DESCRI PTI ON METHOD FOR PROLI FERATI NG CARDI OMYOCCYTES TECHNI CAL FI ELD
5[ 0001] The present invention relates to a nethod for proliferating

mamal i an car di onyocytes. BACKGROUND ART [ 0002] Because adult

cardi onyocytes |l ose their capaci ty.qn.p PTtIBNproIiferate by cell division,

t he heart damage caused by 10exposureé go various stresses such as ischem a
and inflammation, | o] C i f cardi onyocytes w t hout
conpensat i on thereo??gggasgggeagﬁngggéégggdgéﬁpﬁpgﬁﬁg§ﬁﬁés are
hypertrophed in a conpensatory fashion to retain the cardiac functions.

Wien the state is sustained over the
15perniss%9lghzgggof%%rdionyocytes,homever,the cardi onyocytes are further
exhaust ed ; nally, such state causes the deterioration of
cardigf nyaglf functions, nanely heart failure. [0003] Heart diseases nainly
i ncl udl ng'REaFt fail JFe® 20bBEEPy £RRCEEEGAd Tosd 19 Dnt ¢ nat e tdadseso of t he
Additionally, the prognosis of patients with heart

nortalities in_Japan. [
proliferating mammalian Cardiomyocytes.

BACKGROUND ART

[0002] Because adult cardiomyocytes lose their capacity
to proliferate by éell division, the heart damage caused by
10 exposure to various stresses such as ischemia and inflammation,
leads to necrosis or loss of cardiomyoecytes without
compensation thereof. Consequently, survived cardiomyocytes
are hypertrophed in a compensatory fashion to retain the
cardiac functions. When the state 1s sustained over the
i5 permissible range of cardiomyocytes, however, the
cardiomyocytes are further exhausted and killed. Finally,
such state causes the deterioration éf cardliac muscle
functions, namely heart fzilure.
(0003] Heart diseases mainly including heart failure
20 occupy the second position in the causes of the mortalities
in Japan. Additionally, the prognosisg 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

cf an efficacious therapeutic method of heart failure is

25 greatly advantageous from the standpoints of medical welfare



di seases is so extrenely poor that the 5-year survival is just at about 50
% Therefore, it is believed that the devel opnent of an efficacious

t herapeutic nmethod of heart failure is 25greatly advantageous fromthe

st andpoi ntésné’f dical wel fare_ and nedi cal econony. Conventional

[
t her apeutit dr‘"l‘j§§ “Por® MY f af POV B F hEFAde T TR it &t § 5¢ Pregar 82T 6/8 rthat
i ncrease the, contractive farce of the nmyocardi um and xant hi ne preparations
and ot her heart %t FAGF AR s S1BAE 2 dAg-A et B 2R PR 8t £aBitoni BT T St heséhdrugs i s
known to make the condition worse. In recent years, therapeutics with
phar maceut TH1* Hgents TP P fucd eektesst artiadtd Bandéns edneeparthéorbevat i on
of the synpathetic nerve system and the enin-angiotensin system such as O
bl ockers™ @fd ACE&TnRieBIrCof 81 Ak 2 hSt Wel hal BT r eanm #HomenertratOothese
t herapeutic nethods are sinple synptomatic treatnents and can never recover
damaged cafdisgc SFiu§SuLs khenselo @sk eAlther nanidvelipn eardieac tnanspimnt ation
is an essential therapeutic nethod for severe heart failure. Due to :
probl ens §&éH sas theer atrorttiagesv bfh opgam rderarts,c ateds ¢at ¢ €t hioc Sy e gk body
15 burdens and econom cal burdens to patients, further, it is very tough to
enpl oy cardicaestrandid abtatiron dse acgeherdaletdier@apeudt t Ee itk hetic
[ 0004] Recently, a nethod of suppl enental engraftnent of car di onyocyt es
to the inpared hearterhamdesre studi@dankt okbsn20knaWddat, such as

at soneexper i nent susi ngani mal swhere cardi onyocytes obtai ned fromfetuses
were engraftedleraton@mCE inhibitors are in the mainstream. However,
10 these therapeutic methods are simple symptomatic treatments
and can never recover damaged cardiac tissues themselves.
Alternatively, <cardiac transplantation is an escential
therapeutic method for severe heart failure. Due to problems
. such as the shortages of organ donors, medical ethics, and body
15 burdens and econcomical burdens to patients, further, it is very
tough to employ cardiac transplantation as a general

therapeutic method.

i0064) Recently, a2 method of suppliemental engraftment of
cardiomyocytes to the injured heart has been studied. It isg
20 known that at scme experiments using animals where
cardiomyocytes chtained from fetuses were engrafted into an
adult cardiac tissue, the engrafted cardiomyocytes could
effectively function as cardiomyocytes {for example, see

non-patent reference 1). Research works have been under way,

25 so as to prepare cardicomyocytes from multi-potent cells with



adult cardiac tissue, the engrafted cardi omyocytes could effectively
function as cardi onyocytesfor exanple, see non- patent reference 1).
Research wor ks have been under way, 25so0 as to prepare cardi omyocytes from
mul ti - poten j t a: po cy, 1o be differentiated into a w.de
vari ety o? EéglgFléL? n?:\% u%? ndgiafclaer%ﬁﬁ{c}rrlyao%:eﬁ s “namel ”ydq%o":acrallelteyd Oefnﬁreyc}r'?i c stem
cells (EsiggHﬁlnf or _use as gngggf t inn% §el ls. Hor;gvgr, Ehese .met hods woul d
face mucharffircOft "85 R "YRe appti ¢atiTon % theredt €8 EFPALEal® “Edi ci ne
froman et h%fal 2 anggoi)né Recentl%/ further atierrpts have been nmade to
engraft bone’ fmrtowtdéfi ved stem Eef T ST E6 APFofP f he st B T T s (06 SBe
differentiated.into .c%r dj onyocytes in cardiac tissue. However, the
di f f er entT @t OR° efPiéi enigcafr?smgﬁflréirfetlff‘ilblv\il ADTHEr eF % e 2PPRE CABLRBd is not
practical as a nethod for the regeneration and conpensation of
car di Gnyocyi e sé8 fort Pt anpl ¥ ot iFat AP r éffer ehtes2 b, s825A804n4s
reviews). [0005] The present inventors of the invention therefore nade
resear ch RMorkst Bboutv i hee et F Lot & Payal &ESty Tethaht spryraft bone
150f car di onyocytes, particul arl yt herol eof cyclin- cyclin-dependent kinase
(CDK) sydtaemoCotisiedireht $ et Re L Avert of S1pBuridia hateml chdugh tchebe
expression of the type D cyclin and CDK4 is induced via the stinulation of,
for exanmdlid,feFertidmadied grigvitch feactdorodYiar werrsdi ohyocyt ediad¢ hesesprotein 20
nol ecul es are localized in cytoplasm but not transfered into nucl eus, so
t hat t he Heheysivor yitat | &nf b r RB: proi@i nedfialinoclvedrs tergetmainl eca e of
cyclin D-CDK4 or the activation of cyclin E-CDK2 hardly occurs. Wen the
i nveh® or §hprefared ahecadendvidr is vect er agtteree la gene forhoycidn Die t agged
with the nuclear localization signal (NLC) (referred to as DINLS
her ei naf regenamd tihe genkt encpel ngt CDKA ofer ez t aif egy at gde & 0 (aleleow dthe vect or
to infect cultured cardi onyocytes, the cyclin DL protein and the CDK4
protein werepéxpressedtientt hefauehens, 2t o3cauge 4t he peolieivenati on and
di vi si on of cardi onyocytes via RB phosphoryl ation. Consequently, the
i nvent or $osaecessf ultiye aldeowed theeptolrisf efat honi of e cad «li apLRHAs t hat
hardly proliferate (mtotically divide) under general culture conditions.
Addi ti onek by, r ddres idvent@kSa bl £ adiiced 1DIM-S1 angs ¢ hies GOKA ngena nisk nt he
cardi ac nuscle tissue of an adult ani mal

15 of cardiomyocytes, particularly the rocle ©of cyclin-

cyclin-dependent kinase (CDXK) system, Conseguently, 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
20 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-CDEK2Z hardly occurs. When the inventors prepared an
adenovirus vector where a gene for cyclin D1 tagged with the

nuclear localization signal (NLC) (referred tc as DINLS

]
sy}



10 to all ow the expression thereof, so that the inventors successfully
progressed the cell cycle of the cardi onmyocytes of the adult aninal (see
for exanple patent reference 1, non-patent reference 5). The nethod for
proliferating cardi onyocytes in accordance with the invention is now 15

referred tcﬁ%ﬁﬁﬁyﬂﬁyd1]<anﬁtunbfyﬁ&ﬁr&xﬂ&wwnahggggnggp s.disclosed in the
patent reference 1 and the non-patent reference 5 and %thgkggé?g?gntgs
descri bed tdérei hharealdr kaciarporated: LR <he, pses eci fication,
[00063A great number of other attenpts were nade t@péﬁgf%%T§§§ f%%Pt%II
cycle of cardbonyetytasd ttaei OHUCS e 1di Via$ie0 cells _(see for
exanpl e non-patent reference 6 as a révie@ §b§ﬁ?£?%£g%r%lFggsn%?l?%%lcel

cycle of candtomyecyieskorifer-examley & repork Lell s that wien
gene

adenovi rus-derived FLA/ DIE gene (see non-patent re

(see noh- patent prefsenenee .8); cwas expregsed jn _.cultured cardi onyocytes
i solated froma neonat al ra?? t he induct%%#%%ﬂt syﬁgﬁbsi§quQQR¥s

Cyclin Bl gene. of Lhe. i Aeio yig S NOLE. Ay CRU GAF 2K GEPF EAEF ok 8 gnal
cbserved 1 oget hor W th TRE S RGP bhe bf JONA Syt HEGieE §Sber§ brevdanpl ¢
non-patentc6§i§£§9§§.Enkéﬁyéaonally, the inventors introduced DINLS ang
the CDK4 gene in the cardiac muscle tissue of an adult animal
10 to allow the expression thereof, 2o that the inventors
successfully progressed the cell cycle of the ctardiomyocvtes
of the adult animal (see for example patent reference 1,
non-patent reference 5), The method for proliferating
cardiomyocytes in accordance with the invention is now
15 referred to as DNLS/CDK method hereipbelow. The contents
disclosed in the patent reference 1 and the non-patent
reference 5 and other references described therein are ail
incorporated inm the bresent specification.
[0006] A great number of other attempts were made to
20 - 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/E1B gene (see non-patent reference 7)

25 Oor E2F gene (see ncn-patent reference 8) was gxpressed in



recently, it is indicated that in a nouse deficient in the junmonji gene
suppressing the expression of the cyclin D1 gene, 10 it is observed that
the duration of the cell proliferation arrest in the fetal cardi onyocytes
is prolonged (see for exanple non-patent reference 10). As described above,
it is demSAstirateéd Gtarfa@tlGt“Wé?qu'fdﬁctlls@riacﬁeqjl\wgfynﬁhéﬁpgaéﬁd geltl, oy e
progression may be possible even in cardiomyocytes. In the 15 experinental
exanpl es, cwevérn aboFtosy st erdict b ok and rdfie rappedeancec of r abnorival

pol ynucl ear cells were frequently observed in cardi onyocytes. Except the
DNLS/ CDK methads s ani prethote exicstss ifver ypeonoeisng ngekhedi we 5iorP lofgene

cardi onyocytes after birth to practically increase cell nunber. 20[0007] As
descri bedocdbove, it hec DNLE) €DK netthod nys mart liqmoMVatdave zrmetinod sy nwhi, ch

cardi onyocytes generally "hardly proliferating” can be increased. Thus, the
met hods i sthadust¢vat 1gn hioghl yhappdicadd €iof 0008]d1t ©$ kopwn timt cpleural up-
and down-regul atory 25factors regulate the progress of cell cycles in
general tadivbduatytypess obseyekint andt COK,w WY ke et heg downs £ egubatory

fact orsi ncl udeaseri esof prot ei ngroupscal | ed

CDK- i nhi bi ¢ 9t 5e J1wf askki esef GRnipnhi bidorsaren: Srédentdfé ed) whisghehave
different action nodes fromeach other (see for exanple non-patent
referencerddemsi, review) indddesd eHoupiisacabled kpkécfant! ynpeptein and
i ncl udes pl16 (al so known as | nk4A, Msl, Cdkn2 and Cdkn4i), pl5 (al so known

as | nk4B ﬁnﬂod\g§%)e,neP4§p§r@&§pn§<mqwneﬁ§rbakﬂ§nwtlnlak@fen@@q pdfe(also 10
known as p20, 1nk4D and Ink6B) . The first group selectively binds to CDK4

or COK6 to inhibide xtxh@dfymgtlmocfuxtﬂel&a/%fnt%%ﬂl(phm@aewpl ex (see

for exanple non-patent references 12, 13 and 14). A second group of

CDK- i nhi pI pt S al Y oREQ a nc es p21
15 (al sobﬂ!k%]lloervkv?]C a{sIQO%%I@ fllﬁ%c?ﬁ Jsagl?ilgnw @pté&anlg IPQO ?g??eg%telde afsylg)Zlcll

her ei naf ter),, ;R27 %a'p%Q knoyp Q?S%EE 144 pl Aasn%efr:(i'%’bferdefaxgr (gd 10 ¢ 85371(2

p27K|PIhere|nafter p57 nown as Kip erred to as

her ei naf td%rm)on slilr el dspg‘%@f&%ce‘} léfne%qem}lmé?glt%@s 1¥tehn ?e%?coyncq Jamly

inhibits the progress o by 1 nh tin gncti‘ons of
var ue, U RSO0 e pies (Rt Lok el e el Epl 1t e 15, 10

15 experimenteal examples, however, apoptosis induction and the
appearance of abnormal polynuclear cells were freguently
observed in cardiomyocytes. Except the DNLS/CDX method, no
method exists for promoting cell division of cardiomyocytes
after birth to practically increase cell numbar.

20 [(0007] As described above, the DNLS/CDK method is an
innovative method by which cardiomyocytes generally “hardly
proliferating’” can be increased. Thus, the method is
industrially highly applicable.

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

25 factors regulate the progress of cell c¢cyclesgs in general



i nvol vedi nt hesuppr essi onoft heproliferationof 25cardi onyocytes, several
reports tell about the G p/Kip famly nolecules.Specifically, it is known
that the expression |evels of the p2lci Pl protein and the p27' proteinare
el evated, follow ng the deterioration of the proliferation potency of

car di omyo T IRfer thettat e FBEalURtigge 3o Post AAEaP TSt aigec 1 wie t hae t he
activation of CDK2 and CDK4 as target nolecules is |owered (see for exanple
non- pat ent* Aeferidfidet 1955 .0 WAEA 1 FER A4 (G Hsu¥ibr-ld kEegiowt hr éactoreqy is
added to cardi omyocytes wth excess expression of the E2F-1 gene therein,
t he expredsicdRtcevelrsrlofdg het p2seriksprotfei noantdethe B p@aKi Pipreein are
| onered, involving the increase of the ratio of cardi onyocytes at the DNA
synt het i c Cpas@hfibhéossphasel vpsed fmorl ies@npb € nEM-kpatngrity irtefrer ences 20)

It is also reported that inap271(141 gene-defici entnouse,thetim ngofthe
proliferatidentafiedt wofi dandivenydtytesr i sadel ayed ddad riom d5cnargymdr nouse
and that the nunber of cardionyocytes in the deficient nouse is increased
(see for érxarple meRzpht entn -peftemgncef 2tncAs descd irked cabavep fitrsits
suggested that the G p/Kip famly protein, particularly the p27Kin protein
nay possi pkyube si cwbl aetinkn favel Isuppoesshandinthedpedid esatbamodl of
cardi onyocytes. No exanple except for deletion of the gene is known for
suppr essi ag et expressi aidkad dfrdnctiken iof, tthe Gap/dd dam g pRetein to

i nduce the division and proliferation of cardionyocytes, (0010]It is known
that the iménewcsd)l ,ubas expsessiom 25 evelicobntihen €5 pj Kipnd anid Yaprotein is
mai nly regul ated by a degradation systemvia the ubiquitin pathway (see
for exanpteononpatent theter encesn22s) 23 @nd :34)st WiQW tkRek$:dely

pol ypeptide conprising 76 am no acids highly preserved and i s abundant in
al | eukaryotde celdogks bR thesubbquhhip:pathway, 5 :RQl Yubiquitip; chain
covalently binds to a target substrate and is subsequently degraded with a
pol yfuncty aiads preteasgre ) corpheXexProteLn ﬁgkecgkgﬁpgggrggﬁdpmw such
ubi qui ti nprot easome systeminclude a wde variety of nol ecul es sucﬁ as

cyclin, pR%eA30Qs EZF, 1 STATa 14 1C- MKC o€ odUNg :FFE LECEPE Ol ntiniting
proteins is called Cip/Kip family protein and includes p2l

15 {also known as Cipl, Picl, 8di1l, mdaS and Wafi; referred to

as p21°®* hereinafter), p27 (also known as Ick, Kipl and Pic2;
referred to as p27xim‘hereinafter), and p57 {also known as Kip2:

“*? hereinafter). It is shown that umlike

referred to as ph7

the Ink4 family, the second family inhibits the progress of
20 cell cycle by inhibiting the functions of various cyclin-CDK

complexes {gee for example ncn-patent references 15, 16, 17

and 18).

(0009 he to how these CDK-inhibiting proteins are

invelved in the suppression of the proliferation of

25 cardiomyocytes, several reports tell about the Cip/Kip family



10l KBa, NFKB and P-catenin, in addition to the Cp/Kip famly protein.
I nt ensi ve research works on the ubiquitinylation mechanismof protein
nol ecul.es are now under way. Generally, protein nolecules are
ubi qui tinylated e a sk :0f18Rzyne gy oup anel. y [ quitin_ activation
enzyme (El), ubiquiti n%efS éor?pl gxi ng enzynéoxgzg%gﬁd%el qﬁ%?f%?ff%rése
(E3), andyhiqguitinylatediprofeins, ar i pall-y:degraded with 26S proteasone
(see for exanple non-egﬁatent L?e ere?l%gg ggg%fg 27‘%%%%“§§r§sef%‘ﬁ§%\§’).
1001111t i ;helj;eved,th Lguitin ligase (E3) is.20responsible for
the specifici tylo¥7 fhe %%F%E???%§?§%l%ﬁ % d %rp%é?‘ ?%Eagé?ﬁe‘fog?%f%ich anong
them Nuner are own, .such _as Anaphase Pronotin
Conpl ex/ ggﬁﬁzgﬁégggkgf V%%kn%e\gg,a t\?HEe@E}gnSﬁF‘BﬁI &2 LY MR p? gtseriarﬁeel ongi n
B/ C (VBC) .gonpl xthNedd4., urd Rad18 and Parkin. A new type of

X ca

é

4 d
25ubi qui tlslgl Ig?ggse Eohpl B¢ Al eo?s%'—“hfsndoec&f(‘ji Fent i Fi % TESEHUSF t hr ough
research \ivorll(s on CIio r >t:gol o%i cal_  organi sns such as yeast. The uhiquitin
| i gase of tsheoﬁfieco%efee Y P et TP & et Bt ref ¢ 8 a%e ubf qui thhen i gase

SCF conpl gé hfrei after) is a protein nodule of a trimer conposed of three
5 subuni t 8°taf | ed 'SR TPodii S a 8FPFEFent E MARETof ) CdcES), F- bor
protein. The_ |igase is called SCF as an acronym of the individual subunits

(see for SXahpIE Hoh-Shat Bt i PE%ice8*D9°8RA030 @5 ravi ewdj)! [pE0%2] The
F-box protein as one of the conmponents of SCF 10 conpl ex contains an F-box
moti f fir'Stesdfeht itficed*Ph eeydiotnl EYeTheo ok ke P 2Yi'6h pize tredquiamdd ther t he
interaction with Skpl. Additionally, the F-box protein contains a repeat
not i f10r edioh of P HbdUt™ 20calfi Hor ¢t dngeduéncesh as nealdasd WD-4G: repeat or a
| euci ne-enriched notif region called |eucine-rich repeat. In 15 the SCF
conpl ex, °SkprrARETCREY F CEB3the & Hevenr thatii abd ks mgditnst S @iy stedr gete
substrates, while the nol ecul ar species of the F-box protein vary,

dependi ng °GnexqeP t R gat Petilssttrea e men am 20bi. qui t iisyd At ¢ are ploartgelt < h By
recogni zing and binding a target substrate in the WD-40 repeat or the

| euci ne- Eirchar epdat'’' t hee 20- 4 Hioxi priot eiou det er vh aest thensubst r aties
specificity of the SCF conplex (see for exanple non-patent references 31,
32, and 33pliAsrdéscri bedealbbowe, ¢dval ISGH conpt exiknakudesapluw=al types of
13Trce SCFcdc4, SCFnctu and SCFcrcl, depending on the difference

15 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"P! protein may
possibly be involved in the suppresgion of the proliferation

20 of cardiomyocytes. No example except for deletion of the gene
is known for suppressing the expression and function of. the
Cip/XKip family ©protein to induce the division and
proliferation of cardiomyocytes.

[0010] It is known that the intracellular expression

25 level of the Cip/Kip family protein is mainly regulated by a

~]



SCF of the F-box protein contained as the conponent (see for exanple
25non-patent references 29 and 30) . [0013]In case of the Cp/iCp famly
protein, an SCF conpl ex containing Skp2 (SCFsKP2) as an F-box protein is

i nvol ved agng;mamrgwysmear@&@assn%rr@bc_ﬂleqr@mtbg@hw&%ée f%kfpéxwﬁ%ﬁ' rst

identified as a factor binding to the cyclin conpl ex ecause the

accunul at 2 0 he ;l,at se I, cycl.e and t he
don of . Skp2 e¢eurs tromd he jhatg, Gl p J%ﬁ Oéblttgl%uy ¢ an Skp2

expression | evel reaches the maxi mum from t he phase phase

ot orence T8 DA TeporL LI Thar Brnar TRak [he) Go R A0 a1y

reference 3

protei n, a%g,g@aneccqgngfes?tpﬁaozt&m,.rmceeﬁu' es ;such a%?u%bﬁsee gn}ﬁgﬁt et

referenc see atent re er ence
referenc and Ny see no ent ferences 42 an as target
substgat§§ﬁ5%§l§kﬁ HsSH nVolved %bﬁe 5% F adafi oit Thefd Ftrate and

itors including the G p/Kip

15[ 0014 Asd b b e, K
A SR e L ST 41 O Lt PoBe L U1 g o 11 S 6 of

famly proteln are §h
gener al prollferatlve cells, so that hefa% EU|t|n pr ot easone systemvia

the SCFskfy®! éénpl éx °t§lPe§19&r?§|“&|ee‘? o7 ¢ eYaiF &t 1S9 Dotk BigT 4 gt -

|ntraceIIuIar Ere55|on | evel . However, alnost nothing is known about how
t he ubquFPlﬁaBP £ eSO Syistlame & Wh@%l%%ﬁf?ﬁi’PﬁemPégﬁPéFFoﬁ“ﬂ%éﬁhnlsn1of
the proliferation_ of cardio ocytes [ 0015] The DNLS/ CDK method is a nethod

for prol F¥&FafT nB° 2502t W ooyt Tast a Currentd v Wnois Fsitifgled tofe such

nmet hod.
10 IxkBo, NFxB and f-catenin, in addition to the Cip/Kip family

protein. Intensive research works on the ubiguitinylation
mechanism of protein molecules are now under way. Generally,
protein molecules are ubiquitinylated by a series of enzyme
groups, namely ubigquitin activation enzyme {E1l)}, ubiguitin
15 complexing enzyme (E2) and ubiquitin 1ligase {E23), and
ubigquitinylated proteins are finally degraded with 268
proteasome {see for example non-patent refersnces 25, 26, 27,
and 28 as reviews).
0011} It is believed that the ubiguitin ligase {(E3) is
20 responsible for the specificity of the ubigquitinylation of
specific target proteins among them. Numerous examples are
known, such as Anaphase Promoting Complex/Cvclosome {APC/C)
complex, VHL (Vpn Hipple-Lindau protein-elongin B/C {VBC)
complex, Neddd4, Ufdd4, Rad5, Radl8 and Parkin. A new type of

25 ubiguitin ligase complex called &SCF has been identified



The nethod is very useful and highly industrially applicable. So as to
pronote the practical application of cardiac nmuscle regeneration therapy

and the industrial applicability thereof, still further, the effect of
desirably

rolifera Lefti ereof
Palsed [%%?%n%g%gﬁﬁqggﬁz%gaggpghQ%gﬁphgét?bggfntern ﬁ%%gf%ﬁﬁﬁfﬁgﬁtlon VO
02/ 095026, t_.ref oonpa , ence X (1994)
10Non- pateh?ﬁrggéﬁgﬁge 2$E§U§EV%1 ?19% §%§ﬁ %ﬁ?ﬁng%p Fﬁmpé ant ,
Bi ol . 02 n- patenf reference 3. e, Ann Thorac
Sur g. 75 E%%pfg ) referrea™ RSn- Pat St %8fe%%%%%e %CﬁirCD@Pl

atent reference 5:

Car di ovasc._ Res 15 8:313,(2
%1 Gfachie f et aﬁs g PgElﬁé§°d§§?é%ga géééff Compos$ﬁﬁ}péPéﬁF

Tamanori -
reference 3 Klshor Res. .90: 1044, 2002) 20Non- patent
r ef er 8nce "Rt @ﬁﬁ 8%89 aFUIlJ BﬁbF.e€ﬁ§ﬁ1 gme of Cdc53), an

F-box protein. The ligase is called SCF ag an acronym of the
individual subunits {see for example non-patent references 29
and 30 as reviewsg)).
[oo12) The F-box preotein as one of the components of §CF
10 complex contains an F-box motif first identified in cyclin F.
The motlf region ig required for the interaction Qith Skpi.
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
15 the 8CF complex, Skpl and Cull/CdcS3 are never variable against
any target substrates, while the molecular species of the F-box
protein vary, depending on the target substrate as an
ubiquitinylation target. By recocgnizing and binding a target
substrate in the WD-40 repeat or the leucine-rich repeat, the
20 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
SCFPITE? | gerpfict goFp"* % apnd SCFOTY, depending on the difference

oftheF-boxproteincontainedasthecomponent(seeforexample

non-patent references 29 and 30} .

]
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Non- patent reference 8: Kirshenbaum et al., Dev,

270: 7791, (1995) :
Biol. 179:402,(1996) Non-patent reference 9Soonpaa, et al., din. Invest.
2599: 2644, (1997) Non- pat ent reference 10: Toyoda, th al ., Dev.
Cel | 5: 85,2003) Non;patent refengnce 11.. Sherr . & Roberts nes, Dev.

9: 1149, (18[95) gNon- patent reference lzz&ﬁh}ﬁonﬁ Bé& c%?oﬁﬁtlgrejng(%;é)
(1993) Non-\pat,ent 13; . Serr.an@y.:et al ., ure 366: , (.

Non- paten?oﬁgfigrqen{:@%l: ﬁlgra%pzest (asl%r}, I .a%elalnr\la}tBl%oq}f 15355872 5(1995)

involved in the ubiquitin-proteasome degradation thereof.
Skp2 was first identified as a factor binding to the cyclin

5 A-CDK2Z complex. Because the accumulation of Skp2 occurs fron
the late Gl phase of cell ¢ycle and the expression level reaches
the maximum from the S phase to the G2 phase, Skp2 is called
S-phase kinase-associated protein (see for example non-patent
reference 38). A report tells that other than the Cip/Kip

10 family protein, S5kp2 recognizes protein molecules such as

E2F-1 (see non-patent reference 39), cyclin E (see non-patent
reference 40), CDKY (see non-patent reference 41! angd c-Myc
(see non-patent references 42 and 43) as target subgstrates and
Skp2 is involved in the degradation thereof.

5 [(001¢] Ag 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 ubiguitin-proteasome system
via the gecpdke? complex is responsible for the regulation of

20 the intracellular expression level. However, almost nothing

is known about how the ubiguitin-proteasome system ig involved
in the regulation mechanism of the ©proliferation of
cardiomyvocytes.

[0015)] The DNLS/CDK method is a method for proliferating

25 cardiomyocytes as a currently known single one such methcod.
g
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Non- patent reference 15: Harper, et al., Cell 75:805, (1993) Non-patent
reference 16: Polyyak, et al., Cell 78:59, (1994) 15Non-patent reference
17: Toyoshima & Hunter Cell 78:67, (1994) Non-patent reference 18:

Mat suoka, et ﬂﬁmﬁ@eﬁ/ﬁﬁ? u&ﬁ% QSgBéa@g? Ly é’bd%%fs”ﬂblézﬁp atent, reference

19: Flink, et
Res.  85: 128, (1999)

o ot entor 81 236840 \éoo|€€5§99a (00 8 e Raco? g iR ¢ 09

RSCERE ET R LN R T NG L
still further, the effect of proliferating cardiomyocytes ang
5 the efficiency thereof are desirably raised.
i0G16] Patent reierence i: Pamphlet of International
Publication WO (2/095026
Non-patent reference 1: Soonpaa, et al., Science 264:98,
{1994)
10 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)

Kon-patent reference 4: Nir, et al., Cardiovasc. Res.
15 58:313, (2003)
Non-patent reference 5: Tamamori-Adachi, et al., Circ.
Res. 92:el12, {2003)
Non-patent reference 6: Kishore, et al., Circ. Res.
90:1044, {2002)
20 Non-patent reference 7: Xirshenbaum, et ai., J. Biol. Chem.
270: 7791, (19%5)
Non-patent reference 8: Kirshenbaum, et al., Dev. Bicl.
175:402, (1996)

Non-patent reference %: Sconpaa, et al., Clin. Invest.

25 99: 2644, (1997)
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Non- patent reference 24: Urano, et al., J. Biol.
Non- patent reference 25: Coux, et al., Annu. Rev.

Non- pat ent
10Non- pat ent r efi € epgee 27 r PAGA: o EAbSE\éonoLp@Zer(la%W) Dev.

Chem 274:12197,(1999)
Bi ochem 65:801, (1996)

ref erence 26: Hochstrasser, Annu. Rev. Genet. 30:405, (1996)

CelNorg—patent

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

Non- patentsrefgesence 29: Patton, et al., Trends Genet.

1514: 236, (1998)

Non- pat ent reference 30: Jackson & Eldridge, M. Cell 9:923, (2002)

Non- patent referancs &lnc B@éfeﬁén@é 11 et o 86 %Ggng}?QG) G'\'%%Op%te%”t

reference 32: Slowya, et al., 91: 209 20

referenceg 33;; Kobg, s £, al ., CUrr Cpln Struct. Biol.
Non- pat ent reference 34 Carrano, et al., Nature Cell BioI

atent

11725, (2001)

1: 193, (1999)

9,661

25Non5patent r%&%ﬁ%@%%n%SreggygﬁgQ%Q:e&a9£6ﬁ&§pach ature371 EQ}QQQ)

{19593)

Non-patent reference 13: Serrano, et al., Nature 366:

704, (1993)

Non-patent reference 14: Hirai, et al., Mol. Cell. Biol.

10 15:2672, (19955)

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

(1593)

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

(1954)

- 15 Non-patent reference 17: Toyoshima & Hunter Cell 78:67,

{15684}

Non-patent reference 18: Matsuoka, et al., Genes Dev.

9:650, (1995}

Non-patent reference 1%: Flink, et al., J. Mol. Cell.

20 Cardiol. 30:563, {1998)

Non-patent reference 20: von Harsdorf, et al., Circ. Res,

85:128, (19939)

Non-patent reference 21: Poolman, et al., Cire. Res,

85:117, (19939}
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Non- patent reference 36: Bornstein, et al., J. Biol. Chem 278:26752,(2003)
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100: 10231, (2003) Non-patent reference 38: Zhang, et al., Cell 82:915,
(1995) Nopgpatentsyeference 39: Marti, et al., Nat. Cell Biol. 1:14,(1999)
10Non- patent reference 40: Nakayama, et al., EVMBO J 19: 2069, (2000)
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11: 1189, (2003) DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE

| NVENTI ON
obj ect of

20[ 00171l n a nethod for proliferating cardi onyocytes,
the present invention to provide a nethod for enhancing the

proliferatjc fficlency of the cardi onyocytes, and to provide a
%'EGP &E%%% use in the nethod. MEANS TO SOLVE THE

r econbi nan

PROBLEMS

i nventors

vecto the like for

robl ens, the inventors analyzed the

hanismtherein 5with attenti on focused on the

a ed th
fy%Jg%%ﬁ%'vﬁé&gﬁﬁfactors for the cell cycle regulation in

per f or mance’ of
cardi onyocytes with enforced expression of cyclin and CDK genes,

particul arly OBRA ARI*BRE drsd 4UferCei h! Coidedifenelyal 1hBr v drttdr.sa ¢ adind

t hat one
s}

10

20

of the Cip/Kip famly protein as the CDK-inhibitor,
Sci. USA 100:10231, {2003}

Non-patent reference 38: Zhang, et al., Cell 82:915,

(1995)

Non-patent reference 39: Marti, et zl., Nat. Cell Biol.

1:14, (1949}

Non-patent reference 40: Nakayvama, et al., EMBO J.

19:2069, (2000)

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

21:73956, (2001)

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

{2003)
Norn-patent reference 43: von der Lehr, et al., Mol. Cell
11:1188, {(2003)

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

f0027] 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.

14

it is an

[0018; So as tqQ so]lve the {
Onc'eolaltef‘xq}cfee i %t ?()rlf‘“%zh“scta‘??ﬂi1 ofyotyt ed. Kgei Eheally, the

mechani sm of the



10nanely p27Ki'1 was unexpectedly accunul ated excessively in the nucl eus of
cardi onyocytes under stinulation with cyclin and CDK. [0019]1t is known
that the CGp/Kip famly protein mainly i ncluding p271(41 is

ubi qui tinyl.a Wth %quitin | igase in 15general proliferating cells,so
that the MM@B—M Pi%¥degraded with proteasone. Therefore,
uitin ligase was co-expressed with the

g a conponent of ubiq

the gene en I
cyclin andi‘é%g!3 genes i%P 2ardi Dbt ytese T pblems . ttheni Dhoeramtlathay zehe

p27KI P1 protein was significantly reduced in 20 the nucl eus of

car di onyocyR e eqhf Hddi £F o e e icey F1pr oyt be At poripotedcympbeytes.
cardi omyocytes was found to be highly activated, and these findings have
|l ed to the® bl €13 ohY of tthel prasents invenihod. tfO0RO} specéfi cabkyint he

present invention relates to a
25met hadt di ndr easéepépesl ifosrgteidones f itdieenpyofornear di @iy oryd 61 Hys
inhibiting the production, function and action (effect) of the G p/Kip
fam |y protegiteiexprassed ¢ nl bandilenyecytles iom shi oukat oo w t Bs cycdn N and
CDK. The Cip/Kip famly protein to be suppressed of the action is not
5limted te@ilputcedt rexmpreotsdion it prefefabky dp2Bi Rlene s, 00214 i wacoor,dance

with the invention,the term

CDXK-inhibitors therein. Consequently, the inventors found
that cne of the Cip/Kip family protein as the CDK-inhibitor,

10 namely p27%"! was unexpectedly accumulated excessively in the
nucieus of cardiomyocytes under stimulation with cyclin and
CDK.
{0019] It is known that the Cip/Kip family protein mainly
including p27™Pt ig ubiquitinylated with ubiguitin ligase in

15 general proliferating cells, s¢ that ¢the Cip/Kip family
protein is degraded with proteazsome. Therefore, the gene
encoding a component of ubiguitin ligase was co-expressed with
the cyclin and CDX genes in cardiomyocytes, It was then
observed that the p27*P protein was significantly reduced in

20 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

25 method to increase the proliferation efficiency of

15



"cardi omyocytes" nmeans any cardi ac nuscle cells expressing plural
mar ker sspeci fi ct ocardi omyocytes, which are recogni zed ast he
nor phol ogi cal , physi ol ogi cal and/ or 10 i nmunol ogi cal features of intact
car di onyoeytesonyheyteE Myiynclhudes :nay anly gakdlenyogyt g dinect | v, obtai ned
fromcardiac tissues of mammals and primary cultured cells thereo ut al so
cardi onyo di i ate nd. jye I |1 C .enbryoni c
stemcellg;yE g%e(%%?%ga}nggeg%ﬁyﬁﬁ ?ﬁggtgﬁ&égg}§g§ggggid§%§; Sgeﬁg ] Any
met hod for_jphibjti he _pr ion, function_ and.actian the G p/ Kip
famly pr% é?gbﬁgéégge%a?ﬁsféﬁ%&ﬁ%f\M%4; ﬁgtgpe%YT?%nlf§%t5?$%h. fﬁ%Pnethod
wor ks forcfgpgres é&l th%wﬁﬁﬂ%e%sigg g& tpesgeﬁe Encodiq? f he protein,
suppr essi Ay 20t he” PHoductioon *8f “PhR® pt Y BF S SERhPbi t hgt ThEBctS ity of the
protein or.pronmpting the degradation of the protein. _[.0023]In
partiéhlaif?h%g%eT%g%u?brgﬁgdﬁﬁi”ﬁ51fﬁ% %%%?gﬁﬁff%npa? the protein is
preferably a nmethod for gronn in the,ubiqgitinylation of the protein. The
E//qgaztji]on can '35pB°88RB2RYi ntT blucihy ot EXEte diifys,teFfot ei ns,

ggkgyhéé? | ow nol ecul ar conpounds, and genes into a target cell.
[0024]Ad&Qﬁ%ﬁﬁﬂq%ﬁ%%@ﬁ%hﬂﬁ%ﬂﬁﬁ%qﬁﬁqﬂgdiac muscle cells expressing
plural markers specific to cardiomyocytes, which are
recognized asg the morphological, phvsiological énd/or
10 immunological features of intact cardiomyocytes. The term

includes not only cardicmyocytes directly obtained from
cardiac tissues of mammals and primary cultured cells thereof
but also cardiomvocytes differentiated and derived from stem
cells such as embryonic stem cells, bone marrow mesenchymal
15 stem cells and CMG cells.
[oe221] Any methed for inhibiting the production, function
and action of the Cip/Kip family protein may be satisfactory
with no specificlimitation. Themethod works for suppressing
the expression of the gene encoding the protein, suppressing
20 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 ubiguitinylation of theprotein. The ubigquitinylation can

25 be done by introducing for example drugs, proteins, peptides,
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ubiquitinylation of the Cp/Kip famly protein is preferably a gene
encodi ng a conponent of ubiquitin |[igase, nore 5 preferably a gene

encodi ng the F-box factor capable of binding to the Cip/Kip famly protein,
i out the invention,

i ncl udi ng |.e Skp2 gene. [0025] In carryin
further rr[)r{ec?"l’r afgr(r%t od ¥ oclroonip%}ﬁr’g‘ist'i r‘?gn%t ﬁeeneefprler‘s%‘i oh (HRENA t9%nscri ption) of

the gene e i.ng the C.plKi mly protein or inhibiting the 10
translatioﬁﬁgﬂg produég?gﬁl8$a§ﬁé’genéjb?oduévﬂﬁhy aP§8mBng§ed. Fot
exanpl e, SHBNA:specific to the gene encoding the Cip/Kip famly protein is
pr ef er abl y Ured. " 'GG261 0% & rW? g Ut & HE M e REICGS: naddi BT ohal 481 Y a

nucl eoti de sequence encoding the nuclear |ocalization signal 15 is
preferabl  t 8§§8d T U1 1%adt BABP®ESE he yclMibh dgerie fTandighee CDKegehe, to
introduce the resulting gene into the target cells. The cyclin is a cyclin
capabl 8 of TEEFFEL Y ICHRAS BF © CORS tdrfdF pPekef abt g iidlaldes of dri rekiarml| e
cyclin D1, D2 and D3 of manmmals. Still additionally, the CDK is activated
by type 26D TheFiR/&m8 fRtefier BBP yei hcliddds Fiory éramptaniCBKak ahd <ABK6 of
mammal s. [0027] 1 n anot her enbodi nent, the invention relates to a vector
carrying ﬂﬁézéiclin geheCat hei ThKogénd handi ther gene, of uathactorei nhi bi ti ng
the action of the CGp/Kip famly protein. 25In case of intending the

i ntroduct féRhBE fhie igdridlitritiy theaedd e yoLyL ebnRIpk ef mrradd wip i) of
introduction is done, using a viral vector or |liposone or the |ike. As the
viral vectbe vdor eexanphe,tmdéaovVikinst arett v e qureber abit yb ety ;02811 n
an additional node for carrying out the 5invention,theinventionrel atestoa
phar nHteut f cas 1 cohposntiom contiamb Ag ha yect @rr cardtyn g atike xyckied . gene,

t he
For example, siRNA specific to the gene encoding the Cip/Kip
family protein is preferably used,
[0C26] In carrying out the invention, additionally, a
nucleotide sequence encoding the nuclear localization signal
15 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 1s a ¢yclin capable of activating CDK4 or
CDK6 and preferably includes for example cyclin D1, D2 and D3
of mammals. Stili additionally, the CDEK is activated by type
20 D cyclin and preferably includes for example CDK4 and CDK6 of
mammals.
i0027] In enother embodiment, the invention relates to
& vector carrying the cyclin gene, the CDK gene and the gene
of afactor inhibiting theactionof the Cip/Kip family protein.

25 In case of intending the introduction of the gene into
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CDK gene and the gene of a factor inhibiting the action of the G p/Kip
famly protein [0029]In a still additional node for carrying out the
10i nvention, the invention relates to cardi onyocytes obtained by the nethod

for proliferati car.di_omyqcyt es 0030Q)1n di fferent node for carrying
out the iﬁ%%n i%n,° ¥he Sn éﬁﬁféﬁb#&raggS 98%§°§€ﬁé€ﬁ¥hd5 PR&d USthE a cel

obt ai ned vaggglnethod forlproliferating cardi onyocytes, so lbas to
identify & novelr factof MaimZiefiMig and™ prondEi ngtt Hé&vivaBREi Y§° BRE
function %f cardi onyocytes and the |i ke qor a chenotherapeutic agent with a
possi bi |'i ty 't K&FEEF S PEGEPYIA Yan YEGEPTi drfal® Tfdde ¥orY ddradyi ng out t he :
i nvention, the invention relates to a_therapeutic nethod of 20 heart

di seases, i"A¢Pddi ng atiri rfitst &APAGIPERANSPP ARt e (i pHasmaeett i ted
conpositign or the cardi omyocytes into a site in a patient where the

car di ofryo¢yE8 AP  weakéned” VEAREPPoNARIN téer est®ed or Kid it et vt ai n and

proliferate the cells. 25[0032)Accordingly,the present invention generally
cemposition containing a vector carrying the cyclin gene, the

CDK gene and the gene of a factor inhibiting the action of the
Cip/Kip family protein.
[0025] In a still additional mode for carrying out the
10 invention, the invention relates to cardiomyocytes obtained
by the methed for proliferating cardiomyocytes.
[(0030] Inadifferent mede for carrying out the invention,
the invention relates to & screening method using a cell
obtained by the method for proliferating cardiomyocytes, so
15 as to identify a novel factor maintaining and bromoting the
viability and function of cardiomyo&ytes and the like or a
chemotherapeutic agent with a possibility thereof.
[0031] In arn additicnal mode for carrying out the
invention, the invention relates to a therapeutic method of
20 heart diseases, including administering {(transplanting) the
pharmaceutical composition or the cardiomyocytes into a site
ir & patient where the <cardiomyocytes are weakened,
functionally arrested or killed, to retain and proliferate the

cells.

25 (6032] Accordingly, the present invention generally
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relates to the following matters. (1)A nethod for proliferating
cardi onyocytes conprising a step of introducing (a) cyclin, (b) cyc
i n-dependent kinase, and (c) one or a plurality selected fromthe group

consistinge19:0t ac0ene encogh Ngy anfact vy that inhibits the production
function, or action of Cip/Kip famly protein, and a nucleic acid that

inhibits the productiongat Q&m@raf@méycﬂ@f&w%ww C@J&BPM@%V%GS’ and

a step of subsequently culturing or naintailning e cells. "10(2 met hod

for prolifergting g %qiuggmégcy S CONPI | SiNg @cl%tnq%e%feﬁid%tnr oduygi.ng (a)

cyclin, (b) cyclin-depen t kinase, and (cf one or urality selected

fromthe QﬁguHﬂcgggig}kp%lg§a§iggpg%fggﬁggn€%§$ﬂgﬁg%ongagoinhi@kts t he

production, function, or "action |y protein, afd%a*fdcl ei c

15 acid that, | gULDI Lacbhe,produstion of. O mip.fam Ly protenn iato

cardi onyocytes i n vi , and a step of "subsequen

(3)A nethod for praoliferating.cardjo t.es conprisin step of .
ékf?%ﬁoéi i ACEEBY & lp-%&%%%yl RS P’Zgngna ?@flﬁhé or a

i ntroduci ycl'i n, cycli enden
plurality selected from.the grou onsi sting of ene encodi ng a, factor
Phat i nhii 4 e groaRecrofter HRREron SBr SacEt BAXE B b & pb AR LY
protein, ,and a nucleic acid tha@ inhibits the production of Cip/Kip famly
protein i't'® CAFGrEMYBEYEEE i WYV G, P e8nd TaSUPEF I S IBSBYLUBRELYY ©F

25mai ntai ni.ng the cells. 4) The method as nentioned above (1) to (3),
wher ei n te "SR $88 €FerPn capabl e of activating 013K4 or CDK6 of

mammal s. . . .
10 (2) A method for proliferating cardiomyocytes comprising a

step of introducing (a}) cyclin, (b} cyclin-dependent kinage,
and {(c) one or a plurality selected from the group consisting
of a gene encoding a factor that inhibits the production,
function, or acticn of Cip/Kip family protein, and a nucleic
15 acid that inhibits the production of Cip/Kip family protein
inte cardiomyocytes in vitro, and a step of subseguently
culturing the cells.
(3] A method for preliferating cardiomyocytes comprising a
step of introducing {a) cyclin, (b) cvelin-dependent kinase,
20 and (c¢) one or a plurality selected from the group consisting
of a gene encoding & factor that inhibits the production,
functicon, 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 subseguently

maintaining the cells.

| ]
o
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(5) The nethod as nentioned above (4), wherein the cyclin 5is cyclin D of
mammal s.  (6) The nethod as nentioned above (1) to (5), wherein the
cyclin-dependent kinase is a cyclin-dependent kinase to be activated by

cyclin D. (7) The method as nentioned above(6), wherei nt he
locyclin-debéndeﬁ@ekﬂﬁé§édiSscnxmtb¢n€i*£bOVQ8)1Nh60nélhodwmsrmfmtﬁﬂned
above d) to (7), wherein the Cip/Kip famly protein is p27KiP1 . (9) The
met hod as meitliiGne abovec{il) tergBle wiermimitdweing cpokacker ciohat dmhibits
t he production, function, or action of 15C p/Kip famly protein is a factor
with an actiagmatis -pronote the degradation of the Cip/Kip famly protein.
(10) The method as nentioned above (9), wherein the factor with an action
to pronote (the degradathoh of ddre: G/ Kigpdwedn {4y pratsidid S copapent of
ubiquitin ligase. 20(11) The nethod as nentioned above (10), wherein the

conponeint is cyclin D of mammals.

(6] The method as mentioned above (1) to (5), wherein the
cyclin-dependent kinase is a cyclin-dependent kinase to be
activated by cyclin D.

{7) The method as mentioned above (6}, wherein the

10 cyclin-dependent kinase is CDK4 or CDEKS.

{8]) The method as mentioned above (1) to (7), wherein the
Cip/Kip family protein is p27%Ph,

{9 The method as mentionéd above (I} to (8), wherein the
factor that iphibits the production, function, or action of

15 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 ubigquitin ligase.

20 {11) Themethodasmentionedabova{10},whereinthecomponent
of ubiqguitin ligase i1s an F-box factor capable of binding to
the Cip/Kip family protein.

{12) The method as mentioned above (11}, wherein the F-box
factorcapableofbindingtotheCﬁp/KipfamilyproteinisSkpZ.

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

20



of ubiquitin ligase is an F-box factor capable of binding to the G p/Kip
famly protein. (12)The nethod as nentioned above (11), wherein the F-box
factor capable of binding to the Cip/Kip fam |y protein is Skp2. 25(13)The
met hod as nentioned above (1) to (12), wherein the nucleic acid that

i nhi bits thee ptotlrctidbn bt AnpAKip of &Rkl yrplotrdiinn o fsicRNAKSpecahicyto t he
gene encoding the CGp/Kip famly protein. (14) The nethod as nentioned
above (13)Brtferieif thierMucired @ fagi oo hdte i o bi escobenpr oductippzof C p/ K
p famly protein is siRNA specific to the p27K11 gene. (15) The nethod as
ment i oned ‘@ioMe (PE)otted n(-14), conprising introducing the genes into

cardi onyocytes, using a viral vector or |iposone. 10(16) The net hod as
ment i oned {@dove Ted)me bh¢d5)s, mahetenndadbol east 3 one mafrdihe tg¥chifm gene and
cyclin-dependent kinase gene is-tagged with a nucl eoti de sequence encodi ng
a nucl gar alcodakinzat iohisignathe (dr) Avect o conpe i 5§ ngf aj @@yp* ingene, {b)a 15
cycl i n-dependent ki nase gene, and (c) one or a plurality selected fromthe
group consisssiiRgaokpacgene eaconingza*Faciofethat inhibits the action of
Cip/Kip famly protein, and a nucleic acid sequence that inhibits the

productionief Crpékepriedridy myrotieinkd 2B The vectorgas c%%%kji%rl%% above
(17), wherein the cyclin is a cyclin capable of activating 4 or "CDK6 of
manmal s. ifi9gdThenyeeher amdeniioned.2bBoue 6. mherein, the gychin
vector or liposome.
10 (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 cyelin gene, (b} a
15 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.
20 (18) The vector as mentioned above (17}, wherein the cyclin
is a cyclin capable of activating CDK4 or CDKE of manmals.
(19) The vector as menticned above (18}, wherein the cyclin
is cyclin D of mammals.

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

25 {197}, wherein the cyclin-dependent kinase is a
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is cyclin D of mammals. (20) The vector described in any of
above-nentioned (17) to 25(19), wherei nt hecycl i n-dependent ki nasei sa
cyclin-dependent kinase to be activated by cyclin D. (21) The vector as
menti oned above(20),wherein the cyclin-dependent kinase is CDK4 or CDKG6.
(22) The vEEEbF! de&RFR bBRC i i HAfe of° difoves hehtF BAelY (1751t ¥21), Swherein
the factor that inhibits the action of G p/Kip famly protein is a factor
with an actfoh t0F%r amstté 't hes detfadet i ®h ofPehe O Ki p vhameiy protein.
(23) The vector as nentioned above (22), wherein the factor with an action

t 0 pronpt e° ¥ frel Hedg Bt 4 oh fofn astte 1@ |§/Dl{‘i‘b Fan§P¥6 10protein is a conponent
of ubiquitin |igase. (24) The vector as nentioned above (23), wherein the

conponent of2ubiTquf tien tirgdseci sbah = t?dxyfoefcta(iromg@bllteomfedbimdi)ngot o the
Cip/Kip famly protein. (25) The vector as nentioned above (24), wherein
t he F-Box Hflactwirereapabhe bicbindiey tio it el G p/id pcfcdrinl v pecob ekhpi s
*p2. family protein is a factor with an acticn to promote the
degradation of the Cip/Kip family preotein.
{23} The vector as mentioned above (22), wherein the factor
with an action to promote the degradation of the Cip/Xip family
10 protein is a component of ubiquitin ligase.
(24} The vector asmentioned above (23}, wherein the component
of ubiquitin ligase is an F-box factor capable of binding to
the Cip/Xip family protein. |
{25} The vector as mentioned above (24), wherein the F-box
15 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/Rip family protein.

20 {(27) The vector as mentioned above (26), wherein the nucleic

acid that inhibits the production of Cip/Kip family protein

Kipl

is siRNA specific to p27 gene.
{28) The vector described in any of above-mentioned (17) to
(27}, wherein at least one of the «cyclin gene and

25 cyclin-dependent kinase gene is tagged with a nucleotide



(26) The vector described in any of above-nentioned (17) to (25), wherein
the nucleic acid that inhibits the production of Cp/Kip famly protein is
si RNA specific to a gene encoding the Cip/Kip famly protein. 20(27)The

vector as nentioned above (26), wherein the nucleic acid that inhibits the

product i 98qeEn &k pékipdfam L ynpeoéei N1 bSasi RNA spegifhglto p27Ki PL gene.
(28) The vector described in any of above-nentioned (17) to
(27), whet éPhat | ea3tbaedrt heeycFPRgeneant” 258y cMeR- dépenderta Kididse gene i s

tagged wilhagguchegtide cseguenss encoding.& nugheat;bogallzalor signal,
(29) A pharmaceutical conposition for use in a treatnent of cardiac
di sor deraiconprisingotd@ VECE orc destri bed in any of above-nentioned (17) to

(28). ( The pharnmaceutjcal . conpositjon as_nentianed above (2 wherein
Lhe car o 46 TS oh BeT T C iy At GPATETRS b G0 B, TCEHGRES AT o Abase,
congestiviesheatt fiad | urerdwperd1ophiscaridi omyepat hyidi | at-edcardianmyopat hy,
nyocarditis, or chronic heart failure. (31) Cardionyocyte obtained by the
net hod de3€ribed i n@dytof 4b8FeSHent i 6REESEI) Vo (1BALT (32921 Yst-hod of
treatin I.a¢; di sor, - L$h i nj j t he %g{.@gg{?'

conposi %%\%ggﬁt?oneggggé&g@?%&?@gr trgﬁis%?gﬁti ng thelc r iéotgf?}dcyt es as
ment i onety abovdl {(1F,) dmntdrereic desfridifsorldere .of a subject having a cardiac

di sorder,;and. retaining and,proljferating the cardignyocyles at the site.

of above-menticned (1) to (16).
(32) A method of treating a cardiac disorder comprising
injecting the pharmaceutical composition as mentioned above
(29), or transplanting the cardicmyoccytes as mentionad
above (31} into a cite of discorder of a subject having &
cardiac discorder, and retaining and proliferating the
cardiomyocytes at the site.
{33) The method as mentioned above (323, wherein the
cardiac disorder is myocardial infarction, ischemic heart
disease, congastive heart faillure, hypertrophic
cardiomyepathy, dilated cardiomyopathy, myocarditis, or
chronic heart failure.
(34) A pharmaceutical compositicn comprising:

(a) a cyclin, said cyclin being selected from cyclin
D1, cyclin D2 and cyclin D3,

(b) a cyclin-dependent kinase, said cyclin-dependent
kinase being selected from CDK4 and CDK6, and

{c) one or a plurality selected from the group
consisting of

(iYa gene encoding a factor that inhibits the
production, function or action of Cip/Kip family

protein, wherein said factor 1s a factor with an
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(33) The nmethod as nentioned above (32), wherein the cardiac disorder is
myocardi al infarction, ischemc heart

di sease, congestiveheartfailure, hypertrophi c cardi onyopathy, dil ated

cardi onyopat hy, nyocarditis, or chronic heart failure. (34) A

phar maceut i cahc€08ROStE | OPr60O8PET SERY: degradaf{agna @ycl tRe sai @/zc;y@ in
being sel ected fromcyclin D1, cyclin D2 and cyclin (b)

cycl i n- depend&®iky neEeLeai ANEy&Fi A- Feperdent I{?%a%}él%lé%w s/e]r%%ﬁ%d from
CDK4 and COKE,,and (c) one or a plurality selected fromthe group
consi sting of (i)a gene encoding a factor that inhibits the
production, functi 6hlbr aacticorm iof EGFipi Kilp2 § ar‘irinlhy'Lert@t gilre whedetthiwai d
factor is a fagctor wit ronmf a h

G p/Kip fam I%Epr%opﬁ(tﬁ%aﬁ% f% S %ﬁght of |qU| %?é ﬁiﬁlgei%g aédlc(13

(ii) a nucleicsacdhithatsdathithid s ttoheapr odoet i encofii€hp/ Khp f@iw f34pr ot ein,
wherein said nucleic acid is si RNA specific to a gene encoding the G p/Kip
famly protei FeTherRintat™l east one of the gene encoding said cyclin and
the gene,encodi ngrSai-q Gy chid- dependente d r@sgoalsn%agg% Wi -a nyed eoti de
sequence encoding a nuclear |ocalization signal 35) A nmethod for

prol i f erat® ngeogr dibPYdeyd esssdohpei st hy- et ep=ot Mmrra(ﬂﬂmllﬁg tagged (a) a

cyclin, yI I sel gete f in clln CI|n03
(b) a cy"zﬁﬁ %e%endgﬁf%lkl%nasée sacld@ €£y(l)&}&yr‘C%epen%I (i nase ]bezlangl sel ect ed
from CDKéi el CDK6 and (c) one or a pl urallty selected fromthe
group consi st| ng o

(35) ethod for proliferating cardiomyccytes comprising a

step of introducing
(a) a cyclin, said cyclin being selectecd from cyclin
Di, cyclin DZ and cyclin D3,
(b)) a cyclin-dependent kinase, said c¢yclin-dependent
kinase being selected from CDK4 and CDK6, and
{c} one o¢r a plurality selected from the group
censisting of
(i)a gene encoding a factor that inhibits the
production, function or action of Cip/Kip family
protein, wherein said factor 1s a factor with an
action to promecte the degradation of the Cip/Kip
family protein and is a component of ubiquitin ligase;
and
(ii} a nucleic acid that inhibits the production
of Cip/Kip family protein, wherein said nucleic acid
is siRNA specific to a gene encoding the Cip/Kip
family protein into cardiomyocytes in vitro,; and
a step of subseqguently culturing said cells,
wheraein at least cne of the gene encoding said cyclin and

the gene encoding said cyclin-dependent kinase 1s tagged
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(i)a gene encoding a factor that inhibits the production, function or
action of Cip/Kip famly protein, wherein said factor is a factor with an
action to pronote the degradation of the CGip/Kip famly protein and is a
conponent of ubiquitin |igase; and (ii) a nucleic acid that inhibits
t he productihona oficCeptKidp famidonqer oteiodimvheseinmcsaiad nuet®l czacia i s

si RNA specific to a gene encoding the Cp/Kip famly protein into

cardi omydtytes in vitro,; and a step of subsequently cul turing said cells,
wherein ats) east ©ne of the gene encoding said cyclin and the gene encodi ng
sai d cyclin-dependent kinase is tagged wth a nucleotide sequence encodi ng
a nucl ear | ocklli zat icgRdifgnata+{ 36y lse GRS selgayeqd &yeRMi Y<Eaind cyclin
bei ng seéfrctﬁgggirrprgfyaq{& L Lyed in 02 and cyclin 03, (b) a
cyclin-dependent ki nase, said cyclin-dependent kinase being selected from
CDK4 and CDK6{bland cyclin{dgromenr &ipbgeal i tylgelwastleidfdamndsetgr oup

consi sti.ng. of . ( a.ge encodi.ng f t.h inhibits the

pr oduct i}%lﬁ?asfeur?cetlingn Soe)rleé:c%%ﬁfro ;%J/hKia%dT gﬁl}}ﬁ/ ﬁrno ein, wherein said
factor is a fagtoron t hoan act ponrkd: pronetestheddegradat itore ofg:tdue G p/ Kip
famly protein and is a conponent of ubiquitin Iigase; and (i1) a
nucl ei ¢ &1 That? i%hi bits the production of Gip/Kip fanily protein,

wherein said nucl gi;6 achdnbs shENA specl firg te,a ggpe encodi ngs thel p/ Kip
famly protein for the manufacture of a pharmaceutical conposition for

treating a cardidaetdiogor defundaihierei roat ¢eabtnonelof CtilveKgene femdddi ng sai d
cyclin and the gene enc%di ng _sai d ﬁyckgniggpepsdené k]'%an(gtsce is.tagged with a

. rote il wheredin, S&i S1s . W, gl
nucl eoti de séquence ‘endodi ng a nuclear rocal i zation si gnaﬁ. ( A'vect or

conprising action to promote the degradation of the Cip/Kip
family protein and is a component of ubiguitin ligase;
and
f{i1) a nucleic acid that inhibits the production
of Cip/Kip family protein, wherein said nucleic acid
is siRNA specific to a gene encoding the Cip/Kip
family protein
for the manufacture of a pharmaceutical composition for
treating a cardiac discorder, wherein at least one of the
gene enceding said c¢yclin and the gene encoding said
cyclin-dependent kinase 1s tagged with a nucleotide
sequence encoding a nuclear localization signal.
{37) A vector comprising
(a) a cyclin, the cyclin being selected from cyclin DI,
cycelin D2 and cyclin D3,
(b} a cyclin-dependent kinase, the cyclin-dependent
kinase being selected from CDK4 and CDKé, and
(¢) one or a plurality selected from the group
consisting of (i} a gene encoding a factor that inhibits

the production, function, or action of Cip/Kip family
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(a) a cyclin, the cyclin being selected fromcyclin D1, cyclin 02 and
cyclin 03, (b) a cyclin-dependent kinase, the cyclin-dependent

ki nase being selected from CDK4 and CDK6, and (c) one or a plurality
selected fromthe group consisting of (i) a gene encoding a factor that

i nhi bi t spkbesprpdueti-enn fsunet iRmktar Actiopaot ol plikinp frandyiopresein,
wherein said factor is a factor with an action to pronote the degradation
of the CPPPRPPET &Ml VA HFGE I AhdOf s taScdnorneht 6RMGBVquitIFE T gak@: and
(i) a nucleicoacid-sequenge; that: hinhibits. thesproduction of Gp/Kip famly
protein, wherein said nucleic acid is Si RNA specific to a gene encoding the
Cip/Kip flam | ¢ protieis ahedeismcaterncgasthonelovhibhésgene epcodinygisai d
cyclin and the ne en i.n i d. cyclin- endent. kinase is _tagged with a
nucl eot i 8% sée}ci3 ence gﬁ%gg&n%éﬁn%% ’earmlggggﬁi zggip%n ‘%L?Cglneajl? ﬁﬁ\?%\l\ﬂ‘ﬁfs OF
THE | NVEMTRON §0033fThe tise of dhe= netihogdimy accios dance/miph theiiwnvention
enables the inhibition of the action of the G p/Kip famly protein in the
nucl eus B¥°catdi omyocytes, to pronote the proliferation of cardi omyocytes.
Further, ,tbe- advant agesranshcharagter iadic deatyres akikhe.Jnvention are
sufficiently described belowin the Section Detail ed Description of

Pr ef er abtee Muderef opnCagiyd ngeout thellnvenpeonenBRIER DESCRIPTEON ©F
DRAMVNGE%i Qog4kuk%%%Ti£E sequence encoding a nuclear localization

signal.

ADVANTAGES OF THE INVENTION

[0033] The wuse of the method in accordance with the
inventicn enables the inhibition of the action of the

Cip/Kip
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Expr essi onof p27K1P' pr ot ei ni ncardi omyocytes 10 transfected with DINLS and
CDK4 genes. Preparing the nuclear protein, the expression of p27 KIP1
protein was exam ned by Western blotting. CM rat cardionyocytes; REF. rat
fibroblast cell line (REF52 cell). [Fig. 2] 15Localization of p27 2Pprotein
i ncar di onydt§t &% ¥ anstedtedlict RDENESEN8EDRAGEries yionfiasts g cc ardinomyocyt es
with a reconbi nant adenovirus carrying the LacZ gene (upper colum; Cont)
or DINLS gehe Pard iépR2§éas q§ 6wsiionyocydleanm) Fut heeint riacelihvdhat ges
expression of p27K1l protein was 20exan ned by immuno-fl uorescent staining
met hod. | MihéRirgererishécgieern ool of ekprisssest p27Ki:Rlsandithented col or
expresses sarconeric actin. Further, the cell nuclei were stained with DAP
[Fig. 3] 25Regulzad ohedbvt e expresséoni of prd Ple Pr ote@idtsigtion of
cardi onyocytes. Cardi omyocytes under stinmulation with FBS or stinulation
wi t h DENLS =e (GRS lwadl otdreedioed Cwirtrly ia gprat:easene nvdiidyid0or | actastatin (LC)
for conparison in terns of the expression of p27Ki P1 protein.

BRIEF DESCRIPTION OF DRAWINGS

(0034}
[Fig.1]
Expression of p27kiel protein in cardiomyeccytes
10 transfected with DINLS and CDK4 genes. Preparing the nuclear
proﬁein, the expression of p27 " protein was examined by

Western blotting. CM: rat cardiomyocytes; REF: rat fibroblast

cell line (REF52 cell).

[Fig.2]
15 Localization of p27%°" protein in cardiomyccytes
transfected with DINLS ang CDK4 genes. Infecting

cardiomyocytes with a recombirant adenovirus carrying the Lac?
gene {upper column; Con:t) or DINLS gene and CDK gene (lower
column), the intracellular expression of p27%ip! protein was
20 examinedbyimmuno-fluorescentstainingmethod. In the figure,
the green color expresses p27°?! and the red color expresses

sarcomeric actia. Further, the cell nuclei were stalned with

DAPT.
[Fig.3]

25 Regulation of the expression of p27%° protein in

27



5[Fig.4] Wbiquitinylation of p27'in cardi omyocytes. A cell extract from
cardi onyocyte (CM or fibroblast cell (REF) under stinulation with FBS or
stinmulation with DINLS + CDK4 was used for in vitro ubiquitinylation, to
subsequent|ly detect 10 p27 KIP' protein by Western blotting. In the
figure, isCekpreBLee the arftdimsodyyased ebonn§esterimblatidng: analpsshs. A
band observed at a position with a higher nolecular weight is

ubi qu4t i ny§ at B HPTI P Y GtidiLF (p2PXESTalb)refkied. w33h 2 proteasome

15Expr essi onof Skp2pr ot ei ni ncar di onyocytes. Cardi omyocytes under stinulation
wi th FBS orRi&ihimfzationtas tat DINUS + ODK4 cwas atrieated g ddv i@ 1 Ot @asone

i nhibitor lactastatin (LC) for conparison in ternms of the expression of
Skp2 prot ei%xP.rFo(iRing.c61 p27 **' prRedusti on of p27Ki P1 protein via the
co-expression of the Skp2 gene. The expression of p27KIPl protein in

car di ofryocytias ¢iransfected with DINLS, CDK4 and Skp2 genes was exam ned.
[Fig. 7] 25Localization of p27K1Pl protein in cardi onyocytes with DILINLS,

CDK4 and Skp2 gehésutoiexpressedot herei'nt Jmfecti ng, calr,di QMo with a
reconmbi nant adenovirus carrying DINLS + CDK4 genes (upper;L col uﬁ‘ut;eeSSCont) or

carrying @kNUS.éxCBKctiSKﬂQc@E&E@m&@iQQéQCﬁﬂdokQM@Hréﬁyéwm5219Q%E%ﬁeating a
part of
under stimulation with FBS or stimulation with DINLS + CDKd4
was used for in vitro ubigquitinylation, to subseguently detect
10 p27 kel protein by Western blotting. In the figure, 1IB
expresses the antibody used for Western blotting analysis, &
band observed at a position with a higher molecular weight is
ubiquitinylated p27%" protein (p27-GST-Ub) .
[Fig.5]
15 Expression of Skp2 protein in cardiomyocytes.
Cardiomyocytes under stimulation with FRS or stimulation with
DINLS + CDK4 was treated with a proteasome inhibitor
lactastatin (LC) for comparison in terms of the expression of
Skp2 protein.
20 [Fig.5]
Reduction of p27kis! protein via the co-expression of the
Skp2 gene. The expression of p27%® protein in cardiomyocytes
transfected with DINLS, CDK4 and Skp2 genes was examined,
[Fig. 7]

~ : } Kipi . :
25 Localization of p27"'P" protein in cardiomyoccytes with
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5 the cardionyocytes with a proteasone inhibitor lactastatin (LC) (I ower
columm), the intracellul ar expression of p27K1Pl1 protein WAs exam ned by

i mmuno- fluorescent staining nethod. ILn the figure, the green col or
expresses p27K1P1l and the red col or expresses sarconeric actin. Further,
the cell ruldlied. 10Wesr exrst dilwed gwinelh DAPex:feisgs e B1 tEffedat. of nevtereed Skp2

gene expression on the pronotion

of t hepr ol ideerditdranof cardivdmphoeyt eschhi eethicngdenovicacdeonyoeytes i whth a
reconbi nant virus carrying LacZ gene 15(Cont), DINLS + CDK4 genes, DINLS +
CDK4 + Skp2 cgenegearesSKkppgenecalnne, cbhe ) nurben -ef iggr di goyocytgs was
counted on the indicated days. [Fig. 91 Reduction of p27Ki Pl protein via

the co-expressieneef (20asi RNA SpeGich ¢ otiudhe RAKitRic :98R8. ol Part of
cardi onyocytes transfected with DINLS, CDK4 genes and si RNA specific to the

P27K1P4 gene, cthe i@meyie@n waf np27KkBI: & e Ny yas, exani ned. . I Fi g; , 101
Ef fect of enforced expression of siRNA specific to the 25p27K1P1 gene on

the pronotien ofitherpeehiheratipa pr_ttra@awh@gyogxg@gsswge?gi5.97“;,1
cardi onyocytes with a reconbinant virus carrying LacZ gene (Cont) , DINLS +

CDK4 _geneﬁ_roD&M&J%xé‘m§ﬁ%ysﬁ%ufnioc- Eﬂicp;gé%g&t %ﬁgxi(rpgz%e%hw) or
carrying si RNA specific to the p27 Pgene al one, the nunber “of
In the figure, the green color expresses p27%% and the red
color expresses sarcomeric actin. Further, the cell nuclei
10 were stained with DAPI.
[Fig. 8]
" Effect of enfo:ced Skp2 gene expression on the promotion
of the proliferation of cardiomyocytes. Infecting
~cardiomyocytes with a recombinant virus carrying Lach gene
15 {Cont), DINLS + CDK4 genes, DINLS + CDK4 + Skp2 genes or Skp2
gene alone, the number of cardiomyocytes was counted on the
indicated days.
frig. &)
Reduction of p27%*! protein via the co-expression of
7 kipl

20 siENA specific to the p2 gene . In cardiomyvocytes

transfected with DINLS, CDK4 genes and $iRNA specific to the
Kip1l

p27%P! gene, the expression of 027 protein was examined.

[Fig. 16G]

Effect of enforced expression of siRNA specific¢ to the

25 p27Riet gene on the promotion of the proliferation of
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5cardi omyocytes was counted on the indicated days. [Fig.11]

Exam nati on about the effect of enforced Skp2 gene expression on the
reduction of lung weight. The lung weight of a rat 6 weeks post-cardiac

i schem a and reperfusion was l1lOneasured, to calculate the ratio to the body
wei ght . : pFar Ol @f &%y t Shamligfeapipyg<cOrDSowgoc Cont wiraup. rEEbgh i d2dt

The change of passive left ventricle-volune curve via the enforced

expr essi orv ofuSkp2 rgema. LEskngeme r atohelar to B meek s pkaabkak scandirae i schem a
and reperfusion, a passive |left ventricle-volune curve was prepared.: p <

0.05 vs. SHdm gr eup#apspee @ 05 we. pCORT! gréoils tp 29 Q.i@FaVSe r DINLS, Oroup.
[Fig. 131 Exam nati on about the effect of the enforce

expressi o iZ00f Skp2i gene ton the pedicti oneof thenarea with,gacdi ac
infarction. The area with cardiac infarction in a rat heart 6 weeks after

cardi as i sehe@moayarg (eepektUsbenwas AEasUr edate ¢alicul,ate the ratio
occupying left ventricle. p < 0.05 vs. Cont group. 25DESCRI PTI ON OF THE

REFERENCE [NUWERALS AND SI GNS

Examination about the effect of enforced Skp2 gene
expression on the reduction of lung weight. The lung weight
of a rat 6 weeks post-cardiac ischémia and reperfusion was

10 measured, to calculate the ratio to the body weight. #*: p «
§.05 vs. Sham group. #: p < (.05 vs. Cont group.

[Fig.12]

The change of passive left ventricle-vclume curve via

the enforced expression of Skp2 gene. Using arat heartﬁ_weeks

15 after cardiac ischemia and reperfusion, a passive left
# H

ventricle-volume curve wag prepared. p ¢ 0.05 vs. Sham

group. ¥:p < 0.05vs. Cont group. ' :p <0.05vs. DINLS group.
I'rig. 13}
Examinatien about the effect of the enforced expression
20 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 wag measured
to calculate the ratio occupying left ventricle. 4. p < 0.05
vs. Cont group.

25 DESCRIPTION OF THE REFERENCE NUMERALS AND SIGNS
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[ 0035] Expressing addition of FBS and pharnaceutical agents or infection
Expressing

with various types of reconbi nant adenoviruses.
5agents or no infection with various

no addition of FES and pharnmaceuti cal
types of reconbi nant adenoviruses. p27: Expressing p27 gl-Pl protein. BEST
MODE FOR CARRYIING OUT THE | NVENTI ON 10036]In carrying out the invention,

persons intending 10the practice of the invention may see standard
reference textbdokBxpneshengiadd tofort hé BB acoheerninng enmliecul a5 . bi ol ogy,
m crobi ol ogy, cell biology and general methods such as reconbi nant DNA

t echnol ogy fand fehe irel ot ed-wrti dischnokegyf uatessiather wisgost ateds These
i nclude for exanple Ml ecular 15C oning: A Laboratory Mnual, the

3rdedi tion (Sanbrosckp&Rassely, no addition of FBS and pharmaceutical

5 agents cor no infection with various types of recombinant
adenoviruses.
p27: Expressing p27 *' protein.

BEST MCDE FOR CARRYING QUT THE INVENTION

[0C38] In carrying out the invention, persons inteanding
10 the practice of the invention mav see standard reference
textbooks in the field of the art concerning molecular biology,
microbiology, cell biology and general methods such as
recombinant DN2 technology and the related-art technology,
unless otherwise stated. These include for example Molecular
15 Cloning:ALaboratoryManual,theBrdedition(Sambrook&RusseL
Cold Spring Harbor Laboratory Press, 2001); Current Protoccols

in Molecular biology (edited by Ausubel, et al., John Wiley

& Sons, 1587); Methods in Enzymology in series {Acadenic
Press): PCR Protocols: Methods in Mcoclecular Biology (edited
20 by Barlett & S8triling, Humana Press, 2003); animal Cell

Culture: A Practical Approach, the 37 edition (edited by
Masters, Oxford University Press, 2000); Antibodies: A
Laboratory Manual (edited by Harlow, ef al. & Lane, Ccld Spring
Harbor Laboratory Press, 1987). Reagents and kits for cell

25 culture and cell biology experiments to be referred to in this
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2001); Current Protocols in Ml ecul ar

bi ol ogy (edited by Ausubel, et al., John WIey Sons, 1987); Methods in
Enzynol ogy in series (Academ c Press); PCR Protocols: Methods in Ml ecul ar
Biology (edited 20 by Barlett & Striling, Humana Press, 2003); Animal Cel
Cul ture: ASPFactieari®pprodeh, the 3rdcedptrionl(edi t edaby abVast erts,orOxf or d
Uni versity Press, 2000); Antibodies: A Laboratory Manual (edited by Harl ow,
et al & LaReluEhfH:Sprs nguddr boe Laboraat ol dRriess, 1987):roReagentsoand kits
for cell 25culture and cell biology experinents to be referred to in this

speci fi cat f bamayblec ormberdiad damamd | abl ef rom manuf acturers such as
Si gma, Al drich, I nvitrogen/ @ BCO, d ontech, and Stratagene. (Preparation of

car di omyocy¥ es)a 5] 0087 kGarah mohocytaseas a target to be proliferated using
the nethod of the invention includes all such cells at the stage of
devel opment{6slich as tetdlohypeytneonatad typgetand agll brbYP€erateq
cardi onyocytes and is defined as cells with at |east one, preferably plural
mar ker s orustrandardsecyeti § f ethe Ghy eals il@ast; ongie Pr-afiesabhy.a; plusality of
t he net hods descri bed bel ow. [0038] The expression of various nmarkers
speci fic tuhecardgenyOCyd sl Cae e, @Q&%c@@dfgxaqogyggqiQgghapgpcpfg;cal or
i mmunochem cal appr oaches. Theappr oachesar enot '

and adult type cardiomyocytes and is defined as cells with at

Col d Spring Harbor Laboratory Press,

least one, preferably plural markers or standards, verified
10 byatleastone,preferablyapﬁurality'ofthemethodsdescribed

below,

[go038] The expression of various markers specific to

cardicomyocytes can be detected by conventional biochemical or

immunochemical approaches. The approaches are not

15 specifically limited. Preferably, immunochemical approaches

such as immunocytochemical staining method and
immuncelectreophoresis are used. For these approaches,
marker-gpecific relvclenal antibodies cr monoclonal

antibodies reacted with cardiomyoccyte precursor cells or
20 cardiomyocytes may be used. Antibodies targeting individual
specific markers are commercially available and may readily
be used. Markers sgpecific to cardiomyocyte precursor cells
orcardiomyocytesincludeforexamplemyosinheavychain/light
chain, w-actinin, troponin I, ANP, GATA-4, Nkx2.5, and MEF-2c¢.

25 [0039] Otherwise, the  expression of cardiomydcyte
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15specifically Iimted. Preferably, inmmunochem cal approaches
suchasunocyt ochem cal st ai ni ngnet hodand i munoel ectrophoresis are used. For

t hese approaches, marker-specificpol ycl onal anti bodi esor nonocl onal

anti bodi es reacted with cardi onyocyte precursor cells or 20cardi onyocytes
may be usedreAntisbodices ltsar get idwg d nchi wd eyl - §pggif1@ pREKELS ar «; be
comercially avail able and may readily be used. Markers speC|f|c

cardi onyocyteiptecubsoroCekl $a0ry car g PMEeeytas 1.nG f xanpl myosi n
heavy chain/1i ght chain, a- actln?n troponlﬁ I%Bgﬁﬁ % tl’%\lkx2.5,
and MEF- 2cre 25} 00321@ heymi g, t heexpy essi.ongf. 1di gy ogyt recyrsor
cells- or cardi onyocyte- speC|f|c§ﬁar ersecan §§ ve3ﬂ¥|%% g§zﬁg?eggpg

bi ol ogy nmethedsicoramabyrused.tp fhe Jelate fo Lif |n detecting
and anal yzi ng mRNA encodlng an- apgfoprléte %a e%nﬁgoggg% %68?&5 for
exanpl & 5reyes see t ansehi-phase dig poé Merase chai.n reactlon (RT- PCR)
and hybri di zation analyngBNuceg?c g%?gd Egéa%ﬁcéﬁﬁﬁé mafREF BFotelns
(for exanp|gy. iOsin shgayy; ghal ain, i,nin, troponin |, ANP,
GATA-4, Nkx2.5, and NEF? spegé%59ﬂ% f%%%%lO?VbéfP& BrauPeBRERBRF S oOr

y be used from public databases

10 di &% h
car Sl OB 5 N ey tloé??%%%Q%er 8F Bi Gt tHfol od{¥ G 5ftor mat  on.

such as GenBank at the

Mar ker - sp |f|c ences required for use as prinmers or probes can readily
be deternﬁﬁé %ﬁéﬁh Eﬁr?hgracﬁﬁ§§l0I55P65F1PH6|%%% &y 2addi ¥¥ohat | y
}

and MEF-2c¢ specific to cardiomyocyte precursor cells or
10 cardiomyoccytes have beepn known and may be used from public
databases such as GenBank at the National Center for
Biotechnology information. Marker-specific seguences
requiredforuseasprimersorprobescanreadilybedetermined.
[0040] Further, physiological indices may additionally
15 be used. Specifically, the autonomous pulsation of
cardiomyocytes and the expression of various ion channels in

cardiomyocytes s¢ that cardiomyocytes can react with

electrophysiological stimuli are the useful indicaters
thereof.
20 [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, Additionalily,
cardiomyocytes sepafated from fresh heart tissues by various
methods such as enzyme process or aprimary culture cell thereof,

25 which is obtained by culturing the cardiomyocytes under
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15beused. Speci fical | y, t heaut ononobuspul sati onof cardi onyocytes and the
expression of various ion channels in cardionyocytes so that cardi onyocytes
can react with el ectrophysiological stinmuliare the useful indicators

t hereof , 20[ 0041] According to the nethod disclosed in accordance with the

i nventi on, 2@aFdPEAREEYTIES ld stAgtinnhelrt abicssuess afo FBYEE §agan Le used
directly as the subject. Additionally, cardionyocytes separated fromfresh
heart tisshes usgdvarisoes: imstchods: such as t@RZWTE: Pr OEeES oAl oy Pk MBI
culture cell thereof, 25which is obtained by culturing the cardi onyocytes
under appéepriabed cui taurmee ondidtd anse fos ahoutoone. t s days Jay ahso be
used. Specific culture nethods of cardi onmyocytes are described in nunerous
ref erence texhbooks.heHend nintypiealc et hads nt-her getnhpcl ude %@qhﬁ?gen's

met hod and net hods 5nodi fied fromthe Chien's nethod (Chien, et a di n.
Invest 5 7Tood¥70sc 1988 ciMetdedd i s @ tdloa (AMed, Fhysiol. 25l HI076,

75: 1770, 198%5; Meidell, et al., Am. J. Physiol. 251: H1076,
1386; Tamamori, et al., Am. J. Physiol. 275: H2036, 19%88}).
[0042] Additionally, the cultured cardiomvocytes
includes cardiomyocytes obtained via the induction of the
10 differentiation from stem cells, with no limitation to the
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 cardiomyoccyte-like
phenotypes under in vitro culturing. Specifically, the stem
15 cells include for example embryonic stem cells (ES cells} and

embryonic germ cells (EG cells) as derived from mammalis such

as mouse, monkey and human, for currently wide use as culture

ot

cells, and multi-potent stem cellg such as adult type
multi-potent adult progenitor cells (MAPC) . Standard
20 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 Embryc: A laboratory manual {(edited by Hogan, et al.,

Cold Spring Harbor Laboratory Press, 1%994), Embryonic Stem

25 Cells ({edited by Turkesen, Humana Press, 2002) and plural
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1986; Tamanori, et al., Am J. Physiol. 275: H2036, 1998).

[ 0042] Addi tional |y, thecul turedcardi onyocytes includes cardi onyocytes
obtained via the induction of the 10 differentiation fromstemcells, with
no limtation to the exanple descri bed above. The stemcells for use in
carrying out*tieck nvigitticont nednglicel Fsl i Th: a4propesty ehapbssibl est
differentiation into a cell with cardi onyocyte-Iike phenotypes under in
vitro cul taking?rSpeciktitédal [Agad.hesst entysd5 el 15712 0cl udesf orusexampl e
enbryonic stemcells (ES cells) and enbryonic germcells (EG cells) as
derived fréom%farfifed ;s Jseck .ast nruse Namonleey1and thupany ; foft exsdendd 1 Wi de
use as culture cells, and multi-potent stemcells such as adult type

mul t i - pot entb ladltti opr sgenit pr:cel | s cMARChu 1Stiandar«h 2@ tRROE OCOL S- £:0r t he
met hods for preparing, subculturing and storing these cells have been

est abl bshed.a dWityh breef:@e@nce to for exanple many reference textbooks such as
Mani pul ati ng the Mouse Enbryo: A | aboratory manual (edited by Hogan, et
al ., Col d (8prisng Har bpse Laberatary: sPressy14994) , - EAbryoni & Stem 25Gel |'s
(edited by Turkesen, Humana Press, 2002) and plural t ext books (Matsui, et
al ., Cell i4Q2841p1n1992; o Shanbl watat ,terh@-l ehr &L 0Ly p Natd s s Acatl 4 3oy LUSA

95: 13726, 1998; USP No. 6,090,622; Jiang, et al., Nature 418:41, 2002;

I nternati gaal s Patbldcatd an tNos L4 1401k ; these, Myl Bgt ent &t %@1‘:?%' I's can

Sreadily be used. [00431The stemcells usable in accordance wth t

inventiongks potudddrited taithe,tbr e&éype%stﬂﬁégréprﬁﬁ ﬁbc{ve thogy gtfem cells

with features simlar to those of the ES cells nay e used. thi's case,

the faat ures SiE Lah d0 ¢tR05840f ¢ %@E@ ﬁﬁiég EQQ éj% meeds %

bi ol ogi cal properties specific to ES ce , suc e exls

?f c

ES
cell -speci §ig §Hﬁﬁéc%uc(@@ts' Qﬁg)exr@r“ &l a B?GE§chelelss poencz,c%flé 58f§§ ;(;
d

ic
gene and teratona-form ng potency and chi mera nouse-fori

Specific examplgs thereof lcﬁ'gl%er L8 LCel! s I hy fsepaéé“llrtelc gene an
teratoma-forming potency and chimera mouse-forming potency.
Specific examples thereof include stem cells with features

15 similar to those of ES cells, such as stem cells obtained by
treating root sheath cell and epidermis cell with chemical
agents such as S5-azacytidine (Sharda & Zahner, International
Publication Nc. 02/051980), stem cells obtained by treating
mononuclear cell with CR3/43 antibody (Abuliadayel, Curr. Med.

20 Res. Opinicon 19:355. 2003}, and stem cells derived from adult
inner ear cells (Li, et al., Nature Med., Advance online
publication) .

10044 The method of the invention may be used for any
cells without features similar to those of ES cells or any

25 non-multi-potent cells, as long as the cell has at least a
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15 simlar to those of ES cells, such as stemcells obtained by treating
root sheath cell and epiderms cell with chem cal agents such as

5-azacyti di ne (Sharda & Zahner, International Publication No. 02/051980),
stemcells obtained by treating nononuclear cell with CR3/43 anti body

(Abul j adayRf PP €UY¥. Medl. 20°Res.di@fiemieorn ik9:365. 2003), andistemycekls
derived fromadult inner ear cells (Li, et al., Nature Med., Advance online
publ i cat i otA* < {VOMRFITHe nthomhofo tihe d neentiisan: dayn der used: £ 1, any,

cells without features simlar to those of ES cells or any

25non- mul ti+-fgetentxeeblss @b dwngeasithenecelhehiss &t ol 8AST @em col1s
propertytobedi fferentiatedi ntocellswith cardionyocyte-I|ike phenotypes at

| east undére rguletduf T ovg bom evink £ Bow Deanpl esr@fesuch: gql_llsg%pgl ggg n@ggnchynal
stemcells derived frombone nmarrow cells (Bruder, et al., 'USP'5,736, 396;

Pi ttenger Fiateaber, Sei enice 284:143,24099); , OMG, ¢el |5, Maki po,, et. al ., J.

din. Invest. 103:697, 1999: International Publicat] ony\%\f)hgl{lbba%l@l') and

Spoc cel | stdesived fromumuscl entvbssue (hntespati ppal . Publication

03/ 035382). [0045] As the cul ture nmethod for pr'epagr)]?%lg (L:&gnrt |‘d"lrﬁ/tolc°3}]t\ggs 10f r om
tabl e for

stem cel | 8ubhi accosdance Widds tshe bAVERLLAN, o R sul
i nducing the differentiation of cardi om%ocy%%s 1%3&;@ 29%%e%ﬂnh mEgSe fof using

for exanptés & cefd sexihe: £ L ure, MRLNOL, | ngh udes, {og exampl e suspensi on
cul ture nmethod, hanging drop culture nethod, co-culture nethod with

WEPS L B L et A e a el e e o o
10 from stem cells ir accordance with the invention, any method
suitable for inducing the differentiation of cardiomyocytes
may be used. In case of using for example E§ cells, the culture
method includes for example suspension culture method, hanging
drop culture method, co-culture method with supporting cells,
15 rotation culture method, soft agar culture method and
micreo-carrier culture method. Plural methods have been
established for the specific method of inducing the
differentiation. Persons dntending the practice of the
invention may see reference textbeooks such as Embryonic Stem
20 Cells (edited by Turksen, Human Press, 2002), and plural
reference textbooks {Kiug, et al., J. Clin, Invest. 9B:216,
1956; Wobus, et al., J. Mol. Cell. Cardiol. 29:1525, 1997; Kehat,
et al., J. Clin. Invest. 108:407, 2001;Xu, et 2l., Circ. Res.

91:501, 2002; Takahashi, et al., Circulation 107:1812, 2003;

25 Field, et al.,, USSP 6,015,671; Xu, er al., Internaticnal
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est abl i shedf orthe specific nethod ofinduci ngthe differentiation. Persons
intending the practice of the invention nay see reference textbooks such as

Enbryonic Stem 20Cel |l s (edited by Turksen, Human Press, 2002), and plural
reference textbooks (Klug, at al., J. din. Invest98:216, 1996; Wbus, at

al., J. MoPubCeFktCardvol (3200526, . 1997; Kehat, et al., J. din,
| nvest 108: 407, 2001; Xu, et al., Crc. Res. 91:501, 2002Takahashi, at al.

Circul ati on¥g0704910r P20OOB]f&5Hi ield, @tr &l onkS?y 6¢ 915, 671; Xu, et
al.,International Publication WO 03/06950). (Method for proliferating
cardi onyocyt e ! [ 0046]0@ren sdele ofrora €8¢ £ iy b g todh ot 8, d viedt QN S + & ,HEL hod
for proliferatingcardi onyocytesi ncl udi ngast epof 5i ntroduci ng and expressing
cyclin andi €K tnd Di Car#hi Oy 0y BB omyocytes including a step of
5 introducing and expressing cyclin and CDK into cardiomyccytes
and a step of inhibiting the productioq, functiorn and action
of the Cip/Kip protein. As the cardiomvocytes, «cells
separated from living cardiac tissues by various methods such
2§ enzyme treatment, a primary culture cell obtained by
10 culturingtheaforementionedcardiomyocytesunderappropriate
culture conditions for about one to & days, and cardiomyocytes
differentiated and induced from various stenm cells may be used
as described above. Cardiomyocytes existing in the cardiac
tissue of a mammal can be proliferated by directly treating
15 the cardiomyocytes by various methods described beiow and
maintaining the cells in vivo. The tern “maintaining” herein
means allowing the cell to survive without any deterioration
of the physiological functions in a physiclogical environment
in a biological organism, such as appropriate body temperature
20 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 cardiomyccytes 1s the
DNLS/CDK method 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
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and a step of inhibiting the production: function and action of the G p/Kip
protein. As the cardi omyocytes,cells separated fromliving cardiac tissues
by various nmethods such as enzyne treatnent, a primary culture cell
obtained by 10 culturing the aforementioned cardi onmyocytes under

appropri at 8c88al t ayel cordi tikeds if i tAbHuS ) one tioe X ey 3,e nand neakdioByocyt es
differentiated and i nduced fromvarious stemcells may be used as descri bed
above. Car Bl ohyor\irest éxt stimeypd e d;héhear diac ticssyeeaf on dvmMBEucan be
proliferated by directly treating 15 the cardi omyocytes by various nethods
descri bed hel ow nfrk red ritdionicag dtibe voelylte si noviivea1The takm:yaRkpt & ni ng”
herein nmeans allow ng the cell to survive without any deterioration of the
physi ol ogiiad t § umctrdnshé ncakphysioaledgi cad envi heRARRAL i A Pl ol ogical
organi sm such as appropriate body tenperature 20and bl ood flow at a
requiréd volwunel do mmidnt arpithereeibn  (004d] r OnenpbothesmOst preferabl e
nmet hods for introducing and/ or expressing cyclin and CDK i n" cardi onyocytes
i's the DNi:S/sGD¥¢ et hodi @sevicausbyor epertedaby. 4 e pinvent ok s. fsee {he patent
reference 1 and the non-patent reference 5). 25Specifically, two types of

adenovi r us oteetnarss o thet her PANLSs c genecheYSh i Pl @ ] or the
CDK4 gene integrated therein are first Brepared? then?g%ﬁzytﬁgeg%gég of the

viruses weneluafeactedthat pregediogyeeytes to Localize the cyclin DI protein
and the CDK4 protein in the nucleus, so that the 5division and

prol i fer atibonsof car di omypeyy es, gsner aldy seareely, di vided or pr gl f erated
can be pronoted. The contents of the patent specification and the ‘paper are

al so icl udedohncthe pragesent, speehiLgatign. 48] 1 n rryij out the
i nvention, the néth%d ﬁorq 10 int?odug?hg aﬁ%%%fjéxpﬁégsin%ggycﬁﬁﬁoand CDK

i nt di h I th hod i bl f
i ng {he. Sanbof ot 2% T he UL CBR rethot " {h RBCSBCTPRCTE <

i nduci ng the same effect as the DK net hod, .
A o S R A, AU KR ok e
than cycljn Pl specific limitation. For example, cyclin to be
introduced and expressed in cardiomyocytes may be any cyclin
15 capable of activating CDK4 or CDX6. Other than cyclin D1,

cyclin D2- or c¢yclin D3 gene may be used.

[0049] Meanwhile, CDX may satisfactorily be activated by

ot
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DK, not only CDK4 but also CDK6 may
be used. Such cyclin or CDK gene has been isolated and
20 identified from various crganisms including humans.
Additionally, the nuclectide sequences can be used from public
DN2 databases such as GenBank. Thus, a person skilled in the
art can readily obtain such intended genes by desgigning
specific primers or probes and then using general molecular

25 biology approaches.
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cyclin D2- or cyclin D3 gene may be used. [0049] Meanwhil e, CDK may
satisfactorily be activated by type D cyclinAs such CDK, not only CDK4 but
al so CDKO may be used. Such cyclin or CDK gene has been isolated and 20
identified fromvarious organisns including humans. Additionally, the

nucl eot | de (sequences can die Hsedotr am Rublic VY datahases, sucty as, GenBank.
e

Thus, a person skilled in the art can readily obtain such I ntend genes by
desi gni ng speaiibingopyiEErs gryprebes anddhen usipg gegneral, sl ecular
25bi ol ogy approaches. 100501As the nethod for ?ntrodgginguéggﬁfﬁgéﬁd CDK

into cardi eayeeyt es.RLYSL cal.aet hpdssughasni copi G [ pjection may be used.
From the standpoint of the introduction e?%?%?ggggfﬁbgﬁ%lﬁf&ﬁ%ﬁé&tf&n

method is preferably used. 5Addidionally. .a.pretein nolecul e produced in
the cytopl asm of cardi onyocytes V|gn%he expressi on o?‘??%ﬁ%?égtéée&ene i's
o VRSP, e R UL TP et o
cardiomyocytes via the expression of transfected gene 1is
preferably transferred into the nuclieus. The method therefor
may be any method with no specific limitation. The method
includes for example a method for tagging a nucleotide seqguence
10 encoding NLS to each of the genes. Two types of proteins
generated by these genes, namely cyclin and CDK form a complex
in the cytoplasm. When any one of the proteins, preferably
the cyclin has the NLS seqguence, accordingly, the resulting
complex can be transferred into the nucleus. Currently, three
15 types of the NLS seguences are known. Specifically, a first
exampleiseatypewithalmostnobasicamindacidssuchaslysine
and arginine and is for example the NLS in the nucleoprotein
of influenza virus (Davy, et al., Cell 4C:667, 1985). & second
example is a type at a higher content of basic amine acids and
20 1is for example the NLS sequence
(N-Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-C; SEQ ID NO.1) 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

25 of the Bipartite type (Robbin, et al., Cell 64:615, 1991}, The
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i ncludes for exanple a nethod for tagging a nucl eoti de sequence 10encodi ng
NLS to each of the genes. Two types of proteins generated by these genes,
nanely cyclin and CDK forma conplex in the cytoplasm Wen any one of the
proteins, preferably the cyclin has the NLS sequence, accordingly, the
resul ting dédpkex can be taansferrad itHo iheenucheus:y QW rant ly, ddwee 15
types of the NLS sequences are known. Specifically, a first exanple is a
type with ahmesttymwebasivc santner agisdscsuchnasel ypj e and, argini neand is
for exanple the NLS in the nucl eoprotein of influenza virus (Davy, et al.,
Cel | 40: 6675 $985) o fArsecQnd s@xamRl @ 1es wd YPEqat 8 hi gher ,gentent of basic
am no acids and 20 is for exanple the NLS sequence
(N-Pro-Prottysstysrlys-Ara@slivssVake G s SE L D-NO1) , 0f e Q T ant,igen
(Kal deron, at al., Nature 311:33, 1984). A tﬁi rgl eI;(arrp[It% in?éé etuyspém\%here
basi c am npnacidsalormaaichuster t and ngegval, of ;akout, 10 ani no acids and
is called the NLS 250f the Bi Barti te type (Bobtﬁq%,@ng? A Ba° GTg%

1991) . The ¢ NuSfOf cusend BvGary Yhpg,out: 4 he ¢ tion_may he any of the
three types. NLS other than the thiee ltyges? %}efl%éllys%s ng uts%eocf.e%/ﬁmgiléw of

the Iength gfi tha dNLSr38qHeNGe L he Pt of tyansferring a desired
protein nol ecul e into the nugléus andqseS t ne“f'eoa‘df/khaev il{;flgbfl?’f@l%?nthe NLS

seqguence , c C 0 .T antigen is preferably used.
For exarrp?lg&%alyfo gg%g Zggggi%n??fg&%%g??\lfﬁsae\haugir}%%lg%fqrfﬁelprSWbrefg%ﬁti gen,
F

namel y pER/ymec/inus is-co r.cgi:all vai.l apl e from lnvitrogen. [0051] In
accordancgovra}étﬁ the i %genmtgﬁgg,dgbﬁé %%/hl(i %’ioﬁ&ﬁ%‘f yiBPot &i'f i S R BB es of

prot ey gr:Qups .c Qsi:ng ;one fam.ly of the CDK-inhibitors negatively
regul ati ng theyc%ﬁ% %y& el(%pgoﬁreéslse¥aﬁé PAQ Fdds TS el 8 otn 2l ci Pl

p27KI PI a@@m@?Zk%EZtkg &Ekagﬁfbfggﬁst$§g§%Pég{$ ;ggﬂfglfg;n;¥g]cell

cycle progress and includes three molecules of p21°irt  pogKinl

()

and p57%iPE, It 1s known that the Cip/Kip family protein
inhibits the functions of variocus cyclin-CDK complexes, for
15 example cyclin D-CDK4/CDK6 and cyclin A/E-CDK? {see a review
cf Sherr & Roberts, Genes Dev. 9:1149, 1995).
[0052] Among the Cip/Xip family proteins, the function
and characteristic feature of p27" % in particular is now under
way of analysis. p27%P! wyas first identified as a factor to
20 bind to the ¢yclin E-CDK2 complex in a cell with the cell cycle
arrest by TGF-[ stimulus (Koff, et al., Cell 66:1217, 1991} .
It is known that p27%P' js a negative cell cycle regulator
responsible for the arrest of G1 phase. For example, excess
expression of the pz7%iet protein in mammalian cells induces

25 cell cycle arrest in the G1 phase (Polvak, et al., Cell 79:59,
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inhibits the functions of various cyclin-CDK conpl exes, for 15exanple

cyclin D CDK4/ CDK6 and cyclin A/E-CDK2 (see a review of Sherr & Roberts,

Genes Dev. 9:1149, 1995). [0052] Anmong the Cip/Kip famly proteins, the

function 651n9 ch%r acteristic feature_ of gZ?KlPI in particular is now under
a

way of an CITRIFBE WA TeFst et dehti filed 1494a f actorist 6u@Bebind to the
cyclin E-Q co mplex in a cell with the cell cycle arrest by TG--p
stinul us (Kt ngt alPlarelq SG@“ILZfPFanthQW)iE litn jtdekmewanthah p27¢edPl is a

negative cell cycle regulator responsible for the arrest of O phase. For
exanpl e, &fcB8&S&xpP e“s%“cﬁn adf thhes p27KFPRh pr ot ef nd o mErl tan cetls

i nduces 25cel| cycle arrest in the Ol phase (Polyak, et al., Cell 79:59,
1994; ToyGSRFHas&IHMEEE SCalag 786 7,211894) olitsks esughestiad u riehats p27Ki P1
plays a significant role in the retention of the GO phase in cells at the
static? phég§4 )si ndé&ep X7KilRY ling higid yr expr essad cianet hins tstgeiof el | s
(Nourse, et aI , Nature 372 570, 5 1994) . The follow ng researches

i ndi cate phat™ p@?memtamdtq%ﬁmmmmtme:rsﬂ udt tx etz c tUPCEE ORS AN res
characteristic features highly simlar to those of p27KIPI (I\/B.I nprize, et

al., J. Nelgsbbncelini3ir20d, 200ds ECongueret’, Mengs-iLell:Bigh. 13:65,
2003) . Unless otherwi se stated, therefore, the term G p/Kip 10(fam ly)

prot ei n nianso ¢heo t hisee 2009¥pesy 0 P2ZenRhe RATKE Pdnand cR 19 71 40p2,; .pure
preferably, p271uPl hereinbel ow. [0053)In carrying out the invention, the
met hod fortodinhi bintiieng bheetuneti onscand actions: of dhe A/ Kip fapg | y
protein is with no specific |imtationOne exanple t her eof
10 [(family) protein means the three types, p27°'%!, p27FP! 5pg
p57%*? more preferably, p27%ip! hereinbelow.
{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
15 is amethod for suppressing the activity of the CiP/Kip protein,
whichincludesanmthodofintroducingneutralizingantibodies
inhibiting the functions and actions of the protein or low
molecular compounds or the like into the cells. Additionally,
a2 method by which the promotion of the degradation of the
20 Cip/Kip protein 1s induced is with no specific limitation.
However, preferably, the methed is a method of promoting the
ubiquitinylation of the protein.,
[005¢4] Ubiquitin is a polypeptide existing abundantly in

all eukaryotic cells. The expression level of the Cip/Kip

25 family protein in cells is mainly regulated with a degradation
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15 is a method for suppressing the activity of the C P/Kip protein, which

i ncludes a nethod of introducing neutralizing antibodies inhibiting the
functions and actions of the protein or |ow nol ecul ar conpounds or the like
intothe cells. Additionally, a nethod by which the pronotion of the

degr adat i on’ of *Fh&* 20 P& BPKEPpibt &iffhhwe vi niciecechd s witAIno speeshfic
limtation {b%ever, referably, the nmethod is a nethod of pronoting the
ubi qui ti nyf &ti%H of it grdteiniopes4] Woilquikiln Bsoa.pobypepti desexi sting
abundantly in all eukaryotic cellsThe expression |evel of the Cp/Kip
25fani |y prdtinetf kel ¥'s Biglmafhky. Rdgul @tied with sa degpadat i om 1 gyst em
via the ubiquitin pathway (Pagono, et al., Science 269:5821995; Mki &

How ey, MARL® G4y il t1p: 395101997 colredroyt 16t dund Jso Bipl e Ghem
27412297, 1999). Specifically, t he pol yubiquitin chain is covalently
bound Po tHe tEiE/ Kiyp Bprictvdiat sdubi id t yhat ed)n o i d e fdnGi-ons .angd acti ons
of ubiquitin -activatingenzyne (E1), ubiquitin-conplexing enzyne (E2) and
ubi qui ti nuPliigaseé 1¢E3Y t Subséguentdny,yntehe ubi i t ylated G/ KR atei n is

finally degraded with 26S
enzyme (E2) and ubiquitin ligase (E3), Subsequently, the
ubiguitylated Cip/Xip protein isg finally degraded with 268
proteasome. Therefore, the method for introducing a molecule
10 promoting the ubiquitinylation of the Cip/Kip protein into
cardiomyocyte is p;eferable in carrying out the inventioen.
Auy substance with an action prometing the ubigquitinylation
cf the Cip/Kip protein is satisfactory as the substance to be
introduced into cardiomyocytes. Specifically, the substance
15 includes for example pharmaceutical agents, proteins,

peptides, and low molecular compounds ., Preferably, nucleic

acid, namely gene is used. Such gene includes genes encoding

18]

proteins composing ubiquitin-activating enzyne,
ubiguitin-complexing enzfmeand ubiquitin-ligase. Because it

20 is considered that it isg ubigquitin ligase that is responsible
for the specificity for the ubiguitinylation of & specific
target protein, preferably, genes encoding the proteins
composing ubiquitin ligase (complex) are used.

{0055] As ublguitin ligase, currently, numerous

25 molecular species are known, including arc/cC complex VBC
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prot easone. Therefore, the nethod for introducing a nol ecul e 10pronoting
the ubiquitinylation of the G p/Kip protein into cardionmyocyte is
preferable in carrying out the invention. Any substance with an action
pronoting the ubiquitinylation of the Cip/Kip protein is satisfactory as

t he subst &ffe 456 bé FFncPrddiced iM5ld tcaPdiddny Gyt tes. fSpeid f4rdhaldark itthe
substance 15 includes for exanple pharmaceutical agents, proteins,

pepti des, *&fd HEWardl ectl wra kompeartds t her 8¢ Rreatipl e nasl et ¢ deaiedd imanel y
gene is used. Such gene includes genes encodi ng proteins conposing

ubi qui ti n°Ra&brvéi PRy ehey g Wiisi ubtkne cohpl exi ngreazyed @ngkein as
ubiquitin.ligase. Because it 20 is considered that it is ubiquitin |igase
that is résponsibbeeforanttherspéoifécityl & acafieTubs gri*ti nylcatiton .ef; a
specific target protein, preferably, genes encoding the proteins conposing
ubi qui i nSICiFgréée( Racorpl ex): arle ugednds003neAsuUbisqE 36, 1998; Jackson
tinligase,currently, numerous 25nol ecul ar species are known, including APC/C
conpl ex, VBE dcbhpd exjo1SCRecanpl:ex3 Neddd) . Ufdd, t iRadS, i jeadk8 andaPRar ki n.
Additionally, plural types of the SCF conpl ex exist, depending on the

di fferencecomptée) Fiboxlpeot énns heontbdigned itlhersd o @aso ¢ hengonppnent and are
for exanple SCF rCP, SCFNs4, SCFns.s3 and 5SCFsssi (Patton, et al., Trends
Genet. 14p236eirl 9981 Jaickison Ky drdadged Mdrs*Celils %:923,. 2002) g A the
ubiquitin ligase (conplex) involved in the ubiquitinylation of the G p/Kip
protein, wbisiitd Bhki gaseocalt od SCFmp 1% KNeW:  The. gepe sencogdi pg the
conponent of the conplex is preferably used, with 10no specific

i m tiat i o As gedner eNcodh Nga £ hen conpopent @Ecoding the component of
ubiguitin ligase with an action to promote the
ubiguitinylation of the Cip/Kip protein may also be used. It
is known that ig molecules composing SCF®*®?, the F-box protein
éalle& Skp2 in particular recognizes the Cip/Kip protein to

15 bind thereto, to add the polyubigquitin chain to the protein
{(Carrano, et al., Nature Cell Biol. 1:193, 1999; Tsvetkov, et
al., Curr. Biol. 9:662%1, 1999; Bornstein, et al., J. Biol. Chen.
278:26752, 2083; Kamura, et al., Proc, Natl. Acad. Sci. USa
100:10623%1, 2003). In carrying out the invention, therefore,

20 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: 91%, 1995}, and animals such as mouse

{Nakayama, et al., EMBO J. 19:2065%, 2000; Nakayama, et al.,

[
o
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ubiquitin ligase with an action pronote the ubiquitinylation of the G p/Kip
protein may al so be used. It is known that in nol ecul es conposi ng SCFsk",
the F-box protein called Skp2 in particular recognizes the G p/Kip protein
to 15 bind thereto, to add the polyubiquitin chain to the protein
(Carrano, ef-al2%0Natte8CeldnBimilt.. 17023 nubA939;t iksv atek@len @t tadler.ec@Urr.
Biol. 9:661, 1999 Bornstein, et al., J. Biol Chem 278:26752, 2003; Kanura,
et al., Prog. amablreA@adedSC|AdHSAlm@@11@231th20@3huenb@ GalrloinRg ;QUt t he

i nvention, therefore, 20 the gene encodi ng the Skp2 protein (sonetines
referred tobaseSkpa gene lhenei hafger) i ¢ sopk edef abl y- ysak9s £ ke nggne to be
i ntroduced in cardi onyocytes. [0056] The Skp2 gene was isol ated and
identified(immdwmnps: (Beareg,, etoad et | mnBlie 915 - Lﬂﬂ@@azfﬁ“jséﬁbg§%§ such as
mouse 25(Nakayama, et al., EMBO J. 19: 2069, 2000; Nakayams, at a

JP- A- 2601-R22438Q) and 1nat. Ther nud eotdder sequence, thereof .i.s %'5%0
reported. Addi tionally, the sequence information thereof Is avallaEFe in

publ i c DNAidat abasesy Such Bank -chyra 7 Y0291 nouse
Skp2: AF083215, BO003468) @%Aﬁggrsonrskl gﬁ%ﬁgt%‘géglrtp}% hérg%%r%}zgan

obt ain an@ew%eahmeLﬁhﬁ%'%%ﬂ%J%ﬂ‘%ﬁﬂéHUPQrpﬁiH?BE ngﬁggggé %pecék g to the
Skp2 gene and usi ng general nol ecul ar bi ol ogy approac es. ﬁ
derived f@@ﬂb@aﬁﬁﬁh$e%U§?o§SmQHH§P§’sgpﬂsgsoﬁu&ggsqagouse or rat can
bring about the same results as the Skp2 gene to be used in
10 carrying out the invention.
{00571 In carryving out the invention, additionally, not
only the Skp2 gene but also genes encoding factors premoting
the vbiquitinylation and/or degradation of the Cip/Kip protein
{referred to as genes promoting the degradation of the Cip/Kip
15 protein hereinbelow) like the Skp2 gene may also be used as
the genes to be introduced in cardiomyocytes. For example,
genes encoding the F-ﬁox protein recognizing and binding the
Cip/Xip protein, an F-box protein with 80 % or mere homology,
preferably 50 % or more homoclogy with the amino acid seguence
20 of @ motif region called WD-40 repeat or leucine rieh repeat
considered as the substrate recognition/ binding site of Skp2,
and components of ubiguitin Iigase with a property to promote

the ubigquitinylation of the Cip/Kip protein may also be used.

{0058 Genes encoding the proteins of any factors with

b
(]

an action to specifically bind to and/or interact with the
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bring about the sane results as the Skp2 gene to be used in 10carrying out
the invention. [0057]1In carrying out the invention, additionally, not only

t he Skp2 gene but al so genes encoding factors pronoting the
ubiquitinylatjon and/or degradation of the Cip/Kip protein (referred to as
genes promdting PRE t@édr atidtnioss tof thked € pA&e piodStiproted wihereimbel ow)

i ke the Skp2 gene may al so be used as the genes to be introduced in

car di omyocyt 83CC FoF vekampt el feneseendodiuig itlye sRibax o of i nck ggegRi Zi ng
and binding the G p/Kip protein, an F-box protein with 80 % or nore

horol ogy, Hiefeimbryy 90l 9% ore mos ed hénpl agy wistdh dche MO aci s seguence 20
of a notif region called WD-40 repeat or |leucine rich repeat considered as

t he subst rfsie 1tec oGl it iadmw/u thifedi regasintle afu Sk o And conponent S. of . .
ubiquitin ligase with a property to pronote the ubiquitinylation of the

G p/ Ki p protrdint nmye @l o el ingedh r { 0058] ( Cenesrenepdiag chhe prpteips of any
factors with 25an action to specifically bind to and/or interact wth the

p27KI Pl prgtagict ko dpr Do} e fuher gdegr adatzizon thefeof g w t hout . gny. 1q]ierrect
i nvol venent in the ubiquitinylation of the Cip/Kip protein may alsc be used

for the methed. ofexdte sinvention, Repor tshit@ldl mhout . for exampl & Nycl eoporin
50 as a nucl ear 5 nenbrane pore-binding protein (also referred to as Nup50,

NPAP60 andip163)0(BaeBginzoel; abue r FPnNO 926, 236p Migller, . et al., EMBO
J. 192168, 2000; Smtherman, et &l . Mol Gell. Bol: 50 5831, 5600
Buer gin, ehbalcsnbSR 602655 562310 a0 Jahl { L8NS 35, Cop9; signal osone (Tonoda,
et al., J. Biol. Chem L ‘ v

10 277:2302, 2002) as such genes, It isknown that when the serine

residue at position 10 thZ?“plisphosphorylated,p27xw1binds
to CRM1 protein as an extranuclear localizing transporter so
that p27szexported from nucleus and is then degraded (Ishida,
et al., J Biol. Chem. 277:14355, 2002; Connor, et al., Mol.
15 Biol. Cell 14¢:201, 2002). 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). & methed using the Qene encoding KIS is
also encompassed within the scope of carrying out the invention.
20 In accordance with the invention, the factors or the genes
associated with the factorsnwgfbeusedsinglyoz'incombination
with a plurality thereof for the purpcse of promoting the
degradation of the Cip/Kip family protein.
[0059] As describead above, one example of the preferable

method for carrying out the invention characteristically

o
93]
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10 277: 2302, 2002) as such genes. It is known that when the serine residue
at position 10 in p27Ki Plis phosphoryl ated, p27Ki Pl binds to CRML protein as
an extranucl ear localizing transporter so *hat p27x1Pl exported from nucl eus
and i.;s then degraded (lshida, et al., J Biol, Chem 277:14355, 2002,

Connor, etlBfiydapla s18pBhblintCalduchds20kne2008rcdiAg & hel Speacid tox
phosphoryl ase of the serine residue at position 10 in the protein, KIS

(Ki nase i nt efaetitrgn st atthrinny e has algeed W dentvinfi, egh { Boehyar &b r aho v 1 EVMBO J.
21: 3390, 2002). A nethod using the gene encoding KIS is al so enconpassed

wi thin thetscdperefiacarnyingheutitiweid prentiani n 2010k AGGRRARNGE ML h the

i nvention, the factors or the genes associated with the factors nay be used
singly or dxpconimatsivan wehk sa tplurahi t yrtbeeeet1{0r ct,be. pyL pose, of
pronoting the degradation of the Cip/Kip famly protein. (0059 As descri bed
above, 50ne wxanplee ofidhe prefecable methed fargardyi ng Quf; the inyvention
characteristically i ncludes a step of introducing genes encodi-ng cyclin

and CDK, atraheast panenofaddienyesestagged Wah NS, and t.he .gene, pronoting
t he degradation of the Cip/Kip protein into cardionyocytes and expressing

such genesatiherei e 1 Pf ef erablaf,o yRSE QENES . 3LE 1 EEBRE??Q ML fL8 nucleic
aci d sequence allow ng the transcription and expression o geﬁ%s in

manmal i an;iged | Wi Yol Ach uding ccandi-0MLeaYLes , 4505 ed, pr.onot er
sequence in a fashion so that the transg%iptio%ngngxég%%%%%?5%efﬁgﬁeof nay

be al | owed=yndes 1tBeckagal i-an of ;i fiec promd of FUL{ber, 1 th§§|%e”e to be

transcri bed and expressed is preferably attache W pol yadényltati on

| L goalop Pk £f Lo ihe i des_f | tel
oy e e G D D L Pt BT RS rB62R8 vi 1 us

derived fromviruses such as iman Vvirus

(CW) and, Roys saf ¢o4m, i Jus,, and bractin pronpter and EF (el ongati on
15factor)wlapro%nt%r.ng% %ﬁﬁ%re&) C)pro'SPne"%TP(Ni FedfTaply GehB©108: 193,

the pol yA 51 Hnal” segacnee P BRRE Dot BhT R ekt o ioghr pracern.
pronot er g&%h as SV (Simian virus) 49 virus, Cytomegalo virus {(CMV) and
Rous sarcoma virus; and fP-actin promoter and EF (elongation
15 factor) lapromoter. Furthermore, CAG promoter (Niwa, et al.,
Gene 108:193, 1991) as & hvbrid promoter- prepared by
integrating an enhancer of CMV and the rolyd signal sequence
of rabbit PB-globin gene into chick B-actin promoter is
particularly prefarabie.
20 {0060 Ir another mode for carrying out the invention,
the promoter for use in the transcription and expression of
the gene is a cardiomyocyte-specific bromoter, Even in this

case, the gene to be transcribed and eéxpressed is preferably

attached with poly 2 signal. The cardiomyocyte- specific

o
ot

promoter includes for example the cardiomyocyte- specific
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particularly preferable. 20100601l n anot her node for carrying out the

i nvention, the pronoter for use in the transcription and expression of the
gene is a cardionyocyte-specific pronoter. Even in this case, the gene to
be transcri bed and expressed is preferably attached with poly A signal.

The car di ghisclyt eigspedisfiinc! pronet el .i.ntl kdes f oheexarpl:esihe, 1592)

cardi onyocyte- specific myosin light chain (Lee, et a/., J. Biol. Chem
267:15876ﬁﬂ¥992¥§ipheocamdrepyoéyﬁe-speeﬁﬁineﬂy@sbnaheayvb@&@éﬁ,nhQﬂDter,
and the cardi onyocyte-specific cardiac ankyrin repeat protein (CARP)

pronot er (tGo,caetd iany, o el soprEft 126 A4P23; 3999 1 n5 reple@rnad i anal,
publication WO 00/ 15821). The nucl eoti de sequences of these pronoters are
avai | abl e {fcram) pphlome tBNA databases: suchoas: GepBank. 1By .ushAg gener.al

nol ecul ar bi ol ogy approaches, gene vectors utilizing desired gene sequence
can besprepaeedat 160061t acoardanee W é s heh nvension, a nethed for
suppressing the expression of the gene encoding the protein (nRNA

transcri pti@n}noésacrethedef prokohi i ting EO@1E%@@%'@EbﬂnpﬁﬂqlgrQQHCt'on of
t he gene product may al so be used instead of the nmethod for pronoting the

degradati encofatde suld & R/Mispnkam gy wRrotel By e§Q§Cn'rr{< i1 &8l Yo 28, oay or

oligo-nucleic acid or a derivative thereof or the e suppress n

term nati ngp fhecgene LNeodieRg the, G pf Kngfcﬁé@lYe@rgoetnoéf e ﬁue% gene

encodi ng a factor capable of inducing the expression e protern may be
i ntroducegle ipta@cedd ularly. In accordance with 20 the invention, the term
derivative of oligo-nucleic acid neans a conpound prepared by carrying out

chemeal roid) cati on addibign.or ,subSthiulion o, an appropfiate site of a

nucleic acid for the purpose of raising the i'ht rac ar's ¥ and

i ncor por afy effi Gl engy .9 clei cid. The 25 er|v tive thereof
i ncl udes fé?ﬁékaﬁﬁ I"e ogpkg%ggﬁ?ga%g ZERRL S fne Procein

Syt ai ne RS %'S'rr%%ﬁqtr%'ni' Rt o e R
translation and production of the gene product may also be used
instead of the method for promoting the degradation of the

15 Cip/Kip family protein. Specifically, an clige-nucleie 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. 1Inaccordance with

20 the invention, the term derivative of oligo-nucleic acid means
a compound prepared by carrving out chemical nodification,
addition or substitution at an appropriate site of a nucleic
acid for the purpose of raising the intracellular stability

and incorporation efficiency of the nucleiec acid, The

25 derivative thereof includes for example phosphorothicated
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[ 0062] As the oligo-nucleic acid available for the 5 purpose, for exanple,
anti sense DNA, DNA encoding RNA with ribozyne activity, and decoy DNA are
known. Recently, an RNA interference (referred to as RNAi ) method using
doubl-e-stranded RNA has been established. RNAI is a phenonenon of specific
degr adat i o of Cehlbyehbus2 ARNA ¢h aclbtar getlgeéne wheéd doubberstr apded RNA
with the sane sequence as that of the target gene or a simlar sequence to
that of theubargettgeneuvirsdiner oducad idinraceklkul arl y1bé-yes; beld eyed at an
early stage that the application of RNAI as a specific gene suppression

approach t%-famwabicaniddineal s 15i nvol ved much difficulty. It was
denonstrated that by using a short doubl e-stranded RNA as an internedi ate

product of [{RNAi (ref @rretht o cds gshante/isnml | aicnter{ e£i ngy RNAs 51 RNA),  RNA
was al so applicable to mammalian cells (Hammond, et al., Nat Rev, GCenet.

2: 110, 5200 rEdrashiar, etamlle, Natwirse Ald-md, 2002520 A5 10 MeViews
about si RNA, and preparation nethods and nethods for use thereof, see for
exanpl e plmzirtalz yref ecenee tvexd hoaks ofyob nexaaplen KNA | rite%refngrl§qc§n (A ) : The
Nuts & Bolts of siRNA Technol ogy (edited by Engel ke, DNA Préss, 2004) and
RNA | nt er fienender ekdict | ngreand-bodi figation; Meghods apd. 2pProtqcql s

(edited by Gott, Humana Press, 2004),
double-stranded RNA has been established. ENAL 15 &

phenomenon of specific degradation of ¢ndogenous mENA in a
10 target gene when double-stranded RNA with the same seguence
as that of the target gene or a similar seguence to that of
the target gene is introduced intracellularly. It was
believed at an early stage that the application of RNAL asg 2
specific gene éuppression approach to mammalian animals
15 involved much difficulty. It was demonstrated that by using
a short double-stranded RNA as an intermediate product of RNAiQ
(referred to as short/small interfering ENA; siRNA), RNAi was

so applicable to mammalian cells {Hammond, et al., Nat. Rev,

-

a

Genet. 2:110, 2001; Elbashir, et al., Nature 411-494, 2002} .,
20 As to reviews about $iRNA, 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 RN2
Interference, Editing, and Modification; Methods and

Protocols (edited by Gott, Humana Press, 2004).

b
[l
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pol ymerase chain eaction (PCR) nethod or chem cal synthesis. It has been
known that the effect of si RNA depends on the sequence feature. si RNA
specific to the Cip/Kip protein gene can be prepared on the basis of the
gene sequence of the gene, preferably the 300-bp sequence starting fromthe
initiation{868dh. The sgélé f oraruser4aiiRNAI bs notepecessaniyl y sabsalsut el y
the sanme as the target gene. The gene for use in RNAl is with at |east 70 %
or nore, preferablse 80adqoreavt eon NI Jpmetepdbby difen 90: Y0s@h tHRELE ¢ DSt
preferably 95 % or nore honology with the target gene. The nucl eoti de
sequence ihforamtborm oknehe gene itdeavdifleahl & F rompubkis. PNA dat abases
such as GenBank. p27KI Pl proteins of humans, nouse and rat are registered
as AccessiomiNos;e U&0906¢ . ULOARDA anct 83792, £rsPECt J ¥E) Yor RlUal . fBt hods
15 and prograns for designing nore effective si RNA have been reported
(Chal kp etcad ke Brochesm oBi@ﬁhyBasRQ&d'@Q@nyﬂne348'g@écezgp%ﬁeTgé%Qi, et
al ., Nucl. Acids Res. 32:936, 2004; Reynolds, et al., Nat. Biotechnol,

22: 326, 2@04)f.erArpersan skil bedskRutheecagt;accqkdi Y. £an; pre e and use
si RNA 20specific to the Gp/Kip p?ot ei n gene sughkggh‘t ﬁggpﬁgkf’g%{lg%ﬁe.
[0064] si RNAoprepaiedehy the vt hadgzfRY j_t)@n%ege_;:@sgg?i?grmsogl n,
oligo-nucleic acid or a derivative thereof. In viewo r exanpl e % he

expressi opnef 4 6é encynangd: ther drad i onpQf (Lhe ef Sl i s prefierably
used in a formthereof int egral?.gé% in an RNA expr%gg%%rf%vgchjmér?s'l"hlgthm\m

expressi oB: vacdor ol Nel-uges. f o examnml €, any; expressi op, vect or Witg a
pronoter capable of permtti n?ﬁ he exp(reyessi 0;8&8 %E%Rl\f}i‘?rsvig[rhe 6 i fic

limtationy PAdr ddde PLOIVL G i | e-for ressjon of. short RNA,
particularly U6 and Hi pr orrgt grfggg%gp gspge?}erng f&;%u%%o O9aditifodd® y, tRNA

pronoter agctiyvelypermiti | igon.of. transcriptiqon product in
cyt opl asm i sé pr &f er ablmf/i;i%sd(}gc.f %igig%ﬁﬁ%%%ﬁreeégifgﬁm\?é&to& géa%’szlg@nﬁf usi ng

these pronpters;are.comreLrghally,,available from Arbion, |nvitrogen, TAKARA
BI O and i Gene. io%g%)GS] Asﬁghghﬁel)tlﬁhogalt%rgaf’ﬁf’rsolﬂiféiaﬁgG‘f%%ab]éne p&?’ ?jhe gene

vector, known st R al] be used. The nethod includes for exanple
transfection met hoggﬁ{ﬁ@%a c[AaciucSl eur‘%’11§1§ih(r)“’slpt)h‘_ia"t'ee TSid et ie¢ pareds iarmet hod

i ncl udin eal.i n .j.nt d pnto |iposome and then transfecting the
gene i nt%oais 'CEP Pgoghglrbfg‘%ggﬁg?ﬁ%g?%%blru?oﬁp%ﬁtiln‘iee?g*f"at ifig *an 7atbnded gene

into,yiragl zv ctQrs Sugh as.retrovirus and a?enov_i rus and infecting the
resul i ng r e%or?%i‘r?énﬁ’t CfCalrr UEBE Tht B amCBFI EEFACERIVE Cadd: thi s e er Wi r al

vect or onst.ruct where an intended gene is integrated in a nucleic
aci d segggﬁgé%\?\n%t h(sctdleafbﬁlﬁ(ci efity %or' 20ftPAREBN i eMer § ul Rekengidrmyn a part of

the viru NA_or to.pernmt the expression thereof. [0066] The viral
vect or i?\%%@g‘v@;@O'rgldeTﬁ]veﬁtf?bm fiorcl. Acids Res. 32:936, 2004;

Reynolds, et al., Nat. Biotechnol. 22:326, 2004). & person
skilled in the art accordingly can prepare and use giRNA
20  specific to the Cip/Kip protein gene such as the p27%i®! gene.
[0D64] SiRNA prepared by the method may be used in the
formof anoligo-nucleic acidor a derivative thereaf . Inview
of for example the expression efficiency and the duratiop of

the effect, siRNA 1is preferably used in a form thereof

o
w5

integrated in an RNA expression vector. The RNA expression
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exanpl e adenovirus, adeno-associated virus (AAV), retrovirus, N ppon
hemaggl uti nation virus (HVJ; Sendai virus as the other 25nane), |entivirus,

vacci nia virus, chicken pox virus and papovavi rus includi ng Sv40. Usi ng
vector or | entivirus vector, preferably,

adenovirus gggépr Aﬁ vector,
an efficient" gene Ifansfer aﬁdeﬁﬁﬁﬁ Ied%ﬂyeﬁb?é§§ﬁbﬁnoﬁeﬁﬁéftﬂﬁﬂ§geﬁe can
ene transfer V|a t hese virus 5vectors is one of the nobst

be attained,

pot ent neﬁhdﬂ% ?e GPREPSGURT NRE TNES! | hit'o* el 4 S SCelklfs s i PR Act ¥ £ |y, the
method is %ppllca l,e for introducing genes into all types of human cells
Fdnftrer 16f L ABAEAGNER- cdldls. Bedadsemorfeast Soh tabth fheserairuses

and a gre
never depends on the cell cycle, genes can be expressed 10in various

primary cultiite SCam ©5eth st dAd -t Panst BRAed keVf 2 mRFilesr oGeness care be

i ntroduced highly efficiently even into a cell with no occurrence of DNA
syntheglspdﬁf@é@ 14i vi8PBN | i REIEAFARBAYTCYt BENAS| mrenat gr eatc munder of
cells receive plural copies of reconmbi nant DNA (RNA) after infection, the
15 i ntrod8EEFiGERaYi stk pressddzetansi ent | yram sa rhipgh drevetodb ot case of
adenovirus vector and HVS vector, for exanple, DNA/RNA are generally

r et ai ned Fﬁtéyﬁéﬁma$ﬁ1B@Pfaﬁebhardﬁydlnc@hposaﬁ@d iextpa erucbeus.e \Mben t hese

virus vectors =reused, Itherefore al nost no mutagenic error occurring
random y @Renb2efof e‘isg?m&getrfeess Qe drecerporaatee d cnntea cH@gt] ye ekl :ganores

hardl y
from Ambion, Invitrogen, TAKARA BIO and iGene.

10 [0065] As the method for introducing the gene or the gene
vector, known methods may all be used. The method includes
for example transfection methods using calcium phesphate and
electric pulse, a method including sealing an intended gene
into liposome and then transfecting the gene into a cell, and

15 a method including integrating an intended gene into viral
vectors such as retrovirus and adenovirus and infecting thé
resulting recombinant viruses into a cell. In this case, the
term viral vector means a construct where an intended gene is
integrated in a nucleic acid segquence with deficiency or

20 mutation of the full length or a part of the virus DNA or RNA
te permit the expression therecf.

[0066] The viral vector includes vectors derived from for
example adenovirus, adeno-associated virus {AAV), retrovirus,
Nippon hemagglutination virus (EVJ. Sendal virug as the other

name), lentivirus, vaccinia virus, chicken pox virus, and

(]
o
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ener ges, advantageously. [0067JAdenovirus vector for use as one of
preferabl e enbodi nents in accordance with the invention can he prepared

by a net hod usi ng honol ogous reconbi nation in hosts such as 25hunman
et al., Proc.

eimbr yoni ¢ deixdney 293 geldss, or i chia, col i (M yake,

Nat|. Acad. Sci. USA 93: 132%,“%%@@'%(1 21 &Y nfI%E MO Vil & EIGt§4ti drb et hod
(M zuguchiy, 8t -al . u e Ther, 9:2577, 1998). Adenovirus vector is one
of DNA viruses wi t%vi_'d(%Slgg?storrané%%?wr&énovnee‘ft%'naﬁraéléﬁé)bﬁusésl of type
5 and typg;2; b researched nost intensively. By deleting nost of the
El and E3 gerllggggtt ;%%glsee Wi sty af‘ﬁga(?ér%‘\iilled’seés,@W??J%Svelttefs et h no
replicati ggagg%eggycacnan _be regar ed, so that foreign DNA of several kb can
be inserted w no Adver 86 afFelt s i COIfE o SFRREIEGH via vilrase partiscl e, The
reconhi napt 9glenovi ruz | acks the El gene as a transcription regulation

r n

fact or. HB%\ICE\QI- > e Adénbvt FUS tvRet ¥t T dt feds dss ither dduendedegene

i nserted la'1|1€9n via.a transcription unit specific to the inserted gene, with
no dependehce "G e 3gr 6FiLF &r at T ohC bfc @l Hr gdte ced Yhaot itheppt esente or
absence o{ anot her. viral 15gene. [0068] Persons intending the practice of
the invention® EaA EABS IS ‘PEPet BnEe Desxe bODKE: ORCREN MY af @¥e ens Of
adenovirus vector_and other viral vectors, and nethods for preparing and
usi ng sucH®PECt ot’s. "Thel EBRBr €8de st extBrookss Q0inckude of. ol iexangl € Sene
Therapy Protocols: Methods in Ml ecular Medicine (edited by Robbins, Humana
Press, 1997)"°%CeheT? AnsPeridfCar dihevastulcarSyst ernExperi pend:al r Approaches
&Therapeutic Inplications (edited by March, Kl uwer Acaden c

Publ 18her§, v1997ys pHbhdviratlvert oTslForeone and transformed cell

0
g

e
e

series. Genes can be introduced highly efficiently even into
a cell with no occurrence of DNA synthesis or cell division
like cardiomyocytes. Since a great number of cells receive
plural copies of recombinant DKA (RNA) after infection, the
15 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
20 foreign genes are incorporated into host cell genomes hardly
emerges, advantageously.
[0067] Adenovirus vector for use as one of preferable
embodiments in accordance with the invention can be prepared
by & method using homologous recombination in hosts such as

25 human embryonic kidney 293 cells or Escherichia coli (Miyvake
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25Therapy (edited by Curiel & Douglas, Academi c Press, 2002). Kits for
preparing adenovirus vector are conmmercially avail abl e. For exanpl e,

Adenovi rus Expression Vector Kit (#6170) conmercially avail able from Takara
Bio is applicable to the practice of the invention. The inventors have
actual |y 5Péported @ suleesstanadexanpl e $hefs Nakayamascet anl.s sEMEQeJ. 19:
2069, 2000; the patent reference 1 and the non-patent reference 5 described
above). [00891 1 ¢dsie aofidmmentpAg( ¥ heuexpheésskona Df, pluy alg ganes.. such as
a conbi nation of the cyclin gene and the CDK gene, and 10 the conbination
wi th anot h&r?gehe it i Aderheidegragat boni of o & he Cipp2aKivR REQLELAL 1i N
accordance wth the invention, these two types or three types of genes can
be integrat@dintot vedad DS yeoinr. f anda eatiner 10k s6aN, be. j Nf ected i n
fornms of individual reconbinant vectors. In case of concurrent 15

i nf ect Pon Wirtsh2 glawreab e p eoenbinant dvidsts es - eaativeligct og lak, JLhese, Jry be
simul taneously infected or may separately be infected at a given Interval.

As the | evdl tbf B rugess genbe dNteetedsi Neaccol danee vt h the i\?i’xez? ion, a
virus stock solution at for exanple 102 to 1022 pfu/nl nore preferably 109

20 to 101'&epft_l9/rr$1_wii$husedreﬁ@l’ca&i(b_Ul' blért%r&:%J lova ot R fﬂré{:ﬁ@r%gocg Stor!au‘}i on is
refera adj ust e o abou viruses per ce nol - - or
ferably adjusted to about 100 N 0)"1
i nfectionfoThegvi s tdft &fevcan i gadidan bee dope by Rl aque @ssay;, (,0070)In
anot her enbodi ment of the invention, instead :
effects on the formation of virus particle. The recombinant
10 adenovirus lacks the Ei gene as a transcription regulation
factor. However, the adenovirus vector car expregs the
intended gene inserted alone via a transcription unit specific
Lo the inserted gene, with no dependence on the proliferation
of a target cell or the presence or absence of another wiral
15 gene.
100681} FPersons 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
20 include for example Gene Therapy Protocols: Methods in
Molecular Medicine (edited by Robbins, Humana Press, 1997)
Gene Transfer in Cardiovascular Svetem: Experimental
Approaches & Therapeutic Implications (edited by March, Kluwer

Academic Publishers, 1997}, Adenoviral Vectors for Gene

25 Therapy (edited by Curiel & Douglas, Academic Press, 2002} .
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250f (1) the cyclin gene, (2) the CDK gene, and (3) any one or a plurality
of genes pronoting the degradation of the G p/Kip protein or nucleic acids

i nhibiting the production of the Cip/Kip famly protein, a | ow nol ecul ar
compound with the effect of expressing the gene and the sane action as that
of the gene nhy 1 usedPadpedi f REaPPYIFHEl udeAgotor aexanpbenar conpound with
an action simlar to that of the cyclin protein, a conmpound with an action
simlar tdthataRfe ¢ he® Chkeprot ks n, 2éeeoNpound Bairtrte san cacti et qr ondt i ng t he
degradation of the G p/Kip protein, or a conpound with an action inhibiting
the 10 produfct’i®ncerreneiah pr ki pa br ot B¢ nf rdm Ttdiiss scase, it heppet hach  or

i ntroduci ng the conpound into cardi omyocytes is with no specific
limtatiort.e Ceaerrdty cet hé Conpoundtisndi st ied dot qaharaBeeld i cally
acceptabl e carriers such as buffered physiol ogical saline and dil uent

sol ut i @ns refror tddsage: § or nsf Wb esualty las (oread NadmiyRinst,r ati @n, | i F@ENOUS

i njections, intraperitoneal injections, transcutaneous adm nistration,

subcut anedds i2ijéct i20mD ;and edigacind nj €Ltk oNSei 0t @n@ar-disaG dri-SsUq:l n r"; CP
that r rcHfl rnyocytes are culture cells, further, the conpound nay al so be
added direetkyecthoet hedenttured 20seej um therefor. [0071]
[0069] Incase of intending the expression of plural genes,
such as a combination of the cyclin gene and the CDE gene, and
10 the combination with another gene promoting the degradation
dftheCip/Kipprotein,inaccordancgwiththeinvention,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 c¢f c¢oncurrent
15 infection with plural recombinant viruses, satisfactorily,
these may be simultaneously infected or nmay separately be
infected at a given interval. As the level of viruses to be

~ ol
CChn

r

infected in accordance with the invention, a virus s

solution at for example 10’ to 10°° pfu/mL, more preferably 10°
20 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 agsay.

[0070] In another embodiment of the inventior, ingtead

25 of (1) the cyclin gene, (2) the CDK gene, and {3} any one or
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(Application as gene therapeutic nethod)

| naf urt her enbodi nent of t hei nventi on, a phar maceuti cal conposition for
gene therapy can be provided, 25the conposition containing the gene vector
for use in the practice of the invention, preferably viral vector, nore

pr ef er abl y* ZdSTGVrYsC v ettt s Gif oMgF ipsctbe, dARVadecton and HeentpVit s
vector. Such pharmaceutical conposition for gene therapy can be used as a
phar maceutfcH ¢ ‘dgetit Tofl ¢ egenerasi hghibicandi aooytesuorias art beeapeutic
agent for heart diseases. Any cardi ac di seases nmay be subjects therefor, as
| ong as t He dridi dfcardilseasest ¢ ivol velcar dicomyacytrese st @ridrat i onNche
functional arrestor death. Specific exanples thereof include cardiac

i nfarctionfieschedi expardracydi seases, a00Ngest isd@re action as that of
10heartfail ure, hypertrophi ccardi onyopat hy, di | at ed car di onyopat hy,

nmyocardi titse ardechrgnibe heardt, fsaielcurfe.ca1QQ72]AMdofdM fr th€inpie 2

phar maceuti cal conposition is satisfactory. The pharmaceuti cal conposition
may be formmbatedbyigukinnenet hodsirRarexaspteather 1% phar rRGRULI Ll
conposition may be in an injectable preparation form containing the gene
expressi on veciorndfvittdhe annvent bons ink phardmeeutd ¢al Ly .agsentable carriers
such as sterile water and buffered physiol ogical saline, and dil uent

sol utionsa dbepphat necent keabbyiagcepbabkengarkhicelss J1BY additignally
contain 20 suitable stabilizers (for exanple, nuclease inhibitorg),

chel ati ngc ageni s dfdde iaxamd @, cERPFAnang/ o5 of her, auxili JBﬂt%%gnE?E The
riTiz

pharmaceuti cal conposition containing the conponents may be st ed by
; imlD t it | o c;ad;]lg: f]glgfa ldke nisf cRgoRISaEYoaRd,t hen, chayged in an aseptig
for introducing the compound into cardiomyocytes is with no
specific limitation. Generally, the compound is dissolved in
pharmaceutically acceptable carriers such ag Dbuffered
physiological saline and diluent solutions, for dosage forms
15 such as oral administration, intravenous injections,
intraperitoneal injections, transcutaneous administration,
subcutaneous injections and direct injections into cardiac
tissue, In cage that cardiomyocytes are culture cells,
further,thecompoundmayalsobeaddeddirectlytothecultured
20 medium therefor.
[6071]
{Application as gene therapeutic method)
In a further embodiment of the invention, a

pharmaceutical compositiocn for gene therapy can be provided,

25 the composition containing the gene vector for use in the
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25exanpl e an osnotic punp or an osnotic tube, the fornulation may
consistently be delivered to a damaged site. Herein, the dose of the
pharmaceutical conposition of the invention is necessarily el evated or
reduced aﬁfrqﬁrjately, dependin%,on the conditions such as the age, sex,
body wei ght™ Hnd S npt ot €5 3 &8 (p&fi- e * aher dky dosageé router A person
skilled in the art can appropriately determ ne the required dose.

Gener al | y,P i FdRYY S9fgice idode vies BTt Fim B T arget of, @PoUtvde for iagd kg to
1.0 g/ kg, preferably within a range of about 10 4g/kg to 100 ng/kg. In case
of using ViSus Wedtsor§csnEh okt Hdenevimeys utGvedt ocoppaddicticanabt ygetde fina
virus titer is preferably 102 to 1013 pfu/nm, nore preferably 109 to 1012
pfu/ mL. [GOP3EPE ease et hat dtare 2 guvrer Texe €551 0N aweattoF ok Srefyenerating
non-viral vector, particul ar, t hepharmaceuti cal conposition of the invention
may be’®suppkidédriacateonpt exc w theibbeposonegeViarsucte {06 mi ddh@es .

phar maceuti cal conposition may possi bl yrealizeahi ghtransfectionefficiencyin
car di onyoégtesa ¥ hi pardiiseulsars. Asyspecidfl te exanples ofr | LPOSORE, 2 A tGleat
nunber of lipid formulations including for exanpl e

N-[2, 3-(dFareéykoxylipropydd- NiNy i vei netk byl anpenyygs20ghl eriide ¢ DOTMA) and

di ol eoyl phosphat i dyl et hanol am ne ( DOPE)
functional arrest or death. Specific examples therecf include
cardiac infarction, ischemic cardiac diseases, congestive

10 heart failure, hypertrophic cardiomyocpathy, diiated

cardiomyopathy, myocarditis, and chronic heart failure,

{00721 Any form of the pharmaceutical composition is
satisfactory. The pharmaceutical composition may be
formulated_ by routine methods. For example, the

15 pharmaceutical composition may be in an injectable preparation
form containing the gene expression vector of the invention
in pharmaceutically acceptable carriers such a8 sterile water
andbufferedphysiologicalsaline,anddiluentsolutions. The
pharmaceuticallyacceptablecarriersmayadditionallycontain

20 suitable stabilizers (for example, nuclease inhibitors),
chelating agents (for example, EDTA) and/or other auxiliary
agents. The pharmaceutical «c¢omposition containing the
components may be sterilized by filtration and the like if

necessary and then charged in an aseptic ampoule. Using for

25 example an osmotic pump or arn osmotic tube, the formulation
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have been devel oped. Experinents about transfection using various cel
systens have been done (Banerjee, J. Biomater. Appl. 16:3, 2001; Murer, et
al ., Expert Opin. Biol. Ther. 1:923, 2001). Additionally, a nethod using
fusion-forging:vinus 251.i posore with a fusion-form ng envel ope derived from
HVI, so-call ed HVF-15%5ddone Methotr (3rdrerni fatzaced afte. | itereln, Ondel .

12: 1277, 1998 Ka $ﬂ§5 et al., M. Med. Today 5:298, 1999) are also

ef fecti ve. ﬁ@%?ﬁ{ R FtEsisi fon AAsee @ L bf om phathecéutesabon is
conposition containing the vector nay satisfactorily be introduced into the
whol e heart® Of® & pathi énte Vinitte ear apdecdfsensesprienever, appehetabl yz t he
gene expression vector or a pharnaceutical conposition may be introduced in
a |inited "eEnféndiift6na drsbralerde sistee. slenx . adedydarcenyi that bendOon
invention, the termdisordered site neans a site with cardi omyocytes
deteridratéd? Panéerénarfiytaeréstedeorodead o parsovicinityetherepf in

i ndi vidual s (humans or non-human aninmals: the sanme is true herei nbel ow) or
a site witHtaireRpacepdiproyy ass cofnitket detrerd aradd 00s OF faned i omal 15
deterioration of cardionyocytes or the death thereof. In this case, the

met hod foerni atrbdbducimgl ¢ hiw gerie eXphesSkORa¥eet gk nggtppagggfﬁ%?iégﬂ
conposition containing the gene expression vector into a danaged site

i ncl udes a. freg hiod, ofr ediontily viinjheet kngakbe gene,expr e85 LN yast of ,0r a
phar maceutical 20 conposition containing the sanme into heart

post -t horazotony, Iustagei nfeakiiag SYriuvrge;c gk @ gethod. f 9y .i,niecting the
vector or the pharmaceutical conposition through bl ood tube under X-ray

di aph&noscopye r The dtetibad 1thr,ough biod +uhes its (eref erabl .t he
i ntroduction of the gene can be 25l ocalized just to hégftﬁ%gﬁgﬂg%ﬁ%thod. In

this caseo tie’ gene/nexXpiessi ©he VEELHT y Of ¢ & mafmfacgyai/gﬁl conposi tion
containing the vector may be injected into blood tube to deliver the vector

or the cdmposijtion via klaged fiow tAto Lardi opyocytes, The.yector or the
pharmaceutical conposition nay also be directly
non-viral vector, in particular, the pharmaceutical
compositicn of the invention may be supplied in a complex with
15 liposcme. Via such form, the pPharmaceutical compositién may
possibly realize & high trangfection efficiency in
cardiomyocytes in particular. As specific examples of
liposome, & great number of lipid formulations including for
example N-[2,3-{dioleyloxy)propyl}~N,N,N-trimethy1ammonium
20 chioride (DOTMA) and dioleoylphosphatidylethanoclamine {DOPE)
have been developed. Experiments about transfection using
various cell systems have been done {Banerjee, J. Biomater,
Appl.16:3,2001;Maurer,eta1.,ExpertOpin.Biol,Ther.1:923

2001 . Additicnaelly, a method using fusion-forming virus

25 iiposome with a fusion-forming envelope derived from HVJ
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5 injected into the cardiac nuscle layer to be in contact with

cardi onyocytes. Such surgical approaches using catheter and the |ike are
known in the field. Reference textbooks therefor include for exanple CGene
Transfer in Cardjovascul ar System Experinental Approaches & Therapeutic

| mpl i cati offs” {2t tedi by 1 arr Merechie & edherl YAsadénise . Pebl issher s3a1997) ,
Vascul ar Surgery, the 5th edition (Rutherford, WB. Saunders, 2000) and
Text book Off 9%t erientdi’dnal ¢ Car di ot otpy, €the lAt.hedilt.i sad(edbted by2 Jopol ,

W B. Saunders, 2002) . The catheter for use in carrying out the invention is
comrer ci aly3p favainealslis of rdheBostven Scientific, 15Edwards Life Sciences
Corporation and the like. [0075] (Use of cardi omyocytes proliferated by

t he met hod 087 4lhe i nvénti gpye expression vieram:t he cargh Ony0cyl €Sca:
proliferated by the nethod of 20the invention, highly pure cardi onyocytes
can bebobtaimped iatica | @ryges sciale, tekficiensty,ndly €90tk nousky;ysiyg cell
recovery, separation and purification processes according to known
convent i onalc rm@theds i nThe taar dinameoayd RSt 0bt akngd cik BnSUGH cARNNEIS .S cal | ed
cardi onyocytes prepared in accordance 25with the invention hereinbel ow

[0076] Anydpuekbieeat i osw dmedhodref ceabdiyONYRE S5 FRY rPEUsed, as. 1 png as the
nmet hod i s anong known net hods for cell separation and purification. Specific

exanpl es & heneofat oet uder neidods: @CGONH NG d o AMtdgen-@nt hody 1 g%t i ons,
for 5 exanple nethods with flow cytoneter and magnetic beads and panni ng

met hod, amsheel! ifract i onakienemRihods: by density.gradient centrifugation,
using carriers such as sucrose and Percol. Another screening nethod of
cardimyocytestisna rathodf of se acdi vel y§ ecaver i pggatdi omyqcyt es, by
cardiomyocytes deteriorated, functionally arrested or dead or
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
15 deterioration of cardiomyocytes or the death thereocf. In thisg
case, the method for introducing the gene expression vector
or a pharmaceutical composition containing the gene expression
vector intc & damaged site includes a method of directly
injecting the gene expression vector or a pPharmaceutical
20 composition containing the same intc heart post-theoracotomy,
using injection syringe, and a method for injecting the vector
or the pharmaceutical composition through blood tube under
X-ray diaphanoscopy. The method through bleod tube isg

preferable because the introduction of the gene can be

25 localized just to heart by the method. In this case, the gene
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10prelimnarily giving such artificial nodification as to provide chem cal
tol erance and expression potency of ectopic protein to a gene of an ani nal
or a stemcell such as ES cell as a cardi omyocyte source and then using the
resul-ting e”Pd}écsi claglg ons.as an i n%i cator far the screening. For exanple, 15
Field and CO-worker's "¢Snstr Ucted "4 "8y SEEM 5ReparEa By il Afr oRiie hit & gene
cassette capabl e of exypéessi.n%ka neo gi n (418)-resi stant gene into a

muri ne ES cél I *Gh8EM RS ¢t dledo]fn% %7 9hEaR§ Fon%t hi%e hréfot &7t e
differentiate the ES cells into cardionyocytes to allow the expression of
myosi n hedy 36 ERIPRSA “g8Re Vi8I POMPRgEtAY afFreFerfiar¥ Ay tEast Xitfen the
resulting cell can survive in a culture medium supplenented with 418. The
resear cher's $eén°F ephtft PPERFE CEHE LEAE | cSRPeRARHO B A tha 16418e rEsissttdm  cel |

is cardionyocytes at a Probabi ity of 99 %or nore (USP 6, 015,671; J. din.

| nvest > 98T2F6 Fefo9By 0. tBE[ DO a5 Mk cdddiltaivedalt cerbodlk namt £ aoft tHie b
invention, the cardionyocytes prepared in accordance with the invention is
usef ul forafHé °BHAFHAEH] ogl tdll sasYessieRPrand caetsi vit yg evad umtd on ndf

vari ous php}isi ol ogically active substances (for exanple, drugs) and

functi onalfRy Ui dénti fi e nevele gersd d .5 pedduense Foxtexanpltéereher

cardi onmyocytes can be used for screening fora substance or a pharmaceuti cal
agent asségFaréd Wt hexdrer Fartrnofalaasdgul dti dn rdfi ooarsdivamyrocytesrand for a
substance and a pharmaceutical agent with toxicity and a damagi ng property
agai nst cBrxdpohyeryeesprinag hetsi & IThekG reddiitd onal iesbodh rend4: s agsessnent
kit containing the cardi onyocytes prepared in accordance with the invention
i s usEf ulMéorht hiel see eeniaven {OFTSLAmN etrype 10fs 7 estvasuhstangesgb ey, use in
the screening may be satisfactory as long as the test substances 15 can be
added to the Cllddire oysrenhandornc| wdess § of ¢ exany & ( 0WnROt egHh 6%
conpounds, hi gh nol ecul ar conpounds, organi ¢ conpounds, inorganic
conpoundsgf prokevenptpeptides r Qierieyg Wi £HE, 4 Celdit ildnquk d: eef b ycrbgair e, and
liquid mcrobial culture The nethod for efficiently introducing the gene
into the wul tamne 2rssysbeny i. nctugles ta eRirhodr ofs caddi gy M s cuectr s such
as retrovirus and adenovirus to the culture systemor a nethod of sealing
such vi r usiweectias iisntenkiepeseneyandat heshitkerbe add:thes vegtors; to the
culture system [0079] The assessnent of test substances can be done by

25assayi ngthiequaliitrat isveenguantdstratirvechandeef the 1ixe.
{00751
(Use of cardiomyocytes proliferated by the method of the
invention)
From the cardiomyocytes proliferated by the method of
20 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

25 with the invention hereinbelow.
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cardi onyocyte functions. One exanple of assaying the viability of
cardi onyocytes is as follows. The cardi onyocytes prepared in accordance

with the invention is inoculated in a culture plate to an appropriate cel
cul.tured in a serumfree

density tqc?iﬁqcél?lce cel An%?{)yudﬁe'aftihc {APOPt 031, 8), W teglairt o&yo(ggrtaisomg)clgﬁ es in a

culture nmediumor to as e survival or nor

culture ne%%gnggﬁﬁhnan %pgéopri %e amount of %B{est subst ance added
thereto. THé méfhod"fof ®a §yﬁﬁg PRe* §UATIOVA O1° Hortatitds ofor cell
cardionyoc¥tes i S gone gnder vi,sual, observation 10or using the

[

i ncor por at -8R 8f *87 dy& SuéfiTas ‘fAY PSR - bl udPAS i G nAFEAPOFS As higfeo f

met hod, ot herwi se, a met hod usi ng dehydrogenase activity (reduction activity)
as the indPEatBF BTt HetiG@ TdSifig R dspakee Ack Vil by dgpeet$F E0t D dpdpt oti ¢
cel | - or the expression of Anexin V as the indicator may al so be used.
15Ki t s° usfFhg™ P he ﬁ%g%%ﬂfsﬁ*é?ef%%%n%¥é?%PF§ra@§ﬁl@@wéeﬁﬁénwgagﬁeémdnunber
of manufacturers such as Sigma, C ontech, and Pronega for ready use.

[ 0080] Bech®d® the8tibsfand8s &r/d !t He 3phdrarertel o3 pethods bygdens iay
obt ai ned by the screening nethod have an action to 20i nduce the

di f f er ent§ &t ¢ oh" of e OrBA0CATes Varid Yars addtlioons tol sfegul ate riche Rodct i on,

t he substances and the pharmaceuti cal
Percol. Another screening method of cardiomyocytes is a

method for selectively recovering cardiomyocytes, by

10 preliminarily giving such. artificial modification as to
provide chemical tolerance and expression potency of ectopic
protein to a gene of an animal cr a stem cell such as ES cell

as a cardiomyocyte source and then wusing the resulting
modifications &s an indicator for the screening. For example,

15 Field and co-workers constructed a system prepared by
introducing a gene caésette capable of expressing a neomycin
(Gél8)-resistant gene into a murine E$ cell under the control

of myosin heavy chain-o promoter to differentiate the ES cells
into cardiomyocytes to allow the expression of myosin heavy

20 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 ¢ell screened

as the G418-resistant cell is cardiomyocytes at a probability

.of 93 % or more {USP 6,015,671; J. Clin. Invest. 98:216, 19%6) .

25 [G077] In an additional embodiment of the invention, the
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agents can be used as prophylactic agents or therapeutic agents of heart
di seases, such as nyocardial infarction, ischemc cardi ac di seases,
congestive heart failure, hypertrophic 25cardi onyopathy, dil ated

car di onyopat hy, myocarditis, and chronic heart failure. These conmpounds
may be novERTESAPBARESSE bro KT T orfp auredst d 41008 2 iAddi thiconalviey, t itohe i s
cardi onyocytes prepared in accordance with the invention may al so be
used as a gfFafting Scelthef oph 2 eyenelati ngl carsl acsmusc| enar Borivicy
therapeutically treating heart diseases. The heart diseases include for
exanpl e nyetaid:alod nffarerions Bischeni oy tas Ul ac i seases,s eengest kye heart
failure, hypertrophic cardi onmyopathy, dilated cardi omyopat hy,

nmyocar di t i semur thr odkcohearnd 1ifaidan®el 1 ASukhe egraftieny cold;, gehks
containing the highly pure cardi omyocyte prepared in accordance with the

i nvent i5on meayd bet used oirn eanyn pfier, Mt heuch @5 dihe 6eld s suspendgds & ns ggueous
carriers such as culture nedia, the cells enbedded in solid carriers such

as bi odegrsaxdadd el isubsE raat e5s 0k nt be celd s APy Ocessed [ighthe £ak gt oyogyt e
sheets in single layer or multiple layers (Shimzu, et al., Crc. Res90:

e40, 2002)wi {H0082] Fhe dmthed frelywengraft igg ctanedi%rf@ww&cyatf@ B 5 @
engrafting cardi onyocyte into a danmaged site includes a nethod of directly

i nj ecting stuhe tangreafdddgs cardiRAYOEY €2l NtQ 20Near ¢y Pest s Lhoracat,ony, using
injection syringe, a nethod for
damaging property against cardiomyocytes. In a2 still
10 additional enmbodiment, an assessment kit containing the
cardiomyocytes prepared in accordance with the invention is
useful for the screening.
(6078 Any type of test substances for use in the
screening may be satisfactory as long as the test substances
15 can be added to the culture system and includes for exanmple
low molecular compounds, high molecular compounds, organic
compounds, inorganic compounds, protein, peptide, gene, virus,
cell, liguid cell culture, and liguid microbial culture. The
method for efficiently introducing the gene into the culture
20 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,

[8079] The assessment of test substances can be done by

25 assaying the gualitative or guantitative change of
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surgically incising a part of heart to engraft the cardi onyocytes and a
met hod for injecting the cardi onyocytes through bl ood tube, using catheter

(Murry, et al., Cold Spring Harb. Synp. Quant. Biol, 67:519, 2002;
et al., Cardiovasc.

Menasche, ANy r 258urg. 75:S20,, 2003; Dowel |, _
Res. 58: 336, lé’ggg)c?gﬁomg%??l?ﬁé' met REF | §*ABP LS nPfed2£62Y hoge descri bed

above. Wen .car.di.ogyacytes. recovered fromfetal heart is grafted into the
heart of gﬁ%g)ﬁiqurﬁpyov‘\ﬁ ?%@é‘?%%&y FEardef s, llowsn Ekeremed yomsaal d et

t her apeut Egegf 1;L,egtiljl s exerted as .5reported(Menasche, Ann. Thorac. Surg. 75;
520, 2003; “R&f féf math,® €1° 128 Héartth ESF 1nREV L 18203, 1POOB) at Garidi anyocyt es
derived fro?\éES ceJ[ | s have very sim|ar phenotypes to those of

car di omyo&yt e  8ef 135U T3 i fetPllonvedrite (Ml sksns ety ajo ,invbote crev. 44: 41,
1993; 50' rg. Pﬁs. 75: 233, 101994) . _

| t wasconf { F AEQt RECPHRRART Nt &% Seritierid AP ex amphe -ierec ES: cet nedenived
cardi onyocytes were actually transplanted in an adult heart, very high

bi oconpat?{vaifﬁ 2y SRdls “BRef BB Y KI ugf marwdlity.oHignrdimmestcy 98 246, 1996) .
By grafting the cardionyocytes prepared by the nethod of the 15 invention
into a di%orderedefarsi ‘att%/iasfs@@pir@ptrh@tWeampuditseas.zes:ectuestlesta@ce
deterioration and dissociation of cardi omyocytes in a conpensatory manner,
expect edl3fdgthet 2#dt t Or at Tds ofe tihed cdpdi acs famit 4 ong ecan he wronpt ed.
20EXAMPLES [00831The invention is now specifically described in the

f ol | owi ng “Béanplte's 0 £ Howed/ee Ty ¢ hiet Ex anpldes: shelhaw rshowusinph e 44 USL £ at i ons
of the invention but never limt the scope of the invention.
or using the incorporation of a dye such as trypan blue as an
indicator, As the method, otherwise, a methog using
dehydrogenase activity {reduction activity) as the indicator
or a method using caspase activity specific to apoptotic cell
or the expression of Anexin Vas the indicator may also be used.
15 Kits using the mechanism are commercially available fr;m a
great number of manufacturers such as Sigma, Clontech, and
Promega for ready use.
[00BCG] Because the substances and the bharmaceutical
agents as obtained by the screening method have an action to
20 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 myoccardial infarcticen, ischemic

cardiac diseases, congestive heart failure, hypertrophic

26 cardiomyopathy, dilated cardiomyopathy, myocarditis, and
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25[0084] [Exanple 1: Preparation of reconbi nant adenovirus]

Adenovirus vectors, each carrying the CDK4 gene, the cyclin Dl gene with
t he nucl eoti de sequence encodi ng the nuclear |ocalization signal (NLS)
tagged thereto (DLNLS), or 5 the Skp2 gene were prepared, using a

reconbi nanthadeneviaaus preparat i Griekiet c ¢ Adenodisr sy BXpE €561 0B nYeGhars Kit;
TaKaRa Bic). [0085)1In case of an adenovirus vector carrying the CDK4 gene,

nanel y Ad- €OK&rown ptempd an pCW- CDK4 (supplied by Dr. 10 Sander van den
Heuvel [Massachusetts General Hospital Cancer Center; USA); van den Heuvel,

et al., Sciehek! 262: 205@,1 :1993) lvas cheaved widhy Baptls tO Jy.6Rar€:a murine
CDK4 cDNA fragnment, of which the both ends were blunted using T4 DNA
pol yner ases ¢ Fof ¢ owd g ia iprakoc ol e at t ashedy to) 4 he, Adenaqwirus @‘Q%@??Em 15
Vector Kit, the blunted fragnent was inserted into the Swal Site of "a

cosni d 5pAXGANL , £ d:0 plgepale tangosakd: PAdn CPK4e Contipuoysly, . the. .,
transfection of the cosmd together with the restriction enzyme-?regted

DNA-TPC (tiereinals pepdi deacomphbex) derivest §fomthe genoms DNA of . human
adenovirus type 5 into 20the 293 cells derived fromahgrrgranrﬁe%yeomf%rki dney

cel I s al | awetiihe pfeparatdon; of . & f £60NTDE papt ,adenayi y.us, Ad: CDK4.
[0086] A plasmid carrying the DINLS gene was c%ﬁggrlr}%tged(rjl By aé;bsn‘f%%%ﬁi ng the

e B o A Lot e ™
NLS. Speci fzsiiqaltley, EQ?diomyopathy, myocarditis, &and chronic theart
10 failure. As the grafting cell, cells containing the highly
pure cardiomyccyte prepared in accordance with the invention
may be used in any form, such as the cells suspended in aqueous
carriers such as culture media, the cells embedded in solid
carriers such as biodegradable substrates or the cells
ib processed into vcardiomyocyte sheets 1in single layer or
multiple layers (Shimizu, et al., Circ. Res. 90: edl, 2002).
ioos2] The method for engrafting the cardiomyocytes as
a engrafting cardiomvocyte into a damaged gite includegs a
method of directly injecting the engrafting cardiomyocyte into
20 heart post-thoracotomy, using injection syringe, a method for
surgically incising a part of theart 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,

26 Surg. 75:520, 2003; Dowell, et al., Cardiovasc. Resg. 58:336,
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plasm d pER/ myc/ nuc was digested with restriction enzymes Ncol and Xhol, to
prepare a first DNA fragnment containing the NLS sequence. Then, the plasmd
pRSV-cyclin D1 was cleaved with a restriction enzyme Ncol, to prepare a
second DNAEE)rg ment 5 containing the cyclin D1 sequence. Then, PCR was
done usi ng?t fig” pl &5 & PRSVIEYRE Fho DI 1@ AteAphat-edand @iswe dsisngibhe
followng two types of priners, to prepare a third DNA fragnent encoding
the C-ternfRal¢cycliA*DE2EDRRTYPODBYL recovered from fetal heart is
105" - primer: 51- ACCCTCCATGOTAGCTOCTOGGA3' (SEQ I D NGO 2)
3' - pri mer : 57 2 TEAT CreeAGOTCHAROTCCACATCROGBACGH-13' 1 SEQAliDcN: 3y aE09881Usi ng
T4 DNA |igase, these three types of DNA fragnents were |ligated together, to
construct & pl#sHieadelys cwralliarg athechkeeticde sefienceiencodimgSV4AO T
antigen-derived NLS triplicately on the side of the C term nus of the
nur i ne Scy cl &P D1 € DNAle % DNWe f r agment Thutrout feonytherplasmi d nigh,
restriction enzynmes PnaCl and Smal was inserted in the Swal site of the
cosni d pARGAe IRre resad tiag. cosmar ¢ pAdaDINLS)k 20, ang. 4de resigiction
enzynme-treated DNA TPC were transfected into the 293 cell, to prepare a
r econbi naft rademovicnus,s Ade DINES. QG898AN edenevidais veetor AdrSkn2
carrying Skp2 was prepared on the basis of the nmurine Skp2 cDNA. The nuri ne
Skp2 cDNApwas oityoleat ed thoem af ruridne riylynts CBDAA; LEBrardr £ 6 8L f atagene) ,
using the nmurine EST (expressed sequence tag)

(Maltsev, et al., Mech. Dev. 44:41, 1993; Circ. Res. 75:233,

10 1994 . Itwasconfirmedthati&:ananimalexperimentalexample
wvhere ES cell-derived cardiomyocytes were actually
transplanted in an adult heart, very high biocompatibility was
exerted (Xlug, et al., J. Clin. Invesgt, 98:216, 1996). By
grafting the cardiomyoccytes prepared by the method of the

15 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.

20 EXAMPLES
[06083] The invention is now specifically described in the
following Examples. However, the Examples below show simple
illustrations of the invention but never limit the scope of
the invention.

[0084]

o
Ut
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cl one (Accession No. AA511897) registered on GenBank as a probe (Nakayang,
et al., the specification of JP-A-2001-224380). Specifically, a 32P-| abel ed
probe was prepared fromthe EST 5 clone, according to general nmethods.
Then, ‘the probe was hybridized with a replica filter prepared on the basis
of a cDNA ‘Ip“i’ifr“éPr]f i & BRREST 180 §FC IedTo Tt tHour s2 4 aher ¥sUl ti ng hybrid was
washed with a buffer containing 0.1 % SDS at 58C. The resulting positive -
cl one was subcl ¢¥E@ %A e VEBItGESer iEBE R 10 TSK (18t r st egeied pimsni dhe f or

nucl eoti de sequencing. The nucl eotide sequence of the nurine Skp2 cDNA as
det er ni ned Yot Suchl napher Vit§ ir ddiestar el ohli GenBank efAcc essicai tNo. £ AF083215)
(Nakayama, et al., EMBO J. 19:2069, 2000Nakayama, et al., the specification
of JP- A- 2001224380y caUsk agiehes mmd ng N8kP2 tats ecDNA a2 thenpl mt.g) angr t he
following two types of priners, PCR was done to prepare a murine Skp2 cDNA
fragment Wwiteh SEPE| agnt age sequrerer € N- Aspi Tyra Lyse Anip: isp: AspAsprdys- C; SEQ
ID NO.4) at the N term nus, which was then inserted in the Rho]: site of

t he pcDNAr3epectGr ofl miitt ridgemo vtio yor epar ee as 20pCc DNA3oF| ag+Skp neact or .

[ 0090] 5' - pri ner:
5' - ATACTCEAGGECCACCAT GGACTACAAGGACGACCGATGACAAGCATAGGAAGCACC TTCAGGAGATT- 3
(SEQ I D NGO 5) 3P-priner:5" - ATACTCGAGTCATAGACAACTOGGCTTTTGCAG 31(SEQ I D

25NO 6) [P0B91] A fragmeatsecontai pidrg oSkind: cBNAtas ebtaingg bye tthe (cl eavage
of the pcDNA3-Fl ag- Skp2 vector with Xhol was inserted
gene, namely Ad-CDK4, a plasmid pCMV-CDK4 (supplied by Dr.
10 Sander van den Beuvel [Massachusetts General Hospital Cancer
Center; USA}; van den Heuvel, et al., Science 262:2050, 1993}
was cleaved with BamBEI, to prepare a murine CDK4 oDN2& fragment,
of which the both ends were blunted using T4 DNA polymerase.
Foliowing a protocol attached to the Adenovirus EXpression
15 Vector Kit, the blunted fragment was inserted into the Swarl
site of & cosmid pAxCAwt, to prepare a cosmid pAd-CDK4.
Continuously, the transfection of the cosmid together with the
restrictionenzyme-treatedDNA~TPC(terminalpeptideccmplex)
derived from the genome DNA of human adenovirus type 5 into
20 the 283 cells derived from human embryonic kidney cells allowed
the preparation of a recombinant adenovirus, Ad-CDK4.
[0086] A plasmid carrying the DINLS gene was constructed
by conjugating the murine cyclin D1 ¢DNA fragment derived fronm

PRSV-cyclin D1 {Matsushime, et al., Cell 65:701, 1991) with

25 pEF/myc/nus (Invitrogen)-derived NLS. Specifically, the
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into the Swal site of the cosm d pAxCAwWt. The resulting cosmd and a
restriction enzyne-treated DNA-TPC (term nal peptide 5conpl ex) derived from

t he genone DNA of hurman adenovirus type 5 were transfected into the 293
2. .[0092] The three types of

cell,to p e nbi nant. adenovij r us .Ad- Skp
reconbinan%Fﬁ%@ﬂ%@??ﬁggg?ﬁggﬁﬁy%dl%@s{%g“Hé?hSﬂsaéécFFBEd”§BHWé F a8l coK4,
Ad- DINLS, gpgln%g A -Skgz are gpnstrécteg in such a manner that the

i ndi vi dual © genes i'ns&rt et fhy be g 8dded FGHIE™ 4 KT L@GEILEEI bAeoF L EAG
pronot ers %éjwv enhan er, ch'ckzgg-actin pronoter, and the pol yA sequence of
rabbit P-g oqouleﬁlcgeene% 3% el BF e © tife PiRAderedt igeids vaanc bea hipght iyt h
expressed in mamalian cells. 15[0093] Continuously, it was intended to
recover vi¥ Jd€® €oILGtPEnEREF PENECP Adi ¥F dRBEP BB oADF PaME 2 V¥ lisfesa @ehi gh
titers, 4 each of the three types of cosm ds (pAd- CDK4, pAd-DINLS and
PAr 3- SRp2)° ARad 1Rt REd P t BY 21 57 AT tS18& vedster i cEihem e REGmee ¢ réat @d: DNA TPC
attached to the reconbi nant adenovirus 20 preparation kit. The individual

mi xtures Wwte PEEFARGt SIRF - cavdfidctldd gt e Tihka 293acél kleul tusied ithea
culture dish (dianmeter of 60 nmm by |ipofection nethod using FUGENETM 6

Tr ansf ect £6R 1 REABEHY Y RoERE)C L DAirhEsf 0ld oweng rday thtivd Dl [f3 ayeree ¢
detached, and recovered cell suspensions were separately 25i nocul ated again
in a cultBfrecplageti96Cwettyicohtedtc Wit ol cobiagenAfter 7 to 15 days, the
virus grew and the cells were killed in several wells. Fromeach wells in

which cel [§087]

10 V-primer:S’-ACCCTCCATGGTAGCTGCTGGGAB’(SEQ.EE NO: 2)
T-primer:5’“TGATCTCGAGGTCGATGTCCACATCTCGCACGT-3’(SEQ
I5 NO: 3)
iooegs] Using T4 DNA ligase, these three types of DNA
fragments were ligated together, to construct a plasmid
15 carrying a nucleotide sequence encoding SV40 T antigen-derived
NLS triplicately on the side of the € terminus of the muriné
cyclin DI cDNA. A DNA fragment cut cut from the plasmid with
restriction enzymes PmaCI and Smal was inserted in the Swal
site of the cosmid paxCAwt. The resulting cosmid.(pAd-DlNLS)

20 and the restriction enzyme-treated DNA TPC were transfected

into the 293 cell, to prepare a recocmbinant adenovirus,
Ad-DINLS.
[0¢85] An adenovirus vector Ad-Skp2 carrying Skp2 was

prepared on the basis of the murine Skp2 cDNA. The murine Skp?2

cDNA was isolated from a murine thymus cDNA library

-
Ut

65



conpletely died, the culture mediumwas aseptically collected into a
sterilized tube, freezing and thawi ng was repeated 6 5 tines, and
centrifuged at 500rpmfor 5 mnutes. The supernatants were stored as a
primary virus stock solution at -80C. 10 hl of the primary virus stock

sol uti on wastThiettd i Mo iohe h208uEéRES E80 tered ssn «a cukuene epkaye (24
well) coated with collagen. The culture nediumin a well containing killed
10 cells Tt 3% 624cays°n0de -akbpt} €41 y aarignsferd ed davtxermk ster bkent ube,
and freezi&? and thawi ng was repeated 6 tinmes and was centrifugated at 5000
rpmfor 5 Mditeda o atecdver tite sresulfti qur supesnarant - andi wassstored as a
secondary virus stock solution at -80C. 15 of the secondary virus stock

sol ution vidscig licafldot ed i'MR ol dited 203 roetd svcall Eedr b Bropl tuE e §4 ask (25
cne) coated with collagen. The culture nmediumafter 3 to 4 days was

asept i €al |19 cteansfearordd nigntte agsterdl emt ubedsandrhie , vithus pas, J ef gased
fromcells by freezing and thawi ng or honobgeni zing cells with a seal ed

soni cat or hyFhé dsapér matant 20pesed ting: éf opr €entEhfygation, {3000, 4 pm 10

m nutes, 4C) was stored as a third virus stock solution at -80C 50 cu of
the thirdceirusistoek S0lUbL@RVas: | fect:ed bt 293, cel ls qul tured in
a culture flask (75 cnR) coated with coll gge%? g’ﬁg?g' 913hecﬁrletsuurlgclnatgdi um was
asepti cal bysrransd eraethdba cd stirid & tUDG, , Zpand § he wvitus was, gel eased
fromcells by freezing and thawi ng or honogeni zing cellsi ha '

seal edsonfatarsullhe rgupeknat ant - ¥ @sdkizing ntpif, i Q0 rpm 10
m nutes, 4C) was stored as a fourth vi rusufg'gzg?l?%goFEtt{ﬁ%tagtﬁ?éﬁ%gp'?he titer

of the fouxthsvirausgsekyt iron sas, defeF mqned by :plague assay using, 293
cells.The titer was constantly wthin a range of 10% to l-?L%]}llx'-‘giofu ﬁf W th
no exceptawildbtide sequence of the murine Skp2 CDNA as determined in
such manner is registered on GenBank {(Accession No. AF0B3215)
(Nakayama, et al., EMBO J. 19:2069, 2000; Nakayama, et al.,
the specification of JP-A-2001-224380) . Using‘themurineskpz
15 CDNA as template and the following two types of primers, PCR
was done to prepare a murine Skp2 c¢DNA fragment with a Fiag
tag seguence (N»Asp-Tyr-Lys—Arp-Asp-Asp-Asp-Lys-C; SEQ ID

NO.4) at the N terminus, which was then inserted in the Xhol

o

site of the pcDNA-3 vector {Invitrogen) to prepare a
20 pcDNA3-Flag-Skp2 vector 

[0C390] 5'-primer:;

5’-ATACTCGAGGCCACCATGGACTACAAGGACGACGATGACAAGCATAGGAAGCACC

TTCAGGAGATT-3' (8EQ ID NO:5)

Y -primer: 5’-ATACTCGAGTCATAGACAACTGGGCTTTTGCAG-3’(SEQ ID

256 NHO: 6)
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this disclosure, the fresh virus nunber to be infected per cell is
expressed as multiplicity of infection (noi) hereinbelow In other words,
one wvirus particle infected per one cell is 10expressed as noi 1. (0094)

[ Exanpl.e 2:, Accumul ation of 27Kl protein in cardi omyocytes treated with
DNLS/ CDKj 4P dit dnyocytiedwe s 8r 86l wtredf imoimer &t p25c D Spr agbesDaviiey) ror day 2
to day 4 fromthe delivery, fromwhich a cardionyocyte fraction was
recovered ByceBafEiflughtire?Nan -4 1Rer 86l 2concent rat i 0w hgiradi ent, s Faranor i ,

et al., Am J. Physiol. 275:H2036, 1998). It was confirnmed by

i muncl ef Al Af Ag Agst ny! drittie- shrrdones er &k biam cantt body ot hag w 951 % ok, prEe of
the 20 cells thus recovered were cardi onyocytes. The cardi onyocytes from
the newboranéat weser suspendedz ne anr Saghe MR opM essentihah HEE@&@ medi um
(Fl ow Laboratories) supplenmented with 5 % bovine fetus serunl%F S; Fl ow
Labor atfor i @s)p ewd tdeen viedotubatat g naneub ki urer di gy f %raemlkuisngy?& 37C in
a carbon 25di oxi de incubator for 24 hours. On the next day, the culture

medi um wass exckangeds i ¢ the S enunt {1 ee dBaglke 1N pi rgua Lssent %@Lo&!ﬁ'kﬁ%\ﬁ? medi um
for another 24-hr culturing. Subsequently, the reconbi nant virus Ad-DLNL5

(moi = 10 adenk00)rwand dAdkERK4 (noi =100) as prepared in Exanple 1 were
added to the culture nedium 5 for 48 hours culturing. The procedure for

t he infectlioars2and transé ecdr o ofyeardi grVOLYL 85y, L W, t he; I econbi nant
viruses Ad-DINLS and Ad-CDK4 to express the cyclin D pr%%%?% and the CDK4

protein i priehe radch £Us 0f e Ca5 HisQAVOCYERS b Sy S 'X%t-idl% refe to
stimulati on with DLNLS+CDK4 or treatnentamj¥hq10D1 LS’ %BK&EﬁgFéfﬁb | ow. As

a contipol aat bepsane: ©XRerddrmnt: Masdone, Usi,ng REFR2 cells, as a fihrobl ast
cell line. [0095]Theexpressionc?pr%KlPlpraotg:;!%ier'itEgczlf\fa‘r%lclllleo”rﬁe}%(i‘ﬂﬁt‘{i*lsf‘bl

transfectgdnwist hpthet QQ—NL—% and e%ﬂé LENES, MAS E"r?snaem-rne(:"gdu 1be}/t ivc\nénStoe nCAG

blotting. The cells transfected wt
promoters (CMV enhancer, chick P-actin promoter, and the polya

sequence of rabbit P-globin gene). Therefore, the inserted
genes can be highly expressed in mammalian cells,
HE) [6093] Continuously, it was intended to recover virus

solutions of the individual recombinant viruses at high titers,

4 ug each of the three types of cosmids {pAd-CDK4, pAd-DINLS

and pAd-Skp2) wag mixed with 2.5 ul of the restriction
enzyme-treated DNA-TPC attached to the recombinant adencvirus
20 preparation kit. The individual mixtures were separately
transfe;ted into the 293 cell cultured in a culture dish
(diameter of 60 mm) by lipofectior method using FuGENE™ ¢
Transfection Reagent {Roche). On the fcllowing day, the cells

were detached, and recoverad cell suspensions were separately

25 incculated again in a culture plate (96 well} coated with
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15 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 snmall volune of PBS, and was then
transferredthtderd 20LEBrnl! EppéAddet st ubée ta rwhi gheivcenaokdButfer A
(10mM HEPES, pH 7.9, 1.5 nM My012, 10 mM KC1, 0.5 mM DTT) was added. Then
t he resul tW&ge i Xtlade inaseagrt atedl and reft dao-stand Aligneronyi cg for 10
m nut es. Subsequently, NONI DET P-40 was added to the m xture to a final
concent r atdorp of t 9.2 d%efiort lagictatiivar Réandrsubsequentily ak!l o ng. ¢ he

m xture to stand alone on ice for 5 mnutes.To a precipitate resulting

f rom anot hiert centsrtiefrugatieant (5000 repat n5Mk AMt @g)wy\@i gdded. an @(g&l?ﬁw vol une
of Buffer C (20 mM NEPES, pH 7.9, 25 %glycerol, 0.42 MNaQ " 1. MyC12,

0 2nmM &EDTA)irfear, agintiat beRzrIhegeesubti ngoptxfure,pwasl efito. st andfhaél one
oni cefor 30 mnutes,for centrifugation (15,000 rpm 10 mnutes) to Trecover

t he super Babpart,: tehiz:chy Was tsad @S sNYG 81 pF ot Lracti | rredi atel'y
before use, furthernore, 1 nMDTT, 1 nM Pl\f‘lsnlgy,F 1 pt g}rﬁggpgg FRiAY T Hog/ L

Bui Tor A and Bif for '@ Geski Bod" abbya: " | DOSEITnd AL EAr b G 68t i ned

Buffer A and Buffer C described above. u
in such mapeer:was sadidisted, tQua %ol yne containing 1 x 106 cells per one
sanpl e, el ectrophoresed on a gel for SDS gﬁ%ﬁ%%}?%nesf{é#rwe%l%)ntc(?aée‘%lS

nitrocel |l 4l s ne o MNe ot ti.ng. .Sge ifically, the
dﬂﬂﬁ&é&. @HQ:QH@LX?@Q QXH$¢§£ 1 a?hi%ﬁ%ﬁ%% géﬁéegcignce:

nucl ear protein reacted with an anti-cyclin 0 ( .
Ao Scpr Skt nETKIL o DU, LSRR P07, 36,00, 85 o LR, oDt body
tube, and freezing and thawing was repeated 6 times and was
centrifugated at 5000 rpm for 5 minutes to recover the resulting
supernatant and was stored as a secondary virus stock solution
at -80°C. 15 pl of the secondary virus steck solution was

15 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 angd thawing or
homogenizing cells with a sealed sonicator. The supernatant
20 resulting from centrifugation (3000 rpm, 10 minutes, 4°) wasg
stored as a third virus stock solution at -80°. 5¢ til of the
third virus stock solution was infected into the 293 cells
cultured ina culture flask {75 cm®) coated with collagen. The

culture medium was aseptically transferred into a sterile tube,

25 and the virus was released from cells by freezing and thawing
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20 anti body (Anersham Life Science; NA931) or anti-rabbit Ig antibody
(Amersham Li fe Science; NA934) as a second anti body to detect the presence
of the antigen bound to the antibody, using a chem | um nescence kit
(Amersham Li fe Sci ence;, RPN2109) . [0097] The results are shown in
Fig.l.Liké“ihé“ﬁF@@Wd&§“9 r E50LEs PFNaRaydnaseetledl . soENBOtdr .19: 2069,
2000; the patent reference 1 and the non-patent reference 5), it was

confi r med & 2 “thr ah%dfect i bh 6 cdar deonryofyues iwint h! 1ter DENES and CDK
genes increased the expression levels of the cyclin D1 protein and the CDK4
protein imithg esuck&us wofs cardicomyecyt ésurtheniriBesexpressi on; of 1he
p27K1Pi protein was nore intensely induced, as the expression |evel of the
cyclin D1-806¢ei mhwasiicacreaset flnrtthe viiirhrobbastscaREES 2% £l dddneq
meanwhi | e, the increase of the expression of the cyclin DL protein rather
reducedl the 20expressien heveb of3thelp27 KiRE priatei M.asThe differgnce in
the performance of the p27 'KIP' protein under the stinulation with DI NES +
CDK4 was wbskived ramgheof w0t pes cof dhe/sr) | 6icn [HO98) igwously, the
expression and | ocalization of the p27x1P1 protein in cardi onyocytes was
exani ned byi4 8 iismiwsacyt ochetireal 6f fi Ningywt hethe kizke thg fEt had

descri bed above, cardionyocytes transfected wth Ad-DLNLS and Ad- CDk4

Vi ruses (mnkxpﬁHMDmM@@emﬁixeﬂlmbiﬁfﬂk%ﬁﬁﬂEHEﬁoﬂ&nﬂﬁqr%e?EEﬁEetQ% virus

i nfection. Then, the anti-p27Ki P1 anti body (the sane as descri eé above)
(diluted 1m0 d:HQ0G)o rand 20@n vanhis- AEEQNRN G naCli:n canti-bgdy (DAKO, M874)
(diluted to 1:100) reacted with the resulting cardionyocytes, to dfain the
car ditony aoytess susi ngAlrexakl nor Tm | abel edant i bodi es (Al exa-488 and

Al exa-568; Ml ecul ar Probes) (both diluted to

Iooga}

{Example 2: Accumulation of 927Kipl protein in cardiomyocytes
treated with DNLS/CDK]

Cardiomyvocytes were isolated from a rat
15 {Sprague-Dawley) on day 2 to day ¢ from the delivery, from which
2 cardiomyocyte fraction was recovered by centrifugation on
@ 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
20 cells thus recovered were cardiomyocytes. ©The cardiomvocytes
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 & carbon

25 dioxide incubator for 24 hours. On the next day, the culture
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1: 200) . Further, the cellular nucleus was stained with

2541, 6- di am di no- 2- phenyl i ndol e (DAPI) solution (1 4g/nL). The i mages
stained with these anti bodies and the dye were observed with a fluorescent
m croscope (|l aser scanning co-focus inmge system Zeiss L5M510) (0099) The
results ar@24RsWnva A Pighangctheiekps essnonreof £ p27KIRL Mas: ekserved i n the
nucl eus of intact cardionyocytes (cells positive with sarconeric actin in
the figurepulbureinedias hot agothatensear botense gxpressi O angh puchear
accurul ati on of p27KlI)1 was confirnmed in the cardi omyocytes transfected
with the DIRESrhhdaCDKAl genas-bormLexpiesst an. «theod) Jesuld.sHm Rigs. 1 and
2 suggested that the enforced expression of the DLNLS and CDK4 genes in

car di onyocytiés jai ¢ pwedathe acEuamb B ii0Ofe 6F JPAVEIP] (REOLEI N, SURRLESSI Ng the
progress of the cell cycle in the nucleus of cardionyocytes, so that the

di vi si gn andr prolideratiuonupehenciese ofr dhescad d ameeyt es.as; 15 8%06‘1 by
the stimulation with DINLS + CDK4 ni ght possibly be suppresseél. [ 0) So as

t o exanm ne:whed hedt tde d Mereasengb LhespLZKLPL, .eXxpLesst eyel.  under
stinmulation with DINL5 + CDK4 was regulsat ed at the traﬁ%g?fl%t%{:é%luf%\s/el,

Northern biotfing: 9Q apatygiscovas dere. kwep,in; f, ,gardi omocyt es and
fi brobl asts, however, the enforcedpexpressi onyg?lﬁmgrgnﬁlﬁﬁgﬁggﬁ%s had
no infl uenge o the @xpression Javels ofs p27KLP . Jt.is known that the
expression protein evel of p27KLP in pr %%%ﬁ ng cel 1s” i 8Upptessed

Nature el I° 6ol 1183, 1000 Touat oy, "ot o oty Ceropeest fen
10 D1IXLS + CDK4 hereinbelow. &As a control, the same experiment
was done, using REF52 cells as a fibroblast cel] line.

[0095) The expression of p27%® protein in the
cardiomyocytes transfected with the DINLS and CDK4 genes wasg
examined by Western blcotting. The cells transfected with
15 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 cnce again rinsged
with & small volume of PBS, and was then transferred into a
20 1.5-nL Eppendorf tube, to which ice-coid Buffer 4 (10 mM HEPESZ,
PH 7.5, 1.5 mM MgCl,, 10 mM XCl, 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

25 and subsequently allowing the mixture to stand alone on ice
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9: 661, 1999). Thus, exam nation was done as to whether or not the expression
| evel of the p27"-P1 protein was adjusted even in cardi omyocytes with the
pr ot easonme degradation system 5 After the cardi onyocytes prepared by the
met hod were cultured in a state of serumstarvation for 24 hours, Ad-DINLS
and Ad- CDKﬁoimrﬁi ™ M) wer B° added 46 Rihea el vgse nedisund for 48ohbers
culturing. In different groups, cardionyocytes were cultured in a state of
serum st arS&t o ¥ort 48 hdub 30 rPiiens min® tFRS we s @ ddd dire dqmahOv 86 was added
to the culture nedium for 24 hours culturing. Then, lactastatin (20 }1M
(Santa Cr ) Bas £8 'pFot ehsBhe EiPERi bb H oF - has? $i'md tvareeaus| ¥ .addedii®: one of
the groups, while the inhibitor was not added to the other group. The
express on -1"eWeMIShl .t He 2pRYKEPLprictee nitatéach ofrthesgneupg wdbx -y MAS

exam ned by Western blotting. [0101] Consequently, adi stinctel evati onofthe
expres8i ofalsevekfof the P27 P aproateei powad ceonfotmedo( Fhga@)eas i Fig. | .
Alternatively, the expression |evel of the p27K1Pl protein was reduced
under sti wgharidmowittihnFBS. s Thio | mypent ors 20 g €at ed | P LB Pr ey ous
reports that the cyclin D1 protein and the CDK4 protein were hardly | ocated
into the nuckeastehtcandiianyocyd essadt heughudhese pebecules wereg .

i ncreasingly expressed on FBS stimulation, so that no cell cycle was
activat edIfseéithelpabensreef ef enoer dhango the Nopw €Nty 257 eharnence 5)

It was suggested that the increase of the anount of the p27KIPl ‘protein in
cardi onyoayt s a SPAGI fk it Liul.at i for ,the nucl ear transfer of
the cycli ﬁ D1 p\r@%?ei n and/ g}?gt/?ﬂhebgﬁzbgggfe?g? 1I ﬁgégéep Fértaft]hré (fadgcti on
and agti ofirof JUaiHasQFR WaSe§UPPrassSed sWth,l ' I t. 5
alternatively, no difference in the expr esesri énglgg\?%}@%%ptﬁg%g%%%ﬁf protein
was obserawgl@anong the no-addition group, the FBS-treated group and the
group treated with DINLS + CDK4. The results nean that the function and
action of [ddws p27KLPE:ypr @tieia,ar g, nbi bi Is he group treated with DI NES
+ CDK4 al though 10the p27 Ki P p?é?g?lﬁpi Eggéﬁgt‘*t&nﬁﬁy%éér H884°Fn"t e

no- addi ti r r.t - ted graup..(0102].So as to exam ne the

ubi qui t i naﬁ}z;%i%r?oggtgngglgaﬁ AR WR 1 §0AR per one sample,

electrophoresed on a gel for SDS-PAGE, transferred onto a
15 nitrocellulose membrane and analyzed by Western blotting.
Specifically, the nuclear protein reacted with an anti-cyclin
DI antibody (Oncogene Science: Ab-3) or anti-p27Fis antibody
{8anta Cruz; sc-528) as a primary antibody and subseguently
reacted with horseradish peroxidase-labeled anti-mouse Ig
20 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;
RPNZ1039) .
25 [0087) The results are shown in Fig.l. Like the previous
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the p27 P1 protein in cardionyocytes, continuously, in vitro

ubi quitinylation assay was done. Details of the experinental 15 nethod are
according to the nethod described in the report papers by the inventors
(Nakayama, et al., EMBO J. 19: 2069, 2000; Nakayama, et al.,

JP- A-2001- 2293805 (Mdra,yedta akt,ay.. BMBIO. JChem: 2763 48087 ; 20Q1;. tshida, et
al., J. Biol. Chem 27714355, 2002) The cardi onyocytes prepared by the

af or ement | DhetF 2orfetlhadd vigre nowl-pared ti nedestake f , sef whsStasvatipp for 24
hours, which were subsequently cultured for 48 hours in the culture nmedium
suppl enment €&k Wwithh Atk BILNS iad oAde Opdide f vad y =400) 1t H Rna sHfferngnt - gf oup,
the cardi omyocytes were cultured in a state of serum starvation for 48
hours, whizdreseiectheneculteueedrbor 2524 howy 6 Bt he, Cul BE%-P@Q&W

suppl emented with FBS to an anount of 10 % As a control, REF52 cells

cul turéd iamdatle % FBSrsupphenent od raulture oredium were . Used. Affgr these
cells were rinsed with ice-cold PBS, the cells were scraped with a cell

scraper ard et dvemr centdrd bageads pto Feiseand the.superaata e Jesul ting
precipitate was added a 2-fold vol une of lt heaBuffer C ? ggg?ilﬁledma d(Sjve)

suppl emented:ivd EhpBebs Yo NOMLET . P-40 -Theny, ﬁ:h%r!’oet%lilntizgg JPALULE was
agitated and left to stand alone on ice for 30 m nutes, Tor ultrasonic

di sruptionn Subsequentilak: £ heeresukting, m xture, was centrif uged (13, 000
10rpm 20 ninutes) to recover the supernatant, V\f:{‘lv?gh Vas lunscer%aasse &*cel |

extract. ERA03}Jhes¢ econdi nant pady s Pl pr Ln.for e_as suhstrate for
ubi qui tinyl ati on was prepared byganli n Vi g%gk@lfn ra¥32:29 .3, 288°4 1

transiat i opsyst enusizngabbi t.net L culkoac ysate. .15 cifically, the in
vitro transcription and trans a%i on \/\k}g::reCl o%éf' usl}]hr?gE?lg?tSFrﬁ%F?:iléll e

avai | abl egd e M 4.0- 4 r,an i Pt 4 omest i.on kit (TnT.coupled Reticul ocyte
Lysat e S)?%tem Pr orreé)g)%gr%d]p%gi ng %ﬂg‘%?%z%?f CONA SR 14 CECACY E 4B

sequence gagged thereto as el ate according to the attached protocol. 20
The reconbi nant p271(i PL prot el ne(%t ﬁ‘dlsctglree%awroeat}éonecf eOafgh“feet‘ieclLHSocyt e lysate

sanmple (20,440 lig ampunt)._ were prepared together with the
nouse El [(p:)br otei n (SOCEEFﬁ??ghgﬂéet@/%ﬁs@spgrﬁ%iaﬁd( 1662pigtpiyn @hd GST- Ub
protein (4 .nmolLAL)istal Cal bi oche in a reaction solution of a final
10-p, 1 vé‘f}ifrrep%(f m%‘?“r?ﬂé-ﬁdi (PH 7-BJY° & hif Natd & 5ot i 2,030, 1 Ml

DTT, }‘9'1immunocytochemica1 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-pa7kiet
antibody (the same as described above) (diluted te 1:1000) and

20 an anti-gsarcomeric actin antibody (DAXO; M0B874) (giluted to
1:100) reacted with the resulting cardiomyocytes, to stain the
cardiomyocytes, using Alexa Fluor™-labeled antibodies
(Alexa-488 and Alexa-568; Molecular Probes) (both diluted to

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

25 4',6-diamidino-2-phenylindole (DAPI) solution {1 Hg/mL) . The
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ng/ nL creatine phosphoki nase, 10 nM phosphocreatine, 1.5 nM ATP), for
reacting themtogether at 26C for 30 m nutes. Subsequently, the sanple was

el ectrophoresed on a gel for SDS-RACE and transferred onto a nitrocell ul ose
. Specj fical reaction with a

mbrane f : G Lys) 2%
(Erot ant i BOdy At Lo EFag. St o0y {6 DAa: £ 3060y n6ro HhErFEst iy tbuy

first antibo

(Santa Cruygz, - oth . diluted to 1:1000) and | .
reacti onwit gﬁ%o%ggéﬁ%?B%ﬁ§+ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁw pérEX dae8nitateredf ant k- Mnssel g( as

ment i oned ve) .1Q (dil ut to 1:1000) enabled the detection of the
presencetﬁ % %&aﬁfﬁﬁ%nngéﬁg)to such anti body, using a chem | um nescent

kit (as d%%%r%ﬁed abo¥e%. %0104%The results are shown in Fig.4.1n the
p27Ki Pl pridt’éiln in vitlo LBTUFT i T4 at B lisi hgF &9 c@l | Tdxet resdtr egfs i ok5

fibroblast% duri;ng groliferatiqn (on stinulation with FBS) (REF in the
figurey a$ apg%)si tFge ToMtTold 1Phel prigserfce of heath ovintdrio musicquietsi nyl at ed
p27Ki P1 protein could clearly be detected, by using the antibody
recogni zi NGSEHE BP Bt hEDLY o’ (SRFGEE 26 <t Ré thaconbE hant i p27ai Pbwr atei n (I D;
Flag in the 20 figure) and a specific antibody (IF: GST in the figure)
recogni zi hg®t h&° BESTE Dr ot et ¢ Btlded £8 LeRE er egombienant nubiqdi t ncpeatei n.
When a cell extract pre aredKL[on1cardionyocytes stinulated with FEB Was
used, howeverrujastomeak BB GUl tWas/| aeedi ppykl Pt phet ekndnasyebgesyved, and
a very vague 25band of the ubiquitinylated p27KIP1 protein was only
det ect ed TT 3% cot it DMpodyt s DiNanss etk b e h eDINLS cand <G4 ngenese The
results shown in Figs.3 and 4 strongly suggest that the ubiquitinylation of
t he g27x 19 Prict énrF s $i gd i cerdd 3 sdippressed «nf ogakdi 90y 06yt 65, under
stinmulation with DINLS + 5CDK4sot hat prot easone degradati onhardly occurred,
consequerit] yti vl Ni hga t fieChB¢l ean cacdwmdaatd iamyafcthe pR2AK vl che

accumulation of p27"'"" protein suppressing the progress of the

cell cycle in the nucleus of cardiomyocytes, so that the

division and proliferation potencies of the cardiomyocytes as

15 induced by the stimulation with DINLS + CDX4 might possibly

be suppressed.

[0100] So ag to examine whaether the increase of the p27¥ie!

expression level under stimulation with DINLS + CDK4 was

regulated at the transcription level, ©Northern bletting

20 analysis was done. Even 1in any of cardiomyocytes and

fibroblasts, however, the enforced exXxpression of DINLS and

CDK4 genes had no influence on the expression level of p27%ip!

MRNA. It is known that the expression protein level of p27Kipl

in preliferating cells is suppressed with the

25 ubiquitin-proteascme degradaticn system {Carrano, et al.,
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protein. [0105] [Exanple 3:Decrease of p27E Pl protein accumulated in
10car di omyocytes by enforced Skp2 expression) It is known that the p271("31
protein is ubiquitinylated in general proliferating cells with a ubiquitin

| i gase cont.aini.ng as, an F-box protein, nanmely the SCFs42 conpl ex
so that thggE57RfB$K§%bern1r%9geg?§&gd W Rt PPE - t @asome (Cdrtr-akdoll5et

al ., Naturg_gggl @d@ . 1#%93, 1999; Tsverkiv, et al., Curr. Biol. 9:661
1999) . Théiefore’ tHe expFessiGidr tH" Se52dpretat o iheak el onyoeyt es was

exam ned bg Vestern bl otting. Methods for. cardionyocyte preparation,
transf ect i R Vi tHT S OTNLE VA d C AdE EOKEZ 7 niicIvedrt sirfotédisn 2@ epareat Eoap
Western 20plotting and the |ike were the sane nethods as descri bed above.
So as to det eCtr{hemSkpRtpt of &Fh, tERe PRt tSiaF® rent d dodyd asi usedy s 6106) The
results are shown in Fig.5. The expression of the Skp2 protein in

fi br obPast’s® (REES2 eof § 59T (Rt 8% Fa eP5corH kol ttelde vasl siegni fitantby

activated under FBS stinulation
in a state of serum starvation for 24 hours, A4d-D1INLS and

Ad-CDK4 (mol = 100) were added to the culture medium for 48
hours culturing. In different groups, cardiomyocyvtes were
cultured in a state of serum starvation for 48 hours. Then,
10 FBS at a volume to 10 % was added to the culture medium, for
24 hours culturing. Then, lactastatin (290 uM} {Santa 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 the pZ?“plproteinin each of the groups
16 - was examined by Western blotting.
fc101] Consequently, a distinct elevation of the
expression level of the p27°'®' protein was confirmed (Fig.3)
as in Fig.1l. Alternatively, the expressicn level of the p27Kipl
protein was reduced under stimulation with FBS. The inventors
20 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, go that no ceil cycle was
activated (see the patent reference 1 and the noen-patent

25 reference 5). It was suggested that the increase of the amount
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andsti nmul ati onwi t hDINLSandCDK4pr onoti ngt he proliferation

However, al npst

no i nduction of the expression of the Skp2 protein was observed in

cardi onyocyt es,

while in the cardionmyocytes transfected with DINLS and ODK4
g, anount of the Skp2 protein could be detected. The

genes,~only 5 a trags ' {
resul ts sudgest:®aPpdssi b9 4s/ fofi ot I§é réuspressi ors ofa ¢ e ededriadatd am<of t he
p27K2P1 protein accunul ated under stinulation with DINLS CDK4 because of

no occurrefiCe™sf athen| hdudthiconu of ¢ ¢ het mps &ssicn tafe Skp2ii micakdi-emyocyt es.

10 [0107] Accordingly,

exam nation was done about the effect of the Skp2

gene on t hat8xpFessi 6RK6frtdvee P71 Iprot ek hd @ tihe f che eXPE eSS 8A «9h ot he
Skp2 gene in cardionyocytes transf.ected with DINLS and CDK4 genes.

Car di onyocyf e$ rwéree semansieact &b mi ¢ $1s Atl- BINES {a®ia 5t 100) , + Adz CRK4: (moi =
100) and 15Ad- Skp2 (noi = 50, 100) prepared in Exanple 1 for 48 hours

cul turidng, a1 o amat yrel t hercexipriessiean cofi ncyalei B xBlesSkp2 apdep2dK PL.protein

by Western blotting. Methods for cardi omyocyte preparation,

nucl ear protein

preparati a? Wspeonebhot s i ng cnal g5 izmoand thhe nloi-ke wer gyt he, same, pet hods

as descri bed above.

20(0106] Three genes for DINLS, CDK4 and Skp2 were

FBE-treated group and the group treated with DINLS + CDK4. The

results mean that the function and action of the p27Kipt protein

10

20

are inhibited in the group treated with DiNLS + CDK4 although
the p27 ¥ protein is constantly degraded in the no-addition
group or the FBS-treated group,

i0102] S0 as to examine the ubiguitinvlation potency of
the p27kirt protein in pardiomyocytes, continuously, in vitro
ubigquitinylation assay was done. Details of the experimental

method are according to the method described in the report
papers by the inventors (Nakavama, 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. Chen. 277:14385,
2002) . The cardiomyocytes prepared by the aforementicned
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-DILNS and Ad-CDK4 {mel = 100). 1In

a different group, the cardiomyocytes were cultured in a state

of serum starvation for 48 hours, which were then ctultured for

24 hours in the culture medium supplemented with FES to an
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concurrently expressed in cardionyocytes. The results are shown in Fig.6.
When the DINLS and CDK4 genes were transfected in cardionyocytes, the
expression of the p27K1P1 protein was strongly induced as in the previous
experiments (Figs. 1 and 253).In that case, transfection of Ad-Skp2 into
car di onyocy¥ess < 1% §19b§equ%ﬁtq V¥ O&ltirew t RE Fédn@@rlrlentuéXpre$51 o afe she Skp?2
gene significantly reduced the expression |level of the p27KIPl protein. In
car di omyoc¥R 55 5 et et o tchléuhﬁghe@:memzrauusc&m Affapitire k00106

Ad- Skp2, al nost no expression of the p27Ki'1l 5Sprotein was observed.

[ 0109] | t was$ 18 ttHersconfiitiedasi ngad PRsunocytost as ni e netrhed cagshawa in
Fig. 7that the accunul ati on of t hep27K1P1pr ot ei ni ncar di onyocyt es transfected
with the DINUSsandr€bkdh ehes ovast rigdyced], by dheca30 w@- expeesst9pcof the
Skp2 gene. The inmunocytostaining nmethod is the sanme nethod as in the
experi fentTadéser i bedl aboyes {dd in i2)a t Aw aisS a8A@WN a1 - F4 Td 2o 1uHCBSC 1o
expression of p27/ (1131 and nucl ear accumul ati on thereof were observed in

car di onyo®yti€s 1t ¢ drisfsectied ivi i dv DLbLBparc G4 gengs. s Wenytzhe :Skp2, gene
was 15 co-expressed, alternatively, significant reduction of the p27141pl

protei n waseabseryedsin:the mucheuss of aihe 0ald » ,WhesE Ccar di.gmgocyd,es with
DINLS, CDK4 and Skp2 genes concurrently expressed therein were treated with

| act ast at bn, tihe expsession Imevelt «@f t heo p27KLRL Jprot:ei n é/yassr%eﬁt%pd to
al nrost 20t he sane |evel as the level during stimulation wth D1 and

Subsequently, the resulting mixture was centrifuged {15,000
10 rpm, 20 minutes) to recover the supermnatant, which was used
as a cell extract.
(0103} The recombinant p27"P' protein for use as a
substrate for ubigqguitinyiation was prepared by an in vitro
transglation system using rabbit reticulocyte lysate.
15 Specifically, the in vitro transcription asnd translation was
done, using a commercially available ipn vitro transcription
translation kit (TnT coupled Reticulocyte Lysate System:
Promega) and using mouse p27%®! ¢DNA with a FLAG tag seguence
tagged thereto as template according to the attached protocol.
20 The recombinant p27%Ft protein thus prepared and each
reticulocyte lysate sample (20 to 40 ng as protein amount) were
prepared together with the mouse E1 protein (50 Hg/mL), mouse
E2/Ubs3 protein {100 pg/mL), and GST-Ub protein {4 mg/mL) (all
from Calbiochem) in a reaction solution of a final 10-ul volunme

(¢ mM Tris-HCI({pH 7.5), 6 m¥ Nall, 5 mM MgCl,, 0.1 mM DTT, 0.1

Lo
fog ]
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CDK4. Thus, it was confirmed that the reduction of the p27KI Pl protein by
the enforced expression of the Skp2 protein was nedi ated by the
ubi qui ti n-prot easone degradati on system [0110] 25[ Exanple 4 Effect of

enf orced Sk{)?_ expression %n the pronotion of the Rrolifer.ati on of
car di omyocyt @4 AHTGWPRG SRACBERESE - AdPCORAP BRAPAGCSRP2 Lpendi vEdB¥l |y nDi

= 100) to transfect cardiomyocytes and subsequently counting the cell
nunber perd™icaf?y, reREtiAf| taREe Of9 etthee i nt £ 0d¥EET drvzof3 & hei Skp@s gene on

the proliferation pot ency of cardi omyocytes was exanm ned. Like the results
in the preBARIYedgdrts (sees 3R patient ket érenberesadd onhe nom- pad ent
reference 5), the cell nunber of the cardi onyocytes with DINLS and CDK4
genes expréssédGEherdi hraas feneeéasede about tBofel Hul@seomeayrane for
post-culturing (Fig. 8). It was alternatively confirned that the cell
nunber dof ¥Eartdirampoeyttes ani 2 e tied & .hr e genésc aahel y rBihE S nCK4 nand Skp2
genes expressed therein was increased 5 fold or nore. Al npbst no increase of
the cel |l nAdnsérsn bibedy dincriydéyes: i nfedyeds v contively vector: -angdr
antibody {Santa Cruz; sc¢-138) (both diluted toc 1:1000) and
reaction with a second antibody horseradish
percxidase-labeled anti-mouse Ig {as mentioned above)
10 {diluted to 1:1000) enabled the detection of the presence of
the antigen bound to such antibody, using a chemiluminescent
kit (as described above).
(0104 The results are shown in Fig.4. In the p27&iet
protein in vitro ubiguitirnylated using a cell extract of
i5 fibroblasts during proliferation {on stimulation with FBS)
(REF in the figure) as a positive contrel, the presence of the
in vitro ubiguitinylated p27%®! protein could clearly be
detected, by using the antibody recognizing the Flag peptide
tagged to the recombinant p27"'® protein (IB: Flag in the
20 figure) and a specific antibody (IB: GST in the figure)
recognizing the GST protein added to the recombinant ubigquitin
protein. When a cell extract prepared fronm cardiomyocytes
stimulated with FBS was used, however, just weak

ubiguitinylated p27*? protein was observed, and a very vague

25 band of the ubiguitinylated p27%®! protein was only detected
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15 cardi onyocytes infected wth Ad-Skp2 al one as negative controls was

observed. The aforenentioned results apparently indicate that Skp2 nore

significantly nay pronote the proliferation potency of the cardi onyocytes

as pronoted on séinulation with DINLS + CDK4. 20[0111] [Exanple 5: Effect
f 24t BNt © Bhe prigfosiies teld piohiFe¥as iaord @b kdag di ey oaqytes]

of p27 siRNA f
So as to nore clearly denpnstrate the influence of the p27K1P1 protein in
car di onyocyféd ' tFedtied i th PIRES3ard ¢CDK4 s t253isRMA specifi Ctho:t hep27K1P1

gene (referred to as 'p27 si RNA' hereinafter) was expressed in

cardi onyocyPe§uiférekanipe toffe eff ect’ TO102bSBe ias ¢osCanStiUGhk 2@ YeCt Or
for expressing p27 siRNA, target sequences were determ ned on the basis of
the 5 nucFeBPFEesséqgirencer d ifrarawmtticon uefd arats ikl : &DNA {26665 on No.
D83792 in CGenBank) while an oligo DNA for use in constructing a vector
expressi ngtPhe st RNA* kol r esponedingnt 0 4 her sequenge wasadesi gped,apd
prepared. As the target sequences, the followi ng three types were sel ected
fromrat 10p2Fédue ciDNALtnedeoli die Nog:l 330284 n(5 - GGGAGAGATTCTIGTTC 3'

SEQ ID NO. 7); nucl eoti de Nos: 532-550 (5' - AGCGCAAGIGGAATTT -3': SEQ ID
NO. 8); angr d5niuc] eoti de Nos: 372-390 (5" - GTGAGAGIGTCTAACGEGA-3': SEQ I D
NO.

[0195]

[Example 3: Decrease of p27Fimt protein accumulated in

10 cardiomvocytes by enforced Skp2 expression]

It is known that the p277P? protein is ubiquitinylated
in general proliferating cells with a ubiguitin ligase
containing Skp2 as an F-box protein, namely the SCF“ﬁjcomplex
$0 that the p27“plprotein is degraded with proteasome (Carrano,

15 et al., Nature Cell Biol. 1:193, 1999, Tsverkiv, et al., Curr.
Biol. 8:661, 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-CDX4, nuclear protein preparation, Western

20 blotting and the like 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 fibroblacsts (REF52 cells) used ag a

25 control cell was significantly activateg under FES stimulation
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9). siRNAs based on SEQ ID NOS: 7 through 9 are referred to as si RNA #1, #4
and #6, respectively, hereinbelow The inserted oligo DNA sequences used in
constructing vectors expressing si RNA #1, #4 and #6 are as foll ows.

20[ 0113) si RNA#1: 5' - CACCGGTAGGAGGTTCTTCTTCAACGTGTG CTGTCCGT TGAAGAAGAATC
TTCTGCCTTT2¥¥- 3's {iSE@atHoRO, w0k an@ll BL s GCATAAAAAG CCAGAAGAT T CTTCTECAAC

GGACAGCACA OGTTGAAGAA GAACCTCCTACC-3' (SEQ I D NO 11). [0114Jsi #a:
5' - CACCAGTBTAL AT GGAGTTT GEAAGGEGTG R5CT GBOCET T €: CAMETCOAG  TTESCCTITT
TT-3' (SEQ ID NO.: 12) and 5' - GCATAAAAAAGOGCAAGTGG AATTTOGAAC GGACAGCACA

CGTTCGAAAC TOGACTERACAPEF+ 8 6 SE: | D N vd3)in Lﬁlﬂéﬂ&&%ﬁ@é 11 GACEGT GEA
GIGTTTAATG GGAACGTGIG CTGTCCGITC CCGTTAGACA CTCTCACTTT TT-3" (SEQ I D
NO.: 14) ante 55'rdGOATAAMMAAG TGAGAGIGIQ FAAGEIHAE GHACAGEAGA e%GT: % TT
AAACACTCCC AC-3' (SEQ ID NGO 15). [0116] Three groups of ol1go- ach
cont ai Bi nge theac si ANAarget cisequente, Wer e; anpgak gd b@nqeggg@eidnse%ed into
the RsmNl site of an RNA expression vector (pcPURU6 p icassette, 0

i GENE) . Thee seictor sifg & 91z aaCansddusti on, syeh dhat .t ranscription of RNA
corresponding to the inserted genes nay start under ggé%tsg(l)fmofc’%hu%% U6
pronot er tde dtiaghlty cexpreess the i ptended (L0 M |ian cells. T%en, t he
vector was cleaved with EcoRl and HindlIl, to puri ¥y ltnhueqa‘rtees‘il t1'ng° f r agment
After the

15 contai pitngtihe ;b6 oA andcbhe L0sgLLgd, gene sequences. Aft
end was bl unt-ended using T4 DNA pol yner as%%gt g T AGPEAE °RAE PhsEtt ed into

203 col 15 wi th t he cosmrs ShE FESPl ot on Bhz e rredtad BAFTRC deri ved
from e (0107} Accordingiy,examinationwasdoneabouttheeffect
of the Skp2 gene on the expression of the p27%P protein via
the co-expressicn of the Skp2 gene in cardiomyocytes
transfected with DINLS and CDK4 genes. Cardiomyocytes were
transfected with Ad-DINLS (moi = 100), Ad-CDxk4 (moi = 100) and
15 Ad-Skp2 {mol = 50, 100} prepared in Example 1 for 48 hourg
culturing, to analyze the expression of cyclin D1, Skp2 and
p27K”1protein.byWestern blotting. Methods for cardiomyocyte
preparation, nuclear protein Dreparation, Western blotting
analysis and the like were the same methods as described above,
20 [0108] Three genes for DINLS, CDK4 and S5kp2 were
concurrently expressed in cardionyocytes. The results are
shown in Fig.6. When the DINLS and CDK4 genes were transfected
in cardiomyocytes, the expression of the p27Xisl protein was

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

25 3}. In thatcase, transfection of Ad-8kp2 into cardiomyocytes
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20 genone DNA of human adenovirus of type 5 enabled the preparation of
reconbi nant adenoviruses expressing p27K11 si RNA (Ad- p27 5i RNA-#1, #4, #6).
Conti nuously, a virus solution with a high titer was recovered fromthe

virus vector by the sane nethod as in Exanple 1.

25[ 121171Fitps€ 2p2 79 RNAWASET D! @X pries sedi qur r €at di opyocytas 4+ ansf egt,ed with
DINLS and CDK4 genes, to exam ne the effect on the expression of the
p27K1P1 pr eeeens byn Véstarml blretiticeg. copegikftreaklyn Ad-DINES,  Ad; COK4A and
Ad- p27 si RNA (individually noi 100) were transfected into 5cardi onmyocytes
for 48-hr pubtuihng, It oaadabyzecthes expreassion:ob & hegPTKLBL Rretein by
Western bl otting. Methods for cardi onyocyte preparation, nuclear protein

preparati ofpoi Westeon bEoktipgpanakysbscand the ldke are t Q%es?'ge?xa;s t he
nmet hods descri bed above (Exanples 1 and 3). 10[01181The results are shown

in Figs9. whene DINLS aduk e .GDKA genes were transfected into cardi omyocytes,
the expression of the p27K1P1l protein was strongly induced as in the

exper i ment so gescr i bed zabovey Fi gs 4,3, and 7) . Sy essing _p27 si RNAs
(#1, #4, #6) in cardi omyocytes, the 15  pr oducc%%*n of theurs)g?l%lpl pfotein

was great | ymathiced s Al imste NQexRuesgi;on @f, the.p27KL Pl . protein Was
observed with p27 51RNA- #6 gi n Sarti cul gr. s ﬁgtnexﬁgessgf h7oft%§!? s%/%\IA
exerts a sUppiBss e ef fect specifjoato t 7xiiil protein but never
i nfl uences the intracellular contJent s of l{]tﬁoetp%z‘iclﬂ pcrao‘?‘g?’f‘,‘y‘?'f)yrf%% cyclin

D1 protei R Qf S GURELL € nact ] ven i results of the
i mrunocyt ost ai ni ng, al rln%gt E%\%%alcrgbuﬁu I!a(':?iCi)ﬂr;k%}‘ofget Y& Bo7KkFedproferh Wik

o RN 0T TO TOEAt T Rugal 5 R DENL B RG CORAANARA 27 T3567 Ritaragpetiod P
(i ndivi du@-'sl tyhemgiamg ngeoc%odvfg qntt{haen%&g%trelgneinqtc?e scribed above (Fig.2).
As is shown in Fig.2, intense expression of p27%P! and nuclear
accumulation thereof were observed in cardiomyocytes
transfect@d with DINLS and CDK4 genes. When the Skp2 gene was
15 co-expressed, alternatively, significant reduction of the
p27°®! protein was observed in the nucleus of the cell. when
cardiomyocytes with DINLS, CDK4 and Skp2 genes concurrently
expressed therein were treated with lactastatin, the
expression level of the p27K”1 protein was resumed to almost
20 the same level as the level during stimulation with DINLS and
CDX4. Thus, it was confirmed that the reduction of the pz7%
protein by the enforced expression of the Skp2 protein was
mediated by the ubiguitin-proteasome degradation systenm.

[0110]

25 [Example 4: Effect of enforced SkpZ expression on the promotion
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cardi onyocytes,to subsequently count the cell nunber periodically. Like the
results in Exanple 4, the cell nunber of cardionyocytes with DINLS and CDK4

genes expressed therein was increased about 3 fold on day 7 post-culturing
(Fig.~10). .5 k@anmhilg, it was verified that the cell nunber of
car di onyoc§te&™fi PROt he® T i £e" gehes® HahePyO DINES] CDK4 and p27 si RNA genes
expressed therein was significantly increased. Al nost no increase of the
cel | nunbers of Tardi6yeEyt &k iMfectéd GRikdha hdcA i dsnan vwisrus 1and
cardi onyocytes 10i nfected with Ad-p27 si RNA al one as negative controls was
observed, Mhe &f of ehentPorfeth rsdsusltt sc apparentky tendixat estbakgtbar1y
expression of p27 si RNA nore significantly may pronote the proliferation
pot ency of€ t¥et Tt ditemfedyit agnas rppempbed can 1st,i mukath@nuwinith BDENLS: + CDKA4.
15[ 01201 .[Exaq?leIG: Ef fect of enforced Skp2 gene expression on cardi ac
therapy] S¢ @ qWwr Ko piEnt b hatkitthecekf ecttiof iha iemfrorced potenc@XPFession
of DINLS + CDK4 + Skp2 genes on the proliferation 20of cardionyocytes had a
t her apeut ice@ Iefifogote cort edavag ed agamaidonyDeykes, e @xaniinat i o0 \wagr deng, s using a
rat myocardial ischem a and reperfusion nodel.The nodel was prepared
accor di ng re@otttie mét hod thy Ded taku, retf ealen <0 1CGEIA1212002) . A Bl e
Wstar rat (age 8 weeks) was anesthetized via
25i ntr aperiettemealcadii nitster aé 1 dmvefrsadb anpeatebaribiddlc v es with pinLs
and CDK{ genes expressed therein was increased about 3 foid
10 on day 7 post-culturing ({(Fig. 8). It was alternatively
confirmed that 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
15 cardiomyocytes infected with Ad-Skp2 alone as negative
controls was observed. The aforementioned results apparently
indicate that Skp2 more significantly may opromote the
proliferation potency of the cardiomyocytes as promoted on
stimulation with DINLS + CDK4.
20 [0111]
[Example 5: Effect of p27 siRNA treatment on promotion of
proliferation of cardiomyocytes]
S0 as to more clearly demonstrate the influence of the

Kip1 ' ' : A
p27""" proteln in cardiomvocytes treated with DINLS and CDK4,

25 BiRN2A specific to the p27"P! gene (referred to as 'p27 SiRNA'
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(Nenbut al : Dai ni ppon Pharmaceutical Co., Ltd.) (55 ng/kg). Subsequently,
the rat received thoracotony under artificial respiration, to expose the
heart. Continuously, left coronary artery was ligated with a suturing

thread with a needle No. 5 5-0. Then, the rat was left to stand for 30

m nutes. Therkigatuee) wess relpeasedd to @b romwbieedctkow ¢ o be; nepernfused
(reperfusion). As a control, an animal treated only with threading the
coronary artéeytwas used as a sham operation group (referred to as Sham
group hereinafter). 10[0121] The adenovirus vector was introduced into the

heart durifhgiazperiod saf 225 40 X SHUHES: POSE e bSCREM 3, A RLght [[Lered
adenovirus solution (1 x 109 pfu/nL) of the sanme | ot as prepared and used

in the aboyerExan € s GifRGtdsy veRee@ted nitQ & he Gardiag qus¢l e, Layer in
the ischem c center 15and in the periphery thereof at 50 pi each per one

site im toiad: & i Sise@sebthe: § 08 &, vol Une 9%t2?97$$1kmmﬁs' <8 999
injection needle. [0122] So as to exam ne the effect of the F&at hERt with

DINLS + ChOi4,: apganipal; gr gupshpiectgd with a ol ution 20 of t he
three types of adenoviruses, nanefy Ad-DLNES (€1¥5§0§N% gorA&SéDK (1

x108pf u) anh Ad-JAGE o 4 %1098 PhobssLeherrd Lopd PQ%!:\'LS%QW%M% .

herei nbelow. So as to exam ne the effect o the rea fren

LCDK4 + Skpz abqapisml ,grou ure qu ion of the three
types of adenOV|?use§@ ﬁgne|§eiﬁéf§img %g Q %B@re u), 4 31" %bs

pfu) and Ag: 1 0 ferr to as roup. hereinbel ow.
As a negatlfgﬁggn%roxhérgaggggnh £§ ¢ Eg%% i hf & 8t%5%ﬁ?fﬁgAﬁrT&df“(2 x 109
pfu) vps anrangedyfreferred to as Cbnt group' herelnafter) No injection

of any adenovirus solution was done in the Sham group. After closing the
Foodi ng CoRaTEroRs T 6 adend, TDIIH AL kb RAT BAEEFCof ¢ HE et G s of
cardi ac ny§gle foll owi ng i schem a and di sordered reperfusion, the cardi ac
nucleotide Nos: 532-550 (5’ -AGCGCAAGTGGAATTTCGA-3': SEQ ID NO.
8}: and
15 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 46, respectively, hereinbelow,. The
inserted oligo DKA sequences used 1in constructing vectors
expressing siRNA #1, #4 and #6 are as follows.
20 [0113] siRNA #1: 5" -CACCGGTAGGAGGTTCTTCTTCAACGTGTG
CTGTCCGTTGAARGAAGAATC TTCTGCCTTT TT-3’ (SEQ ID NO.: 10} and
5" -GCATAAAARAG GCAGAAGATT CTTCTTCAAC GGACAGCACA CGTTGAAGARA
GAACCTCCTACC-37 {SEQ ID NO: 11}.

{0114} §1IRNA #4: 5'-CACCAGTGTA AGTGGAGTTT CGAACGTGTG

ko
o

CTGTCCGTTC GAAATTCCAC TTGCGCTTTT TT-3' (SEQ ID NO. - 12} and
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10 nmuscle troponin T (cTnT) value in plasma was assayed (O brien, et al.,

Lab. Anim Sci. 47:486, 1997; Morinoto, et al., J. Pharmacol. Sci. 91:151
[ Suppl . 1], 2003). 2 hours after reperfusion, blood was drawn out fromthe
fundus and centrifuged to recover plasma. The c¢TnT val ue was assayed, 15

usi ng a cafdi GEAFLAHRRAERBEhEC TR GgridstliTa)AAC ConmerpurErtdy, cictrwasaebser ved
that the c¢cTnT value after ischem a and reperfusion was greatly increased in
the Cont gFfetptTEher DINLE ¢F dbupl ;b t hes Skp2 group, conpared with the Sham
group (Sham group: 0.2 + 0.0 ng/nL, Cont group: 8.8 + 0.5 ng/nm, DINLS
group: 9.1(2019l 7 ng/ miRNSkp2s gr 6Upcadc@retsl ngfetdraaNo dhhfiesense in the
cTnT val ue anong the three groups except the Sham group was observed,
suggest i ngtThRC@rsi mdarrdcevel cafcriche mecrasis ofs iandi ag musgl e, ywas

i nduced. [0124]6 weeks after reperfusion, cardiac functions were 25nmeasured

by t ombgr a&phys (28 arodes avet hod) ¢ BTk t hea borada ces ek s o h Pk ayi O L gyroor aphy
over time, using an ultrasonography apparatus (power Vision 8000: shi ba

Medi cal ) . Metamimoe o Ket-aral (s e3anky®p .and jxyl azi ne (Signma) were
intraperitoneal ly adm ni stered to a rat for anesthesia. Using a |linear

probe 5 dfo1l%MHz, therkeftr-yeptrieubarn %h%rNtAsaXéas Y. fusgl e was
nmeasured by the M node nethod, to rreasurlgt he |eft Q/}gﬁ%ﬂc%ﬂ%ng £ild

end- di ast aliireradi aEHSE %@q&xf&dmctehﬁekﬁfatnn\é%&téd quleat , epd- yerttoeldl ¢, dinension to
calculate the fractional shorteni ng of left ventrlc i nnet ” df artet er

FS 10F Le re : FS
(FS). Bagiiropal . Sherteniyg 9 @fsg yepLri ?8ngﬁgﬁgs aacl?;ssceﬁ%ﬁgns,)on «

(end-di ast ol i cdi nensi on-end-systolic |nen5|on

100 (%W [Q&2REBYy megsuring ft;ventricu L i.t.udi nal axis by the B -
node method, left ventri cultlg? end- g%asto}:?ésagggtéﬁ 18- 88t ol5Pé area

ere ”ei‘,i?f;ﬁga,;‘; op caLEUW Al 1 R LLaghhanal e ghange, of 1 &1L veniricul ar
start under contrel of human Ué promoter to highly express the
intended RNA in mammalian cells. Then, the vector was cleaved
ﬁith EcoRI and HindIII, to purify the regulting fragment
15 containing the U6 promoter and the inserted gene seguences,
After the end was blunt-ended using T4 DNA polymerase, the
fragment was inserted into the Swal site of cosmid pAxcwit
(TAKARA BIC). <Continuous transfection of 293 cells with the
cosmidandrestrictionenzyme-treatedDNA-TPCderivedfromthe
20 gencme DNA of human adenovirus of type 5 enabled the preparation
of recombinant adenoviruses expressing p27%®' gigrNa (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.

25 [02117] FPirst, p27 S1RNA was cc-expressed in
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i ndi cator of the systolic function. Fractional Area Change of |eft
ventricul ar (FAC = (end-diastolic area - end-systolic
area)/end-diastolic area 20x 100 (% [0126]Using a 10 Mz sector probe,
additionally, left ventricular blood flow influx was neasured at earl y

di astolic §FaGE°(Eycundsattriasmisysed| iwi st agentA) de Doppl et .rethod,, t

cal cul ate E/ A val ue, which was used as an indicator of dlastollc functlon

The af or enektkbned: neadifrenentst Mere ones i iy & ¢ blHend otest §Q that a
test practitioner could not figure out the contents of the t reat msnt of

each ani maV¥est¢ 01276 tvegks abtei:r nyorcaydiad . o sehema . ang ,r epen d“%'z‘?”
cardi ac functions were neasured by the methods described above.

Cont gr oups cpar kich dni i ddie yShamigr eup,; gtghe fwl’e%tl qr}glnssfg% %m ng gFS) and
the fractional area change (FAC) were at very snmall val ues mhlle he |eft

ventri éul arabd iood, fdyaved ablkuxs rat i@ 1at, Aihe eagly stage_and the
systolic atriumstage (E/A) was at a Iaﬁgggvalueng#ﬁﬁ he i sgaﬁég?ved

that the IOsystel ipe7fimctiQn and g agkqld s f up re ar.ent

deteriorated. In the DINLS group or the §kp2 g?%bg? ?ﬁ céﬁ%@%ﬁ% %éfand FAC

were at | atager orgloles <t haR LA ggg gont, gre e. appar ent angl i orat i on
T2 the B/ATvAl 05 ’égggemd%?%a{%%l@bm

effect was observed in terns of the E/ A val ue. are

group, theektArnlpivakugqi Rnthe Skp2,gr at. a significantly small
value. The E/A value in ?henDlaL grgupqﬁggwgé%.l%ﬁe tH&h 9374 He® Coht  gr oup,

but no sta@kggugahggc§hg@gf59§@é g it L was .ohserved between them ( Sham
group: 2.30 0.25, Cont group: 5. g +§.g , blﬁfg 8?0up: 3.69 0.68, Skp2
groupi. 44¢19sp7: 20 9409,:42) .. shown in Fig.9. When DIKLS and
CDK4 genes were transfected into cardiomyocytes, the
expression of the p27*P! pyrotein was strongly induced as in
the experiments described above (Figs. 1, 3 and 7). By
expressing p27 siRNAs (#1, #4, #6) in cardiomyocytes, the
15 production of the p27"P! protein was greatly reduced. Almost
no expression of the p27%P! protein was observed with p27
s1RNA-#6 in particular. The expression of p27 giRNA exerts
a suppressive effect specific to the p27""! protein but never
influences the intracellular contents of the p21°® protein,
20 the cyclin DI protein or sarcomeric actin. Even in the results
of the immunocytostaining, almost noaccumulation of the pa7¥is!
protein was observéd in the nucleus of cardiomyocytes through
the expression of p27 siRNA.

[0119] Continuously, A4d-D1NLS, Ad-CDKA4 and Ad-p27

25 SiRNA-#6 (individually moi = 100) were transfected into
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[ 0128] Conti nuousl y, cardi ac henpdynam cs was anal yzed on the next day of

the cardi ac ul trasonography test, After sodi um pentobarbital was
intraperitoneally given to a rat for anesthesia, a mcrochip pressure

transducer - equi pped cat heter 95(SPC-320: MIlar Instrunents) was inserted
into the | BFFII008AFYFEFe fFoOmIURS aqushitt loar stauh tar ttdrey, cted lmeasmbert he
maxi mum differential rate (dP/dt nax) of left ventricle pressure (LVP) as
an indi cat BeroPdf et lventhiikeurar systlold cpékemey cahd rheasurle dphdtf P max
obt ai ned by dividing dP/dt max with LVP sinultaneously neasured as an
i ndi cat or ®f tared i cafyo owdretsr ¥ €tk dr L i Sashdl T BX pat ency e xfpurstsheranoh ey o t he
mnimmdifferential rate (dP/dt mn) of LVP as an indicator of |eft
ventri cul a¥a ¢diastdasedpebencys drnd d ehtdyent mioe -afulturing (Fig. 10).
end- di astol i cpressure( LVEDP) wasneasur ed. The 10 af orenenti oned neasurenents
were déne Neamvipl imd tiest wemnners:siof itdiat @ndestcper soqm coul gnnot igentify
the contents of the treatnent of each aninmal. The results are shown in
Table 1. [®H20lcib{chatdsewl}h the three genes namely DINLS, CDK4 and p27
SiRNA genes expressed therein was significantly increased.
Almost no increase of the cell numbers of cardiomyocytes
infected with LacZ expression virus and cardiomyocytes
10 infected with Ad-p27 siRNA alone as negative controls was
cbhserved, 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 DiINLS + CDK{.
15 {0120}
[Example 6: Effect of enforced Skp2 gene exprescion on cardiac
therapy]
S50 as to confirm that the effect of the enforced
expression of DINLS + CDK4 + Skp2 genesg on the proliferation
20 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

o
g
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nrHg ' - /sec) LV
Nunber LVEDP ) LV dP/dt max (mmHg/sec) LV dP/dt mn (-nmHg
dP/ dt/ P max (g/sec) 9 3.4 1.2 7457 308 6492 312 75 5 101210 13.3 +

2.5"9.5 2.38.5 + 1.7 5572 230"6022 264"6183 + 250"

(Nembutal: Dainippon Pharmaceutical Co., Ltd.) {55 mg/kg).

Subsequently, the rat received thoracotomy under artificial

respiration, to expose the heart. Continuously,leftcoronary

artery was ligated with a suturing thread with a needle No.
5 5-0. Then, the rat was left to stand for 30 minutes. The
to allow blood flow to be reperfused

ligature wgs releasgsed,

{reperfusion). Ag a control, an animal treated only with
threadingthecoronaryérterywasuseda& a shamoperationgroup
(referred to as Sham group hereinafter) .

10 [0121] The adenovirus vector was introduced into the
heart during a period of 25 tg 30 minutes post-ischemia. A
high-titered adenovirus sclution (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

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

of 5 sites (the total volume of 250 ul), using a 306G injection

needle.
fo122] So as toc examine the effect of the treatment with

DINLS + CDK4, an animal group injected with a mixture solution

20 of the three types of adenoviruses, namely Ad-DINLS (1 x 1¢°
pfu}, AS-CDK4 {1><103pfu) and Ad-Lacy {1><109pfu} ig referred
Lo as 'DINLS group’ hereinbelow. So as to examine the effect

of the treatment with DINLS + LCDK4 + Skp2, an animal group

h of

injected with a mixture sclution of the three types

adencviruses, namely A4-DINLS (1 x 10° pfu), Ad-CDK¢ {1 x 10°¢

o
O
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3631 182"4047 + 270"4449 403<51 5"54 +# p < 0.05 vs. Shamgroup : p <
the left

0.05 vs. Cont group [01301Conpared with the Sham group,
ventricul ar end-diastolic pressure (LVEDP) in the Cont group was at a
m ni num di fferenti al rate(dR/dt mn) or

differ‘ential rate (dP/dt max), the
dR/ dt/ P ‘Uf atnﬁie A efgtkp\?eﬁ@rfcjt,ﬂ anﬁﬁe§§urre9 fevmyd vias 2at "Skrsd gnichicdant |y
resul ts indicate that the left ventricular systolic

smal | val fi%’
function and i set d¥c fanét FEALEHVENECEHTPE IRTWP detferdimtledsrénp t he
DINLS group,, the three indicat ors of dP/dt max, dP/dt min and dP/dt/P nmax

were at | aPgér ¢4l Héshthant 39 tlRex Coht pgwdup’aSTherandﬁm tduaterred to

as 'Cont group’ hereinafter). No injection of any adenovirus
51 solution was done in the Sham group. After closing the chest,
theratwasawak@nedfromanesthesia,andthenfedundergeneral
feeding conditions for % weeks.
[{0123] As an indicator of the necrosis of cardiac muscle
tollowing ischemiz and disordered reperfusion, the cardiac
10 muscle troponin T (¢TnT) value in plasma was assayved {O'brien,
et al., Lab. Anim. Sci. 47:486, 1997; Morimoto, et al., J.
Pharmacol. Sci. 91:151 {Suppl. 1]}, 20603}, 2 hours after
reperfusion, blood was drawn out from the fundus and
centrifuged to recover plasma. The ¢TnT value was assayed,
15 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

20 0.7 ng/mL, Skp2 group: 9.9 + 1.3 ng/mL). No difference in the

¢TnT value among the three groups except the Shanm group was

observed, suggesting that a similar level of the necrosis of

cardiac muscle was induced.
[0124] t weeks after reperfusion, cardiac functions were

25 measured by tomography {8 mode method) and the M mode method

87



irndi cators were all at larger values in the Skp2 group than 10in the DINLS
group, while the dp/dt mn and dP/dt/P max were at significantly | arger
values than in the Cont group. [0131] After cardi ac henodynam cs was

counted, tscﬂies Ilun , was resected to wei gh the wet weight (Fig. 11). Conpared
with the Sham gﬁ"%tqu EPROF TR Xne? GBE T A ™MEhe WSoity groupl wass dBostgmifi cant |y
| arger. This sug ests a possible occurrence of |ung congestion. Conpared
with the é&ﬁ“&rgﬁ‘}?%&ﬁg et gttt RdS Osneloekibm tled iDENLS groapamhid e t he

lung weight in the Skp2 group was at a significantly snmall val ue,
suggest i ng Hé& Tarfel § HF Y  bri /6 XY bingyl o gt con w e 26[ DR324 st N 1 el esect ed

heart after the neasurenent of cardiac functions, a passive (left
ventricl ef¢présstirasdolrame carveonasnpsepared. The: fundargndal gwetthod was

according to the report of Pfeffer, et al. (Circ. Res. 57:84, 1985).
Speci f7 caPfyl5hébar i b ¢ Novibt heperi imu lAventli & Phat 78)p and 1255atahed
pot assi um chloride were given fromthe tail vein of the rat, to induce
cardi ac aff@stieats urted dbast:olki of shage. denredi ateby rtheneafter, the heart
was resected. Through the aorta, a double-lumen catheter (DP-0: Natsunme
Sei sakushoyr wabcular iqmgerdied faitic theekhefibaventirigd a.. GopRecting;gne of the
tubes 5to the pressure transducer to neasure the left ventricular pressure,
physi ol ogfivhl s wal ¢ nec ids einkjieat v cat ca 1:ateet BE GalZ ional shortening
of left ventricular inner diameter {F8) .
10 Fractional Shortening of left ventricular inner diameter (F§)
= (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
15 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
20 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, which was used as an indicator of diastolic

functicon. The aforementioned measurements were done in a

el
o
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m./mn fromthe other tube, to record a pressure-volune curve on the chart.

One resected heart was tested in a triplicate
manner , t ocal cul at et heaver age. Basedont he 10 pressure-vol une curve of an
vol unme _corresponding to the left ventricular

i ndi vi dual ﬁﬂhﬁ?l’ t he (
end- di ast o1 ¢ préSS I Heasr bR it heF hed M 6F bEhPPepremsid aot figure
i.pped catheter was cal cul ated and then corrected on the

t ransducer-equ
YE CAREGRASe Ofhé PEefE ¢9ERERite §If are asrid-adiiamtiol i ¢ vol une i ndex

wei ght badi's,
15( LVEDVI ) 133JThe results are shown in Fig.12. Conpared with the Sham

group, théodﬁggive pr2d&sié- vt tmBYearveipn tseh Qoht agriotgr wasusion,
significantly shifted on the right side, as observed. The results indicate
a possi bi FRFY16F T4 prowt 885 eitrd wfted 20 Vientwe tduldar deenpdekiing such as
the increase of left ventricular volunme and the thinning of infarct area

after Tar dfah§ $eHény Boahd areparfiusi oh. tiCospamed roiubh the Gonte ;gmeup, the
rightward shift of the passive pressure-volune curve was reduced in the

DINLS gr ofip©* cohpaf etF i tdrdnstheoAkyc25bhe I Cont gr onpnbut (@4 8o e RENLS
group, the rightward shift ofthe pressure-volune curve inthe Skp2group
was si gni ¥ ¢ eafmajledateds Wiiillet hekefd ienteniteulcar send: dbast 0dd ¢ n¥0LuMe i ndex
(LVEDVI) was at a large value in the Cont group, the index was at a
smal | er vad U0 B tiree DN 8 i@group ct hiang ¢ A nitheh $eRts t@rawPs « 4 N4 be, Skp2
group, further, the index was at a smaller value than in the DLNLS group
and was (E/R) was at a large value. Thus, it was observed that the
10 systolic function and diastolic function were apparently
deteriorated, In the DINLS 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
15 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, Comrt group:
5.45%5 £ 0.86, DINLS group: 3.69 +0.68, Skp2 group: 3.44 £0.57:

2G n = 9 to 12},

i0128] Continuously, cardiac hemcdynamics was analyzegd
on the next day of the cardiac ultrasonography test, After
sodium pentobarbital was intraperitoneally given to a rat for
anesthesia, amicrochippressuretransducer-equippedcatheter

{SPC-320: Millar Instruments) was insertegd into the left

o
j9]]
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at a significantly smaller value than in the Cont group (Sham group0.80 +
0.12 nlL/kg, LacZ group: 2.18 0.16 nl/kg, DLNLS/ CDK4 group: 1.72 + 0.19
m./ kg, Skp2 groupl.54 + 0.17 10nth/kg; n - 9 to 12). [0134]Finally, the

| evel- of car d{ ac { nfarction in the heart 6 weeks post-ischem a and
Ventricle

reper f usi on° Wals™ @Xaht RBJ " SThe9P eSACEd dhear ¢ hias F PRREUFA T e10R BA MUt ral | y

buf f ered f(fr | in solution, e?)edded in garaffi n, prepared into 6 sections
at 15an i nter VAl o2 hirf Enl FadF Bahplod AFbRhg ¢ her £F bs9rsectirontl VE)

direction, and stained with Masson Trichrone to visualize the area with
cardi ac i rfffartti oRIITRERT CHe Lfftartdn G ew vies Awasuiéd wsitegcan dnvage

anal ysis software (Lum na vision: Mtsuya Shoji). Wth reference of the
report of "FHSKT ePdRt/ P2papcrPeat e ohwy 1087 1920y @DO4) , mihevinif arit ar ea
was neasured by neasuring the whole peripheral length of the inner menbrane
of |eff vEAfriidr8ectRéYWhEle sparipheral ahenginii iofa ticre @it ert eeriregne
thereof, the peripheral length of the cicatrisation on the side of the

i nner menBEaRE L6k LREf tdiaaitaliid eranenthe 2Fpertilpherate | enpth maf: itnhe:
cicatrisation on the side of the outer nenbrane thereof to calcul ate the

infarct afédfacenrdihgraoet il fadl Imowiing ff bYFuba. an | faicdt @ @& 2 efEt he
peri pheral length of the cicatrisation on the side of the inner nenbrane of
| eft ventvegkeiguihe diastolic potency and left ventricular

end-diastolic pressure {LVEDP} was measured. The

10 aforementioned measurements were done in a blind test manner
s0 that a test person could not identify the contents of the
treatment of each animal.
The results are shown in Table 1.

[012¢8]

15 [Table 1)

Experimental Sham Cont DINLS Skp2

group

Number 9 10 12 10

LVEDP (mmHg) 34+1.2 133 £ 2.5% 95+23 85+1.7

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/duP 75+ 5 40 x 3% 51+ 5% 5444%°

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 Ggroup was at a
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5 peripheral length of the cicatrisation on the side of the outer nenbrane
thereof)/ (the whole peripheral |ength of the inner nenbrane + the whole

peri pheral |ength of the outer nenbrane)] x 100 (% [0135] The results are
shown in Eh%r%§icgbngare%.m%th 19the Cont. group, the infarct area in the
DINLS grodpowas ‘§féatty rédticed? ®bre rediCtito ™6 itthe itifear cta & i n t he
skp2 groug.?ﬁs obseryed than Un the DINLS group. Conpared with the Cont
group, th&8*TtnFAFRE arel® was Mt/ &Rl ef Dfal biB 1 rhnt fref Brpen grolpate
[0136]Ba2%& 9n the above results,was confirmed that 15 the introduction of
DINLS + CORA/Stskp2’ gehed? § dreat of thiee derfel i ormdttiion lofr earedisac e
functions followi ng the onset of cardiac infarction and the exacerbation of

henodynani e4P t & 2Subpresiss 1 Unif Tongesbrén wni ¢ ef tTheent s tu$ am dierodel i ng
and to additionally %ive an effect on the reduction of the area 20of
I

cardi ac i hf#acfPénleENDUSTRIFAK UAPPL Is@ABI4) iRy f0487}Mcenddidng stto ltike net hod

of the invention, cell ~ division of cardionyocytes can be nore
ef ficientisthouked OBt Harimsy vhee rie Gt ede vat edret Hadshe tia Nirddgee ubhe
proliferation of the cell. The cardi onyocytes prepared in such nanner can

be utiliZetk ddizgecdhldifteroser eénihgd f oravard bust phar racedei/aal/ pdregs and
for graft therapy. Additionally, the application of the nethod to gene

t her apy meyreerpettedby Yadacks ahzheid appl teat i wf. regenerat yveuwgedi cal
t herapy of cardiac diseases with underlining etiologies such as

car di onydayities tdefsi eiegrcyll at larger values in the Skp2 group than

1¢ 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 lung weight in the Cont group was

i5 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
amelicration of lung congestion.

20 [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, 1585},
Specifically, heparin (Novo-heparin: BAventis Pharma) and

26~ saturated potassium chloride were given from the tail vein of
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MCSLLP CLAIMS 1. A pharmaceutical conposition conprising: (a) a cyclin,
said cyclin being selected fromcyclin D1, cyclin D2 and cyclin D3, (b) a

cyclin-dependent kinase, said cyclin-dependent kinase being selected from
CDK4 and CDK6, and (c) one or a plurality selected fromthe group

consi sting "0F HiYa 'dend Bifcodiatgl e § aet oe st hatt itrahei biitas: ddvel r ogired | on,
function or action of Cp/Kip famly protein, wherein said factor is a
factor witR™EFIaetROH toe pronote tihie degradakisoneotctbe . G phKbpgf amd v

protein and is a conponent of ubiquitin ligase; and (ii) a nucleic acid
that inhi bPPEtEhe? Srsddet i orenfcGiiytdp (fremisl )y NpE@L NS e WNEK €L Mo 538G
nucleic acid is siRNA specific to a gene encoding the Gip/Kip fanily
protein; wheferheatinteaste dretofet hei gene encodingi sgidh cyel i n. and Lhe gene
encodi ng said cyclin-dependent kinase is tagged with a nucleotide sequence
encodi #g athuthearrtocatd zatdonisignale m2a: Aupet bed f ok prabiferating
cardi onyocytes conprising a step of introducing (a) acyclin,
sai d cycl in¥ oed ne selhectiedoft ot cycl ime Dras Gyclddt Q2,and gyclin 93,
mL/min from the other tube, to record & pressure-volume curve
cn the chart. One resected heart was tested in a triplicate
manner, to calculate the average, Based on the
10 bressure-volume curve of an individual animal, the volume
corresponding to the left ventricular end-diastolic pregsure
measured with the microchip bPressure transducer-equipped
catheter was calculated and then corrected on the weight basis
to calculate the left ventricular end-diastolic volume index
15 (LVEDVI) .
[0133) The results are shown in Fig.12. C(Compared with
the Sham group, the passive Pregsure-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
20 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 rassive pressure-volume

curve was reduced in the DINLS group. Compared with not only

the Cont group but also the DINLS grcup, the rightward shift

Lo
ey ]

92



(b) a cyclin-dependent kinase , said cyclin-dependent kinase being sel ected
from CDK4 and CDK6, and (c) one or a plurality selected fromthe
group consisting of (i)a gene encoding a factor that inhibits the
production, function or action of Cip/Kip fam |y protein, wherein said
factor is AffabPbr WFths &ne at?iwhe t o° proaot ént hehdegsadat i onoop thesC p/ Kip
famly protein and is a conponent of ubiquitin |[igase; and (ii) a nucleic
acid that $hhtbfts2the proadecedn of Gipike p fami | ylofot evepcwhetein said
nucleic acid is siRNA specific to a gene encoding the Cip/Kip famly
protei n i it chial Ghiotyrodsinien ividero;{ LARD VA )stvep aft aubseguent!yecul turing
said cells, wherein at |east one of the gene encoding said cyclin and the
gene encodiftfy Ceditdeeyebi n: depenidentvaki nase dmsa 1 nggad mid hpat puch gptd de
sequence encoding a nucl ear localization signal. 3. Use of (a) a cyclin,
sai d cycl g @i ngaselrectedcdrongmooyal i N0 the MOGLL R r GGl ¥Ry DRe and ygyclin
D3, (b) a cyclin-dependent kinase, said cycl n-dependent kinase being
sel ected fAngm»CBK4 ands CDKG, 1 @ndz1ue) tone oh anpl viakkty,sel egted, fromthe
group consisting of (i)a gene encoding a factor that inhibits the
product i onf & uniotd ion Gin taot isar 10% G P Ke pe f & iy ROEBE P, o WIS §igh ,gai d
factor Is a factor wwth an action to pronote the degradation of the Cp/Kip
fam |y preteun:andsips za conpopentq of L WbLui,Lin I ceand, (i nucl ei ¢
acid that inhibits the productigng of %‘p%/ irtp?” am;igsafls%r%t gi’%;g \I/\“k)%é?gi'n sai d
nuc![ ei c acidLssesk RNV specific Liogalgegg/ggpogkgg €glhoeupc:l p1/‘|§|4p+f %mll7y
protein -

10 mL/kg; n = 9 to 12). '

[0134] Finally, the level of cardiac infarction in the
Deart 6 weeks post-ischemia and reperfusion was examined. The
resected heart was fixed ina 10 % neutrally buffered formalin
solution, embedded in paraffin, prepared into 6 sections at

15 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.

20 (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 outer
membrane thereof, the peripheral length of the cicatrisation

on the side of the inner membrane of left ventricle and the

25 peripheral length of the cicatrisation on the side of the cuter
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for the manufacture of a pharmaceutical conposition for treating a cardiac
di sorder, wherein at | east one of the gene encoding said cyclin and the
gene encodi ng said cyclin-dependent kinase is tagged with a nucl eoti de
sequence %nﬂcm%%i ng a nucl ear | ocalization signal. 4.The pharnaceuti cal
conposi ti 8n "of *EFaiheE 2orhé omEEhod  BF e cFARM 2 f 251 tt he casecopréiagnt 8,
wherein t CplKip.famly protein is p27KiPl. 5. The nmethod of claim 2,
conpri si ng(?‘ienrfroéaﬂgilﬁé fRE"JdRes i nto cardi onyocytes, using a viral vector
or |iposone., 6. A vector conprising (a) a cyclin gene, the cyclin being

sel ect ed fFPOATEYCEFAEDL, [éggFilheDZP%byhﬂlmtDSQf tb} cicatrisation

acycl i n- dependent ki nasegene, t he cycli n-dependent ki nase being selected from
00K4 and EPKélReafdde of thqcdurore wrmiar phear alfi the fselvectted cfireoni thes gr oup
consisting of (i) a gene encoding a factor that inhibits the production,
functidn, PBFLlREtT dh lofR WGP Ki g of abt b yr preteépn, onharekndsaird: f aciofed S a
factor wwth an action to pronote the degradation of the Cip/Kip famly
protein ah#mPs2me dorfporeht/ oft igbwguil ki pekigasezlandnqgthi g aywuGleis acid
that inhibits the production of Cp/Kip famly protein, wherein said

nucl ei ¢ at¢tbiansi-RNRe syieci € pert phargenee enciod Nghthe G PhiSp ham Ly
protein, wherein at |east one of the gene encoding said cyclin and the gene
encodi ng 'sdidd dyadl i n- dependent kinase is tagged with a nucl eoti de sequence
encodi ng a nucl ear localization signal. 7.The pharmaceutical conposition of

claim1l orti85]the merhedrekuany ene eho@haiis r2.g 40" Bonhhecysg;0f claim3
or
10 the Cont group, the infarct area in the DINLS group was greatly
reduced. More reduction of the infarct area in the 8kp2 group
was observed than in the DINLS group. Compared with the Cont
group,theinfarctareawasata.smallervalueintheSkngroup,
(0136] Based on the above results, it was confirmed that
i5 the introduction of DINLS + CDK4 «+ Skp2 genes ameliorated the
deterioration of cardiac functions following the onset of
cardiac infarction and the exacerbation of hemodyvnamics to
suppress lung congestion and left ventricular remodeling and

t¢ additionally give an effect on the reduction of the area

20 of cardiac infraction.

INDUSTRIAL APPLICABILITY

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

25 than by the related-art methods, to induce the proliferation
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4 or the vector of claim®6, wherein the conponent of ubiquitin MCSLLP
| igase is an F-box factor capable of binding to the G p/Kip famly protein.
8. The pharmaceutical conposition, nmethod, use or vector of claim?7,
wherein the_ F-box factor capable of binding to the CGp/Kip famly protein
is Skp2. 9f FHe GidrmacBat tEat i Yorost € F oty of 2 eEdi 0 Buoth 4antke method of
any one of clainms 2, 4 or 5, the use of claim3 or 4 or the vector of any
one of cl a8 6 1tiG 8, 2 uief el h fffes puekrilovatd ol wahmtousnhhbirhsctheipeoducti on
of Cip/Kip famly protein is siRNA that is specific to p27Ki P1 gene. 10. A
phar maceut$ el s dgs$int i9on fdopeirsbrg t hédvectorlol, anyeonppDicekabns 6 to
9. 11. Use of the vector of any one of clains 6 to 9 for the manufacture
of a phar riecelt¢ cakttodposi wiear ftdre napaat hing axeardieac ydilserders £d2. The
use of any one of clainms 3, 4, 7 to 9 or 11, wherein the cardiac disorder
i s nyoéar dirall licpftaroat | ofi, Tscédremat heartmedical therapy of cardiac
di sease, congesti veheartfail ure, hypertrophic

diseases with underlining etiologies such as cardiomyocytes

deficiency.
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cardi onyopat hy, dil ated cardi onyopathy, nyocarditis, or chronic heart
failure. 13.Cardi onmyocyte proliferated by the nethod of any one of cl igs
2, 4,5, or 7to 9, or conprising the vector of any one of clains 6 M&SSF

CLAIMS

1. A pharmaceutical compositicon comprising:
(a) a cyclin, said cyclin being selected from cyclin DI,
cyclin D2 and cyclin D3,
(b} a cyclin-dependent kinase, said cyclin-dependent
kinase being selected from CDK4 and CDK6, and
(c) one or a plurality selected from the group consisting
of
(iYa gene encoding a factor that inhibits the
production, function or action of Cip/Kip family
protein, wherein said factor is a factor with an
acticn to promote the degradation of the Cip/Kip
family protein and ig a component of ubiguitin
ligase; and
f{ii) a nucleic acid that inhibits the producticn
of Cip/Xip family protein, wherein said nucleic
acid 1s siRNA specific to a gene encoding the
Cip/Kip family protein;
wherein at least one of the gene encoding said cyclin and the
gene encoding said cyclin-dependent kinase is tagged with a

nucleotide sequence encoding a nuclear localization signal.
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2. A methed for proliferating cardiomyccytes comprising a

step of introducing

fa) a cyclin , said cyclin being selected from cyclin
D1, cyclin D2 and cyclin D3,
{(b) a cyclin-dependent kinase , said cyclin-dependent
kinase being selected from CDK4 and CDK6, and
{(c) cne or a plurality selected from the group
consisting of
(i}a gene encoding a factor that inhibits the
production, function or action of Cip/Kip family
protein, wherein said factor is a factor with an
action to promote the degradation of the Cip/Kip
family protein and is a component of ubiguitin
ligase; and
(iiy a nucleic acid that inhibits the production
of Cip/Kip family protein, wherein said nucleic
aclid is siRNA specific to a gene encoding the
Cip/Kip family protein into cardiomyoccytes in
vitro; and
a step of subseguently culturing said cells,
wherein at least one of the gene encoding said cyclin and the
gene encoding said cyclin-dependent kinase is tagged with a
nuclectide sequence encoding a nuclear localization signal,

3. Use of

{a) a cyclin, said cyclin being selected from cyclin DI,
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cyclin D2 and cyclin D3,
(b} a cyclin-dependent kinase, sald cyclin-dependent
kinase being selected from CDK4 and CDK6, and
{c) cne or a plurality selected from the group consisting
of
(i)a gene encoding a factor that inhibits the
production, function or action of Cip/Kip family
protein, wherein saild factor is a factor with an
action to promote the degradation of the Cip/Kip
family protein and is a component of ubiguitin
ligase; and
(ii) a nucleic acid that inhibits the production
of Cip/Kip family protein, wherein said nucleic
aclid is siBRNA specific to a gene encoding the
Cip/Kip family protein
for the manufacture of a pharmaceutical composition for
treating a cardiac disorder, wherein at least one of the gene
encoding said cyclin and the gene encoding said
cyclin-dependent kinase is tagged with a nucleotide seguence

encoding a nuclear localization signal.

4, The pharmaceutical composition of claim 1, the method

of claim 2, or the use of claim 3, wherein the Cip/Kip family

protein is p27°PL.
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5, The method of claim 2, comprising introducing the genes

into cardiomyocytes, using a viral vector or lipcsome.

6. A vector comprising
(a) a cyclin gene, the cyclin being selected fromcyclin
D1, cyclin D2 and cyclin D3,
() a cyclin-dependent kinase gene, the
cyclin-dependent kinase being selected from CDKZ and
CDK&, and
{c) one or aplurality selected from the group consisting
of (i)} a gene encoding a factor that inhibits the production,
function, or acticn of Cip/Kip family protein, wherein said
factor 1s a factor with an action tc promcote the degradation
of the Cip/Kip family protein and is a component of ubiguitin
ligase; and
(1i) & nucleic acid that inhibits the production of Cip/Kip
family protein, wherein said nucleic acid is siRNA specific
to a gene encoding the Cip/Kip family protein,
wherein at least one of the gene encoding saild cyclin and the
gene encoding said cyclin-dependent kinase is tagged with a

nucleotide sequence enceding a nuclear localization signal.

7. The pharmaceutical composition of claim 1 or 4, the
method of any one of claims 2, 4 or 5, the use of claim 3 or

4 or the vector of claim 6, wherein the component of ubiquitin
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ligase is an F-box factor capable of binding to the Cip/Kip

family protein.

8. The pharmaceutical composition, methoed, use cr vector

of claim 7, wherein the F-box factor capable of binding to the

Cip/Kip family protein is SkpZ.

9. The pharmaceutical composition of claim 1 or 4, the
method of any one of claims 2, 4 or 5, the use of claim 3 or
4 or the vector of any one of claims 6 to 8, wherein the nucleic
acid that inhibits the production of Cip/Kip family protein

is siRNA that is specific to p27"*®' gene.

10, A pharmaceutical compositicon comprising the vector of

any one of claims 6 to 9.

1. Use of the vector of any one of claims 6 to 9 for the
manufacture of a pharmaceutical composition for treating a

cardiac disorder.

12. The use of any one of claims 3, 4, 7 to 8 or 11, wherein
the cardiac disorder is myocardial infarction, ischemic heart
disease, congestive heart failure, hypertrophic
cardiomyopathy, dilated cardiomyopathy, myocarditis, or

chrenic heart failure.

100

MCSLLP



MCSLLP

13. Cardiomyocyte proliferated by the method of any one of
claims 2, 4,5, or 7 to %, or comprising the vector of any cne

of claims 6 to 9.
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