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*159159* DESCRI PTI ON METHOD FOR PROLI FERATI NG
CARDI OWCOCYTES TECHNI CAL FI ELD 5 [0001] The present

e AR 2

Because adybtsxcardi omyocytes | ose their capacity to
proliferate by cell. division, the heart danage caused
by 10 exposure to various stresses such as ischem a
and i nflammation, | ead is or |oss of

cardi onyocyt es mﬁthoutBE%gﬁgg%éggion t her eof .

nyper 1 ofrekoP Y a¥ KRRLAERRARTRCERFRRoBEBrLr A (e

cardi ac functions. Wien the state is sustained over
the 15 perm ssi bl e range of cardi omyocytes, however,

t he cardi_onyocytes are further exhausted and kill ed.
Egﬁﬁﬁéﬁﬁirflégéh state causes the deterioration of

cardi ac nuscle functions, nanely heart failure.
[0083d3] HeaFhedPIessads neiFARLiqfe] Dol abehehPt of Methad for

20 occupy the second position in the causes of the
rredidgiriatiidy mamnpdgan. CAHHATYIPAYIBLES t he prognosis of

patients with heart diseases is so extrenely poor
BMCEGROUN® BRJear survival is just at about 50 %

Therefore, it is believed that the devel opnent of an
[0df0Rilcaci ouBethrepapednl t aretdicunyofc Hesm tl ofs@i theérisapécity

greatly advantageous fromthe standpoints of nedica
towplrpdiderate by cell division, the heart damage caused by

exposure to various stresses such as ischemia and inflammation,
leads to necrosis or 1loss of cardiomyocytes without
compensation thereof. Consequently, survived cardiomyocytes
are hypertrophed in a compensatory fashion to retain the
cardiac functions. When the state is sustained over the
permissible range of cardiomyocytes, however, the
cardiomyocytes are further exhausted and killed. Finally,
such state causes the deterioration of cardiac muscle
functions, namely heart failure.

[0003] Heart diseases mainly including heart failure
occupy the second position in the causes of the mortalities
in Japan. Additionally, the prognosis of patients with heart
diseases is so extremely poor that the 5-year survival is just
at about 50 . Therefore, it is believed that the development
of an efficacious therapeutic method of heart failure 1is

greatly advantageous from the standpoints of medical welfare
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1 *Q@00002* and nedi cal econony. Conventiona

t herapeutic drugs for heart failure include digitalis
preparations that increase the contractive force of

t he nyocardi um and xant hi ne preparati ons and ot her
heart stinulants, but |ong-termadmnistration of 5
these drugs is known to nmake the condition worse. In
recent vyears, therapeutics with pharnaceutical agents

t.o reduce excess cardi ac burdens due t el eyati.on
angim s <y AFER RBY 1 o %‘f%“s%{j]eﬁ?sﬁapfﬁ rigs for heare
rreni n-gngi otensin syste such as bl ockers and A
Fai hHFBi tidhed Wt Fh9t %lh%u H§tenpéé'r?1“&i&ﬁe %*iatlenfﬁ§§ée the

t herapeutic nmethods are sinple synptomatj ¢ treatnents
coghgacanmvRelrtce Ofobhe ‘W&F&g’é‘f‘ﬁ‘h@&ldaéa{‘F%é%§re?aratl°n3
thenselves. Alternatively, cardiac transplantation is
angnogBgenheart §heRuprutsc et Hoth & ofe &b \Ad bl Theptation of

failure. Due to problens such as the shortages of
thesgafdrdppol s kiet dal matkiei ¢be anddbsdpniBobardentn arrrent
econom cal burdens to patients, further, it is very
vepgagh the rapdudi arar di e phamgplcenitdtciadn agemt geor ateduce
t herapeutic nmethod. [0004] Recently, a nethod of
exsappl cmedhiad banrgrealst deatt ot hecal eV oror pifeshe s tdmthetic
injured heart has been studied. It is 20 known that
neaveSQyEs IPEANdERhS URinig -amigtalte nwhier es gat ¢t pnyaelit axs B
obtained fromfetuses were engrafted into an adult
bloakdiracahdSSCE, i i itprsaafatred icakdeonyboyt esatoulHbwever,
effectively function as cardi onyocytes (for exanple,
the@@ therapeutic methods are simple symptomatic treatments

and can never recover damaged cardiac tissues themselves.
Alternatively, cardiac transplantation is an essential
therapeutic method for sévere heart failure. Due to problems
such as the shortages of organ donors, medical ethics, and body
burdens and economical burdens to patients, further, it is very
tough to employ cardiac transplantation as a general
therapeutic method.

[0004] Recently, a method of supplemental engraftment of
cardiomyocytes to the injured heart has been studied. It is
known that at =some experiments using animals where
cardiomyocytes obtained from fetuses were engrafted into an
adult cardiac tissue, the engrafted cardibmyocytes could
effectively function as cardiomyocytes (for example, see
non-patent reference 1). Research works have been under way,

S0 as to prepare cardiomyocytes from multi-potent cells with
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non- patent reference 1) . Research works have been
under way, 25 so as to prepare cardi onyocytes from
mul ti-potent cells with 2 a potency to be
differentiated into a wide variety of cells including
cardi onyocytes, nanely so-called enbryonic stem cells
(ES cells) for use as engrafting cells. However, these
met hods woul d face nuch difficulties in the
applicatio hereof to cljnjical nedicine froman
2 GERFRET LT RIS TheT SRR v 8 5ud Mo Snedioed Rdveells
been, made tq . engraft bone marrow derived stemcells
lnfbu%fP%mFFH€1§FéﬁFééFFs ENsd Y 39 f e ehid af BRI YARLC stem
cardi onyocytes in cardiac tissue. However, the
CeHHf%Fr%r‘Ftellétsl oﬁ°éf¥$%|aén699ir§fé>%tnﬂeﬁﬁl%/3} odfowgyer, these
Therefore, the method is not practical as a nmethod for
metheds r gfarid af 2on AWE hcobBhbatl bheof idar Hhompesytiegtion
(see for exanple non-patent references 2, 3 and 4 as
thepepbwdp. clO00HN Thed pe érentt riomy et oethbfathetandpoint.
invention therefore nmade research works about the
Recehtlyyclfertbgul atdenpiechaviesrbedn ofiadar de ompacyfesbone
particularly the role of cyclin- cyclin- dependent
makromséef CDKI sytememeXonsequerltlloy, the sicewentedrlss to be
found that although the expression of the type D
diéyerent hntde@DKdnts | ndudédmybaytke stinnmulcatridamcof tifsane.
exanple, serumand growth factors in cardi omyocytes,
Hotbese, prtakeidi £ neltdation arff i ocaddyedsi Bxeyeaplgsmow.
but not transfered into nucleus, so that the
Thphespherytaki AethbdRBsphotebRaasidanualsear mettdb@etfor the
nol ecul e of cyclin D-CDK4 or the activation of cyclin
re e £BPKZt Daf dlayy dOCEsHi e n €0k NG £1 NVEAIY i 1Sy YO €Us@B for

example non-patent references 2, 3 and 4 as reviews),

[0005] Tﬁe present inventors of the invention therefore
made research works about the cell cycle regulatory mechanism
of cardiomyocytes, particularly the role of <c¢yclin-
cyclin-dependent kinase (CDK) system. Consequently, the
inventors found that although the expression of the type D
cyclin and CDK4 is induced via the stimulation of, for example,
serum and growth factors in cardiomyocytes, these protein
molecules are localized in cytoplasm but not transfered into
nucleus, so that the phosphorylation of RB protein as a nuclear
target molecule of cyclin D-CDK4 or the activation of cyclin
E-CDK2 hardly occurs. When the inventors prepared an
adenovirus vector where a gene for cyclin D1 tagged with the

nuclear localization signal (NLC) (referred to as DINLS
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adenovirus vector where a gene for cyclin D tagged

with the 25 nuclear |ocalization signal (NLC

(referred to as DINLS 3 hereinafter) and the gene

encodi ng CDK4 were integrated to allow the vector to

inf ect cultured cardi onyocytes, the cyclin Dl

protein and the CDK4 protein were expressed in the

nucl eus, to cause the proliferation and division of

car di ocytes via 5 RB phosphoryl ation. Consequently,
hef Rt ROERI 088 5NECEERPUPRS SR PaS] Kihd SgPoRPEEREAGR to

of cardi onyocytes that hardly_proliferate )
alloy it 85%9%%85;C&nﬁélrtlg%%vcarddmmtmﬁéfteB' the cyclin

conditions. Additionally, the inventors introduced
D1y te igh@nd: hlee G4 BERECERA Y oEe CARFicHS afig| h¢ ndsdeus.,

of an adult animal 10 to all ow the expression thereof,
tosrusrattheherphi Earatson sant ddgfiglilon pE oysedsuty Qdetes via

cell cycle of the cardi onyocytes of the adult ani mal
RB(sephpsphexidpltéopat ent rEpPesenuvently.nontpst entinventors

reference 5). The nethod for proliferating
sucaeds bnjdr\aldovwad dbeartiahtkend tivn lod ¢avéhenpecytendhat

15 referred to as DNLS/ CDK net hod herei nbel ow. The
hacdbhyantsl i iirsdtiodadtoniche lpad Entd e efuedenceede antl cuigure

n-on-patent reference 5 and other references
codésciohed tird it iomalkl yl Ithei fncve pPos as da tiro dulee dpb e¥RAItand

specification. [ 0 0 0 6 1 A great nunber of other
thatdEOPtgeneia fhdecadndi O mpraogresd stshie o€l dncaydlet @fnimal

cardi onyocytes to induce the division of the cells
to( saa dwor tRxangter aodt Pt @Rl rieeffer egige thaas ahéeviilBMintors

about the progress of the cell cycle cardionyocytes).
sub@eseXalpyeprogf€POEd e lce11hal cWMBedf the cardiomyocytes

of the adult animal (see for example patent reference 1,
non-patent reference 5). The method for proliferating
cardiomyocytes in accordance with the invention 1is now
referred to as DNLS/CDK method hereinbelow. The contents
disclosed in the patent reference 1 and the non-patent
reference 5 and other references described therein are all
incorporated in the present specification.

[0006] A great number of other attempts were made to
progress the cell cycle of cardiomyocytes to induce the
division of the cells (see for example non-patent reference
6 as a review about the progress of the cell cycle of
cardiomyocytes) . For example, a report tells that when
adenovirus-derived E1A/EL1B gene (see non-patent reference 7)

or E2F gene (see non-patent reference 8) was expressed in
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adenovirus -derived ElI A/ El B gene (see non-patent
reference 7) 25 or E2F gene (see non-patent reference
8) was expressed in 4 cultured cardi omyocytes isol ated
froma neonatal rat, the induction of DNA synthesis
in the cardi onyocytes occurred. In a transgenic nouse
excessively expressing the cyclin D1 gene of the
intact type without any nuclear |ocalization signal, 5
the el evatign of the expression |evel of CDK4 in the
cud P drEmPREPEOR YOS YdsSerhied & tfet FeQ™ wi t RePRB LA ADEAL orf he
, of DNA synthesis (see for exanple non-patent
1nFéFéﬁeﬁcféfV§}M Nt e st dntthe cprdilgnyegivéstelc ewrtedn In
a nouse deficient in the junonji gene suppressing the
a bXpREgsnbn MIuthexAadSivedy genaesBdnigt the opsbivdll gene
that the duration of the cell proliferation arrest in
oft hhef bphhcEatyiPonybelyewes dmy prudlogaged (azdel dasrion signal,
exanpl e non-patent reference 10). As descri bed above,
thet ¢bevaehomstafat ¢diet hagsptbesioguctewsl ofofDNADK4 in the
synthesis and cell cycle progression may be possible
cagdénmyncgaedi bmodeeresed thgkhketbw EXiperheréntiakction of DNA
exanpl es, however, apoptosis induction and the
syappeadandaeafl fadxnogxadp pol yohchgaencelrefew@nee 9). More
frequently observed in cardi onyocytes. Except the
rebBh B4 CDKinetiBodndiea teat BRAE teXinStasS nfols epra@matdinGi tcald the
di vi sion of cardionyocytes after birth to practically
jubBf @agéen € hlp preiRang 2Re [ ds AomdesCihdeF calavel gene,
the DNLS/ CDK nethod is an innovative nethod by which
itcakdoBRKeT¥Ees hgenenal layirakandl bt Rl ideanaty A" G tion
be increased. Thus, the nmethod is industrially highly

ar@2BPki Gabl€ne fetal cardiomyocytes is prolonged (see for
example non-patent reference 10). As described above, it is
demonstrated that the induction of DNA synthesis and cell cycle
progression may be possible even in cardiomyocytes. 1In the
experimental examples, however,.apoptosis induction and the
appearance of abnormal polynuclear cells were frequently
observed in cardiomyocytes. Except the DNLS/CDK method, no
method exists for promoting cell division of cardiomyocytes
after birth to practically increase cell number.

[0007] As described above, the DNLS/CDK method is an
innovative method by which cardiomyocytes generally “hardly
proliferating” can be increased. Thus, the method 1is
industrially highly applicable.

[0008] It is known that plural up- and down-regulatory

factors regulate the progress of cell cycles in general
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[0008] It is known that plural up- and down-regul atory
25 factors regulate the progress of cell cycles in
general 5 eukaryotic cells. The up-regulatory factors
i nclude the individual types of cyclin and CDK, while
the down-regul atory factors include a series of
protein groups called CDK-inhibitors. Two famlies of
CDK-inhibitors are 5 identified, which have different
ction,nodes .from each other see for exanpl e
euﬁgﬁygg%gmcer ét%r en Selfpe@ez?urlé\fioé\ﬁ) fa‘At‘?’l[?stlncéPSGp the
, .S called Inkd4 fam |l ,Erotein and_i ncl udes pl6 (al so
tngREaRua Lt YRRERE RYSH L0 S Dnd YEaRAAFY S dons (maasg atory
known as Ink4B and Ms2) , pl8 (also known as |nk4C
fagharfnkéACLudend H19°CELEE 10 knodho 81 H209rPHRAD Hifd led
I nk6B). The first group selectively binds to CDK4 or
COEDkBREBiFAREDI t t A¥Of urfanidnies teé cPeKi-dAnhphbebras(orare
. .CDK6) conplex (see for exanple non-patent references
idgptifledpovhiggh haveedbhifiegrntipr of i ODAdes Birpmngach other -
proteins is called Cip/Kip famly protein and incl udes
(sporfopsegampdelrowp st 1Ci plefePeoce Stials, a meas eand WAffirst
referred to as p21C pl hereinafter) , p27 (al so known
growp lisksakl off Iakd Ricly prefteimechd dnadup2éKilllP(d1so known
hereinafter) , and p57 (also known as Kip2; referred
astbnlasA poft 21 hetdkmafded )Cdkndis, sposwn(dhed Wndvwikeas timk4B
Ink4 famly, the second famly inhibits the progress
andfM2dR lceldiscyall@obynbnhi b tingn ¢ hendf uARBRAONSaNE p19 (also
various cyclin-CDK conplexes (see for exanple
knowen-pateal, riefkireneds 1hk6el6, e Bfs 4 rodPRAeAS vely
to how these CDK-inhibiting proteins are
binds to CDK4 or CDK6 to inhibit the function of the cyclin

D-CDK4 (or CDK6) complex (see for example non-patent
references 12, 13 and 14). A second group of CDK-inhibiting
proteins is called Cip/Kip family protein and includes p21
(also known as Cipl, Picl, 8dil, mda6 and Wafl; referred to
as p21°1“'hereinafter), p27 (also known as Ick, Kipl and Pic2;
referred to as p27**' hereinafter) , and p57 (also known as Kip2;
referred to as p57%'®? hereinafter). It is shown that unlike
the Ink4 family, the second family inhibits the progress of
cell cycle by inhibiting the functions of various cyclin-CDK
complexes (see for example non-patent references 15, 16, 17
and 18) .

[0009] As to how these CDK-inhibiting proteins are
involved 1in the suppression of the proliferation of

cardiomyocytes, several reports tell about the Cip/Kip family
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i nvol ved in the suppression of the proliferation of

25 cardi onyocytes, several reports tell about the
Cip/Kip famly 6 nolecules . Specifically, it is known
that the expression levels of the p2lc'Pl protein and
the p27K' Il protein are elevated, follow ng the
deterioration of the proliferation potency of

cardi omyocytes over the late f etal stage to postnatal

t 5 that ,th ti,vat, on, of and, CDK4 a .
m°?8?8&smﬂsg88Fg 1°F§1§gwé\r{‘eo‘|5(s ’é°‘f%rtéﬁémﬁ|h§ expression
- t f &l 19). VWen | Ger 1 (insulin-like
1eFBRAMT FREAL D) T Seitfbando 1 22d SrRUGHAEE BF piflevated,

excess expression of the E2F-1 gene therein, the
fodkprérg bhe| ¢besiofathen p2f ctim Bk il ¢ athkp # o tignqy of
2 7 Kill protein are |owered, involving the increase
CaéfllPﬂéOF&EPé ove T cerdlildrhpodptted ataghRet ONPO S hal istage,
phase (the S phase) (see f or exanp 1 e non - patent
sorghtefkpcecpivation sof| QKT eppud tAK4 Iret tanget pPlecules
Kill gene-deficient nouse, the timng of the
isptovetedatéen Heorestampleanah opyoeyt eseferemt aybl) t hathen
in 15 normal nouse and that the nunber of
IGEatdi ohimeyl &rs- 1 k¢ he gmbefth ci éatctorude i siEncradsed to
(see for exanple non- patent reference 21). As
cadésomiyberdtabowe,th t eksesaggegtrect diat dlie tHd pEKFpL gene
famly protein, particularly the p27 Kill protein may
thposshbl yhbeexpwed voch i e wdls fpphespi2afit®dfptdiein and the
proliferation 20 of cardionyocytes . No exanple except
p27 P! debekiana 0§ 1ohe rganei nv &1 KWyt hfeOf n6HPRE 8SF BHethexio
expression and function of the G p/Kip famly protein

o fton d 0 dye da vitsd ORAGEh t 18 ©1 ¢ pRladtel POhOfs phase) (see
car di onyocyt es.

for example non-patent reference 20). It isalso reported that
in a p27%P' gene-deficient mouse, the timing of the
proliferation arrest of cardiomyocytes is delayed than in
normal mouse and that the number of cardiomyocytes in the
deficient mouse is increased (see for example non-patent
reference 21). As described above, it is suggested that the
Cip/Kip family protein, particularly the p27%'®' protein may
possibly be involved in the suppression of the proliferation
of cardiomyocytes. No example except for deletion of the gene
is known for suppressing the expression and function of the
Cip/Kip family protein to induce the division and
proliferation of cardiomyocytes.

[0010] It is known that the intracellular expression

level of the Cip/Kip family protein is mainly regulated by a
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[00101 It is known that the intracellul ar expression
25 level of the Cip/Kip famly protein is mainly

regul ated by a 7 degradation systemvia the ubiquitin
pat hway (see for exanple non-patent references 22, 23
and 24). UWobiquitinis a polypeptide conprising 76

am no acids highly preserved and is abundant in all
eukaryotic cells. In the ubiquitin pathway, 5

oo RRHMYPLOY 41 90 BRYETI Y Bl BB abR sy RE o examse
I ti I t | ex, tein, nol ecul e
nofigb ERE viA4F RARAF Lbdder t¥he ot B4bons. SPAFRATIE b 2
I nclude_a wide variety of nol ecules such as cyclin, )
PoL¥ReDp hahe cqmarisgmEari apinpacids)fd ghigrpresepred ambis

| KB(x, NF-KB and O-catenin, in addition to the C p/Kip
abyndany inadiloiegkaryedisi g8l 8seak’ hthiorudd aord triffe Pathway,
ubi qui tinylation mnmechanismof protein nolecules are
POhBHP bbbk 1 e igeperal Pyt Ly grictds Kompltacgesssulyetrate and
. ubiquitinylated by a series of enzynme groups, nanely
isyprhararADALYi VREITed ednMiteh (£l Polubigakippal5proteasome
conpl exi ng enzynme (E2) and ubiquitin ligase (E3), and
compl ei ti Aypaedd prodteiudssardedriatdd ywilehr adetdl whtilqu2@$n -
prot easone (see for exanple non-patent references 25,
proéeafidme sk A8 ias lude ews)de VRGTEEyY bfisobetuboedsuch as
that the ubiquitin ligase (E3) is 20 responsible for
cythenspetd figd ¢, 2R hes THI -qui td -Mlcat icomwaf, ESecdiekie®tor,
target proteins anong them Nunerous exanples are
I kI OVINE k15 LY. g3 Anaariase iy eratii oie nCarspltave/ GUel/®SQMBamily

(APC/ C) conplex, VHL (von Hi ppie-Lindau

proptotel n-Bloegs v/ £e{&Bf3h works on the ubiquitinylation
mechanism of protein molecules are now under way. Generally,
protein molecules are ubiquitinylated by a series of enzyme
groups, namely ubiquitin activation enzyme (E1l), ubiquitin
complexing eniyme ({E2) and wubiquitin 1ligase (E3), and
ubiquitinylated proteins are finally degraded with 268
proteasome (see for example non-patent references 25, 26, 27,
and 28 as reviews).

[0011]) It is believed that the ubiquitin ligase (E3) ié
responsible for the specificity of the ubiquitinylation of
specific target proteins among them. Numerous examples are
known, such as Anaphase Promoting Complex/Cyclosome (APC/C)
complex, VHL (von Hipple-Lindau protein-elongin B/C (VBC)

complex, Nedd4, Ufd4, Rad5, Radl8 and Parkin. A new type of

ubiquitin ligase complex called SCF has been identified
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conpl ex, Nedd4, Ufd4, Rad5, Radl8 and Parkin. A new
type of 25 ubiquitin |igase conplex called SCF has
been identified 8 recently through research works on
| ower biol ogical organisns such as yeast. The
ubiquitin ligase of the SCF conplex type (sonetines
referred to as ubiquitin |igase SCF conpl ex
hereinafter) is a protein nodule of a trimer conposed

bunits called Skpl, Cull differe
reﬁsﬂéfﬁft W) TegRaTe %%&ki,r%tépﬁerwea}?sea%ael eFganisns
ed SCF as an acronym.of the indivjdual subunits
SUfEeaes 11612 Exangl& HBﬁqﬁéttéﬁt 118 8P eREeth o CE RO o tYpe
reviews)). [00121 The F-box protein as one of the
(S%ﬁ’bbﬁ%ﬁtsr%q‘e%ﬂ 10 codhplid Wirktidi nd 14ASE- POXEF mstomp lex
first identified in cyclin F. The notif region is
hepefnpfeart ore gherehe bk Aadude Rifth tamer cagdprsiednaf Ibhree
the F-box protein contains a repeat notif region of
subboifs 402 hhe¢hoSkel d Sehlehrebl ffse et § etk MD-A0 Qdededidt, and
or a leucine -enriched notif region called
F-bexcdtreteich Miypedtigakr 16 ¢4kl SCE Wonpl ex, aSkphymnaf the
Cul | / Cdc53 are never variable against any target
ingibsdvatl esybuwthitd e (ske ot ecudrgrl especi- ps teh tt hef &= dmxes 29
protein vary, depending on the target substrate as an
andibd quasi nylaewen)target. By recogni zing and binding a
target substrate in the WD-40 repeat or the

[0DeRTI ne-ritHe mepeat prole id0a &-dx0x oFr @hei flodpdbLEeNt Hasf SCF
the substrate specificity of the SCF conplex (see for

coRYRER| o Mt pata@nt - bekefi €OCES i¥lst 33,en@1@i33) in cySlin F.
descri bed above, the SCF conplex includes plural types
ThOfmo PTf GPe§ll6d BErdequired for the interaction with Skpl.
Additionally, the F-box protein contains a repeat motif region
of about 40 amino acid sequences as called WD-40 repeat or a
leucine-enriched motif region called leucine-rich repeat. 1In
the SCF complex, Skpl and Cull/Cdc53 are never variable against
any target substrates, while themolecular species of the F-box
protein vary, depending on the target substrate as an
ubiquitinylation target. By recognizing and binding a target
substrate in the WD-40 repeat or the leucine-rich repeat, the
F-box protein determines the substrate specificity of the SCF
complex (see for example non-patent references 31, 32, and 33).
As described above, the SCF complex includes plural types of
SCFPT™C®  geRcict geF¥et® ang SCFO'*!, depending on the difference

of the F-box protein containedas the component (see for example

non-patent references 29 and 30).
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SCF , SCF, SCF'et'o and SCF , depending on the
di fference of the F-boxprotein containedas the
conmponent (see for exanple 25 non-patent references 29
and 30). 9 (0013] In case of the Cp/Kip famly
protein, an SCF conplex containing Skp2 (SCFSkp2) as
an F-box protein is involved in the
ubi qui ti n- prot easone degradation thereof. Skp2 was
first identified as_a factor phinding to the cyclin 5
LOR conpt e%38Beldudd e rFel%@mmfw%h BFO&RpD. an SCF
occurs from, the late Cﬂfthgg of cell cycle and the
COPRBRES AU A9 r EXBRes SGthe travd STuATf oA AMeP B0 pRABe i
., to the & phase, Skp2 is called S-phase kinase
invgl¥gdi dtfed gt orki AU i sbe- PHP L X aope cdRgnagatdan thereof.
reference 38). A report tells that other than the
SkgRprrEpfiostabii eyt pEbedi s Skire ter dyi digws prottdien cyclin
nol ecul es such as E2F-1 (see non-patent reference
A-8DK2 egmplex E Brsausentpatantunyf eiemed 48p2 @DKOrs from
(see non-patent reference 41) and c-Mc (see
thadme-Yrabérphasef ef errldsci2]l arch ABh e sk prarsgaiforslibset ateexshes
and Skp2 is involved in the degradation thereof. 15
thp0fddimbs festrilbed hewve, tiot the &hophaséatskp2 is called
CDK-inhibitors including the G p/Kip famly protein
S -pheseilivod seedh 8 9o ¢ et sdippoe23inONs ©f flolrcepiwbi é aroaif-ipltent
of general proliferative cells, so that the
refibrgucki O8pr ot RasepBrsyseels thatt BEhSCFTHRA aUWIcp /Kip
is responsible for the regulation of 20 the
fahblyageblteliar, &XP2SHdddyd £ved . p FOVEYRr mo@kBBSks such as
nothing 1is known about how the ubiquitin-proteasone
E28YSt 4R é SonNWRItead refetBRcEEy Atdyen iveehadé §MAN- dah@nt
proliferation of
reference 40), CDK9 (see non-patent reference 41) and c-Myc

(see non-patent references 42 and 43) as target substrates and
Skp2 is involved in the degradation thereof.

[0014] As described above, it is known that
CDK-inhibitors including the Cip/Kip family protein are
involved in the suppression of the proliferation of general
proliferative cells, so that the ubiquitin-proteasome system
via the SCF**®? complex is responsible for the regulation of
the intracellular expression level. However, almost nothing
is known about how the ubiquitin-proteasome system is involved
in the regulation mechanism of the proliferation of
cardiomyocytes.

(0015] The DNLS/CDK method is a method for proliferating

cardiomyocytes as a currently known single one such method.
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cardi onyocytes. [0015] The DNLS/ CDK nethod is a net hod
for proliferating 25 cardionyocytes as a currently
known single one such nethod. 10 The nmethod is very
useful and highly industrially applicable. So as to
pronote the practical application of cardiac nuscle
regeneration therapy and the industrial applicability
thereof, still further, the effect of proliferating

cardi onmyocytes and _5 the ficiency thereof are _
Thae%??%‘g%(yl¥aie§édu8fébaea1nqs§e@mlvr LRarghEssdly applicable.
nphl et of International Publication WO 02/095026
S°N6ﬁ PARFARN e drlendg 2Lt iSGdnpRRL i6ptdpn ofcfapgbac muscle
264:98, (1994) 10 Non-patent reference 2: Mirry, et
regpnere@pgng@#gfﬁpy{gmg tE@Tﬁpdqgkﬁﬂal Bpgﬂlcgblglgy thereof,
2002) Non-patent reference 3: Menasche, Ann. Thorac.
steldgfurylse spEhy 2@@3):tl\mhpg@tlérftenae:fi@rgensed&pmwbpytes and
al ., Cardiovasc. Res. 15 58:313, (2003) Non-patent
theeeéfdndensy Taeweodfi asdadeisireblyl raiGedc. Res.
92:el2, (2003) Non-patent reference 6: Kishore, et
[04R6) Circ.Pi&Resnt 2@Le@44ce( 2002Pa@OhNeh- pdt ehtternational
reference 7: Kirshenbaum et al., J. Biol. Chem 270:
PuB79tati299%p Mar-opawenst reference 8: Kirshenbaum et
al., Dev. Biol.
Non-patent reference 1: Soonpaa, et al., Science 264:98,

(1994)

Non-patent reference 2: Murry, et al., Cold Spring Harb.
Symp. Quant. Biol. 67:519, (2002)

Non-patent reference 3: Menasche, Ann. Thorac. Surg.
75:820, (2003)

Non-patent reference 4: Nir, et al., Cardiovasc. Res.
58:313, (2003)

Non-patent reference 5: Tamamori-Adachi, et al., Circ.
Res. 92:e12, (2003)

Non-patent reference 6: Kishore, et al., Circ. Res.
90:1044, (2002)
Non-patent reference 7: Kirshenbaum, etval., J. Biol. Chen.
270: 7791, (1995)

Non-patent reference 8: Kirshenbaum, et al., Dev. Biol.
179:402, (1996)

Non-patent reference 9: Soonpaa, et al., Clin. Invest.

99: 2644, (1997)

11



10

15

20

25

179: 402, (1996) Non-patent reference 9: Soonpaa, et
al., din. Invest. 25 99: 2644, (1997) 11 Non-patent
reference 10: Toyoda, et al., Dev. Cell 5: 85, (2003)
Non- patent reference 11: Sherr & Roberts, Genes Dev.
9: 1149, (1995) 5 Non-patent reference 12: Hannon&
Beach, Nature 371: 257, (1993) Non-patent reference
13: Serrano, et al., Nature 366: 704 (1993)

gllogltpat i%attl%'?éere C%ﬁ%cg%)l}_a*\baﬂdﬁacf ef %e’ncoe 15ce11 >

5 gg&é et al., Cell 75:805, (1993) Non-patent
e %Ee 16: Pol yyak, et al., Cell 78 59 (1994) 15
hbn atent refere ce 17: T

o RERS T G 1P by SMEREc 1 B D bar suain eg DoV
nes Dev. 9:650, (1995) Non-patent reference
9: ?Lb“Fl h&95kt al., J. Mol. Cell. 20 Cardiol. 30:563,
(1998) hbn-patent reference 20: vonHarsdorf, et a
Q,wyoq%g@teggrfjgre@fggbg Hannon& Beach, Nature 371: 2517,

(1993)

Non-patent reference 13: Serrano, et al., Nature 366:
704, (1993)

Non-patent reference 14: Hirai, et al., Mol. Cell. Biol.
15:2672, (1995)

Non-patent reference 15: Harper, et al., Cell 75:805,
(1993)

Non-patent reference 16: Polyyak, et al., Cell 78:59,
(1994)

Non-patént reference 17: Toyoshima & Hunter Cell 78:67,
(1994)

Non-patent reference 18: Matsuoka, et al., Genes Dev.
9:650, (1995)

Non-patent reference 19: Flink, et al., J. Mol. Cell.
Cardiol. 30:563, (1998)

Non-patent reference 20: von Harsdorf, etal., Circ. Res.
85:128, (1999)

Non-patent reference 21: Poolman, et al., Circ. Res.
85:117, (1999)

Non-patent reference 22: Pagano, et al., Science 269:
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Non- patent reference 21: Poolman, et al., Crc. Res.
85:117, (1999) 25 Non-patent reference 22: Pagano, et
al ., Science 269: 12 682 (1995) Non-patent reference
23: Maki & How ey, Mdl. Cell Biol. 17:355, (1997)
Non- patent reference 24: Drano, et al., J. Biol. Chem
5 274:12197, (1999) Non-patent reference 25: Coux,
etal ., Annu. Rev. Biochem 65:801, (1996) Non-patent
68 efg% Ege 26: Hochstrasser, Annu. Rev. Cenet. 30: 405,
%1@ § 0 Non-patent reference 27: Pagano, FASEV J.
11: 1067, é1991) Non- patent reference_ 28: Hershko, et
al ., NohRA Ry Te kg 23g7Mabsk [1awday . NG pdisdnt Biol.
reference 29: Patton, et al., Trends CGenet. 15
17935%36(1799b8) Non-patent reference 30: Jackson &
El dridge, Mdl. Cell 9:923,(2002) Non-patent reference
31: ¥i-ratent rebemenondd(¥996P . RN pat eht Biol. Chem.
reference 32. Slowya, et al., Cell 91:209, 20 (1997)
27hoh2pdTentlPPerence 33: Kobe, etal., Curr. Qpin.

Struct. Biol. 11725, (2001)
Non-patent reference 25: Coux, et al., Annu. Rev. Biochenm.

65:801, (1996)

Non-patent reference 26: Hochstrasser, Annu. Rev, Genet.
30:405, (1996)

Non-patent reference 27: Pagano, FASEV J. 11:1067,
(1997)

Non-patent reference 28: Hershko, et al., Annu. Rev.
Biochem. 67:425, (1998)

Non-patentireference 29: Patton, et al., Trends Genet.
14:236, (1998)

Non-patent reference 30: Jackson & Eldridge, Mol. Cell
9:923,(2002)

Non-patent reference 31: Bai, etal., Cell 86:263, (1996)

Non-patent reference 32: Slowrya, et al., Cell 91:209,
(1997)

Non-patent reference 33: Kobe, et al., Curr. Opin. Struct.
Biol. 11725, (2001)
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Biol. 1:193, (1999) 25 Non-patent reference 35:

Tsverkov, et al., Curr. Biol. 13 9:661, (1999)

Non- patent reference 36: Bornstein, etal., J. Biol.

Chem 278: 26752, (2003) Non-patent reference

37:Kanura, etal., Proc.Natl.Acad. 5 Sci. USA

100: 10231, (2003) Non-patent reference 38: Zhang, et

) , 2: 915, (1995) Non-patent reference 39:
9'%?'“?%%?1 . 'Nat. Cell Biol . 1: 14 (1999) 10

at ent reference

19 % gpat%ba)efﬁaﬁnﬁgt%h RS eharaioe shali @l niholeChen.
Cell . Biol. 21:7956, (2001) Non-patent
27Pe?5?éﬁce‘&9°3k|m et al.. Mol Cell 11:1177, 15

(2003) Non-patent reference 43: von der Lehr, et al

. MbPD-PaeeRt referegge 1D0BSIUDRSRIOBURE Ko CTHEAtL . Acad.

| NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON 20
Sciooiy} LAOAlABBhod (RBR3proliferating cardionyocytes,

it is an object of the present invention to provide a

met hibein f bz teehhaaEengne kel pr ok hhagat iedn adf.fii cledricyB 25915,

t he cardi omyocyt es,
(1995)

Non-patent reference 39: Marti, et al., Nat. Cell Biol.
1:14, (1999)

Non-patent reference 40: Nakayama, et al., EMBO J.
19:2069, (2000)

Non-patent reference 41: Kiernan, et al., Mol. Cell, Biol.

21:7956, (2001)

Non-patent reference 42: Kim, et al., Mol. Cell 11:1177,
(2003)

Non-patent reference 43: von der Lehr, et al., Mol. Cell
11:1189, (2003)

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0017] In a method for proliferating cardiomyocytes, it
is an object of the present invention to provide a method for
enhancing the proliferation efficiency of the cardiomyocytes,
and to provide a recombinant vector and the like for use in

the method.
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and to provide a reconbi nant vector and the like for
use in the nethod. 14 MEANS TO SOLVE THE PROBLEMS
[0018] So as to solve the problens, the inventors
anal yzed the nmechani smof the cell cycle regul ation
i n cardionyocytes. Specifically, the inventors

exam ned the nmechanismtherein 5 with attention
focused on the performance of individual factors for

I I e ' i n cardi onyocytes with
uehl§ 56! Lof¥E! fuEeoRbalEQe lin and CDK genes,
icular% -inhibitors Eerein. Consequent | y,
(oBRBY | hventts 5rghAnT VErhe BARDOERE nd i pRRFBLD BRARp LY Zed
rotein as the CDK-inhibitor, 10 nanely, p27Ki P1 was
thgrf%%(%’é"l:‘l’e%‘?ffaébﬁn%?’a{éd’celfcéggil%éltﬂﬁf‘nl & T dheayasy tes .
of ,cardi onmyocytes under stinulatigon with chILn and .
Spepkiirpbis) fhej dnKRBRATENEK MRS oG SR FercAqnifm therein
.gﬁotein mai nly including p27Ki pl i s ubiquitinylated
wi tﬁqﬂﬂqﬁﬁqqanFbégéiQ? BegéW€ﬁarﬂﬁ%ﬂqf%FaﬁqﬁjV1dua1
cells, so that the Gp/Kip famly protein is degraded
fagfphspfof vl lTigcdroregul pbigankn @rbAtHPpEytes with
conmponent of ubiquitin Iigase was co-expressed with
enfpacegclexnrand i0DK aferesciim cardli BRfoopnes., Ipamesularly
then observed that the p27Ki pl protein was
CDEir gnhiibéantrby thededed i GoR@eghenndyl etideofinventors found
cardi onmyocytes. In addition, the cell proliferation
thpot emeyo DHfthearcdipdiocfeed lwaprboend 49 tiee Minghiinhibitor,
activated, and these findings have led to the
nanefrpl 210N ehs thexpeesedly iavcemilated excessively in the
nucleus of cardiomyocytes under stimulation with cyclin and
CDK.
[0019] It is known that the Cip/Kip family protein mainly
including p27%'*! is ubiquitinylated with ubiquitin ligase in
general proliferating cells, so that the Cip/Kip family
protein is degraded with proteasome. Therefore, the gene
encoding a component of ubiquitin ligase was co-expressed with
the cyclin and CDK genes in cardiomyocytes. It was then
observed that the p27%®! protein was significantly reduced in
the nucleus of cardiomyocytes. In addition, the cell
proliferation potency of cardiomyocytes was found to be highly
activated, and these findings have led to the completion of
the present invention.

[0020] Specifically, the present invention relates to a

method to increase the proliferation efficiency of
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[0020] Specifically, the present invention relates to
a 25 nmethod to increase the proliferation efficiency
of 15 cardi onyocytes by inhibiting the production,
function and action (effect) of the Gp/Kip famly
protein expressed in cardionyocytes on stinulation
wth cyclin and CDK. The C p/Kip famly protein to be
suppressed of the actionis not 5 limted to but, the

ptein j referahl.y .p27KI P1 (00211 |p,accordance
ca B ARy Rel PRl ot P HE 0 iné CBFGRBRDHES  adianEane 2nd
any cardiac scle cell s ,expressin pl ural markers ,
acEltn  TRELRE: Lapli Bhg oLy PR iR EREN 1S, st otaday hrrsq sped in
t he norphol ogi cal , physi ol ogi cal and/or, 10
CaFM%ng§F6%1| %aﬁ&f’é&lﬁfl? t ¥t hcaf Uf bhodpdesCPhhe The
.term inc|ludes not only cardi omyocytes directly, .
Ciphtap neam F R Tt i 4 Pies §Y8S TEF SREnAAI Bharkrc %Jf‘?lrmlr%/ not
ccultured cells thereof but also cardiomyocytes
ligitedrentbatedthadraetriadieraredesnbleebR? Such as
enbryonic stemcells, bone marrow nesenchynmal 15 stem
(0g2l]ls and OMGassldrglanfaq@02 2} tAny thet hbeivéntiomhi bthe ngerm
t he production, function and action of the G p/Kip
"chndidyyperptesh magnbeasit icskrddeor puswilteh cred lspegipitiessing
[imtation. The nethod works for suppressing the
plexptessiokeok theegeéfiecentodi ng rdie@myoatyeies,, ~which are
suppressing 20 the production of the protein,
recopnbzedngashetaet i wotrphofl oghealpr otpdiyrs i@l oprierit | ragpd /or
t he degradation of the protein. [0023] In particular,
imhbrobeyhedlf 6eapuoeet big inha ¢ tdegradain yotytfed .he The term
protein is preferably a nethod for pronoting
includes not only cardiomyocytes directly obtained from

cardiac tissues of mammals and prima:y cultured cells thereof
but also cardiomyocytes differentiated and derived from stem
cells such as embryonic stem cells, bone marrow mesenchymal
stem cells and CMG cells.

[0022] Any method for inhibiting the production, function
and action of the Cip/Kip family protein may be satisfactory
with no specific limitation. The method works for suppressing
the expression of the gene encoding the protein, suppressing
the production of the protein, inhibiting the activity of the
protein or promoting the degradation of the protein.

[0023] In particular, the method for promoting the
degradation of the protein is preferably a method for promoting
the ubiquitinylation of the protein, Theubiquitinyldtioncan

be done by introducing for example drugs, proteins, peptides,
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the ubiquitinylation of the protein. The
ubi quitinylation can 25 be done by introducing for
exanpl e drugs, proteins, peptides, 16 | ow nol ecul ar
conpounds, and genes into a target cell. [0024]
Addi tionally, the gene pronoting the ubiquitinylation
of the Cp/Kip famly protein is preferably a gene
encodi ng a conmponent of ubiquitin |igase, nore 5
referab a_gene encoding the F-box factor capab of
Rer R s PG Rk et 5o e B Ep nE FREREEN A8 For
le S gene. . [0025] Ln carrying out the ,
OB EEEh fon R A, o Bt node PP i nRBATT WP he the
expression (nRNA transcription) of the gene encodin
u S RL ERRY R Pt o Sy R b P hmon g R TR The S @ re e b1y
transl ati on and production of the gene, product may
2 AL h&NGEEANT For "é%é%ﬂﬁﬂee“,tsPFﬁl\lA“gb@Eil LB tolihee ged@re
encoding the G p/Kip faml rotein is preferably |
praééa@b}ncﬁzernpnew$wmgth@u¥-gﬁé fartett c@rable of binding
additionally, a _ nucleotide sequence encoding the
tord@ ehp/ ¥ beflamidti pho &8¢ fmalinclmdiqopf ef examinl & dypegene.
to at | east one of the cyclin gene and the CDK gene,
[0035] ntrodulce ¢heryeryl eusg tgeneiinevt i o, t frgéhermore, a
cells. The cyclin is a cyclin capable of activating
neODKd ©or iODKG idridhgortéfeecrabkygsehohulieBNAorraxeempirwtion) of
cyclin D1, D2 and D3 of manmals. Still additionally,
theheen@DEnico ddoyi Viad €d p\K itpy pem 20y @ mytod imoantinhibiting the
preferably includes for exanple CDK4 and CDK6 of
t ramsirat $on [aR@20F o d wc Bhot lodr t leerbedienenddud heayralesd berused.
relates to a vector carrying the cyclin gene, the CDK
Fogeercamplle | el PN e@&pecific to the gene encoding the Cip/Kip

family protein is preferably used.

[0026] In carrying out the invention, additionally, a
nucleotide sequence encoding the nuclear localization signal
is preferably tagged to at least one of the cyclin gene and
the CDK gene, to introduce the resulting gene into the target

cells. The cyclin is a cyclin capable of activating CDK4 or

~ CDK6 and preferably includes for example cyclin D1, D2 and D3

of mammals. Still additionally, the CDK is activated by type

D cyclin and preferably includes for example CDK4 and CDK6 of

mammals.

[0027] .In another embodiment, the invention relates to
a vector carrying the cyclin gene, the CDK gene and the gene
ofafactorinhibitingtheactionofthe(ﬁp/Kipfamilyprotéin.

In case of intending the introduction of the gene into
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of a factor inhibiting the action of the G p/Kip
famly protein. 25 In case of intending the
i ntroduction of the gene into 17 cardi omyocyt es,
preferably, the introduction is done, using a viral
vector or liposonme or the |ike. As the viral vector,
for exanple, adenovirus vector is preferably used. .
(0028] In an additional node for carrying out the 5
car&lvgm%&?}{te&he Iné/eelpg.}IJPn rehat Sl'.I!:OOdI.IaC!|1Di ar{ mac Utnlegalusing
on con al ni ng vect or carrying he cyclln
ene_and th e.of a facto
%ﬁ%."“ﬁt@ (RE KPP BRNGIOF i %le&m oF ey g &R Eor
£ g % L t||| addi ti onal ? carrying out the
5 0*F#RRNE i o e’E‘%l’F‘ﬁ?/e‘ﬁ?FBﬂrer a?’é% ?Ba’&%\Yd%%}ocyt es
obtained by the nethod for proliferating
[0R%% Hi omyodyt e8P (dB%DFLPRAL diF%%r éRF rr%%;lér}’b?g out the
carrying out the invention, the invention relates to
ingentie’ni nghfet AU BEEAY argdptesobtai nad ppagRaceutical
met hod for proliferating cardionyocytes, so 15 as to
compieft F§gn a?%t\ﬁeﬂlnJfrta&:taoveﬁ’apht%ﬁl‘rﬁwglgaﬁaepebﬁbwrggertfhe the
viability and function of cardionyocytes and the Iike
CDBroene gndnbhhctepewii @ Byeher vinti ki tdomsithel #eyion of the
thereof. (0031] In an additional node for carrying out
ClmhélplﬁWthYOHIOthenbnventlon relates to a therapeutic
met hod of 20 heart diseases, including adm nistering
(0¢29 hnspl antn reg)s ttild pwaﬁrmimelﬁlj gredld ec dropoSiatrirgri n@r otulte the
cardi onyocytes into a site in a patient where the
inven ti omyocly¢ eisn e et ivea kgt e s fiun ctairdrialmyyw cartreas todd admed
killed, to retain and proliferate the
by the method for proliferating cardiomyocytes,

[0030) Inadifferent mode for carrying out the invention,
the invention relates to a screening method using a cell
obtained by the method for proliferating cardiomyocytes, so
as to identify a novel factor maintaining and promoting the
viability and function of cardiomyoéytes and the like or a
chemotherapeutic agent with a possibility thereof.

(0031] In an additional mode for carrying out the
invention, the invention relates to a therapeutic method of
heart diseases, including administering (transplanting) the
pharmaceutical composition or the cardiomyocytes into a site
in a patient where the cardiomyocytés are weakened,
functionally arrested or killed, to retain and proliferate the
cells.

[0032] Accordingly, the present invention generally
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cells. 25 [0032] Accordingly, the present invention
generally 18 relates to the following matters. (1) A
nmet hod for proliferating cardi onyocytes conprising a
step of introducing (a) cyclin, (b) cyclin- dependent
ki nase, and (c) one or a plurality selected fromthe
group consisting 5 of a gene encoding a factor that
inhibits the production, function, or action of

<o RREEL P R Ly BTN POy S T el
(1tnto car °Cyt9511§29a§ ste o% subseggent|

fuIturllngfor Pn?alglng the cef R 1O ) B c%&ﬁ?ﬁ%ﬁng a
“C PR BRI T By 801 hYCURR YRl 9 Dbt o g e

one or lurality selected fromthe group,
anfohiel Qeng? o R e acis b a8 bho1HERIT AR ks ns
the production, function, or action of CGp/Kip famly
of pRoBENS, eRFP U U ef T HEE aERALt ARPLPAKEDItDS tRﬂFé’dUCth'
production of Cip/Kip famly protein into

fupat dPBmRE\aEst 9t ofi Che/KdRd fandtgpropteiBsetim |npcleic
culturing the cells. (3) A nmethod for proliferating
acidr Hhdbybelyilekt & obibe iy ol &t L et pf FFin/Midating (exotein

cyclin, (b) cyclin- dependent kinase, 20 and (c) one
ingp capiiomyocyterl eotked BLtem Pﬁesgbw@ue@hlsvswh@ubina or

gene encoding a factor that inhibits the production,
mafphatndng bheaceldm.of Cip/Kip famly protein, and a

nucleic acid that inhibits the production of Cp/Kip
(2§ am Ayngirlotdeiflor proliferating cardiomyocytes comprising a
step of introducing (a) cyclin, (b} cyclin-dependent kinase,
and (c) one or a plurality selected from the group consisting
of a gene encoding a factor that inhibits the production,
function, or action of Cip/Kip family protein, and a nucleic
acid that inhibits the production of Cip/Kip family protein
into cardiomyocytes in vitro, and a step of subsequently
culturing the cells.
(3) A method for proliferating cardiomyocytes comprising a
step of introducing (a) cyclin, (b) cyclin-dependent kinase,
and (c) one or a plurality selected from the group consisting
of a gene encoding a factor that inhibits the production,
function, or action of Cip/Kip family protein, and a nucleic
acid that inhibits the production of Cip/Kip family protein

into cardiomyocytes in vivo, and a step of subsequently

maintaining the cells.
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into cardi onyocytes in vivo, and a step of
subsequently 25 maintaining the cells. 19 (4) The
nmet hod as mentioned above (1) to (3), wherein the
cyclin is a cyclin capable of activating CDK4 or CDK6
of mammals. (5) The method as nentioned above (4),
wherein the cyclin 5 is cyclin D of manmals. (6) The
nmet hod as nentioned above (1) to (5), wherein the

ycl | n- dependent ki nase is,a cyclipn-de enﬂant ginase
(475 bERe JBETUOE ctf RELGEIT R OG99 The Tbtitda ddierein the
nEntiqned abovF%éG , m@ereiq the , 10 cyclin-dependent
CYRih8sési & B %;BRB. LegPiTife gt Gt HWeht PHn&d K6 of
above (1) to (7), wherein the C p/Kip famly protein
mapBags871(11 (9) The method as nentioned above (1) to
58), wherein the factor that inhibits the production,
(5 uncthenmebhodces orefionsd GhIve pl $lamiwhe it dilf iycd in
. factor with an action to pronote the degradation of
istpgctip/ Ri pff apimpglprotein. (10) The nethod as
nmenti oned -above (9), wherein the factor wth an
(6act i Bhetwephodp2e nért tegyeddatoon OF) the @)p/ Kiherein the
famly protein is a conponent of ubiquitin |ligase. 20
cy€lih-dheendenodkasamentiisoned yalldwe deb@ndenwhdrigiaset He be
conponent of ubiquitin ligase is an F-box factor
actapabké bf¥ byndingDto the Cip/Kip famly protein.
(12) The nethod as nenti oned above (11), wherein the
(7F- bo®he method as mentioned above (6), wherein the
cyclin-dependent kinase is CDK4 or CDK6.
(8) The method as mentioned above (1) to (7), wherein the
Cip/Kip family protein is p27%Pt,
{9) The method as mentioned above (1) to (8), wherein the
factor that inhibits the production, function, or action of
Cip/Kip family protein is a factor with an action to promote
the degradation of the Cip/Kip family protein.
(10) The method as mentioned above (9), wherein the factor
with an action to promote the degradation of the Cip/Kip family
protein is a component of ubiquitin ligase.
(11) Themethod asmentioned above (10), wherein the component
of ubiquitin ligase is an F-box factor capable of binding to
the Cip/Kip family protein.
(12) The method as mentioned above (11), wherein the F-box

factor capable of binding to the Cip/Kip family protein is Skp2.

(13) The method as mentioned above (1) to (12), wherein the

20




10

15

20

25

factor capable of binding to the Gp/Kip_ famly
protein is Skp2 . 25 (13) The nethod as renti oned
above (1) to (12), wherein the 20 nucleic acid that
inhibits the production of G p/Kip famly proteinis
Ssi RNA specific to the gene encoding the G p/Kip
famly protein. (14) The nmethod as nentioned above
(13) , wherein the nucleic 5 acid that inhibits the

nu%%%ﬁ??%él"? Q{%‘g‘ﬁﬁ%faml épro%eutqﬁ’eo iﬁzg@K&éa family
i é .% comprising i.ntroduci %
Pr?ﬁ% @eh%SSfﬁvé RPBEbhGoE! S2S HeRRg HoptiAE P CUP/KLr

Eosone 10 (16) The nethod as nentioned above (1)
fa?bl¥1 JotGhRrein at |east one of the cyclin gene and
clin- dependent kinase gene ‘1is tagged with a

<1ﬁ cl Bt i hodlqagneen Bhede P oF hiddPdar vhebehR | R nag leic
gnal . (17) A vector conprising (a) a cyclin gene,
ac;%)tlaat 1 kdkl t§ nthejapeadient i« s &€ igeifdp dradri(ly) pandein
or a plurality selected fromthe group consisting of
is as Rk epeotfhg bof bkeop27tRatgenmi bits the action of
Cip/Kip famly protein, and a nucleic acid sequence
(l§hatThemdtited tde namodivotdbiofveC ([I/)Kigp (fldh,| yomprising
protein. 20 (18) The vector as nentioned above (17) |,
inwhedechng héheycdenmes i $nhocyelridi opgpalyite sof wcingati ngral
CDK4 or CDK6 of manmals. (19) The vector as nentioned
veaboveot1Bjposwherein the cyclin is cyclin D of
mammal s.
(16) The method as mentioned above (1) to (15), wherein at
least one of the cyclin gene and cyclin-dependent kinase gene
is tagged with a nucleotide sequence encoding a nuclear
localization signal.
{(17) A vector <comprising (a) a «c¢yclin gene, (b) a
cyclin-dependent kinase gene, and (c¢) one or a plurality
selected from the group consisting of a gene encoding a factor
that inhibits the action of Cip/Kip family protein, and a
nucleic acid sequence that inhibits the production of Cip/Kip
family protein.
(18) The vector as mentioned above (17), wherein the cyclin
is a cyclin capable of activating CDK4 or CDK6 of mammals.
(19) The vector as mentioned above (18), wherein the cyclin
is cyclin D of mammals.

(20} The vector described in any of above-mentioned (17) to

(19), wherein the cyclin-dependent kinase is a
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(20) The vector described in any of above-nentioned
(17) to 25 (19), wherein the cyclin-dependent kinase
is a 21 cyclin-dependent kinase to be activated by
cyclin D. (21) The vector as nentioned above (20),
wherein the cyclin-dependent kinase is CDK4 or CDKG6.
(22) The vector described in any of above-nentioned
(17) to 5 (21), wherein the factor that inhibits the
action of Cip/Kj famly protein is.a facto h an
cvaﬁmﬂe%nf?ﬁhoﬂ@nm Lo atbE B R PhoSER b b
mly protein. (23) The vector as nentioned above,
u{bz)Th%éfreatr?rt héSf aPEBEioReen aRo¥eti bh0ko pruhitier the
the degradation of the C p/Kip fam 10 protein is a
CY%bhﬁoﬁéﬁ?“%FnEbFﬁﬁ?ﬁFan|g%§é °EZQ9K¥he vector as
ment i oned above (23) wherei n the conponent of
(22bi oEhe i ¥ 94 Fadke Sicg i dFiBoRn¥ ae f 0t D EHabR Bt IR & ndi g to
to the Gp/Kip famly protein. (25) The vector as
(2 fent vioevesl mbdve faz4)pr wheteinhihetp- pbg adbidmeaforCin/Kip
capable of binding to the CGp/Kip famly protein is
fa®kp? protRéhr Tse aetaotodewdthbed iartalgn ofo promote the
above-nentioned (17) to (25), wherein the nucleic
degcadathat ohhthet€iphkiprbantlyoprobki@ip/Kip famly
protein is siRNA specific to a gene encoding the
(28) p/ Ko feotidy apr ae@ition2d G@BdyeThe2Vectlberasbn the factor
menti oned above (26) , wherein the nucleic acid that
vithhibatsibheppoednetieorh© egirpidiitd ohadt Ity epe bp £k hp fiaanily
Si RNA specific to p27 Ki P1 gene. (28) The vector
prdeschi bedai BoApynehtabovebigaitonedigagp.to

(24) The vector asmentioned above (23), wherein the component
of ubiquitin ligase is an F-box factor capable of binding to
the Cip/Kip family protein.

(25) The vector as mentioned above (24), wherein the F-box
factor capable of binding to the Cip/Kip family protein is Skp2.
(26) The vector described in any of above-mentioned (17) to
(25), wherein the nucleic acid that inhibits the production
of Cip/Kip family protein is siRNA specific to a gene encoding
the Cip/Kip family protein.

(27) The vector as mentioned above (26), wherein the nucleic
acid that inhibits the production of Cip/Kip family protein

is siRNA specific to p27%p!

gene.
(28) The vector described in any of above-mentioned (17) to

(27), wherein at 1least one of the «c¢yclin gene and

., cyclin-dependent kinase gene is tagged with a nucleotide
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(27), wherein at |east one of the cyclin gene and 25
, cyclin- dependent kinase gene is tagged with a

nucl eoti de 22 sequence encodi ng a nucl ear |ocalization
signal. (29) A pharmaceutical conposition for use in a
treatment of cardiac disorder conprising the vector
described in any of above-nentioned (17) to (28). 5
(30) The pharnaceutical conposition as nentioned above

§29% mhereén t he cargiac ?iso der is ocar?iw
sefRFAF &I PRROO P CReMiE! Rohr FORFbEA8EIORONAERE Ve heart
ilure, hypertrophic cardi.gnyopathy, djl ated

(205 of GHGRRGR L o RS L oy Ly DAPcLheariFea tment of
fajlure, 10 (31) Cardi omyocyte obtained by the nethod

capdiasi HLEoFf 5n9°’“8f13669e3ﬁ€nf’i‘36ﬁ86 depcrdbedein @3d) of
A nmethod, of treating a cardiac disorder conprising

abopg e hiornd phat nheelfBltal conposition as mentioned

above (29), or transplanting the cardionyocytes as
(30bntThedaaBereutd cediyornedihientas spndiigaederbore 429),

subiect having a cardi ac disorder, and retaining and
vherelnf erhe i fgndiaccaddeomgecyt ks mtoqadrdisat e inf33)tion,
The nethod as nentioned above (32) , wherein the
ischediac iésotderdiseayocardaigdsfiareti dreartschdmiidure,
heart di sease, 20 congestive heart failure,
hybhgperopbphi c cardiomyopathy, dildiflededar dicamddpatylmpathy,
nyocarditis, or chronic heart failure. ADVANTAGES OF
nydJeErd NVENT|I O chronic heart failure.
(31) Cardiomyocyte obtained by the method described in any
of above-mentioned (1) to (16).
(32) A method of treating a cardiac disorder comprising
injecting the pharmaceutical composition as mentioned above
(29), or transplanting the cardiomyocytes as mentioned above
(31) into a cite of disorder of a subject having a cardiac
disorder, and retaining and proliferating the cardiomyocytes
at the site.

(33) The method as mentioned above (32), wherein the cardiac

disorder is myocardial infarction, ischemic heart disease,

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

ADVANTAGES OF THE INVENTION

[0033] The use of the method in accordance with the

invention enables the inhibition of the action of the Cip/Kip
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[0033] The use of the nethod in accordance with the
25 invention enables the inhibition of the action of
the Cip/Kip 23 fanmly protein in the nucl eus of

cardi onyocytes, to pronote the prolif eration of
cardi onyocytes Further, the adv antages and
characteristic features of the invention are
sufficiently described below in the Section Detailed

t|on 5 Prefera for.Carr out_the
e T R B 1o O e HARNES Y {isoad  Fromote
essi n of . .p27 Ki P rotein
nd o b B AR aa St 4 | FBERES aihe advantages
nes. Preparing.the nuclear protein, the expressi
an%ﬁhﬁf?c eﬁ%SﬁH6&éFﬁtﬁégsé&%ﬁPﬁeanﬁﬁntvﬁgt%F%SHF&&FHﬁQtly
rat cardlonyocytes REF: rat fibroblast «cell |ine
def‘F?E’F’B?dcélel PV (ERg. e Peotdo i Datpbhedf Rﬁszcril%’fjin of
protein in cardi omyocytes transfected with DI NLS and
Qikﬂ @bﬁe%°deIﬁ?égz?ﬁﬁyl%%r@an?beyiégemF%hna

reconbi nant adenovirus carrying the LacZ gene (upper
BR sC OO and CDK gene (| ower

colum), the intracellular expression of p27 Kipl
[0p¥bl ein was 20 exam ned by i muno - fl uorescent

staining nethod. In the figure, the green color
[Fexptksses p27K Pl and the red col or expresses

sarconeric actin. Further, the cell nuclei were

st aiBremreddion DAPF . p27%?' protein in cardiomyocytes
transfected with DINLS and CDK4 genes. Preparing the nuclear
protein, the expression of p27 ***' protein was examined by
Western blotting. CM: rat cardiomyocytes; REF: rat fibroblast
cell line (REF52 cell).
[Pig.2]

Localization of p27*P! protein in cardiomyocytes
transfected with DINLS and CDK4 genes, Infecting
cardiomyocytes with a recombinant adenovirus carrying the LacZ
gene (upper column; Cont) or DINLS gene and CDK gene (lower
column), the intracellular expression of p27%®! protein was
examined by immuno-£fluorescent stainingmethod. 1In the figure,

the green color expresses p27Kipl

and the red color expresses
sarcomeric actin. Further, the cell nuclei were stained with
DAPI.

[Fig.3]

Regulation of the expression of p27%P! protein in
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[Fig . 31 25 Regul ation of the expression of p27K Pl
protein in 24 cardi onyocytes. Cardi onyocytes under
stimulation with FBS or stinulation with DINLS + CDK4
was treated with a proteasone inhibitor |actastatin
(LC) for conparison in terns of the expression of
p27"ipl protein. 5 [Fig.4] UWoiquitinylation of p27Kipl
protein in cardi omyocytes. A cell extract from
tdi e ( or fibroblast, cell. F). under
cafRESRPRFPEREY (R nne PR AR ReE it e W S o
was.used for _in_yjiitLo ubiguitinylation, to
o {5185 RER Py thep LbE 2o "o e A G, HF e pao easome
, Blgtting. In the figure, 1B expresses the antibody
inB3BALPE; LAEEREER BioMClg Shfal SATRAT JEOhatl DBSBAVE the
at a position wth a higher nolecular weight is
eXBBPEEEPPNPEaPRd p2 I PP ot ei n (p27- GST-Ub). [Fig. 5]
15 Expression of Skp2 protein in cardi onyocytes.
[F&gr 8 omyocyt es under stinulation with FBS or
stinmulation with DINLS + CDK4 was treated with a
prot Basawbtipntprier of apl Astatine yai®) ifmorcagshrarviosortes .
in ternms of the expression of Skp2 protein. 20
A qefilgegFrRredufctdmonanfiipRYRE plie pitdtlep n fdibrobigst cell (REF)
co-expression of the Skp2 gene. The expression of
un@g@¥xépimpiatébn vhthaPB$ ooyocyimeslatiamsfiedt el NGS b+ CDK4
DINLS, CDK4 and Skp2 genes was exam ned.
was used for in vitro ubiquitinylation, to subsequently detect

p27 *P! protein by Western blotting. In the figure, 1IB
expresses the antibody used for Western blotting analysis. A
band observed at a position with a higher molecular weight is

ubiquitinylated p27%®!

protein (p27-GST-Ub).
[Fig.5]

Expression of Skp2 protein in cardiomyocytes.
Cardiomyocytes under stimulation with FBS or stimulation with
DINLS + CDK4 was treated with a proteasome inhibitor
lactastatin (LC) for comparison in terms of the expression 6f
Skp2 protein.

[Fig.6]

Reduction of p27“’1protein via the co-expression of the
Skp2 gene. The expression ofp27K“1protein in cardiomyocytes
transfected with DINLS, CDK4 and Skp2 genes was examined.

[Fig. 7]

Localization of p27%P! protein in cardiomyocytes with
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[Fig. 7] 25 Localization of p27Kipl protein in

cardi omyocytes with 25 DINLS, CDK4 and Skp2 genes
co-expressed therein. Infecting cardiomocytes with a
reconbi nant adenovirus carrying DINLS + CDK4 genes
(upper colum; Cont) or carrying DINLS + CDK + Skp2
genes (mddle and | ower columns) and treating a part

of 5 the cardi omyocytes with a proteasone inhibitor

| acta in Q). (lower colum), the intracellular ,
p1056 s CRRRhr At PRI S b AP SRS T o st oy Tnlecting
no-fl uorescent staining nethod. In the figure
cafboR

[ )
¥RERT 81 Bt t R riE P ITRAG SRSy d e Cad T Y9 P INLS

qégresses sarconeric actin. Further, the cell nuclei

* QR 4eF 27 21 af HRRE T T H NP L CqHt)g. o B]C At velchd OFL NG or SO& +
Skp2 gene géﬁ{ession on the Eronntion of the

Skpt A§FeY atticiA L add dcgmyoegieBns) npedtingating a part of
cardi onmyocytes with a reconbinant virus carrying LacZ

thgeperdionycpntys, vbiNLE proprasgesed nhbbNtSr+ l@DKastatin
Skp2 genes or Skp2 gene al one, the nunber of o1

(Lehr tl ongpcye bemmas thorint etdr ave  hel a i nett woe el omyst p27™P
[Fig. 9] Reduction of p27Kipl protein via the

prevebxpressiamigfed 2y SinRNA csfdaidres dan tt hse a2dkigy hethod.
gene. In cardiomyocytes transfected with DINLS, CDK4

Ingemest bgdr &) RiNfe speeéd | color tdvep r 296 pd2 neNe antdhehe red
expressi on of p27Ki pl protein was exam ned.

color expresses sarcomeric actin. Further, the cell nuclei

were stained with DAPI.

[Fig. 8]

Effect of enforced Skp2 gene expression on the promotion
of the proliferation of cardiomyocytes. Infecting
cardiomyocytes with a recombinant virus carrying LacZ gene
(Cont), DINLS + CDK4 genes, DINLS + CDK4 + Skp2 genes or Skp2
gene alone, the number of cardiomyocytes was counted on the
indicated days.

[Fig. 9]

Reduction of p27%P! protein via the co-expression of
giRNA specific to the p27%¥P' gene. In cardiomyocytes
transfected with DINLS, CDK4 genes and siRNA specific to the
p27%P! gene, the expression of p27%ipl protein was examined.
[Fig. 10]

Effect of enforced expression of siRNA specific to the

p27%¥®! gene on the promotion of the proliferation of
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[Fig. 10] Effect of enforced expression of siRNA
specific to the 25 p27Kipl gene on the pronotion of
the proliferation of 26 cardi onyocytes. Infecting
cardi onyocytes with a reconbinant virus carrying LacZ
gene (font), DINLS + CDK4 genes, DINLS + CDK4 + si RNA
specific to p27Ki pl genes (p27 siRNA) or carrying
Ssi RNA specific to the p27Ki pl gene al one, the nunber
of. 5 cardi onyacytes .was count n.the ipdicat .
ca Sy TR O T BN R e AR e Dk ey} B BB dmninant
. enforced Sk e _expression he ction of
viFER GRS LAKE BOAS DEeTRe - BERKS B SERL GRS Sims
ost-cardi ac i schem a and;g.eperfusion_was 10 neasured,,
cORE AN ReEREIFaE? P4 b | hESBEAy e gHiRNE) PT GagEYing
VS, Shanpgnoup. #:. p < 0.0% vs. Cont group. (Fig.lZ;
siRid SRERdE i6f basdiffe Peft veAfRfclELet undheuriwnien of
the enforced expression_of Skp2 gene. Using a rat
cap@hPRYBCVbeksVaE @ptFedaPRli hkei sehbfthedndays.
reperfusion, a passive left ventricle-volune curve
(Fihs ptkpared. x : p < 0.05 vs. Sham group. # : p <0
. 05 vs. Cont group. t : p<0 . 05 vs. DINLS group.
( Fi Examsinf&xian nabpof ddcut e f hec ef pécterdfonqrd ehkpi cagne
expression 20 of Skp2 gene on the reduction of the
express vt ot aedvctfincoifohunThee hgbh. withe darrdi aeight
infarction in a rat heart 6 weeks after cardiac
ofigcheti & wrdksepestushodinas isehsmiedand reperfusion was

measured, to calculate the ratio to the body weight. * : p <«
0.05 vs. Sham group. #: p < 0.05 vs. Cont group.
[Fig.12]

The change of passive left ventricle-volume curve via
the enforced expression of Skp2 gene. Using a rat heart 6 weeks
after cardiac ischemia and reperfusion, a passive left
ventricle-volume curve was prepared. *: p ¢ 0.05 vs. Sham
group. #:p < 0.05vs. Cont group. ' :p<0.05vse. DINLS group.
[Fig. 13]

Examination about the effect of the enforced expression
of Skp2 gene on the reduction of the area with cardiac
infarction. The area with cardiac infarction in a rat heart
6 weeks after cardiac ischemia and reperfusion was measured
to calculate the ratio occupying left ventricle. #: p < 0.05
vs. Cont group.

DESCRIPTION OF THE REFERENCE NUMERALS AND SIGNS
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to calculate the ratio occupying left ventricle. #: p
< 0.05 vs. Cont group. 25 DESCRIPTION OF THE
REFERENCE NUMERALS AND SIGNS 27 (00351 + : Expressing
addi ti on of FBS and pharmaceutical agents or
infection with various types of reconbi nant
adenovi ruses Expressing no addition of FBS and
pharmaceutical 5 agents or no infection with various
es of reconbi nant adenoviruses. p27: Expressing
Ki P1 protein. BEST MODE FOR CARRYI NG QUT THE

i,n t he i nvention
perscngwﬁ%sﬁaﬁﬁgagibti% o B &?ﬂ%ﬁ?&%}éﬁﬁloﬁbents
see standard reference t book n the field
°rt1r?ée§rtt1°d‘of'{&é VA5 RBF bR &F °o‘ix6le<9§;9‘ 1“ﬁ1nc§r88F8P8é§uses
cell bi ol ogy and general_ net hods such as_ reconbi nant
DNA t'echHRT 08 Bhdr P he dfditdPad-oFr tF R Bchhd| 659rmaﬁﬁrlé§§a1
otherw se stated. These include for exanple Ml ecul ar
agemt O oA G :10f e Hbirtat B Yh MEAGALYS thYP e doBdFereRbinant
(Sanbrook & Russel, Cold Spring Harbor Laboratory
ad e Eskruenl) Current Protocols in nol ecul ar bi ol ogy
(edited by Ausubel, et aI , John Wley & Sons, 1987)
. MetAod A nr e gl A seetesn( Academic  Press):
PCR Protocols: Methods in Ml ecular Biology (edited 20
BESY Ml efQR CRRY INGQ UHUPEHh al ¥ RRBI0®003); Ani nal
Cell Culture: A Practical Approach, the 3rd edition
(0@l t ed byin Mastregisg OuEotlde Umiwertsidry, Rregsons2@0@pnding
Anti bodies: A
the practice of the invention may see standard reference

[0

textbooks in the field of the art concerning molecular biology,
microbiology, cell biology and general methods such as
recombinant DNA technology and the related-art technology,
unless otherwise stated. These include for example Molecular
Cloning: A Laboratory Manual, the 3" edition (Sambrook & Russel,
Cold Spring Harbor Laboratory Press, 2001); Current Protocols
in Molecular biology (edited by Ausubel, et al., John Wiley
& Sons, 1987); Methods in Enzymology in series (Academic
Press); PCR Protocols: Methods in Molecular Biology (edited
by Barlett & Striling, Humana Press, 2003); Animal Cell
Culture: A Practical Approach, the 379 edition (edited by
Masters, Oxford University Press, 2000); Antibodies: &
Laboratory Manual (edited by Harlow, et al. & Lane, Cold Spring
Harbor Laboratory Press, 1987). Reagents and kits for cell

culture and cell biology experiments to be referred to in this
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Labor atory-“Manual (edited by Harlow, et al . & Lane,
Cold Spring Harbor Laboratory Press, 1987). Reagents
and kits for cell 25 culture and cell biology
experinments to be referred to in this 28 specification
may be commercially available from manufacturers such
as Sigma, Aldrich, Invitrogen/dBCO dontech, and
Stratagene. (Preparation of cardionyocytes) 5 (0037]

Car di be , Lif [
oo SRLELERVSEILE%e R 2 b3 IokeRa R BTuL T8y 10 e
th f devel , h fetal t , t
L A BN TR e

cells with at |east one, preferably plural markers or
ClepbAthr ddndyBFFRFRASEG by at | east one, preferably a
plurality of the nethods described below (0038] The
(PeqPredtidh of GarfbaBYARYkePs specific to
cardi omyocytes can be detected by conventiona
(0B} Btheni clatftionatmorhedfcal eppFachesbeTgoliferated
approaches are not 15 specifically limted.
us Pref ek e gthednafddiceAneantappr bachodessath awch cells at
i mmunocyt ochem cal staining nethod and
the npianoe| et tdeoiomesng .asa clised. £Forlt hese, apprioathestype,
mar ker - speci fic pol ycl onal anti bodi es or nonocl onal
andmdbbtitew e eactdéd mywiotcly tear dhdniywclafc prdeesr set leevish at
or 20 cardi onyocytes may be used. Antibodies targeting
leantioneluapreSpeabiycplurkermacker comertaraddnds, verified
avai |l able and may readily be used. Markers specific
bytax Tas 6t omeoCyt ef pra&icly agylwredl Sty of the methods described

below.

{0038] The expression of various markers specific to
cardiomyocytes can be detedted by conventional biochemical or
immunochemical approaches. The approaches are not

specifically limited. Preferably, immunochemical approaches

such as immunocytochemical staining method and
immunoelectrophoresis are wused, For these approaches,
marker-specific polyclonal antibodies or monoclonal

antibodies reacted with cardiomyocyte precursor cells or
cardiomyocytes may be used. Antibodies targeting individual
specific markers are commercially available and may readily
be used. Markers gpecific to cardiomyocyte precursor cells
or cardiomyocytes include for example myosin heavy chain/light
chain, o-actinin, troponin I, ANP, GATA-4, Nkx2.5, and MEF-2c.

[0039] Otherwise, the expression of <cardiomyocyte
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or cardi onyocytes include for exanple nyosin heavy
chain/light <chain, a-actinin, troponin I, ANP,
GATA- 4, Nkx2.5, and MEF-2c. 25 (0039] O herw se, the
expression of cardi omyocyte 29 precursor cells- or
car di onyocyte-specific markers can be verified by
mol ecul ar bi ol ogy met hods commonly used in the
related art for anplifying, detecting and anal yzing

t K
R AR I RTLE  S L LR (EATET) se8abe
d h di zati
B B il e
roteins (for ex anp n heav chaj n/
reDREPR Rer L SR RP L PR LBk s AR T ha T 2Pk kD7 kng mRNA

ang MEF- 2c) specific to cardi onyocyte precursor cells
engodipg &t 4 8&98699& MatEe bR Heidwn i R4 UARYIpko sEgmple
frompublic databases such as GenBank at the National
Teyghter YoM s Bl iEcHirdlBhhR ia¥ oPAAYPEKA S far Kt 1 paeiafitd on
sequences  required for use as prinmers or probes can
‘R'Fe%lﬂ VAo hydirddiizadd on0apadvye iBur theg 1 e bhyasi il ggianalinces
indices may addition.ally 15 be used. Specifically,
enepdingt onombas pwrsdteiias of (famr dévaypLyt esmandinheheavy
expression of various ion channels in cardi onmyocytes
chsbn{ haghtahdilanyoecyt esntan treaotniwi L N ANP, GATA-4, Nkx2.5,
el ectrophysi ol ogical stinmuli are the useful indicators
ang h#E&oR c) 20 JQ0Uflilc Ateorcdirdg omy otclye enatthoch i sl osetls or
in accordance wth the invention, cardionyocytes
capkisnyogyteshkpave beesuksowmfananmaysbeansbd WSD&dpubllc
directly as the subject. Additionally,
databases such as GenBank at the National Center for

Biotechnology information. Marker-specific sequences
required for use as primers or probes canreadily be determined.
{0040) Further, physiological indices may additionally
be used. Specifically, the autonomous pulsation of
cardiomyocytes and the expression of various ion channels in
cardiomyocytes so that cardiomyocytes can react with
electrophysiological stimuli are the wuseful indicators
thereof,

[0041] According to the method disclosed in accordance
with the invention, cardiomyocytes existing in heart tissues
of mammals can be used directly as the subject. Additionally,

cardiomyocytes separated from fresh heart tissues by various

methods such as enzyme process or a primary culture cell thereof,

which is obtained by culturing the cardiomyocytes under
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cardi onyocytes separated fromfresh heart tissues by
various nethods such as enzyne process or a primry
culture cell thereof, 25 which is obtained by

cul turing the cardi omyocytes under 30 appropriate
culture conditions for about one to 5 days may al so be
used. Specific culture nmethods of cardi onyocytes are
described in nuner ous reference textbooks. Herein,

ap§¥§P bor LR PRSPt 4 S8, ST B R i o

al est. 75: 1770, 1985; Meidell, et
bemused Am$93°1%h§sfa tuss, methois Of988T IFARUAGYEESetaTe
. Physiol. 275: H2036, 1998 00421 _
deﬁﬂHFPFGnéPI9umFﬁéuéuF?EFE8nE%rHPbﬁ?%%%@es Henfoyddypical
cardi omyocytes aobtained via the induction of the 10
mednpar et $ 289 bn iMCdmdst efheeldisienig hmgshoidni 2andi drettheds
the exanple described above. The stemcells for use
mophifégfrfnapythe fhiteie s pobhed dShdeansecalll-s dvi £hia. Invest.
property of possible differentiation into a cell wth
T5¢at 47 Bnybtyt e-¥4 ide Ipheredt pydes Amded . i Phyétob. 251: H1076,
culturing. Specifically, the stem 15 cells include
1986¢ Bamapbeienbtyenhi.c 8memycePhgsiBS.celbs) Hande6, 1998).
enbryonic germcells (EG cells) as derived from
[Ofdlial s sueddipsommUbe, nottkey and twmah, faardiomyocytes
currently wde use as culture cells, and nulti-potent
ingledeselcls divaly cay taduldb tajped nuid i epet éatluadiibh of the
progenitor cells (MAPC). Standard 20 protocols for the
difreehedsifod opr épamni ngemsuelallst uwiing and 1 istionitigrt hesehe
cell's have been established. Wth reference to
example described above. The stem cells for use in carrying

out the invention means cells with a property of possible
differentiation into a cell with cardiomyocyte-like
phenotypes under in vitro culturing. Specifically, the stem
cells include for example embryonic stem cells (ES cells) and
embryonic germ cells (EG cells) as derived from mammals such
as mouse, monkey and human, for currently wide use as culture
cells, and mnulti-potent stem cells such as adult type
multi-potent adult progenitor «cells (MAPC). Standard
protocols for the methods for preparing, subculturing and
storing these cells have been established. With reference to
for example many reference textbooks such as Manipulating the
Mouse Embryo: A laboratory manual (edited by Hogan, et al.,
Cold Spring Harbor Laboratory Press, 1994), Embryonic Stem

Cells ({(edited by Turkesen, Humana Press, 2002) and plural
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for exanple many reference textbooks such as

Mani pul ati ng the Muse Enbryo: A | aboratory nmanual
(edited by Hogan, et al., Cold Spring Harbor
Laboratory Press, 1994), Enbryonic Stem 25 Cells
(edited by Turkesen, Humana Press, 2002) and plural 31
t ext books (Matsui, et al., Cell 70:841, 1992

Shanbl ott, et al., Proc. Natl. Acad. Sci.

95; 13726,.. 1 usS 9 ” Ji
te ?%?554&%'3 iuiZO‘f)g I\zjn't erng]t 0700(r31a4 Ilg({bgzcat |harn Ott et
01/ 1011 [t t t
1 g d Ry b, APE043 e L3 hmgaied Gsan 1 Th USE o.
th th t ted to
5. e ég?%@saw%s&ﬁ B afsoere s Led ¢l dngeipationas

features siml ar to t hose of the ES cells nmy be
P“’&%éﬁlat%ﬁnt‘fﬁs 0, 0 ke fr&&sEr @§1§FHPP5Fnttosfﬁ'Bs"ee]o]fs can
10 ES cells can be defined as cell biol ogical
repidperbPeds8pecific to ES cells, such as the
exi stence of ES cell-specific surface (anti gen)
[0ftdker, tHh@expEeBsicHt it ESrbbe| i8peaadFordatre dAgh the
teratoma form ng potency and chinera nouse-form ng
inpepbhey.is S]defcﬂfliﬂbltee)@aﬁpl ébet hkreoftymes lfh%s%ltlehﬁd:émcsve
with features 15 simlar to those of ES cells, such as
Anyteercaldls sotidihnédabyresrehni hyr rigott holseavlf tep|ESrplls
epiderms cell with chemi cal agents such as
nap-beacyed di fa (t8Har das&,Zahpefeatnresnatnbhat to those of
Publ i cati on No. 02/051980), stemcells obtained by
EStaeddts ngn beriefucledansced 11 hilbd oGR8A43paop ebbilys specific
(Abul j adayel, Curr. Med. 20 Res. Opinion 19:355. 2003)
to,Eqardldtsenscehlss dari yetls fenoe adduES céhhespeat fteldurface
(Li, et al., Nature Med., Advance online
(antigen) marker, the expression of ES cell-specific gene and

teratoma-forming potency and chimera mouse-fdrming potency.
Specific examples thereof include stem cells with features
similar to those of ES cells, such as stem cells obtained by
treating root sheath cell and epidermis cell with chemical
agents such as 5-azacytidine (Sharda & Zahner, International
Publication No. 02/051980), stem cells obtained by treating
mononuclear cell with CR3/43 antibody (Abuljadayel, Curr. Med.
Res. Opinion 19:355. 2003), and stem cells derived from adult
inner ear cells (Li, et al., Nature Med., Advance online
publication).

[(0044] The method of the invention may be used for any
cells without features similar to those of ES cells or any

non-multi-potent cells, as long as the cell has at least a
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publication). [0044] The nethod of the invention may
be used for any cells without features simlar to
those of ES cells or any 25 non-nulti-potent cells,
as long as the cell has at |east a 32 property to be
differentiated into cells wth cardionyocyte- |ike
phenotypes at |east under culturing in vitro.
Exanpl es of such cells include nesenchynmal stemcells

df b de I
A Rt R

ca3giobosY tooh! K P EPRALYBRA 2 PUiAA T Y P Ciring in

01/048151* and Spoc cells derived fromnuscle tissue

it erfHeRM R CPubY F RS o MCégﬁes%mchbmel@taewells
the culture nethod for prepari cardi omyocytes 10

dey}ved Sram E%PFﬁ“airrF%EBEéI&n@er‘-\/dgEt% ehet i wESRI o’ 3ng 96
,method suitable for inducing the differentiation of

PlEReRT OFy ctfyfds  Habehee i 143y 2498)of CUSidRy For{Makino,
exanple ES cells, the culture nethod includes for

et exé@hpl e Isusféhsdi-onIevpebire Tl hod] . harffig Iatepnational
cul ture nmethod, co-culture nethod with supporting

Pukbl¢atias ¥Qt0dt/iddd 16l )t and feohodel bofderiaged fowint auecle
met hod and mcro-carrier culture nethod. Plura

tisetdolEn hewea beemal eBtiabi¢ahednf 90 0heospeeRfic net hod
of inducing the differentiation. Persons intending

(0@ 4%l pract iZcetbé cuigurenvenh o drf oreyr sper t ©f eneddemyocytes
t ext books such as Enbryonic Stem 20 Cells (edited by

f r duirktsen,ceHrsainPressrd20028) witAnch @l imednt ¥@af eragncaethod
t ext books (Klug, et al., J. din. Invest. 98:216,

suitable for inducing the differentiation of cardiomyocytes

may be used. 1In case of using for example ES cells, the culture
methodincludesforexamplesusbensionculturemethod,hanging
drop culture method, co-culture method with supporting cells,
rotation culture method, s8oft agar culture method and
micro-carrier culture method. Plural methods have been
established for the specific method of inducing the
differentiation. Persons intending the practice of the
invention may see reference textbooks such as Embryonic Stem
Cells (edited by Turksen, Human Press, 2002), and plural
reference textbooks (Klug, et al., J. Clin. Invest. 98:216,
1996; Wobus, et al., J. Mol. Cell. Cardiol. 29:1525, 1997; Kehat
et al., J. Clin. Invest. 108:407, 2001;Xu, et al., Circ. Res.
91:501, 2002; Takahashi, et al., Circulation 107:1912, 2003;

Field, et al., USP 6,015,671; Xu, et al., International
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1996; Wobus, et al . , J. M. Cell . Cardiol.

29: 1525, 1997; Kehat, et al ., J. din. Invest.
108: 407, 2001; Xu, et al . , Crc. Res. 91:501, 2002;
Takahashi, et al . , CGrculation 107 :1912, 2003; 25

Field, et al., USP 6, 015, 671; Xu, et al.
I nternational 33 Publication WO 03/06950). (Method for
proliferating cardi onyocytes) (00461 One node for

puéﬁiﬁlé{géf%g 5?Foépyﬁgtion is a method for

eratihg cardionhyocytes including a step of 5
i ntroducin d.expressin yclin apnd CDK into
(MR ohb o Sht ERER 58] o BT L IRPBT ETRb ¢ he
roduction, function and agtion of the C p/Kip
[0}ttt ein. ADe RRIE LA 6%68&79&5",“%&?1?51“%%‘13%% éd § MGhted
l'iving cardiac tissues by various methods such as
fopnBhelifent bk, a2pfipBY9cEbeéur éncerPiBBt aPnedtsy ©of
. 10 culturing the aforenenti oned cardi onyocytes under
ingmptopriarad egprapelegmy ¢l bhgnfof DEbigio eaadigmyocytes
days, and cardi onyocytes differentiated and i nduced
and rpmbtedr pdudnBibitéap| shemyr pdueshen . ofsi ey [fedl action
above. Cardi omyocytes existing in the cardiac tissue
of ofthe nAAmdKipanpbetpinlifenrat ethdy cinddmnno avteeri ngells
15 the cardi onyocytes by various nethods descri bed
sepet ove drfd omidiiNtagné nyd i he tieddued hyvigoioThengtdrads such
“mai ntai ning" herein neans allowing the cell to
assenviywe wWitdotdemrmny detrerinrmti onltotetlveell obtained by
physi ol ogi cal functions in a physiol ogi cal environnment
cul tuei b ahegi £at e e galo s¢d candl oay oapreGpin &é £ alpepdyppriate
tenperature 20 and blood flow at a required volune to

cuenh 1é &ioh dtiltd odad For[abt 4né o Gneagk,tdred a¥diomyocytes
pref erabl e nmet hods for introducing

differentiated and induced from various stem cells may be used
as described above. Cardiomyocytes existing in the cardiac
tissue of a mammal can be proliferated by directly treating
the cardiomyocytes by various methods described below and
maintaining the cells in vivo. The term “maintaining” herein
means allowing the cell to survive without any deterioration
of the physiological functions in a physiological environment
in abiological organism, such as appropriate body temperature
and blood flow at a required volume to maintain the cell.

[0047]) One of the most preferable methods for introducing
and/or expressing cyclin and CDK in cardiomyocytes is the
DNLS/CDK method previously repﬁrted by the inventors (see the
patent reference 1 and the non-patent reference 5).

Specifically, two types of adenovirus vectors with the DINLS
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and/ or expressing cyclin and CDK in cardi omyocytes is
the DNLS/ CDK nethod previously reported by the
inventors (see the patent reference 1 and the
non- patent reference 5). 25 Specifically, two types of
adenovirus vectors with the DINLS 34 gene (cyclin D1
tagged with NLS) or the CDK4 gene integrated therein
are first prepared; then, the two types of the viruses
ected into ardlo ytes to localize t
ge&ycfwﬁc{a& Dp%o%aé%dgﬁd% KaEoHBE T 4o AT tegrated
eus at the 5 division and proliferation of
EhEAE AR oLy BERBTEFRy LRy CBEyLUD IRES OF The viruses
roliferated, can be Eronnted The contents of the
weBar bRESSPBLI 11 BALT BFL HABY SREE Phpkth LA L %0 Shhciiddd DI
in the present specification. [0048] In carrying out
ProReipn@aRt itde Tt neERbBLiRoAD e MUDERRS ngSandhet the
expressing cyclin and CDK into cardionyocytes may be
digh§inet howd asp T ohbf aBa then nerhod ard { agayseyl tee of generally
i nduci ng the sane effect as the DNLS/ CDK nethod, wth
scppcepcidividddn vatipnel Fherakedplcan ciel iprqmptpsl.  The
i ntroduced and expressed in cardi onyocytes may be any
cogyehtn 45 thpabdeent swedivhicagl GOKMbrtICOKGR P lare also
than cyclin D1, «cyclin D2- or cyclin D3 gene may be
ingieded[ 0040heMpanwhnkesp €DKy tsati. sfactorily be
activated by type D cyclin. As such CDK, not only
(0CDEN but almsocLDKPingyoule thsedi nvGchi ey Cl theOme®€BEd for
gene has been isolated and 20 identified fromvarious

inorgantsns i raldybing bBupeessinAddiéyenid | yantdhe cDk  into
nucl eoti de sequences can be used from public

cardiomyocytes may be any method as long as the method is
capable of inducing the same effect as the DNLS/CDK method,
with no specific limitation. For example, cyclin to be
introduced and expressed in cardiomyocytes may be any cyclin
capable of activating CDK4 or CDK6. Other than cyélin D1,
cyclin D2- or cyclin D3 gene may be used.

t0049] Meanwhile, CDK may satisfactorily be activated by
type D cyclin. As such CDK, not only CDK4 but also CDK6 may
be used. Such c¢yclin or CDK gene has been isolated and
identified from various organisms including Thumans.
Additionally, the nucleotide sequences can be used from public
DNA databases such as GenBank. Thus, a person skilled in the
art can readily obtain such intended genes by designing

specific primers or probes and then using general molecular

biology approaches.
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DNA dat abases such as GenBank. Thus, a person skilled
inthe art can readily obtain such intended genes by
designing specific priners or probes and then using
general nol ecular 25 biology approaches. 35 [0050] As
the nmethod for introducing cyclin and CDK into

cardi onyocytes, physical nethods such as m croscopic

i njection may be used. Fromthe standpoint of the

[ oductlon efficienc ! ansfection nethod is
(0BBh or abl yTRISEF METRAG: £ 65 a5 d4F Hbedeq MoRBBIRK Tnto
rroduced in the cytaqplasm of = cardi onyocytes via the
caBaRPBEEFBhess |t PRYSHGAod RO B kel 481 y nieroscopic
transferred into the nucleus. The nethod therefor may
inpechhon fidhbe uhedh nSrQﬂe"&qFéaPFiﬁPtlaﬁchnth?HéltrFé’tqwdilon
i ncludes for exanple a nethod for tagging a nucleotide
efségliency 10 edfcobf wys ARt ion edelihod tie pepsrahy used.

types of proteins generated by these genes, nanely
Adéyénpnaéhu CGDiR rfodrerhranedaphér piodd ded dyt opkasnt onwesm of
any one of the proteins, preferably the cyclin has
carfieomyScybgaende, tleordbngbyiothe fr esxdns hgctednpeer is
can be transferred into the nucleus. Currently, three
préfergbey tfandfe NS dequentesiarledanowtheSpechdd aaldrngfor
a first exanple is a type with al nbst no basic am no
mapchesasucheadoldywiitd nand paregifiiond ianict dtsi fror edhanmlex hod
the NLS in the nucl eoprotein of influenza virus

in¢Dadys fetr akampCeld mdOh66%0rlO85yingA sechBdti@¥adyuence
is a type at a higher content of basic am no acids and

en2Bdisgf ausexanpaa i hef Ntife seanence T¢d tPbes Brogobteins
-Lys -Lys -Arg-Lys -Val - C SEQID NO 1) of the
generated by these genes, namely cyclin and CDX form a complex
in the cytoplasm. When any one of the proteins, preferably
the cyclin has the NLS sequence, accordingly, the resulting
complex can be transferred into the nucleus. Currently, three
types of the NLS sequences are known. Specifically, a first
example is a typewith almost no basic amino acids suchas lysine
and arginine and is for example the NLS in the nucleoprotein
of influenza virus (Davy, et al., Cell 40:667, 1985). A second
example is a type at a higher content of basic amino acids and
is for example the NLS sequence
(N-Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-C; SEQ ID NO.l1) of the
SV40 T antigen (Kalderon, et al., Nature 311:33, 1984). A
third example is a type where basic amino acids form a cluster

at an interval of about 10 amino acids and is called the NLS

of the Bipartite type (Robbin, et al., Cell 64:615, 1991). The
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SV40 T antigen (Kalderon, et al., Nature 311: 33,

1984). A third exanple is a type where basic am no

acids forma cluster at an interval of about 10 am no

acids and is called the NLS 25 of the Bipartite type

(Robbin, et al . , Cell 64 : 615, 1991) . The 36 NLS

for use in carrying out the invention nmay be any of

the three types. NLS ot her than the three types nay
NL§lI £8r bl?sé'ls Ig ca Wufotlf t{hhee | & e%th Of tag'e bNLde of the

Sequence, o 0 rans errlng a desir

thg\r/gltﬁeylélg !{rFlt 3% g}:o'\*ﬁ_l't?he 3%2%@ a% ihg%mgggybe used.

sequenc SV 0O T antigen referabl used. For

In Vgﬁ’ﬁl 8% e laanth i mit NEe R mgcseqaﬁﬁcgo&feweﬁ
SV4 anti pPpEF/ nyc/ nus i s commercia

trayar F’ébf’égfa?d{%ﬁ R BsheRTn PBEEH pninEaorth e M4, and
the invention, the CGp /Klgalofaml y proteinis a

theereadyof aridediin igrouds EBRpPILISnG HREN GanT £ of tRe NLS
CDK-i nhi bitors negatively regulating the cell cycle

segropfesd hhe S Ooexst kafted s ol efcan sl vl sgdl.ci ppr example

p27Kipl and p57k1D2 . It is known that the G p/Kip

a phasnid ot imigatils 4.5t Beatencei ofistbe SW G dusntigen,
cyclin-CDK conpl exes, for 15 exanple cyclin

na e CPRAF/FIDG: /e égcdanmey & KR afedd ad leeff e Ingfitrogen.
Sherr & Roberts, Cenes Dev. 9:1149, 1995). [0052]

[0ARbhg t he Wi paKi:prdaWtEywprttht dilves, Lahentiowt i 6he dnd/Kip
characteristic feature of p27Kipl in particular is now
fambterrroayiof ianal ysrsesp2t' pwas efinr gir ougen toiofmped iagy @ne

factor to 20 bind to the cyclin E-CDK2 conplex in a
fapsely sftthe hepeldhiyCters aregsti vyl TGredWll sstimyl titse cell
(Koff, et al., Cell 66:1217, 1991).
cycle progress and includes three molecules of p21°iPt, pag¥ipt

and p57%P?, It is known that the Cip/Kip family protein
inhibits the functions of various cyclin-CDK complexes, for
example cyclin D-CDK4/CDK6 and cyclin A/E-CDK2 (see a review
of Sherr & Roberts, Genes Dev. 9:1149, 1995).

[0052] Among the Cip/Kip family proteins, the function
and characteris}ic feature of p27™Ptin particular is now under

way of analysis. p27%®!

was first identified as a factor to
bind to the cyclin E-CDK2 complex in a cell with the cell cycle
arrest by TGF-P stimulus (Koff, et al., Cell 66:1217, 1991).
It is known that p27%P! is a negative cell cycle regulator
responsible for the arrest of G1 phase. For example, excess

expression of the p27%®! protein in mammalian cells induces

cell cycle arrest in the G1 phase (Polyak, et al., Cell 79:59,
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It is known that p27Kipl is a negative cell cycle
regul ator responsible for the arrest of Gl phase. For

exanpl e, excess expression of the p27Kill protein in
manmal i an cells induces 25 cell cycle arrest in the Gl
phase (Pol yak, et al. , Cell 79:59, 37 1994; Toyoshi nma

& Hunter Cell 78: 67, 1994) . It is suggested that
p27Ki pl plays a significant role in the retention of
ase l1s at hase S|nce
195§7KT°|0¥1° gs‘hFi 8%&%5{;&% ﬁs é:g‘g)t ageT(Ef %esluigsgeSted
o1 372:570, .5 1994
enhbr PR ony e R aRte rpﬁatlgz%?pi étghfion of the
pS7Ki p2have structures, functions and charactggistic
G°f%’m e il ¢ tsi HFI%\FanCtFHb%%e'of“ﬁ‘?ﬂ(Pﬁi is highly
(Mai nprize, et al. . Neurooncol . 51 :205, 2001,
exppRgsefetn t*riérﬁdsagec%f cegilgl (Nowr g%, etzio3) Naturesy2:570,
otherwi se stated, therefore, the termGp/Kip 10
1994 ami | FPeprictldial ifshnke t herehe eelngpeateprhias p27°'?! and
é E pl and p57Ki p2 [0053] nore preferably,
p5p27 |hi§IVi¢eFéthéil6€\ﬁ: | fuea o ngnduche hec tevbnt i orfeathices
method for inhibiting the functions and actions of the
highpyKisg ridaid yto peboeen oifs pd T ol Mpewidize, et al., J.
l[imtation. One exanple thereof 15 is a nethod for
Neguppnesdi rigl +25 a8 00 i tQomofudrteet CrPAKdp . predtleBhpl . 13:65,
whi ch includes a nethod of introducing neutralizing
208t i bothless duldhitdeng tlahe d,underefisrandthet t s @ifp/Kip
the protein or low nolecular conpounds or the I|ike
(famtdyd heroelelin. mAddist i nal tyree atpptbhpdpby \Rhj ch2tHé! and
pronDtion of the degradation of the
7¥P2  more preferably, p27%P! hereinbelow.

p5
[0053] In carrying out the invention, the method for
inhibiting the functions and actions of the Cip/Kip family
protein is with no specific limitation. One example thereof
is amethod for suppressing the activity of the CiP/Kip protein,
which includes a method of introducing neutralizing antibodies
inhibiting the functions and actions of the protein or low
molecular compounds or the like into the cells. Additionally,
a method by which the promotion of the degradation of the
Cip/Kip protein is induced is with no specific limitation.
However, preferably, the method is a method of promoting the
ubiquitinylation of the protein.

[0054] Ubiquitin is a polypeptide existing abundantly in
all eukaryotic cells. The expression level of the Cip/Kip

family protein in cells is mainly regulated with a degradation
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20 Cip/Kip protein is induced is with no specific
l[imtation. However, preferably, the nethod is a

nmet hod of pronoting the ubiquitinylation of the
protein. [0054] Ubiquitin is a polypeptide existing
abundantly in all eukaryotic cells. The expression
level of the Cip/Kip 25 famly proteinin cells is
mai nly regulated with a degradation 38 systemvia the

STSABIC ST R N L
, .. J .Bjol. Ch 74: 12197, 1999
26%3?% ig?%y,malfhei 8’%‘?%%’?%‘? n %?Zr'a ng’i"%l 'c&zja’ﬁeﬁﬁw y1h997"
bound he Gip/Kip 5 protei bi qui ty| at ia t
U PR s0Rs  ant BRPLOMM N SuB AR e bTT Lat (SR CEAARILY

ubi, qui tin-conpl exin enzynme (E2) and ubiquitin

El) lq (] g ’ ]
thgi BaLyupiEsyitizyphadnens| FoveREntdEi Qovmd &oed @ Hia/kip
protein is finally degraded with 26S  proteasone.
Prohetbf dudlauid videttiedd fo¥a i hhpodudiatd o srreéupetigns of
promoting the ubiquitinylation of the Cp/Kip protein
ubigubtigaparbrpbiyse e gy er 4BL e, i n udbdravyitig -ownalpxing
invention. Any substance with an action pronoting the
engphrguilERmyladd orpivfitie Uipikep (EBdtei Aubsequently, the
satisfactory as the substance to be introduced into
ubggridtvhybedt 84p/Bpecifotalihy ist d nsllyt degeali®d with 268
i ncl udes for exanpl e pharmaceutical agents, proteins,
prpbpepows, ikt afv nol el metbodpoumndst redefcéngbdymolecule
nucleic acid, nanely gene is used. Such gene incl udes
progeotsnentbei ngiqpiotieydatdonposi nhe Cip/Kip protein into
ubi qui tin-activating enzynme, ubiquitin-conplexing
capdzynpoandeubsqureferhbgasen Bacaydag tout the invention.
Any substance with an action promoting the ubiquitinylation
of the Cip/Kip protein is satisfactory as the substance to be
introduced into cardiomyocytes. Specifically, the substance
includes for example pharmaceutical agents, proteins,
peptides, and low molecular compounds. Preferably, nucleic
acid, namely gene is used. Such gene includes genes encoding
proteins composing ubiquitin-activating enzyme,
ubiquitin-complexing enzyme and ubiquitin-ligase. Because it
is considered that it is ubiquitin ligase that is responsible
for the specificity for the ubiquitinylation of a specific
target protein, preferably, genes encoding the proteins
composing ubiquitin ligase (complex) are used.

[0055] As ubiquitin ligase, currently, numerous

molecular species are known, including APC/C complex, VBC
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20 is considered that it is ubiquitin ligase that is
responsible for the specificity for the

ubi quitinylation of a specific target protein,
preferably, genes encoding the proteins conposing
ubiquitin ligase (conplex) are used. [0055] As
ubiquitin ligase, currently, nunerous 25 nolecul ar
speci es are known, including APC/ C conpl ex, VBC 39

conpl ex CF_conpl ex 18 an ,
coff B b SCRaaPEPORAT I JeSBra BF%"? o8285¢ Radddsend Parkin.
pnpl ex_exi st, dependi ng t he dlfference in th
Ad% gg?(“i)]r bY eifrid Xednt ¥PRECP & ﬁBFeﬁ"nF 58mPHRECH Kty dl?é’te%‘lng
t he conponent and are for exanple SCF , SCF , SCF and
°n5t15?:lﬁhr(? qre("l-*"aet tign thet Fapox H‘?%ﬁ%lkn‘tsé"rfé‘ttallmedzstélereln as
1998; Jackson & Eldridge, M. Cell 9: 923 2002). As
the eommdnas & jand jages 601 (eoamb bx)SGEVET vetCE 1°HLhEeCF*=*Y ana
upi qui tinylation of the Cip/Kip protein, ubiquitin
SCFi'gasle aceiqned e3cR 1 kpZ fief dénGvarm.e tThe 4g@ié . didddi Hgckson
t he conponent of the conplex is preferably used, wth
& Bdnbispedidl ¢ A6ldi Yatdizdn. 2A03éne Rhcdh n@:‘m@tin ligase
conmponent of ubiquitin ligase with an action to
(corphexk thegolubidquint ivhd atbomubfitheatCG el KopH phet ¢iip/Kip
may al so be used. It is known that in nolecules
prebeposi nyli GCEt skpRigastbeckibed pcht e nis caldwed. SKP2 igrene
particul ar recognizes the Cp/Kip protein to 15 bind
entbéiey thd ooaddnehe @bltyhwebtonplen ichprefeeabhe Psod piwith
(Carrano, et al., Nature Cell Biol. 1:193, 1999;

noTspetkovr atimialatio@urr.a Bjedle &66dind99R: Bompshenm, of
et al. , J. Biol. Chem 278:26752, 2003; Kanura, et

ubffuitPrioc.1iNpdde Aaddth SCian USAction to promote  the
ubiquitinylation of the Cip/Kip protein may also be used. It
is known that in molecules composing SCF®*®?, the F-box protein
called Skp2 in particular recognizes the Cip/Kip protein to
bind thereto, to add the polyubiquitin chain to the protein
(Carrano, et al., Nature Cell Biol. 1:193, 1999; Tsvetkov, et
al., Curr. Biol. 9:661, 1999; Bornstein, et al., J. Biol. Chem.
278:26752, 2003; Kamura, et al., Proc. Natl. Acad. Sci. USA
100:10231, 2003). 1In carrying out the invention, therefore,
the gene encoding the Skp2 protein (sometimes referred to as
Skp2 gene hereinafter) is preferably used as the gene to be
introduced in cardiomyocytes.

[0056]) The Skp2 gene was isolated and identified in humans

(Zhang, et al., Cell. 82: 915, 1995), and animals such as mouse

(Nakayama, et al., EMBO J. 19:2069, 2000; Nakayama, et al.,
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100: 10231, 2003). In carrying out the invention,
therefore, 20 the gene encoding the Skp2 protein
(sonetines referred to as Skp2 gene hereinafter) is
preferably used as the gene to be introduced in

cardi onyocytes. [ 0 0 5 6 1 The Skp2 gene was i sol at ed
and identified in humans (Zhang, et al. , Cell. 82:
915, 1995) , and aninmals such as nouse 25 (Nakayama,

7e5p: 2800t B3 Shof nti P P iERTE e Sl heseot
. thereof is alsore rted ddltlgnally t he sequence
ls|ﬁﬁ8ﬂnﬁﬁ3ﬁf ?ieréH? FEToRA H bl & FnsﬁGHPnfeDNR ormation

dat abases such as GenBank , (humanSkp2: U33761,
thar89§14%; 2 Youkstokp A n R#@é&ﬂ@“s@:eeshesyssssa\cbeaf%d#nlaank
skilled in the art therefore can obtain and use the
(happD Ydte By &3+ dr¥iord 1o inBPYSBrS KRLHREOBPRER T IBSAUP 468) .
the Skp2 gene and using general nol ecul ar bi ol ogy
A RpPHFdBicHes! L &kpn tdeénag tdéhieved o eofr raebhk nsaeh wee the
humans, nouse or rat can bring about the sane results
skp3 gewe pdegégaing peinsed ¢n prPerasppicid ioutot tiwe Skp2
invention. [ 00571 In carrying out the invention,
gepeldrndonglinyg, gn@teradnlmltetwlsnpmigﬁmmbmpmtmtgmes Skp2
encodi ng factors pronoting the ubiquitinylation
gennd/ derdegd aflnoh omamifial hes G p/ 46 prymad ®i moysefer ek can
to as genes pronoting the degradation of the C p/Kip
brisgpabbet nther eamberoslt ¢ kes t hie SKiPP2 gresree Ny 104 AR in
used as the genes to be introduced in cardi onyocytes.
caFoyieyaopktethegénesnensadi ng the F-box protein
recogni zing and binding the GC p/Kip protein, an F-box
[opsDlei n W1h 3G Hpiarfg BRtethenDL Ogytion, additionally, not

only the Skp2 gene but also genes encoding factors promoting
the ubiquitinylation and/or degradation of the Cip/Kip protein
(referred to as genes promoting the degradation of the Cip/Kip
protein hereinbelow) like the Skp2 gene may also be used as
the genes to be introduced in cardiomyocytes. For example,
genes encoding the F-box protein recognizing and binding the
Cip/Kip protein, an F-box protein with 80 % or more homology,
preferably 90 % or more homology with the amino acid sequenée
of a motif region called WD-40 repeat or leucine rich repeat
considered as the substrate recognition/ binding site of Skp2,
and components of ubiquitin ligase with a property to promote
the ubiquitinylation of the Cip/Kip protein may also be used.
[0058] Genes encoding the proteins of any factors with

an action to specifically bind to and/or interact with the
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preferably 90 % or nore honology with the amno acid
sequence 20 of a notif region called WD-40 repeat or
| eucine rich repeat considered as the substrate
recognition/ binding site of Skp2, and conponents of
ubiquitin ligase with a property to pronote the
ubiquitinylation of the Cp/Kip protein may al so be
used. [00581 Genes encodi ng the proteins of any

{ th 25 f
2’?3/ 3oy s & AhEE 3, heg 5?%1"’%?%?%. Pt SRt @nY
t th t hout
aLFACH €/graﬂaei“ggfhé%eq’q“w‘t}?hi(;‘fu‘aﬂart%lao‘f 14heo s 5PR. §ip/kip

rotein be used for the ne
prBESLht Rak &L RBpGer S 4% £ LGtk b1 LBaGnpre thc iagsatiten
50 as a nucl ear 5 nenbrane_pore-binding protein (alsq
ReP%FE?rEﬂI}oaB‘%uNuBBB exNPNDSONHﬁéIeBP%)m( BleR§i 3, ngyclear
al., EP NO 926, 236; Mieller, et al . , EMBO J.
me&br2&681’029091“5%%@#@&#1net(ad450 repgrrek| fo agj $lups0,
20; 5631, 2000; Buergin, et al. USP 6, 265, 562), and
NPB%Q/WJ@M@@@QQM 6$ofe (TE)Pm%I%t %46 .a1236; Mpeller,
Biol. Chem 10 277: 2302, 2002) as such genes. It i's
et kbwn EMBQ Jwhbh: 2hes sy Smddihdua aat, péséli orMdl. iGell.
p27Ki pl i s phosphoryl ated, p27Kip'binds to CRML
BiptotePn a63an 2f0PanBcokedinl oedl rZi.ng USPals@éI5t, 6290 and
that p27Ki 01 exported from nucl eus and is then
JabegeaNech { IColpiddajignet oabme (TBioda, Gteml .277. 1B355, Chemn.
2002; Connor, et al., MIl. 15 Biol. Cell 14:201,
2720Q3)0.2,A50 ¢ heaspacdif genpbosphodyllasewmthathehesethneserine
residue at position 10 in the protein, KIS (Kinase
rebhiee actp ogi st @b Lo 1y pha§i"bdenphd£mﬂid>nydtédSD@hm“"étb1nds
al., EMBO J. 21:3390, 2002). A nethod using the gene
toewknﬂﬂpnpﬂﬂﬂi la% an extranuclear localizing transporter so

that p27Ki“'exported fromnucleus and is then degraded (Ishida,

et al., J Biol. Chem. 277:14355, 2002; Connor, et al., Mol.

Biol. Cell 14:201, 2003). As the specific phosphorylase of

the serine residue at position 10 in the protein, KIS (Kinase

interacting stathmin) has been identified (Boehm, et al., EMBO
J. 21:3390, 2002). A method using the gene encoding KIS is

also encompassed within the scope of carrying out the invention.
In accordance with the invention, the factors or the genes

associatedwith the factors maybe used singly or in combination
with a plurality thereof for the purpose of promoting the
degradation of the Cip/Kip family protein.

[0059)] As described above, one example of the preferable

method for carrying out the invention characteristically
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al so enconpassed wthin the scope of carrying out the
i nvention. 20 In accordance with the invention, the
factors or the genes associated with the f actors may
be used singly or in conbination wth a plurality
thereof for the purpose of pronoting the degradation
of the Cip/Kip famly protein. [0059] As descri bed
above, one exanple of the preferable 25 nmethod for
. ' e, j.nhventiaon characteristically A2
1n§ﬁ£{yé%gsglé§t é‘g lr#wonc{]ééoldl&igﬁ%e% %gcoﬁlngcﬁyné/lln Caln'ldnCDK'

udes 0 enes enc g cy
d t, .l t f th t d with NLS, .
o0 30 o o XA SRR FRIS od FEERELE 180958 AL pb Rk 4o
enf HEeE e TR BF A1y 1P ALLE R BE AP a7 300

nucl ej ¢ aci d sequence allpmﬁn% the transcription and

EXREHT RERT oFOF GRS Fhe Ml iPHS ECdAbd Y dhgisp genes are
i ncl udi ng, cardi omyocytes, so-called pronoter sequence

attached asHibh sé t RRCLUHE t ramistri peavenand ekppBiBgonthe
thereof may be allowed under the regul ation of the

tran ofbiRE L OFURPHere XPIC AC YenE OONBE timanszrndbtrmngells
expressed is preferably attached w th pol yadenyl ation

ma by yimc l4iddig capdépayakly e st heo - pt bhed @ranediaxdesaence
exanpl e pronoters derived fromviruses such as SV

in (aSifgisdn o poshh D thier bzaneprontdgahoavd raxp reGoMorantiereot
Rous sarcoma virus; and P-actin pronoter and EF

may deoayavwen urkddracheryedy kpr bomtodr thEurndrertrenr.e, FCAGher,
pronoter (Niwa, et al . Gene 108:193, 1991) as a

thérglemiedt pibenot &1 s pr Epad ad dbyxp I et £gd disi puge er ahaateached
of CW and the pol yA signal sequence of rabbit

with gl obl ya demel a nion chipkl PR acts gpa DOt elPrieferably, the

promoter includes for example promoters derived from viruses
such as SV (Simian virus) 40 virus, Cytomegalo virus (CMV) and
Rous sarcoma virus; and PB-actin promoter and EF (elongation

factor) lapromoter. Furthermore, CAG promoter (Niwa, et al.,

Gene 108:193, 1991) as a hybrid promoter prepared by

integrating an enhancer of CMV and the polyA signal sequence
of rabbit f-globin gene into chick f-actin promoter 1is
particularly preferable.

[0060] In another mode for carrying out the invention,
the promoter for use in the transcription and expression of
the gene is a cardiomyocyte-specific promoter. Even in this
case, the gene to be transcribed and expressed is preferably
attached with poly A signal. The cardiomyocyte- specific

promoter includes for example the cardiomyocyte- specific
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particularly preferable. 20 0 0 6 0 I n anot her node
for carrying out the invention, the pronoter for use
in the transcription and expression of the gene is a
cardi onmyocyte - specif ic pronoter. Even in this
case, the gene to be transcribed and expressed is
preferably attached with poly A signal . The

cardi onmyocyte- specific 25 pronoter includes f or

o GRG0 AR VRE ;. SRR LA R By

chain iol.
t he. cardi omyocvt e-specific psi.n heavy chain
EhE CHETBPM YT | RS EAF HT Iy OBIR e SPUEI P14tk dng e and
ankyrin repea% protein, (CA%?. ronot er, (Cuo, et al., .
th P A I REND 158 2955  LG0G a4 dR CF REL T bhaf cbest Proteln
?ubLication WO 00/ 15821). The nucleotide sequences of
(CRRBSePPPBAGEEr < CiPa fifaithbt ePEYBAPPUBREC IBRAL223, 1999,
dat abases such as GenBank. By using general nmol ecul ar |
InpepPagyonappriydinesd t ifdhe "Pect &f 582 F1 i zi nBhelediycdgotide
gene sequence can be prepared. 10 (0061] In '
segeepfBaneé WheRet RECPAVEAEi 8fe aVAdiRdd ef Srrom public DNA
suppressing the expression of the gene encoding the
daprbeern sy Gerdhagdy i pBivong ing genexedonoiegular biology
i nhibiting the translation and production of the gene
approgtbes npgend e Yo npsad i lilndingadesf rebegare hiriaforce can
pronoting the degradation of the 15 G p/Kip famly
beppoepanedSpecifically, an oligo-nucleic acid or a
derivative thereof or the |ike suppressing or
(00ethi nati ntp 4 dweo ydamec enedthnghthén@eptKiop , f aminMethod for
protein or the gene encoding a factor capabl e of
suppdess hggt bie exyppesss Don 06 £ ttiee gene encoding the protein
(mRNA transcription) or a method for inhibiting the
translation and production of the gene product may also be used
instead of the method for promoting the degradation of the
Cip/Kip family protein. Specifically, an oligo-nucleic acid
or a derivative thereof or the like suppressing or terminating
the gene encoding the Cip/Kip family protein or the gene
encoding a factor capable of inducing the expression of the
protein may be introduced intracellularly. Inéccordancewith
the invention, the term derivative of oligo-nucleic acid means
a compound prepared by carrying out chemical modification,
addition or substitution at an appropriate site of a nucleic
acid for the purpose of raising the intracellular stability

and incorporation efficiency of the nucleic acid. The

derivative thereof includes for example phosphorothiocated
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protein may be introduced intracellularly. In
accordance wwth 20 the invention, the termderivative
of oligo-nucleic acid nmeans a conpound prepared by
carrying out chem cal nodification, addition or
substitution at an appropriate site of a nucleic acid
for the purpose of raising the intracellular stability
and i ncorporation efficiency of the nucleic acid. The
01250<_3Ieri¥ative thereof includes fgr.exaanﬁ i b
phosphor bt hi ofad 497 ol PgbgﬂuBPé'Slsciac prepare y
ol i go-nucleic ,acid prepared by substituting uridine
S“B?tt§FFHPﬁeuWPFH“?-qqu6¥6h?+ﬂ?néléﬁ Z-flporouridine or
,luorocytidine . (00621 As the oligo-nucleic acid
2"-ZG A0 KIYE iddne-he 5 purpose, for exanple, antisense
DNA, DNA encoding RNA with ribozyne activity, and
[0862hy DNA Af e ERSoWP! 1 FRCRNE} §1C arf oA al"ﬁf‘éFZéFen%%r the
(referred to as RNAI) nethod using double-stranded
PURRAS PlasEpEeAXaBPApl | 3RE4SeRNAI DN, aDNBhenerdAss BNA with
speci fic degradati on of endogenous nRNA in a 10 target
r ipenen ettt dolu eastdr Anded IRNA agie knowa -saReceegliencan RNA
as that of the target gene or a simlar sequence to
intpnfeveéncehe {neferregéne i i Ay oddd) method using
intracellularly. It was believed at an early stage
dovhae- sheanppfi cRlfA orhaof RMAn assdabdpedied.ic el is a
suppressi on approach to mammal i an animals 15 i nvol ved
pheuchedohAf p€ubpyciEicwdsgdedansbnabédenldagelbpussim®YAr dn a
short doubl e-stranded RNA as an internedi ate product
tapgeRNfene (viedrerd @b I ©- sisr s d /rmlv i t Mttdrd arameg skAence
SiRNA) , RNAI was also applicable to mammalian cells
as(thavoosl, tieé GdrgetNadend®dr a similar sequence to that of

the target gene 1ig introduced intracellularly. It was
believed at an early stage that the application of RNAL as a
specific gene suppression approach to mammalian animals
involved much difficulty. It was demonstrated that by using
a short double-stranded RNA as an intermediate product of RNA1
(referred to as short/small interfering RNA; siRNA), RNAi was
also applicable to mammalian cells (Hammond, et al., Nat. Rev.
Genet. 2:110, 2001; Elbashir, et al., Nature 411-494, 2002).
As to reviews about siRNA, and preparation methods and methods
for use thereof, see for example plural reference textbooks
for example RNA Interference (RNAi): The Nuts & Bolts of siRNA
Technology (edited by Engelke, DNA Press, 2004) and RNA
Interference, Editing, and Modification; Methods and

Protocols (edited by Gott, Humana Press, 2004).
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Genet. 2:110, 2001; El bashir, et al., Nature 411-494,
2002) . 20 As to reviews about siRNA, and preparation
nmet hods and nmet hods for use thereof, see for exanple
plural .reference textbooks for exanple RNA
Interference (RNAI) : The Nuts & Bolts of siRNA
Technol ogy (edited by Engel ke, DNA Press, 2004 ) and
Interference, Editing, and Mbdification; Methods
25 Prqt ols (edited by Gojft, Humana Pre
W@%ﬂh) 45 00831 AR S50 TeadbPy Béeaﬁéssreﬁvbygeneral
ener al ol ynmerase chajn reaction % met hod or
pofyet o8 ThEERE ELon; {F Rk MardR o am%wa%ﬁénthem
effect of si RNA depends on the sequence feature.
It ShERAPERBC PPN Ghtaﬁe th%/8G iR D ot ki fiiRhedspeafspan the
prepared on the basis of the gene sequence of the
Se@%%ce fsadiidreabl ¢ iRHE 8POC bl dcuéheeCsp aKiP my glen gene
the initiation codon. The gene for use in RNAI is not
camdedsaparydapBotha dlagist Ré Baend e Ehqueacgeef gdvee gene,
The gene for use in RNAl is with at least 70 % or.
rrefeeabby efherdhl yo 80 4wan qrorse a mivimeg Frrefm ehablipit@adGon
% or nore, nost preferably 95 % or nore honol ogy with
coddre. tTdregeengeher usEhénritA £dtsi det serpencer i Inf absetlivarly
of the gene is available frompublic DNA databases
theusaineas sGehBatrkr g R gefiepl Theogenast af usendansRNADUSe with
and rat are registered as Accession Nos. U10906,
at Ue04A407 arkd oD88d 92, presfracth Melsy. $ Rlxwunak eneaidwap rkF eannd 1y
prograns for designing nore effective si RNA have been
90 riepar tmad e, Cmalsk, pekfakrablyBoochestr mOPMyEmolRSy with the
Conmun. 319 : 264, 2 004 ; Ti - Tei , et al . , Nucl
targd€igdhieResThe3Ruc1886id@ thancfayiolae ti®h ak.the gene
Nat. Bi otechnol. 22:326, 2004). A person

is available from public DNA databases such as GenBank. p27%ipt
proteins of humans, mouse and rat are registered as Accession
Nos. U10906, U10440 and D83792, respectively. Plural methods
and programs for designing more effective siRNA have been
reported (Chalk, et al., Biochem. Biophys. Res. Commun.

319:264, 2004; Ti-Tei, et al., Nucl. Acids Res. 32:936, 2004;

"Reynolds, et al., Nat. Biotechnol. 22:326, 2004). A person

skilled in the art accordingly can prepare and use siRNA
specific to the Cip/Kip protein gene such as the p27%?! gene.
[0064] SiRNA prepared by the method may be used in the

form of an oligo-nucleic acid or a derivative thereof. 1In view
of for example the expression efficiency and the duration of
the effect, siRNA 1is preferably used in a form thereof

integrated in an RNA expression vector. The RNA expression
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skilled in the art accordingly can prepare and use

Si RNA 20 specific to the G p/Kip' protein gene such as
the p27 Ki P1 gene. (00641 siRNA prepared by the

met hod may be used in the formof an oligo-nucleic
acid or a derivative thereof . In view of for exanple
the expression efficiency and the duration of the
effect, SIRNA is preferably used in a formthereof 25

IveéP$PgE§EQQd2E %%erﬁéa ud§g9fe&%% 6?“%£?¥%r with a

expressi on vect or or “exanp

essi on ,vect Qr Mﬁth ter c able o
pr%“é%nft?arpg kf]h exﬁlg@g%ltgr’i gf ggo ﬁ?honnoo Sk gith
é 11 proTDters SU|tabIe fo {hl £ e
“°e‘°3é’per°e’s ld“fltsahtolr"tn ‘RNRO 1paf £ RTAPP §e Tk Sa"n’ult € tor the
ronnteraﬁg %9 referabl¥ used. Additiqgnally, tR
xBFORDL 0F O BRIEIE RN Barii R 1A Gyt 1Y (G AP Aokt i RApRATe s are
transcription product in cytoplasmis preferably
Prefefabite wieNA exbieltiome bkkt ort R pAH P Uretusiafgively
these promoters are commercially available from
PeN‘rbT—Bhngl rfet rb@éﬁllTAKAP@\ Bfo AxanscEARLien [POO@UQS"-S in
As the nmethod for introducing the gene or the gene
cyberiasn kponkeherably nagdal | The asBNA FHersesHed vector
includes for exanple transfection nmethods using
capab e unf pholsphathe s rogdiodetns @ qeulcoamey criatliod available
i ncluding sealing an intended gene into |iposone and
fromebmbiomsf Bevi hyoyée, gBRRARMIBIA aefll iGand. 15 a
nmet hod i ncluding integrating an i ntended gene into
(0065hl vedtotsesnethad froet Lotrpdscand tiienene us @nel gene
infecting the resulting reconbinant viruses into a
veckdt, kmothimechsds mde allkerbe Wisead . vahteomentthards imcludes
construct where an intended gene is
for example transfection methods using calcium phosphate and
electric pulse, a method including sealing an intended gene
into liposome and then transfecting the gene into a cell, and
a method inclﬁding integrating an intended gene into viral
vectors such as retrovirus and adenovirus and infecting the
resulting recombinant viruses into a cell. 1In this case, the
term viral vector means a construct where an intended gene is
integrated in a nucleic acid sequence with deficiency or
mutation of the full length or a part of the virus DNA or RNA
to permit the expression thereof.
[0066] The viral vector includes vectors derived from for
example adenovirus, adeno-associated virus (AAV), retrovirus,

Nippon hemagglutination virus (HVJ; Sendai virus as the other

name), lentivirus, vaccinia virus, chicken pox virus, and
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integrated in a nucleic acid sequence with deficiency
or 20 nmutation of the full length or a part of the
virus DNA or RNA to permt the expression thereof. [
006 6 1 The viral vector includes vectors derived
fromfor exanple adenovirus, adeno -associated virus
(AAV), retrovirus, N ppon hemaggl utination virus
(HVJ; Sendai virus as the other 25 nane) | entivirus,
vaccinia viru pOX .Vi.rus, povaV|rus
ne7h 7

PAPRLT ub‘“h sVa ‘““EPn enoVi s v"‘é‘g"t‘b s Etof: AAV
e r entivirus vector, refe ab
W%h@&ﬁﬂh%%%%ﬁh&%@%%%% an
t he, transgene can be attained, The gene transfer via
efihekenti Pﬁges WRAtSrSE | andnsigh- ﬂﬁéeﬁosﬁx%&tséﬁt“ of the
met hods for introducing genes into manmalian cells.
Erppegereany Pet pbtAREABd i T egsiniecABRBE LRIV i itthehircVAgUS
genes into all types of human cells and a great |
veatoberl sop A hhifdP ePPSen Batatird g fpackntorpdiaing genes

these viruses never depends on the cell cycle, genes
ingamaenakinresedd s10 PRagairabsypr Fharne thdd dseapelficable

series and transforned cell series . Genes can be
fot rtrtoddced nei ghhysefficrdattypevod hnnon celdel kndid breat
no occurrence of DNA synthesis or cell division |I|ike

nugke di offy oyt -deimadi ncel hs gr edecaumberindfeadelds vetki these
pl ural copies of reconbinant DNA (RNA) after

virwé ecmieorer §hpeddsion thduodd gendei yexr esseik expressed
transiently at a high level . In case of adenovirus

in vext Dou e HAr et oty r f are lax argrl i s BNA/ R¥An sdbe&med cell
generally retained in cytoplasmbut are hardly

set DEOI p@eaiead ciafit e Nitixd reyitu c MM @A ghh@sef ¥1 ¢ Usn YEEtDIgh into

are used,

a cell with no occurrence of DNA synthesis or cell division
like cardiomyocytes. 8Since a great number of cells receive
plural copies of recombinant DNA (RNA) after infection, the
introduced gene is expressed transiently at a high level. 1In
case of adenovirus vector and HVJ vector, for example, DNA/RNA
are generally retained in <cytoplasm but are hardly
incorporated into nucleus. When these virus vectors are used,
therefore, almost no mutagenic error occurring randomly when
foreign genes are incorporated into host cell genomes hardly
emerges, advantageously.

[0067] Adenovirus vector for uselas one of preferable
embodiments in accordance with the invention can be prepared

by a method using homologous recombination in hosts such as

human embryonic kidney 293 cells or Escherichia coli (Miyake,
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t herefore, alnobst no nutagenic error occurring
randomy when 20 foreign genes are incorporated into
host cell genones hardly energes, advantageously.

[ 00671 Adenovirus vector for use as one of preferable
enbodi nents in accordance with the invention can be
prepared by a nethod using honol ogous reconbi nation
in hosts such as 25 hunman enbryonic kidney 293 cells

et %rl ‘Esg, ?F:IC%%%} 8%“1 (I\)A’S)é?ggg§£'89 3et1 ﬂ 0 lFS;rB%SI %Q@H 'rscn;.mpl e

cad. and a S|hﬁ e
, _ligatian nethod % zugychi , et al., Hu ne Ther.
in g 9880, Y TR R0 1B 552 | Bt ohb: of Fiua GATGIGRE T -
' doubl e- stranded DNA genome. Human_adenovi ruses |
o 4D P e N R s o R o BBy £ h s es witn
q intensiveag. %é{deleting npost of the El and E3 genes
opplengEe it d YA ieRCBGenol PRl eRa s R OfoF EP R t /1
no _replicati on potency can be prepared, so that
EYR Rl Yhe BRATOTE $eVETE 4 RO stalh hen § heetY ed BA ¢l pbing most
adverse effects on the formation of virus particle.
of e EbRfhbEAafena® ofdEheTP sl 4 §6K3 ipnedEnoyb s %, yirus
transcription regulation factor. However, the
vegERhHW ¥ Nedtedr icat i@ippesenchiecannb eneiesP aesd, so that
inserted alone via a transcription unit specific to
foreikgn nBBAt e geveradi thd manddpenitesnerted wheh no adverse
proliferation of a target cell or. the presence or
e f fdpsencen dfhearfotrivart iwinr gif viSugepert{OD68] Moy s@rombinant
i ntending the practice of the invention can see
adphoyatusefeckaceheeklbgeks eeneertmiamgcrevitdws ofegulation
adenovirus vector and other viral vectors, and nethods
fadoor. However, the adenovirus vector can express the
intended gene inserted alone via a transcription unit specific
to the inserted gene, with no dependence on the proliferation
of a target cell or the presence or absence of another viral
gene.
[0068] Persons intending the practice of the invention
can see plural reference textbooks concerning reviews of
adenovirus vector and other viral vectors, and methods for
preparing and using such vectors. The reference textbooks
include for example Gene Therapy Protocols: Methods in
Molecular Medicine (edited by Robbins, Humana Press, 1997},
Gene Transfer in Cardiovascular System: Experimental
Approaches & Therapeutic Implications (edited by March, Kluwer

Academic Publishers, 1997), Adenoviral Vectors for Gene

Therapy (edited by Curiel & Douglas, Academic Press, 2002).
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preparing and using such vectors. The reference
t ext books 20 include for exanple Gene Therapy
Protocols: Methods in Mol ecular Medicine (edited by
Robbi ns, Humana Press, 1997), Gene Transfer in
Cardi ovascul ar System Experinental Approaches &
Therapeutic Inplications (edited by March, Kl uwer
Academ ¢ Publishers, 1997), Adenoviral Vectors for
. Cene, 25 Therapy. (edited hy. Curiel Dougl.as, Academi,c
K4 B kST 2RO LA (T pariaig Bde s | GTEERGRL LY
are commercially avail able. Far exanpl e, Adenoyirus ,
2B EPELS] onf VBCEERTRIE  (MEPAU R R 6 1 50 By P FRBF e Kit
from Takara Bio is appl.icable to the practice of _the
(#9 hURhtG UM e e § 1K érfdrie gy £ 148t Tiak e §e B i doy pegldcable
successful exanple (see Nakayamm, et al., EMBO J. 19:
Lo FHGOPr20bHc etHe tH4t BHEeR bf &% endd el 1 ARANERES TR DACEHBLLY
reference 5 descri bed above). [0069] In case of
rep ¥ boidli g uare sddprlessiaam 1ef (pear Brkaeaws, etch adMBo J.
conbi nation of the cyclin gene and the CDK gene, and
191020 h8. c@fBi0nattihen paittam tartt faareeel peofdiothagnohepatent
degradation of the GCip/Kip protein, in accordance with
refopenagehtdoncribhegeabowe) t ypes or three types of
genes can be integrated into one virus vector for
(00®9Ecti odlmracamibéntefiéthed henefpress bén oifnpll wralliglenes,
reconbi nant vectors. In case of concurrent 15
suchfeecti combitht pbored thecopblthandeweé ramsieshe CDK gene, and
satisfactorily, these nmay be sinultaneously infected
thercomlyi sephsmtwel th o i eaieark atr odnodiiven tihrt dledaladadd on
the level of viruses to be infected in accordance
o £ wihtehc 1 AKX 1 ;1 peidttiedn, Bn Miclcdd d3in@@kwith the invention, these

two types or three types of genes can be integrated into one
virus vector for infection or can be infected in forms of
individual recombinant vectors. In case of concurrent
infection with plural recombinant viruses, satisfactorily,
these may be simultaneously infected or may separately be
infected at a given interval. As the level of viruses to be
infected in accordance with the invention, a virus stock
solution at for example 10’ to 10! pfu/mL, more preferably 10°
to 10'* pfu/mL is used. For a culture cell, the virus stock
solution is preferably adjusted to about 100 viruses per cell
(moi = 100) for infection. The virus titer can readily be done
by plaque‘assay.

[0070] In another embodiment of the invention, instead

of (1) the cyclin gene, (2) the CDK gene, and (3) any one or
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solution at for exanple 107 to 1013 pfu/nL, nore
preferably 109 20 to 10l z pfu/nL is used. For a
culture cell, the virus stock solution is preferably
adjusted to about 100 viruses per cell (rmoi - 100)
for infection. The virus titer can readily be done by
pl ague assay. [0070] In another enbodi nent of the
i nvention, instead 25 of (1) the cyclin gene, (2) the
ene d (3) any ope or .50 .a plurality of genes , .
» SRR, ha ohah StderBhe St ataia ety omne By wfh o/ ki
nucl ei ¢ _acids i,nhi bitjng, th roductjon of _the,
Prbgﬁ}kiﬁrfgﬂﬁcﬁflﬁroatceﬁﬁ wh “n’o’r%c&ff‘arPEBPrﬁsﬁhanvvi°tfh the
,the, effeca of expr.essing the gene and the sane action
cipl¥inafaBily PHE Bede daylbe BELECULRECFPREARRG Vith the
including for exanple a conpound with an action
efEehtI ol PEIRRIRT thie 99P@ R dptheeFane acbbopolhdthat of
with an action simlar to that of the CDK protein, a
theoapBenBai PR #fedcet 88 cpidmelilag insd uddgoadari eragiple a
the Cip/Kip protein, or a conpound with an action
copppibi tying: aReadbipr odiuritliaon tof thhe o phKi pvpkbe einetein,
In this case, the nethod for introducing the conpound
a ¢onownd Middyeoyresirs sinhlap tepdeitf oé theidRi ipomwtein,
Cenerally, the conpound is dissolved in
a phupeucéuvithl hp actéphablremo&imigertd es ety rasi alwifomerosd the
physi ol ogi cal saline and diluent solutions, for dosage
CipHKhp HHo seth, asr ar alomapdwindi sttat aonacthén avenidiisSting the
injections, intraperitoneal injections,
prodanstoh amfotise arim fKHigt patoitein. sohcuhhedasSe, the method
injections and direct injections into cardiac tissue.

fotnicasedtbitgceanedi ooyweyi®simt® ciddivmyceiléds is with no
specific limitation. Generally, the compound is dissolved in
pharmaceutically acceptable <carriers such as buffered
physiological saline and diluent solutions, for dosage forms
such as oral administration, intravenous injections,
intraperitoneal injections, transcutaneous administration,
subcutaneous injections and direct injections into cardiac
tissue. In case that cardiomyocytes are culture cells,
further,thecompoundmayalsobeaddeddirectlytothecultured
medium therefor.
[0071]
(Application as gene therapeutic method)

In a further embodiment ©of the invention, a
pharmaceutical composition for gene therapy can be provided,

the composition containing the gene vector for use in the
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further, the conpound may al so be added directly to
the cultured 20 nediumtherefor. [0071] (Application
as gene therapeutic nmethod) In a further enbodi nent of
the invention, a pharmaceutical conposition for gene
t herapy can be provided, 25 the conposition
containing the gene vector for use in the 51 practice
of the invention, preferably viral vector, nore
ref erably ,adenpvirus, vector. _aqr vector, AAV vector
b B SR e Vet B SuBRepREP hade i vectaE Bore
c sjtion for,gene thera be used as_a
P ST RREb A RV LEER. VP bFoF chbnBl e PAG BT carllopEEgFesand
or,as a therapeutic agent for heart_diseases., An
lephi it B8 dislddes ﬁﬁ;?hb%héaﬁf‘éﬁ%lfﬁér“e?'b??sJa%l%r%’ragene
the cardjac diseases involve cardi onyocytes ,
Lhempa Ry icGmabp otf ed pEnt Pihgrda coutdsa lopggpatfrr gsgeneirating
exanpl es thereof include cardiac infarction, ischemc
capdiemvecyteeess dohbeseportio neart Fonilqart diseases.
hypertrophi c cardi onyopat hy, dilated cardi onyopat hy,
Anynecahidgia idd sean@ schabnv e svddrec trithgrefod .0ag Popgas the
formof the pharmaceutical conposition is
caxdidasfadioeyseTheiphat waceaerdabmyonposist i detegyoration,
formul ated by routine nethods. For exanple, the 15
fuphai omzketrireslt codpesht.i o$ipewyf be eixampd eisnfeetadf enclude
preparati on form containing the gene expression vector
candidbheinfieention, iimchleariraceantd et | §iaceeptablcengestive
carriers such as sterile water and buffered
hephysi of aoifiwced , salhiyrertarubdid uerta radlomtyiopathylhe dilated

cardiomyopathy, myocarditis, and chronic heart failure.

{0072} Any form of the pharmaceutical composition is
gsatisfactory. The pharmaceutical composition may be
formulated by routine methods. For example, the

pharmaceutical compositionmay be in an injectable preparation
form containing the gene expression vector 6f the invention
in pharmaceutically acceptable carriers such as sterile water
and buffered physiological saline, and diluent solutions. The
pharmaceutically acceptable carriers may additionally contain
suitable stabilizers (for example, nuclease inhibitorsi,
chelating agents (for example, EDTA) and/or other auxiliary
agents. The pharmaceutical composition containing the
components may be sterilized by filtration and the like if
necessary and then charged in an aseptic ampoule. Using for

example an osmotic pump or an osmotic tube, the formulation
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pharmaceutically acceptable carriers may additionally
contain 20 suitable stabilizers (for exanple, nuclease
inhibitors) , chelating agents (for exanple, EDTA)
and/or other auxiliary agents. The pharnaceuti cal
conposition containing the conponents may be
sterilized by filtration and the like if necessary
and then charged in an aseptic anpoule. Using for 25

na B0 S5 P PED Bl RO Er 8hhT 1 28205 §Fa (Epzein. ¢
Her ei rmgceuti ga

do%%nﬁgg PlORESFmPHSUtﬁﬁgﬂtF8Hp°§1%ﬁ88e§§aF%F Pvertieg is

or redu ropri at el endln on the conditjons
negheRERL T e lRRREER R At G AT S S o e LAY on
atleghtand t he dosage route. A person skilled in the

thg ¢oRGHE LOMF oBHG htdd \F iGefleni ABXY hlé°ﬁ13éd'tﬁ et fok sympton

Generally, an adult single dose is within a range of
of spopttiedt grkG B A0RHPF KEQU bR ef dr AHLS AR tsthiid ledr dgdhe
of about 10 g/kg to 100 ng/kg. In case of using virus
ary&@Nof BP 5eR Rl ake hudedeinmig el oh ¢ seuun reddth 4¢ on&enprally,
the final virus titer is preferably 107 to 1013
anpddy bt | s imog ke praeferiablwi thG2 tord0§2 of udmbut [D0¥3jg Aky to
case that the gene expression vector is a non-vira
1.0eztloy, prefparddcwlwirthithe phageaoéutbcat 1¢qupbsd tioor 00
of the invention may be supplied in a conplex with 15
ngl/kposofir. cvsa suchidioranvithes phac peceusiichl as adenovirus
conposition may possibly realize a high transfection
veefbrciahtit iona iy ditdreyddytesvi nuparittexuliarprégerably 107
speci fic exanples of |iposone, a great nunber of
tol i pt’d pffar/mul, amioares pire¢lerdibny f10f to 10'? pfu/mL.
[0073] In case that the gene expression vector is a
non-viral vector, in particular, the pharmaceutical
composition of the invention may be supplied in a complex with
liposome. Via such form, the pharmaceutical composition may
possibly realize a high transfection efficiency in
cardiomyocytes in particular. As specific examples of
liposome, a great number of lipid formulations including for
example N-[2,3-(dioleyloxy)propyl] -N,N,N-trimethylammonium
chloride (DOTMA) and dioleoylphosphatidylethanolamine (DOPE)
have been developed. Experiments about transfection using
various cell systems have been done (Banerjee, J. Biomater.
Appl. 16:3, 2001; Maurer, et al., Expert Opin. Biol. Ther. 1:923

2001). Additionally, a method using fusion-forming virus

liposome with a fusion-forming envelope derived from HVJ,
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exanpl e

N-[ 2, 3-(diol eyl oxy) propyl ]-N, N, N-tri net hyl amoni um 20
chl ori de (DOTMA) and di ol eoyl phosphati dyl et hanol am ne
(DOPE) have been devel oped. Experinents about '
transfection using various cell systens have been
done (Banerjee, J. Biomater. Appl. 16:3, 2001;
Maurer, et al., Expert Opin. Biol. Ther. 1:923,

2001). it |1 f f
s0f i&%eﬂ?%éi’ﬁﬁs e, eTRodo RSty chiefbpe Zat. -
%I Vedt’s{fweﬁw 8 53I<|a%t%d%§!]|e%dbll|_¥g|_Mlg olvsfL met hod .298,

aneda, et al Med. Today 5: 298, 1999) are aI SO
19%?*e%f?v?els?06$ﬁfc?h‘é gene expression vector or a
har maceutical 5 conpositjon containing the vector
(o 9 sat i sfia ote1§ BEP ¢ hE F QYUEREL PRt BTt Re PRGN ClRddritcal
of a patient with cardiac diseases. However,
CO%P%ﬂ‘b?h%‘Py,cotnﬁélg’elﬁ’é! ekPPesH VP W eBREr prtigfactorily be
phar maceuti cal conposition nmay be introduced in a
intreodeeed #nhpethientidod edibmrderell ai patipptavdshdanediac
with the 10 invention, the termdisordered s i t e
dipeanss a diawewdn hrredediadbiyoctheyedet expoeasédn vector or
functionally arrested or dead or in a vicinity
a phereofenni¢ali vonpas St {dmmeats o inoredinesd  daniamdligvi ted
the sane is true hereinbelow) or a. site with an
naex@ectiad opr agréeso wferteie déteri ormi i ar cordanret i whah the
15 deterioration of cardi onmyocytes or the death
intéeteof, . dire t iesm caseortibeedetdiork f @areainst raduci ey with
t he gene expression vector or a pharnmaceuti cal
ca £OIPOSo & ¥ O8ls Gtied v et ddhefgepeieXplegsSd Pres V€L @ dead or
into a danaged site includes a nethod of directly
in a vicinity thereof in individuals (humans or non-human

animals: the same is true hereinbelow) or a site with an
expected progress of the deterioration or functional
deterioration of cardiomyocytes or the death thereof. 1In this
case, the method for introducing the gene expression vector
or a pharmaceutical composition containing the gene expression
vector into a damaged site includes a method of directly
injecting the gene expression vector or a pharmaceutical
composition containing the same into heart post-thoracotomy,
using injection syringe, and a method for injecting the vector
or the pharmaceutical composition through blood tube under
X-ray diaphanoscopy. The method through blood tube 1is
preferable because the introduction of the gene can be

localized just to heart by the method. 1In this case, the gene
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I njecting the gene expression vector or a
pharmaceuti cal 20 conposition containing the sanme into
heart post- thoracotony, wusing injection syringe, and
a method for injecting the vector or the
phar maceuti cal conposition through bl ood tube undér
X-ray di aphanoscopy. The nethod through bl ood tube is
pref erabl e because the introduction of the gene can be
ex%r%331?rhevegcgtdé: QEf é%{&%%ﬁﬁ&/%%at]mco&p%%ltlon Qontalnlng
harnaceutl tion contain .vect
th E g G B Dot B Do LB 1P kb dcko A e e Vaf tor
the conposition via blood flow into cardj,o es .
or Thpe Wt GroR Hel Hrk Rt Ekq e &R Korffddia r? Sl sghe
be directly 5 injected into the cardiac nuscle |ayer
VP he T RBEORR HED2 9 bl C ThrAiTRAIEs PaBuRhs & rggRedectly
approaches using catheter and the |ike are known in
injeted g tRef Sraddact BuFBd6kiavREred dre fimelogdacttopith
exanpl e Gene Transfer in Cardiovascul ar stem
cappeny aent e . Afrdashegi&athepnpeaches| B¢ gaitdreter and
(edited by 10 March, Kl uwer Acadeni c Publi shers,
thd 39K, a¥vasond vy iSutrlgeerfyi,eldt-heRsft:rhnedittei:drbooks therefor
(Rut herford, WB. Saunders, 2000) and Text book of
ind e vieor i eoteaip IGaraind dgyansiffesr 4nt faediibivas chddirt §d slhgm:
Topol, WB. Saunders, 2002) . The catheter for use in
Exger i yémga bWp pirive c hiesv @rithieara dest tcionfeptiabhkjyoasal d bt ed by
from Boston Scientific, 15 Edwards Life Sciences
Ma folt pat i w e ReoecH dniec |Hukel i (HHY/AD1 19909 Ofascular Surgery,
cardi onmyocytes proliferated by the nmethod of the
theé riV@ndd ii)on (Rutherford, W.B.Saunders, 2000) and Textbook

of Interventional Cardiology, the 4*® edition (edited by Topol,
W.B.Saunders, 2002). The catheter for use in carrying out the
invention is commercially available from Boston Scientific,
Edwards Life Sciences Corporation and the like.

[0075]

(Use of cardiomyocytes proliferated by the method of the
invention)

From the cardiomyocytes proliferated by the method of
the invention, highly pure cardiomyocytes can be obtained at
a large scale, efficiently, by continuously using cell
recovery, separation and purification processes according to
known conventional methods. The cardiomyocytes obtained in
such manner is called cardiomyocytes prepared in accordance

with the invention hereinbelow.
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From t he cardi onyocytes proliferated by the nethod of

20 the invention, highly pure cardi onyocytes can be

obtained at a large scale, efficiently, by

continuously using cell recovery, separation and

purification processes according to known

conventional methods. The cardi onyocytes obtained in

such manner is called cardionyocytes prepared in

rdance Wi .t e inven n _hereinbel ow. 55 0 0O

078y pur.ﬂf.c“atl.%nca#eﬁ%n feeek %ﬁgcy%gc o ueY be

used a Ion the od i s _anon nown ods, f or
usgg|ps issgr EReaRd B e 200, RaSHd e ﬁe%?;fmﬁoers

t here i nc ude nethods accordi ng .tqQ antlg
SePﬁﬁFFbBHy FEAC PGS LRI OF -exaRBIeE LTeChotX AP E p 1 It reof
. toneter. and magnetjic beads and pannjing nethod, and
1nEiPPef‘P%\Y:li?%a?t‘i%M%&&sab{}lI%HsF‘Wlb@g&d’F%‘Et1°n5' for

centrlfu%atlon using carriers such as sucrose and
eXpRPLE| MeTAABENUL tEc oM Ky LRBEREd & dc drdinGrhicepreadls @nd

a  method for selectively recovering cardi onmyocytes,
Papying peshodi ndmd e Vi %ga%awnaﬂ@m Beahods by density

modi fication as to provide chemical tolerance and
gragpeassrent pofeaeyion  eus dbpy ccaprbees nstoh a2 yerc ufsqrand

animal or a stemcell such as ES cell as a
Pegapdi ompamytthe rsout ceemimia t hemhadi mf therdbesuyoenges is a

nodi fications as an indicator for the screening. For
megRafApl gorl5 &4 led ok farmll X o- wockeesingnstrudiodyacyyetsem by

prepared by introducing a gene cassette capabl e of
preXxpméssirnyya gieomaei suchGIdB)if i efa bt awtd ifdra tiimino as  to

murine ES cell under the control of nyosin heavy
prohaidn- ahembool eroliexadide fagrderikpake stibea ESteeklsof ectopic

protein to a gene of an animal or a stem cell such as ES cell
as a cardiomyocyte source and then using the resulting
modifications as an indicator for the screening. For example,
Field and co-workers constructed a system prepared by
introducing a gene cassette capable of expressing a neomycin
(G418) -resistant gene into a murine ES cell under the control
of myosin heavy chain-o promoter to differentiate the ES cells
into cardiomyocytes to allow the expression of myosin heavy
chain-o gene following the differentiation, just when the
resulting cell can survive in a culture medium supplemented
with G418. The researchers then report that the cell screened
as the G418-resistant cell is cardiomyocytes at a probability
of 99 % or more (USP 6,015,671; J. Clin. Invest. 98:216, 1996) .

[0077] In an additional embodiment of the invention, the
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into cardi onyocytes to allow the expression of nyosin
heavy 20 chain - (x gene f ol lowing the di f f
erentiation, j ust when the resulting cell can
survive in a culture nedi um supplenented wth (418.
The researchers then report that the cell screened as

the 418-resistant cell is cardionyocytes at a
probability of 99 % or nore (USP 6, 015 671 J.
in. st. _98:216, 1996
cagihford e% PERRERE IF Taesndines rkt he dpvettion is
es ared_in,accordance with t
us SRR OCNLE UEQFEFafawﬁsaEha?mma%mand activity

sessnent and activity, evaluation of vario
eV%i?f%Fb%g‘i Iy oGt Pwsgaﬂagmew(m 1V%x—°alirﬁﬂ tangeg (for
s and functlonalI¥éun|dent|f|ed novel gene 5

exweaactérupaﬁ SHIptancthangatyi iRt iath pevesegene
for screening for a substance or a pharmaceutica

Pradents asstRT at %P et hthhechtAtPPrBAAY tPBgORAL PEN UGRd for
cardi onyocytes and for a substance and a

scpparHag ot e Augarncant i phrirdiRcy uand ad agemmgisspcliated
property agai nst cardi onyocytes. In a still 10

vigbdEheohancehbodlneagulaniagsedsnemdikiny ocunieai nindg for a
the cardi onyocytes prepared in accordance with the

subaventeonnds a uskduhadeutt hel segesmi ng.th 00FBicdny and a
type of test substances for use in the screening nay

dabpegénayi sf et ©r {yy ass dadings tas cahal iteegto cyutest.ancebn 16 Garill
be added to the culture system and includes for

adéxaiphel | e;mbool e gr eonpoisdkssmdngh kil ecoh@dining the
conmpounds, organic conpounds, i norganic conpounds,

capdbveyocypeptprepagedein vidausrdaced Iwith quial iapldntion is
culture, and liquid mcrobial culture. The

ugseful for the screening.

([0078] Any type of test substances for use 1in the
screening may be sdtisfactory as long as the test substances
can be added to the culture system and includes for.example
low molecular compounds, high molecular compounds, organic
compounds, inorganic compounds, protein, peptide, gene, virus,
cell, liquid cell culture, and liquid ﬁicrobial culture. The
method for efficiently introducing the gene into the culture
system includes a method of adding virus vectors such as
retrovirus and adenovirus to the culture system or a method
of sealing such virus vectors into liposome and the like to
add the vectors to the culture system.

[0079]) The assessment of test substances can be done by

assaying the gqualitative or quantitative change of
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method for efficiently introducing the gene into the
culture 20 systemincludes a nethod of adding virus
vectors such as retrovirus and adenovirus to the
culture systemor a nethod of sealing such virus
vectors into |iposone and the like to add the vectors
to the culture system [ 0 0 7 9 1 The assessnent of
test substances can be done by 25 assaying the

a
One exanpl e of assayin Vi a
v R P AR S0 Bt 8 T RG RN | EhY o Fetomyocytes
i nocul ated in cul t yr ate to ap appropriate cell,
PrEBRETT i G Adhtes et 8 Bod bt SpBReRerEy e £ed tn a
ultured in a serumfree culture nmedium or tq assay
Cufh%r%uw%ut%ram&%qwaotre Efrldi SRPSCYed 9 fnguce cell
culture nmediumw th an appropriate anount of a test .
dedthJ@R0DE 0 sdddetil B Rt P Le OTHE dr8LKEH - £ 8L caB bl F)y Meld um
survival or nortality of cardionmyocytes is done under
Or \§& A8 agbSEPVALTEAVED BF BRFRYLE e ¢ hcCHAYPH MYV Fs dn 2
dye such as trypan blue as an indicator. As the
Cuh%‘fh%d‘}edolt%‘éwwté‘e?naﬁm?ﬂ)’dl%%ﬁ o udehpdr ddeiflsgubstance
activity (reduction activity) as the indicator or a
ad¢ed hédegsitng cabbasaesbedyvifior speeprviadt chepopudrival or
cell or the expression of Anexin V as the indicator
mopkyl bt s @ he ardddmyps yKietss igsflage t bed eve ohigaisslmodsgervation
comercially available froma great nunber of
or neniufadthier éns ogpohags o8i gfimg GlomtuedhasahdypPnonkbga as an
for ready use. [ 0 0 8 0 1 Because the substances and
indhea phar nacdsti the method, otherwise, a method wusing

dehydrogenase activity (reduction activity) as the indicator
or a method using caspase activity specific to apoptotic cell
or the expression of Anexin V as the indicator may also be used.
Kits using the mechanism are commercially available from a
great number of manufacturers such as Sigma, Clontech, and
Promega for ready use.

[0080] Because the substances and the pharmaceutical
agents as obtained by the screening method have an action to
induce the differentiation of cardiomyocytes and an action to
regulate the function, the substances and the pharmaceutical
agents can be used as prophylactic agents or therapeutic agents
of heart diseases, such as myocardial infarction, ischemic
cardiac diseases, congestive heart failure, hypertrophic

cardiomyopathy, dilated cardiomyopathy, myocarditis, and
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agents as obtai ned by the screening nethod have an
action to 20 induce the differentiation of

cardi omyocytes and an action to regulate the function,
the substances and the pharmaceutical agents can be
used as prophylactic agents or therapeutic agents of
heart di seases, such as nyocardial infarction,

i schem ¢ cardi ac di seases, congestive heart failure,

t 2 d th
Chééﬁe?ohroaﬁ%é?ﬁ PufSboat i £F €ontigPashil o nonahqompounas
f ure. These ., conpounds nay be novel conpounds or
°rkE8ﬁHnCSRBBﬁHHQS [ 00811 Addltlonally, t he

|onyo%%% ared in accorgdance with the ,
[Oﬁa%gntion iaEigﬂéﬁﬂé“usé@QascérﬂﬂﬁﬂyPﬁéteS c%¥?p?6?d in
regenerating cardiac nuscle or for therapeutical
acePRdRPRg bR tthe sidukeast ionTp@ yhaadse aﬁseagésaﬁ!rﬂ:m(feftlng
for exanple n1éocard|al infarction, ischenmc cardiac
Ceéis§§§e§ege%ﬁﬁﬁ 5p9 vea rbba ¢ W%ﬁqkﬁepriﬁ&kHQWQﬁﬂﬂQFtlcally
cardi omyopat hy, ~dilated cardi onyopat hy, nyocarditis,
traadiegr diiad thedgeages. a he heard d;oseehQaSgriafctluﬁg for
cell, cells containing the highly pure cardionyocyte
examebar @ oice rdd @dr darforer ol idn t hes therbei gardiay b aesaks,
in any form such as the cells suspended in aqueous
cogarskérs shehrss dalifure. medivae rithhopddld s camsbddecbhathy,
solid carriers such as bi odegradabl e substrates or
ditheedel tardbSopyopesked imyocxnd i bsnyocand sttesis6 i rheart
single layer or nultiple layers (Shim zu, et al.,
faCloce.Ress 9 EXtid0PHell, (XL cldret atatitod oy highly
engrafting the cardi onyocytes as a engrafting
pueardi odhyotys ey t eitpr ep eahdedascbe daneleudeshathe invention
may be used in any form, such as the cells suspended in agqueous
carriers such as culture media, the cells embedded in solid
carriers such as biodegradable substrates or the cells
processed into cardiomyocyte sheets: in single 1layer or
multiple layers (Shimizu, et al., Circ. Res. 90: ed40, 2002).
[0082] The method for engrafting the cardiomyocytes as
a engrafting cardiomyocyte into a damaged site includes a
method of directly injecting the engrafting cardiomyocyte into
heart post-thoracotomy, using injection syringe, a method for
surgically incising a part of heart to -engraft the
cardiomyocytes and a method for injecting the cardiomyocytes
through blood tube, using catheter (Murry, et al., Cold Spring
Harb. Symp. Quant, Biol. 67:519, 2002; Menasche, Ann. Thorac.

Surg. 75:820, 2003; Dowell, et al., Cardiovasc. Res. 58:336,
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met hod of directly injecting the engraf'ting

cardi onyocyte into 20 heart post- thoracotony, using

i njection syringe, a nmethod for surgically incising a
part of heart to engraft the cardionyocytes and a

met hod for injecting the cardi onyocytes through bl ood
tube, using catheter (Murry, et -al. , Cold Spring
Harb. Synp. Cyant BioI 67:519, 2002; Menasche, Ann.

20-@?8?8%%‘*5%%3 g388e S0y gi.é\al)%ltle’dl-lgf/ve@lé?ée geribed

S_nat |n1ted to those desc
abgaFdloﬁbSEy §§dﬁ€@39§ﬁéﬁsfrﬁﬁ?%ﬁ%ﬁ %ﬁT ?&tag afﬁéa is
e of an apimal wth cardlac dj sorders
53R Bt F BRI EDBxRBt T Brie IR HDEAS O I G 41 oS
as 5 reporte-d %anasche Ann. Thorac. Surg. 75:S20,
anpydre % ePRARALCBE £herq&%HQl¢hFFfeﬁévl%3Qbirted as
2003) Cardi onyocytes derived fromES cells have very
regPﬁFPSr (Eﬁéﬂén§ﬁes 9éntho§é°6ﬁ°caréﬁéﬁyocyﬁé§2&er|@@&3
f romf etal heart (Maltsev, et al., Mech. Dev.
Reffelnanngo3ety rad . Redleds: 23Bailo 1Beu). Bt2@ds 2003).
confirmed that in an ani mal experinental exanple
CappépmYESYEeh| -derived dardi oRforalds wbrgeactemy | yimilar
transplanted in an adult heart, very high
phphotprpattidichpsy mhsaréxemwedvGKBu@ereweéﬁromdfe6}1rheart
I nvest. 98:216, 1996). By grafting the cardi onyocytes
(Mpiteparedebyalt he Mestthodeof. #he4ls Lh92nt¢hbnci rRkes a75:233,
di sordered cardiac tissue in the heart diseases due
1906)t hel dekerdarfatimed ahdtdirssoardinadnedperimental example
cardi onmyocytes in a conpensatory manner, expectedly,
vhehe ah®l i aredtli-drrdfveldne eardiamybupeesonswerd bactually
pr onot ed.
transplanted in an adult heart, very high biocompatibility was

exerted (Klug, et al., J. Clin. Invest. 98:216, 1996). By
grafting the cardiomyocytes preﬁared by the method of the
invention into a disordered cardiac tissue in the heart
diseases due to the deterioration and dissociation of
cardiomyocytes in a compensatory manner, expectedly, the

amelioration of the cardiac functions can be promoted.

EXAMPLES

[0083] The invention is now specifically described in the
following Examples. However, the Examéles below show simple
illustrations of the invention but never limit the scope of
the invention.

[0084]
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20 EXAVPLES (00831 The invention is now specifically
described in the follow ng Exanpl es. However; the
Exanpl es bel ow show sinple illustrations of the
i nvention but never |imt the scope of the invention.
25 008 4 160 [Exanple 1: Preparation of
reconbi nant adenovirus] Adenovirus vectors, each
carrying the CDK4 gene, the cyclin D1 gene with the
nucl eotj de_sequence encoding the _nuclear |ocalization
(eEFERET | N8 S TAgRetefnar er bop ARy pfenev EREs ip
gene ¥erebﬁge ar ed, usin? a. reconbi, nant . adenovi r us
pr ettt 9 VY 2uRhdyi FuSh ERPFE¥SPEN PUECLBK kPR e the

TaKaRa Bi o). [0085] In case of an adenovirus vector
cyghiByPhg gofe CDKh §BRe DUFPAt d&d- TEKUENGE pPASAfgRY the
PpCW- CDK4 (supplied by Dr. 10 Sander van den Heuvel
nuehegs acdistel 1&t iharidgin o Pl tegnedr ticene ke ; (UGS):, or
van den Heuvel, et al . , Science 262:2050, 1993) was
the| RRed 4# ¢ H BETHIL e Rar §fF e pe i S amArsicrpan bamaan te novirus
fragment, of which the both ends were blunted using
pPrada DNALpol Jindr ddd@le nofdirusni Brp ze ¥ tbchechora8hsd tTeKaRa
t he Adenovirus Expression 15 Vector Kit, the blunted
Bifragment was inserted into the Swal site of a cosmd
PpAXCAM , to prepare a cosm d pAd-CDK4. Conti nuously,
[0088] transfleciciagre of dhe drosmidusogercher wathyihe the CDK4
‘restriction enzyne-treated DNA- TPC (term nal peptide
gegonphexglydedi R4 f r anplhemdgénpe® VDRNA KA (Bwpplied by Dr.
adenovirus type .5 into
Sander van den Heuvel [Massachusetts General Hospital Cancer
Center; USA]; van den Heuvel, et al,, Science 262:2050, 1993)
was cleaved with BamHI, to prepare a murine CDK4 ¢cDNA fragment,
of which the both ends were blunted using T4 DNA polymerase.
Following a protocol attached to the Adenovirus Expression
Vector Kit, the blunted fragment was inserted into the Swal
site of a cosmid pAxCAwt, to prepare a cosmid pAd-CDK4.
Continuously, the transfection of the cosmid together with the
restriction enzyme-treated DNA-TPC (terminal peptide complex)
derived from the genome DNA of human adenovirus type 5 into
the 293 cells derived from human embryonic kidney cells allowed
the preparation of a recombinant adenovirus, Ad-CDKd{.
[0086] A plasmid carrying the DINLS gene was constructed
by conjugating the murine cyclin D1 ¢DNA fragment derived from

pPRSV-cyclin D1 (Matsushime, et al., Cell 65:701, 1991) with

pEF/myc/nus (Invitrogen)-derived NLS. Specifically, the
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20 the 293 cells derived from human enbryoni c ki dney
cells allowed the preparation of a reconbi nant
adenovirus, Ad-CDK4. [0086] A plasm d carrying the
DINLS gene was constructed by conjugating the mnurine
cyclin D1 cDNA fragnment derived from pRSV-cyclin D1
(Mat sushine, et al., Cell 65:701, 1991) with 25

pEF/ myc/nus (Invitrogen) -derived NLS. Speci fically,

/ / d wi
o1} 083§ ball AT B R N st PSR ARG gtk enavpep ajeer

t t
and Ko g ”%%eip%gﬁﬁahnﬁngmsnwe%ae%g?ﬁ ﬂccf%taﬂe%m ol g

enzynme Ncol, to _prepare secon

seGBARSE ni g e Wclplﬁsﬂl%sgaﬁgn%cl?ﬂeﬂl "P’d%‘i/aaes”o%%é’lth
using, the plasm d pRSV-cyclin DI as tenplate and al so

a agﬁﬁalfhéwfww nbgcwo §g RECRAT Hr3 O PNy dFaddent

a third DNA fragnent encoding the C-termnal cyclin
coptaéphrg f@@gqqclqK)Dl sequence. Then, PCR was done using

5'-primer:5 - ACCCTCCATGGTAGCTGCTGGGA3' (SEQ | D NO  2)
the' ppepmed: PRSVGATCTEGAGET CRATETIOONCAT CROECALST- JsigEQthe
ID NO 3) (0088] Using T4 DNA |igase, these three
fol ypesnoft WONAYDPE S axfirent s ewar et ¢ Pgaved et vddtilrdr DNA fragment
construct a plasmd 15 carryinga nucl eoti de sequence
enepdddgnyh&VAOTeaningéncetivedINEBNAri plicately on the
side of the C. termnus of the nmurine cyclin D1 cDNA.
[OASDNA fragnment cut out fromthe plasmd wth
restriction enzynes PnaCl and Smal was inserted in the

Swal 5'-pirtige@f: 5t ha cCQITICA TIEATEAWT.G CTites cass ulstEiong pc e @)
( pAd- DINLS)

3'-primer:5’-TGATCTCGAGGTCGATGTCCACATCTCGCACGT-3"' (SEQ

ID NO: 3)

(0088] Using T4 DNA ligase, these three types of DNA
fragments were ligated together, to construct a plasmid
carrying a nucleotide sequence encoding SV4A0 T antigen-derived
NLS triplicately on the side of the C terminus of the murine
cyclin D1 c¢cDNA. A DNA fragment cut out from the plasmid with
restriction enzymes PmaCI and Smal was inserted in the Swal
gite of the cosmid pAxCAwt. The resulting cosmid (pAd-D1NLS)
and the restriction enzyme-treated DNA TPC were transfected
into the 293 cell, to prepare a recombinant adenovirus,
Ad-DINLS.

[0089] An adenovirus vector Ad-Skp2 carrying Skp2 was
prepared on the basis of the murine Skp2 cDNA. The murine Skp2

cDNA was isolated from a murine thymus c¢DNA 1library
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20 and the restriction enzyne-treated DNA TPC were
transfected into the 293 cell, to prepare a

reconbi nant adenovirus, Ad-DINLS. [0089] An
adenovirus vector Ad-Skp2 carrying Skp2 was prepared
on the basis of the nurine Skp2 cDNA. The nurine Skp2
25 cDNA was isolated froma nurine thynus cDNA |ibrary
62 (Stratagene), using the nurine EST (expressed

(St qtuené:r?e) q)s'm %rh (m/_t\xcrci%seSE%% I}Ioe(x esse%a )eg éllce tag)

a
regls ered on a probe

crdfE RS A s mgﬁ’%%h%é%?? %m(‘miﬂe“ (5 brove
cl one, accordjing to genera obe
‘N"i‘/x‘h%ya%br%u%d wF’Pﬁ 5PF‘ébFF83tfPPt8F BFeba?@Bl ﬁzt‘*ﬁé‘”

basis of a cDNA library in a buffer at 68' C for
S #oti ko a he r%suftﬂﬁaelﬁ bPFSbﬁagaﬁagﬁéaaﬁFFhféOBuFﬁérEST
containing 0.1 % SDS at 680C. The resulting positive
Cl%ﬂ%nea%&%rghbﬁléﬁeéemﬁrﬁﬁeﬂﬂﬂhﬁﬁﬁW|;ﬂhQK)S%@e probe was
(Stratagene) plasmd, for nucleotide sequenC|n% The
hy hied b0 d‘el%lécﬁjerrﬂ)‘-é“d?a tiiel tAR infe P3PA ODNANgs basis of a
determined in such manner is registered on GenBank
cDNAdcCidesmn idoa BEO88216Y 6 {Wakayadh, heirsal . ThEMBOsdlting
19: 2069, 2000; Nakayama, et al., the specificationof
hyFi A-w200 a2324380) th dshnff ¢ e anird inel ik p2 11% sDbllaas 8°C.
tenplate and the following two types of priners, PCR
Thevas stdrte nigoppeeparve alome ivees Skp2lobDRA fnagrepBlwesirapt
Flag tag sequence (N-Asp -Tyr-Lys -Arp-Asp-Asp-Asp
SK-lgsratE&yeBeQ INaddQd) &advrt mecNeoaridienusequdm clngvas The
then inserted in the Xhol site of the pcDNA-3 vector
nudlewt idogejudmc Profpahe Aurine Skp2 cDNA as determined in
such manner is registered on GenBank (Accession No. AF083215)
(Nakayama, et al., EMBO J. 19:2069, 2000; Nakayama, et al.,
the specification of JP-A-2001-224380). Using themurine Skp2
cDNA as template and the following two types of primers, PCRl
was done to prepare a murine Skp2 cDNA fragment with a Flag
tag sequence (N-Asp-Tyr-Lys-Arp-Asp-Asp-Asp-Lys-C; SEQ 1ID
NO.4) at the N terminus, which was then inserted in the Xhol

site of the pcDNA-3 vector (Invitrogen) to prepare a
pcDNA3-Flag-S8Skp2 vector.

[0090] 5'-primer:

5’ -ATACTCGAGGCCACCATGGACTACAAGGACGACGATGACAAGCATAGGAAGCACC
TTCAGGAGATT-3’ (SEQ ID NO:5)

3'-primer: 5/-ATACTCGAGTCATAGACAACTGGGCTTTTGCAG-3'(SEQ 1ID

NO: 6)
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20 pcDNA3-Fl ag- Skp2 vector. (00901 51 - p, r i mer

51- ATACTCGAGGCCACCATGGACTACAAGGACGACGATGACAAGCATAGGAAG
CACC TTCAGGAGATT-31(SEQ ID NGO 5) V-priner:

51- ATACTCGAGTCATAGACAACTGGGCTTTTGCAG 31(SEQ ID 25 NO
6) 63 (00911 A fragnent containing Skp2 cDNA as
obtained by the c¢ 1 eavage o f the pcDNA3 - F1 ag -

vectorvm th _Xho |_ was i |nt t he
[O(%(?ﬁ of thefES R8s I&W“%E‘r"g S?f‘ Pnl&egm@ﬂ the
a restric te DNATPC(termnaI
°1%a%%%|°efx§ a&ﬁ% AR S RGBT DN b g Thserted
denovirus ty were transfected into the 293 cell,
“‘f% "OCeplr & o treeEBrFBﬁenSHlegdél\“?Wr"f%s Adekp2ul tbpgspsnid
The three types of reconbi nant adenoviruses prepared
an‘%yatﬁ%sFrEfFlgbl"ﬂlegEFVBédtﬁBé\?éd(RHACBR@ (Agrmimes, repdide
10 Ad- Skp2) are constructed in such a nanner that the
corpley! ofif i vpchdg omnsbet eenaes DR efphesaeck davueritte type
regul ation of CAG pronoters (CW enhancer, chick
5 V’F&raecfcrfﬁnﬁnfeﬁ'ﬁteéri,nmdht%é%ocre/w doqpenperefa rasinbinant
P-gl obin gene). Therefore, the inserted genes can be
adepghi yuexbd eSked. in manmalian cells. 15[ 00 9 3 1
Continuously, it was intended to recover virus
[0&DH2 Lt i ons Wfe t kb rierdi vivdeaal ¢fcomdyiamminastr usdsenatviruses
high titers. 4 ~tg each of the three types of cosm ds
pr ¢ pvde AL h g Ack-tONL Se s andlb pAck18kpL ) Ada$DKi4x exld v 1 L 2, .and
5 ~tl of the restriction enzyne-treated DNA- TPC
AdafkpZhed ¢ cohle ruecedbi nanicladenavineusthat the individual

genes inserted may be expressed under the regulation of CAG
promoters (CMV enhancer, chick f-actin promoter, and the polyA
sequence of rabbit [3-globin gene). Therefore, the inserted
genes can be highly expressed in mammalian cells.

[0093] Continuously, it was intended to recover virus
solutions of the individual recombinant viruses at high titers.
4 ng each of the three types of cosmids (pAd-CDK4, pAd-D1NLS

and pAd-Skp2) was mixed with 2.5 pl of the restriction

enzyme-treated DNA-TPC attached to the recombinant adenovirus
preparation kit. The individual mixtures were separately
transfected into the 293 cell cultured in a culture dish
(diameter of 60 mm) by lipofection method using FuGENE™ &6
Transfection Reagent (Roche). On the following day, the cells
were detached, and recovered cell suspensions were separately

inoculated again in a culture plate (96 well) coated with
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20 preparation kit. The individual m xtures were
separately transfected into the 293 cell cultured in
a culture dish (dianmeter of 60 mm) by lipofection

met hod usi ng FUGENETM6 Trans f ection Reagent (Roche)
on the follow ng day, the cells were detached, and
recovered cell suspensions were separately 25

i nocul ated again in a culture plate (96 well) coated

Lth 64 I ., Aft 7t 5d , th i
cofthlefe B 1€ Nurd AT ¢ F i TRe e At e Yerts
wells, i n whi [ conpl et e di ed,, the .
weER1 Eif Dot 1AV o taF EF MR FBLEBHLS | Ht gidhon cells

sterilized tube, freezing and thawi ng was repeated 6 5
copphes el ¥ tontthier GyLEURE IO PhWASI A SRt hir kY cprdected
, supernatants were stored as _a primary virus stock
ingg| at PHAT AL 1zedghbube. 1Dreeping e briliain ivas anpated 6

;solution was infected into the 293 cells cultured in
tigegul t ap@ pFaRrEr{ougIed| 13tcord @Pnwikar cdl | ayjenitemhe The

culture nediumin a well containing killed 10 cells in
sugerpagaghysvens sdad eal &y nimary dreg phookassletiom at

tube, and freezing and thawi ng was repeated 6 tines
-8ahel. w9 ptenf ntifeugat mdrat v oOOH srtprokf splbthbnutes itnfected

recover the resulting supernatant and was stored as a
ingecomeldny wélls cstlook esblintd onltatre-BOOCE (28 wellpfcoated

t he secondary virus stock solution was 15 infected
withtooX ey @03 @dlel suttihtermesdi iium dncaiwtednecéh askn {29 k idrbed

2 ) coated with collagen. The culture nedium after 3
celldsdin days mdsyased acablychlapsiednee rd d iatst €rddexrile

tube, and the virus was released fromcells by

tubegezhfgf andzi hawe g ©Ofawhogogeni Zé pwh £l |6 thitds aand was
seal ed soni cator. The supernat ant
centrifugated at 5000 rpm for Sminutes to recover the resulting
supernatant and was stored as a secondary virus stock solution
at -80°C. 15 pl of the secondary virus stock solution was
infected into the 293 cells cultured in a culture flask (25
cm?) coated with collagen. The culture medium after 3 to 4
days was aseptically transferred into a sterile tube, and the
virus was released from cells by freezing and thawing or
homogenizing cells with a sealed sonicator. The supernatant
resulting from centrifugation (3000 rpm, 10 minutes, 4°C) was
stored as a third virus stock solution at -80°. 50 pl of the
third virus stock solution was infected into the 293 cells
cultured in a culture flask (75 cm?) coated with collagen. The

culture medium was aseptically transferred into a sterile tube,

and the virus was released from cells by freezing and thawing
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20 resulting fromcentrifugation (3000 rpm 10
m nutes, 40C) was stored as a third virus stock
solution at -800C. 50 R of the third virus stock
solution was infected into the 293 cells cultured in
a culture flask (75 CVM2) coated with collagen. The
culture nmediumwas aseptically transferred into a
sterile tube, 25 and the virus was released fromcells
by, freezi ng, and thaw ng 65 or honogenizing cells with
o 3 RRY LG Loht Bat OF L1 The"  Bpef nat &1 °f estPt| B¢ Fom  The
centrifugation (3000 rpm 10 m putes,,6 4C) was stored
SuBETRA FRRFL F S N8 obROBol TR i BHSa L h0E (PAQOLj FRF, 10
cof the fourth virus solution was determ ned 5 by
nipphgte hAs9ayassiengreglageh| Eourhe Yixes siacl orpdtudritdny at
“within a range of 109 to 1011 pfu/nL, with no
-8@Xeptlihentitar ¢hithaifosirddurérusheoivesbn wauslenearivémed
to be infected per cell is expressed as nultiplicity
byoplaapecapsay( meiinghd@déi misdllow. The ¢tilker wesdsongriantly
virus particle infected per one cell is 10 expressed
viphinpdk mange (009YU)° HoEXH| f @/ mMccuith até oewaodption. In
p27Ki p1 protein in cardi onyocytes treated with
t h DiNIAS/sCDIs WG d it beyiomales iwesen isiod atted ¢ Harfiex tredt pedsell
(Sprague-Dawl ey) on day 2 to day 4 fromthe delivery,
isfexpmedd eh a samoarcdipdigdeyt eff fafe ¢ bhomakna Elc dnearecichbi®l ow .
centrifugation on a Percol concentration gradient
In(demarovordel @be,vids JparPiybke oin P2obt dR0By; i &)ell is
It was confirnmed byi munostaining using
exphtsssargomese actin anti body that 95 % or nore of the

[0094]
(Example 2: Accumulation of p27Kipl protein in cardiomyocytes
treated with DNLS/CDK]

-Cardiomyocytes were isolated from a rat
(Sprague-Dawley) onday 2 today 4 from the delivery, from which
a cardiomyocyte fraction was recovered by centrifugation on
a Percol concentration gradient (Tamamori, et al., Am. J.
Physiol. 275:H2036, 1998). It was confirmed by immunostaining
using anti-sarcomere actin antibody that 95 % or more of the
cells thus recovered were cardiomyocytes. The cardiomyocytes
from the newborn rat were suspended in an Eagle minimum
essential culture medium (Flow Laboratories) supplemented
with 5 % bovine fetus serum (FBS; Flow Laboratories) and then
inoculated in a culture dish for culturing at 37°C in a carbon

dioxide incubator for 24 hours. On the next day, the culture
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20 cells thus recovered were cardi omyocytes. The

cardi onyocytes fromthe newborn rat were suspended in

an Eagle mnimum essential culture nmedium (Fl ow

Laboratories) supplenented with 5 % bovine fetus

serum (FBS; Fl ow Laboratories) and then inoculated in

a culture dish for culturing at 37C in a carbon 25

di oxi de i ncubator for 24 hours. On the next day, t he
exchang

me‘%a R RN N ER T U R A FRRYTES

hr cultyrin Subseque . rreconbi nant vir
cu g 1 NLélcwo%guafet?g 13840)%5&9)2\&%5&4 (FFeadapbfy agne
repared in Exa wer e ded to the cul ture
e PP L B 5 g 8 B0 SobRpar T i EPhbO Bl BN Gk (o
the infection _and transfection of cardlonyocgtes Wi th
= 100 32esRBRA&AtIVEKRABRE e JaAle PR RIS edhbo Adecikkt ¢ pe medium,
hﬁgess the cyclin DI protein and the CDK4 protein in
fog ﬁUﬁP@U§Udﬁ“é&P§|on&béy?é@cﬁéu§6nﬁﬂfr&%@ indfegytrigp and
to as stinmulation with DI NLS+CDK4 or treatnent with 10
trond & 4 oDkt el irtye 0w t 985 il tdorithvep |z e crod igapd viruses
experiment was done, using REF52 cells as a
AdfPb¥bblaast AdelCIDKI4 he.eXp De9s FHFhe vyelpmeBdi pnobéipxnd the
Ki Pl protein in the cardionyocytes transfected with
CDKhepDiteBnahud E€DKAngehesswas cexdAonegdclhyeWedsemspmetimes
blotting. The cells transfected with 15 Ad- DINLS and
r e Pelr ODKAt viarsused mn@ae iwashédhwh t ML § eeb kol ar tpteesplatte with
buffered saline (PBS) and then scraped with a cel
D1BELS aperDK 4 dre recmibreilfowgat Aena t oot sehr ck Hdes ames wixipiergd ment
supernatant. The resulting precipitate was once again
wati @iced, wsihgarBRRE| cyDlsinesod PBSrobDdswasetl bebine.
.transferred into a

[0095] The expression of p27%¥P! protein in the
cardiomyocytes transfected with the DINLS and CDK4 genes was
examined by Western blotting. The cells transfected with
Ad-DINLS and Ad-CDK4 viruses were washed with ice-cold
phosphate buffered saline (PBS) and then scraped with a cell
scraper, for centrifugation to discard the resulting
supernatant. The resulting precipitate was once again rinsed
with a small volume of PBS, and was then transferred into a
1.5-mL Eppendorf tube, to which ice-cold Buffer A (10 mM HEPES,
pH 7.9, 1.5 mM MgCl,, 10 mM KCl, 0.5 mM DTT) was added. Then,
the resulting mixture was agitated and left to stand alone on
ice for 10 minutes. Subsequently, NONIDET P-40 was added to

the mixture to a final concentration of 0.2 % for agitation

and subsequently allowing the mixture to stand alone on ice
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20 1.5-nL Eppendorf tube, to which ice-cold Buffer A
(10 MM HEPES, pH 7.9, 1.5 MM MyCl2, 10 nM KC1, 0.5 nmM
DTT) was added. Then, the resulting m xture was
agitated and left to stand alone on ice for 10

m nut es. Subsequently, NONI DET P-40 was added to the
m xture to a final concentration of 0.2 %for
agitation 25 and subsequently allowing the m xture to

fost nd .al gne on L ce 67 for,5, m nutes. -c[ . _preci itatg

OF 68U 5 1 ont &ndt HeF S HERET 1Y ugEEISh RS, OO r pAP EBe
m nut es) was ,ad an equal volune of Buf f er C (2

cenha bepit {5 27988 gt iaalonas S deba st Y8Tyme
- 5 I\/Ml\/g?lz, 0.2 mM EDTA) f or _agitation. The

of Badfieti fig AP xPUIEBE R P €t 85 st iy S e dn 4%c¥ FafFl.
30 mnutes, for centrifugation (15,000 rpm_10 ,

1. 5pMdtadse 1 3 BUGRRASA ) e adigertianant ThEH o Meld q8égture

as nuclear protein fraction. |nmediately before use,
wag yrkafdr ndoe, stapf DFYong ndp PVMBFE  |for-t §/0ni mapusesni nfor
| ~tg/m leupeptin, and 1 ~tg/m pepstatin (all 10 f
cetignk Sigmadomer(d S5addéd rpnt hed Bumiphusesh ahel Bigfcofvesr Che
described above. [00961 The nuclear protein obtained
SUH&¥ IRCAR hanmbi chayasad) st edst @ ug Leglruner conimi Aragtion.
X 106 cells per one sanple, electrophoresed on a gel
Imifesti 8RS WPAGE o e awesf erfruat hemme e, 15 miMt DGGel Luh¥s@MSF, 1
menbr ane and anal yzed by Western bl otting.
ng Speeptiocahnliy, 1he/micleapeproheiand eaany fall Wepstadtin (all
anti-cyclin D antibody (Oncogene Science: Ab-3) or
frantSii-gqua7 KerPladdteidbodyhe Baftfa rCAuznd sorfddy) cadeacribed
primary anti body and subsequently reacted with
abdwe seradi sh peroxi dase- | abel ed anti-nouse |Ig
[0096] The nuclear protein obtained in such manner was
adjusted to a volume containing 1 x 10° cells per one sample,
electrophoresed on a gel for SDS-PAGE, transferred onto a
nitrocellulose membrane and analyzed by Western blotting.
Specifically, the nuclear protein reacted with an anti-cyclin
D1 antibody (Oncogene Science: Ab-3) or anti-p27Kipl antibody
(Santa Cruz; sc-528) as a primary antibody and subsequently
reacted with horseradish peroxidase-labeled anti-mouse 1Ig
antibody (Amersham Life Science; NA931) or anti-rabbit Ig
antibody (Amersham Life Science; NA934) as a second antibody
to detect the presence of the antigen bound to the antibody,
using a chemiluminescence kit (Amersham Life Science;

RPN2109) .

[0097] The results are shown in Fig.1. Like the previous
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20 anti body (Anersham Life Science; NA931) or
anti-rabbit Ig antibody (Arersham Life Science;
NA934) as a second anti body to detect the presence of
the antigen bound to the anti body, wusing a

chem | um nescence kit (Amersham Life Science;

RPN2109) 25 [ 0 0 9 7 1 The results are shown in
Fig.l. Like the previous 68 reports (Nakayama, et al -

19: 206 OOO the p te refe ce.l and
e M KRR BeP Encel )0 ¥ 1 d g0 850111 Hbd Fihga tent
the transfection of cardi omyocytes Mﬁth the DLNLS and
re%ﬁke“@% Med3PntP e dsUt R BX FreeS$itaf el 3t dfag fentirmed
n D1 protein 5 and the CDK4 protein int
th%%éﬁ@uErbﬁsE%FBFBHVUE?Fé§1°?H€ﬁYtth%1E&ﬁ?@%gﬂgﬁscﬁnd CDK
the p27 Kill protein was nore intensely induced, as
gerge 1é‘)€|§reé§seldthFeVeﬂr%‘-'fs ke Leyellisno Dt s 6¥el Anvils protein
increased. In the fibroblasts (REF52 cells),
an¢edyiPK4, prhbei Rckedde pliclehe @imaers,@wmyqerﬁe Then,
cyclin D1 protein rather reduced the 10 expression
th¢ ewelresfs ioheo H2hekd 21 “BF otreitie.i nThes diofrfeet mhers ¢ hy tihduced,
performance of the p27 Kill protein under the
as gthienekpit ¢ oni o tlle veD1BE S hie EPKA indsl pbservedva s inlte elawed .
types of the cells. [0098] Continuously, the
In eddpr €sidirom lasd sl qeaFi52atedhsdf mébewphpRTK| pdherioteianden of
cardi onyocytes was exam ned by 15 i mmunocyt ochem ca
thstaxpraigs het hotl. thekeythénnethpdotdéacrrialed ralredeced the
cardi onyocytes transfected with Ad-DINLS and Ad- CDk4
expI & sisesn (e 1=0 10 e per e i xedt wihh 7hweitlianehc48in the

hours after the virus infection. Then, the

pePfbitmPRIKid¥L the p27 ¥'*! protein under the stimulation with
DINLS + CDK4 was observed in the two types of the cells.

(00981 Continuously, the expression and localization of
the p27Kipl protein in cardiomyocytes was examined by
immunocytochemical staining method. Like the method
described above, cardiomyocytes transfected with Ad-DINLS and
Ad-CDk4 viruses (moi = 100) were fixed with 70 % ethanol 48
hours after the virus infection. Then, the anti-p27%®!
antibody (the same as described above) (diluted to 1:1000) and
an anti-sarcomeric actin antibody (DAKO; M0874) (diluted to
1:100) reacted with the resulting cardiomyocytes, to stain the
cardiomyocytes, wusing Alexa Fluor'™-labeled antibodies
(Alexa-488 and Alexa-568; Molecular Probes) (both diluted to

1:200) . Further, the cellular nucleus was stained with

4',6-diamidino-2-phenylindole (DAPI) solution (1 ug/mL). The

69



10

15

20

25

anti body (the sane as descri bed above) (diluted to
1: 1000) and 20 an anti-sarconeric actin anti body
(DAKO MI874) (diluted to 1:100) reacted with the
resul ting cardi onyocytes, to stain the

car di onyocytes, using Alexa FluorTM - | abel ed

anti bodies (Al exa-488 and Al exa-568; Ml ecul ar
Probes) (both diluted to 1:200). Further, the

cel | ul ar, nuc s stai
inggeg S&.aarﬂe K LB e PRhaGPa leBAAT S heofipe s g pserved
,?% .. The 69 im ges stalne with these antlbodles and
YIthe &;}élwrsg%sa &8s RPFn ha??ﬂosr%%’t‘é’rﬂgrﬁ crigcdshémage
(| aser scanning co-focus inmge system Zeiss LSMb10).
SYTBE@Q]th%Sr%§g¥%% are shown in Fig.2. The expression
S of p27Ki pl was observed in the nucleus of intact .
[0e%? bi orryoc'[ﬁteesres(lbléﬁ f Ypogikawre M th Sa cofBei exageisgion
in the figure), but it was not so intense. |Intense
of @R €S sv o odréck vl &Arth e asgrheluat b bri rofa PRFaKdRPMYRSYtes
confirmed in the cardi onyocytes transfected with the
(c O1LNE P aidt IOBK4 igdneg ricomeandor essiionin Thive 10l qusall t butn it
Figs. 1 and 2 suggested that the enforced expression
vaef the DINLS mnehOGDK4 gemésnise caxgirempoont esndl | owed ear
the accunul ation of p27Ki pl protein suppressing the
acpuogl @ssonf othp27tB8! |lweyctenfhrhbé hockaescafrdiomyocytes
cardi onyocytes, so that the division and
trpiof eé eedtviah pbtamNies aald ¢hied gantisoByoMErSe xsidib. The
i nduced by the stinmulation with DINLS + CDK4 m ght

rePosss Hinyribe. uppiessedge02A0haS0tas 410f €XPdd R&pression
whet her the increase of the p27Ki pl expression |evel

of ueder psNLBUlaatd @y tde AN +c LCDKdoMRAScytes allowed the
accumulation of p27*P! protein suppressing the progress of the
cell cycle in the nucleus of cardiomyocytes, so that the
division and proliferation potencies of the cardiomyocytes as
induced by the stimulation with DINLS + CDK4 might possibly
be suppressed.

[0100] So as to examine whether the increase of the p27Kipl
expression level under stimulation with DI1INLS + CDK4 was
regulated at the transcription 1level, Northern blotting
analysis was done. Even in any of cardiomyocytes and
fibroblasts, however, the enforced expression of DINLS and
CDK4 genes had no influence on the expression level of p27%®t
mRNA. It is known that the expression protein level of p27%P!

in proliferating cells is suppressed with the

ubiquitin-proteasome degradation system (Carrano, et al.,

70



10

15

20

25

regul ated at the transcription |evel, Northern
blotting 20 anal ysis was done. Even in any of

cardi omyocytes and fibroblasts, however, the enforced
expression of DINLS and CDK4 genes had no influence
on the expression |level of p27Kipl nmRNA. It is known
that the expression protein level of p27Kipl in
proliferating cells is suppressed with the 25

A BE81° 00T, Copn s S YL RS 5.
l..., Biol . 9:661, 1999). T , i nat i
g $959 % Bhwer S0 N PR S s 285

27 Kill protein was_adjusted,even in cardionyocytes

el EiRig S0 SBYoRodoth SR T S Syocetn 9a4r 683 uehad sven

. cardi ocytes prepared by the nethod were cul tured

-y ’{% OFt&r tikF Bt APatirert oMl hrirada R DIar Sten.
and Ad-CDK4 (nmoi - 100) were added to the culture

Afhedi GRPT 3T ABOMRRLY §e B HRARA TR P¥nt Bie ffalhaft vgreupsltured

. cardionyocytes were cultured in a state of serum

instaarsfei t oo f oPe4BMhEGRSVaTheRn, fP0 RAS hqums voddinklNgS and
10 % was added to the culture nedium for 24 hours

Adc QIDtKdr ilmgi ThdA )l acrasedded €20tpk) cpBantra ©edi)m &sr 48
a proteasone inhibitor was sinultaneously added to one

hogfrs tovd tgrrguyss, Vi | el fifreer dmrthi dof duors wasa nabt o eloledlt ¢ were
the other group. The expression |evel of the p27 Kill

cugrtotreidn innaeatatef o f hee guougtsa r vidt ivas fexardisnadulby . Then,
western blotting. [01011 Consequently, a distinct

FB&| evati volohet be 1exprassiaddedevel tak thetp2é Kelbum, for
protein was confirnmed (Fig.3) as in Fig. 1.

2 4Ahberrgatiuvehy.inlghe expresshobabeyelnofabhgup2isdits cruz)

as a proteasome inhibitor was simultaneously added.to one of
the groups, while the inhibitor was not added to the other group.
The expression level of thep27““1proteinin each of the groups
was examined by Western blotting.

[0101] Consequently, a distinct elevation of the
expression level of the p27%'®! protein was confirmed (Fig.3)
as in Fig.l. Alternatively, the expression level of the p27¥i®!
protein was reduced under stimulation with FBS. The inventors
indicated in the previous reports that the cyclin D1 protein
and the CDK4 protein were hardly located into the nucleus of
cardiomyocytes although these molecules were increasingly
expressed on FBS stimulation, so that no cell cycle was
activated (see the patent reference 1 and the non-patent

reference 5). It was suggested that the increase of the amount
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protein was reduced under stinulation with FBS . The
inventors 20 indicated in the previous reports that
the cyclin DI protein and the CDK4 protein were
hardly | ocated into the nucl eus of cardionyocytes

al t hough these nol ecul es were increasingly expressed
on FBS stinulation, so that no cell cycle was
activated (see the patent reference 1 and the

1 25 f. 5 d th
AT IR SR Lot Rl e LN S %%g%sptﬁe oﬁaéﬁ° the

\ dIO ocy es specific_to t Iat|o

ot RuERbEP Bt 1 mhCop BT CTRRS EGEI9 T i BYBTEB 4§ Protein
and/ or. the CDK4 protein. In case that the function and

anQéPFotnhe SPKﬁr BF%E%PTE wiets céﬁﬁpF}é%%eHl%Mft‘lﬁcltéef‘a%%%talcrf1°n
treatnent, 5 alternatively, no difference in the

of o PIOLESZONE V2t SHPPRESSEAD WAty PlapEafErhinagreatment,
observed anong the no-addition group, the FBS-treated

a1@Fé&htaﬁﬁlfhen@r%hﬁf?F%&fédl%n%meDﬂ*&E?ﬁS{E%MleWWke°f the

iijlts mean that the function and action of the p27

P2Ki"P1 pyrootedim vwagr ebisghivisidt adons the mp oudditbam exraynh the
DINLS + CDK4 al though 10 the p27 KiP1 protein is

FBEohseaheflyy rpagr adédingrhapnoreadté ¢ wdhh R¥oup +ofDEkhe The
FBS-treated group. [01021 So as to examni ne the

reahi gaindany khritorh pduancyi oof and ke PIKLE Propei’d' T protein
cardi onmyocytes, continuously, in vitro

arebimpuilined dtn aheagsaypwase doend.w iddt ALING SoF ¢4 although
experinental 15 nethod are according to the nethod

thdeszT *Bédproit é he irepomnts t amaper dchyatied invend ars-addition
(Nakayama, et al. , EMBO J. 19: 2069, 2.000;

grblagayanaheerBal treadPdAg200p- 224380; Hara, et al., J.
Biol. Chem 276:48937, 2001; Ishida, et al., J. Biol.

[oChem 277:d#t35H,to examine the ubiquitinylation potency of

the p27*®! protein in cardiomyocytes, continuously, in vitro
ubiquitinylation assay was done. Details of the experimental
method are according to the method described in the report

papers by the inventors (Nakayama, et al., EMBO J. 19: 2069,

| 2000; Nakayama, et al., JP-A-2001-224380; Hara, et al., J. Biol.

Chem. 276:48937, 2001; Ishida, et al., J. Biol. Chem. 277:14355,
2002). The cardiomyocytes prepared by the aforementioned
method were cultured in a state of serum starvation for 24 hours,
which were subsequently cultured for 48 hours in the culture
medium supplemented with Ad-D1LNS and Ad-CDK4 (moi = 100). 1In
a different group, the cardiomyocytes were cultured in a state
of serum starvation for 48 hours, which were then cultured for

24 hours in the culture medium supplemented with FBS to an
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2002) The cardi onyocytes prepared by the

af orenenti oned 20 nethod were cultured in a state of
serum starvation for 24 hours, which were
subsequently cultured for 48 hours in the culture

medi um suppl enmented with Ad-D LNS and Ad-CDK4 (noi =
100) . In a different group, the cardi onyocytes were
cultured in a state of serum starvation for 48 hours,

am%hghofvelr(? theﬂscyl{ﬂﬂj Iorvﬁzzéggqur%ulllg? gn‘%ﬁn% 10 %

ture nedi'um supp enent ed t°0 “an
f t | EF52 |1 10 %
FBE %agﬁ{efnemen et roeupglgﬁélaﬁ u%ﬁeweufecqu gr %ﬂftgli‘a'f?]é:seeus

d t ., th [
weEgr%\’p’éﬁggnr"f%t’énlseelﬁwls{r%%:r%gﬁchﬁgﬁ E8RE TTIARSE Yigb 2
i scard the ernatant. 5 TqQ the resulting
e D) SRR En i e aen k150640 Vordrg e the sussratent.

(descri bed above) supplenmented with 0.5 % NONI DETP- 40.
ToTHES T & trlé@uPtrleﬁngtﬁttGréaWa%ddaeg‘itaatzeéOAHdVPéwet%f the
stand alone on_ice for 30 mnutes, for ultrasonic
B“HF%Flet(iiBﬁc“EEBsaé’qU@dtprpih%eﬁé%l"ﬂ%orrﬁi‘t’&@%lvﬁéP 40.
centrifuged (15,000 10 rpm 20 m nutes) to recover the
Th%péﬁ%’af&ﬁ’t‘lthm H 2hag ke agasasedednd drfadct stf0dQ3one
The reconbi nant p27Kipl protein for use as a
onsyBster at®o ¥ or 30bi qdintitegl at | Har waslprepanéd by ismruption.
vitro translation systemusing rabbit reticul ocyte
Subgeguently, Speeiféewnl ting tiiex fyre/ivasn demansidiuiged dri5, 000
and translation was done, using a commercially
rpavatfableuiesiiteo orecanscrilpd isupetnaresi at iwini i twasTwEed
coupl ed Reticul ocyte Lysate System Pronega) and
asusi nglhoeserpl?Ki p1l cDNA with a FLAG tag sequence .

[0103] The recombinant p27%P! protein for use as a
substrate for ubiquitinylation was prepared by an in vitro
translation system wusing rabbit reticulocyte 1lysate.
Specifically, the in vitro transcription and translation was
done, using a commercially available in vitro transcription
translation kit (TnT coupled Reticulocyte Lysate System;
Promega) and using mouse p27%®' ¢DNA with a FLAG tag sequence
tagged thereto as template according to the attached protocol.

The recombinant p27%P' protein thus prepared and each

reticulocyte lysate sample (20 to 40 ug as protein amount) were

prepared together with the mouse E1 protein (50 pg/mL), mouse
E2/Ubs5 protein (100 pg/mL), and GST-Ub protein (4 mg/mL) (all
from Calbiochem) in a reaction solution of a final 10-pl volume

(4 mM Tris-HCl(pH 7.5), 6 mM NaCl, 5 mM MgCl,, 0.1 mM DTT, 0.1
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tagged thereto as tenplate according to the attached
protocol. 20 The reconbi nant p27Ki pl protein thus
prepared and each reticulocyte |lysate sanple (20 to
40 g as protein anount) were prepared together with
the nouse El protein (50 g/nL), nmouse E2/Ubs5 protein
(100 g/nm) , and GST-UWb protein (4 ng/nm) (all from
Cal bi ochem) in a reaction solution of a final 10-

NaCl, 5 nmM
no{BL13E b e 1t AP DTI PBF L 78t ot ok R ppReest n, 15
ATEhosphokmase 10 nM phosp hocreatlne 1.5 mM ATP),

or ﬁ@&n??ﬁfﬁh%ﬁ1FB@@tW@W%ﬂh%&Kﬁ?féﬁ %Ofﬁfnéﬂe§unutes
Subsequently, the sanple was el ectrophoresed on a gel
SupsgaueBHEY PAGE Sarfh i n st % r ebe oht P RO AP EPBCEPI @ aseel for
menbrane for 5 Western blotting anal ysis.
SDEHRAGE| enf| Yrangherrefh ontn & nityoeel hintopodierhnine for
Flag antibody (Sigma;, F- 3165) or anti -GST antibody
WegSahfa bdoktingc-ams)y (ot h Wéeibicably: 1060y tand with a
reaction with a second anti body horseradi sh
fipatoaa vsedy abdlied lamt anhbbsdy| F {ama nEntiléiedo abovte) - GST
10 (diluted to I : 1000) enabled the detection of the
anpibsdncéSehtat Bouant isgend 3Bourdottd siidh tandt itwody:,10i)Ngnd
a chem |lumnes cent kit (as described above). [01041
redheipesul t giahe shawn i mefiogd 4 .antniddiy P27 HkiRleradish
protein in vitro ubiquitinylated using a cell extract
peobxidbsti-babbladt s aduii-aguplkol irfger ataison Medtioned above)
stimulation with FBS) (REF in the figure) as a

(dpdstedveo CONMOI®I ) diublyEIRNCAe@iectti®n oA Yhél®resence of
ubi qui tinyl ated p271c' P1 protein could clearly be

thdedieci gen Byuntsiveg skd antibedy,res08gi ZidikedinMmdkcent
pepti de

kit (as described above).

[0104] The results are shown in Fig.4. 1In the p27%P!
protein in vitro ubiquitinylated using a cell extract of
fibroblasts during proliferation (on stimulation with FBS)
(REF in the figure) as a positive control, the presence of the
in vitro ubiquitinylated p27*P®' protein could clearly be
detected, by using the antibody recognizing the Flag peptide

tagged to the recombinant p27%ir!

protein (IB: Flag in the
figure) and a specific antibody (IB: GST in the figure)
recognizing the GST protein added to the recombinant ubiquitin
protein. When a cell extract prepared from cardiomyocytes
stimulated with FBS was used, however, just weak

ubiquitinylated p27%*! protein was observed, and a very vague

band of the ubiquitinylated p27%"®! protein was only detected
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tagged to the reconbinant p27 Ki 1) 1 protein (IB
Flag in the 20 f igure) and a specific antibody (IB
GST in the figure) recognizing the GST protein added
to the reconbi nant ubiquitin protein. Wen a cel
extract prepared from cardi onyocytes stinulated with
FBS was used, however, just weak ubiquitinylated p27
Ki P1 protein was observed, and a very vague 25 band of

 t ted p27 KipP1, ' Ly, det ect ed
o B8 ARLAVA LD P PRI Y B0 P 2B ARLERIG e
and 4 stron

S ([ | n Fi .3 |
< 95355 M BRI R Tl T o
oA Ry 355 BRTHAAEEE, W P BESTEh b ster s

o_that proteasqQne degradation hardly occurred,

S p A |
SUPBEEASGant Py CPRILPUYAGYERE BerBast hBeLALi AR WALBHIDINES +
P27 Kill pr ot ei n . (01051 [Exanple 3: Decrease
CDEf pse 7 'R  BEStEias odcc utifede tipn 1(hardly occurred,

cardi omyocytes by enforced Skp2 expression] It is Ciol
CORFSAM eRIRAY %h‘é”p@?n%ﬂ(iqhe pugiters ascubifutiomydiattde pA7 P

general proliferating cells with a ubiquitin |igase
PresAtdi-ni ng Skp2 as an F-box protein, nanely the SCF

Skp2 conplex so that the P27 Kill protein is degraded
[0&0h proteasome (Carrano, 15 et al Nature Cell Biol. 1

: 193, 1999; Tsverkiv, et al . , Curr. Biol. 9:661,
[Ex909)e Therchorrsasdhe akpmedsiOn pfothbn Skp@cupubieéd in

i n cardi onmyocytes was exam ned by Western blotting.
cardiomyocytes by enforced Skp2 expression]

It is known that the p27*®! protein is ubiquitinylated
in general proliferating cells with a wubiquitin ligase
containing Skp2 as an F-box protein, namely the SCF®? complex
so that the p27“plproteinis degraded with proteasome (Carrano,
et al., Nature Cell Biol. 1:193, 1999; Tsverkiv, et al., Curr.
Biol. 9:661, 1999). Therefore, the expression of the Skp2
protein in cardiomyocytes was examined by Western blotting.
Methods for cardiomyocyte preparation, transfection with
Ad-DINLS and Ad-CDK4, nuclear protein preparation, Western
blotting and the 1like were the same methods as described above.
S0 as to detect the Skp2 protein, the anti-Skp2 antibody was
used,

[0106] The results are shown in Fig.5. The expression

of the Skp2 protein in fibroblasts (REF52 cells) used as a

control cell was significantly activated under FBS stimulation
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Met hods for cardi onyocyte preparation, transf ection
with Ad-D NLS and Ad- CDK4, nucl ear protein
preparation, Western 20 blotting and the |ike were the
same nethods as descri bed above . So as to detect the
Skp2 protein, the anti-Skp2 antibody was u s e d .
(01061 The results are shown in Fig.5. The expression
of the Skp2 protein in fibroblasts (REF52 cells) used
s a_.,25. cantrol c signi ficant acti vat ed
anand

. | | I
&t 1A adiony a‘ff% ?’??gma syl afi?%h WPERPPEARE  the

and _CDK4 pronoting the _proliferation., However, al nost,
PrRLIEAYBELPBN OIOYRECBXArASSItI 18AUEREOBIPR P RATpSSion
was observed in cardionmyocytes, while in the _ .
o £ BB & VIR RREL Ty ¥3SF e0B&I VRidt AT DANE &t @Yo ©Dkas genfeiste in
only 5 a trace anount of the Skp2 protein could be
thgeddinyoriet e § 63aned estiggest t i DPYSSi i d iCDK4ogenpe, only
suppression of the degradation of the p27Kip' protein
a jEedruparddtunderthestSkpd adodre i tdp DINIS «dedDKAted. The
because of no occurrence of the induction of the
regiptessiumyg esft Skp2oiss ibdrlditonyotytes. P HOddiion of the
Accordingly, exam nation was done about the effect of
deghedskpgngend ontliche pXpf'@5si pnovéitheap2ikiupi tprot eimder
via the co-expression of the Skp2 gene in
sttmndaomyocwi €ls DUANIanSf eDKédbev 4 dns O Boandc CHK4ngenes.the
Cardi onyocytes were transfected with Ad-DINLS (noi =
ind06}ipnAdfCDK4 ErpressiOnd) odndkp? Ad- SkpRiowPbcytse..
100) prepared in Exanple 1 for 48 hours culturing, to

[oanalyze t hecexipd 2551 PN eabméyaltiiBnRlas SR a¥hit the effect
p27Ki Dl protein by Western blotting. Methods for
ofcoléli OKYDCYHdree on the expression of the p27%¥P! protein via
the co-expression of the Skp2 gene in cardiomyocytes
transfected with DINLS and CDK4 genes. Cardiomyocytes were
transfected with Ad-D1INLS (moi = 100), Ad-CDK4 (moi = 100) and
Ad-8kp2 (moi = 50, 100) prepared in Example 1 for 48 hours
culturing, to analyze the expression of cyclin D1, Skp2 and
p27K“1proteh1byWesternblotting. Methods for cardiomyocyte
preparation, nuclear protein preparation, Western blotting
analysis and the like were the same methods as described above.
[0108] Three genes for DINLS, CDK4 and Skp2 were
concurrently expressed in cardiomyocytes. The results are
shown in Fig.6. When the DINLS and CDK4 genes were transfected
in cardiomyocytes, the expression of the p27%'P? protein was

strongly induced as in the previous experiments (Figs. 1 and

3). Inthat case, transfection of Ad-Skp2 into cardiomyocytes
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preparation, nuclear protein preparation, Wstern
blotting analysis and the Iike were the sane net hods
as descri bed above. 20 [0108] Three genes for DINLS,
CDK4 and Skp2 were concurrently expressed in

cardi onyocytes. The results are shown in Fig.6. Wen
the DLINLS and CDK4 genes were transfected in

cardi omyocytes, the expression of the p27Ki pl protein

was, stron induced as in the previous experinents
o (Eraal i SNy AT The ot diter SRrE e o Ry ko2
Skp2 into cardionyocytes 76 to subsequently allow the .,
9 e R T AT ek A L&Y o6 tPﬁee@bezss’g‘ghel ediggnPfi EaftR4/ i

reduced the expression |level of the p27Ki11l 1 ,
pr%F%%%in_Incardlomyocytes infectedwitha high concentration

I ncar di omyocyt esi nf ect edw t hahi ghconcentrati on (noi S ipl
(mapoy &P OndoEkPE; SKkPRos®E LRG SEX Pioe £KPA1 SGfl arh e fh XA 127
5 protein was observed. [0109] It was further
prepaifrved eksegved. i rmunocytostai ning method as shown
in Fig.7 that the accunulation of the p27Kipi protein
[01®dLkardi oritocyt @es trafsftedeed witdnfhen@INLS wrich dCDK4 an
genes was reduced by the 10 co-expression of the Skp2
imgemecy Thet 2 hmimocytoshad niawy netdwd dms thhg .Jamghat the
nmet hod as in the experinent described above (Fig.2) .
acAsmisashomn pA Fitye2, pi2fifBhseperpeéssi on ofcap@ikimybcytes
and nucl ear accunul ati on thereof were observed in
traas fleotwdcwi els the ansfleschad vOKE PiNkS and i geras.the
When the Skp2 gene was 15 co-expressed, alternatively,
coségpr és choh ofetveisik@nr ©dnd he Tha2¥ihpdo Py Ob £t 81 WBSg method
observed in the nucleus of the cell. Wen

is Galedi Oy aeyhed aM &R JRld\bdp e CDKEn 1Ak sPLid FEABSve (Fig.2) .
concurrently

As 1s shown in Fig.2, intense expression of p27Ki“'and nuclear
accumulation thereof were observed in cardiomyocytes
transfected with DINLS and CDK4 genes. When the Skp2 gene was
co-expressed, alternatively, significant reduction of the
p27%P! protein was observed in the nucleus of the cell. When
cardiomyocytes with DINLS, CDK4 and Skp2 genes concurrently
expressed therein were treated with 1lactastatin, the
expression level of the p27Kipl protein was resumed to almost
the same level as the level during stimulation with DINLS and
CDK4. Thus, it was confirmed that the reduction of the p27%®!
protein by the enforced expression of the Skp2 protein was
mediated by the ubiguitin-proteasome degradation system,

[0110]

[Example 4: Effect of enforced Skp2 expression on the promotion
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expressed therein were treated with |actastatin, the
expression |evel of the p27Ki pl protein was resuned to
al nrost 20 the sane |level as the |level during
stinmulation with DINLS and CDK4. Thus, it was
confirmed that the reduction of the p27Kipl protein
by the enforced expression of the Skp2 protein was
nmedi ated by the ubiquitin-proteasone degr adat i on

system 110 anple 4 : Effect of enforced

0 b5 Rhpt bOSTOR 68 OhelprORBET DAY 7956 ¢+ he
proliferatiqgn of cardlonyocyte4¥ B% allomﬁng Ad- DI NLS,
Ad- CEKA L4RY 1A9- SkpD1 N} RidiAA P4 P s - SkmpQyinddvidually
transfect cardi onyocytes and subsequently counting

mo} had ckff) n&ﬁbe?r%%ﬁﬁ%ﬂ?c&PFﬂloﬂwécﬁﬁﬁﬁueﬁ%% éﬂbﬁﬁéusntly
i ntroduction of the Skp2 gene on the proliferation

coppt bhEyt be C%’alrd}%?ﬁm%ﬁeé%l%aéx@m mée infdatenge of the

, results in the previous reports s e e the patent
ingeddeehten P akdet ﬁbphomerp%\t@ntther@r@leﬁceasfoq Rdfency of
cell nunber of the cardionyocytes with DINLS and CDK4
cayéhesyexptessad therinadwad ik tbaseds wboutin3tiopdel@ous
on day 7 post-culturing (Fig. 8). It was alternatively
regontsrnscet habet el nefbeenok chr dndnyoicyt esnwipltent

the three genes nanely DINLS, CDK4 and Skp2 genes
reBapeessed t hdret gl Wasmbiencs ased carfidbdyorymesewith DINLS
Al nost no increase of the cell nunbers of
anéat Dk Ornyeocyd esxp rd ecd @t e tdi rcord s aln arscdsyd arbbult5 3 fold
cardi onyocytes infected wth Ad-Skp2 al one as negative
onca@alyr of Spwas -ehsenvedg Thei af ospnentionedsr adtlerhatively
apparently indicate that Skp2 nore significantly may
coPf OAMEE thRQ the cell number of cardiomyocytes with the three
genes namely DINLS, CDK4 and Skp2 genes expressed therein was
increased 5 fold or more. Almost no increase of the cell
numbers of cardiomyocytes infected with control vector and
cardiomyocytes infected with Ad-Skp2 alone as negative
controls was observed. The aforementioned results apparently
indicate that 8kp2 more significantly may promote the
proliferation potency of the cardiomyocytes as promoted on
stimulation with DINLS + CDK4.
[(0111]
[Example 5: Effect of p27 siRNA treatment on promotion of
proliferation of cardiomyocytes]

So as to more clearly demonstrate the influence of the

p27“°1protein in cardiomyocytes treated with DINLS and CDK4,

siRNA specific to the p27%P! gene (referred to as 'p27 siRNA’
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proliferation potency of the cardi omyocytes as
pronoted on stinmulation with DINLS + CDK4. 20 [01111
[ Exampl e 5: Ef fect of p27 si RNA treatnent on
pronotion of proliferation of cardi omyocytes] So as
to nore clearly denonstrate the influence of the p27
Ki Pl protein in cardi onyocytes treated with DINLS and
CDK4, 25 siRNA specific to the p27 Kipl gene
refe ed to as 'p27 siRNA" 78 _hereina
heéab?%éée e € Sl b s e P e ER TR AL ebheto Hanyne ene
fEO 21 So as to construct a vector for expressing p27
, target sequences were determ ned on the basis
he 5 nucl eoti de sequence information of rat
[Obé% P1 cﬁ%%x%%c%%s%?%ﬁtRBCt ADB8989T| fh Ok FERAIES SWR9 &27
an oligo DNA f or use in constructing a vector
Sl%&br e’é%?%@tt‘h%q‘é?w c‘b??%s%"rﬂ"?ﬂgn% OR{ hfél%é{ﬂ.ﬁe‘n‘cé’f the
was designed and prepared. As the target ., sequences,
nugheot bite AR TR é& foyPas Lnar of oot e@Rdd ot 4 dta ¢ CE 5 on
2 7 KIPI cDNA: nucl eoti deNos: 830-847
No ( 51 DEATAGAACAT TETRETRS- 3whiSEQ 41DNO119P) ;DNA for wuse in
nucl eoti deNos: 532-550 (51- AGCGCAAGTGGAATTTCGA- 31: SEQ
copPNOICt BN G ; a argic UGr mesl 1ot § teNGdie IARNFOEorresponding to
(5' - GTGAGAGTGTCTAACGCGA-3': SEQ IDNO.  9). si RNAs
thhaseduem cSEQva D NCSighadrendh remarakferded the amrget
si RNA #1, #4 and #6, respectively, hereinbelow The
sequences, the following three types were selected from rat

p27%**! cDNA:

nucleotide Nos: 830-847 (5’ -GGCAGAAGATTCTTCTTC-3’: SEQ ID NO.
7);

nucleotide Nos: 532-550 (5" -AGCGCAAGTGGAATTTCGA-3': SEQ ID NO.
8); and

nucleotide Nos: 372-390 (5’ -GTGAGAGTGTCTAACGGGA-3’: SEQ ID NO.
9). siRNAs based on SEQ ID NOS: 7 through 9 are referred to
as SiRNA #1, #4 and #6, respectively, hereinbelow. The
inserted oligo DNA sequences used in constructing vectors
expressing siRNA #1, #4 and #6 are as follows.

{0113] SiRNA #1: 5" -CACCGGTAGGAGGTTCTTCTTCAACGTGTG
CTGTCCGTTGAAGAAGAATC TTCTGCCTTT TT-3’ (SEQ ID NO.: 10) and
57 -GCATAAAAAG GCAGAAGATT CTTCTTCAAC GGACAGCACA CGTTGAAGAA
GAACCTCCTACC-3’ (SEQ ID NO: 11).

(0114] siRNA #4: 5’-CACCAGTGTA AGTGGAGTTT CGAACGTGTG

CTGTCCGTTC GAAATTCCAC TTGCGCTTTT TT-3’ (SEQ ID NO.: 12) and
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inserted oligo DNA sequences used in constructing,.

vectors expressing siRNA #1, #4 and #6 are as

follows. 20 (01131 si RNA #1:

51- CACCGGTAGGAGGTTCTTCTTCAACGTGTIG

CTGTCCGTTGAAGAAGAATC TTCTGCCTTT TT-3' (SEQ ID NO. : 10)

and 51- GCATAAAAAG GCAGAAGATT CTTCTTCAAC GGACAGCACA

CGTTGAAGAA GAACCTCCTACC- 31(SEQ ID NGO 11). [0114]

,SL.RNA_ #4: § CCAGIGTA AGTGGAGTTT CGAACGTGT
' ctEteeatte &&gﬁﬁ*&éﬁ& T%%%&%CTTG%&C%%%DQ\‘BTCG“AC

12) and 79 5' - %CA AAAAAAGCGCAAGT GG AATTTCGAAC
TCEAAEABEACATCETTEERAAR NPECASTTACA CT-3' (SEQ ID NO

13). [0115], si RNA #6: 5' - CACCGTGCGA GIGITTAATG
[0EEAACGTGTE + BYSTHEGTTT CASEGRIEH: CFEFEREAFTOTRARACGTGTG

%SEQ ID NO.: 14) and 5 5'-GCATAAAAAG TGAGAGTGIC
CTRACEEBAACC BBREAGCACAT EEFFEETATTT - AAMCRET (LT 1 3'14) and

(SEQ ID NO 15). (0116] Three groups of oligo-DNAs

5'eBEATAAARACHI THP QAT G ] RAIAEGEGhAC SEGAEACSEARAr CGTTCCCATT

anneal ed and then inserted into the BsmM site of an
AARRACELECedSi-81 UEEROAD( POPUREB . (3 i cassette, 10

I GENE). The vector is in a construction such that the
[OflA&ndscri ptToneef gRMADP sOPEeSPpAgdi- DY A0 etaledy iqreeraigding the

genes may start under control of human U6 pronoter to
s iBNght yr exprsesgieinfve wk nk endech IRMAaind taemdlnser e Lsto the

Then, the vector was cleaved wth EcoRl and Hi ndill
Bsﬁn&IpHIitfaYth.&l rralletxipi@ sfsriagneric td2 ¢pBPaROENE iJ\aessLJﬁcte,

pronoter and the inserted gene sequences. After the
icend)was bhentveended Usi ig T DdAspeuyreobasesudbethat the

fragment was inserted into the Swal site of cosmd
trAA%eWilbtion of RNA corresponding to the inserted genes may

start under control of human U6 promoter to highly express the
intended RNA in mammalian cells. Then, the vector was cleaved
with EcoRI and HindIII, to purify the resulting fragment
containing the U6 promoter and the inserted gene sequences.
After the end was blunt-ended using T4 DNA polymerase, the
fragment was inserted into the Swai site of cosmid pAxcwit
(TAKARA BIO). Continuous transfection of 293 cells with the
cosmid and restriction enzyme-treated DNA-TPC derived from the
genome DNA of human adenovirus of type 5 enabled the preparation
of recombinant adenoviruses expressing p27%®' giRNA (Ad-p27
SiRNA-#1, #4, #6). Continuously, a virus solution with a high
titer was recovered from the virus vector by the same method
as in Example 1.

[0117] First, p27 SiRNA was co-expressed in
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(TAKARA BIO . Continuous transfection of 293 cells
wWth the cosmd and restriction enzyne-treated
DNA- TPC derived fromthe 20 genome DNA of hunan
adenovirus of type 5 enabled the preparation of
reconbi nant adenoviruses expressing p27K el si RNA
(Ad-p27 si RNA-#1, #4, #6) . Continuously, a virus
solution with a high titer was recovered fron1the

BT ST e R G dnth

d t ted with D1

ox g8t e OHE R (5 Py BBE BROERES LYBrosaon Pl T thepgrotem by
7Ki rotein b¥ Western blotti ng SpeC|f|caIIg

Weﬁa B R kP aRa TAG RS S8 FRTES nbAviCad R38 - D27

1 mere transfected into 5 cardi omyocytes for .
Slﬁ§Ahr tRfttviARgllYo Bedl yze 1HY exthissitdrnofeqtrd into
p27Ki pl protein by Western blotting. Mthods for
CaEQFai“bﬁﬁbE?ﬁef?fr d8ahat FOhtURLRY edio pRafye” the expression
preparat|8n Western blotting analysis and the |ike
ofartdie he23ahe BEOERED rhst hBEStBEBCchlsdd idsove MEXARBEesOr
1 and 3). 10 [0118] The results are shown in Fig.?9.
cayhieanR Al Se anelt e IDDKAL fehes Mg keay arpfetotiod ipvteparation,
cardi onmyocytes, the expression of the p27Ki pl protein
Wepherst bongkynondonedsdsas end the éxperianentthedesare laed the
above (Figs. 1, 3 and 7). By expressing p27 si RNAs
methdds#des#BibeA ehodeortBoeybdss tthend53producti on of
the p27Ki pl protein was greatly reduced. Al nost no
[0expiessi omMind tdeup2vKipd ghotei in WBbsg ohHsembath BINLS and
p27 sSiRNA-#6 in particular. The expression of p27
CDBE RNfeerertgere transfected into cardiomyocytes, the

expression of the p27%P! protein was strongly induced as in
the experiments described above (Figs. 1, 3 and 7). By
expressing p27 siRNAs (#1, #4, #6) in cardiomyocytes, the

production of the p27XiP!

protein was greatly reduced. Almost
no expression of the p27Kipl protein was observed with p27
siRNA-#6 in particular. The expression of p27 siRNA exerts
a suppressive effect specific to the p27““1protein but never
influences the intracellular contents of the p21“°1protein,
the cyclin D1 protein or sarcomeric actin. Even in the results
of the immunocytostaining, almost no accumulation of the p27%®?
protein was observed in the nucleus of cardiomyocytes through
the expression of p27 siRNA.

[0119] Continuously, Ad-DINLS, Ad-CDK4 and Ad-p27

siRNA-#6 (individually moi = 100) were transfected into
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a suppressive effect specific to the p27Ki pl protein
but never influences the intracellular contents of
the p2lcipl protein, 20 the cyclin D protein or
sarconmeric actin. Even in the results o f the

I mmunocyt ost ai ni ng, al nost no accunul ati on of the
p27Ki p1 protein was observed in the nucl eus of

cardi omyocytes through the expression of p27 siRNA

119 tlnuously Ad- DINL SH d
catf %%YF. o v S VS S b0 ESER G (o6 g HuRber
i , ardlo supsequent | y count tqg_cel
peﬁwﬁé 158+ i deh ea@%? rEFRgtfh’e"rE Ble b ERGAf KL Aunber
the cell nunber .of cardio ﬁtes mnth DINLS and CDK4 |
0 f fefesst AR iRy Wil frdy R LS CREAHERES AR B EbItdegipin
day 7 post - culturlng (Fig. . .5 meanwhile, it was
Wa g el ¢4 AP A ottte 3 Mdrﬂﬂﬂé@w PO Tar &f biyotyd eF i ¢ A 0) -
the three genes nanely DINLS, CDK4 and p27 siRNA
Megrtkslexpréssedathererafhad SEBALTi 6hAt | geilAcr sagder of
Al most no increase of the cell nunbers of
capdidrpayvEys ebl th fhect e fvdtel elsagZm ek pridsyi on CPKdusnd p27
cand cardionyocytes 10 infected with Ad-p27 si RNA al one
sigBAnggaesvexpoaseelisthaseiobyesved gntlié cahdlememcirersctd .
results apparently indicate that the expression of
AlpoFt snRNA nores ss§ gof f tbantdel Inayunpreonodt ef thediomyocytes
proliferation potency of the cardi omyocytes as
inpeoteldedviton Siaciul akporswibh DFNeGs + dGlK4 .cak[ i@ tes
(Exanple 6 : Ef f ect of enf orced Skp2 gene
inexptedswonhoadcardi adRMAeslamd as negative controls was
observed. The aforementioned results apparently indicate
that the expression of p27 siRNA more significantly may promote
the proliferation potency of the cardiomyocytes as promoted
on stimulation with DINLS + CDK4.
[0120])
{Example 6: Effect of enforced Skp2 gene expression on cardiac
therapy]

So as to confirm that the effect of the enforced
expression of DINLS + CDK4 + Skp2 genes on the proliferation
of cardiomyocytes had a therapeutic effect on damaged
cardiomyocytes, examination was done, using a rat myocardial
ischemia and reperfusion model. The model was prepared
according to the method by Dairaku, et al. (Circ. J. 66:411,

2002). A male Wistar rat (age 8 weeks) was anesthetized via

intraperitoneal administration of sodium pentobarbital
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So as to confirmthat the ef f ect of the enforced
expression of DINLS + CDK4 + Skp2 genes on the
proliferation 20 of cardionyocytes had a therapeutic
ef fect on damaged cardi onyocyt es, exam nation was
done, using a rat nyocardial ischem a and reperfusion
nodel . The nodel was prepared according to the nethod
by Dairaku, et al. (Crc. J. 66:411, 2002 ) . A nmale
Wstar.ra age 8 ks) was_ anesthetized via 25
(nEREE Bt D ohEaroaRnE r SRR AERbACET Loy uteht B4 BYAS) -
82 ihbnbutal: Dai ni ppon Pharmaceutical Co., Ltd.) (55,
Subgeay§ Rt Ly s ueht 1384 e ¢ HR It RCANAIY RGedcBEGhf icial
under artificial respiration, to expose the heart.
regdhtf hidusIty, eXRP5 ¢ LRSI RAATY.  &ondrdyp uds Ly, ghe B8 cRiropary
a suturing thread with a needle No. 5 5-0. Then, the
AT EQEY whds | bFTa §d sthhY § oty B i huthexeadrivd th jagaegdd e No.
was rel eased, to allow blood flow to be reperfused
S-Qrepttlusi g . raAs wasohefol foadtanidmdlort Bdatmdch ugrelsy. The
with threading the coronary artery was used as a sham
ligperne i ons grolga s ¢ ef e raldl qw Mo ®hdihogr digp be reperfused
hereinafter). 10 [01211 The adenovirus vector was
(réemer Dasicen) i nt bst he colmearotl , dwm nop amgler  nela véd 26nlp 3@ th
m nutes post-ischema. A high-titered adenovirus
theetdinonhfEl cxr ddOr phutely wfs ibhedsane shaat o @sr Pt epmged up
and used in the above Exanple was directly injected
(refiéorédetcasdi scanugebep| Ryeeinafthe) i schem c center
15 and in the periphery thereof at 50 ~t|l each per one
[0B21k in tated adénbdvsitesvethort ataadl Mot td®u®Sd 250to the

~LI') , using a 30Ginjection needle.
heart during a period of 25 to 30 minutes post-ischemia. A
high-titered adenovirus solution (1 x 10 pfu/mL) of the same
lot as prepared and used in the above Example was directly
injected into the cardiac muscle layer in the ischemic center

and in the periphery thereof at 50 pul each per one site in total

of 5 sites (the total volume of 250 pl), using a 30G injection

needle.

[0122] S0 as to examine the effect of the treatment with
DINLS + CDK4, an animal group injected with a mixture solution
of the three types of adenoviruses, namely Ad-DINLS (1 x 10°
pfu), Ad-CDK4 (1 x10°pfu) and Ad-LAcZ (1 x109pfu) is referred

to as ‘DINLS group’ hereinbelow. So as to examine the effect

of the treatment with DINLS + LCDK4 + Skp2, an animal group
injected with a mixture solution of the three types of

adenoviruses, namely Ad-DINLS (1 x 10° pfu), Ad-CDK4 (1 x 10°
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(01221 So as to exam ne the ef f ect of the treatnent
wth DI NLS + CDK4, an aninmal group injected with a

m xture solution 20 of the three types of
adenoviruses, nanely Ad-DINLS (1 x 109 pfu) , Ad-CDK4
(1 x 108 pfu) and Ad-LAcZ (1 x 109 pfu) is referred

to as 'DINLS group' hereinbelow. So as to exam ne the
effect of the treatnment with DINLS + LCDK4 + Skp2, an

pefh e Aol | OhSSaduonth [sbe TAPEToR e E;%Eégeitaroup
1. X 10 8 83 d Ad-S
he ARYRTLAY | o it SR T RecORkEOL L BARE . ARy BRABErofouR

As a negative control group, an ani mal grou [
ind Pt &f wm&d Legd 22X 0 pEY) p¥Es 1T NI (a‘?ﬁggeﬁa"l(er% to
f erred to as 'Cont group hereinafter). No injection
as gfoRfAyI BAePOREF§S N8 SOt oo wak] &Rk s P & Ha YShgdenovirus
group. After closing the chest, the rat was awakened
SOFut bR HiSsARBSi b tdyedShABIE 7O %R udddrergeherary fedihegt.
conditions for 6 weeks. 0 12 3 As an indicator of the
thegetordsashkeardifromanebshepdhl amidhghprdednadengeneral

di sordered reperfusion, the cardiac 10 nuscle
feedbpontondi¢tamy) fonl Geveekpl asma was assayed
(O brien, et al., Lab. Anim Sci. 47:486, 1997,
(0MD3I] not 0, 2Aet aal ;ndﬂcatPhanm;ch@I neScosi®lolXlafdimplnuscle
11, 2003 ) . 2 hours after reperfusion, blood was
foﬁlammmmutséhenlahenﬂuddaSraadedcenpewﬁugédntotmecamaMiac
pl asma. The cTnT val ue was assayed, 15 using a cardi ac

mu § €Béleyr dpache 1D @giPpthads)e inCpnserslantd Wssialyed@6'brien,
observed that the cTnT value after ischem a and reperf

et Usion Laws mhieatl gcinceeased,i nsbhe €ortimgreupettha ., J.
DINLS group and

Pharmacol. Sci. 91:151 [Suppl. 1], 2003). 2 hours after
reperfusion, blood was drawn out from the fundus and
centrifuged to recover plasma. The ¢TnT value was assayed,
using a cardiac reader (Roche Diagnostics). Consequently, it
was observed that the ¢TnT value after ischemia and reperfusion
was greatly increased in the Cont group, the DINLS group and
the Skp2 group, compared with the Sham group (Sham group: 0.2
+ 0.0 ng/mL, Cont group: 8.8 = 0.5 ng/mL, DINLS group: 9.1 =%
0.7 ng/mL, Skp2 group: 9.9 + 1.3 ng/mL). No difference in the
cTnT value among the three groups except the Sham group was
observed, suggesting that a similar level of the necrosis of
cardiac muscle was induced.

(0124] 6 weeks after reperfusion, cardiac functions were

measured by tomography (B mode method) and the M mode method
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the Skp2 group, conpared with the Sham group (Sham
group: 0.2 0.0 ng/nL, Cont group: 8.8 0.5 ng/ni,
DINLS group: 9.1 20 O .7 ng/nm., Skp2 group : 9 . 9
1. 3 ng/nm) No dif f erence in the <c¢TnT val ue anong
the three groups except the Sham group was observed,
suggesting that a simlar level of the necrosis of
cardi ac nmuscl e was induced. [01241 6 weeks after

usi on cardhac functi,ons were 25 neasure

aids erf J d by "

100Gt Aphy PRI FBRBY n8REd)t Hife ¢ et M ndBle Mt AGAREE FaPhY
di spl ayi ng tonpgraphy over tine, using an )

ADRR T HEOHOEr Sy | *apBar Sl Lo pSRER LbRs A 000, - TokRERAIne
Medical ) . Ketam ne (Ketaral ;: Sankyo) ~and xyl azi ne

(KQ 'S Hh) SREkd %) nt R Agerlididdcall Fyomadmen & Lar&ares taopgpily
for anesthesia. Using a |inear probe 5 of 15 MHz, the

adniFis GRRR ¢ i Ul Arrasthorat Baes Pegsi4d ar PsiidciRre lipgsr probe
neasured by the M node nethod, to neasure the lef t

of vieht¥i oul tdre dicf-t dieadtrdiciud adi wdwegitos xdsd peind Llefryt muscle
ventricular end-systolic dinension to calculate the

vagr aceisorald shor tbai ng mofie| afett hognt r teuim@e siureerthe left
di ameter (FS). 10 Fractional Shortening of |eft

venent ¢ tat a&md -nhiers W lbimedémeqBSpn andetitde diefst @kntricular
di mensi on - end-systolic dinension)/ end-diastolic

endli nensd bic X i@ sMon01@ 5k 1By Ireeaes tih b N d ef toneins hioetilearing
| ongi tudi nal axis by the B node nethod, |eft

of veef t i cend tarienlladi ost @f | ¢i ameweandrsil5 end-systolic
area were neasured, to calculate the fractional area

F r drahepea DS hloeftte eyt b€ Cld Btf viehAC)i,cudhairchnnes disaek tasr dIFs)
i ndi cator of the systolic function.

= (end-diastolic dimension - end-systolic dimension)/
end-diastolic dimension x 100 (%)

(0125] By measuring left ventricular longitudinal axis
by the B mode method, left ventricular end-diastolic area and
end-systolic area were measured, to calculate the fractional
area change of left ventricular (FAC), which was used as an
indicator of the systolic function.

Fractional Area Change of left ventricular (FAC)

= (end-diastolic area — end-systolic area)/end-diastolic area
x 100 (%)

[0126] Using a 10 MHz sector probe, additionally, left
ventricular blood flow influx was measured at early diastolic
stage (E) and atrium systolic stage (A) by Doppler method, to
calculate E/A value, whichwas used as an indicator of diastolic

function. The aforementioned measurements were done in a
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Fracti onal Area Change of left ventricular (FAC) =
(end-diastolic area - end-systolic area) /end-
di astolic area 20 x 100 M[ 0 12 61 Using a 10 MHz
sector probe, additionally, left wventricular blood f
low inf lux was neasured at early diastolic stage (E)
and atrium systolic stage (A) by Doppler nethod, to
cal cul ate E/ A val ue, which was used as an i ndi cator of
di astol.ic_25 function. The afaore t.i oned neasurenents
b1 iR FepnBaAReL B8 B nA TRLE PHdNTer 108 enGP Al (LK TLgre
Fra}gtiti oner couhd }EOt figure out _the contents of the
out Bt nERE Ot BaRh GRFnhFeIEBIRY 06 GRERs2BIERE-
ocardi al_ ischem a and regerfusi,on, cardi ac )
(0EREL T ons GNP BX Frdd i fTeRY B2 F hia hedtsiddd 1gedRd rg@grfusion,
above. 5 In the Cont group conpared with the Sham
capi bup,f unife Hongcy £ R d e aHorade R ngh § mSFhadg deecribed above.,
fracti onal area change (FAC) were at very snall
In\FAIeUESDHIT T @1 R KO MPEie dyBALR| the Sham gbaup) dvikg Arlagkional
.ratio at the early diastolic stage and the systolic
shervenit st BRFY @ Ahenwdsagtianedr geevatengThiRAC) twemes at
observed that the 10 systolic function and diastolic
ve fyirsataildnvakn e s applalr e hleyl e fietvem toriatuddir bhobHef DANLESflux
group or the Skp2 group, in contrast, FS and FAC were
ratio harges evalvebiddtarl insthee@ thgmsaurolAcnoteium stage
apparent anelioration effect was observed in terns of
(Efhe H A vl ael a Goerpea Bde wi tThushe iGonta sgrodisp,r vielde th/aA the
15 value in the Skp2 group was at a significantly
systalicvdhnetiohheard Advakuelin tfhm diNnS @gedelp avdarently
smaller than in the Cont group, but no statistically
deséghdfacadt dirhfeyrencpimas group or the Skp2 group, in

contrast, FS and FAC were at larger values than in the Cont
group. A more apparent amelioration effect was observed in
terms of the E/A value. Compared with the Cont group, the E/A
value in the Skp2 group was at a significantly small value.
The E/A value in the DINLS group was smaller than in the Cont
group, but no statistically significant difference was
observed between them (Sham group: 2.30 + 0.25, Cont group:
5.49 £ 0.86, DINLS group: 3.69 +0.68, Skp2 group: 3.44 £ 0.57:
n =9 to 12).

(0128] Continuously, cardiac hemodynamics was analyzed
on the next day of the cardiac ultrasonography test. After
sodium pentobarbital was intraperitoneally given to a rat for
anesthesia, amicrochip pressure transducer-equipped catheter

(SPC-320: Millar Instruments) was inserted into the 1left
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observed between them (Sham group: 2.30 0.25, Cont
group: 5.49 0.86, DINLS group: 3.69 0.68, Skp2
group: 3.44 0.57: 20 n =9 to 12) . [0128]

Conti nuously, cardi ac henodynam cs was anal yzed on
the next day of the cardiac ultrasonography test.
After sodium pentobarbital was intraperitoneally
given to a rat for anesthesia, a mcrochip pressure

h 2
vt TR U SR R e sterd <y Boie el ratoos
. th d art t h
5 of YRR ] AR Ceal € (PR ok o1 FERESSERE AR ot (LVE)

pressure (LVP) as_an indi cator of left ventricular
28 598t 3R CPELENcYF ah®it t mEERGFE CHPATL /F Tl bt BP hegchy and
dividing dP/dt max with LVP 5 si nul taneousl y neasuyred
megsuBH JHH Bk dra ofoktid negt Y Vaivthdiag &F /ditaded wdth LVP
potency. Furthernore, the mininmum differential rate
swuulc#mewmyofmtwa%danaﬁndwat bpdpfapery of the left
ventricul ar diastolic potency and left ventricul ar
verbli ¢t bax odii@ sprédsurmo {4NEDP) Fag theasered. The rdnimum
af orenenti oned neasurenents were done in a blind test
difbenentisd tdd (@Mt/elgt mdersofi BYAI ds ot iirdematfor tdfeleft
contents of the treatnent of each animal. The results
vemreichbawn i Mikacd ik [ 0220hcy5 [dmbdl e Ugf tExpearintedtcallar
Sham Cont DINLS Skp2 group
end-diastolic pressure (LVEDP) was measured. The

aforementioned measurements were done in a blind test manner
so that a test person could not identify the contents of the
treatment of each animal.

The results are shown in Table 1.

[0129]

[Table 1]

Experimental Sham Cont DINLS Skp2

group

Number 9 10 12 10

LVEDP (mmHg) 34+12 13.3 £ 2.5% 95123 85+17
LV dP/dt max 7457 + 308 5572 + 230* 6022 + 264* 6183 £ 250*
(mmHg/sec) :

LV dP/dt min 6492 + 312 3631 + 182% 4047 £ 270* 4449 + 248% *
(-mmHg/sec)

LV dP/dt/P 755 40 + 3% 51+ 5% 54+ 4%*

max (1/sec)

. p ¢ 0.05 vs. Sham group
*. p < 0.05 vs. Cont group
{0130] Compared with the Sham group, the left ventricular

end-diastolic pressure (LVEDP) in the Cont group was at a
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Number 9 10 12 10 LVEDP (nmHg) 3.4 1.2 13.3 2.5x'
9.5 2.38.5 1.7 LV dP/dt max 7457 308 5572 230x-
6022 264x' 6183 250x" (mmHg/sec) LV dP/dt min 6492
312 3631 182x" 4047 270" 4449 248" (-mHg/ sec)
LVdP/ dt/ P 755 403x" 515x' 544" max (1l/sec) ": p <
0.05 vs. Shamgroup #: p < 0.05 vs. Cont group [0130]
Conpared with the Sham group, the left ventricul ar

end- di astplic Ssur LVE%'n h fpntg p .
1 GRS PLECOYE Pk e va 44l 108 P01 FEEP HERimun
Xi mum ffer | rat P/dt na‘%4
dl%]? LA e St P/ RGP AET ot W GH Frﬂﬁﬁiegﬁq“ﬁlrate
ft ve tricu essure ¥hVP& ,
(SRt et YIS FARG HiE 1t FEPERAFUARE BTEAGRTS
the left ventricular systolic function and diastolic¢
(LR FREAT Brf et Hirfiamd) I nePal deteeiticor afB8. r et e i pdRE Rt e
roug the three indicators of dP/dt nax, dP/dt mn
thahdt e/ defp N&%trWéPéaétﬂ%ﬁ%&%1%aﬁ%%%t%%%naPﬁ fhastolic
Cont group. The individual indicators were all at
fu4‘h‘i”g‘é‘? l\?aF}El%sal’iWatlhéeSRﬁe"g?WQ% 131 Rhe I?e“‘@fl\lES"uP'
group, while the dp/dt min and dP/dt/P max were
theitdrigd davstilcop dogrsgerf d8/ désmekand P Adt Hel iCamd gerdlslgs/P max
[0131] After cardi ac henodynam cs was counted, the
verteird laageresatted timamdinglheheonetgweight T(hﬁi gndiy)idual
Conpared wth
indicators were all at larger values in the Skp2 group than
in the DINLS group, while the dp/dt min and dP/dt/P max were
at significantly larger values than in the Cont group.
{0131] After cardiac hemodynamics was counted, the lung
was resected to weigh the wet weight (Fig. 11). Compared with
the Sham group, the 1lung weight in the Cont group was
significantly larger. This suggests a possible occurrence of
lung congestion. Compared with the Cont group, lung weight
was smaller in the DINLS group while the lung weight in the
Skp2 group was at a significantly small value, suggesting the
amelioration of lung congestion.
[0132] Using the resected heart after the measurement of
cardiac functions, a passive (left ventricle) pressure-volume
curve was prepared. The fundamental method was according to
the report of Pfeffer, et al. (Circ. Res. 57:84, 1985).

Specifically, heparin (Novo-heparin: Aventis Pharma) and

saturated potassium chloride were given from the tail vein of
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t he Sham group, the lung weight in the Cont group was
15 significantly larger. This suggests a possible
occurrence of lung congestion. Conpared with the Cont
group, lung weight was smaller in the DINLS group
while the lung weight in the Skp2 group was at a
significantly small val ue, suggesting the
anel i oration of |ung congestion. 20 [0132] Using the
th%e§ggge%d“¥géu§gFggr%{€§?§?§gr ng@tt%% d¥?€l&¥%ﬁ

age.
uficti'ons, "a passi ve veniricl'e) pressure-vo g

]
u
curve S epared. The fuyndanmental nethod . was
oG EoETE PREPRRE pporte JEoRlarrdr T Bp ora ( pEoush the
Res. 57:84, 1985). Specifically, heparin ,
208 Ry ot RSB SRAIE R B BRAF ) L T34 S4ReyP 8 pgkusho) vas
. potassium chloride were given fromthe tail vein of 88
IngRELAALINGS thsdhe Bt TATHTAC 1 r eSO NAL CEAB IR BRI FRe tubes
stage. Imediately thereafter, the heart was .
tor E8BCPEQS STRLOGGR NI C edorta M eR S¥Gifh It e Uit ciHetgular
(DP-8: Natsume Sei sakusho) was inserted into the |ef
PrEsSGERey | R YS 1 Chahker ] i loie kst hajeabed &t taprae of 0.72
pressure transducer to neasure the left ventricul ar
mLppéssiren tdtey sitbleagkehe . st ires omds aj pf eesede avo hupatqurve
of 0.72 nL/mn fromthe other tube, to record a
onptkestrer Yol Aine g@s\es tedn helde tchast te@hedr esecttatiplicate
heart was tested in a triplicate manner, to calculate
matheravertage. cBasedaon t ehel0 prvessdere- vol ks ©dir venof the
an individual animl, the volunme corresponding to the
preefureempinoel auremrd-afi ast olndipiésslir enimeasurtdee wdlume
the m crochip pressure transducer- equi pped catheter
comnasspahdihgt ed tard ltelfenveoreécteédroend héi et ghichasé ssure

measured with the microchip pressure transducer-équipped
catheter was calculated and then corrected on the weight basis,
to calculate the left ventricular end-diastolic volume index
(LVEDVI) .

{01331 The results are shown in Fig.12. Compared with
the Sham group, the passive pressure-volume curve in the Cont
group was significantly shifted on the right side, as observed.
The results indicate a possibility of the progress in left
ventricular remodeling such as the increase of left
ventricular volume and the thinning of infarct area after
cardiac ischemia and reperfusion. Compared with the Cont
group, the rightward shift of the passive pressure-volume
curve was reduced in the DINLS group. Compared with not only

the Cont group but also the DINLS group, the rightward shift
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to calculate the lef t ventricular end-diastolic
volunme index 15 (LVEDVI). [01331 The results are
shown in Fig.12. Conpared with the Sham group, the
passi ve pressure-volunme curve in the Cont group was
significantly shifted on the right side, as observed.
The results indicate a possibility of the progress in
| eft 20 ventricul ar renodeling such as the increase of
Ief&le ventricul ar ;olune and the thlgpln |nf arct

ar €4 %af Pr&P S UES dPadMtscféh'E and repger ﬁgﬁw was

t th gh d shif t
s1€ﬂnE§§§§F3% pr%%gﬁ Volgggﬂpéﬁrvgt%%s ﬁmgﬁce3V%%Fﬁ%ﬁ¥Iar

dwth not o 25 the Cont grou

enguATap L0 iRe VBARES GROGP. (FREDYFONVAAr L ohi 147 B0 G Le in
the pressure-volune curve in the Skp2 group was

the; GARE TEREPy e ddd@x vREl dtthemallar vajggt ipchharPINLS
end-di astolic volune index (LVEDVI) was at a |arge

groyPukham 1n fEeCHRRt FTRNP - t H8 FheSkRbgramura Swafher. the
value in the DINLS 5 group than in the Cont group . In

indge BRE2agroupRatiet Hexlue Hevan ddexhpaBlBESagsaup| apd was
value than in the DINLS group and was at a

atsp gl 91 chint 4 yt Byrediniadil exalvad uehbhannin HdreCéantggvope (Sham
(Sham group: 0.80 0.12 nl/kg, LacZ group: 2.18 0.16

grioupkg,0 . 80 NESH CDKAmgi/ Rgp: LbcZ2 gbod®: nk/ kg, £SpA6 mL/kg,
group: 1.54 0.17 10 ni/kg; n =9 to 12). [01341

D1NLBdlclbk4 tlreubevel 7of+caril a iy, arskipi2og ronpt:he . sheard. 17
6 weeks post -ischem a and reperfusion was examnm ned.

nLThe; mesedt ed heart was fixed in a 10 % neutral ly
buffered formalin

[0134] Finally, the level of cardiac infarction in the

heart 6 weeks post-ischemia and reperfusion was examined. The
resected heart was fixed in a 10 % neutrally buffered formalin
solution, embedded in paraffin, prepared into 6 sections at
an interval of 2 mm in each sample along the cross-sectional
direction, and stained with Masson Trichrome to visualize the
area with cardiac infarction. Then, the infarct area was
measured using an image analysis software (Lumina vision:
Mitsuya Shoji). With reference of the report of Jain, et al.
(Circulation 103:1920, 2001), the infarct area was measured
by measuring the whole peripheral length of the inner membrane
of left ventricle, the whole peripheral length of the outér
membrane thereof, the peripheral length of the cicatrisation
on the side of the inner membrane of left ventricle and the

peripheral length of the cicatrisation on the side of the outer
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sol ution, enbedded in paraffin, prepared into 6
sections at 15 an interval of 2 nmin each sanple
al ong the cross-sectional direction, and stained with
Masson Trichrone to visualize the area with cardiac
infarction. Then, the infarct area was neasured using
an i mage anal ysis software (Lum na vision: Mtsuya
Shoji) Wth reference of the report of Jain, et a
(Grculation 103:1920, 20 the infarct area
me‘é%%%rb? eth & 1P el A T e e‘“pfé‘rrucﬁhérréla |a€r‘f§trﬁl&ﬂ to
the inner menbrane of left ventricle, the whole
th%e??bh%YhHgIE%@Tﬁlﬁf the outer nenbrane thereof, the
Ferl pher al Iength of the cicatrisation on the side of
In t riveda rmenbltdife RAT indfar aledtangdite ofndhehgiggtrisation
peripheral |ength of the cicatrisation on the side of
onthkeoatdr 96 wduebriamen memvfane ¢hl teaf bt sepheirhparctthe
area according to the followng forrmula. Infarct area
rerifife hel gdemigitiee Bitheengthtoisahéogicvnthiesatdont Yre thger
side of the inner nmenbrane of left ventricle + the 5
memer a pherted rd aefigt N tdfe whe lei paripbarkrdnlemgtheo Sitdee dfnner
t he outer nenbrane thereof) / (the whol e peripheral
mehlengt & rotheheho Imerripheiradnkerg t heo iMibeecopeer pleavbalane) |
| ength of the outer nenbrane) ] x 100 (% [0135] The
x Tesu{¢s are shown in Fig.13. Conpared with 10 the
Cont group, the infarct area in the DLNLS group was
[opsept |y reducessu MY e reddwmn ofF idiel 3 nf @oalpadredawith
in the Skp2 group was observed than in the DLNLS
thgloA g €eaPAreth Wnith ricltea £oatin ghoupNthgronbat£§ qareRd 1y
was at a smaller value in the Skp2 group.
reduced. More reduction of the infarct area in the Skp2 group

was observed than in the DINLS group. Compared with the Cont
group, the infarct areawas at a smaller value in the Skp2 group.
[0136] Based on the above results, it was confirmed that
the introduction of DINLS + CDK4 + Skp2 genes ameliorated the
deterioration of cardiac functions following the onset of
cardiac infarction and the exacerbation of hemodynamics to
suppress lung congestion and left ventricular remodeling and
to additionally give an effect on the reduction of the area

of cardiac infraction.

INDUSTRIAL APPLICABILITY

[0137] According to the method of the invention, cell
division of cardiomyocytes can be more efficiently induced

than by the related-art methods, to induce the proliferation
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(0136] Based on the above results, it was confirned
that 15 the introduction of DINLS + CDK4 + Skp2 genes
aneliorated the deterioration of cardiac functions
followi ng the onset of <cardiac infarction and the
exacer bation of henbdynam cs to suppress |ung
congestion and left ventricular renodeling and to
additionally give an effect on the reduction of the
area 20 of cardiac, infraction. | NDUSTRI AL

of AP IcCARI-LI e [ DABF} OMERDY tF P 1P 1 HR? rﬂe& Fof o 2RE * can
invention, cell division of cardi onyocytes can be

be worid igemi &F @nfPyliiRILEST e eRg nOnERT t}gﬁrterélSr BPatr@acaPttlcal
met hods, to induce the proliferation 91 of the cel

drmhe and of OmAFAk les hatapar-ed AA 1§ deR akdAnet headPPRd cation
utilized as a cell for screening for various

of phhemmesboidcadlo RngYsthetapyr ngrafexpefdredy lead to the
Additionally, the application of the nethod to gene

app hivapiyommy fexpegeadirp tliead redihels wlpptiknt ivh ehrdiac
regenerative nedical therapy of cardiac diseases with

disedles s i wii iy wetd eod loigi ey sudie lag icar diveiy esyrregdiomyocytes
deficiency. 92 CLAIMS 1. A nethod for proliferating

detastémeyocytes conprising a step of introducing (a)
cyclin, (b) cyclin-dependent kinase, and (c) one or a
plurality selected fromthe group
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consi sting of a gene encoding a factor that inhibits
the production, function or action of Cp/Kip famly
protein, and a nucleic acid that inhibits the
production of Cip/Kip famly protein, into
cardi onyocytes, and a step of subsequently cul turing
or maintaining said cells. 2. A nethod for
proliferating cardi onyocytes conprising a step of
i ntroducing (a) cyclin, %bl cgclin-dependent ki nase,
and (c) one or a pluralit{Ai¥Fected fromthe group
consi sting of a gene encoding a factor that inhibits
the production, function or action of Cip/Kip famly
protein, and a nucleic acid that inhibits the o
1. produdeitde dofori prei pfeant iy9 rrAiamyoqnies comprising a
cardi onyocytes in vitro, and a step of subsequently
steplefirimyredieieel |s. 93 3. A nmethod for proliferating
cardi omyocytes conprising a step of introducing (a)
cyclida)(kycdyal.i n-dependent kinase, and (c) one or a
plurality selected fromthe group consisting of a
gene dirdocivreg ia -fdaptemrd emhtatk iinalsiehi tamdt he producti on,
function or action of GCp/Kip famly protein, and a
nucl ei(e)acodet et Bnhpbitslthe preaducteddonf odbnCigle&Ki proup
famly protein, into cardionyocytes in vivo, and
consisting of a gene encoding a factor that inhibits the

production, function or action of Cip/Kip family protein, and
a nucleic acid that inhibits the production of Cip/Kip family
protein, into cardiomyocytes, and

a step of subsequently culturing or maintaining said

cells,

2. A method for proliferating cardiomyocytes comprising a
step of introducing

{a) cyclin,

(b) cyclin-dependent kinase, and

{c) one or a plurality selected from the group
consisting of a gene encoding a factor that inhibits the
production, function or action of Cip/Kip family protein, and
a nucleic acid that inhibits the production of Cip/Kip family
protein, into cardiomyocytes in vitro, and

a step of subsequently culturing said cells.
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a step of subsequently maintaining said cells. 4. The
met hod of any one of clains 1 to 3, wherein said
cyclin is a cyclin capable of activating CDK4 or CDK6
of mammals. 5. The nethod of claim4, wherein said
cyclinis cyclin D of mammal s. 6. The net hod of any
one of clains 1 to 5, wherein said cyclin-dependent
kinase is a cyclin-dependent kinase to be activated
¥clln D. 7. The_nethod of claim®6, wherein said
cycl H‘e&é‘ﬁé’nééﬁtPRPhééérFElMab‘?lchEesﬂPé“Hk‘tsrf-dtH a
of any one of clains 1 to 7, wherein the G p/Kip 94
St?%n?fy DEBRGEALRE p27 Kipl 9. The nmethod of any one of
clainms 1 to 8, wherein the factor that inhibits the
produdﬁﬂoﬁYGﬁ&ﬁotlon or action of Cip/Kip famly
protein is a factor with an action to pronotes the
degr ad&t)i ¢ cdfint-ie pEng/eitp kilavdisiey st ein. 10. The
met hod of claim9, wherein the factor with an action
to prdmﬁteonhe<degaad@@¢0mlbtyttﬁﬁhaqﬂdd pftam |yhe group
protein is a conponent of ubiquitin ligase. 11. The '
comet hoth of of| @& ngdls wheoéingt he fronponevtaof inhibits the
ubiquitin ligase is an F-box factor capable of binding
prédu¢ biton C foulrk toi drawirl ycpt ot ed M cipZKipheamet pogk @fein, and
claim1ll, wherein the F-box factor capable of binding
a rux ldier @icp/dKepataimhyb Pt Ottenpirs dSkp2onldf e/ i Fachily
of any one of clains 1 to 12, wherein the
protein, into cardiomyocytes in vivo, and

3.

a step of subsequently maintaining said cells.

4, The method of any one of claims 1 to 3, wherein said cyclin

is a cyclin capable of activating CDK4 or CDK6 of mammals.

5. The method of claim 4, wherein said cyclin is cyclin D

of mammals.

6. The method of any one of claims 1 to 5, wherein said
cyclin-dependent kinase is a cyclin-dependent kinase to be

activated by cyclin D.

7. The method of claim 6, wherein said cyclin dependent

kinase is CDK4 or CDK6.

8. The method of any one of claims 1 to 7, wherein the Cip/Kip
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nucleic acid that inhibits the production of G p/Kip
famly protein is siRNA specific to a gene encodi ng
the Cip/Kip famly protein. 14. The nethod of claim
13, wherein the nucleic acid that inhibits the
production of Cp/Kip famly protein is siRNA 95
specific to the p27Ki pl gene. 15. The nethod of any
one of clainms 1 to 14, conprising introducing the
£ ﬁe es_into,cardi onypgytes, using a viral vector or
a ?EBSBﬁg.eiB.l?hg thod of any one of clains 1 to 15,
wherein at |east one of the cyclin gene and
cycl i n-dependent ki nase gene is tagged with a
nucl eoti de sequence encoding a nuclear |ocalization
9.si gnhhe merhod gyt o8y FIRARS Y &P & t\he@lried ngkhe fas)tor
a cyclin-dependent kinase gene, and (c) one or a
thpkubal b it & et i tred ducdrhathe f§REGP oBonsFsa ¢ hion off £ip/Kip
gene encoding a factor that inhibits the production,
Eapih¥t PEALedr 46t isorfasftad pridilp dmnkbyipnrotei mroantea the
nucl eic acid sequence that inhibits the production of
-degrpfiRkpofianf| yhepfdréKapr £8miThepvetedn.of claim 17,
wherein the cyclin is a cyclin capable of activating
CDK4 or CDK6 of manmmals. 19. The vector of claiml18,
wherein the cyclin is cyclin D of mamal s.
10, The method of claim 9, wherein the factor with an action

to promote the degradation of the Cip/Kip family protein'is

a component of ubiquitin ligase.

11. The method of claim 10, wherein the component of
ubiquitin ligase is an F-box factor capable of binding to the

Cip/Kip family protein.

12, The method of claim 11, wherein the F-box factor capable

of binding to the Cip/Kip family protein is Skp2.

13, The method of any one of claims 1 to 12, wherein the
nucleic acid that inhibits the production of Cip/Kip family
protein is siRNA specific to a gene encoding the Cip/Kip family

protein.

14. The method of claim 13, wherein the nucleic acid that

inhibits the production of Cip/Xip family protein is siRNA
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96 20. 'The vector of any one of clains 17 to 19,

wherein the cyclin-dependent kinase is a

cycl i n-dependent ki nase to be activated by cyclin D

21. The vector of claim 20, wherein the

cycl i n-dependent kinase is CDK4 or CDK6. 22. The

vector of any one of clainms 17 to 21, wherein the

factor that inhibits the production, function, or

action of i p/LKipifam|ly protein is a factor with an
SPEELF AR ?8 ﬁﬁgnsﬁi pth%erbl%gradation of the CGip/Kip

famly protein. 23. The vector of claim22, wherein

the factor with an action to pronote the degradation

of the Cig/Kip famly protein is ~a conponent of .
LSubi gtiei ReFhgdset 28y mfe wktotabrs clatm 33, Wramgiifing
. _the conponent of ubiquitin ligase is an F-box factor
intnpdBFansf thiendd $REE olnke c@EnRMY ofcyfiesy pidiegna 25 ral

The vector of claim24, wherein the F-box factor
veghpAbPE bEPPFANPAg to the Cip/Kip fanmily proteinis

Skp2. 26. The vector of any one of clains 17 to 25,

wherein the 97 nucleic acid that inhibits the

production of G p/Kip famly protein is siRNA
léspecTh¢ metdod gérenenaedd Ag taien Cilpt&ilp f abielrgin at least

protein. 27. The vector of claim 26, wherein the
onquefetbeacivdltihatenenhndi tcycllie - gredndieinan kdfn aGiep/gdéine is

famly protein is siRNAthat is specific to p27Ri pl
tageeé. with a nucleotide sequence encoding a nuclear

localization signal.

17. A vector comprising

(a) a cyclin gene

(b) a cyclin-dependent kinase gene, and

(c) oné or aplurality selected from the group consisting
of a gene encoding a factor that inhibits the production,
function, or action of Cip/Kip family protein, and a nucleic
acid sequence that inhibits the production of Cip/Kip family

protein.

18. The vector of claim 17, wherein the cyclin is a cyclin

capable of activating CDK4 or CDK6 of mammals.

19, The vector of claim 18, wherein the cyclin is cyclin D

of mammals,
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28. The vector of any one of clainms 17 to 27, wherein
at least one of the cyclin gene and cyclin-dependent
ki nase gene is tagged with a nucl eoti de sequence
encodi ng a nuclear |ocalization signal. 29. A
pharmaceutical conposition for use in a treatnent of
cardi ac di sorder conprising the vector of any one of
claims 17 to 28. 30. The pharmaceutical conposition
of clainms 29, wherein the cardiac disorder is
nmyocardi al infarction, ischemc heart disease,
congestive heart failure, hypertrophic .
Carngﬁy8585H§,°8iFSYeanEa? i ohyopat hy, toybtartherein the
or . chronic heart failure. 31. Cardionyocyte obtained
CYY inhd eREPAGE ok iddF corid G s denendent dglmpse Ao be
met hod of treating a cardiac disorder conprising
acitdivaseidng vt ¥ cAR&r Raceut i cal conposition of claim 29,
or transplanting the cardi omyocytes of claim31 into
a site of disorder of a subject having a cardiac
di sorder, and retaining and proliferating the
2lcar dFbaysveytes af sdiadmsi2tle. W3R relhe thed hoye bin cdependent
32, wherein the cardiac disorder is nmyocardia
kiinafar disi 68K 4i sch€@Ké .heart di sease, congestive heart
failure, hypertrophic cardi onyopathy, dilated
cardi onyopat hy, nyocarditis, or chronic heart failure.
99

22. The vector of any one of claims 17 to 21, wherein the

20

factor that inhibits the production, function, or action of
Cip/Kip family protein is a factor with an action to promote

the degradation of the Cip/Kip family protein.

23. The vector of claim 22, wherein the factor with an action
to promote the degradation of the Cip/Xip family protein is

a component of ubiquitin ligase.

24 . The vector of claim 23, wherein the component of
ubiquitin ligase is an F-box factor capable of binding to the

Cip/Kip family protein.

25, The vector of claim 24, wherein the F-box factor capable:

of binding to the Cip/Kip family protein is Skp2.

26. The vector of any one of claims 17 to 25, wherein the
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nucleic acid that inhibits the production of Cip/Kip family
protein is siRNA specific to a gene encoding the Cip/Kip family

protein.

27. The vector of claim 26, wherein the nucleic acid that
inhibits the production of Cip/Kip family protein is siRNA that

is specific to p27%®! gene.

28. The vector of any one of claims 17 to 27, wherein at least
one of the cyclin gene and cyclin-dependent kinase gene is
tagged with a nucleotide sequence encoding a nuclear

localization signal.

29. A pharmaceutical composition for use in a treatment of
cardiac disorder comprising the vector of any one of claims

17 to 28.

30. The pharmaceutical composition of claims 29, wherein the
cardiac disorder is myocardial infarction, ischemic heart
disease, congestive heart failure, hypertrophic
cardiomyopathy, dilated cardiomyopathy, myocarditis, or

chronic heart failure.

31, Cardiomyocyte obtained by the method of any one of claims

1 to 16.
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32, A method of treating a cardiac disorder comprising
injecting the pharmaceutical composition of claim 29, or
transplanting the cardiomyocytes of claim 31 into a site of
disorder of a subject having a cardiac disorder, and retaining

and proliferating the cardiomyocytes at said site.

33, The method of claim 32, wherein the cardiac disorder is
myocardial infarction, ischemic heart disease, congestive
heart failure, hypertrophic cardiomyopathy, dilated

cardiomyopathy, myocarditis, or chronic heart failure.
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