

<400> 8
UEUCCCECEE EECCCAREUL CUGUEAUACA CUCCEACUCE EECUCUREAE CagUCaguge

augacagaac UUEEECCCEE aaggacc

210> 9

211> 23

<212) RNA

<213> Homo sapiens

<400> 9
gaagugcuuc gauuuugese ugu

<210> 10

211> 69

212> RNA

<{213> Homo sapiens

400> 10
gggauacuca aaaUgEgEEC ECUUUCCUUU UUgUCURUAC UREgdaguUgC uucgauuuug

EERULLCCC

<210y 11

{21y 27

<212> DNA

<213> Artificial

{220

<223> Forward primer for amplifying coding region of miR-148a gene

<400> 11
caccgaacac acctgcagga agaaact

<2100 12

211 25

<212y DNA

{213> Artificial

{2200

223> Reverse primer for amplifying coding region of miR-148a gene.

<400> 12
gttcccattt acapggttta accca

210> 13

{211> 26

<212> DHKA

213> Artificial

220>
223> Forward primer for amplifying coding region of miR-152 gene

400> 13
caccgtcceca gactcggete ccatca

210> 14
21y 22
<212> DNA

21

60
87

23

60
69

27

25

26



(il3> Artificial

{220>
{2231> Reverse primer

<400> 14
actcgagegteg gacaccctgt

{2100 15

{211y 25

{212) DNA

<{213> Artificial

{2200
<{223> Forward primer

<400> 15
caccgtgacce aaggegcigt

{210> 16

11> 22

<212> DNA

213> Artificial

220
{223> Reverse primer

<400> 18
ctegcccacce cagaatatge

o 17

1> 23

2> DNA

3> Artificial

223> Forward primer

<400> 17
caccgcagge atcctgggcec

210> 18

211> 22

<{212> DNA

{213> Artificial

<2207
223> Reverse primer

<400> 18
cgggaagaca atgegaggtec

for amplifying coding region of miR-152 gene

gt

for amplifying coding region of miR-373 gene.

ateca

for amplifying coding region of miR-373 gene

for amplifying coding region of miR-141 gene.

tga

for amplifying coding region of miR-141 gene.

ct

22

25

22

23

22



