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DESCRI PTI ON  METHOD FOR PROLI FERATI NG CARDI OWCOCYTES

TECHNI CAL FIELD 5 [0001] The present invention relates

to a method for proliferating mammlian

car di onyocytes. BACKGROUND ART [0002] Because adult

cardi onyocytes | ose thekgcgapagioiyy to proliferate by

cell division, the heart damage caused by 10 exposure

to vari ousrabbePsRS pRBER F@R ArIHACIHAR AT i dmqrETaL | 0N,

| eads to necrosis or loss of cardi omyocytes w thout

conpensation thereof. Consequently, survived

cardi onyocytes are hypertrophed in a conpensatory
TECRRYCQAR, G #gtain the cardiac functions. Wien the

state t+s—sustai ned over the 15 perm ssible range of

r,di omyocytes, however, the . cardionyocytes are :

[ogagﬁhepyexﬁgﬁs &§ °&Rd ﬁqﬁ%ﬁfl?ﬂnéFFg¥9ssG€hf%t%f%hOd for

causes the deteriqration of cardiac nuscle functions,
prﬁgﬁéfﬁaﬁé§ﬂth§WP§H€P[ﬂﬁiQRﬂmﬂ%%%QG%iseases mai nl y

including heart failure 20 occupy the second position
BACKCRRUNDAA&IS of the nortalities in Japan.

Addi tionally, the prognosis of patients with heart
[0gi02dases iBesauart &kt agubronyrey tée Hoeedhesur vapakity

is just at about 50 % Therefore, it is believed that
tot REodaverapwehy cefladivfitioaci sbs hkerapéahhgenethedd by

of heart failure is 25 greatly advantageous fromthe
exgrandgot mtve réfousedt cabseelsfierteat idchéhia and inflammation

Frerrerererreritirrerereritrriibrl *159159*

leads to necrosis or loss of cardiomyocytes without

compensation thereof. Consequently, survived cardiomyocytes

are hypertrophed in a compensatory fashion to retain the

cardiac functions. When the state 1is sustaihed over the
permissible range of cardiomyocytes, however, the
cardiomyocytes are further exhausted and killed. Finally,

such state causes the deterioration of cardiac . muscle

functions, namely heart failure.

r

[0003] Heart diseases mainly including heart failure

occupy the second position in the causes of the morﬁalities
in Japan. Additionally, the prognosis of patients with heart
diseases is so extremely poor that the 5-year survival is just
at about 50 $. Therefore, it is believed that the development
of an efficacious therapeutic method of heart failure is

greatly advantageous from the standpoints of medical welfare

L AR

- *159159*

AT

*G00002*



L]

10

15

20

it il atbii ribri riter it rril riil _
*000002* and nedi cal econony. Conventional therapeutic
drugs for heart failure include digitalis
preparations that increase the contractive force of

anlafe AYOLREALUBRING XahL DL 0F oL FAAIAL ngtrjaaﬁdﬁ‘ag?&gr heart

heart stinulants, but long-terma

d make th condltl n Wor se.
(el 0S38, HRAT K7008,08 A OO LB T Lo e

excess rdi ac burdens due to the el evation

-C°5?rtaﬁgu§3nﬁ%fﬁ%ﬁ - ERePGC QYA K il “eRg hine preparations

eni i otensin system such_as_  blockers and ACE
R BF R0l 8 5 6S F ML han ekt nolF cARRS HOREUGR A0 ERESE on of
thera euti¢c methods are sinple synptomatic treatments
thes§ EaHIReVBrkReERVER RRdiagete candiidc on souse. In recent
thensel ves. Alternatively, cardiac transplantation is
YeahSessidiianeu titer apéthi o heetirote forc slevegenhesarto reduce
failure. Due to problens such as the shortages of
exgrg§anc yohbe s burddinsaliuet tw cdie abdvbotlyn Ibf huedepspabfetic
econoni cal burdens to patients, further, it is very
netr@agls wst eanpd oy caémﬁﬂhﬁdYHﬁﬁldﬂﬁﬁﬂﬂﬂnsﬁ§t@mge@%Q@ as B
t herapeutic nmethod. [0004] Recently, a nethod of
blegpplrenent ahCEngrieft st s ofre Gar dhenyeeyteseh .t hRovever,
i njured heart has been studied. It is 20 known that

thatesoHEreppetuBEﬂEShuasngransnﬁbﬁeMQﬁﬁﬁtsﬁs9&9"¥PQ¥£E§nts
obtained fromfetuses were engrafted into an adul

andakdmamédéﬁﬂﬁ%cd¢ﬁke@Qﬁ@BEQchQGQHQm%¥§G$%%préﬁselves.
effectively function as cardi onyocytes (for exanple

Alseenal@Re=Pgtent kgl grencead)p1 Resgatch woLks, Havgspggplal

under way, _
therapeutic method for severe heart failure. Due to problems

such as the shortages of organ donors, medical ethics, and body
burdens and economical burdens to patients, further, it is very
tough to employ cardiac transplantation as a general
therapeutic method.

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

S0 as to prepare cardiomyocytes from multi-potent cells with
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25 so as to prepare cardi onmyocytes from nulti-potent
cells wwth 2 a potency to be differentiated into a
wi de variety of cells including cardionyocytes,
nanely so-called enbryonic stem cells (ES cells) for

a ¢1§€e§§ye€1&f@étaﬁﬂféﬁéﬁ&aw VLo Jmﬁf‘@e-n\;%E?ﬁgfe%\?u%eglls

ace nuch difficulties in the applicatio
nELLBLER, B RS An L e L ATIRE Wrosygosy veen
o e B g SR Pr oF Rt S PRY rd "Ga Bl Sy ocyPRE PR, these
ne BT R S s FaREr AUy FORETIBL THEF or'oh ot hene HEL At don

Is not practjcal as a_nethod for the regeneration and
th%aﬁﬁgnéatifo]n“blfcac]araﬁsllﬁjbeﬁt s f G higrdnpite@ndpoint.
non-patent references 2, 3 and 4 as reviews). [0005] .
ReqRRE bY esERT LPAVe RSP Pofs thiey 4 nvesr | Badehérefesrgga ftadeone

research works about the cell cycle regulatory :
napeEerahPshY4S Gft edfar @¢ bhyotyt el lqar theulsdrdny ¢hklsolte be
of cyclin - cyclin- dependent kinase (CDK) system
diChesegteateq, theo i weedtiomyotgtied t Hat aladioiagh ttiessue.
expression of the type D - cyclin and CDK4 is induced
Hoyewmerthe tdei muilfaftd rom tofa t ifoor ek@ingpl €pcy SésUmRxane mgrgwW o w .
factors in cardi onyocytes, these protein 20 nol ecul es
Tharefboeal tzedmemheyt apl asm butcrakallr ansfemt Hdd kor the
nucl eus, so that the phosphorylation of RB protein as

reqendehenbn taardget opt ecalt Lo @f oGycdd d DKy OEst h8ee for
activation of cyclin E-CDK2 hardly occurs. Wen the

.ex&ﬂyB@t@bﬁ-ﬂéeB@EeQe@@reﬁQSQOYlrgsaﬁﬁcﬁoﬁsmG%Qge@sgene

for cyclin D1 tagged with the

[0005] The present inventors of the invention therefore
made research wofks about the cell cycle regulatory mechanism
of cardiomyocytes, particularly the role of cyclin-
cyclin-dependent kinase (CDK) system. Consequently, the
inveﬁtors found thaﬁ although the expression of the type D
cyclin and CDK4 is induced via the stimulation of, for example,
serum and growth factors in cardiomyocytes, these protein
molecules are localized in cytoplasm but not transfered into
nucleus, so that the phosphorylation of RB protein as a nuclear
target molecule of cyclin D-CDK4 or the activation of cyciin
E-CDK2 hardly occurs. When the 1inventors prepared an
adenovirus vector where .a gene for cyclin D1 tagged with the

nuclear localization signal {(NLC) (referred to as DINLS
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clear localization signal (NLC) (referred to as
éiNEg 3 hereinafter) and the gene encodi ng CDK4 gere

integrated to allow the vector to infect culture .

cardi onyocytes, the cyclin DIl protein and the CD{(h
rotein were expressed in the nucleus, to cause e

| 1R R )orf Tt R vd &1 ©re 0 o &2 gl ODYOCYEEs Yhaeh: BBed co

phosphoryl ati on. Consequently, the inventors
sdCesRE W49t il kowet ¢ hie cpil ahirfear aﬁk@lﬂoﬁ%ogytes, :
cardi omyocytes that hardly proliferate (mtotica
Ddi p¥ @by 1amied tgenepah widtai® weaNdkbir@8Sed in the pucleus,
Addi tionally, the inventors introduced DINLS ag »

tCDKdu genteh ¢ 1p rtdie fearad i Hﬂacﬁfvﬁ§§§Heopfcaz¥&i%mﬁgtcyttﬁé via
animal 10 to allow the expression thereof, sot

l e, of
RB horsphaeicessdl |y progyessad £ be, cel | gycl e, t
Lﬂgeg;rgﬁg;§g§§tes of the a&ﬁft£g%rnaﬁ (se&"for inventors

- 5).
I f r a4 aten r ef erence
e L 1 DL B b1 1 LAY i oy oevves that

;W he, 4 nvent.i i.s naw.15 referred to as
e e MY a3 v e & @esdrogogun ture

[ - 1 and .t he non-patent _
P efor o5 AT ot AR 141 o ihdad 23090 bBE tFlr e MIHS end

| in_the present specification. [0006].
e hr PEPBer! ot REA AP BASFS cubt 6 HRd 16 2201¢ sninal
Brogi £5s the cell cycle of cardiomyocytes to |ndu9e
The o Vi Si'en SFPER SC8PI L H&ErP f or sexakbi e rdwe- patesttors
ng%rgng 6_as a review about the progress of the
Scel T 8yl é YoPTo8arar6AY bRG e} ! Funlexdnphe, cardepoybeytes

q%cyclin

n., adenovirus -derived ELA/ E1B gene (see
°%g#ﬁ%ﬁ{§ﬁ1¥gg@}@ﬁ&e0ﬂee for example patent reference 1,

non-patent reference 5), The method for proliferating

cardiomyocytes in accordance with the invention is now

referred to as DNLS/CDK method hereinbelow. The contents

disclosed in the patent reference 1 and the non-patent

reference 5 and other references described therein are all

incorporated in the present specification.

[0006] A great number of other attempts were made to

progress the cell cycle of cardiomyocytes to induce the

division of the cells (see for example non-patent reference

6 as a review about the progress of the cell cycle of

cardiomyocytes) . For example, a report tells that when

adenovirus-derived E1A/E1B gene (see non-patent reference 7)

or E2F gene (see non-patent reference 8) wag expressed in
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25 or E2F gene (see non-patent reference 8) was
expressed in 4 cultured cardionyocytes isolated from
a neonatal rat, the induction of DNA synthesis in the
car di onyocytes occurred. In a transgenic nogseh
i vely . [ i [ ene aof the
cu?ﬁgggﬁ %§§§l$ﬁ§%% teggylﬂﬁ%%%gé F5§EI|2£€93ﬁt§Hgﬁ%1E’Sthe
. el evat i of the expression level of CDK4 in the '
lnéE?éfSﬁy%c;#EsW%”b%?e? \?é‘d%%g%ﬁ%%ﬁ%%?’tter?e'oFﬁBl’jEleidon In
of DNA sgnthesis (see for_ exanple non-patent
2 FRTRPERBECIJONDT £XGTECENITNY GAP &S A CleeYFRAR Ph gene
nouse, deficient in the junonji 9ene suppressing the
ofekPResBFBAtOFYPREVEYRPT R TRY gRHReIeaD 1ecakippsbeyesiignal,
that the duration of the cell proliferation arrest in
theheelevalienr difomideyt esrressiononyedel sexf f 60K4 in the
exanpl e non-patent reference 10). As described above,
carfipgyogq#menst ¢ atheck et tiolge tihreduwikbntlod iDMAction of DNA
synthesis and cell cycle progression may be possible
syetbasin daredi dimmcytesplée nnbhepibeaxpeateifnenrinale 9). More
exanpl es, however, apoptosis induction and the
regppeavande afs dlddrmuledpalhatucirear molds deficient in the
frequently observed in cardi onyocytes. Except the
j ulDblh $A GPKn éretuld@de si3Q n gmeh Bogk ©Xé $4 Sof @FF PR ML Nth oel %}ene,
di vision of cardionyocytes after birth to practically
iti nereasereeld thubemne 2Q 0004 s WescddPed, 8PPVLeration
the DNLS/ CDK nmethod is an innovative nethod by which

eakdi Gy oewd eseegneraldas o) des P{O! bt 61 ghLRY" (L
arbe i ncreased. %hus,ctﬁé ﬁgﬁﬁ{i?iif [ nsttriaFIy hi ghly or

exﬁﬁshgcﬁghepaEgggs}eféré§cgnpwp.th%tdQE%EQBerébgOg, it is
down-regul atory

demonstrated that the induction of DNA synthesis and cell cycle
progression may be possible even .in cardiomyocytes. In the
experimental examples, however, apoptosis induction and the
appearance of abnormal polynuclear cells were frequently
observed in cardiomyocytes. Except the DNLS/CDK method, no
method exists for promoting cell division of cardiomyocytes
after bifth to practically incréase cell number.

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

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

factors regulate the progress of cell cycles in general
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. 25 factors regul ate the progress of cell cycles in
general 5 eukaryotic cells. The up-regulatory factors
i nclude the individual-types of cyclin and CDK, while
the down-regulatory factors include a seriES'pr_ f
k0 .gr cal -inhihitaors. T am lies. o
eug%%??ﬁﬁfgf%gg§'arekgq1ﬁ§ﬂ%%i€£ﬁy%égcﬁaﬁggésdi%W%ﬁ%ﬁﬁ the
-l WA r h_ot her see .for exanpl e
ndE b Ao Pe f R ER T AT end SRR cRETPLE rgpmtprory
i.s-called In 4'fan1|¥ protein and incluydes pl6 (also
Fagkohs  adqaiWoea, W sFeTE8Rn2 Und PHRRAIR, FEPYRS socalled
nown.as I nk4B and Ms2) , pl8 (also known as |nk4C
CDghdggﬁséﬁfrf'and gt® (af 3Bl hbeknofs as ol nhitkidD mnd are
. .Ink6B) . The first group selectively binds to CDK4 or
ldepka g di nfh bit have fdAderen torcthen cyede s £ OICBKEh(oFher
CDK6) conpl ex (see for exanple non-patent references
(sgo fomexzafPlg)non sexomlt gredgy eafceCDKasnhiddtiaw) . A first
proteins is called Cip/Kip famly protein and includes
grppp usscg bl 86 Ikkdwha mbl Ciplo t eRincé pd Sahicll,u desapl anc 1\44f kiown
referred to as p2l1G pl hereinafter) , p27 (al so known
asainkék, Kipl. ahdkP2c@pd cdketibd pD5asap2dKkipdwn as Ink4B
hereinafter) , and p57 (also known as Kip2; referred
anfioMas2 p57xi 2 alerneknafihes y . Tak4 ¢ sarshawk stahat awal ke (also
the Ink4 famly, the second famly inhibits the
knpwogs ess2 ©f Ak aeldnacyake sy i nhebitEpg fheupunet s Onsve1y
of various cyclin-CDK conplexes (see for exanple
bin@s- pat epk4ref ecenceso 1onh 46 ¢ 1dhe angh d8) on [ 990911%Alé¥]c1 in

to how these CDK-inhibiting proteins are involve
Djtb§4SUWQEeS§E@@)Ofc$ﬁ§19§0|tggéatfgp c)gxample non-patent

references 12, 13 and 14). A second group of CDK-inhibiting
proteins is called Cip/Kip family protein and includes p21
(also known as Cipl, Picl, Sdil, mdaé and Wafl; referred to
as p21°ir! hereinafter), p27 (also known as Ick, Kipl and Pic2;
referred to as p27“p1hereinafter), and p57 (also known as Kip2;
referred to as p57%iP? hereinafter). It is shown that uqlike
the Ink4 family; the second fémily inhibits the progress of -
cell cycle by inhibiting the functions of various cyclin-CDK
complexes (see for example non-patent references 15, 16, 17
and 18).

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

cardiomyocytes, several reports tell about the Cip/Kip family
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25 card.ionyocytes, several reports tell about the
Cp/Kip famly 6 nolecules. Specifically, it is known
that the expression Ilevels of the p2lCp' protein and
the p27Kl pl protein are elevated, follow ng the

mo@@t@[b@ratBQ@CQElEBQIQrOHHJefétkggwﬂok%gﬁy Qe expression
cardi onyocytes over the late fet aI stage to post nat a

leVbag& ¢ \'§h§cb2t1h:ail IBP@t?Pﬁ 'a\ﬁ%t!: Q (‘-‘DK;? (’%]eJrn are 9IQ'evated,

target nolecules "1s [owered &€ for ex

IR T 1 vl S ST Lt o
cess_ex reSS| on f t.he % gene therein, the
CaeXpreddroncreVers % tli?etep féap}l SiRgfeitR BRGtRAEa1QStage,

oteln are lowered, involving the increase of

-Sopﬁlé""i"a'fll1 a?)'f tar 4P By beGR s %‘édt‘Fl%K‘bl\PASs‘;mf%%E|f&°1eCU1es

, %t he S phase) (see for exanple non-patent
lsrle?%?é Eel 285 . fPf PE2BPL® RPepoPRéAthaeferAngep2?KiplWhen
ene- defl cient npuse, the timng of the proliferation
I6K; fest (I07s whibi bik®cytezoy & delfardd tHan | Hs15 addmal to

nouse and that the nunber of cardi omyocytes in the
cageipRyepYtapusd tils eHepeaseak(mees for efanphe E2F-1 gene
non-patent reference 21). As described above, it is
thenggest ltle t4wn r ¢ heiod pd e Ips fefmithe ratce! Nprotein and the
particularly the p27Kl pl protein-nay possibly be
p27fbbvedeiin ¢ he 1ouppreassi oo b i h e oy ohickerati oNt8Q Oftio
cardi omyocytes . No exanpl e except for deletion of the

of geirel i oimy ddyoes hortiseIpEReSHh fige t N pa¥L$8hert BRdse) (see
function of the Cip/Kip famly protein to induce the

f o tliewiamipQre m&dl- p Pt Oh t frerfaid«art Of o far di OMAOLYE 83 epb?@1QLthat
It is known that the intracellular expression
in a p27%P! gene-deficient mouse, the timing of the
proliferation arrest of cardiomyocytes is delayed than in
normal mouse and that the number of cardiomyocytes in the
deficient mouse is increased (see for example non-patent
reference 21). As described above, it is suggested that the
Cip/Kip family protein, particulariy the p27Fkipl protein. may
possibly be involved in the suppression of the proiiferation
of cardiomyocytes. No example except for deletion of the.gene
is known for suppressing the expression and function of the
Cip/Kip family protein to induce the division and

proliferation of cardiomyocytes.

[0010] It is known that the intracellular expression

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

-1
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25 level of the Cip/Kip famly protein is mainly
regul ated by a 7 degradation systemvia the ubiquitin
pat hway (see for exanple non-patent references 22, 23
and 24). Ubiquitin is a polypeptide conprising 76

de @l Wt 861 &S SH NN Y aPE ©6 rpsah 80ch ipS £ n8RYNAaBL #8r Adampie
eukaryotic cells. In the ubiquitin pathway, 5

n o PO FUbH QUi td #2 i dy C§Y§|6?5|3é%? ngdg,to aU%%E%%Ein is a

substrate and is subsequently degraded w

_polﬁgég%’pga%{;%éLﬁlﬂﬂ'rﬁrﬁltgeé}.%oﬁlngoMJc?{ h&é’g‘%’eéggggﬁ%g a?r‘?d 1s

such “ubiquitin- prote

' e a _w.d ariety of | ecul es_such as ., cyclin,

L e et A b e B T e A L P ST L LT
| KBa, NFKB and . 3-catenin, in addition to the G p/Kip

PO TR G DHOEBRA ™ FALBASR DL EHEER A Mubakd oGns theLratb ana
u iquitinxggtion nechani sm of protein nmol ecul es are -

Y. de8raA5d yithy &t @PhYAYPEEGPBE lgPpgoteasome
ubi qui tinyl ated by a series of enzynme groups, nanely
CORpy i t i AT AbEE FafcdR cALYnel g aded py bt sHch5 ubiquitin.-
conpl exi ng enzyne (E2) and ubiquitin Iigase (E3), and
PrQbt 3R ¢ riysdiedd ipicdidiens varde fviakildty ddgradleduheshs @616 as
prot easone (see for exanple non-patent references 25,
cyohlnpm53 g OB &2 F.eATs)l, [00], Id- dun bélGFevedteptor,
that the ubiquitin ligase (E3) is 20 responsible for
IkEde Bhecidicifiycaoferihe ubi qiditmdmtionmf cisyedd ifanily

target proteins anong them Nunerous exanples are
pr&ioiwm, slctemsi vaphaser & owdt kBg oo nghlee X/b@yaliaS@ B ation
(APC/ C) conplex, VHL (von Hi ppl e-Lindau
me qiraf 23 m-octl pmgitle iB/ fb (&BE) e s COMPnedw, ulNedddwa 1S d4enRadn 1y,

Rad18 and Parkin. A new type of

protein molecules are ubiquitinylated by a series of enzyme
groups, namely ubiquitin activation enzyme (E1), ubiquitin
complexing enzyme (E2) and wubiquitin 1ligase (E3), and
ubiquitinylated proteins are finally degraded with 268§
proteasome (see for example non-patent references 25, 26, 27,
and 28 as reviews).

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

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

. ubiquitin ligase complex called SCF has been identified
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25 ubiquitin |ligase conplex called SCF has been
identified 8 recently through research works on | ower
bi ol ogi cal organi sns such as yeast. The ubiquitin
l'igase of the SCF conplex type (sonetines referred to
re@8n by Ui £d ﬂ'rQQ\%%r%@FwGPHPl@R(lo@%rx*e%P@LB&Ez%hsoraganisms
protein nodule of a trimer conposed of three f
buni [ Skpl: L1 i.ffere n 0
o) sg | PheotBamuitin Y3ader BESERs COLE Pep iy vee
ro h i ndi vi,dual , subuni.ts (see for
(s @3%? gg nopn%/fr?a’ioeenc{ r%gf ef gncuebs_l Dyt larhdqf%@ &S r gSF ev%?“)‘? lex
00121 _The F-box otein as one of the conponents o
ne L5 IR0 1S AP EBhE R M B £ o8 Wokar Copgeeed of three
identified in cyclin F. The potif region is required
SUPBE: FReCF hBRakkTbn GFLh SkphiCfngRAtiGHBE §f Q4@53). and
F-box protein contains a repeat notif region of about
F-Dox ad hoe i d eqldAcEs 48 called SAT 46 papearopymaof the
| euci ne- enriched notif region called |eucine-rich
ind gpédral s itfe (SEE Eonys ¥amp Skplonand tEnltl t Efe58nare 29
never vari abl e against any target substrates, while
ang¢ ha0npbecavaevwspeci es of the F-box protein vary,
dependi ng on the target substrate as an
(0b2fui ti nylh iFobotxapget e iByarecwgnifzithg asfdpbhbBditBgo A SCF
target substrate in the WD-40 repeat or the
cohplekneonticing epeat pokheo 20f F£ hoxt prdehneii idet ennt PeSin F.
the substrate specificity of the SCF conplex (see for
Thexaopl e neq: pat entr ¢ @f &f €0Cesr 3dhe 32t @WB3)on WSth Skpl.
descri bed above, the SCF conplex includes plural types

AdoftiSLFaTy CRhSEFEa64 e 1 ©1c3e tand sng@prelaat ﬂ@@?@dzjéwion
on the difference of the F-box protein contained as

o f 1o €ONPONENIL SR8 df Qe o@%AMRIC as called WD-40 repeat or a
leucine-enriched motif region called leucine-rich repeat. 1In
the SCF complex, Skpl and Cull/Cdc53 are never variable against
any target_:. substrates, while the molecular species of the F-box

protein vary, depending on the target substrate as an

ubiquitinylation target. By recognizing and binding a target

‘substrate in the WD-40 repeat or the leucine-rich repeat, the

F-box protein determines the substrate specificity of t_he SCF
complex (see for example non-patent references 31, 32, and 33).
As described above, the SCF complex includes plural types of
SCFPTTC?  geFCdct goFMet30 apng goFSTTY, depending on the difference
of the F-box protein contained as the component (see for example

non-patent references 29 and 30).
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25 non-patent references 29 and 30). 9 [0013] In case
of the Cip/Kip famly protein, an SCF conpl ex :
cont ai ni ng Skp2 (SCFSkp2) as an F-box protein is
i nvol ved in the ubiquitin-proteasone degradation

[OBB@TeOf ﬁ*pgaw@s &ﬂrég I§§§2355e9?§§19 %%E% an SCF

binding to the cyclin A- I ex- cagfe "t hé
| t f Sk kd2 t he te .
oo A e PR o oat bn Tovér rbeibsPoPRaLn 1s

. m,fr t he se to the & ase, Skp2 is
1HG§FVH§ qﬁ%se“?fﬂgéglna§§8 Fgfgﬂep &@éﬁ?%%ﬁ%?f%ﬂifeOf
non- patent , reference_ 38 A report tells that

S“B?h‘g? tﬁhﬁsEp é@b?k&ﬁdlasf%mf?i/z?ﬁo%ﬁl ingype the cyclin
recogni zes protein nol ecules such as E2F-1 (see

A-RBRZ ke Y of BrSidS 30N e et pnl £ { sk hékpgarenanrs from
reference 40), CDK9 (-see non-patent reference 41) and

the lgte GE%@%ﬁfﬁaﬁ@nFYFéﬁ@r%ébs KD Tl 4B) lageflargpethes
substrates and Skp2 is involved in the degradation

thehegebfium 165r Ot SAP hdescitiongdieabdvehabe, i Skknoi called
that CDK-inhibitors including the Gp/Kip famly

S -photeikirarsee - d9pad vetted prole isuppe edironxahpl Behon-patent
proliferation of general proliferative cells, so that

refheenbeqdBt i n- protpasoneedyst @iatvioa htelte tH@mSky% cip/Kip
conplex is responsible for the regulation of 20 the

fahblyagebltaliar QMﬂﬂES§é£Ugﬂf®§%-pf@@BYEVmoabﬁﬂﬁﬁs such as
nothing 1is known about how the ubiquitin-proteasone

E2BYst pdRd Sonnvalteed refetkBaceegy atdyn ieghagt smof ég}}eent
proliferation of cardionmyocytes. [0015] The DNLS/

reBtBRdei 80, NEHNO(§06 PEQIpLERL  POference 41) and c-Myc
(see non-patent references 42 and 43) as target substrates and
Skp2 is involved in the degradation thereof.

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

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

cardiomyocytes as a currently known single one such method.

10
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25 cardi onyocytes as a currently known single one such
met hod. 10 The nethod is very useful and highly
industrially applicable. So as to pronote the
practical application of cardiac nuscle regeneration

ThU}FJé}Pc}’d %%L.P? %QQH?]% n%l h?gﬂllkc PBLEE}l Bth?peogpllcable

still further ect o eratln

c tes d ffIC enc t her
Sod%%?%% Y ré"%éé% F68f% teHP Feﬁ@ﬂc8?lcaﬁéhﬁﬁl%Ys°18
£ nati.onal licatiaon WO 095026 pat ent
refepePafieh P eRpnall tia Rl 63,9850 8251018545 Nageot.
EE atent reference 2: Nhrr% et al. , Cold Sprin
st F R, tBFanfLeBF AL PEP: sfgra(tmzyamsﬁorﬂa?énges and
reference 3: N@nasche Ann. Thorac. Surg. 75:S20,
theophsY c KBRS pat BAE CPEf aF&nERSAT aRily, rat sgid ., |
Cardi ovasc. Res. 15 58:313, (2003) Non- patent
[0p&fbrence % tombmABEerepdachi;, BemphletCiofc. InRespational
92:el12, (2003) Non-patent reference 6 Ki shore, et
PublicaCipe. WRe82/09602644, (2002) 20 Non- pat ent
reference 7: Kirshenbaum et al., J. Biol. Chem 270:
77910 19968 n Nare-fipateartte I efSeroanca 8etki Y shenhaume 244 :98,
al., Dev. Biol. 179:402, (1996) Non-patent reference
(1994B5o00npaa, et al., din. Invest.

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

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

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

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

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

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

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

99: 2644, (1997)
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25 99: 2644, (1997) 11 Non-patent reference 10:

Toyoda, et al., Dev. Cell 5: 85, (2003) Non-patent

reference 11: Sherr & Roberts, Genes Dev. 9:1149,

(1995) . 5 Non-patent reference 12: Hannon& Beach,

Nat wWén 3pdterRb7ref 19933 Non-pafeal, ref eyencepdd: ce11 5.

Serrano, et al., Nature 366: 704, (1993) Non-patent
gsrefesence 14: Hrai, et al., Mol. Cell. Biol. 10

15: 2672, (1995) Non-patent reference 15: Harper, et

al ., | 0 ) refierence

Polfygﬁ éegég? §efe£%99§ égb ?%384) fgbﬁo% paf%% es Dev.
9. {§I§rep§§9;7 Toyoshima & Hunter Cell 78:67, (1994)

Non- pat ent “reference 18: Matsuoka, et al., Genes Dev
9: 6 (199 patent . reference 19: Flink, et
> Oubin (e e B RERGH 1 TR FRaeh) Rinntmedui 257,
g rence 20. vonkbrsdorf, et al., CGrc. Res. 85: 128,
1{§ 89) Non- pat ent reference 21: Poolman, et al., Crec.
Res. 85:117, (1999)
Non-patent reference 13: Serrano, et al., Nature 366:
704, (1993)

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

15:2672, (1995)
Non-patent reference 15: Harper, et al., Cell 75:805,
(1993)

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

{1994)

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

(1994)
Non-patent reference 18: Matsuoka, et al., Genes Dev.
9:650, (1995)
an-patent reference 19: Flink, et al., J. Mol. Cell.

Cardiol. 30:563, (1998)
Non-patent reference 20: von Harsdorf, et al., Circ. Res.

85:128, (1999)

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

85:117, (1999)

Non-patent reference 22: Pagano, et al., Science 269:

12
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25 Non-patent reference 22: Pagano, et al., Science
269: 12 682 (1995) Non-patent reference 23: Mki &
Howl ey, Mol. Cell Biol. 17:355, (1997) . Non-patent
reference 24: Drano, et al., J. Biol. Chem 5
6827414949P7, (1999) Non-patent reference 25: Coux, etal.,
Annu. Rev. Biochem 65:801, (1996) Non- patent
ref ar@nces 26 ¢ Heahstdmssern,: MRYs ReWie@engby . 80i #GHio1 .
(1996) 10 Non-patent reference 27: Pagano, FASEV J.
17 14540671 9911997) Non-patent reference 28: Hershko, et
al., Annu. Rev. Biochem 67:425, (1998) Non-patent
r ef - Pat l. .. Lrend et. .
.qg%?cf%éﬁﬁﬁ ﬁéybné% . Ufgn% %ég?TJaciSOnl%%' Chem.

14: 2 n-patent Treference

| drj dge, Cell 9:923,(2002) Non-patent reference
27‘5‘1?“82?1 é&%?’, Cel | 86:263, (1996) Non- patent

ference 32: Sl.owya, e ., Cell _91:209, 20 (1997
Nor TS oF BF SREE B ® kOB Pl Ahd - Bpin BiocHen.
Struct, Biol. 11725, (2001) Non-patent reference 34:
65&9’ran6}9%?’a|., Nature Cell Biol. 1:193, (1999)

Non-patent reference 26: Hochstrasser, Annu. Rev. Genet.

30:405, (1996)

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

(1997)

Non-patent reference 28: Hershko, et al., Annu. Rev.

‘Biochem. 67:425, (1998)

Non-patent reference 29: Patton, et al., Trends Genet.

14:236, (1998)

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

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

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

Non-patent reference 33: Kobe, et al., Curr. Opin. Struct.

Biol. 11725, (2001)

Non-patent reference 34: Carrano, et al., Nature Cell

Biol. 1:193, (1999)

Non-patent reference 35: Tsverkov, et al., Curr. Biol.
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25 Non-patent reference 35: Tsverkov, et al., Curr.
Biol. 13 9:661, (1999) Non-patent reference 36:
Bornstein, et al., J. Biol. Chem 278:26752, (2003)
Non- patent reference 37: Kanura, etal., Proc.Natl.Acad.

9:96%9Ci .(1Y5A4)100: 10231, (2003) Non-patent reference 38:
Zhang, et al., Cell 82:915, (1995) Non-patent

r ef n l t. BIO| 4,
(1988?I %%tﬁgﬁﬂﬁﬁ{ﬁﬁ“ég%§r§&§§%§%1$éfa ae, #1 Chem.

9, (2000) Non- pat ent reference 41
27%:\%?33{3 é?oﬁ%, Cel I . Biol. 2177956, (2001)

aten ce 42 K| et al Cel

o B S EE G A pAcBR et B oo H3SC- Vit lgebead.

Leh e I 11:1189, (2003) DI SCLOSURE
S 5r‘rslé ﬁ&@e&??é%b Péééfém TO BE SOLVED BY THE | NVENTI ON

20 0017% In a nmethod for proliferating
car dYBRyBRYERE, TREeTRECAN 38b] SO TG tHe Bk esePrll 82:915,
invention to provide a nethod for enhancing the
(18f60iferation efficiency of the cardi omyocytes, and
to provide a reconbinant vector and the like for use
in Vpe-pethpg.reference 39: Marti, et al., Nat. Cell Biol.

1:14, (1999)
Non-patent reference 40: Nakayama, et al., EMBO J.
19:2069, (2000)

Non-patent reference 41: Kiernan, et al., Mol. Cell. Biol.
21:7956, (2001)
Non-patent reference 42: Kim, et al., Mol. Cell 11:1177,
(2003)
Non-patent reference 43: von der Lehr, et al., Mol. Cell
11:1189, (2003)

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

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

the method.

14
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14 MEANS TO SOLVE THE PROBLEMS [0018] So as to sol ve
the problens, the inventors analyzed the nechani sm of
the cell cycle regulation in cardionyocytes.
Specifically, the inventors exam ned the nmechani sm

Mgkhgrebns5methH@t@Q@@mngfocused on the performance of
individualr factors for the cell cycle regulation in

[0§@§¢|ony00§$%§ w&%glv%néﬁé%ﬁgbqég{es?ﬁQQn% %glanapyzed

CDK genes, partlcu ar | f hors tRer ei
thgﬁﬂ?ﬁgyﬁ? akggo%grﬁQ%Q{S o%ﬂﬁ ‘ﬁ%ﬁ?o ar%tp%%%%yges

S nexpecte accunula excessi ve] _
Sp?EZ§ tite us%gf cardi'o ﬁ%&cﬁ?%ﬁ“iﬂl t@ﬁl?ﬁﬁ%ﬁ? m}?ﬁrel?
. and It is known that the G p/Kip
ngg i ?ﬁ%ﬁ%ﬁxﬁhﬁkﬁﬁ ?%cFﬁﬁlnﬁeﬁé?Rwﬁﬁc?SOf Padividual
ubi iélnylated Wi th ubqu|t|n |igase in. 15 genera
fa5F8 PTG TRl $YSIS EREM 1A O8I PPKFPTRAPRYgCYEes with
protein is degraded with proteasone. Therefore, the
ené@ﬁéedeﬁd‘@dleﬁgf i®nc ghpohent i Bf anBi §Bikt igendgagea makcularly
co-expressed with the cyclin and CDK genes in
CDEaiBhémj6eyEedhereinas Chas eantsodived theati e p27Ki pdund
protein was significantly reduced in 20 the nucl eus of
thearehonybcitesin/Kiaddiamidny, prheéecel hs preldfreratidmitor,
pot ency of cardi omyocytes was found to be highly
napetvved d°' and thespetiadl ngschavel d edh texctek@ ively in the
conpl etion of the present invention. [0020]
nuBpeckfocathydivheopyesentniaventinnlselahesi t® & c2bn and
met hod to increase the proliferation efficiency of
CDK.

[0019] It is known that the Cip/Kip family protein mainly

including p27Kipl is ubiquitinylated with ubiquitin ligase in.

general proliferating cells, so that the Cip/Kip family
protein 1is degraded with proteasome. Therefore, the gene
encoding a component of ubiquitin ligase was co-expressed with
the cyclin and CDK genes in cardiomyocytes. It was then
observed that the p27"'®! protein was significantly reduced in
the nucleus of cardiomyocytes. In addition, the «cell
proliferation potency of cardiomyocytes was found to be highly
activated, and these findings have led to the completion of
the present invention.

(0020] Specifically, the present invention relatés to a

method to increase the proliferation efficiency of
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15 cardi onyocytes by inhibiting the production,

function and action (effect) of the Cip/Kip fanmly

protein expressed in cardi omyocytes on stinulation

with cyclin and CDK. The Cip/Kip famly protein to be
ca BUPPH essede Of by he naGbii@A nigS 1¥d pbodh et 6f, t §ubuliotnh@ng

protein is preferably p27Kip' [0021] I n accordance

acMdd wﬁfé@yﬁnsroahetbepmw £agangi Q%Q%xtne%xpr%d in
any cardi ac nuscle cells expressing plural markers

caltscpa.e&ﬁlyu:#@scwd' ONYPEYL t.ef'on\’\mlctt}l aggclichw ZegkaS e

he nor phol ogi cal, physi ol ogi cal )
t; d T
ci{[FOLE0 SRS A 83 U LRSS SRR 281 T"%: nov

b d f di f
Lt o B RhPIe FRCPREFe thut v apedt sg?g’émn%%?eé’“ e

erentiated and derived.fromstem cells such as
[Og%Liyonlc:E}eﬁf&@FF§ncﬁon§lﬁ§rrB&Fne%%ﬁ%ﬁ?hﬁF 1508t e I
..cells and CM5 cel | s. %0022 Anynet hodf or inhibiting
C%h%’p?w%w%ﬁ PEAREI BRY § adaeﬁ G SGH et 15 ésp/%ppressmg
fam |y protein nay be satisfactory wth no specific
PLYrd#d t aPr BRI TheSARERBHCWOLRs FCOr dd@pFredsiesy tweich are
expressi on of the gene encoding the protein,
reaepht 28di ngs20thhe prsabetidn cofl th@hp(rSGtOélomlcal and/or
inhibiting the activity of the protein or pronoting
impheo Hegi adat featoteshe fphottaict. JO0RImviar ypaad i cUlley ,term
the nethod for pronoting the degradation of the
inptodesn ncst preter atd nd jsomed dyode § ord ipregrmityl ngbttheed from
ubi qui tinylation of the protein.
cadtheabi Gis 4u ey lodt honsahs 2mn b e rdareer yoyuil ntireduce ns ftthereof
exanpl e drugs, proteins, peptides,
but also cardiomyocytes differentiated and derived from stem
cells such as embryonic stem cells, bone marrow mesenchymal

stem cells and CMG cells.

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

(0023] In particular, the method for promoting the
degradation of the protein is preferably a method for promoting
the ubiquitinylation of theprotein. The ubiquitinylation can

be done by introducing for example drugs, proteins, peptides,

16
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16 | ow nol ecul ar conmpounds, and genes into a target
cell. [0024] Additionally, the gene pronoting the
ubiquitinylation of the Cip/Kip famly proteinis
preferably a gene encoding a conmponent of ubiquitin
loW i @ABEc u IDF ec Sm P e €8 Abhydageeee eneedangatrlhe tFchax .
factor capable of binding to the G p/Kip
(o 20] | yprotaidyt iidid udj ng f emeexampkgeSkp2, 9606t ing the
[0025] In carrying out the invention, furthernore; a
{ ohi bt t; I hgn ;
R R e s R T T
famdy.pr in or inhibiti t : sl ation_and
: pg?éc;ﬂ ucte?(gghg?et hge g%%eg)ép%%ﬁd%ctorkenaégéﬁégqﬁél u%é%l?sel:ormore
, SLERNA specific to the gene encoding the . .
prEFEPR By S RPF, TR LIS o b BpRrats §P  car Sigos i ing
torc%:?\lrr in? out thgl i nvention, additionally, a
& bR ¥R 850N cR @nE b Ad T I F 8Are FaftRa § sXPR AP RE -
" sjigpal 15 is preferably tagged to at | east one of the
[Oiég in gend a‘hgrfhbn%DRuée e t YUY RRF bBce fudhermore, a
resulting gene into the target «cells. The cyclinis a
me ehet i 1P T aFdbd oM daddiey aKPRESEDRA GRRNEDKGaBp@ription) of
preferably includes for exanple cyclin D1, D2 and D3
thefapenARFediBg| the Lddi/KionArPy Ll ytiheo GOk oy ashibatedg the
by type 20 D cyclin and preferably includes for
treRahpl o CBRY mied COKEo b f Hnengens. p f QDRI may ahot herused.
enbodi nent, the invention relates to a vector
Foragxammbe t heal KW lsipre cgeie, tthéh€DKegenenandihhetigen®ip/Kip
of a factor inhibiting the action of the Cip/Kip f
fambiyyppootennis2bréfecabeyofiskdt endi ng t he
i ntroduction of the gene into
[0026] In carrying out the invention, additionally, a

nucleotide sequence encoding the nuclear localization signal
is preferably tagged to at least one of the cyclin gene and
the CDK gene, to introduce the resulting gene into the target
cells. The cyclin is a cyclin capable of activating CDK4 or
CDK6 and preferably includes for example cyclin D1, D2 and D3
of mammals. Still additionally, the CDK is activated by type
D cyclin and preferably includes for examplé CDK4 and CDK6 of
mammals.

[0027] In another embodiment, the in&ention relates to
a vector carrying the cyclin gene, the CDK gene and the gene
of a factor inhibiting the action of the Cip/Kip family protein.

In case of intending the introduction of the gene 1into
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17 cardionyocytes, preferably, the introduction is

done, using a viral vector or |iposone or the like.
-As the viral vector, for exanple, adenovirus vector
is preferably used. [0028] In an additional node for

cat@foyyogyOus, tPeeforhBYENt £RA, i APeohA¥ENbhODNs T &AL ESysing
to a phar maceut i cal conposli tion contal ni ng a vect or

a CRAFLYINGE de oeYehbBs8gRes rt e 1G0K _gel'}ﬁ) @H% %?ﬁ?ge\peectof,

of a factor inhibiting the action of the

fofagkgMpPEPtgh?Rngggg]vggtgrsﬁgl%r%QQ%E%qQ?MS%%de for

carryi ng out i nvention, the’invention relates

ardi omyocyt es Lned. b he t hod for, -
[0%?%fifera?%hggéaragggﬁégé?és.ngﬁ % o CPIFAgng out the
. _different de for carryin ut the invention, the . -
1n?%@éh??bn ?gﬁatégvf8 éogcrggﬁﬁﬁfsneﬁﬁbd Usi P P aefytical
obt ai ped by the, nethod for proliferating .
co’&%?ﬂfgh’f/%c BRI R KECLHT| GRATY #§9 & oI iaceppre. the
mai nt ai ning and pronoting the viability and function
CDE1I L GinGny BRI 2%e &ifd 2t RRCFPKel B 1l t ER@ i harcapent PE the
.agent with a possibility thereof. [0031] In an '
Cl%gH%Pi6ﬁ&+1hDBéOF6Fncarrying out the invention, the
invention relates to a therapeutic nethod of 20 heart
(092 8kases, Tmd udiing adid intiisaex} mpde rémsptanty i dhe the
phar maceuti cal conposition or the cardi onyocytes into
ingentien, hha paté¢eniomherkathe carci ohiorydested eobtained
weakened, functionally arrested or killed, to retain
by anblepnethéér ibe phelifekhsingd5ch@A32myAegardi.ngl y, the
present invention generally
[0030] Inadifferent mode for carrying out the invention,

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

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

cells.

[0032] Accordingly, the present invention generally

18
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18 relates to the following matters. (1) A nethod for

proliferating cardi onyocytes conprising a step of

i ntroducing (a) cyclin, (b) cyclin-dependent ki nase,

and (c) one or a plurality selected fromthe group
reconss stonghs 061 acwene eacodreg a factor that inhibits

the production, function, or action of Cp/Kip famly

(lprOtEHMhth&ﬁﬂf@rnﬁﬁb@hﬁeraﬁhﬂgtB@Edh@ﬁ&@b?%e&h@omprls1ng a
production of G p/Kip famly protein into

st SRISH ARSI nANd ) ac E@@nOf (§Pbéftgyﬁptééépgﬁ’&éﬁjf']{‘ﬂlase,

or nalnta|n|ng the cells. nmet ho
Pr &k N
anl n(?gr odu0| hg % Ffl cycoﬁy}p% eestctsf"c peng%n(?&il nal{c,smtlng

A
o Adobl QR G B WALLLY §EL€CE 315590 1he 9L crion,

consi st ng gene encodi ng a

t he. roductl nct, i or._acti on of Cip/Ki )
funct%enh or a 1on % % p?glchamfhgtpFﬂﬁFbP?Sa?ﬁea nucfglc

a Hudl
oducti o p/ K a r ot nto
ac}c)%r%il%?ry]on?ﬁéjst? n“ R4 tprr°JTJa%’t)Jlll‘§ s?ipcbq)’%’dbsfeﬁ‘iﬁe]rﬂl%rr°teln
. culturjng the cells. (3) A nmethod for proliferating
10 b %%t%%ﬁ]ﬂ’quI n@tép efepubfe e blVicF hht ¢Ring or
cyclin, ( E cycl i n-dependent kinase, 20 and (c) one
mapptalinipdafheyceblected fromthe group consisting of a
gene encodln% a factor that inhibits the production,
(2¥unc& MR sk toat PoALef eTrpAREpCA Bfi PRYPEBL EFNCOBPTL Bing a
nucleic acid that inhibits the production of G p/Kip
stemmf yingrretdaiaing died cacdionyodbytesclin viemendewlt skinase,
step of subsequently 25 nmmintaining the cells.
and (c) one or a plurality selected from the group consisting

of a gene encoding a factor that inhibits the production,
function, or action of Cip/Kip family protein, and a nucleic
acid that inhibits the production of Cip/Kip family protein
into cardiomyocytes in vitro, and a step of subsequently
culturing the cells.

(3) A méthod for proliferating cardiomyocytes comprising a

step of introducing (a) cyclin, (b) cyclin-dependent kinase,

-and (c) one or a plurality selected from the group consisting

of a gene encoding a factor that inhibits the production,
function, or action of Cip/Kip family protein, and a nucleic
acid that inhibits the production of Cip/Kip family protein
into cardiomyocytes in vivo, and a step of subsequently

maintaining the cells.

19
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19 (4) The nethod as nentioned above (1) to (3),
wherein the cyclin is a cyclin capable of activating
CDK4 or CDK6 of mammals. (5) The nethod as nentioned
above (4), wherein the cyclin 5 is cyclin D of

(4U3nn@h%-m@@hoﬁh%snE%HQQOﬂ%dWQQBQanq)?28;§3§%)w%%r%?%’the

wherein the cyclin-dependent kinaseée

li n-depe . Ki to be i vat ed cyclin
ol L ePERISRL I IBSRLL PP ASELI LRGBSyl e R o
na®%Gliign- dependent ki nase is CDK4 or CDK6. (8) The

met hod as mentioned above (1) to (7), wherein the
i p/ Kip fanil rotein,is Z%Ei "o (9) The nethod as
(Sﬁgntﬁgﬁe eE%SéegflTeP61€§fB 8§€iﬁ { heVPEEeisr thRafYClin
i i nhihi,ts th% production, function, or action of 15
SCEFRIY Pafmill V3T 6tidin is a factor with an action to
ronote the degradation of the Cip/Kip famly
(GSrotEPﬁ.mei@PdTﬁé fFerhoangas ABAVEohéd &bPoVe) (Oyherein the
wherein the factor wth an action to pronote the
cY§ddmadariedd eaft tidacGiep/id » fandlin- dememdeni skanase to be
conponent of ubiquitin ligase. 20 (11) The nmethod as
ackgneitéfed valsowe i01@). , wherein the conponent of
ubiquitin ligase is an F-box factor capable of binding
(7do The CrptKep fami | peptoveed. &bayeThespet h@Heasin the
nmenti oned above (11), wherein the F-box f actor
cycapabldepeh deinndikig atse tilse cCOKW K doxe .|y protein is
Skp2. 25 (13) The nethod as nentioned above (1) to
(8012) Theheeehndt he mentioned above (1) to (7), wherein the
Cip/Kip family protein is p27%P?t,
(9) The method as mentioned above (1) to (8), wherein the
factor that inhibits the production, function, or action of
Cip/Kip family protein is a factor-with an action to promote
the degradation of the Cip/Kip family protein.
(10) The method as mentioned above (9), wherein the factor
with an action to promote the degradation of the Cip/Kip family
protein is a component of ubiquitin ligase.
(11) Themethodasméntionedabove(10),whereinthecomponent
of ubiquitin ligase is an F-box factor capable of binding to
the Cip/Kip family protein.
(12) The method as mentioned above (11), wherein the F-box

factorcapableofbindingtothe(ﬁp/Kipfémilyproteinisskpz.

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

20
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20 nucleic acid that inhibits the production of
Cp/Kip famly protein is siRNA specific to the gene
encoding the Cip/Kip famly protein. (14) The nethod
as nentioned above (13), wherein the nucleic 5 acid

nu C a h n t
HhaLs gRL L s LOELELL G0, gl 01107 Lt Ly gt B

pr@@e?ﬁngkogggNﬁbg¥%c(%x tq (%%%’ge% oyéﬁgw n %f Cip/Kip

I ntroducing the genes |nto card

I r or |iposone. 10 (16) The nethod as
#aMEE?'gﬁ ggggove (1) to (15), wherein at |east one of

cli e and c clin endent ki nasée gene
%ggdg qﬁgﬁpﬁﬁcW88f Bgegé%%gﬁ%eléﬁcoapﬁgeé“nEE?E%H01elc
callzatlon nal A vector conprising (a) a
a°b§cFPﬁtgb%%1btb? ghe Er% F § heRiede Kkp nfasel Gerrgotein
and ﬁ ) one or a pluralltg §e|ected fromthe group
iscpnBN&t PRECHELE §BnERENBAAI ig ®eF@ctor that inhibits
the action of Cp/Kip famly protein, and a nucleic
(1ati df kedguereed thatné¢mhidied ahev oroductd ohl Of, Ciqugdising
famly protein. 20 (18) The vector as nentioned above
intgqjuciagr die tteneyclinno icardioyniday teapabteing a viral
activating CDK4 or CDK6 of mammals. (19) The vector
vegtonenti bhpdsabeve (18), wherein the cyclin is cyclin
D of mammals. (20) The vector described in any of
(1&bovEReremd tlon@da £ Imgnt Donb {dHdYe Whered n(i1de, wherein at
cycl i n-dependent kinase is a
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 cyclin gene, (b) a
cyclin-dependent kinase gene, and (¢) 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

nuéleic acid sequence that inhibits the production of Cip/Kip
family protein.

(18) The vector as mentioned above (17), wherein the ciclin
is a cyclin capable of activating CDK4 or CDK6 of mammals.
(19) The vector as mentioned above (18), wherein the cyclin
is cyclin D of mammals.

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

(19), wherein the cyclin-dependent kinase is a

21
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21 cyclin-dependent kinase to be activated by cyclin
D. (21) The vector as nentioned above (20), wherein
the cyclin-dependent kinase is CDK4 or CDK6. (22) The
vector described in any of above-nentioned (17) to 5
cy€2ip,avbenekbAtt Renkact @b bBak citRRiakiclss piyhe yaatiion of
Cip/Kip famly protein is a factor with an action to

(2Pyonpf e the  degradaieqn iQh oldhe s GoR/eK 926"?”“ lwlésreln the

protein. (23) The vector as nentioned above (2

cy%?ﬁegé‘?w&eﬁ?ckgﬁa&w }E qctol or&ng pronot e t he

degradation o an1|y ‘protein is a

u U|t|n ase. 4) . The vec a
(2%@2?@%%6 I'% ﬁ#erefnytgé %SﬁﬁSnEﬁP 18Fe§ 17) to
iti n.I| ase s an ox factor abl e, of bindjng .
‘2?22 qYulﬁ%r%fr’b/ D ffaacrﬁqry tﬁ’l‘a i1 %1i§) t%%eaGEéPBrogs“p/gKlp
ti oned above ( 24% wherein the F-box 15 factor
fa%gﬁbPéO(SFlBl ity (BCERE B3R KD RAREPY pPOBEORALE the
(26) The vector descri bed in any of
de&56@éthﬁﬁtP8néEe(i?? Kig fepd)y RAESESIIA -t he nucl eic
acid that inhibits the production of Cip/Kip famly
(2P} ot BR® V&C KA RNE Fgadiifonedt gbg vgedd 2éncedengint ke factor
Gp/Kip famly protein. 20 (27) The vector as
vigbrn apsdoabovereRey e, t Whdesing datd qruefeile Capi/#iphfamily
i nhibiits the production of G p/Kip famly protein is
ProtRNA $pegi fpopboep27Kifpubgene.tip28)i gBlse .vect or
described in any of above-nentioned (17) to (27),
(29her 2h e vat tloeast mene ioh etiheb eyel(i2n )gewiee ad1th tR% component
cycl i n-dependent ki nase gene is tagged with a
ofnucl @it ligase is an F-box factor capable of binding to

the Cip/Kip family protein.

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

(27) The vector as mentioned above (26), wherein the nucleic
acid that inhibits the production of Cip/Kip family protein
is siRNA specific to p27FiP! gene.

(28) The vector described in any of above-mentioned (17) to
(27), wherein at least one of the <c¢yclin gene and

cyclin-dependent kinase gene is tagged with a nucleotide

o
3
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22 sequence encoding a nuclear |ocalization signal.

(29) A pharmaceutical conposition for use in a

treatment of cardiac disorder conprising .the vector

described in any of above-nentioned (17) to (28). 5
se{30hcEhenpbanmgcauhiveal acOMRRSI It QN 3% MBI Oned above

(29), wherein the cardiac disorder is nyocardia
(2bNfaKCih OPnaced SEHLM Codipdd { ¢ di5€A3 uu&PH%¢§t5¥§a@ﬁ%5E of

failure, hypertrophic cardi onyopathy, dlLate _
-  dio , rditi nic heart. . :
B A TR C AL S octéftee“éeb{%rﬁe%esocyrﬁfg%d bR

Cli in.a of a -mentioned (1) to (16). (32

ab%?%é%hggngggrgégﬁnéoaqgéﬁdiac di sorder conpri sing ;

Lhjegting the pharmaceutical .conposition as nentioned . -
(3 ) ovEnt (g Rage b A Pr] (OHE SArH Oy isA 82ods (29)

menti oned above 15 (31) into a cite of disorder of a
VBERR}Bet thGvi SR H A $itE0 T Wik ortder "YARATRERA| ni mE2 ARBLiOD,

roliferating the cardionyocytes at the site. (33)

1s§hEm kBt hoBeagtnent i Bhetie aboveOpdeFtivanerkemrthe failure,

cardiac_ disorder is nyocardial infarction, ischemc
BYPRAFTOBM3Ease c2rdd oBgngastivue hebirtatfed | ureardiomyopathy,
hypertrophic cardi omyopat hy, dilated cardi omyopat hy,
myfAyeEAr it 6 sOTorhERRGAi beRedr tfaiflaideure. ADVANTAGES OF
THE | NVENTI ON [ 0033] The use of the nethod in
(3atcofelndtemwpthtehebt 26nedvent tba eoobbésdéheribed in any
inhibition of the action of the Gp/Kip .
of above-mentioned (1) to (16).
(32) A method of treating a cardiac disorder comprising
injecting the pharmaceutical composition as mentioned above
(29), or transplanting the cardiomyocytes és mentioned above
(31) into a cite of disorder of a subject having a cardiac
disorder, and retaining and proliferating the cardiomyocytes -
at the site.

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

disorder is myocardial infarction, ischemic heart disease,

"congestive heart failure, hypertrophic cardiomyopathy,

dilated cardiomyopathy, myocarditis, or chronic Theart
failure.

ADVANTAGES OF THE INVENTION

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

invention enables the inhibition of the action of the Cip/Kip
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(S]]
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23 famly protein in the nucl eus of cardi onyocytes, to

pronote the proliferation of cardionyocytes. Further,

t he advantages and characteristic features of the

invention are sufficiently described below.in the
fabecyi pRobetai k edePesgrbpLion.ef capa P g €

Carrying out the Invention. (I)3RI (I:E?: DESC%E?EQI"F%J% &Q p];%Ote
thPRAWNGR 1 {0034 e[ Fi Bl Si 27Kipl

protein in cardionyocyt ergygﬁgE??ang%herg{he% Witthﬁ tirgztages

@”@héﬂ%’t&e{“ . Pr rin he nucl ear_.protein, {he .

P Expressi on of&.ch‘/fe%Ql%lljeps?(% ef e My & alrﬁ%é‘aeb@‘I%leently
[ ofting. r cardi onyocytes; REF: rat
de%%&%ﬁ?ag"j%‘”a ﬁ‘ﬂ %e(?z‘tﬁ%"zl%’éu etaigief ppesggiption of

Local izaton of p27Kill protein in cardi omyocytes
PrEFERaPGEL HATNI AT DERESYARA €MHA tgendey Prfidet] ng
BRcardi onyocytes with _a reconbi nant adenovirus carrying
—-LEE-E&E@E@EL@@&&M%; Cont) or DINLS gene and

CDK. gene (lower columm), the intracellul ar expression
[08?4b27Klp1 protein was 20 exam ned by '

i muno-fl uorescent staining nethod. In thefigure, the
[F&Bebh col or expresses p27Kipl and the red col or

expresses sarcomeric actin. Further, the cell nuclei

wer eExpagpetomi t kf DARITY]'Fi gpBdtein in cardiomyocytes
transfected with DINLS and CDK4 genes. Preparing the nuclear
protein, the expression of p27 *'®! protein was examined by
Western blotting. CM: rat cardiomyocytes; REF: rat fibroblast
cell line (REF52 cell).
[Fig.2]

chalization of p27kirt protein in cardiomyocytes

transfected with DINLS and CDK4 genes. Infecting

cardiomyocytes with a recombinant adenovirus carrying the LacZ2

gene (upper column; Cont) or D1NLS gene and CDK gene (lower

column), the intracellular expression of p27"®! protein was

.examinedbyimmuno-fluorescentstainingmethod. In the figure,

the green color expresses p27*'®’ and the red color expresses
sarcomeric actin. Further, the cell nuclei were stained with
DAPI. |

[Fig.3]

Regulation of the expression of p27%P! protein in

24
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25 Regul ation of the expression of p27Kill protein in
24 cardi onyocytes. cardionyocytes under stinulation
with FBS or- stinmulation with DINLS + CDK4 was treated
with a proteasone inhibitor lactastatin (LC) for

cacoipaybsphekn t@Hﬂ@i&ﬁy&@ﬁ;e@&&@%&SEQ@m@ﬁa933§4ﬂthFES or
protein. 5 [Fig.4] UWoiquitinylation of p27Kill protein

stiﬂu@@Eﬂb@UWQ@NtﬁﬁNLsﬁhC@bk4e%$£3@$e$E9@1&§fgi9q¥8§y%{%ome
(CM or fibroblast cell (REF) wunder stinmulation wt

inEB§iQBrS§E€HE§EEQ@ﬂM@ﬂE)D%NkS éo&%%ﬁ%F§QZé#S%%f%%rg the

vitro ubiquitinylation, to subseq ect

' tekn kMes otting. In the figure, IB
exgigéggégsg¥h%92ntiH%ﬁipigéd for Western blotting

(r@pajysis. A band observed at a position with a higher
nglecular wei ght is ubiquitinylated p27Ki pl. protein

27-GST-Ub). [Fig.51 _15_ Expression of Skp2 protein
fﬁ c%k%b‘?uo#/%w{%égoncﬁf d?%ﬁy&gcﬁr&t%e‘rn IR G tes .
w.th FBS or stimulation with DINLS + CDK4 was treated
A CRilth® At b ot d3S0ne2 F AhPBY PBY te| (M ast dtity qui®s f 6e11 (REF)
onparjson in terps of the expression of Skp2 _
“ng?t’)t%?hf?“%t{wg‘?s}h RERIRIcR T ot UFu 127ie pl v brlotBINLS/ia CDK4
the co-expression of the Skp2 g e ne . The |
wagusedsEp Hri fof 1 pEPKIR I Al oiney ke § howartdi enyoeytestly detect
transfected with DINLS, CDK4 and Skp2 genes was

Pzéxaﬁ]nggpteﬁpignr7yestern blotting. In the figure, 1IB

expresses the antibody used for Western blotting analysis. A
band observed at a position with a higher molecular weight is
ubiquitinylated p27%P?! protein (p27-GST-Ub).

[Fig.5]

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

[Fig.6]

Reduction of p27Kipt proﬁein via the co-expression of the
Skp2 gene. The expressién of p27¥ir? protein in cardiomyocytes
transfected with DINLS, CDK4 and Skp2 genes was examined.
[Fig. 7]

Localization of p27kirt protein.in-qardiomyocytes with

25
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25 Localization of p27Kip! protein-in cardi omyocytes
with 25 DINLS, CDK4 and Skp2 genes co-expressed
therein. Infecting cardionyocytes with a reconbi nant
adenovirus carrying DINLS + CDK4 genes (upper col umn;

Dlﬁp@t)C@K4C@ﬁEYSPQZE&@%é% c&ngﬁreéng Qﬁ@?élﬂrnc¥ﬂé%ctlng

and | ower colums) and treating a part of

t
ca%&iigﬁlgWQE:é’Ee\?l%t nﬁJrPJﬁ?a?‘r? eic}&f' \p]l.ltlpg JaarCLtya'Stadlr}\ILS

[ ower col um I ntrac ar expressi on

+ @gﬂ(lgipé'nesorf’lﬁ]ﬂgr"‘?zﬁ rﬁrgm&? e PYo! "g?rnroyeferl}gu e@:sent CDK +

stai ni ng ne figure, the gr

2 the re color Xpresses
Sk %B%gﬁZE?%paéﬁ‘ Iﬁpatﬁéf cp gmgg||aﬁ§ EFAatypgdy@rRATt of
tained with DAPI %E g- 8] Effect aof enforced Skp2
th%eﬁ%rgkﬁP§§§V6ﬁsoﬁ e pP6ﬁﬁF@&ﬁmeoPnh1PHé°r lactastatin

roliferation of cardi-onyocytes. Infecting Kipt
L&k bt VRFHCHP LY t htBe r BEbhdF Ahhe L 9T r eXPEas § o mge L a7

gene 15 (Cont) DINLS + CDK4 genes, DINLS + CDK4 +
DT &KBHDN Gehbse AN SKYD b el vl ol L q s tRMbertadfning method.
cardi onyocytes was counted on the indicated days.
In[Fry. fHureduth s ofr ofn pykdpleppoeesas vpa7 P’k and the red
co-expression of 20 siRNA specific to the p27Kill
copenecxpneeaesi oayoeyeesc d¢ansf ectwckvdt ,h tHlNIc® 1 ICRKA 1 ed
genes and si RNA specific to the p27Kipl gene, the
weexps essnod woitp20Kepl protein was exam ned. [Fig. 10]
Ef fect of enforced expression of siRNA specific to the
[Fig. 8]

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

[Fig. 9]

Reduction of p27%P! protein via the co-expression of
siRNA specific to the p27F®" gene. In cardiomyocytes
transfected with DINLS, CDK4 genes and siRNA specific to the
p27%®! gene, the expression of p27%P! protein was examined.
(Fig. 10]

Effect of enforced expression of siRNA specific to the

p27Kipl gene on the promotion of the proliferation of

26
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25 p27Kill gene on the pronotion of the proliferation
of 26 cardionyocytes. Infecting cardi onmyocytes with a
reconmbi nant virus carrying LacZ gene (Cont) , DINLS +
CDK4 genes, DINLS + CDK4 + siRNA specific to p27Kipl

ca@enesy6RS € esi. RNA) £ OF ¢ CA% FYd NY; 'ﬂ\bétéP iy -
p27Ki p1l gene al one, theénunbelrori* ca?ﬁi%{m%o%:gféggmant

iWag 6QURLedgon, they d i d Fi 1% ;
VlExam' nat?ongab%ut e% h{:]éje(fcc?c{ergétj) 'o%ylzqn Jbr chKék Engeé’neDlNLs

pr € ; uctibeniof | un i gh he | un ,
CD\%i ghstslrsfhgli1 S;brgrgépqér \?ge%bpostqecnaersd?( \g%i g&%gﬁ] aoén‘dagrylng
; erfusion was 10 neasured, to calcuylate the ratio to
Sl?ﬁg b{)pudeyélv\gllcght%.0 pr i 6565 vs.gegheanﬁgf’aﬁp. the, Aumbgy of
caVis Cont %roug. [ Fi S 1219 The chag%ce} of passive |eft
VenPIYRFEXGSI AR EAFD&ESY 87 ¢ dmfdredd dedfvdssi on of
Skp2 ﬁfne. Using a rat heart 6 weeks 15 after cardiac
[FigchdMla and reperfusion, a passive |eft
ventricle-volunme curve was prepared. X p< 0.05 vs.
Shanf*gPobptignpakogtosthe eféest grfoupnfopced0.s&® vsgene
. DINLS group. [Fig. 13] Exam nation about the effect
eXpFefRecBnP br ekt edesisinore £ Agngf wekig2tgenthenlthe weight
reduction of the area wth cardiac infarction. The
ofapezali fhveakdi aositnfcardtiiagn iisthemiat dmshrtep &r fneeksn was
after cardiac ischem a and reperfusi on was neasured
megoucalicutateal treldaé i theccupysd ngo | €fd BT el 9% P p <
< 0.05 vs. Cont group.
0.05 vs. Sham group. *: p < 0.05 vs. Cont group.

(Fig.12]

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

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

DESCRIPTION OF THE REFERENCE NUMERALS AND SIGNS

]
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25 DESCRI PTI ON OF THE REFERENCE NUMERALS AND SI GNS 27
[0035] +: Expressing addition of FBS and .
pharmaceutical agents or infection with various types
of reconbi nant adenoviruses. Expressing no addition
[00fs FBS and pharnmaceutical 5 agents or no !nf ection
Wi th various types of reconbi nant adenovi ruZi;.RYpﬁ'é:
Expressd 7 Ki pls 401, [ FOR :
QT e e N gBadr® ﬁfczﬁf??ﬁgw%fmeﬁs“lfca'lhagents
[ ] ! i ntendin O_the practice_of the
°Ti %gﬁé {I; gﬁn rr“glstrti g’gsrsltoélnsdéya e%ef’ér Ié'ﬁ%%mgi‘%%l?ﬁo%@??\ﬁl fhees-
field of the art concernjng nol ecul ar biol ogy, -
i cr obi BFBESS SARFI 5 o DY Sl BENERSI AFel nEReT BRER: Rbcal
reconbi nant PNA t echnol o and the rel ated-art _
29ERERANSIFofl? *TLhFESEOBt Wt SR Gt edtYPRES@ § nE¢ @b inant
for exanpl e Ml ecular 15 Coning: A Laboratory Manual, -
2dPRRVAFHSEHition (Sambrook & Russel, Cold Spring
Harbor Laboratory Press, 2001); Current Protocols in
Vbl e’ arE b 6% oYy 9 eBR{ ed” bprAtsdsel , et al ., -John
Wley & Sons, 1987); Methods in Enzynology in series
BESACHARE] EORPEARRY INPCRUPr BHECINYENNBONods i n Ml ecul ar
Bi ol ogy (edited 20 by Barlett & Striling, Humana
[0PPebs, 2003) camrivialg Geltl th€ubtueetiAnPrpetb6Ak intending
Approach, the 3rd edition (edited by Masters, Oxford
thenpversiity Rriesshe 20@0kn tAnhi hodi eseeAs tlaaldard Ofyference
Manual (edited by Harlow, et al . & Lane, Cold Spring
texdab bok s Liaboh atfdre) Poeshe 488 Qon FRatielY hoaR ulatrSy fPlogy,
cell
microbiology, cell biology and general methods such as

recombinant DNA teghnology and the related-art technology,
unless otherwise stated. These include for example Molecular
Cloning: A Laboratory Manual, the 3" edition (Sambrook & Russel
Cold Spring Harbor Laboratory Press, 2001); Current Protocols
in Molecular biology (edited by Aﬁsubel, et al., -John Wiley
& Sons, 1987); Methods in Enzymology in series (Acédemic
Press); PCR Protocols: Methods in Molecular Biology (edited

by Barlett & Striling, Humana Press, 2003); Animal Cell
Culture: A Practical Appfoaéh, the 3rd edition (edited by
Masters, Oxford University Press, 2000); .Antibodies: A
Laboratory Manual (edited by Harlow, et al. & Lane, Cold Spring
Harbor Labofatory Press, 1987). Reagents and kits for cell

culture and cell biology experiments to be referred to in this
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25 culture and cell biology experinents to be referred
toin this 28 specification nmay be commercially
avai l abl e from nanufacturers such as Sigma, Aldrich,
I nvitrogen/d BCO  Contech, and Stratagene.
spePiepaaatoan O%aQardﬁﬁﬂonﬁﬁﬁQré&a{pf37]available. from
Cardi onyocytes as a. target to-be proliferated using
nabl@ ey of iJwentiqgn in al | ]
PR T age et dovel oent S 2ucn 4 PFERS)  1TBER- B8R Te b oo,
c1b¥R8ch, a0d gaduylt LyRe Lcardi onyocytes and is defined as
cells wwth at Ieast one, preferably plural markers or
’ rified 10 by at .| east one, preferably a
(Pg%g?g?{t?ého}é?t 5 RN d82dr i bed  bol ow [0038] The
[Og§ggession of ,various markers specific to , _
Car di omyocy 3 CRROBECBRt 86t & bYTEBAVERt iRhaProliferated
biocEenicaI 0 | munochem cal approaches. The )
45 388y BAEHRST BI® ot S WJEd i dal NF AR el such cells at
Preferably, inmmunochem cal approaches such as
tthﬁﬁﬁ%y‘i%c"rﬁe‘fﬁk‘a‘rm%’t%ﬂ MYfd st #6¢adn@dype, neonatal type,
i_munoel ectrophoresis are used. For these approaches,
angdpi ket t PR fciad dieinp@cortds andi bedd ebied ronoelldsakith at
anti bodi es reacted with cardi onyocyte precursor cells
leaptoonearelf ofyoehlesphuyabemaskdrsAoti bodiésrdar geéf ngied
i ndi vidual specific markers are commercially '
by atal ¢ abt @ n@ndp nafe r ebdly layp 1 bea Us ed.o fMak K@l ho@eCiéé €ribed
t o cardi onyocyte precursor cells or cardi onmyocytes
belpglude f or exanple nyosin heavy chain/light chain,
a-actinin, troponin I, ANP, GATA-4, Nkx2.5, and
[0WVER] 2cC. The expression of various markers specific to

cardiomyocytes can be detected by conventional biochemical or

_immunochemical approaches. The approaches are not

specifically limited. Preferably, immunochemical approaches
such as immunocytochemical staining method and
immunoelectrophoresis are used. For these. approaches,
marker-specific polyclonal antibodies or monoclonal
antibodies reacted with cardiomyocyte precursor cells or
cardiomyocytes may be used. Antibodies targeting individual
specific markers are commercially available and may readily

be used. Markers specific to cardiomyocyte precursor cells

Vorcardiomyocytesincludeforexamplemyosinheavychain/light

chain, o-actinin, troponin I, ANP, GATA-4, Nkx2.5, and MEF-2c.

{0039] Otherwise, the expression of <cardiomyocyte

29
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25 [00391 Otherwi se, the expression of cardionyocyte
29 precursor cells- or cardionyocyte-specific markers
can be verified by nol ecul ar biol ogy nmethods commonly
used in the related art for anplifying, detecting and
prabak¥3irng <TRNA &¥w@§£@go§909995095béﬁ%i@a%ﬁ%&ens can be
protein, including for exanple 5 reviggglgggrscrhptase
bat 4. pal Lhase [ ti o - an .
veﬁgﬁ?ng?gt?g%¥gﬁéﬁgsfggqﬁ§8{2&%”3%#? §Eﬁﬁ€h§%sif9d in the
[ r elns (for exa e, osi n heavy
o ot Shar PP Tk Rahi e (Y EpGH naft ANP1IGARR amea
,...and NMEF-.2c) specific to cardi onyocyte
on e YN 0 ChoT R BF DLy F o IR Akden fRRoRikARD L e
and _may_be used from public _databases such as GenBank
TEAT T PRe Nat Uiial P Gt €S 4t T © Bi RHIFHISSYy FhRéRME¢ DAL ion
rker-specific sequences required for use as prinmers
(Rjg/?PBFLb%‘ggéﬁ'rPrr’éjaloqalvod‘ea&é‘tlé’r%ﬁ%edNuc[le@zl:OicF@lrsé’seuences
hysi ol ogi cal indices may additionally 15 be usgd.
enE@ébP?ic&PF%FrthéﬁﬂR%MUhnuéfpulsamhonleﬁ myosin heavy
cardi onyocytes and the expression of various ion
chghanhedBtiaha igar di @anydTyh est sap d hiad ICaHNE OBROEYUESNIEAN. 5,
react with electrophysiological stinuli are the
an@s&ﬁ@PZKﬁmﬁﬂﬁQﬁ%iCtherea&dﬂahﬂdﬂyﬁﬂ.ﬁ@@@ﬁﬂs@g.b@luﬁeor
nmet hod di scl osed in accordance wth the invention,

- cardidhpoyptyteBaexi bbengkhnwheamtd twasSweS us@fa MBRISub1ic

can be used directly as the subject. Additionally,
databas esyosytles amepareapad ki ram f kash KeaLbnli SSUESLOY for

vari ous nmethods such as enzyme process. or a primary

Bicuéthieleey! tihgoeafation. Marker-specific sequences
required for use as primers or probes can readiiybe determined.
[0040] Further, physiological indices may additionally
be used. Specifically, the autonomous pulsation of
cardiomyocytes and the expression of various ion channels in
cardiomyocytes so that cardiomyocytes can react With
electrophysiological stimuli are the ugeful indicators
thereof.

{0041] According to the method disclosed in accérdance
with the invention, cardiomyocytes existing in heart tissues
of mammals can be used directly as the subject. Additionally,
cardiomyocytes separated from fresh heart tissues by varioué

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

which is obtained by bulturing the cardiomyocytes under
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25 which is obtained by culturing the cardi omyocytes
under 30 appropriate culture conditions for about one
to 5 days may also be used. Specific culture methods
of cardi omyocytes are described in nunerous reference

apbexsblRaaks. c et ef ) c on)iRitGRln s FSEhﬂﬁﬁiﬂgﬁEaQJSiyglﬁ%ﬁy also
the Chien's nethod and met hods 5 nodifi ed fron1¥ e

beChisd s e bods { Chiegn, Iy ddVER s o vty
1770, 1985%) Nei del |, ét“erté ?“,hetA%’d]sJ.gﬁh_\r/&s‘?‘igé’lq.&‘é’ts"lc:ytes are

ol 86, - i al. . Am 1. Physiol . 275:
d Eégég,edlégsg. EFggnghiég%t ?Snglef(§, OPKE- ciithF LY. typical
- incl di t bt ai ned Vi
me?ﬂéﬁ%gg%@??%ﬁ?Oﬁhgﬁg%%gsaﬁgge¢§g¥$g i%%tfcﬁﬁ:gsgnyégthOds
Lls. with initation tq the le descri bed
nofif5yd Hher P8 AtAN S raroodc e Fordg - Guf e Tavest.

in i 0 ans cells with a property of possible .
734 ﬁ[é;f’en{]?g?i dHEIHR O - L@l witth ar BhvRyeeyt 85LF KBL0T6,
henotypes under in vitro culturing. Specifically, the
198@én@iga88FPs EhcRide P8r dxamplvé iedbr vadni:c Hto8m.caldss) .

éES cel I s) and ,enbryonic germcells (EG cells) as
[084R)ved frdddhahemasisuch the noeskt unehkeye @nd duymey tes
. for currently wide use -as culture cells, and
infypdespsradi ogyemydelsl oicined wial theypeduction of the
mul ti-potent adult progenitor cells (MAPC).- Standard
digfepeotdeshionf 6romhe tewt kedd sfowimhepar iNghitation to the
subcul turing and storing these cells have been
exenpbdbl ighedibdtdboeé er aine sttem ten 1exaopl €s8BMY carrying
ref erence textbooks such as Manipul ating the Mouse
ouEntbihyo:i nA enali@matmran stacwil s (edihed Byopedan, &t @dssible
Col d Spring Harbor Laboratory. Press, 1994), Enbryonic
difBStementiation into -a cell with cardiomyocyte-like

phehotypes under in vitro culturing. Specifically, the stem
cells include for example embryonic stem cells.(ES cells) and
embryonic germ cells (EG cells) as derived from mamma;s such
as mouse, monkey and human, for currently wide use as culture
cells, and multi-potent stem cells such as adult type
multi-potent adult progenitor cells (MAPC) . Standard
protocols for the methods for preparing, subculturing and
storing these cells have been established. With referehce to
for example many reference textbooks such as Manipulating the
Mouse Embryo: A laboratory manual (edited by Hogan, et al.,
Cold Spring Harbor Laboratory Press, 1994), Embryonic Stem

Cells (edited by Turkesen, Humana Press, 2002) and plural
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25 Cells (edited by Turkesen, Humaha Press, 2002) and
plural 31 textbooks (Matsui, et al., Cell 70:841,
1992; Shanblott, et al., Proc. Natl. Acad. Sci. USA
95: 13726, 1998; USP No. 6,090,622; Jiang, et a

tehabobrs418addui2002; alnte@@ﬂi|pmaé4lPUp§9§at$P9m@¥btt et
01/11011), these nulti-potent stemcells can

alreadidoy beyysed. Ahagoﬂf?dc1TheU§Rer§]5Qq|3|7S&éjsapb?8' Nusp No.
“accordance with the invention is not linited to the

e SC d a l's
DA G i e hoﬁg*ﬁfmtﬁwéﬁ 2??“ i fipationar
this £a e tur i, m ar, t.o hos
Fu ?ﬁE%t Il‘g6 caorc11/slelod1e]p gl%ass% celll% I&ﬁlltcgl 298015 can
regdopergl es SQE‘CIfI c to ES cells, such as the
exi sYence of “ES cel | -specific surface (anti gen)
[()Erglr1 er, ex ression of ES cell-specific_gene and
toma f Ti AGEPotEnichy’ ahd2Rhf méfa #PEeEIERFR Mg th the
otency., Specific exanples thereof include stemcells
mv\FPﬁlPéa’c%rrb%t 5 nsitRq &0 thet hbseeof YESS cRe$aTikedmbave .
stemcells obtained by treating root sheath cell and
Anypt oot fied e M thi fR2EHERPCRINi hgents thRte #f the ES cells
5-azacytidine (Sharda & Zahner, International
mapybt et 94 on INo.thgz/ @sfgsoyhesﬁemeeblsssgmaanedo byhose of
treating nononuclear cell with CR3/43 anti body
ES (oAbl § sdayes deCumred Med:e 20 bRed og@piardi pnop8r856s specific
2003), and stemcells derived fromadult inner ear
todH lcglllsi, sethals thMatxi et dede o AdganekloBpeBEfic surface
publication). [0044] The nethod of the invention may
(abeigsed farkeany theekksresthonto f &at dees -SipRiclid@n ¢t fene and
those of ES cells or any
teratoma-forming potency and chimera mouse-forming potency.

Specific examples thereof include stem cells with features
similar to those of ES cells, such as stem cells obtained by
treating root sheath cell and epidermis cell with chemical
agents such as 5-azacytidine (Sharda & Zahner, International
Publication No. 02/051980), stem cells obtained by sréating
mononuclearcellwitHCR3/43antibddy(Abuljadayel,Curr.Med.
Res. Opinion 19:355. 2003), and stem cells derived from adult

inner ear cells (Li, et al., Nature Med., Advance online

‘publication).

[0044] The method of the invention may be used for any

cells without features similar to those of ES cells or any

'non-multi-potent cells, as long as the cell has at least a



10

25 non-nmul ti-potent cells, as long as the cell has at
| east a 32 property to be differentiated into cells
with cardionyocyte-like phenotypes at |east under
culturing in vitro. Exanples of such cells include

propeenghymalo st ega cel hs¢rdeehyed Lyom hone mréé’ﬂsce' I§itn

(Bruder, et al. , USP 5,736, 396; 5 PkttEnger P2
8 3, Va et a ,
car.d§6hl§89§ltﬁvgslgc% fo}%e%%gc) p’escwgk nta‘?e:rtna ncfeﬁralcul turing in

v1?99"°@£é£@1¥g) g%%lgliland %ﬁ%$?cells eruyegtg%ogélls

muscl e tissue ( nterna I ona

OO ture method for preparin
de%ﬁé%?%ﬁ%ﬁ%&?és % ?r&ﬁlgfezPEBPF§ i%téécor%%gée7ﬁﬁth?95'
he nventloq thod suitable for inducing the
Plg ?P%Fént?%tlon 8F185F8|6ﬁ$0&§9ff19%%z b@“?féélsthaklnol
f le ES S e culture
ot etbod ithol G9éS 1 SF vERmpl 80366Bansi A% Gal t LA berna tional

t hod, han |ng drop cul ture nethod, co-culture
ufiEL Rot o S SUppbr 14

met hod, soft agar culture nethod and mcro-carrier
tiREHRE uf BN HRERBEI OPRUr ANbAGEAGAS thave 0B/ 53820 abl i shed
for the specifi-c nmethod of inducing the

[0B# %t er ent i%g LOR.c Wetwomseit hbdnih ng reba rpngcdd €21 iy hetes

i nvention may see reference textbooks such as
£ ey yomi a= 1Stem2@ cCelrdsincediwtied kyieTunkseBiokUNBAly method
Press, 2002), and plural reference textbooks (Kl ug,
subtable,fdr Gldwcidqvess .d 8t QAbn t 1 10965 &%ﬁﬂé%df%mi%cytes
, J. Mol . Cell. Cardiol. 29 1525, 1997; Kehat, et

maylbe udedC iIn chBeest usiQg: AOF .« x24Ph XHs &1 134 thg dfrture
Res. 91:501, 2002: Takahashi, et al., G rculation

metldd 19t2,ud2Q08or example suspension culture method, hanging

drop culture method, co-culture method with supporting cells,
rotation culture method, soft agar culture method and
micro-carrier culture method. Plural methods have been

established for the specific method of inducing the

"differentiation. Persons intending the practice of the

invention may see reference textbooks such as ﬁmbryonic Stem
Celis (edited by Turksen, Huma-n Press, 2002), and plural
reference textbooks (Klug, ét al., J. Clin. Invest. 98:216,
1996;Wobus,etal.,‘J.Mol.Cell.Cardiol.29:1525,1997;Kehat
et al., J. Clin. Invest. 108:407, 2001;Xu, et al.,.Circ. Res.
91:501, 2002; Takahashi, et al., Circulation 107:1912, 2003;

Field, et al., USP 6,015,671; Xu, et al., International

33
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25 Field, et al., USP 6,015,671; Xu, et al.

International 33 Publication WO 03/06950). (Method

for proliferating cardi onyocytes) [0046] One node for

carrying out the invention is a nmethod for ,
puprotiatevat wogosandbegyocytes including a step of 5

i ntroducing and expressing cyclin and CDK into
(MEBREHORYOCYE B3 i20da8 i BECR 2% 1iohl 'fytt'e%g the

production, function and-action” of the G p/Kip
[opEpfein. Asylheseaf s %%Q‘(i/yitnegsougeé}lef i n%SR%E%‘hePs érﬁ?&hod

living cardiac tissues by various ne ﬁr?s Euc. 3 ]

nz : . ri.mary cylture c .0bt ai ne :

fo%o %%%E??%qﬁﬁé a Sr@gﬁegﬁnty%égﬁgc?scarldﬁc od\ft e un%l%%/p of
. riate .culture.conditions for about one to 5
b 0] GRBT EEIgecY B Fed Lh (PRt OBt ArkP § HeRibBee Y tes

om various stemcell's may be used as descri bed _
a“a[a%vset.e‘té’r di* ?ﬁ*ﬁ%&ﬁé@ é}eiesgffﬂ&uml?ﬁe EupgFden #pdsyetion
f_.a mammal .can be proliferated by directly treating
°fgéﬂvhe4£Ezﬁ%%w869€génby véﬁio&éeﬁefﬁéﬁsowb@@ypbed cells
bel ow and maintaining the cells in vivo. The term
SePpf hedi i Ay iVemgi A2 TAaRst bf vk Ry Vheiowlsl mephods such
survive w thout any deterioration of the
as pRyPLivdicogt EaR tReMEL | GnsP ¥ mar physilshog ced 1 enobrenmedt by
in a biological organism such as appropriate body

cu} ewperattireea POr eneln bi onedfdaowd iaimyeo Tyep nedevolpy®ogPiate

mai ntain the cell. [0047] One of the nost preferable
cuhethod ot iqns dducaingu t amdy oo £xipVESSang CyedidnEddlytes

CDK in cardiomyocytes is the DNLS/ CDK method
di pHfeveouss yedepor tedubydt heohnventars s¢sec é hes mat 8Rtused

reference 1 and the non-patent reference 5).
as described above. Cardiomyocytes_ existing in the cardiac
tissue of a mammal can be proliferated by directly treating
the cardiomyocytes by various methods described below and
maintaining the cells in vivo. The term “maintaining” herein
means allowing the cell to survive without any deterioration
of the physiological functions in a physiological environment
in a biological organism, such as appropriate body temperature
and blood flow at a required volume to maintain the cell.
([0047] One of the most preferable methods for introducing
and/or expressing cyclin and CDK in cardiomyocytes is the
DNLS/CDK method previously reported by the inventors (see the .

patent reference 1 and the non-patent reference 5).

Specifically, two types_of adenovirus vectors with the_DlNLS

34
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25 Specifically, two types of adenovirus vectors with
the DINLS 34 gene (cyclin DI tagged with NLS) or the
CDK4 geneintegrated therein are first prepared,

then, the two types of the viruses were infected into

gefiar e PAVORYS BS dgy d dGal diZ & 1idie o&Y ehieNc Pk 4 ﬁéﬁ’& el e @iflateq
the CDK4 protein in the nucleus, so that the 5

the¥i§i oRe ang sprokbheEati om of , cardi QRYOSyL S, ﬁ%g%r%ielyses

scarcely divided or proliferated can be pronote

e R R S R T LR
orhBUE R ASuciey S0 of e BTaccing kg chrh BhA CBR 1Ay the
5L OLATURTE' G TRHGETRE Vo Shne €10 LAV RE ERe. denerally
CRRARY e, I P3 bBFo | B FERLERU Gy bpreSaba ph.  The

tes may be any cyclin 15 capabl e of

di .
'Cogg%P%grgﬁggkfwﬂ@b?nEIﬂ@?c€fhé?tfﬁ&naEQCFhﬁ PRpercyreislso

. _D2- or cyclin D3 gene may be used. [0049] Meanwhile,
ingprdRfyiBathef REEBPPFySpecadticastied -by type D cyclin.
As such CDK, not only CDK4 but also CDK6 may be used.
[0848hH cyclitr ofaTrKigeneutaseehnysot aved ahed 2@thod for
identified fromvarious organi sns including humans.
inpgdidurénal | yandier nuekeokisde ngequencesncamme used  into
frompublic DNA databases such as GenBank. Thus, a
capéigsunoskikbedaiynbtehaenyarie clasd r eadibygohtaithesytdthod is
i nt ended genes by designing specific primers or
capabbesoénthdbhehngisting gemeraf £ @Ot e£sll @e DNLS/CDK method,
with no specific limitation. For example, cyclin to be
introduced and expressed in cardiomyocytes may be any cyclin
capable of activating CDK4 or CDK6. Other than cyclin D1,
cyclin D2- or cyclin D3 gene may be used.
(0049] Meanwhile, CDK may satisfactorily be activated by
type D cyclin. As such CDK, not only CDK4 but also CDK6 may
be ﬁsed. ~Such cyclin or CDK gene has been isolated and
identified from various organisms including humans.
Additipnally,the nucleotide sequences can be used from public
DNA databases such as GenBank. Thus, a person skilled in the
art can readily obtain such intended genes by designing

specific primers or probes and then using general molecular

biclogy approaches.
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25 bi ol ogy approaches. 35 [0050] As the nethod for

i ntroducing cyclin and CDK into cardi onyocytes,

physi cal net hods such as m croscopic

i nj ecti onmaybeused. From the standpoint of the s
[obBbyoducti Qg ¢ frn'e‘i'h%'a.chrglerFer@E‘f‘ﬂgCJe;} o r[Teatnr&OEDkSi nto

preferably used. 5 Additionally, a protein nolecu ﬁ

kn.the sm diq cytes via the
cagggggggg%kggf tFa §$§%§éd @%%%§?£ SE% erddly mreroscopic

- opgeRelaopl i ol i, The IR O% LieTEl o e,

€ any ne Ino spech e ! . et o
includes for exa e nmet ho or. taggi ng a nucl eoti de
eLiLGUEREE 16 o ﬁ&sﬁﬁgthne&ﬂ$Wﬁdth% Fefdsrabipp used.
€s o roteins generated by these genes, nanely
Adé%EFPHagh ' COR FOTrhiameoRGFéR PTAdrpedcir dfleastombaan of
any one of the proteins, preferably the cyclin has .
cafﬂgoﬂlgcgéaéeﬂéé, Bt ofdPrEgEy ionhe f esnhnEhgctednmleae is
can be transferred into the nucleus. Currently, three
prebefypey Oran ke NLS! dadvenbesi walee knowTheSpechbicaidye for
a first exanple is a type with alnost no basic am no
magcbdsagichesdoldy siirkd nanch rerqyi mimel amiltd sidor edeTmEthod

the NLS in the nucl eoprotein of influenza virus
in¢badys fetr akampCeld m4®h667f,or1985);ing-aAnSe.¢@Bdid_@@'&lleence
is a type at a higher content of basic anm no acids and
enPOdisgf JLSexanmart hef NLibe S@gHEBCE Two types of proteins
(N-Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-C, SEQ ID NO.1). of
getbeat &¥VA); Thanrtel gene§ Kal£er10ncyetl idl anaNedkie® r31d: hplex -
1984). A third exanple is a type where basic am no

inachéscyospl @askl USiedn afy Hhd Hervad of o dbaid ]poreafgﬁooly
acids and is called the NLS ,
the ¢yclin has the NLS sequence, accordingly, the resulting
complex caﬁ be transferred into the nucleus. Currently, three
types of the NLS sequences are known. Specifically, a first
example is a typewith almost no basic amino acids such as lysine
and arginine and is for example the NLS in the nucleop‘rotein
of influenza virus (Davy, et al., Celi 40:667, 1985). A second
example is a type at a higher content of basic amino acids and
is for example the NLS sequence
(N-Pro-Pro-Lys-Lys-Lys-Arg-Lys-_Val-C; SEQ ID NO.l) of the
SV40 T antigen (Kalderon, et al., Nature 311:33, 1984). A
third example is a type where basic amino acids form a cluster

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

of the Bipartite type (Robbin, et al., Cell 64:615, 1991). The

36
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25 o f the Bipartite type (Robbin, et al . , Cell

64: 615, 1991) . The 36 NLS for use in carrying out
the invention may be any of the three types. NLS
other than the three types nay al so be used. In view

NLof foheubengh hc 8f r§ heg Nb-St seRreng@ent DEn PRL NEY QBy of the

transferring a desired protein nol ecule into th

pHEl BHse and 3, ot Benkeadya Avaid ahi Ity
th_sgguenceﬁgergg tthNLS asequéencéegf S@%% antble used
1l $iBGehar Ay sy FOF gﬁ”mr@ase%u%'n%sm qy ngtace”r'lé‘

t he NLS sequence © nt Igenf
S, | 0 rc IyaV|Ia e.from nV|tr
tnggg%? ﬁgacc%r%a%%g vdath hé |r%°‘vcé1 t5 3R 50t ﬁh d‘b? bs ‘and

t eries of protein groups
th%orlfﬁgy ng ‘Panlol etf]g]rﬁrl%/ %? h@ (o a2 |7’1?1?BZ’E‘6 slgﬁgﬁatlt\hkq yNLS
ulati the cell cycle progress and includes three
e fEPRERIun Thp oA € tn ChBoAiBI PArar BT 14524 1§ Fpg oxanple
known that the Cp/Kip famly protein inhibits the
a ?h%%fﬁ%n%mb?akﬂaﬂlwshecwa% 3-SGBrR "CEpifekBs, SYHP Lmntigen,
exanpl e cycl n D-CDK4/ CDK6 and cyclin Al E-CDK2 (see a
napeyy R F /0y Sty 18 Robeeielathneyapdeble 1149 In0DG)ogen.
[0&0052 Anong the Cip/Kip famly proteins, the function

hd! char acllér RsepedpRaLUME taf PPFKiptennipart itdel atipAKip -

now under way of analysis. p27Klplwas first

fapgent pfrediasia kactar etso0Z0 paiotck itno dtrdverpesy dd dmp &= IGDK20n e
complex in a cell with the cell cycle arrest by TGP

fagiimubOst{&KofBX - ethabhitoelieHOt 1247y AOPd)atidd tBe cell
known that p27Kipl is a negative cell cycle regulator

cy e eeppnsd bé es faord tihe lakeast hekeGho pbastes FOf ExaEpl, ep g 7¥iet
excess expression of the p27Klpl protein in manmmal I an

anéeblsg*iMduces is known that the Cip/Kip family protein

inhibits the functions of various cyclin-CDK complexes, for
example cyclin‘D-CDK4/CDK6 and cyclin A/E-CDK2 (see a review
of Sherr & Roberts, Genes Dev. 9:1149, 1995).

[0052] Among the Cip/Kip family préteins, the function
and characteristic feature of p27xm1in particular isnow under
way of analysis. b27“plwas first identified as a factor to
bind to the cyclin E-CDK2 complex in a cell with the cell cycle
arrest by TGF-f stimulus (Koff, et al., Cell 66:1217, 1991).
It is known that p27%P! is a negative cell cycle regulagor

responsible for the arrest of G1 phase. For example, excess

expression of the p27%°P' protein in mammalian cells induces

cell cycle arrest in the Gl phase (Polyak, et al., Cell 79:59,
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25 cell cycle arrest in the A phas.e (Polyak, et a

, Cell 79:59, 37 1994; Toyoshima & Hunter Cell 78:

67, 1994) . It is suggested that p27Klpl plays a

significant role in the retention of the GO phase in
190el;l BopbshbRa St aling cPhas€1 $& NGE P24Kipl 'SIPH%hEMggested

expressed in this stage of ceLIsl(hpurse, et aL .

hbat gpe 372 B/Ps D LQr i oL OW NG l.esSearc
- iuﬁdiycate fphatpsp27(sjlpl anldca_nS%?%lF?Z#gvg s?_trggtelﬂlrt
cof pResLops and char %%%ﬁ/g!tyt'i% éﬁé‘é?f e?inchéjgphi Peip

| ar
to those of p27Ki pl I npriz a o CEIIS Rigniy
I C : 205, 2001:. Conguer et , rends.
exg?g .ggriislg*s,th%()%%qe &glceéslsl Sotr(]ﬁ8}1\ﬁns§e &t af g, Nature 372:570

37
heref qre, term G p/Ki 0 (family) protein neans
9p L ARSI oF B1=pBoRPSL LB G T8¢ BRELTT ana
kik preferabl¥, p27 hereinbel ow. [00531 In carrying
Pbut RS RAYEREFBAS St he et hols fagrd chARRBItEIrAg tilfefeatures

functions and actions of the Gip/Kip famly protein
highly¥i 154 "id adpet? f tBOBEmiafat POR, ~ OnéMakappl eet herteafl 15 J.
is a nethod for suppressing the activity of the
NegrpPRFEBLIproot el b 2@MilcHC emet eles, & remtdlsodCefl Biol. 13:65,
~introducing neutralizing antibodies inhibiting the
20Pdhct | Bhbke ahd Head voinse oft attteal predtesierf oare,| ave EBkRCOL A/ Kip
conpounds or the like into the cells. Additionally, a
(fasihpd Iy owsiich newe priomot tbneef tybe sdegradat'i op20fist 4pq
the 20 Cip/Kip protein is induced is with no specific
p57 R t atoom. préosweatery, ps2f EPableye itbe 1m&t.hod is a
met hod of pronoting the wubiquitinylation of the
[0pBdtein. [DO543rthifyi biut ithae pelypepbhde 8% Stdiibd for
abundantly in
inhibiting the functions and actions of the Cip/Kip family

es
1

S,
|

on of the
e .
1M

protein is with no specific limitatibn. One example thereof
is amgthod.forsuppressingthe activity of the CiP/Kip protein,
which includes a method of introducing neutralizing antibodies
inhibiting the functions and actions of the protein or low

molecular compounds or the like into the cells. Additionally,

a method by which the promotion of the degradation of the

Cip/Kip protein is induced is with no specific limitation.
However, preferably, the method is a method of promoting the
ubiquitinylation of the protein.

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

family protein in cells is mainly requlated with a degradation

38
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all eukaryotic cells. The expression | evel of the

Cp/Kip 25 famly proteinin cells is mainly

regul ated with a degradation 38 systemyvia the

ubi quitin pathway (Pagono, et al., Science 269:682,
sy399h; vivRkich%e Ho Qi t Ml pa CRLLyBi(8hgod 4,39 P97 science

Urano, etal., J. Biol. Chem 2%4:12 97, 1999).
265peeifi gabky, makhes pebyub| qujbin fngisicoyalently. .

bound to thg Cip/Kip 5 pr%te?%h(ug?gti?i 5fe%$'§?g’tk%g7’

| Ur%HPQtépQ§.gnﬂ=%qgﬁqn?h9$.ZWth%H%HQEEg§bzati@%?ggf¥$%lly,

El ), ubiquitin-conplexing enzyne nd u

[ =3), -« + Syb nt.l.y,. th iquityl ated G p/Ki ,
o BRaTubrd s B R R s ss e Bl bRl e s

.efore,. th t.hod for_introducing a nolecule 10

prgpgﬁgti‘ﬁ%lt%l doitddi%i n¥t &t it8 o‘?“‘tﬁq T/ RPP FrdtiGns of

into .cardionyocyte is preferable in carrying out the
ub} RUEREFORS S LARY < B8bstSHOE i t fEAR - act! i b bHbLF 1P 1 Hei g

ubi quitinylation  of the Cip/Kip protein is :
SNEEPFsfEC 0P das RISkt ArBasEo (B) i ntSudthaceritino  the

cardi omyocytes. Specifically, the substance 15

ubi qUEGYLateBr CaRAKPPe PERAERAC it ifdala ldgertegr afast ef sl 268

pepti des, and | ow nol ecul ar conpounds. Preferably,
Proteprepre - acT e r ailtes y tdenvetbodshelr iSuct dgeriad ackaidesul e
genes encodi ng proteins conposing
PrOBPYunegi fhacupvaring nedzaymen odbitdue tdinp/oinplepd tein into
enzyme and ubi quitinligase. Because it 20 is
cag@hgideredet hat pire fies abPiequint ica driygase dudwrttié invention.
responsible for the specificity for the , '
Anybsgustanytation of acspecigidnofigethPrB®iitinylation
preferably, genes encoding the proteins conposing
of @it /X ilp gasee(RONPl £xX)i 8f £c tUSLF.as the substance to be

introduced into cardiomyocytes. Specifically, the substance
includes for &example ©pharmaceutical agents, proteins,

peptides, and low molecular compounds. Preferably, nucleic
acid, namely gene is used. Sﬁch gene -includes geneérencoding
proteins composing ubiquitin-activating enzyme,
ubiquitin-complexing enzymeand ubiquitin-ligase. Becauseit
is considered that it is ubiquitin ligase that is responsible

for the specificity for the ubiquitinylation of a specific

target protein, preferably, genes encoding the proteiﬁs

composing ubiquitin ligase (complex) are used.
[0055] As ubiquitin ligase, currently, numerous

molecular species are known, including APC/C complex,.VBC
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[0055] As ubiquitin ligase, currently, numerous 25
nol ecul ar speci es are known, including APC/ C conpl ex,
VBC 39 conpl ex, SCF conpl ex, Nedd4, Ufd4, Rad5, Radl8
and Parkin. Additionally, plural types of the SCF
cofPIPk eXsexi sbnpderRendiends, onldhe Gifdfser anced dd®arkin. -
F-box proteins contained therein as the conponent and
ad @ €1 6041 examle SCEPTE R SCREISAr SCHMEL 24> -
- (Pa%ton, gt&g]., Trggds(tEnet. 12:Zﬁggiﬁggg?gjééiéggﬁélng
i . Ll Q: , . e.ubi.qui tin,
o g e hvol ve™ REBRE NA: Gor Rk FaLT bR BiP o

I gase (conp invo ubi quitrnyrat
the Cip/Kip _ protein, ubiquitin_ |i e cal SCFSk
nt SRt Ta @i PhRoourhg . EnatEannonGaE ol T PY ana
apl is preferably used, with 10 no specific
scfi %pt(gﬁtotr?rﬁAe er?zl 'e%cToro‘ir’rf]gS thee“e‘ctorrp]o"h'e2r13{)6 ofl398; Jackson
biquitin |igase with an action to pronote the - _
& E}j]b‘%'qiﬁ%‘?mﬂ%i it 1ot 'R 3a pPRZP prdEeb Re ndy i @t Sbimel igase
used. It is_ known that in nol ecul es conposing
(cappbgph i1pKaLIEEHox Dpridisei WP 1@l F &BY Bkp2ohnofartthiec i/ Kip
recogni zes the Cip/Kip protein to 15 bind thereto, to
PTRkYLR heulejbwabmufwasehaahlﬁé SRE°5f ot ®i knoCar ko, gene
et al. , Nature Cell Biol. 1:193, 1999; Tsvetkov, et
engpding ¢he FomponBnglof ghe gogplex is Pr@fRrabBor nse @i nkith
et al . , J. Biol. Chem 278:26752,2003; Kanura, et

no gppecPfoc. INatiltatAoad. BcigediSAend001NZ23the2@@Rponlemt of
carrying out the invention, therefore, 20 the gene

ubkqebtimg thiySke2 pricttei napsometicies reterresréMoes  the

. Skp2 gene hereinafter) is preferably used as the gene
ubtg@ubeinyhitbeuced tihe capdkopypeytesn 1HP%6]soThe Skod. 1t

" gene was isolated and identified in humans

is knowp ;hat in molecules composing SCF®P?, the F-box protein
calléd Skp2 in particular recognizes the Cip/Kip protein to
bind thereto, to.add the polyubiquitin chain to the protein
(Carrano, et al., Nature Cell Biol. 1:193, 1599; Tsvetkov, ét
al., Curr. Biol. 9:661, 1999; Bornstein, et al., J. Biol. Chem.
278:26752, 2003; Kamura, et al., Proé. Natl. Acad. Sci. USA

100:10231, 2003). 1In carrying out the invention, therefore,

the gene encoding the Skp2'protéin-(sometimes referred to as

Skp2 gene hereinafter) is preferably used as the gene to be

introduced in cardiomyocytes.
[0056] The Skp2 gene was isolated and identified in humans
(Zhang, et al., Cell. 82:.915, 1995), and animals such as mouse

(Nakayama, et al., EMBO J. 19:2069, 2060; Nakayama, et al.,
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(Zhang, et al. , Cell. 82:.915, 1995) , and animals
such as nouse 25 (Nakayama, et al., EVMBO J. 19: 2069,
2000; Nakayama, et al., 40 JP-A-2001-224380) and rat.
The nucl eoti de sequence thereof is also reported.

JpAgdpbbonablysot hengegyenceri af OEaBLL PG ther eof .S
avai l able in publ?c DNA dat abases such as @%ngé%i thereof

i R 376 ! 7Y - AF083 .
° ggggg%& . 5t %'perg%%fggﬁ%%gy i g‘a;ﬂ%:%;?% e/t%)hceer ejfz%?%r TyRton
thQPEéEni§U§v¥fPaﬁP§5Jﬁ§%é%%§P%NQYd% %g%@gggaeé g5 cenBank

probes specific to t geEe and " d g raf
: 9% .
T R B 5 P 20 AR S el g Bl o)

t he same results as the Skp2 gene to be used in 10
A %%rr?‘ifﬁl%bﬁfe%h’e”i eﬁlritoﬁ.%e[r(?(fé’?]e FRAtcAPERiAgaBAt U pethe
i pventioqn, additionally, not- only the Skp2 gene but
Skg sgoe’g%?Pé’s d&fcgaiing PAEPBFE PF ovlR gy sPEfd fic to the Skp2
ubi qui_tinyl ati on and/ or degradation of the
gepe pARAp USHBLeidf 1 efrdf drled tld sk kehesy prrpmed alge ¢ he Skp2
degradation of the G p/Kip 15 protein herei nbel ow)
geppRedehevSRphr geneapRyl &l $ochea askdnass, theugenes tot can
be introduced in cardionyocytes. For exanple, genes
briepgoebpytt hee Fspopx peotkin zecbyei $kpy geue bi adbaiguéd@ in
Cip/Kip protein, an F-box protein with 80 % or nore
cahowbhogyut phefénabhyi®f.% or nore honol ogy with the
am no acid sequence 20 of a notif region called W40
[0pepkat or lreucimyimiclutephat ineconsidereda@stid@ally, not
substrate recognition/ binding site of Skp2, and '

onLYNponeIHs2 Qfe nlebib@ti bkilBo YegaseeMbbBi AgPFOPESEY dbmoting

pronote the ubiquitinylation of the G p/Kip protein N
thﬂ&widmﬂlﬂﬂyﬂ&ﬁﬂbnand/ordegradation«:ftheCip/Kipprotein
(referred td as genes promoting the degradation of thé Cip/Kip
protein hereinbelow) like the Skp2 gene may also be used as
the genes to be introduced in cardiomyocytes. for example,
genes enching the F-box protein recognizing and bindiné_;he
Cip/Kip pro;ein,-an F-box protein with 80 %VOr more homblbgy,
préferably 90 % or more homology with the amino.acid séquenée
of a motif region called WD-40 repeat or leucine rich repeat
considered as thesubstraterecognition/bindingsite of Skp2,
and compbnenﬁs of ubiquitin ligase with a property to promote
the ubiquitinylation of the Cip/Kip protein may also be used.

[0058] Genes encoding the proteins of any factors with.

an action to specifically bind to and/or interact with the
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[ 0058] Genes encoding the proteins of any factors with
25 an action to specifically bind to and/or interact
with the 41 p27 pi protein to pronote the degradation
t hereof without any direct involvenent in the

p 2 WBPH WD teilnak bOpir Ofio t Ber Hd R R d Vil A HRY falv§9fxgg t any
used for the nethod of the invention. Reports te

t 1hb1e%arpike Nucleop ¥ | egr ;
osshent s evsmhc el eongL 0,70 26,8l o8 oo i

PAR d . pl6 in t .al ., 2
o ORH el areo & w%dg’féﬁs%fl% m&@ﬁzfagfofﬁgg;lnvention
e ol ., 2
e g8 hIET e B ué‘t tgr RegpTg | ﬁ'é’§1§é’é’)°“&m” Ribif ot ear
9 si gnal.osq Tonoda . Biol . em
neffr 590 035953135055 2 ShRAT gLheE FeirEERRON Ao,
I he reS|due at position 10 in p27Kipi. is
ne BB O v o bl | R S gt BPCRRA B bt 6 1 avim Lo
extranucl ear |ocalizin transporter so that p27Kipl
et Ahor AP Font Rudt bBs Ah0 | S’iHeve iieagy addda(l shida, Cell.
et al., J Biol. Chem 277:14355, 2002; Connor, et a
Bight. 285 BFRL, 28PP: 1ﬂuz@£1n20@3) alAs tUS® FpEXAFics2), and
hosphoryl ase of the serine residue at position 10 in
JaghéCBNét%§r¢OP&IS19Kaﬁaseme|mremadatng:$Uathn1nalbas Chem.
been identified (Boehm et al., EMBO J.21:3390,
2720@2)0.2 .2 0t hed arstingenke .gene ienbmwmghlélt&lﬁ &n tdleSoerine
enconpassed within the scope of ca-rrying out the
rep hyentatopos 20i om 1@ctwpdanité i phos ot PYLBEEPH2 TME bings
factors or the genes associated with the factors nay
tobERNB etk i enigl Y sObni Bx€oahLBAERON o¥bt Dz dn Pl tF b b ¥ rter so
thereof for the purpose of pronoting the degradation
thot pt2vé T g dd pr @iy PEOL €bH.and is then degraded (Ishida,

et al., J Biol. Chenm. 277:14355, 2002; Connor, et al., Mol.
Biol. Cell 14:201, 2003). As the specific phosphorylase of
the serine residue at position 10 in the protein, KIS (Kinase

interacting stathmin) has been identified (Boehm, et al., EMBO

J. 21:3390, 2002). A method using the_gene encoding KIS 1is

also encompassed within the scope of carrying out the invention.

In accordance with the invention, the factors or the genes
associatedwiththefactorsma&beusedsinglyorin<xmmination
with a plurality thereof for the purpose of promoting the
degradation of the Cip/Kip family protein.

[0059] As described above, one example of the prefefable

method for carrying out the invention characteristically
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[ 0059] As described above, one exanple of the
preferable 25 nethod for carrying out the invention
characteristically 42 includes a step of introducing
genes encoding cyclin and CDK, at |east one of them

invea@ebaggad protrhi Nt So d@Ben § Nee g€O & U QDL 4 Q:grc ltlt?leand CDK
degradation of the Gp/Kip protein into car |onyoc

at AN s LY RE @FSt N %zlé(ifé gggﬁé%twq%r e fls , & ?ﬂga e¥1e peromo St ing

genes are 5 attached w Aucl ei ¢’ acid &e

I r g expr gssion of
th%ﬂﬁﬁgﬁgigrgﬁlg @ﬂi%nﬁg |%0Pﬁggﬁg card)SﬁﬁgéﬁFggcytesand
d not er seguence a_fashjon so that the
GX??g%EEb s %naeaxgﬁ 8581 Bn t*ﬂlé?%%?a Jn!éy brese | oomes are
atPQQEE the Esgulatlon of, the E gnnter. Further, 10 the
gene fo Ba&tfrafscrite Bhd ekp esSEA VRS Cfr effdrlasiiypg  the
tached, with pol yadenyl ation (polyA) signal.
trﬁéféiaswn R if?%%i%ﬂrm?nel U §r iBxampinalian cells
ronoters derived fromviruses such as SV (Sim an
masPHﬁs‘)n%@%W%§aré>}todwg=é{It@sw Bas ceEWE mnomoRenssequence
sarcoma virus;. and P-actin pronoter and EF
in(gp[t@hddtoinomo 150 Botho Y rla@ sgrrdipdtiom. abdr ekprews ton GARreof
pronmoter (Niwa, et al . , Gene 108:193, 1991) as a
mahybiPé19W©ﬁnn%¢epﬁ@@aredubytlane@mam|ngoantenhanQEcher
of CW. and the pol yA signal sequence of rabbit
thé¢ Jegleobd egenen $ nt bbelhiagld ¢8paetsnd iy prBtetabsy attached
particularly preferable. 20 [0060) In another node- for
withrryohgadetytheionvenpbdpa) thegpaonmot erpfdffe SEIY N the
the transcription and expression of the gene is a

prems te o NyCht de ST feix@ mpneMpeho tE¥@NdLRi Y BESE r&RSBiruses
the gene to be transcribed and expressed is preferably

such as SV (Simian virus) 40 virus, Cytomegalo virus (CMV) and

Rous sarcoma virus; and B-actin promoter and EF (elongation
factor) lapromoter. Furthermore, CAG promoter (Niwa, et al.,
Gene 108:193, 1991) as a hybrid promoter prepared by

integrating an enhancer of CMV and the polyA signal sequence

of rabbit B-globin gene into chick B-actin premoter is

"particularly preferable.

[0060] In another mode for carrying out the invention,

- the promoter for use in the transcription and expression of

the gene is a cardiomyocyte-specific promoter. Even in this

case, the gene to be transcribed and expressed is preferably

. attached with poly A signal. The cardiomyocyte- specific

promoter includes for example the cardiomyoeyte- specific
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attached with poly A signal. The cardi onmyocyt e-
specific- 25 promoter includes for exanple the

cardi omyocyte- specific 43 nmyosin light chain (Lee,
et al . , J. Biol. Chem 267:15876, 1992) , the

my6a3 di10mcyh g1 spesid i 6t oS n_heavy shahn RHAMBYES 1997

and the cardi onyocyte-specific cardiac ankyrin repeat

th9r95?ﬁ90m§§€g%%-§5939E§E &§H9i e%e%%y’cﬂ?YE'@@ﬁEQEer, and

126: 4223, ; I nternati ona u |c?t|gn
0/ 21). nycl eatd.de ces,of .these .
thgr S%gtﬁég’)é“ ygl-rge}etfv_;éi%lea& fleldcf r%?nggﬁ%fi gnpmllndz:ﬁefﬁflstesp rotein
nBank,. . By usin eneral _nol ecul ar_ bi ol ogy
(nggpoggﬁggfeéen%hV%ct%?sgb?iI'fWﬁgOQ@?WFedJHE§@23' 1999,
eguence_can e prepared. 10 [0061 n accordance .
Inaf?ﬁaphgnﬁﬁve%$§bﬁfa 1ot H&d Ph/ls§%ﬁﬁressFH§ thecleotide
expression of the gene encoding the protein (nmRNA
SePBRSEF| BEi GAF 561 PXOMRERGA FGTe i i aR ey A¥Rm public DNA
transl ati on and production of the gene product may
dabplyspe SHdHa s R RARK of BYhes hRERRP§ 7] prdsouilag hielogy
degradation of the 15 Cip/Kip famly protein. _
apppeerRpeal §0e ate ot 9 Ho-wiidlidip mdied i rerd geder svaténee can
thereof or the |ike suppressing or termnating the
begenerenedding the Cip/Kip famly protein or the gene
encodi ng a factor capabl e of inducing the expression
(0061t he priteanconyabeeiwnitbduted iinvtenadeln,ulaarethdd for
accordance with 20 the invention, the termderivative
supbrebsgngnuckeexpacs diorans the COPOUSHC Pd EPATr € Brotein
carrying out chenical nodification, addition or _
(nBNbSt ttahboRiatiaR) appropai a@ t3ide Oford N @i i Afi dene
for the purpose of raising the intracellular stability
translation and production of the gene product may also be used

instead of the method for promoting the degradation of the
Cip/Kip family protein. Specifically, an oligo-nﬁcleic acid
or a derivative thereof or the like suppressing or terminating
the gene encoding the Cip/Kip family prstein or the gehe'
encoding a factor capable of induciné she expression of the
pro;einmay'beintroducedintrscsllularly. Inaccordance with
the invention, the term derivative of oligo;nucleic acid means
a compound prepared by carrying out chemical modification,
addition or substitution at an appropriate site of a nﬁcleic
acid for the purpose of raising the intracellular Stability
and incorporation efficiency of the nucleic acid. The

derivative thereof includes for example phosphorothioated
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and incorporation efficiency of the nucleic acid. The

25 derivative thereof includes for exanple

phosphorot hi oated 44 oligo-nucleic acid or o

ol i go-nucl ei ¢ aci d prepared by substituting uridine
oldiyocytuicdiene Watdld2' -dd U IOUfd €1 O c 2acid prepared by

fluorocytidine. [0062] As the oligo-nucleic acid

su@‘é@iilt%b_li%gf QIrf_J‘lene Sopu_rcerq.sied'i feorw?é(ﬁmel-%lt?on}ci)usxgn Fre or
DNA, ri Yy, an

DNA encodi ng. RNA wi t'h ozyne acti. Vi

fd@g? 5@%& nown. Recently, an RNA interference
2 (re %?red-?%g%é'RNAi) nmet hod usi ng  doubl e-stranded -

has be bl d. RNAI, is_a, .pheno on of
[og%égific dggrgég?i8%§g§'éH&?@éﬁou%CﬁﬁN&Xﬁﬁigﬁger&F@étthe
when doubl e-stranded RNA with the sanme sequence
ouZBOPekt OF (R PArger Herms b1 AW m 1 SEREHES FEA with
.t hat of he.target. gene is _introduced
bRV R P bR A F]: 310 ES 0 BMPedER Bt ediaop ildge an RNA
. that the application of RNAl as a specific gene _
ln&ﬁﬁﬁfé§§?8gpaﬁﬁF5§EHe@o maAmal #&n. Eﬁﬁhhls n8thadol veding
mich difficulty. It was denponstrated that by using a.
dogpder s§Eamrsdst RiAdela RNAP 88R ane s kel hele it e pROAGCt is a
of RNAI (referred to as short/small interfering RNA

'?h§PRNﬂPPnRNﬁiS®§§iféws&%ﬂﬂﬂdaﬂﬂﬂQEQQ)qnﬂn&ﬂnmmscmkms in a

(Hammond, et al., Nat. Rev. Genet. 2110, 2001;
tappiiskhiene wheal douNheuser4t28e498NA2002). tRO ASméOsequence
revi ews about siRNA .and preparation methods and
asmebhhddef tbe tisegthegent, osee fEoOnibxanpbé@uphbeako that of
ref erence textbooks for exanple RNA Interference
theRNMi Yget ThenNut s & iBolisdwfe &i RNArateahnalagay .(edirtedyas
by Engel ke, DNA Press, 2004) and RNA

believed at an early stage that the application of RNAi as a

specific gene suppression approach to mammalian animals

involved much difficulty. It was demonstrated that by using

a short double-stranded RNA as an intermediate product of RNAi

{referred to as short/small interfering RNA; siRNA), RNAi was

also applicable to mammalian cells (Hammond, et al., Nat. Rev.

Genet. 2:110, 2001; Elbashir, et al., Nature 411-494, 2002).
As to reviews about siRNA, and preparation methods and methods
for use thereof, see for example plural reference textbooks

for example RNA Interference (RNAi): The Nuts & Bolts of siRNA

Technology (edited by Engelke, DNA Press, 2004) and RNA

Interference, Editing, and Modification; Methods and

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



Interference,. Editing, and Mbdification: Methods and
25 Protocols (edited by Gott, Humana Press, 2004). 45
[0063] siRNA can readily be prepared by genera
pol ynerase chain reaction (PCR) nethod or chem cal
[09¥nbhesi s. sikfiahags heen kagwy that - ect,,, of
si RNA depends on the seequenge f eat uptr}é@p%féRim é{)ec?ﬁlgral
poll9nieR8 sEl PAKI P A& JY g%%%)5mgﬁﬁ]ogeorprc%%%riecd 100, L08egss .
basis of the gene sequence of the gene, Tpre eraﬁ?y
t he BQLNP 1seAHen t ing . fromthe injtiation
I
tc% gn% elééne fgfaésgﬁ%ne%ﬁﬁfgigfnéFf HeeteRehds on the
ol_ut el the sal as the target gene. The gene for
=0 Bt € STV S R ned T804 BF Sk Papeeds gene
80. % or nore, nore preferably 10 90 % or nore, nost :
5 cag R AL G5 o9 6?%%?%1ﬁ(ﬁ%ltéﬁygﬁﬂ?hs?%‘éenf%r‘gfetthe gene,
ggne. The nucl eotide sequence information of- the gene
predezalilyabhe fP8nPBuBPRECPNA 8h2APARBSIEQBNtAS initiation
GenBank. p27Kipl proteins of humans, nouse and rat '
cogdpad rehhetdaredfas PeeddsRIAL NoSiotURE9E6 s altif448bantiutely
'D83792, respectively. Plural nethods 15 and prograns
theofapesi yhilkgtAsseteftret i VL sigRNA fiaveubeeim RN@poritedith
(Chal k, et al., Biochem Bi=ophys. Res. Conmun.
at3hepey 7 2P0 nhireTepreéerably MNusl or Aud s, Rese 32086rably
. 2004 Reynolds, et al., Nat. Biotechnol. 22:326,
16 902804y . mo¥'permoit mhkifldmblin d5heé art maeeohdnbgbyy #@8Ph the
prepare and use si RNA 20 specific to the Gp/Kip

tapyetegengenasuahcazottidep2dipdcgeiei or h 90641 o RNA gene
prepared by the nethod may be used in the formof an

isod V- 4Bicd @iremagi sl DF pAAJES t ¥B4 & ¥ € stuRar £9fcendah Vi ey 7 xirt
of for exanple the expression efficiency and the
prduéahisoﬁfQ'fumans, mouse and rat are registered as Accession
Nos. U10906, U10440 and D83792, respectively.- Plural methoas
15 and programs for designing more effective siRNA have been
reportéd (Chalk,I et al., Biocherﬁ. Bi,_ophys. Res. Commun.
31-9':264, 2004; Ti-Tei, et al., Nucl. Acids Res; 32:936, 2004;
Reynolds, et al., Nat.'Biot_echnol.>22:326, 2004); A ‘person
skilled in the art accordingly-can-prepare and use siRNA
20 specific to the Cip/Kip protein.gene such as the p27%*! gene.
[0064J SiRNA prepared by the method may be used in the
formof anoligo-nucleic acid or a d_erivative thereof. 1In view
of for example the expression efficiency and the duration of

the effect, siRNA is preferably used in a form thereof

25 integrated in an RNA expression vector. The RNA expression
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the effect, siRNA is preferably used in a formthereof

25 integrated in an RNA expression vector. The RNA

expression 46 vector includes for exanple any

expression vector with a pronoter capable of
vepepn1nmwn@ddmeE«pressmpmeohﬁyF%%br@ggbonnqegggngf%h a

limtation. Pol. Ill pronpoters suitable for th

prexpeesst opabi e shorde MNA t A tHleaibl e S48 o %ntH;lEN& with
pronoters are 5 preferably used. Additional Iy,

noPs PE®L 1 c acth Vel ¥ioper iditi ng 1t Fl?om%_%%lrlszé e for the
transcription product in. cytopfasmis preé era

exH?@gs1gneo§'s%te)ﬁwl\esﬁh991¥g?%9rlgv lpgrgci gllogFgﬁ]loggrs are

these pronoters are conmmercl A GE 0065] As
I n ogen AKARA I an ne.
pr@ﬁgkﬁg%ﬁ Y %é ?ntro ﬁéﬁﬁaathg geg hér ?E%maé E chtlvely
knawn net hods ma al | _be used. The netho .
pe ¥} Bhng WY TRGATRETRknSrt it o AR PRt in
al ci um phosphat el ectric pulse, a netho
cyg %fﬁa?n SEEF? gﬁylHﬁéﬁdedT&énélﬁmﬂ(fﬂﬂﬁﬁﬁﬁﬂﬁ?zﬂﬂﬁtor
tr nsfectln the gene into a cell, and 15 a -
Caﬁ%’?ﬂ%d nET LR nighs HE R 29 R Brk T it GaRRRE Qietiel ¥ ritwe i lable

viral  vectors such as retrovirus and adenovirus and
froms&RPi Ay  RRViFEREPRI n§AKABANBIAaARdviiteses into a

cell. Inthis case, the termviral vector neans a
 108enkt ruct Athéhe BAthadeined ngamducs ng hhegratedri tha gene

nucl ei c acid sequence with deficiency or 20 nutation
Vegkor hek ey s Tenyodsonan phttbefushe. viThs N iMMA udes
. to permt the expression thereof. [0066] The vira
fox/etmaorrplimalmdwm@sxedebid\sed_sfim@ntﬁoeiuﬂX@r@éﬁ;ate and

adenovi rus, adeno -associated virus (AAV), retrovirus,
electric pulse, a method including sealing an intended gene
"into liposome and then transfecting the gene into a cell, and
a method including integrating an intended gene into viral
vectors such as retrovirus and adenovirus and infecting the
resulting recombinant viruses into a cell. In this case, the
term viral vector means a construct where an intended gene is
iﬁtegrated in a nucleic acid sequence with'deficiehcy or
mutation of the full length or a part of the virus DNA or RNA
to permit the expression thereof.
[0066] The viral vector includes vectors derived from for
exampleadenovirus,adeno-associatedvirus(AAV),retrovirus,

Nippon hemagglutination virus (HVJ; Sendai virus as the other

name), lentivirus, vaccinia virus, chicken pox virus, and
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Ni ppon hemaggl utination virus (HVJ; Sendai virus as

the other 25 nane), lentivirus, vaccinia virus,

chi cken pox virus, and 47 papovavirus includi ng SV40.

Usi ng adenovirus vector, AAV vector, HVJ vector or
pabenevvrvesivedtdingprasfaerablysimp agbhboiient geR&or, aav

transfer and high-1evel expression of the transgene
vecamrbeHaUtaﬁaedorThﬂ'gEQﬁtlbﬁﬁﬁﬁeWé@@bﬂhe??eYEEH%l?, an

vectors is one of the nost potent nethods for

eff NEf OFItICigRY egdtesn s f 4 Oa FRMMBIg1AN LAY Sex PEACLI SR LY the
the nmethod is applicable for introducing genes into

trahbqb¥PeSs b ehHERR Gk S ’f‘ﬂ‘? e i %Qtansﬁ%qbgriaoIhe?%Sveerus

non- human cells. Because Infection wth these ~Vvi

veEYEE 1deprDds PR IR € lolteﬁxcélgthg??ﬁf%gcggf;?gggff.gg genes

expressed 10 in various primary cu

; ans.f cell __seri,es. .Gen can pe _introduced

o B A TR e R E R T R e R Eho Aot ® PPl Tabie
rrence of DNA synthesis or cell division |ike '

fozggﬁgirgr%riﬁl&:lﬁgeg?ngf n])clrbtoaal FebYPRfiffePUBRNCRE 1 ks p8det B eat

0 &%ural copi of reconbi nant DNA (RNA) after .
41 n?recPFoﬁm'ﬁWé“afs PRt Bducdf cgase i sobspriasenith these

.transiently at a_high |evel. In case of adenovirus
VILEEEHPeYAd LR LR 10y Lhe e ik AMpILe, DNEY RNAD e @xpressed
._generally retained in cytopl asmbut are hardly
10 P HOr Yot &edtd Tt F ikt Bus© Sdlerd & thiesse and ks anssditoamse darces 11

‘used, therefore, alnost no nutagenic error occurring
Ser HhtomGE hiifeAaROP ¢ ornei it upmted ighd vi €6 porated évdm into

host cell genonmes hardly energes, advantageously.
a qe06 M1 tAderrova aays negoteoro ff O AUSeY nash eonies @fr preaflerakli® ion
~enbodi nents in accordance with the invention can be

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

(0067] Adenovirus vector for use as one of preferable
embodiments in accordance with the invention can be prepared

by a method using homologous recombination in hosts such as

human embryonic kidney 293 cells or Escherichia coli (Miyake,
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by a net hod using honol ogous reconbi nation in hosts

such as 25 human enbryoni c ki dney 293 cells or

Escherichia coli (Myake, 48 et al., Proc. Natl. |

Acad. Sci. USA 93:1320, 1996) and a sinple in vitro
etldpaf imvoethed (M zagurhi , @i 8b-13bgm | Gepe Ther. .

9: 2577, 1998). Adenovirus vector is one of [jaﬁjgfﬁugégple

inWrE brodpubl e: sf rghdedh ONA ;| Fyman adgﬂﬁg;#%%%STher:

of type 5 and 5 type 2 have been Tesearche ,
9.hBhensiyeby. By;deletl of the El E3 genes .
of these le| d stra+ nh;alpen‘{}\?(?ér%rselss, W% §d ng.ci(-bfgsﬁftﬁlth .
doigiLepki iqn tency can _be prepared, 'so that . _
°P§%§igﬁr3§§e§fD§§ eral kb E3F B2 FRBAY L EUSGFtHE e 5 and
\VA:! effects on the formation of virus particle.-
ty$g§ 5328 euennaﬁFSiﬁragsﬁd‘\ﬂ%én|t88%"€ﬁ¥~E|Bbgéﬁée&§nax most
transcription .regulation factor. However, the
°féagh§ '?E@EVegﬁﬁﬁ in t8RSrebsl B i T4 it ad@BAVgEHees, virus
inserted alone via a transcription unit specific to
VEEh&TFneil b el gt icadiitan me (ependamcdeonrehered, so that
roliferation of a target cell or the presence or
foopiBACANAf odnctaveaTadi rt caB henénsef®@BSW iRér sonsadverse
intending the practice of the invention can see
efhpatal op ey rfoanatdbarbodky icoscernitngleeviems Hfcombinant
adenovi rus vector and other viral vectors, and nethods
adeppvippneparickg 4hd BSiwgnsuals eotormsc e raf F @ACEation
~textbooks 20 include for exanple Gene Therapy _
faptorocolimwevstthodshien adddecitey Mediceirne {ediekgd By the
Robbi ns, Humana Press, 1997), Gene Transfer in
in Cande dvaswuli as e Sy st el o FX Pl MBHadls c ARRIIRACHES t & pecific
- Therapeutic Inplications (edited by March, Kl uwer

to the inserted gene, with no’'dependence on the proliferation
of a target cell or the presencé or absence of another viral
gene.

[0068] Persons intending the practice of the invention
can see plural reference textbooké concerning reviews of
adenovirus vector and other viral vectors, and methods for
preparing and using such vecfors. The referenée textboéks
include for ex;mple Gene Therapy Protocols: Methods in.
Molecular Medicine (edited by Robbins, Humana Preés, 1997),
Gene Transfer in Cardiovascular System: Experihental
Approaches & Therapeutic Implications (edited by March, Kluwer
Academic Publishers, 1997),. Adenoviral Vectors for Gene

Therapy (edited by Curiel & Douglas, Academic Press, 2002).
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Academ c Publishers, 1997), Adenoviral Vectors for

CGene 25 Ther apy (edlted by Curiel & Dougl as, -Academ ¢

Press, 2002) 49 Kits for preparing adenovirus vector

are connercially avai | abl e.. For exanpl e, Adenovirus.
KiExpressi orfect infg Kiddeddwbilrdy cosmes£i adty avahnabd £a11y

from Takara Bio is applicable to the practice of the

avaDveptikon. Fo?h%xhﬁ$3@1”ﬁﬁJ@W€1§&§U@kae@sﬁgﬂomﬁ%i&% Kit
successful exanple (see Nakayama, et al. :

(42099) 2000 r el PAtEN: T af B eNGs 23349 ot E?or@g apﬁglepgable

reference 5 described above). [0069) In case of

_ to'trhteeggbgglkgeoie)éﬂr e?ﬁb?ﬁ‘t?&npl u'f}’iaé 191%23%%6( SHgUeaaSc t'dJallY

onbi nati on he cyclin gene and 't
t th th
re&é’r%é%at. b oef% %uq”a“pﬂelae”‘érsgfeéw%?@?ﬁ%éﬁcs& %ce rim 7.
th h t t
s boRabSiantl’ &ﬁﬂeeéfpiat APt SPERES o1 fuS Mertiy T patent

nfectio r'can infected in fornms of individua
re#%ﬁ%ﬂﬁ?n ge%%ﬁf%?g aPAvehse of concurrent 15
i nfection with plural reconbi nant viruses,
[0%%?1 sfact™dy FR§e o h%%%nﬂéi)gbrél%taﬁﬂlr?aﬁéeasq%/Pllﬁféétge@es'
may separately be infected at a given interval. As

'suﬂ‘]e“l SVEPMBENJF i DB T tth e Y Cilimegerd 41 ddcoC@Zngene, and

with the invention, a virus stock solution at for
thexapp &nabion o/ MO 3R pf Wi o, 9 e? e pried i b yh e 0B R dax ion
1012 pfu/nL is used. For a culture cell, the virus ‘

~ of gtheckip 6bi pitpiror eiig | pxeﬁem&MQﬁmnhustbdﬂ&olabeutlﬁﬂothese

viruses per cell (npbi = 100) for infection. The virus

S tweoiterecar rtdadid yyipesdodegehyspbaguiee ass@ygrated -into one

virus vector for infection o;‘can be infected in forms of
individual recombinant vectors. In case of concurrent
infection with plural recombinant viruses, satisfactorily,
these may be simultaneously infected or may separately be
infected.at a giveh interval. As the level of viruses to be
infected in accordance with the invention, a virus stock
solution at for example 10’ to 1013pfp/mL, more preferably 10°
to 10'? pfu/mL is used. For a culture cell, the virus stock
golution is preferably adjusted to about 100 viruses per cell
(moi = 100) for infection. The virus titer can readily be done
by plaque assay.

[0070] © In another embodiment of the invention, instead

of (1) the cyclin gene, (2) the CDK gene, and (3) any one or
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.efkecghé_ﬁ Sfpides LK pLOtaiN ana%(i:%@

[ 00701 In another enmbodi nent of the invention, instead
25 of (1) the cyclin gene, (2) the CDK gene, and (3)
any one or 50 a plurality of genes pronoting the
degradation of the Cip/Kip protein or nucleic acids
a phhidlting ft benprsoduchbennof tidiele @i o f &T kYe cip/Kip
protein, a |ow nolecular conpound with the effect of
prexplessirng udie igene ad¢l { i batengdcthen @S dati A o the
- the gene may be used, specifically including for
cifXRIP| @ad i 16OHQHEL W th ?@waﬁEﬁQEu§bm|éﬂhﬂéﬁﬁéﬁﬁifﬁ the
the cyclin protein, a conmpound with an action simlar
n_ac
promoting the degradation of the c%%ﬁ%i§%%?8 eF%,Eggp of
th@ §oHROY it agt] i.nhi.biting the 10 producti.o
ofgt he ogg/ %epmsggﬁe% .e%:lnflt |l§){:alsrgc,h{ A 1i)rodexa.q”%) € a

' i he compound. i ntq cardi onmyocytes is.with
Coﬁggﬁggg£ﬁ$?éﬁﬂ?ﬁ$fg i%ﬁﬁl%%%efbﬁﬁﬁf g%éﬁ%%ﬁﬁSEﬁB pgotein,
di ssol ved . phar maceutically acceptable carriers _

2 SUB Y bwlfftfqbraéldacﬁﬁﬁgi aﬁwllé)é/lt%a‘} He ofndhgi FRERrotein,
solutions, ,for dosage fornms 15 such as oral .

2 SORPAFBEr ¥t F8n 2% ACTAPENEFS M id i i, degradation of the
.intraperitoneal injections, transcutaneous _
CipAkiRiBEPREI BN, OF UBCIPNSSUY Lith] @dt ReRdOAnénHibbEing the

injections into cardiac tissue. In case that

- Predpatdrfoet ke £ RAR Wt s, Inf Gihtiserasehethe method

conmpound may al so be added directly to the cul tured.

fopoinkapdurinereheorcofporid ifppptacdioonoastgenes with no

therapeutic method) In a further enbodinment. of the
speayéhtiloimitation. Genera}ly,,the compound is dissolved in

pharmaceutically acceptable carriers such as Dbuffered
physiological saline and diluent solutions, for dosage forms
such as oral administration, intravenous injectioﬁs,
intraperitoneal injections, transcutaneous adminigtration,
subcutaneous injections and_direct injections into cardiac
tissue. In case that cardiomyocytes are culture cells,
further,theéompoundmayalsobeaddgddirectlytothecultured_

medium_thereforp

[0071]

(Application as gene therapeutic method)
In a further embodiment . of the invention, a

pharmaceutical composition for gene therapy can be provided,

- the composition containing the gene vector for use in the
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pharmaceutical conposition for gene therapy can be
provided, 25 the conposition containing the gene
vector for use in the 51 practice of the invention,
preferably viral vector, nore preferably adenovirus

pryectOé(ﬂffﬁ@eveﬁbehtiﬁﬁv\6¥Eﬁgréﬁ¥& L?PE&VW%%%or, more
vector. Such pharnaceutical conposition for gene

prEB@EQBYyCQBeHSVQSﬁQ,@%c@ththQQﬁ#tJé?ﬂ%fﬂﬁHHVf&%ctor and
regenerating 5 cardi omyocytes or as a tderapeutlc )

: r di SRS S%ia r ot AW, rdi.ac di seases e
legggﬁgéPg ¥£§?ﬁ%br, as ?385 ase?ﬁgiggaf f88sd!§8£?g§r gene
j vV, r.di es, deterioration,. functiona _
Y e Ry L L RE e P irarto o rict dperating
' |, pfarction, ischem c cardi ac di seases, ,
Caggaggggfgge?doﬂéﬁ?ﬁ.tiﬁfﬁﬁﬁ&flﬁyﬁgFPFoBﬂFcheartcflﬁeases-
cardi opat hy, dilated cardi onyopathy, myocarditis,:
ARY Nt rc‘ﬁ{:%%?dgl Sl%laﬁets P&Y| BFeSUPT BT hEKRE FGr mast lomg as the
armaceutical conposition is satisfactory. The .
cagﬁb?ﬁac uf FEAF ScomBd8i¥ifon e sy ofcortimsl atdet yioration,

routine nethods. For exanple, the 15 pharnaceutlca] :
FunghhoRtt iadif afdy° b siathan PRpEdEals| ex avsirs abeoro fformude
contai ni ng the gene expression vector of the invention
catdipharRdcagtileal | yi sedeaptabterdaaci disessels , asongestive
sterile water and buffered physiol ogical saline, and
hedyrFuentasbl e i onshy PETeL r quital erac eaxt # Ciadd yo et abl@i l1ated
carriers may additionally contain 20 suitable
candhpnydperky (foyoexadpt&s, nualieaseohnbi heb@ESFailure.
chel ating agents (for exanple, EDTA) and/or other
[0&UXI | i ary Amgeht sm $hetﬂhﬁrﬂﬁﬁewitQQti@QﬂDQShng@tion is
containing the conponents nmay be sterilized by
safis¢faatoon. and the |pk@€rihfceutical composition may be

formulated by routine methods. For example, the

- pharmaceutical composition may be in an injectable preparation

form containing the gene expression vector of the invention

in pharmaceutically acceptable carriers such as sterile water
andbufferedphysiologicalsaline,anddiluentsolutions. The
pharmacéuticallyacceptablecarriersmayadditionallycontain’-
suitable stabilizers (for example, nuclease inhibitors),
chelatihg agents (for example, EDTA) and/or other auxiliary
agents. The pharmaceutical composition containing the
components may be sterilized by filtration and the like if
necessary aﬁd then charged in an aseptic ampoule. Using for

example an osmotic pump or an osmotic tube, the formulation



10

20

necessary and then charged in an aseptic anpoul e.
Usi ng for 25 exanple an osnotic punp or an osnotic
tube, the fornmulation 52 nay consistently be
delivered to a damaged site. Herein, the dose of the
maphasmaceuén €ay WwO@RQASIVeired €6 irﬁhddb@ﬂu§ﬂﬂﬁ.'sHerein, the
necessarily elevated or reduced appropriately,
dodependitRg @MarinAQ e&@NGali QR%pYLCH B tde ire&ntion is
body wei ght and synptom 5 ofa patient and the dps?gf
i i Llegd,d e r opr | |
et ermi e Ehe e e %éﬁ%%@%%%@%éﬁ??fgﬂ afég??flxg on
[ ; [ i t.hd r e of abaout 1.0. 0
el O NS R e M 56?3{“9169&{1 Rgreton
: / C of usi viJus vectors, such as
Ofgge%%g%?gg §8dvég o??ggaaif?%ggrl S RS PT ndfiidfdsin the
[ j ef er abl 07 .to 1013 pfu/m, nore
ar b b B 8t B et E g e o AhaERge (GRRETABLY.
gene. expression vector is a non-viral vector, in
anp%FT}ELééﬁql?H%Dﬁepﬁhﬁﬁ&@é@t@cé@ngéoﬁéosbpucnloﬂ bhékg to
i nvention may be supplied in a conplex with 15
L-Pi polsomeR™ a4 & 3Rk ¥oriAn tehe apstger wdcedpiusal 0 pg/kg to 100
onposition may possibly realize a high transfectloq
mgzkﬁrci EAc§arR odardsiidifyotltes VAcparsi culcar .asAsadenovirus
speci fic exanples of |iposone, a great nunber of

CVerpprd F&thul erd bhe, ithel Gdrag vorusexampt es preferably 107

_NrB%,S-(dioleonxy)propyI]-N,N,N—trinpthylannnniun120
tochf or ipde / DOT WY earmd ediegladdyl pHds phatiody wtdyanol ami ne
(DOPE) have been devel oped. Experinents about :
[0@7ahsfectilon cebAg thearidus gehk syustiessihavevbeedr is a
done (Banerjee, J. Biomater. Appl. 16:3, 2001;
nopauiez] etvealtor,, Expert p@aiti.cuBiad,. Thﬁé-.gﬂ%%%aceutical
compésition of the invention may be supplied in a complex with
liposome. Via such form, the pharmaceutical composition may
possibly realize a high transfection efficiency in
cardiomyocytes in particular. As specific examples of
liposome, a great number of lipid formulations including for
ekample N-[2,3-(diolejloxY)propyl]-N,N[N-trimethylammonium
chloride (DOTMA) and dioledylphosphatidylethanolamine (DOPE)
have been developed. Experiments about transfection using
vgrious cell systems have been done (Banerjee, J. Biomater.
App1.16:3,2001fMaurer,etal.,ExpertOpin.Biol.Ther.1:923,

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

liposome with a fusion-forming envelope derived from HVJ,
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2001). Additionally, a nethod using fusion-formng

virus 25 |liposone with a fusion-form ng envel ope

derived fromHVJ, 53 so-called HVJ-liposone nethod

(Yonemtsu, et al., Int. J. Oncol. 121277, 1998;
soKaaedad @wJiall.ipoMome Muckhdddayober98su, 1899)1are &S0 7.

effective. [0074] The gene expression vector or a

onpbarnazeutvcal 1998 comInsdd | an Gant aiwdipnguthe ¥§&£ﬁ 298
may satisfactorily be introduced into the whol eart

1998)aapat heBb WrtbBcgakdi ac diseases. However,
preferably, the gene expression vector or. a

maceut I |ntroduce
[Op?%!ted ﬁ%ﬁ%e?g?%?g§bgglsor gf% it 1% B % W%%%%%lcal
10, he termdisordered,site nea
coMbBQ Eb§fth A%%rgiiﬁﬁoébtesv%% er|6V3ie8agfﬁﬁéfF8ﬁéFVy be
de n VICInI t here
lnﬁgggﬁggualst€h3%§m¥%ﬂl%a% %ﬁﬁaﬂ énPﬁéP§n%lﬂ§§ﬂﬂﬁ9F%lac
Lrue her or .a site with an expected progress
digeavhe- de"koe"ﬁ o?%‘t iPG1F 567 3PUCt tBRaY SN eX@rEsiSGodt VBALBE OF
cardio tes or the death thereof. In this case,
a ?%%rﬂ%n% For ?ﬁ??%ﬂb&iﬂ@ PRB BRnkh X esed obn vectigri ted
pharnaceutlcal 5?03|t|on cont ai ni ng the gene
ma%&ﬁFe§§Vﬁh BTt AT R asddmagedIBsi tae dordandes aith the
met hod of directly injecting the gene expression
inyeetdPror EhphdericediFealez@dcospbsi trie@mcont ashtag with
the same into heart post-thoracotomny, using injection
casdipRyecy had de trestitork feot, ifmjnedtiiomg ltllyea vees ved car dehe or
pharmaceutical conposition through bl ood tube under
in Xar ay cdindghartdeoemf. heimetihddubbesouglnbheod it wash itfuman

animals: the same is true hereinbelow) or a site with an
expected progress of the deterioration or functional
deterioration of cardiomyocytes or the death thereof. 1In this
case, the method for introducing the gene expression vector
or a pharmaceutical composition,containing the gene expression

vector into a damaged site includes a method of directly

- injecting the gene expression vector or a pharmaceutical

composition éontaining the same into héart post-thdracotomy,
using injection syringe, and a method for'injecting-the vector
or the pharmaceutical composition through blood tube under
X-ray diaphanoscopy. The method through blood tube 1is
preferable because the introduction of the .gene can be

localized just to heart by the method. 1In this case, the gene
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preferabl e because the introduction of the gene can be

25 localized just to heart by the nethod. In this

case, the gene 54 expression vector or a

phar maceut i cal conp05|t|on containing the vector
expeyHLi o mjveatted ont @ @hmnﬂaéub51tmlCEﬂmpmﬁlﬁfﬁm\ﬁﬂHKHlnlng

or the conposition via blood flow into cardi onyocytes.
thdRe c twechof berid Nec pharmeen! b 6alt upMPO 1l G AT e 8l o r

be directl-y 5 injected into the cardiac nuscle | ayer

or t O becdip £ONE BSA wgml&@adfpmoply@@sca&@&iyww@! The
approaches using catheter and the |like are known in

veéb@rfdxelt@le 5ef ereocect ext od e & ay 5@9'0%19 di%ectiy

exanpl e Gene Transfer 1n Car ovasc ar System

1nf%@€£a y? Q%g% Qﬁfm%szq EEIQBUEFlgcéahﬂ%%t with

dite uwer erﬁ
I g th 5t h t R t
-+ AL 50 o5 tgggﬁoa%%'ee'nﬁg% RGP enc
he .4 d d
th%\?é%aﬁﬁ e nsgwrgéﬁtZ h& gat h teEtF%FBFeUEFePFEO‘é]éF hergfor

. ? |nvent|on is conner0|all avaj | abl e from

in QHig brfas] TTH] b d e BA e 1 SR e T s ys e
Cor goratlon and the Iike. [0075% Use of .

EXR&F PO HEMPEL OF G5 &rTt TP /M § He Bl H S tdfonshéedited by

i nvention) Fromthe cardiomyocytes proliferated by the

- Mapgh hotl vfer Zradrmiqvid] bme i ghl8f Pur ascular Surgery,

carQ|onyocytes can be obtained at a |arge scale,

thef¥T cgdhtign (By tdembonfoudl P -§eundecsl. | 206@0:0&/@¢y1‘extbook
separation and purification processes according to

o £ Emdvary vearhientilobar d el hods. t HEhé “ced Ut boy oeydigsd by Topol,
obtai ned in

W.B.Saunders, 2002). The catheter for use in carrying out the

invention is commercially available from Boston Scientific,
Edwards Life Sciences Corporation and the like.

[0075]

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

From the cardiomyocytes proliferated by ghe méthod of
thé invention, highly pure cardiomyocytes can be.obtained at
a large scale, efficiently, by continuously ﬁsing cell
recovery, separation and burification processes according to
known conventional methods. The'cérdiomyocytes obtained in

such manner is called cardiomyocytes prepared in accordance

"with the invention hereinbelow.

Ot
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such manner is called cardi omyocytes prepared in
~accordance 25 with the invention hereinbel ow. 55
[0076] Any purification nethod of cardi onyocytes may
be wused as long as the nethod is anbng known net hods
(06D6] cel | rppanatiifdr aand npureithiodabifonar Speaybicgtes may be
exanpl es thereof include-nethods according to
usédt hgenoaat abodyer paehbanss a@ony G0V end@midwdst ¥ tde11
fl ow cytoneter and nmagneti c beads and panni ng- et hod,

sepifacebh famct baratiien cAshhods shy densi t ¥xaflpadseMnereos
Centrlfugatl on, using carriers such as sucrose and

inPPEEO! ne ANE NGNS BENY 1Y TREDGD,OL ¢aLdl9MYOEYL 851ES for
| &

-a method for selectively recovering cardiohyocytes,

_ex%%%%g.RE?LLE@”@E%hnyEWiEgt%%%Qeérqgéiﬁiﬁnetic b%fds and

icatron as to provide chemca ance’ an
essi otency of..ectopic. protein to . a .gene of an,

pa EAPAET RS PRGBS ENRL ot CubhTaki eBa BifD " ngdnd ety ey

car di ocyte.source and then using_ the resulting
ITROUFT F Rt T BHSE 8% RAOT nl £5 6r o1 bF ERE SEF Behf rg CRepe and
exappl e, 15 Field and co-workers constructed a system
Peb?%ggre&nﬁﬁh%ﬁn?%ﬁﬁﬁﬁ¥&ﬁa@@éﬁ@dcég%efﬁédéQB&BFé Bf is a

expressing a neonycin ((418) -resistant gene into a
mebPfine LIRS c9l qffdete ithe EBRPYBFingf Mgl my@snEes, by

chain-a pronoter to differentiate the ES cells into
PrehtBi BAFoLYt ¢kl ti @l @t her kbt esal oot st iptheagy to
- 20 chain-a gene followng the differentiation, just
Proféfet eemiesh|td gy andd agah espreised onnpatenkyupé ectopic

medi um suppl enented wi th G418. The researchers then
proepontte mtgenve odekh spimehedr ass ttdme c@4l8snuedi stans cell

cell is cardionyocytes at a probability
as a cardiomyocyte source and then using the resulting
modifications as an indicator for the screening. For example,
Field and co-workers constructed a system prepared by
introducing a gene cassette capable of expressing a neomycin

(G418) -resistant gene into a murine ES cell under the control
of myosin heavy chain-CLpromoter-to differentiate the ES cells
into cardiomyocytes to allow the expréssion'of myosin heavf
chain-o gene following the differentiation, jugt whén the
resulting cell can survive in a culture medium supplemented
with G418. The researchers then report that the cell screened
as the G418-resistant cell is cardiomyocytes at a probability
of 99 % or more (USP 6,015,671; J. Clin. Invest. 98:216, 1996) .

[0077] In an additional embodiment of the invention, the
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of 99 %or nore (USP 6, 015, 671; J. din. Invest.
98:216, 199.6) . 25 [0077] In an additional enbodi nent
of the invention, the 56 cardionyocytes prepared in
accordance with the inventionis wuseful for the
caplaongoolyagiscakepasedsienkcapdaagteviiyn eyal uatiepieh is
various physiologically active substances (for
usexamp|ﬁordﬂug§)p%ﬁQﬂEHU¥d¢¥FHﬂyaQ@%@%ﬁ%h&'egnﬁovgktivity
gene 5 products. For exanple, the cardionyocytes can
evb@uH%Q@anf vé%%&ﬁ%“ﬂ%}gﬂyldﬁf%#%ﬂﬂag%%iQ% ?ubstances (for
phar maceuti cal agent associ ate W th the tunctiona
Legukatign cay g yit f a__substance and _
“*a ghar maceug?sif)cafl agg%%vq—"\nltoﬁlsatlgli}idc?%d%%lgleéar{‘aod’ieﬁg gene
ty [ r.di ocytes. In a still 10
o ronal Enboarhihe . HE SReBemie iR @ drsiwed for

‘he_.cardionyocytes prepared in accordance with .
Sc%ﬁggfﬁgenﬁ 8n° 1 Stau%%? N afpg}artnl?é:%trlecearﬂi Agenftopysyciated
Wiﬁﬁytbépz of test substances for use in the screening

y YPrEL9RR4r ¥ e 4 LadrHg tad Tt 1 nddam v st shcerd fer a
an_be added to the culture systemand includes for
SugiéﬁﬁFé P3F rfol BREFARCEBABEAAdSI Mitghv hibh etakAacity and a
conpounds, organi ¢ conpounds, inorganic conpounds,
dapagiapn, PpePET HE, FEhENsyirasrdiqeidsytéguid Gella still
culture, and liquid mcrobial culture. The nethod for
adgffiepant Mt immiuei ngnt hes geneneémt o kite cohteri@id@ the
systemincludes a nethod of adding virus vectors such
cagdiomgpryvppusramaradehovacasrdantbevttht tlie SyséLM Of is

a method of sealing such virus vectors into |iposone
usghdlt herl thke soreaddnphe vectors to the culture

system
(0078) Any type of test substances for use in the

screening may be satisfactory as long as the test éubstances

can be added to the culture system and includes for example

‘low molecular compounds, high molecular compounds, organic

compounds, inorganic compounds, protein, peptide, gene, virus
cell, liquid cell culture, and liquid microbial_culture. The
method for efficiently introducing the gene into the culture
system includes a method of adding virus vectors such as
retrovirus and adenovirus to the culture system or a method
of sealing such.virus vectors into liposome and the like to
add the vectors to the culture systéml

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

assaying the qualitative or quantitative change of
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[0079] The assessnent of test substances can be done

by 25 assaying the qualitative or quantitative change

of 57 cardiomyocyte functions. One exanple of

assaying the viability of cardi omyocytes is as
cafolooyscy Thectunt ohyocyt esonpr epakaglien 9€COLEaNEEng the

wWth the invention is inoculated in a culture plate

viédboi Hﬂtﬁb}(ﬁf@apfdlﬁ&@y@@i(lzegqréséﬁeroth dwrduceneeld cﬁléjﬁ%&tes
(apoptosis) when cultured in a serumfree culture

prﬁﬁﬂt@ﬂnlrpra&c%rﬁﬁaiﬁye t& 1S Wh\l \iﬁlve‘ﬂrtlmrtl@l Eﬁb’cﬁ)ﬁated in a
cardi onyocytes in a culture nmediumwt

.cuﬁﬁ)@fé)pii:?—@@ Wtaﬁf @prt)ﬁ tt_esé%)?f a¥g§51gﬂgfcga% h urceé ocell

The nmet hod for assaying the surviva
e P Sey, PR AT, 1 S B gﬂ“BFd‘b‘*d’ium
o 55 e Ao B8, TRy LB e A
B T8 o, AR T GRS L Yoo enc

to a
as the indicator al so be used. 15 Kits
adﬁmfnégfﬁstﬁecha%ﬁ%n@&?@°éon%%?cPéFPyléﬁalW%mléufﬁeﬁﬁé or
ar _nunber of manufacturers such as Sigma, dontech,
no S L B eG4 TGP ORI dséS FODBO}R BBEaLSEEd heobservation
subst ances and the pharmaceutical agents as obtained :
Or Y5 i tder éBAPKGORBERGE RAVR dire actdlor st 0ry26ni Dtlueeas an
the differentiation of cardi onmyocytes and an action to
indpft ek e t hdsfuhbei onethh@, subskaneeseandat heethod using
pharmaceutical agents can be used as prophylactic
de Byydrr e 3 s ¢ lrartalpuitty d ragemtts onok chiéaritt ydi seasies,i i tor
as nyocardial infarction, ischemc
or a method using caspase activity specific to apoptotic cell
or the expression of Anexin V as the indicator may also be used.
Kits using the mechanism are commercially available from a
great number of manufacturers such as Sigma, Clontech, and
Promega for ready use.
[0080] Because the substances and the pharmaceutical
agents as obtained by the screening method have an action to
induce the differentiation of cardiomyocytes and an action to
reguléte the function, the substances and the pharmaceutical
agents can be used as prophylactic agents or therapeutic agents
of heart diseases, such as myocardial infarction, ischemic

cardiac diseases, congestive heart failure, hypertrophic

cardiomyopathy, dilated cardiomyopathy, myocarditis, and
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cardi ac di seases, congestive heart failure,
hypertrophi c 25 cardi onyopat hy, dil ated .
cardi onmyopat hy, nyocarditis, and 58 chronic heart
failure. These conpounds may be novel conpounds or
chkoown loonpotind3 ure0081] e Aeldidripnald ¢/ mal/Nee novel compounds
cardi onmyocytes prepared in accordance with the
ori krvemhi oompByYndkso be used as a grafting 5 cell for
regenerating cardiac nuscle or for therapeutically

[obsepti ng headic do SEABES. thhe Q%@HHO%W%%@%%% 'g?ggg?ed in

for exanple nyocardial infarction, I'schemc I ac

aclbs€ages. wi cRNYESti e Nead ot éfv M b@yggr%rgghl qraftlng
cardi onyopat hy, dilated cardi‘onyopathy, nyocard

: ce?ﬁdfGPrPQ gn@??EI %0 % #¥£emu£§ ghgrgfaftLﬁ%%%Qeutlcally

I's con ai ning t y pure“cardid

t
< BEBRy i aceitsfee WD e ventlon e,

n any form suc

[ture nedia, the cells
o BE R oA B NS SRR e s cases.

rates_or the _cells 15 processed into
c°%%?ﬂ%bﬁ§oc9?8r§heéﬁé1“ﬁe$|n@&?qﬁﬂﬁﬁphﬂc AARd iy opathy,
himzu, et al., Grc. Res. 90: e40, 2002).
dl%@%%é] éﬁﬁdh%Tﬁ%HaFB¥ erftfafeFhgtine cardi ohyowytes meart
a_engrafting cardi onyocyte into a danmaged site
fa’rhk&?%desf*sa g‘lﬁst%cf’ofto*fnﬁjloreécltllycqlrﬂ%cqqmlgaltd‘ﬂGIg the highly
engrafting cardi omyocyte into 20 heart
PUPHDsTaE Hor Dt LY, prlﬁsqarrgEd Ajneercicomdeyrciengéfhat metiocention
for surgically incising a part of heart to engraft
may e ugaddi nmpocires, ssucmaset hed 4 0F s isnjseehidrg iheaqueous
cardi omyocytes through bl ood tube, using catheter
caMiery,sethads.cylQotel Bptialg the cells embedded in solid

carriers such as biodegradable substrate; or the cells
processed into cardiomyocyte sheets. in single layer or
multiple layers (Shimizu, et al., Circ. Res. 90: e40, 2002) .
[0082]» The method for engrafting the cardiomyoc?tes as

a engrafting cardiomyocyte into a damaged site includes a

method of directly injecting the engrafting cardiomyocyte into

heart post-thoracotomy, using injection syringe, a method for
surgically incising a part of heart to engraft the
cardiomyocytes and a method for injecting the cardiomyocytes

through blood tube, using catheter (Murry, et al., Cold Spring

‘Harb. Symp. Quant. Biol. 67:519, 2002; Menasche, Ann. Thorac.

Surg. 75:820, 2003; Dowell, et al., Cardiovasc. Res. 58:336,
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Harb. Synp. Quant. Biol. 67:519, 2002; Menasche, Ann.

Thorac. 25 Surg. 75:S20, 2003; Dowell, et al.

Cardi ovasc. Res. 58:336, 59 2003) . However, the

method is not limted to those described above. Wen
20¢ai di ohyoeye es vrecovehed fsom f atiali Bl thosgr@tefiveq

into the heart of an animal with cardi ac di sorders,

abameext waerl v aaddnytty ddier apesi b £ €f Fesh E%t%ﬁeM€¥¥t is
as 5 reported (Menasche, Ann. Thorac. Surg. 75

gr2008d ifebfehsvnparetoflan fedkii RAlin g?{?l?% Q}SOr rs,
2003). Cardionyocytes derived fromES ce ave ve

ansunﬂﬁﬁmelph€H9EY@€§tt%H of ; ear Q%%%¥ocy Sxer
\fi SheIHEd. @

derived fromfetal heart tsev, et al

reﬁgré;d 13g§nag%5g Rﬁ%n 75T%%%ac10 %9 . exé%ﬁ¥%§ 2003,

confirme I'n"an ani mal experi nmen

cel.-d rlved ardlo ocytes mere actually
Re??%%ﬁ%F§nte§ |n%an addf ?¥ ?ery |ghI %;1 5 2003).
| t b||| xerted Kl u et a . in.
ca %géﬁs??% 6‘{‘}/*139‘9%‘3 By ™ gFE\gt? § hé a¥&r d¥ BRYocSiteist ar
red b he met hod of the 15 invention into a
Phehe ?HSPetodvééPaFa FAELAETYA CUE SHRRF LV o @i irs b8 tadcheart
the deterioration and dissociation of
(MigFﬂFBny%Eyi%s'iW?9¥ cOfYenddt iy HBARerCiegpekeed 35:233,
anmel ioration of the cardiac. functions can be
19?)fbnot1e§jwa2CF°E1>€A}M3L@StP@©813'] affe implepkbeningnnew example
specifically described in the follow ng Exanpl es.
vhepdevdiS t ke lkxdmpliesdoel onrdhonysicmpee ivéustratdtnsily
of the invention but never limt the scope of the
trapgyehabed in an adult heart, very high biocompatibility was

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

amelioration of the cardiac functions can be promoted.

EXAMPLES

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

[0084]
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25 [0084] 60 [Exanple 1: Preparation of reconbinant
adenovirus] Adenovirus vectors, each carrying the
CDK4 gene, the cyclin D gene with the nucleotide
sequence encodi ng the nuclear |ocalization signa
[EXAhS) et aggedepheseion( PENeSrondinabtt BacBkR2 rgene were
prepared, using a reconbi nant adenovirus preparation

ki t Xdelesoviusisv EXps es5i enc¥eeheryihl: hakafk %qu)e the
[0085] In case of an adenovirus vector carryingt

e I
cy%ﬁp??eg%gy&gfﬂylggsml%Oan%%znn;gqgg/y %%Odlng the

nu&ﬁ/@§§af@éjasleffast @rpesr:]ag} J_ios@lhs‘%l t%gggr Egggt% 95@“%3 or

- van den Fbuve Cl ence

CDKA ¢

th{ SEYEC U Bt 40 §?‘?gfnr€33””r%°”°eﬂﬁmrbrd%?glrus
. t ttache (0]

pr%%a%eﬁg'v?‘fﬁﬁéia&n@ B B DS OB PR IS W rara

{agnent was inserted into the Swal site of a cosmd
%AXCNM to prepare a cosm d pAd-CDK4. Conti nuously,

transfectlon of the cosmd together with the
[° gi{ ricti ot EAZFNRE 13 AMP DINAUFPTeCtternF AGF Y pBBL § ki CDK4
onpl ex) -derived fromthe genone DNA of human
ge%len{bw?b% RYpEDE4i nfor20smAE PE¥VcEPKY dernipwdd efdr dm Dr.
human enbryoni c kidney cells allowed the preparation
Sapien Y diei HaHveddéMashroBusAdtEDKanerf DOBGIp A al Cancer
plasm d carrying the DINLS gene was constructed by
Cerbaf udialng vehedearieneveycldabl. ,cONAe fic aghent 2 @Ry j vied 3 )
from pRSV-cyclin DI (Matsushine, et al., Cell 65:701,
wagd @3k weidith BamHI, to prepare a murine CDK4 cDNA fragment,

of which the both ends were blunted using T4 DNA polymerase.
Following a protocol attached to the Adenovirus Expressioh
Vector Kit, the blunted fragment was inserted into the Swal
site of a cosmid pAxCAwt, to prepare a cosmid pAd-CDK4.
Continuously, the transfection of the cosmid together with the

restrictionenzyme-treatedDNA-TPC(terminalpeptidecomplex)'

derived from the genome DNA of human adenovirus-type 5 into‘

the2§3cellsderivedfromhumanembryoﬁickidneycellsallowed
the preéara;ion of a recombinant adenovirus, Ad-CDK4.

(0086] A plasmid carrying the DINLS gene was constructed
by conjugating the murine cyclin D1 cDNA fragment derived from
PRSV-cyclin D1 (Matsushime, et al., Cell 65:701, 1991) with

PEF/myc/nus (Invitrogen)-derived NLS. Specifically, the
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25 pEF/myc/nus (lnvitrogen)-derived NLS. Specifically,
the 61 plasm dpEF/ nyc/ nuc was digested wth .
restriction enzynes Ncol and Xhol, to prepare a first
DNA fragment containing the NLS sequence. Then, the .

Plplsad dinE HR8 Lyet va sDli gast €d edvedr vh t hicai bedndyeid ORcoT
enzynme Ncol, to prepare a second DNA fragnent 5

andokhai ni ng thepcyeld It iRk tsamem&@-gm'@h&ncoB@BiW@%ngH% NLS
using the plasmd pRSV-cyclin D1 as tenplate and al so

sedakenget herhé®| | owé oL 44 & W Ay T8 1S walsOcREERBE i th
a third DNA fragnent encoding the Ctermnal cyclin

s ibQ0 nelfc 0O _prepar n en
B OV lces sh RistiE o peE R e

w2 PRk BN + Bh- T T ATCTCGCACGT- 3' ( SEQ
R RO TS L RB0BE]  (Ring T4 DN 1 1 a0t Rede ey B8RS B8 ing
<Qf: r nts,were Ligated together, to .
th%gggt%fgétd psl‘);swrhléncaarsry‘%ﬁgpgagﬁcla?glti l°se‘h§ﬁeﬁ‘ﬁ:qethe
' VAQT antjigen-derived NLS triplicate on the
foglﬂgg?gp%vﬁ% t%pteesrcr’r# %’Jslmgfrst'hgo MASEFE © eyt il B%ACEN?N‘G“
A DNA f nt cut oyt fromthe plasmd with _
enf“gst“rlf’c%ﬁgg%é:ﬁf)’f%ygnﬁélc1éﬁdDénﬁlDN\iéas inserted in the
site of the cosmd pAxCAwm. The resulting cosmd
m?ﬁ%}l- DINLS) 20 and the restriction enzyne-treated DNA
TPC were transfected into the 293 cell, to prepare a
r ecombPAdAte radénAAGATS,CATAG TBLNIS CTOUBY) ' (4EQ ID NO: 2)

adenovi rus vector Ad-Skp2 carrying Skp2 was prepared
on therfFagies :6f -6 TANGCAS GIIOTA TN A CTHTEC T ¢ A1ss BKP2( SEQ

ID NO: 3)

[0088] Using T4 DNA ligase, these three types 6f DNA
fragments .were ligated together, to construct a plasmid
carryinga.nucleotidesequenceencodingSV40‘Tantigen-derived
NLS triplicately on the side of the C terminus of the murine
cyclin D1 cDNA. A DNA fragment cut out from the plasmid with
restriction enzymes PmaCI and Smal was inserted in the Swal
site of the cosmid pAxCAwt. The resulting cosmid (pAd-D1NLS)
and the restriction enzyme-treated DNA TPC were transfected

into the 293 cell, to prepare a recombinant adenovirus,

Ad-DINLS.

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

cDNA was isolated from a murine thymus <c¢DNA 1library
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25 cDNA was isolated froma nmurine thynus cDNA |ibrary

62 (Stratagene), using the nmurine EST (expressed

sequence tag) clone (Accession No. AA511897)

regi stered onGenBank as aprobe (Nakayama, et al., the
SSpeCaﬁenatLOmsDﬁgJEﬁ@bﬂ@Qﬂn82é§80)exp§@§§éé'§@&ﬁ¥nc@ tag)

32P- | abel ed probe was prepared fromthe EST 5 cl one,

claseonding ¢ie grpenals ethnds « g TheRr shsn BLQRE
hybri dized with a replica flfger pfgpareseon Pﬁgé%as?rObe

(N@kaRam&DNALI LBr ar ¥ hien 53 RYFfi8r, @t ?ﬁ%;?% %fzﬁfPr§24380)

The resulting hybrid was washe

: Sp@@[‘%?bghpg 0,1: ﬁ’gg@ Al tdﬁgvgpoéie-rm;asr epsliméalorn%kptorsolmt the EST

In

cl one was’ subcl on uescrip

-cléﬁ%{sg;ﬂ‘?gzﬁéeauem e MR RS S B ENATAE oo s

such. mann is regi stered on GenBank
BRI L < R R e el of ol 5 o
ﬁng 2000 Nakayama, et al. the specification of
D‘ﬁ’l‘s DAY 21214385)‘ff8§| ah thee fan Rd BRp2s15 TDAA @sulting

nglate and the.f0||OMAn? two types of priners, PCR
hy%g dtite “os hndeparcd a huffae SkpPa DAY T alyriesd swathé acc .
hFla tag sequence (N-Asp -Tyr- Lys -Arp -Asp-Asp -Asp
T eerssultengsEQSPDlvmhynatquhesmbqlmﬁms tivhirchl wsescr ipt
then inserted in the Xhol site of the pcDNA-3 vector :
K_ (Bh¥FRtragaS) trolaperr@phrefar 200 poBNARI 6| aggBkp2ing. The
vector. [0090] 5'-priner:
nugle¢H%@§GE#EGEB#CGNT@@ACEA@AA@EAGEACEANE¥£HVKK¥@¥¥I¥¥W31n
CACC TTCAGGAGATT-3' (SEQ ID NO 5) 3'-priner;
Su€hJMﬂMmﬁKI¥KEE}WVWEKEHKEHJ?&EEEHRGEAE%3s@SEQlhD AF083215)
(Nakayama, et al., EMBO J. 19:2069, 2000; Nakayama, et al.,
the specification of JP-A-2001-224380) . UsingthemurineSkp2
CDNA as template and the following two types of primers, PCR.
was done to prepare a murine Skp2 cDNA fragment with a Flag
tag sequence (N-Asp-Tyr-Lys-Arp-Asp-Asp-Asp-Lys—C; éEQ ID
NO.4) at the N terminus, which was then inserted in the Xhol
site of the pcDNA-3 vector - (Invitrogen) to -prepare a
pcDNA3-Flag-Skp2 vector.
[0090] 5'-primer:
5’-ATACTCGAGGCCACCATGGACTACAAGGACGACGATGACAAGCATAGGAAGCACC
TTCAGGAGATT-3' (SEQ ID NO:5)
T-primer; 5’-ATACTCGAGTCATAGACAACTGGGCTTTTGCAG-3’(SEQ ID

NO: 6)
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25 NO 6) 63 [0091] A fragnment containing Skp2 cDNA as

obtai ned by the cleavage of the pcDNA3-Fl ag- Skp2

vector with Xhol was inserted into the Swal site of

the cosmid pAXCAwt. The resulting cosmd and a
[0pestriction mnzymert coated DN TE&: (dowaTh8aly PEPLL e Sene

conpl ex) derived fromthe genone DNA of human

ladenqyi ¢ s hleypepn B3 VeI £ t §RPSF Rt Es ,BL] §1h 1%% Lliteq
: to p?epare a feconbinan% agenOV|rus Ag-éiﬁg. %Oggfz ©
i K t f I ovi fuses repare .
WESGE*L‘*;Sﬁétlh%ﬁ@%g&%l?%E%%L%‘E%%S?h Eha\aﬁﬁft (SR
0,Ad- I ructed jin ] ner tha e .
U tal ants A iy b o e Uhter | (heSt oo
tkon. G_praomters (CW enhancer, .chi ck
°°§1§?§%§?i %ler‘g%r%%r",m Thg FRACBS| YA %Q&&é‘ﬁeeaéﬁnpabswﬁbtype
3-9l.ohin gene).. . Therefore, the inserted genes can be
° “fﬁ rg%t%%él)?pf%ecs,ts?)é’dlf‘E°n’§?~ﬁréle9i3aﬁe&éll |'s? PESPAGR03] reconbinant
CDnthuouily it was intended to recover virus
adeRPY¢ FBRsA8F SER&- i ndi vi dual reconbi nant viruses at
' titers. 4 g each of the three types of cosmds
[OF%%E-CDM,T}WM-@]FNL@S LAREG SpAB L Skpegomksn af ked de i dw Rrbses
| of the restriction enzynme-treated DNA-TPC attached
PIEBat AL Biet BRI HaHd 4@enavibedsa DoV pridarctl On AR D1NTke and
i ndi vidual mxtures were separately transfected into
Ady Hkp2b3e peldonsfrtusted in suchld ureandirshhatdt heeiedi wfdual
60 mm) by Iipofection nmethod using FUGENETM 6
gempansteetFod ReagenteXRoehedd Gmdae fiod | ovdnga dlayn dhecac
cells were detached, and recovered cell suspensions
prowo eesep@Mt ehWancer, chick B-actin promoter, and the polyA

sequence of rabbit (3-globin gene). Therefore, the inserted

genes can be highly expressed in mammalian cells.

[0093] Continuously, it was intended to recover virus

solutions of the individual recombinant viruses at high titers.

4 png each of the three types of cosmids (pAd-CDK4, pAd-DINLS
and pAd-Skp2) was mixed with 2.5 pl of the restriction
enzyme-treated DNA-TPC attached to the recombinant adenovifus'

preparation kit. The individual mixtures were separately

‘transfected into the 293 cell cultured in a culture dish

(diameter of 60 mm) by lipofection method using FuGENE™ ¢
Transfection Reagent (Roche). On the following day, the cells

were detached, and recovered cell suspensions were separately

inoculated again in a culture plate (96 well) coated with
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25 inocul ated again in a culture plate (96 well)

coated with 64 collagen. After 7 to 15 days, the

virus grew and-the cells were killed in severa

well's. Fromeach wells in which cells conpletely
cotlledent hea Cudf ur ecoreds uma yas aseptifat | yre@l LRgLefle ce11s

into a sterilized tube, freezing and thaw ng was

wekepeal eela6id Jdvesa1 and GeNteidilgqd ral, o390 PP {1 P ce11s
mnutes. The supernatants were stored as a prinary

coMpli H8e 8 OfKe SOltutel Qﬂlghrefrﬁgﬁunlgvals. Qgebggggiggag e}}escted

virus stock solution was infecte i nto c

infUlhUEEE: 10 B Ul AbES PLELELS N YE Lo b o0 oha s taeatea 6

~collagen. The culture nmediumrn a we &
kil ed c ! o 4 _days,was aseptica
tl%%ghsf%%?edg%%?gigug?éri?% ?E%E?man © re%zi%%n%hﬂs- The

i s repeated 6 tinmes and was centrifugated at
su{%gg%\g Pg#’ao‘”fe% rﬁatnoLﬁeeds 302 rREIVETY e YSeStPCikngolution at
ypernatant and was stored as a secondary virus stock
: Bioclp'ut iLnHl A tdecPriBaryofifhe sdeordndady tijonusastiockected

,_solution_was 15 infected into the 293 cells cultured

InEQ AP TR ¥ St d ERtd) cudatEq Bhd ke R4 ngkh) CHwted
.culture mediumafter 3 to 4 days was aseptically

V1t A%l | ANG auLter e medipelnand etiiecoviaisinaskilled
rel eased fromcells by freezing and thaw ng or

ce hbfroderi % Agdees v snrERPaisedl gdt soms tat ved iFhe a sterile
supernatant 20 resulting fromcentrifugation (3000

tubpmand hieetbsy AC Weswisd ored mspeatdd rd v/imels and was

" stock solution at -80C. 50 .il of the third virus

cemtoikugot ed iagns Wae ripnf ot 6chimited he 2% €t ke resulting
cultured in a culture flask (75 cnR) coated with

sugeltagent afewaeud t aif €d rRdh U8 oS ASEREIrG! LYock solution
transferred into a sterile tube,

at -80°C. 15 pl of the secondary virus stock solution was

infected into the 293 cells cultured in a culture flask (25
cm?) coated with collagen. The culture medium afﬁer 3 to 4
days was aseptically transferred into a sterile tube, and the
virus was released from cells by freezing and thawing or
homogenizing cells with a sealed sonicator. The supernatant
resulting from centrifugation (3000 rpm, 10 minutes, 4°C) was
stored as a third virus stock solution at -80°C. 50 nul of the
third.virus stock solution was infected into the 293 cells
cultured in a culture flask (75 cm?) coéted with collagen. The
culture medium was aseptically transferred into a sterile tube,

and the virus was released from cells by freezing and thawing
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25 and the virus was released fromcells by freezing
and thawing 65 or honobgenizing cells with a seal ed
soni cator. The supernatant resulting from
centrifugation (3000 rpm 10 minutes, 4C) was stored
orashemdpemihivgrusest ockwsohut aonsahled80€onTbetbikter rtThe
of the fourth virus solution was determ ned 5 by
s upé Aajalea @S S aye susl ich 93 r6 el | Sen Thet b§ & ef oWas 30qst aphl y 10
within a range of 109 to 1011 pfu/m, with no

ni€XEEPt i Oy kil s LRio di §6! 9595§rthh€i§5§39t3+]¥”§? $ at

to be infected per cel I's expressed as nultiplicity

I
: - 86)‘_fc .i n&‘ﬁ%t E?E‘ (*rr(?f %tﬁerfgiuqk%%l gvi"ru sI PP?%E(fgiV\@ggsde toenrenained

virus particle Infected per one ce 0" expresse

by 32175@{1 e~a g.'s aboquﬂng g%a%'ﬁ 53 '%(fx%u rE"il t%tri QJna. SOfc onstantly

Kipl protéein in’c i omyocytes treated wth

. / j 1 i, sol f .15
v DS EOH, Fordl omyoqut o Vg 5Bl P Ot 005 1,

pr ague- y) on day 2 t
s recovered b

m whi ch a.cardi omyocyte fraction y
th{:‘f:e%tlrs}é?uogsa riednggﬁ érae e?’gaflscrblh’&léﬁf rté’tmgﬁrf“gfreaf&ieé]n{’er cell
. (Tamanori, et al., Am J. Physiol.275: H2036, 1998).

18 |§XRESS SThR S Pﬁé&lﬁQlfﬁﬁﬁn8§ti?ﬁ?ﬁ@l°&sf%ﬁl%uﬂqrﬂlnbel°w-
sarconere.gctin antj body that 95 %or nore of the 20 _
In QERST (1R F ecObRer B Wierk? Tt @t dni/btgt esd PR one cell is
cardi onyocytes fromthe newborn rat were suspended in

eXRhe £5%f 2 #i AP frum lessential cul ture medi um (Fl ow
Laboratories) supplemented with 5 % bovine fetus
[0&2¢Lim (FBS; Fl ow Laboratories) and then inoculated in

a culture dish for culturing at 37C in a carbon
[Example 2: Accumulation of p27*'®! protein in cardiomyocytes

treated with DNLS/CDK]

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

dioxide incubator for 24 hours. On the next day, the culture

66
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25 di oxide incubator for 24 hours . On the next day,

the culture 66 nmediumwas exchanged with serumfree

Eagl e m ni mum essenti al culture nmedi um for anot her

24-hrcul turing. Subsequently, the reconbinant virus
neAduDInL S €xnatiang dd wia hl 8@y uand rAd- ERKA (DL imEm 1093 e @Bial

prepared in Exanple 1 were added to the culture
culredirmed Murf 06 r 4G NUES2 CUh kUi NG r iThE. PEABRAWR ftAly , the

the infection and transfection of cardi onyocytes wth

retbebieearbi Dant Ad ru9@ss (AGIDLNLS @&QW“AEOCDM. (moi
express the cyclin D1 protein and the 4 pr?telndln

= 1t % EQQIMQCYLES J S | h&Le 8,
ltogmagg?ti nulrg{di gﬁ E\C/j(\/iat hlm%th‘LﬂgéDK%égﬁtorgg ﬁélr%t% Ui e qpum

fopll\%-%d"u%‘]illht:‘tﬁgﬂr&b.el Q‘W:e ?ﬁ%ﬁé%@%g?})r Epg Ic’r?grgction and

experi nent wa one, usin S as a

. . . ] . f .
c<E5REaBLash o8l L L4 Dhpo LOOSE) . THE EXPTE0RLAR B raruses

| he d _CDK4 genes _was exam ned by Western
Ad#%?%%nﬁr}gﬁ%%c@ﬁ &% ?532?&& Bl VX9 %5 PAIPBRNESnaARd the
Q-CI%A viruses were %ashed with ice-cold phosphate
CD@ufPéPéalgaFPnéhEP&éf GHE Cferf SEHAIIP UitF ol cetqmetimes
craper, for centrifugatiogn to discard the resulting
reERREPAatARE SFIG ESHAn g tpr BENBEC APE4vES bRestBERE i th
rinsed with a small volune of PBS, and was then
DIFRAnt R b aTftid e lay 1. 3snR Eppendbrfthebsame cexgd ciment
i ce-cold Buffer A (10 nM HEPES, pH 7.9, 1.5 nM Md 2,
Wa&odﬁNFKC&?iGSSRﬁﬂ@Eﬂ??lﬁasaaddedibfhéﬁgstthelﬂesumeng
m xture was agitated and |l eft to stand al one on ice
[09®P] 10 mi Mhes. espbseguent | o f NON TET' P-gfo nasn added the
to the mxture to a final concentration of 0.2 %for
caa@ipaypgntes transfected with the DINLS and CDK4 genes was

"examined by Western blotting. The cells transfected with

Ad-DINLS and Ad-CDK4 viruses were washea with ice-cold
phosphate buffered saline (PBS) and then scraped with a cell
scraper, for centrifugation to discard the resulting
supernatant. The resulting precipitate was once again rinsed
with a small volume of PBS, and was then transferred into a
1.5;mL Eppéndorf tube, to which'ice-coid Buffer A (10 mM HEPES,
PH 7.9, lLS mM MgCl,, 10 mM KCl, 0.5 mM DTT) was added. Then,
the resulting mixture was agitated and left to stand alone oﬂ
ice for 10 minutes. Subsequently, NONIDET P-40 was added to
the mixture to a final concentration of 0.2 % for agitation

and subsequently allowing the mixture to stand alone on ice’
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25 and subsequently allow ng the mxture to stand

alone on ice 67 for 5 mnutes. To a precipitate

resulting fromanother centrifugation (5,000 rpm 5

m nut es) was added an equal volunme of Buffer C (20 nmV
foHEBESpipktds 9, 2D %glpy(éerl@|1taQe42ré\éﬂl\Bgmg ¥rom M™iother

My 2, 0.2 mM EDTA) for.agitation. The resulting

ceMtXi BG6abivAS(d aftto tenStaRdnake® s LER Ol %Qual volume
m nutes, for centrlfugatlon (15,000 rpm 10 m nut 3

oft®uf eEOVEr( Jtoh@n ﬁﬂP@énaﬁﬁmﬁ 9"‘@50'% \3@§c‘é§%q ag Qﬁcheﬁ‘au

protein fractlon I medi at el befgre ys .
v i nin
1'5%{”5@?2582& i'szmM”%Pﬂ_ fo]r %%Eyggs?at |lgn?al ° Bi l1nlgorf‘r5f"t”lre

" e bed asdt%ddt%dé’ b Doy 2w, otbir nmbwea?ﬁed for

descri above The ndéfea 5ro

nper S d usted 0 a vol ume cont ai ni ng
Cehgiggsg FH W%ﬁg)sa#ﬁle | FEtTHpHOr ed€d aﬁcavga the
transferred onto a 15 nitrocellul ose
S“%eﬁ%?gsa anef’héﬁ | VA ByehedSerhi b} o2t Rgotein fraction.
Speci fi cal Y the nuclear protein reacted with an
Im%ﬁ??aEﬁleﬁ L9fie aht§ botlyr tEREBREAe SCTENRRET. Ab-BY RSF, 1
anti-p27 Kipl antibody (Santa Cruz; sc-528) as a
G OR} P teminhodyHeiel Seioemudmt | yndrieagt/ed pebBtatin (all
hor ser adi sh per oxi dase-1| abel ed anti-nouse I g 20
Eremts bR (Aver sSRARCALEP et ISeifanicler MAGBE) Bokfer C described
anti-.rabbit Ig antibody (Amersham Life Science;
abpn®34) as a second antibody to detect the presence of
the antigen bound to the antibody, wusing a

[0hehi | um Mescened dat prAerisharh g4 free dSCIENOAEh manner was

RPN2109)

adjusted to a volume containing 1 x 10°% cells per one sample,

electrophoresed on a gel for SDS-PAGE, transferred onto a
nitrocellulose membrane and analyzed by Western blotting.
Specifically, the nuclear protein reacted with an anti-cyclin
D1 antibédy (Oncogene Science: Ab-3) or anti-p27%ie! antibody

(Santa Cruz; sc-528) as a primary antibody and subsequently

reacted with horseradish peroxidase-labeled anti-mouse Ig

antibody (Amersham Life Science; NA931) or anti-rabbit Ig

antibody (Amersham Life Science; NA934) as a second antibody

to detect the presence of the antigen bound to the antibody,

using a chemiluminescence kit (Amersham Life Science;
RPN2109) .
. [0097] The results are shown in Fig.1. Like the previous

68
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25 [0097] The results are shown in Fig.l. Like the
previous 68 reports (Nakayama, et al . , EMBO J. 19:
2069, 2000; the patent reference 1 and the non-patent
reference 5) , it was confirned that the transfection
repbrcar o ompoyd ese tmatlh ,t BRBPINLS &nd (@K 2880€Sthe patent
i ncreased the expression |levels of the cyclin D1
repeot et 5 aanidthlben SPKGa PERL 6l &k d Pe f b NuUCl;guUg, Of '
cardi onyocytes. Then, the expresgion %%” fhe % 7c%3%ﬁrmed
thPt Hr RrWas f@@ﬁ:@o!nn&:.erlsaexjdyidn%%s Wil pﬁe%R{LeSSSI ek
| evel of the cyclin DL protein Wwas I ncreased. i EAe
& briohl astss  REES2, gl | 1.8 fhe increase of .
e | - FEREsLen TR bR A Rl Pl Gt 10

the expression of the cyc pr8te|nef§i

' | of th 27 Kipl, tein. Th
o P Db FRTERE e Rhehen 5P L R bnRe Y Chr ot e,

erence I nt ormance o

r.t stipyl.ati Whith DINLS + CDK4 was observed
th?%q‘gﬁésgﬁﬁnt%ggsf‘eo???he PSP PAEIRIT THAL PRSI dnduced

the expression and localization of the p27Kipl

as SRSt &F AT TS LAP dioiR oyt ek RHS 1 Rabid e tsyinBas increased.

I igguEO%yt?Fhenical staining met hod. Li ke the method

D dee AitREG PSS, (REFditoRp oyt esMERANEE AL etihei tihcrease of
Ad- DINLS and Ad-CDk4 viruses (noi = 100) were fixed

Ehgi $FP T95 94 @1 hahoF P28CYRERS DAf Pa teta wiartihe 1i nfeaitcean.the
Then, the anti-p27Kipl antibody (the sanme as

eXRfedttiDed easdvel (hi PAfed” 't prat 8000) Tinel AAG farence in the
anti-sarconeric actin anti body (DAKO, M874) (dil uted

pexpormango)o fr daet ed7wi 't hotrhe ei@suhtiemgt bar g Diyocyi®©s with
to stain the cardionyocytes, using Al exa FluorTM -

D1¥iabet etPhtidbodoleser ¢ eka- 4B8 amd Ayexa- 568the cells.
Mol ecul ar Probes) (both diluted to 1:200). Further,

(0G¢he&l cel | ulcam trivclcaissl yvas het akpedswibhl and localization of

the p27""' protein in cardiomyocytes was examined by

immunocytochemical staining method. Like the method

described above, cardiomyocytes transfected with Ad-D1INLS and .

Ad-CDk4 viruses (moi = 100) were fixed with 70 % ethanol 48
hours after the virus infection. Then, the anti-p27%¥®!
antibody (the same as described above) (diluted to 1:1000) and
an anti-sarcomeric actin antibody (DAKO; M0874) (diluted to
1:100) reacted with the resulting cardiomyocytes, to stain the
cardiomyocytes, using Alexa Fluor™-labeled antibodies
(Alexa-488 and Alexa-568; Moiecular Probes) (both diluted to
1:200) . Further, the cellular nucleus was stained with

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

69
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25 4', 6-di am di no- 2- phenyl i ndol e (DAPI') solution (1
g/m). The 69 inages stained with these anti bodies
and the dye were observed wth a fluorescent

m croscope (Il aser scanning co-focus inage system

in¥eess taSMELD) i thOOO] e Bhe inesiilds aaget siawe vBrEigbZerved

The expression 5 of p271i pl was observed in the

withicl €usi oafe sdUumChicabdicopkoqyhesr £68hhEnposstiyEuWi fhage
sarconmeric actin in the figure) , but it was not so

systd®NSeeis it epBE1 @XPressi on and nucl ear accumnul ation
of p27Klpl was confirmed in the cardi onyocytes

(0§ gansfect ed, Wi tdy fhes DLNES @ngh CBKA’Fgfr]?S fale exepslieesdsion

expression. The 10 results in Figs. 1 and 2 sugg

of tpl'?@t“dlhﬁag%fb _ecquetf)fﬁrt?ﬁéirﬁ%le S tot%eng'L\"c‘tS ﬁaanrddi%[r)nK%?cytes

genes 1 n cardionmyocytes al l owed thé “accunulation

7 - i ' th ) .th Ll
(e PR R DS | SR PacRec! tdfe pepue 1o

ivision and, proliferatio otenci es of the
wa%ar%?torryso%ytjerg{%%siS i nd[lﬁlcrleeglso%/ tHP ST At i witrlear

DINLS +, CDK4_mi ght;possi bl be suppressed. [0100] So
2c UM L Sl A6 RHA hor ot hoCPRETGASE OF e Famd jpmyocy tes

exggessign,level under stinmulation with DINLS + CDK4
PR3t e T YUYt tae RS radsEPRptae é9al exmpr s hibpn. The
blotting 20 anal ysis was done. Even in any of .
regul bt dybegEest ARA 2 FRBEBBIEASE Bha hdweverfor hed erkfroresslion
expressi on of DINLS and CDK4 genes had no influence
of ohh e hB18%Pr adsli diPHéevadned pPR7KepliomRNAYtks iad lonvasn the
that the expressiop protein |level of p27Kipl in
acpyml} 4 efar jafgreef1°s piro teippressedswinh tiheprogress of the
cell cycle in the nucleus of cardiomyocytes, so that the
division and proliferation potencies of the cardiomyocytes as
induced by the stimulation with DINLS + CDK4 might possibly
be suppressed.
[0100] So as to examine whether the increase of the p27XiP!
expression level under stimulation with DINLS + CDK4 was
regulated at the transcription level, Northern blotting
analysis was done. Even in any of cardiomyocytes and
fibrOblasts,-however, the enforced expression of D1INLS and
CDK4 genes had no influence on the expression level of p27Kipl
mRNA. It is known that the expression protein level of p27Kipl

in proliferating cells is suppressed with the

ubiquitin-proteasome degradation system (Cdrrano, et al.,
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25 ubi quitin-proteasone degradation system (Carrano,

et al., 70 Nature Cell -Biol. 1:193, 1999; Tsvetkov,

et al., Curr. Biol. 9:661, 1999). Thus, exam nation

was done as to whether or not the expression |evel of
NatheepeKILpHi @F otlei P Inas 9ad) ;UuStsed t&\wen) eithal., Curr. Biol.

cardi onyocytes with the proteasone degradati on system
9:656Af teg9dhe candi,oaxanyhesiphepas ety akheo Bt ot MWekenot

cultured in a state of serum starvation for 24 hours,

thé&de AN Ss 208l 1 Se LKA &H’@'pﬁKlﬂobr%@?na&ig@daﬁfegb@d even

culture nmediumfor 48 hours culturing. In different

JRYRY o nGRFit QEY QEVLE St NeT I d 4 tate o
lnsérun1gpgrsg€|on for 4% hogngQ%Egﬁ% dergJF g%éié% gyStem

AfYQ!ruﬁ?e c%rjdq %y%tae%dggebgrtetaeb %53%%0 n'\éanciultured

hours cul turing Iactas

u S pr.o S i nhi bit i mul t anepus
ln%déisatt% Se 0 !“?f* EE e b Dok RPr e g o o s ane
n dded to other The expression | evel of
Ad'gBKQnglfl pro biheTh %é%ﬁ of Ot he g HUpET © 1Be e for 48

Western bl ottin 0101] Consequently,
no G &L FHAF aLaTat Gh 8F LLRE R AE8iion SRR die parere
Kill protein was confirmed (Fig.3) as in Fi
CuN‘PéF‘ﬁaHvaeli/t ttGhéJfe>§r§|rré‘é%|sc§ﬁ‘I]"é’\}iélonoifC’tl’héapgfr'l’(rlsI~ Then,
rotein was reduced under stinulation with FBS. The
FBPnybnt of & We itililfatbed 2isnadfedptevt bascrbpore snedien, for
the cyclin DI protein and the CDK4 protein were
24hhpdry Fothtednint Chdre, NMeteustofin cb2 dihyocydresa Cruz)
al though these nol ecul es were increasingly expressed
asoh IRBS &34 NA dtnhorh i toor et sdoudelaineopclly wdded to one of
activated (see the patent reference 1 and the
thﬂ(gn‘.q}meenwhile the inhibitor was not added to the other group.

The expression level of thep27Km1prdteinih each of the groups
was examined by Western blotting.

[0101] Consequently, a distinct elevafion of the
expression level of the p27Kipl protein was confirmed (Fig.3)
as in Fig.1l. Alternatively, the expression level of the p27XiP!
protein was reduced under stimulation with FBS. The inventors
indicated in the previous reports that the cyclin D1 protein
and the CDK4 protein were hardly located into the nucleus of
cardiomyocytes although these molecules were increasingly
expressed on FBS stimulation, so that no cell cycle was
activated {(see the patent reference 1 and the non-patent

reference 5). It was suggested that the increase of the amount
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25 reference 5) It was suggested that the increase of
the amount 71 of the p27Kill protein in .
cardi onyocytes was specific to. the stinulation for
the nuclear transfer of the.cyclin D protein .and/or
oft heeCPEA Pt Of £ e id ni gas@rd Nehysbgcungl Log,apdsagt ion, ;o
of proteasome was suppressed with |actastatin
sti h@AbRBBY, f Or &l H &Mt IS Yraﬁgffglrfégrtﬁpec%\xé:q itng‘BI rotein
expression level of the p27Kill pLoge{n tsdo ?grped
- el v -treat e .
T o aant Feat ed v T iSACER ?&f@m Fedditecion
AN, t e ngtion and action the p27
Ofpr ot etlte'lr}dasoa"Preg Y%%I %itutp(—%eisﬁ etdheWJgY’}bugatcrtée?tt@&l\}iﬁ t?rﬁ?T\m@t'
+ .although 10.the p27 Kill_ protein is constan
élégggg égeﬁﬁ’tﬂg %bggaaFBFSnlngFﬁgpeﬁir?ﬁ%lFBS%?réht%é the
Qup. [0102] So as to exam ne the ubiquitinylation
ngg?gﬁ% Qﬁln'#ﬁé ﬁ%?RFWPdpF8PéPntFﬁ eardifidhybeyt esoup, the
ontinuouysly, in vitro ubiquitinylation assay was
FBRohEC 2 PaE AW RHA PEHd ZFENPNENR B €A W irkdt RBMLSr+eCDK4 . The
according to the nmethod described in the report .
regubef MeAPR tha ti hvedtiges ioMakag @ i at odl the BVBO™) . pAdkein
2069, 2000; Nakayama, et al., JP-A-2001-224380; Hara,
argtiphibijtedjigl theCheanp276e 1898 H i 20OLNLISshi dax 4 etldhgugh
J. Bigl. Chem 277:14355, 2002). The cardi omyocytes
therdhr €d byo tdien bif 0 rcomsrtainariad d2Q radkdodn wek € il dairied on
in a state of serumstarvation for 24 hours, which
groepeosubkeqiieft kyeeuktiugedupor 48 hours in the culture
medi um suppl emented with Ad-DILNS and Ad-CDK4 (noi =
[0109) . InsaadiftbeeranigeotiPe dheg€af dh PIYVOCYE 650 WL & of
cultured in a state of serumstarvation for 48 hours,
thahp zh ' Nepeotthen cHl turedofhiPbcytes, continuously, in vitro

ubiquiti.nylation assay was done. Details of the experimental |
method are according to the method described in the report

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

2000; Nakayama, et al., JP-A-2001-224380; Hara, et al., J. Biol.
Chem. 276:48937, 2001; Ishida, et al., J. Biol. Chem. 277:14355,
2002) . The cardiomyocytes prepared by the aforementioned
method wére 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 (moi =100). 1In

a different group, the cardiomyocytes were cultured in a state
of serum starvation for 48 hours, which were then cultured for

24 hours in the culture medium supplemented with FBS to an

72
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25 24 hours in the culture nedi um suppl enented with

FBS to an 72 anount of 10 % As a control, REF52

cells cultured in a 10 % FBS -suppl enmented cul ture

medi um were used. After these cells were rinsed with
ampget cof dl (PBS, theacedd sroer ’BryAaped W tdui1aurel lin a 10 &

scraper and then centrifuged, to discard the

- FBSuUpeppatAashted 0l tlhee meIUkini WErBresd Pit atre Masnaddede11s

a 2-fold volume of the BufferC (described above)
we B&IPPl ep@dtede i itde &% NN DT P40 5 I@?@’sEpgped with a
resulting mxture was agitated and left to stand al one
ce D dG& fH 239 ﬂ"ﬂé‘ryfc%ﬁtrfiff'ﬁgléld_t,ré‘gcﬁqlsccaqldsrcHQtS! Hernatant .
Subsequently, the resulting mxture was centri ugeaﬁ1
( T . [ S 0 ver, th
To gﬁ%(¥QQU%QlfRﬂkf§%l&gggﬁge%ag a5§88 ﬁlz-fQiFagP}upﬁlag]the

super nat ant as a cell” ex
re ' p27Ki pl protein for, us S
D R DB AR s PEP T Eneak8astoBea™ momansme - <.
vitr trans] ation stem using rabbit reticul ocyte
Th?%att%ee.ri%“%%é‘é? it Zt?{ﬂrﬁ,wﬁégil abiedr 3R ¢ L&hdchs ptirgd alone
and translation was done, using a_commercially _
°mavadrffabl®®in vPtr&PrassSeri pton Ut taARSPALCON %i%rt(mfnrron-
coupl ed Reticul ocyte Lysate System Pronega) and
Su%%?%&?—%h%e 2T KE HAL LN Wit +hE W FLG (/P s (15,000
tagged thereto as tenplate according to the attached
TPBr of Dbl B U DS IThie® r BRONHE halrfte p2rme 1l prmt eivhidtlusvas used
prepared and -each reticulocyte |lysate sanple (20 to

- as4p gehs prbrferh-anount) were prepared together with

the nouse El protein (50 g/nL) , nouse E2/Ubs5
[0p?dl ei n (100 gkrcpmbiand tGI2 UB pr otreitr ih4 fayt NMu)se( abk a

from Cal bi ochem) in a reaction solution of a fina
suli9tdayel| fioe ubiquitinylation was prepared by an in vitro
translation system. using rabbit réticulocyte lysate.
Specifically, the in vitro transcription and translation was
done, using a commercially available in vitro transcription
translation kit (TnT coupled Reticulocyte Lysate System;
Promega) and using mouse p27"'P' cDNA with a FLAG tag sequence
tagged thereto as template according to the attached protocol.
The recombinant p27"®' protein thus prepared and each
reticulocyte lysate saﬁple(zo to 40 ng as protein amount) were
prepared together with the mouse E1 protein (50 ug/mL), mouse
E2/Ubs5 protein (100 pug/mL), and GST-Ub protein (4 mg/mL) (all

from Calbiochem) in a reaction solution of a final 10-pul volume

(4 mM Tris-HCl(pH 7.5), 6 mM NaCl, 5 mM MgCl,, 0.1 mM DTT, 0.1
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25 (4 MM Tris-HCL (pH7 .5) , 6 MM Nadll, 5 mM Mgd 2,
0.1 mMDIT, 0. 1 73 ng/nL creatine. phosphoki nase, 10
nM phosphocreatine, 1.5 nM ATP), for reacting them
together at 26C for 30 mnutes. Subsequently, the

mg smhpt ee avasn el gicd s piphiot esedonl a gl pf©§ph &S PAGEeand . s nm
transferred onto a nitrocellul ose nenbrane for 5

ATMESt bR blfdd NG apRLYSitSqIMQG ficabkys %G?C%'oonmi/\g&bes
a first antibody anti-Flag antibody (Sigm; F-

suPse@bht GpT tﬂ@t%Q%@Me(Sﬁﬂiaeﬁ%@@roﬁﬁoﬁ@@%d(ggtQ gel for
diluted to 1:1000) and reaction wth a second

sD @b A BRdy, HOF 5ok @l She ¢ PEY OXi 98&@ %g@%i ggb{g%]é 'enmgy??né Yor

(as nmentioned above) 10 (dilute

Wegp@rge%ggkkqggo%naﬂy%fgeS ﬂ&gcfglcEP? :2%% E@l%gquth a

to such antibody, using a c um nes

f1€§§%2hpﬁguﬂﬁg%%é7ﬁiglo4lt ?e re %&1?%33%Q%mnor anti-GST

[ usin xtract of 15

an%b% é@?gﬁau?rﬂé oP6r AFED s BT Ghi St o 4 2 h 2ne

BSi %REF in hhe figure) as a p05|t|ve control t he

redfethce of it i A vit 6 CQBiI%ui t iaRA iRy paAiapaeradish

rotein could clearl¥ be detected, by using the

PeLpY B Fakeyhfzi ARTENBORFSg ﬁéptldé tefggelcP e t hebove)
reconbi nant p27Klpl protein (IB: Flag in the 20

(A} gbre) tand B Shedratd ehttitsody tEIcl oBST i Aheheresence of
figure) recognizing the GST protein added to the

the eé:rbh’fﬂwarhoq}tﬁ G¢i suah apeobedn. WAengaa cBldmigkimimwéscent
prepared from cardi onyocytes stinulated with FBS was

kiyséads #fenevibedjabovekak ubiquitinylated p27Kipl
protei n was observed, and a very vague

[0104] The results are shown in Fig.4. 1In the p27FKiP!

protein iﬁ vitro ubigquitinylated using a cell extract of
fibroblasts during proliferation (on.stimulation with FBS)
(REF in the figure) as a positive control, the presence of the
in vitro ubiquitinylated p27%"®! protein could clearly be
detected, by using the antibody recognizing the Flag peptide
tagged to the recombinant p27%P' protein (IB: Flag in the
figure) and a specific antibody (IB: GST in the figure)

recognizing the GST protein added to the recombinant ubiquitin

protein. When a cell extract prepared from cardiomyocytes

stimulated with FBS was used, however, just weak
ubiquitinylated p27*®' protein was observed, and a very vague

band of the ubiquitinylated p27Kipl protein was only detected
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25 band of the ubiquitinylated p27K'l protein was only
detected 74 in ca?dionygcytes transfected with DLINLS
and CDK4 genes. The results shown in Figs.3 and 4
strongly suggest that the wubiquitinylation of the

inpRyKid pdmpo of &t § WEEnéﬂiﬁﬂédGﬂnﬂﬂleSBpﬁﬁ@3§ﬁ04?%nes The
cardi onyocytes under stinmulation with DLNLS +

resoltbamuywneaﬁom&g@egraﬁﬂllQnJ¥¥6H&QPC§H5%§§t ha% the
consequently involving the nuclear accunul ation o t he

bpddKktpdy1REObRI o s [ RA5]p o TEXaANpL &, 3i 1, Degrease, of
‘ gg7K|FIypEote|n accunulé%ed |nnp10tc%?d|onyocy? S bcantly

'suﬁﬁgeéggd §Kpga?595§§§h9gkslBnhgerQYﬂ 5h§tPfP§}g§7ﬁégLs +

protein is ubiquitinylated In genera proS S
[ W ubiquitin 1ig talnl as an
CD?Q oioprg?g?n Bﬁgxggf%te %%ﬁék nccor‘PpI ggi;h%fc?EEEG
cof?@zgglehmot%& 28159 a%gg&ygatrhiggggg%égggg<of a9y g s
erkiv, et al . , Curr. Biol. 9:661, 1999).
pr%ﬁerefore the expression of the Skp2 protein in
i omyocytes was exam ned by Western blotting.
[Oﬁggﬂods for cardi omyocyte preparation, transfection
with Ad-DINLS and Ad- CDK4, nu qlear protein-
[EX?BRAP at} on, PofFdath RF bPdtfing mnetehe |4 keumetetehe in
same net hods as descri bed above. So as to detect the
Caéﬂb?mb?6¥EFﬁ,bYhénéﬁFFEQkﬁﬁpanﬁkb@dysm@s] used. [0106]
The results are shown in Flg 5. The expression of the
Skp2! prict &inewimn thialsr Ghleast d * PREFSC el iy wisierh @si @y lated
in general proliferatiﬁg cells with a wubiquitin 1ligase
containing Skp2 as an F-box protein, namely the SCFSkp? complex

so that thep27K”1protein is degraded with proteasome (Carrano

et al., Nature Cell Biol. 1:193, 1999; Tsverkiv, et al., Curr.

Biol. 9:661, 1999). Therefore, the expression of the Skp2

protein in cardiomyocytes was examined by Western blotting.

Methods for cardiomyocyte preparation, transfeqtion with

Ad-DINLS and Ad-CDK4; nuclear protein preparation, Western -
blotting and thé like were the same methods as described above.

So as to detect the Skp2 protein, the anti-Skp2 antibody was

uséd.

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

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

control cell was significantly activated under FBS stimulation
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25 control cell was significantly activated under FBS
stimulation 75 and stinulation with DLNLS and CDK4
pronoting the proliferation. However, alnmost no

i nduction of the expression of the Skp2 protein was

an@bsered liar iear di @ypcybesLswhidg i nepkhe oy poring the
cardi onyocytes transfected with DINLS and (gDP% genes,

proDiYePadibhace; dnoedt , Qfi nlhe §gﬁ%d%QQﬁ%!nof%%%degiression
detected. The results suggest a possibility of e

S r ' 4 degr. tion_of _the p27'' protejn .
oT SRR U Al S PRI MR kg A i
the, induction of the

thQ%%anoMe%ﬁ%%%E%Q%% to'fdo%%}éftlé‘g‘_s ieg[%%ienes, only

expressi on of in-cardi YooyLes. o bt T
di ngl i natj.on was done abou e
2 ?ﬁggék%ggaéﬁe%gﬁ%ﬁe Sé‘)?%r FFA it Tof € Thed peykiprepied ei fhe

Vi ?asthe co- expressi on_of the Skp2 gene in
|

1 P .
Teear df oy déftes 2t PRASHECdd Yni ¢ h BIRLS Wi CDKUomenés. the
Cardi onyocytes were transfected with Ad-DINLS (noi =
deﬁ_ﬁ@?%%ﬂ-c@@ (i =PA00) aneira5e Adl- Sl ufmwdia t=d50,under

100 repared in Exanple 1 for 48 hours culturing, to
St%&%i‘/géc’?ﬁbﬂékp?rlégsﬁ OnCBK4 yetd s O SlepBcandrep2ékof Ithe
rotein by Western blotting. Methods for cardi omyocyte

ingv%b%@at ?gn,thﬁuékéaﬁsaftenebﬁ Preparat camdidégbernes .
blotting analysis and the |like were the same nethods

(0587 Hescri et casbivieg 1 20ek0008) t Thneea ganes fgudDiNeSffect
CDK4 and Skp2 were concurrently expressed in

of celreli Brmyb@eres onThder esplres saoa, o fShawnpbn*Fi ¢ &t MER i 4
the DINLS and CDK4 genes were transfected in _

theards omymcyd €500 t hef exyiesHiye ofgdhe PA/Kiddr Aty tes
was strongly induced as in the previous experinents

tr{fsfSctdd antdth DINLS and CDK4 genes. Cardiomyocytes were

transfected with Ad-DINLS (moi = 100), Ad-CDK4 (moi = 100) and
Ad-Skp2 (moi = 50, 100) prepared in Example 1 for 48 hours
culturing, to analyze the expression of cyclin D1, Skp2 and
p27“plproteiﬂby'Westernblotting. Methods forcardiom?ocyte-
preparation, nuclear protein preparation, Western blotting
analysis and the 1ike were the sahe methods as described above.
[0108] Three genes .for DINLS, CDK4 and Skp2 were
concurrently expressed in cardiomyocytes. The results are.
shéwn in Fig.6. When the DINLS and CDK4 genes were transfected
in cardiomyocytes, the expression of the p27¥Xir! protein was
strongly induced as in the previous experiments (Figs. 1 and

3). Inthat case, transfection of Ad-Skp2 into cardiomyocytes
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25 3.). In that case, transfection of Ad-Skp2 into
cardi onyocytes 76 to subsequently allow the
concurrent expression of the Skp2 gene significantly
reduced the expression |evel of the p27"pl protein.
to | sulcee g enyDEyd eSow nflect @th o £ he At hé ghr €0HCEMN S AL 10N skp2
(moi = 100) of Ad-Skp2, al nbst no expression of the
gep@ Aiquli £ Sc 4 ©f it Mae OREEr ¥eereE9108] 1d e Was Ryt B@E“pl
confirmed using an i mrunocytostai ni ng nmethod as shown
rofefh 9. 1d BakdtiBRyo i A d i i | N,
d i n cardi omyocyt esy ??gﬁg}&eﬁéeéé@evm@?ﬁtt{ﬂﬁaeﬂgﬁ%]nacgg&% 4 °"
nes dyge t - e | on of . the Skp2xip:
(mgfzne. 1%2 F%ﬁog)};@gét Eﬁﬁ“f’%g qnlliz.ot ho Ileegss he' soafnephn%t ﬁgg
' |, ggnt descri bed above (Fig .2) . As is
prgﬁ%%/\ﬂ ‘?%?ngggg,ﬂlgﬁt’ense expressi on of p27Ki pl and
(o Dyg] ear currulwaats-i on heég%f_were observed in
cardi onyocytes ‘transfetfed®hith DIRESTRAY. CORYS Hehes. an
iml}m%lctpe SkPZ.gene waﬁ, 5 co-expressed, alternatively,
STORTY P ARt 1P 2BBct TOREO (e TR pl 1r i 7 weldhat ~ the
observed in tEe nucl eus of .the cell. Wen _
ac%‘é’?‘di%h&%‘@t% witlh DPRIS, CDRACA{dNSKp2 gérgdliomyocytes
concurrently expressed therein were treated wth
tr?%%%%%’f%\?i"fﬁ“%hté‘e HPLSs 8nén CPEYep epp st Mas pogdipéd by the
protein was resuned to al nost 20 the same | evel as the
Co | XRYeEB PR It enFkaRi tanen t WL ARSuBndy t ©DKAin Thasiethod
it was confirmed that the reduction of the p27Kipl
1s Lheotat qimBy hokder ehf driceexpR pi BS8it Ofe sOfr itheal SkpRe (Fig.2) .
protein was nedi ated by the ubiquitin-proteasone
As degshduni bm Biystlmintense expression of p27%®! and nuclear

accumulation thereof were observed in cardiomyocytés
transfected with DINLS and .CDK4 genes. When the Skp2 gene was
co-expressed, alternatively, significant reduction of the
p27kiet 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 p27Kipl protein was resumed to almost
the>same level as the level during stimulation with DINLS and

CDK4. Thus, it was confirmed that the reduction of the p27%iP?

-protein by the enforced expression of the Skp2 protein was

mediated by the ubiquitin-proteasome degradation system.

[0110]

[Example 4: Effect of enforced Skp2 expression on the promotion

~1

N |
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[0110] 25 [Exanple 4 : Effect of enforced Skp2 _
expression on the pronotion 77 of the proliferation
of cardi omyocytes] By all ow ng Ad-DINLS, Ad-CDK4 and
Ad- Skp2 (individually nmoi = 100) to transfect

of cahdi pryodyeestand s@bsegdennlyycyeeynti ng the cel
nunber periodically, the influence of the 5

i nt regduatican mef Athe18kp? genepeD aeapr 9kk§e(§$&9@i dually
pot ency of cardi onyocytes was exam ned. Like the

moiesul 1§0) N det PEEYEPUS J$¥H¥Jﬁ&&é¥%§§hgngat§@%%equently
reference 1 and the non-patent Teference 5) , the

co@ﬁkhneuﬂpgchfltpﬁmgéfdégpyggyégflgégp%%ig%égugggacgg4the

genes expressed thereln was | ncrease | ( |
: ost -.Gul LN i g, .t s al ternative
R N 8 P B R P T L A
' enes nanely .DINLS 4 and_Skp2 genes .
Caégg?égéggt?géngﬁxﬁﬁéngéncrkbgéggg FSFHIBF’ﬁb?E? previous
Al npst no increase of the cell nunbers of
TeRAr isorr{}oeceyt ggei MEREY Wet s TEdTEr of &k of hancr s patent
ardi onyocytes infected with Ad-Skp2 al one as negative
reERREPore V\'/a§%8b%%1r]vé1d‘.mbﬁ¥e°5fBli‘%r?éﬁtdll(?ﬁ'é@cryé@ﬂ ¥Sth DINLS
pparently indicate that Skp2 nore significantly may
an%rgﬂﬁfeg?%%s PFRT ¢ 527 &t F N bR ehEy Picrérsed about 3 fold
cardi onyocytes as pronoted on stinmulation with DINLS
on ;demK4’  POSEOTRituFERanplBi®: BffectItof wpB7 aslitR\matively
treatnment on pronotion of proliferation of
cophi Hnefmidait B c8d lasunbe nprfecekr@aphyodenpasiirtt ehkhthree
i nfl uence of the
genes namely DINLS, CDK4 and Skp2 genes expressed therein was
increased 5 fold or more. Almost no increase of the ceil
numbers of cardiomyocytes infected with control vector and
cardiomyocytes infected with Ad-Skp2 alone as negative
controls was observed. The aforementioned results apparently
indicate that Skp2 more significantly may promote the
proliferation potency of the cardiomyocytes as promoted on

stimulation with DINLS + CDK4.
f0111]
[Example 5: Effect of p27 siRNA treatment on promotion of
proliferation of cardiomyocytes]

So as to more clearly demonstrate the influence of the
p27Kipl protein in cardiomyocytes treated with DINLS and CDK4,

SiRNA specific to the p27%iP! gene (referred to as 'p27 siRNA’

78
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(w1}

p27Ki p' protein in cardionyocytes treated with DINLS

and CDK4, 25 siRNA specific to the p27Klp' gene

(referred to as 'p27 siRNA' 78 hereinafter) was

expressed in cardionyocytes, to examne the effect.
hefO142f t &p) ada d G OB 4L i 1A MR QL B yloRly tREPI @SSERINPLE the

si RNA, target sequences were determ ned on the basis
efobcthe 5 nucleotide sequence i nformation of rat

p27K1pl cDNA (accession No.: D83792.in GenBank) while

[oan2pligo WJQrté‘SgohE‘trﬁE’@S'&r YelitRg & vect re351ng p27
expressing the Si RNA corresponding to the s guence

31N\@§ d@ﬂ&é‘Ed @?ﬁeﬁésp%we A5 EPe; § 2898t tli lilnggfsei(bf the

he follow ng ree types were sefected fr

““?%3“&%%@%5%“%5& U NG 275 SRR Bt s ton

NOSDS%j?stso %%g{l ? Ta:gr%g%bl\leéo. l?l\[;:g ! %rNouse in

5 hucleott
GAGAGTGICTAACGGEEA- 3 I D NO 9). siRNAs
c°‘§)a%re‘d°6h“%§cg‘iﬁtﬂ\itﬁ e’vpﬁ?%h@% Srel FBF e ee Rending to

Si RNA #1, #4 and #6, res ectlvely, her ei nbel ow. The
th?n§€ﬂﬁ€&%ﬂlbﬁsDﬂ& c88dyseRar ednst rikct thg target
vectors expressing si RNA #1, #4 and #6 are as
Se‘ﬂb?lpiﬁ\g ble [fPhBIvkp RNh #ele types were selected from rat
CACCGGTAGGAGGT TCTTCTTCAACGTGTG

P2 ”C"T‘éTG@@WGAAGAAGAATc TTCTGCCTTT TT-3' (SEQ ID NO. :

10) -and 5' - GCATAAAAAG GCAGAAGATT CTTCTTCAAC
I U GRATACDAGR SCATTGARAGAA 5 GWCHWGI"((SE@!D’ N@EqQlip.No.

1)
nucleotide NOS{532-550 (5’ -AGCGCAAGTGGAATTTCGA-3’: SEQ ID NO. -
8); and

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

[0113] S1iRNA #1: 5" -CACCGGTAGGAGGTTCTTCTTCAACGTGTG
CTGTCCGTTGAAGAAGAATC TTCTGCCTTT TT-3' (SEQ ID NO.: lO)—and
5" -GCATAAAAAG GCAGAAGATT CTTCTTCAAC GGACAGCACA CGTTGAAGAA
GAACCTCCTACC-3’(SEQ 1ID NO: 11).

[0114] SiRNA #4: 5’-CACCAGTGTA AGTGGAGTTT CGAACGTGTG

CTGTCCGTTC GAAATTCCAC TTGCGCTTTT TT-3’ (SEQ ID NO.: 12) and



10

15

o
(@]

[0114] si RNA #4: 5' - CACCAGTGTA AGTGGAGITT CGAACGTGIG
25 CTGICCGITC GAAATTCCAC TTGCCCTTTT TT-3' (SEQ ID NO.:
12) and 79 5' - GCATAAAAAAGCGCAAGIGG AATTTCGAAC
GGACAGCACA CGTTCGAAAC TCCACTTACA CT-3' (SEQ I D NO

5718yAThAALBAGSCRANAGHGE 5ia PACCEEBCCA: ASIEEAAIG coTTCGARAC
GGAACGIGTIG CTGTICCGITC CCGITAGACA CTCTCACTTT TT-3'

TcCHERrAPANDY - 37 14k 0ang nB .5'13GCATAAAAAG TGAGAGTGIC
TAACGGGAAC GGACAGCACA CGITCCCATT AAACACTCCC AC 3

(00 BEQ I D NQ i glipd - #[0116] JA’E@@T@&@HF’%T‘& Gy %ACGTGTG

each containing the siRNA target sequencé wer

CTé‘FB@é'r?@ @EgTEHEHchné?%%gﬁhﬁ{%& Ftrh‘i Egg‘@ﬂ IBI&S Of}\@;] and

expr essi on vector | cast hat th
’ t a e
s i PTG R R 08, e

A RERRFS PR praal 1nB0 TR, BRGea Shma ﬂ“ﬁ”mmuﬁ n cel 15

gg the vector was cleaved, with EcoRl and Hindl ||
[0} Eurl fy THe® ¢ eSEP¥PRgOf r 24HERL DI sc ARl rﬁcrfgtwelrue the
.pronmoter and the inserted gene sequences. After the
“g% 5 1 SREVERGEIY 85 P 7 "R N aBl YheRasesentrd into the
fragnent was inserted into the Swal site of cosmd
Bspikcid te qITARARNABE®Pre@sibinnuews otrr dnsPEBUKOR Dfa 298t te,
cells with the cosmd and restriction enzyne-treated
iGENR! TPC Wer i vedtbrom s hén2(r genost rDNAioh hswem that the
adenovirus of type 5 enabled the preparation of
trppsonbpb hanon atiehoviqarsess pexptigssitng th27KnkkrgeBNfenes may
(Ad-p27 siRNA-#l, #4, #6) . Continuously, a virus
stgpt utndar \momhralhogmumart a6 pasmbeeovesd &ﬂgﬁﬂ@%kb@ess the
virus vector by the sane nethod
intended RNA in mammalian cells. Then, the vector was cleaved
with EcoRI and HindIII, to purify the resulting fragment
containing the U6 promoter and the inserted gene sequences.
After the end was blunt-ended using T4 DNA polymerase, the
fragment was inserted into the Swal site of cosmid DAXcwit
(TAKARA BIO). Continuous transfection of 293 cells with the
cosmid and restriction enzyme-treated DNA-TPC derived from the
genome DNA of human adenovirus of type 5 enabled the preparation
of recombinant adenoviruses expressing p27%P! giRNA (Ad-p27
SiRNA-#1, #4, #6). Continuously, a virus solution with a high

titer was recovered from the virus vector by the same method

as in Example 1.

[0117] First, p27 siRNA was co-expressed in

80
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as in Exanple 1. 25 [0117] First, p27 si RNA was
co-expressed in 80 cardionyocytes transfected with
DINLS and CDK4 genes, to exam ne the effect on the
expression of the p27Ki pl protein by Western

cabHﬁ)bhth@ytS@eCdzfdrﬁsﬁdéd’ts_edb\dwp@wl—%lwﬂ%' k¢ @BQ4queQ12e7s, to
SiRNA (individually noi = 100) were transfected into 5

ex8Ri deOoryOCYE £5c f Un 48eNExEYULLULIAT, £t e the. .
expr essi on ofcthé1p2$K16§ pro#8?n°6y9@€§$£¥ﬁ protein by

We?ll:@EBitpﬂo t t!VPMIOd% pfecéri f 1%%rlquon’5\§g¥tl§LQr e%f‘{?[ﬁ]%fg’nd Ad-p27

nucl ear protein preparation, ern-bl
siBRR! Y$ig §Ogd5 g;k are_th me as the nethods _
lgescr?%eg a ovg?& aﬁ%fes 1 §%§§3)Wei6 [b1aBFLgheed into
re_shown in Fig.9. Wen DINLS and CDK4 genes.
caa§?§h3§5ggfgc€%%qﬁﬁp6 Eg}aPﬁﬁﬁgcy?%§Faﬂﬁée ERPBrexsRTORsion
of .t he ﬁﬂgipl protein was strongly induced as in the
Of oyt | RBAL & QBSEFPRAA MboESERFES Blot Binad 7jetBpds for
eﬁ ressing p27 si RNAs (#1, #4, #6) in cardionyocytes,
CAERLOTEOHY b8ucP T BR2BR L AR p2TTKF b2apr ok B9 he ivas mremdtation,
reduced. Al nost no expression of the p27Kipl protein
WeRb8TBhBePTE G RR2PEFISSRRRALAG il ksaratiec e .sdlive as the
expression of p27 siRNA exerts a suppressive effect
methedpflescsibné pRoKel (Epropéies Bumndewer. influences
the intracellular contents of the p2l G pl protein, 20
[0th&lcyclimMiBl protkin ore ssltcometacFagt # 0. whean fINENeand
results of the i munocytostaining, alnost no
CDRécugmhati omeok theap2FKicpkd prioftei N dsaS IISATMEGd N the
the nucl eus of cardionyocytes through the expression
expfep@7osi BRNAthe p27"'P! protein was strongly induced as in
the experiments described above (Figs. 1, 3 and 7). By -
expressing p27 siRNAs (#1, #4, #6) in cardiomyoéytes, the -
production of the p27FiP! protein was greatly reduced. Almost
no expression of the p27%P! protein was observed with p27
SiRNA-#6 in particular. The expression of p27 siRNA exerts
a suppressive effect specific to the p27fie! protein but never
influences the intracellular contents of the p21%P! protein,
the cyclin D1 protein or sarcomeric actin. Even in the results
of the immunocytostaining, almost no accumulation of the p27kir!

protein was observed in the nucleus of cardiomyocytes through

the expression of p27 siRNA.
[0119] Continuously, Ad-DINLS, Ad-CDK4 and Ad-p27

SiRNA-#6 (individually moi = 100) were transfected into

81




10

15

20

[0119] Continuously, Ad-DINLS, Ad-CDK4 and Ad-p27 25
Si RNA-#6 (individually noi = 100) were transfected
into 81 cardiomyocytes, to subsequently count the
cell nunber periodically. Like the results in Exanple

caddivheoegklsnunber sebseqadhemyocybestW t e DINLS angymper
CDK4 genes expressed therein was increased about 3

pef@bdi@@;@?y 71, pRs e Irteldhi RG ﬁEiQxaﬁ&ieQ,Ngﬁgmgghg'nﬁﬁber
was verified that the cell nunber of cardionyocytes.

ofV@JfHI$ﬁ&$Q§@§sgﬁn§§Dﬂ§E§|Xngn{##%:gggég QQPngZedsé £¥%in

~ genes expressed therein was si i"cantly Tncreased.

i f.th I nmh £ .
waéjPPéieQerU£J§P§% ?o%% gngf%yEggQSE;%nggféﬁgvﬁFbg' 10).

cardi onyocytes infected w

ngd rdi onyocytes 10 i.nf.ected with Ad-p27 siRNA al one
Meggwﬁgggfi vg!écoﬁtarsol é’e\ﬁdgle%]bsgl)\?etd. “Afe ai:fe&rlene‘h‘l‘i‘?%d of
results apparently.indjcate that the expression o
ca B350y BRRC RS Sk GRSt FEAREI Y2 T T3RGHH BNk he CDK4 and p27
.proliferation potency of the cardionyocytes as
Slgf“énﬁ%as G PEESHELatNET iRt M AL NLY 4 femen t ns fapegsed.
[ Exanpl e 6: Effect of enforced Skp2 gene expression on
AlRGFHI &0 HerHpsf b d&det Fbhf nERPeRat ofthecafdienyafytes
. _the enforced expression of DINLS + CDK4 + Skp2 genes
infActRd p¥dEhf draf? o xp2@ sefl odar diionyocytés drmmtliomyocytes
t herapeutic effect on damaged cardi onyocytes, _
inégafeAatiidh els pddnes iRMA nglane ad snpegartdival cdmstohers awas
and reperfusion nodel. The nodel was prepared
obaet®erdi ng Tthe tdfe metdrodi daye DareakltsetapdlarepCilyc.inddicate
66: 411,
that the expression of p27 SsiRNA more significantly may promote
the proliferation potency of the cardiomyo;ytes as promoted
on stimulation with D1INLS + CDK4.

[0120]
[Example 6: Effect of enforced Skp2 gene expression on cardiac
therapyl

So as to confirm that the effect of the enforced
expression of DINLS + CDK4 + Skp2 genes on the proliferation
of cardiomyocytes had a therapeutic effect on damaged
cardiomyocytes, examination was done, using a rat myocardial
ischemia and reperfusion model. The model was prepared
actording to the method by Dairaku, et al. (Circ. J. 66:411,
2002). A male Wistar rat (age 8 weeks).was anesthetized via

intraperitoneal administration of sodium pentobarbital
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20,02). A male Wstar rat (age 8 weeks) was _
anesthetized via 25 intraperitoneal admnistration of
sodi um pent obarbital 82 (Nenbutal: Dainippon
~ Pharmaceutical Co., Ltd.) (55 ng/kg). Subsequently,
(Nehbukatl :r eaenvedonhonaceemnundar @ytificdal (55 ??/kg).
respiration, to expose the heart. Continuously, le

subeegOanylyartgeyryesrbigal ed Mﬁ&Paéo§thf&H e%hgfggficial
wth a needle No. 5 5-0. Then, the rat was [eft to

. ' T [ . rel eased, to
b b o Tonrp S e Pk Dt ﬁ%@%ﬁ% fﬂsﬁ&ﬁf)d: “AEogery
j : t ed | i L r eadi ng e
S SIS S TR utg e ve
h h in er). ( e
Rk TN A S G SN R

.during a_ period of .25 to 30 m hutes post-ischema. A
“Pif‘gH-r?iY% eﬁeg‘a%ﬁ‘a@rr&% 3biaribhoed Elamgt?)fla? mgpeffused
the sane ot as prepared and used in the above .
‘rERSHgFél%L- di PECAI VORI T UPot et | AR &M ke tegadiedc qnist|with

| ayer in the ischem c center 15 and in the periphery
thERBALBE e SOT PNRALH IpET Yores sisted 4 hatvhah opefrak isiteEsoup
(the total volunme of 250 1) , using a 30G injection
(rpéeared [o129]Skaragrpypehanensatheref.fect of the
treatment with DINLS + CDK4, an ani mal group injected
[0Wfth a mi @&hmreadohavions 2@cofort head hieerdypesdofinto the
adenovi ruses, nanely Ad-DINLS (1 x 109 pfu) , Ad-CDK4
hegatxduognpfa)pantdodde EAZZ ¢d X0 10Pnptey posteigeredia. a
to as 'DINLS group' hereinbelow. So as to exam ne the
highfetterof ddwendveal syl wdidh DINLS ¢° bEMALT SKPLhe Ahnme

ani mal group
lot as prepared and used in the above Example was directly
injected into the cardiac muscle layer in the ischemic center

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

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

needle.

(0122] 5o as to examine the effect of the treatment with
DINLS + CDK4, an animal group injected with a mixture solution
of the three types of adenoviruses,-naﬁely Ad-DINLS (1 x 10°
pfu), Ad-CDK4 (1 x 10° pfu) and Ad-LAcZ (1 x 10° pfu) is referred

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

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

adenoviruses, namely Ad-DINLS (1 x 10° pfu), Ad-CDK4 (1 x 10°

83



10

20

25

injected with a mxture solution of the three types of
25 adenoviruses, namely Ad-DINLS (1 x 109 pfu) Ad-CDK4
(1 x 108 83 pfu) and Ad-SkpZ (1 x 109 pfu) is
referred to as ' Skp2 group’ hereinbelow As a

pf AP0k & VEd CORB S Ol 1 X OUP, paQ)anisnel (areup tbng§0t5¥£§még%up
Ad-LacZ (2 x 109 pfu) was arranged (referre

her&0Rbe ObRUP' AbeﬁehgéﬁEQQE coNQrqu%qw ofp AWina1 group
adenovirus 5 solutlon was done in the Sham group.

S { he rat was_awakene rom
1n§%é§%%2ﬁ?§ﬁﬂgi éﬂ%f%dlﬁn %r)ggﬁérgfrnggg ﬂﬁe:er;ed to
C/ It 01 an .indicator of the
asngggos g o car |a€%ﬁﬁ§8[ FoFFéﬁfﬁdOPSEEeﬁ?& adgpovirus
epert f the cardiac_ 10 nuscl
s°?{r‘§9§;ﬁ.e"n et uts“ﬁ E&arﬂngﬁragma NELe BRI a the chest,
eren i. 47:486, 1997,
thgga aw@ﬁ‘egled frJ°m aﬁﬁéﬁ%édla xR thep fed undgsgeneral
1 2. hours after reperfusion, blood was drawn
fe%%i“?rﬁﬁg?hél?ﬂﬁdﬁgraﬁdweééﬁtr|fuged to recover
| asma. The cTnT val ue was assayed, 15 using a cardiac
[of%abler (RIché Dt Bh63tPESIE @bﬁ’lm@ﬁﬂwoﬂ tardasc muscle
observed that the cTnTval ue after ischem a and
Eotbpei@siBAheRAs gréatiiy orderedsekpiar fure Gonttigr ouprdiac
the DINLS group and the Skp2 group,. conpared with
mu ¢ hee Shramaqrioug (Sham graup: iG. Blasﬂa%ﬂ@/dﬂsay@mt(o brien,
group: 8.8 0.5 ng/nL, DINLS group: 9.1 20 O ng/nL
et Skp2, gkabp: A8i0. £c3.ng/mBs, N®9d|fﬂﬁiﬁﬂxﬁtdrrdﬁﬁa1 J.
cTnT val ue anong the three groups except the Sham
Phgroapo has scabserverh1 suggestingithago@ i M bamohewelarter
of the necrosis of cardiac nuscle was induced.

-reperfusion, blood was drawn out from -the fundus and
centrifuged to recover plasma. The cTnT value was assayed,
using a cardiac reader (Roche Diagnostics). Consequently, it

was observed that the ¢TnT value after ischemia and reperfusion
was greatly increased in the'Cont'group, the DINLS group and
the Skp2 group, compared with the Sham group (Sham group: 0.2
£ 0.0 ng/mL, Cont group: 8.8 = 0.5 ng/mL, DINLS group: 9.1 *
0.7 ng/mL, Skp2 group: 9.9 +1.3 ng/mL). No difference in the
cTnT value among the three groups except the Sham group was
observed, suggesting that a similar level of the necrosis of
cardiac muscle was induced.

(0124] 6 weeks after reperfusion, cardiac functions were

measured by tomography (B mode method) and the M mode method

84



10

20

[0124] 6 weeks after reperfusion, cardiac functions

were 25 neasured by tonography (B node nethod) and

the M node nethod 84 displaying tonography over tine,

usi ng an ul trasonography apparatus(power Vision 8000:
didpsay bag Medmoglrhphitetoardmet i fKet akahy IANKYOIr AWhography

xyl azine (Sigma) were intraperitoneally adm nistered

appOratialpbeeranastitesi goobsi nlg:s%ilﬂaneﬁEdEE?@?s Oie!fl?mine
MHz, the left ventricular short-axis papillary mnmuscle

(Ké!\@é?rﬂ?a%-hrrﬁ@&yahaexManpﬂ?e W%tim’) b9r ?‘ﬁéé&rﬁ%e%tl?iet(l)ne;glly

ventricul ar end-di astolic di nension an

YERL § § reoend:systolig di ion tp calculate the
adfrﬂ%%?%ﬁg? g%o?téﬁ?n%9£o§ngépﬁggégfriQﬁﬁ%ﬁ 1 rrigtear probe
tening of |

of di @rﬂ:’ﬁ 'f“,r L(Il:és)l e f]to \}C:Frna‘:crtlltcgurnlaal(ﬁ:%m?orrite adpcﬁ ééa(pbile]{]ga ry muscle

~ventri cul ar inner I ane
[ iQn .- end-systolic.dinmensiopn)/ end-diastolic
vad IEARLGL S §0tP% Y 0R38F E)° heatur fAg 1eAture the left
vevgntgigular opgi tudi nal axis by the B node nethod,
o1 URRT 1170 Gre STRA 4SRN off @8 dahlle Astt ventricular
$nd-s stolic area were neasured, to calculate the '
enG T FOhaf iR ifdnge Flqekatvemer fearhiofFAGhortening
whi ch was used_as an indicator of the systolic
of timkti bRt Eiael #BnhRn F chlTRAKgE dFSheft ventricul ar
(FAC) = (end-diastolic area -end-systolic area)
Fraehberid hsthel 1 te tairiegia o £ 20e &t M0 {24c Y1126 hnesi dijame 10r (FS)
MHz sector probe, additionally, left wventricular
= plood-diontphituxdimsnaeasur ed athdeatylsyodiiast @iinension)/
stage (E) and atrium systolic stage (A) by Doppl er
endredfwelfolDe dimension x 100 (%)
[0125]_ By measuring left ventricular longitudinal axis
by the B mode method, left ventricular end-diastolic area and
end-systolic area were measured, to calculate the fractional
area change of left ventricular (FAC), which was used as an
indicator of the systolic function.
Fractional Area Change of left ventricular (FAC)
= (end-diastolic area - end-systolic area)/end-diastolic area
x 100 (%)
[0126] Using a 10 MHz sector probe, additionally, left
ventricular blood flow influx was measured at early diastolic
stagg (E) and atrium systolic stage (A) by Doppler method, to

calculate E/A value, which was used as an indicator of diastolic

function. The aforementioned measurements were done in a
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cal cul ate E/ A value, which was used as an i ndi cator of
diastolic 25 function. The aforenenti oned neasurenments
were done in a 85 blind test manner so that a test

practitioner could not figure out the contents of the

blif€atd®Nm@hn@acso aia@hk. + £ 913/ a & WeekSe At o84 not figure
nmyocardi al ischem a and reperfusion, cardiac

ouf UNELT @S L URES FRABHELEd, pxtg@ﬁtnskhgqéhd§39ﬁaqed
above. 5 In the Cont group conpare e Sham

[Ogip}‘lp’ thes CIEQQEI ?gi&?gllgg ( %?emainadaglgr&ewerfu51on,

fractional area c ange Wer e gl \éeh f
t h t r 0 W in
ca%’?ﬁlg%ﬁ’}@tie ea? dneags/,eug g@% metd e §§§56LF8 above.

ta at . a vaI ue. Thus, it was
hseerveg g%‘t‘p Ck?é”)f(fmi&l&}ﬁ "I gro4Rd HhashiAqicional
ction arent | deterl orated. In the DLNLS
Sh@¥€%$5%9 (T8 a8l “rfodp e citd 00ednaF a8t ©hFBIANAF FAL WbFe at
at |larger values than in the Cont group. A nore
vemh s VARBEF Otk Dt her FeEE YRkt bhEeraed Liowd £ eewsi rflux
the E/A value. Conpared with the Cont group, the E/A
ragho g e e ' Ked ng#@apamwed thesivptidl icantiryum stage
small value. The E/A value in the DINLS group was
(Ebhhl Ve? 2hah larahevdbie. droup, Butwaro etstiwdd cadty the
significant difference was observed between t hem
sy{Shhie grfomgti2n3®nd. 25as€Coiti cgriouprtidn 49er@. S8fpparently
DINLS group: 3.69 0.68, Skp2 group: 3.44 0.57: 20 n

detefi¢paily.. [0128e COnNLBUGUSIWH €8r dhac dIeFPdyRa8LGS in

was anal yzed on the next day of the cardiac
comt taasonbyraphyr A@sier Afd©rla sndh Wi paY obadbifalcwasont

intraperitoneally given to a rat for

group. A more apparent amelloratlon effect was observed in
terms of the E/A value. Compared with the Cont group, the E/A
value in the Skp2 group was at a significantly small value.
The E/A value in the DINLS group was smaller than in the Cont
group, but no statistically significant difference was
obsérved between them (Sham group: 2.30 + 0.25, Cont group:
5.49 £ 0.86, DINLS group: 3.69.1 0.68, Skp2 group: 3.44 +£0.57:
n =9 to 12).

[0128] Continuously, cardiac hemodynamics was analyzed
on the next day of the cardiac ultrasonography test. After
sodium pentobarbital was intraperitoneally given to a rat for

anesthesia, amicrochippressuretransducer-equippedcatheter

(SPC-320: Millar Instruments) was inserted into the left
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anest hesia, am crochip pressure transducer-equi pped
catheter 25 (SPC-320: MIlar Instrunents) was inserted
into the left 86 ventricle fromthe right carotid
artery, to measure the maxi mum differential rate

vefdPidle rfaom ofielrdfdhtventbt e qyeassUES dadre 88 edhximum
i ndicator of left ventricular systolic potency and

difeasei ei dp/xdldP (Frxdedai ned byr diveinding 1dP, It < URX e (Lve)
with LVP 5 sinultaneously neasured as an indicator o

astﬁﬁ|ﬁﬂ@1céﬁyﬁr6§uh§&tm¢%ﬂf¥'éﬁ C¥39§¥to¥95tgﬁéggr and

the mninmum differential rate (dP/dt” mn

me?ﬁuk@da§FJPYP ieéﬁtaYEQ&dﬁgséaf 91? 8&}&tp°t€P h LVP

ventricular end essure

) forenentlone neasurene ts mere
51ﬁ%259?%§§£g?_ gg?su? ﬁanner 480 A& °8 dst der STF
Veggu d, ot |dent|f the contents of the treatnent of

eathC ant haldt TS lﬁesuP?Ee%Fﬁ shoWf ST * R & 1the[ geizgjmun

| e Exp ShaWICont DINLS Skp2 group
dlﬁlgﬁ% Pa]lotlalfze g{ )L§P4asla2 H_rgdggagorg)ﬁs left

1.7 LV dP/ dt rmx 7457 308 5572 230'' 6022
"e%ﬁ“%ﬁ%é IS EUrirfHg/ $OEETIY dPRBE mi he 6892 vegntzicular
3631 182" 4047 270" 4449 248" (-mmHg/sec) LVvdP/dt/P
endisglgr@tgolzsq_g Depsure ({LVEDP) was measured. The

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

The results are shown in Table 1.

f0129]

(Table 1]

Experimental Sham Cont DINLS Skp2
group _

Number 9 10 12 10
LVEDP (mmHg) 34+1.2 13.3+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/dvP 75+£5 40 + 3% 51+ 5% 54145 %
max (1/sec)

. >:\{ e

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

end-diastolic pressure (LVEDP) in the Cont group was at a



10

max (1/sec) ' : p < 0.05 vs. Shamgroup #: p < 0.05
vs. Cont group [0130] Conpared with the Sham group,
the left ventricular end-diastolic pressure (LVEDP)
in the Cont group was at a 87 significantly high
sigral fiecaddy ti Bhahl yyvathe . maxi mami tdohbengnti alhe aty@ximum
(dP/dt max), the mnimumdifferential rate (dP/dt

difdén et i dP/d £ iy f nbhe | eht ¥EMIRLRW BF r PFESSULE rate
(LVP) was at asignificantlysmall value. The results

(ap el cpig) St had/dder el ventyd aw & lv%%xsttrrgéuclaffjrbCLtésosrhre

and diastolic function in the animal we

(L et §hisof ahed: g rng])? the, wlsglgﬁgo\%)l uel 22[‘1%2? g?}l iIDt rsmixn d i.c ate

i ndi cators of dt nmax, t mn a

r t Larger, val. t | 1he nt _group. .The .
th?ﬁd?%?dagﬁt ﬁ%ﬁéﬁﬁgﬁif\égké%i%l%t FgFéanvgp egﬁﬂftOIIC

t he. Skp2 th 10 in the, DLNLS. group, while the
EuO AR e TR T St BT BRF £OTAESS gt} [teank 1 §LS srous,

mn
| ar.ger values than int 0131) After
th%g}

Cont group. |
%% Helsdhtat &f MQ%(’Eoﬂﬁf‘ed,dP?ﬁé PiRR P el /dt/P max

resected to weigh the wet meightﬁéFig. 11) . Conpared
YeuF AT LPRE eSh¥ A §PEUPRa R Het HREGORSi GREUP R tHRe Cakividual
. group was 15 significantly | arger. This suggests a
1“‘%’0%%?%?% BeEtrd Bhedt ofd 9 Ung’ Tomgestt orhe Gorpfarded usi ttthan
. the Cont group, lung weight was snaller in the DINLS
1n grtfuP MHIS @ v | g lweit§ht dphdthein Skp@ Gt blip/ e atvere

a significantly small val ue, suggesting the
at aedt bibeaohl vf 1k oagr conlessi bhan20n[ Oh82¢oksi pgotihe

resected heart after the neasurenment of
[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
significantly larger. This suggests a possible occurrence of
lung congestion. Compared with the Cont group, lung weight
was smaller in the ﬁlNLS group while the lung weight in the
Skp2 group was at a significantly small value, suggesting the
amelioration of lung congestion.
[0132] Using the resected heart after the measurement of
cardiac functions, a passive (left ventricle) pressure-volume
curve was prepared. The fundamental method was according to

the report of Pfeffer, et al. (Circ. Res. 57:84, 1985).

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

" saturated potassium chloride were given from the tail vein of
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cardi ac functions, a passive (left ventricle)

pressure-volune curve was prepared. The fundanenta

met hod was according to the report of Pfeffer, et al.

(Crc. Res. 57:84, 1985). Specifically, heparin
th@N&wanhapﬁrimduéweﬂﬁkﬁigba%q&ksQnQH?Stﬁét@{QE@QIigfstage.

pot assium chl oride were given fromthe tail vern

Im&%dﬁﬁ&eﬁ@tthEQeEQQHgg gﬁédﬁégrgr&ﬁ§tﬁl eéggﬁfﬂ %%%%h%% the
stage. Imediately thereafter, the heart was

aozr%ge,‘cﬁ efhu iy oughs o ke th@Qretrav\Agé- goubpg l?%\%#ﬁ%&%?&h(ﬂlesﬁg)t was

-8: Nat sune Sei sakusho) I nser

. ' ' . 0f the tubes 5 to the -
rYERCL By CHIERL LN PIE, Of LN LUPES BL B LN e cubes

hysi.ol ogical saline was injected at a rate
tog%%%é%%%ﬁﬁye%r%ﬁﬁé%%%qﬁfcﬁ?mﬂe?%%%? %%er%%Bdeaztr1°U1ar
- vol curve on the chart. One resecte
prﬁégﬁfr%&gghi’ég?gaggﬁaé $31 P8 e Lod@sied, ator oA toulodt 8. 72
the ayerage. Based on the 10 pressure-vol ume curve of
DLARIPNEFOP Ul OdtieFaf Ubenet 9ot ¢t d GoPFESpYAi-Ng luget herve
left ventricul ar end-diastolic pressure ngasured.MLgh
ont fBenfREBENI PPt sSSmce ad dresdtiic erasedgisppdd incatheipticate
was cal cul ated and then corrected on the weight basis,
nafigedal cutat eceheulete vertei calvaragrd- di askabeéé valminethe
index 15 (LVEDVI). [0133] The results are shown in
PIrEiS§UI2.- veanpar edrwiet o f tde Shddwvdgdadp, attHenalassive volume
pressure-volume curve in the Cont group was
cogirgnipbndangl yo sttid tled tomethe iciughtr shdediastobseryedssure
The results indicate a possibility of the progress in
mehefit e20 wierlt r toal ari dreaied | PG eSYGR eaSt 1 4¥Es A NEEL£ASEu Pfped
| ef t '
catheter was calculated and then corrected on the weight basis,

to calculate the left ventricular end-diastolic volume index
(LVEDVI) .

(0133] The results are shown in Fig.12. Compared with
the Sham group, the passive pressure-volume curve in the Cont
group was significantly_shifted on theright side, as observed.
The results indicate a possibility of the progress in left
ventricular remodeling such as the 1increase of 1left
ventricular volume and the thinning of infarct area after
cardiac ischemia and reperfusion. Compared with the Cont
group, the rightward shift of the passive pressure-volume
curve was reduced in the DINLS group. Compared with not only

the Cont group but also the DINLS group, the rightward shift
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ventricular volunme and the thinning of infarct area
after cardiac ischema and reperfusion. Conpared wth
the Cont group, the rightward shift of the passive
pressure-volunme curve was reduced in the DINLS group.

of Conpar edrestlirsovo0ihg 2%utrhe Cant armaup §%523J§§b&@e was
DINLS group, the rightward shift 89 of the

siphessusERt YRl U Gae, i N t e 1Skp2 group 1Was entrlcular
significantly reduced. Wiile the left ventricu

en@nglgb§§§9b'GOYQEQn?nBQge¥LOEy§PVI%a@a§t % ?arﬁagYalue in
value in the Cont group, the index was a
th%qufiJJ}JJHE Q%@L§n§e9r99?hgp%?s %lﬂ%% QOQ% grﬁ;?pngINLS

Skp2 group, further ex

INLS d t
i 0 L0 PGS 7o 1S e, e

Sham ou 2 m/kg, .LacZ grou 2.18 0.16
1nge¥ s ﬁfg‘tﬁdﬁfrgr"& p-e fhz 16 {8e nEHig $kpyp and was
% q mL/ k n=9to 12). [0134]
at%iﬁdﬁpﬁ iRa Y éVéPaéﬂeéaVﬂgaé F%?%ﬂdtﬁ@ﬁ fADtheroneaftham
6 weeks post-lschen1a and reperfusi on was exani ned.

Jrape: Pedéctted Helrvlikg. f Lred igraurl0 % heutrdl.lly nL/kg,
buffered formalin solution, enbedded in paraffin,

Dipk@paPed Jrewr 6 eti itois 18t nl3kan Skberyabuef 2.mmEm .17
each sanple along the cross-sectional direction, and

mL Sk @} ned=wh t ko Madsen Trichrome to visualize the .area
with cardiac infarction. Then, the infarct area was -

[0 hddbur ed USineg lan |W8@elmraly<sﬁs:aarﬁia/mrﬁn(d_¢mm in the
vision: Mtsuya Shoji) . Wth reference of the report

heoft Javeeketpoalt - 20 NG rcahat i ope ADS3s 102 a s209dpinkhe The
infarct area was measured

resected heart was fixed in a 10 % neutrally buffered formalin

solution, embedded in paraffin, prepared into 6 sections at
an interval of 2 mm in each sample along the cross-sectional

direction, and stained with Masson Trichrome to visualize the

.area with cardiac infarction. Then, the infarct area was

measured uéing an image analysis software (Lumina vision:
Mitsuya Shoji). With reference of the report of Jain, et al.
(Circulation 103:1920, 2001), the infarct area was measured
by measuring the whole peripheral length of the inner membrane
of left ventricle, the whole peripheral length of the outer
membrane thereof, the peripheral length of the cicatrisation
on the side of the inner membrane of left ventricle and the

peripheral length of the cicatrisation on the side of the outer
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by neasuring the whol e peripheral |length of the inner
menbrane of left ventricle, the whol e peripheral

| ength of the outer nmenbrane thereof, the peripheral
l ength of the cicatrisation on the side of the inner

me mendi @neh Of e b ef tovent ¢4 £d e abfle t er 25 PeLLPRCL@lording to
| ength of the cicatrisation on the side of the outer

th&0f §BHY ang thengoh to calculate the infarct area
according to the following formula. Infarct area =

Inféf@@ Pﬁééphe[@{héeﬁﬁifbﬁg 5? }&¢§éven r|L02:ic%?Fls%tlon

de of the inner rane o

| onpmpg%el orengld o, dhe, %1 alrisa 'cozleéfgn trer']%ﬁélrc € % the

%ﬁe mh
|n er nenbrane + eri phera
pe%§£9%£ of" fﬁ% od %ﬁﬁﬁ?&ﬁéf flo% i@dg¥@€gﬁef§%fh?H§lter
results are sho npared with 10 the
mepdign %réﬂﬁre?g WDHPE?@P%éﬁegerﬁp@ﬁ6361NE89§P096 Wae inner
reduced. More reduction of the infarct area
’f‘l‘hr?‘h% *skBS ol Pokdd hsiadr YeRIthamf ithet pat pINIEIbrane) ]
grou Conpared with the Cont group, the infarct area
x LG g&)a.snaller val ue in the Skp2 group. [0136]
Based on the above results, it was confirned that 15
L0332 i nt r odUicd i 175 Wt DINLES ShQDKAL » Bko2l Jendonpared with
aneliorated the deterioration of cardiac functions
th¢ Slongwp nguphetlohdatf agict zuediiac thefBINES groandvb Berreatly
exacer bation of henbdynam cs to suppress |ung
re¢ohgdst iMor camé dueftti omeaf rilculiarf arerodeb s nigh and skP2 group
additionally give an effect on the reduction of the
wa sirodes e 123 dft hear dnache rfrved igbup. Compared with the Cont

t he out er manbrane ereo

group, the infarct area was at a smaller value in the Skp2 group.
[(0136] " Based on the above results, it was confirmed that
the introduction of DlNLé + CDK4 + Skp2 genes ameliorated the
deterioration of cardiac functions following the onset of
cardiac infarction and the exacerbation of hemodynamics to
suppress lung congestion and left ventricular remodeling and

to additionally give an effect on the reduction of the area

of cardiac infraction.

INDUSTRIAL APPLICABILITY

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

than by the related-art methods, to induce the proliferation
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| NDUSTRI AL APPLI CABI LI TY [0137] According to the
met hod of the invention, cell division of

cardi omyocytes can be nore efficiently induced 25
than by the related-art nethods, to.induce the

ofptiéidernl i ame 2Lrafi onle cgelds p?@%a%rdd'lgwggﬁt §§nner can
prepared in such manner can be utilized as a cell for

be SOF I &V 208 AN eYs NNl dRceyt
egr alft theragpy Addi tionally, %e%gggffggyugg"nﬁhd’?;%“““l

r hodgat p,ge e c ad.to the 5 .
orTELPAL, PoReae LCLRRVAPPY HREL S PR 008 frpson
ofdltﬁgasmeesthvg htynggp I rt‘.'h%@aetl ol 0 %%R%ggid?ﬁ r]rgtalqooto the

cardi onyocyt es rcie cy
conprisin step of

ollfer t| card o
aan%CQ u0|ng A58t R %Véﬂfﬁldeﬁgﬁaégﬁ k?ﬁas%ardlac
di %c) one o g urality, selected fromthe group
l%%ﬁ% gtV hy o?n%§@ het Rhcout ptPal eact b thmtcarfhi PRy acytes
roduction, function or action of Cp/Kip famly
detfﬁf% RY-and a nucleic acid that inhibits the
production of Cip/Kip famly protein, into
cardi onyocytes, and a step of subsequently culturing
or maintaining said cells. 2. A nethod for
proliferating cardi onmyocytes conprising a
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step of introducing (a) cyclin, (b) cyclin-dependent

ki nase, and (c) one or a plurality selected fromthe

group consisting of a gene encoding a factor that

inhibits the .production, function or action of

Cp/Kip famly protein, amdimg nucleic acid that

inhibits the production of Cp/Kip famly protein,

into cardionyocytes in vitro, and a step of

subsequently culturing said cells. 93 3. A nethod for
1.Pf0'Afﬁﬂ@ﬂddﬂlo%abngE¥99¥E€%gCQFPB&§h 8cPre tggm Lising a

introducing (a) cyclin, (b) Cyclin-dependen I nNase,

apd ec) . ep .a_plurality selected fromthe group
St%@n%?st?%ggg?Eégaene encoding a factor that inhibits.

the prad l,an, function or action of Gp/Kip famly
protei%ﬁ g§§1%§Tumleic acid that inhibits the

producti.on of .G p/Ki amly protein, into

car di ooVt ‘\ﬂp'\}{)e,ntaﬂfvf%g)%et'epa‘ﬁi‘ subsequent | y

mai nt iqing said cells., 4. The nethod of any one of

clainms' ® t8"8, Whelei Al8ARRHIEYcISH eGedh dyem nthe group

capabl e of activating CDK4 or CDK6 of manmmals. 5. The
condt by Bf of| & I ure wABFEEAREaiad 319 FBatydinihibDtsofthe

manmmal s. 6. The method of any one of claims 1 to 5,
Profief bi Al sai Whc ity ion- depéndent Aimfdse® femaly protein, and

cycl i n-dependent ki nase to be
a nucleic acid that inhibits the production of Cip/Kip family
protein, into cardiomyocytes, and

a step of subsequently culturing or maintaining said

cells.

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

(a) cyclin,

(b) cyclin-dependent kihase, and

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

a step of subsequently culturing said cells.
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activated by cyclin D. 7. The nethod of claim®6,
wherein said cyclin dependent kinase is CDK4 or CDK6.
8. The nethod of any one of clains 1 to 7, wherein the
Cp/Kip 94 family protein is p27Kipl 9. The nethod of
3.any ohe tfodclfairMprd1ie8atWhgreinat beybagtes c&ﬂﬁ$131ng a
i nhibits the production, function, or action of

st&pPSKi pnefaghbynprotein is a factor with an action to
pronDtes the degradation of the Cp/Kip famly
protein, 1Q..1Ehe nethod of claim9, wherein the factor
W th an actlon to pronnte t he degradation of the

G p/ Ki Vi p [ a conponent of ubiquitin
(%)1%Wq%1n é%é% O 1nas W%

| i gase a|n1 '0,*herei n the

conpo t of wubiquiti ase is an F-box facto
capablrt r}ofo%l Fndihg? toppﬁéagbtiﬁllﬁepl?%rrﬁﬁp L3o8t eF’ﬁe ©roup
thod_of claim11l, wherein the F-box factor
cofatsbThe "GF 1 Ay FOLORGTE: B KaF 1o F)abr opeiA its. the
Skp2.,13. The nethod of any one of clainms 1 to 12,
pr?/\ﬂi]\é?%’r%nt H* B GfiQTeiod REFHOP MG CiiRHikGin §amAd vpp peitiet # orpnd
of CGp/Kip famly protein is siRNA specific to a gene
3 IHdddi g Cifet Br b/ Kilpi b bhf IBhe prodaict.iorgo L Thip Mgt hdthmily
of claim 13, wherein the nucleic acid that inhibits
Pr?h%lbroﬁméQi@ﬁr@¥0@Y9¢KFpSféniV?vaoaeﬁn is siRNA 95
specific to the p27Ki Pl gene.
a step of subsequently maintaining said cells.

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

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

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

of mammals.

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

activated by cyclin D.

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

kinase is CDK4 or CDKE6.

8. The method of any one of claims 1 to 7, wherein the Cip/Kip
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15. The nmethod of any one of clains 1 to 14,
conprising introducing the genes into cardi onyocytes,
using a viral vector or |iposone. 16. The method of
any one of claims 1 to 15, wherein at |east one of

fahDeycyebtnigene gpdrxeyclin-dependent kinase gene is
tagged with a nucl eoti de sequence encodi ng a nucl ear
| ocalization signal. 17. A vector conprising (a) a
cyclin gene (b) a cyclin-dependent kinase gene and

9. (C) ‘Plpgm% h%dpl:%lra%e\)ng}{esoeg gl ta%gnf actg rhﬁlhBI]E%ctor

consi sting of e éncoding a

e. product i r act.ion of O [Kip faml
th%?o éh#?ltscﬁhfrﬂﬁﬁggCtIQ§C| u§€&déWbe°Fh5F€FHH|%Ft%lpyKlP
¢ thg production of C)%a] g famly protein. 18. The

abtY oP T 8f S Paith 7,1 |%1E%ea8yéFtﬁ°Pst§ Ardnates the
ca e of activating CDK4 or CDK6 of mammals. 19. The
de%g%Fl?ﬁ efaFhf18irakéPefAPEAE EYEltiednis cyclin D of
manmmal s. 96 20. The vector of any one of clains 17 to
19, wherein the cyclin-dependent kinase is a
cycl i n-dependent ki nase to be activated by cyclin D
1027, Tine meddiosk obf ckd bif rh.2@8hewlsémet hetfrctor with an action
cycl i n-dependent kinase is CDK4 or CDK6. 22. The
toveeemetofthnydeoneadit comi ok Ue tOiRAKipheaei Ny tdeotein is

a component of ubiquitin ligase.

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

Cip/Kip family protein.

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

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

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

protein.

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

inhibits the production of Cip/Kip family protein is siRNA



factor that inhibits the production, function, or

action of Cp/Kip famly proteinis a factor with an

action to pronote the degradation of the C p/Kip

famly protein. 23. The vector of claim 22, wherein
spbherfiacter cwet BoaniractiQpn to pronote the degradation

of the Cip/Kip famly protein is a conponent of

ubiquitin ligase. 24. The vector of claim23, wherein

the conponent of ubiquitin ligase is an F-box factor

cap 1LRding to the Lp/Kip famly protein. 25.
15Thea€ﬂé§t g?tg Hclogi 24, Whef ei ﬁtl(Pﬁ@SF- bd¥® et ofompPrising
. _capable of binding to the Cp/Kip famly proteinis
inERBTC TR IS \IEIEE OF “Bnyf DHE Y IR G 17588908 viral

erein the 97 nucleic acid that inhibits the

VehrBHulLi OAPBFORFp/Kip fanily protein is

si RNA. specific to a gene encoding the Cip/Kip famly

protein. 27. The vector of claim 26, wherein the

nucleic acid that inhibits the production of
16 ¢ p/Kepmgiinad pEoamy priesodi RNALnhdt toj k5 spacifdin ho least

p27Ki pl gene. 28. The vector of any one of clains 17
onggop7theherel Anageneasmnd onve lofm tdep eoyddntn kgienes @nglene is

cycl i n-dependent ki nase gene is tagged with a
taggefieovitle sequenckeentddi ngequeoncteasncddLRyi zat i®iclear

signal. 29. A pharmaceutical conposition for use in a
lotzeataenbnobigoatdi ac di sorder conprising the vector

of any one of clains 17 to 28.

17. A vector comprising

(a) a cyclin gene

(b) a cyclin-dependent kinase gene, and

(c) one or a plurality selected from the group consisting
.of a gene encoding a factor that inhibits the productioﬁ,
function, or action of Cip/Kip family protein, and a nucleic

acid sequence that inhibits the production of Cip/Kip family

protein.

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

capable of activating CDK4 or CDK6 of mammals.

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

of mammals.
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30.- The pharmaceutical conposition of clains 29,
wherein the cardiac disorder is nyocardia
infarction, ischemc heart disease, congestive heart
failure, hypertrophic cardionyopathy, dilated

cardi onyopat hy, nyocarditis, or chronic heart
failure. 31 . Cardi onmyocyte obtained by the nethod of

202Ny @RE PEcebRi B ady (R 16f OBaims 17 to 19, wherein the

~cyclin-dependent kinase is a cyclin-dependent kinase to be

activated by cyclin D.

21. The vector of claim 20, whereiﬁ the cyclin-dependent

kinase is CDK4 or CDKS6.

22. The vector of any one of claims 17 to 21, wherein the
factor that inhibits the production, function, or action of
-Cip/Kip family protein is a factor with an action to promote

the degradation of the Cip/Kip family protein.

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

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

Cip/Kip family protein.

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

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

26 . The vector of any one of claims 17 to 25, wherein the



nucleic acid that inhibits the production of Cip/Kip family
protein is siRNA. specific to a gene encoding the Cip/Kip family

protein.

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

is specific to p27%®! gene.

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

localization signal.

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

17 to 28.

30; The pharmaceutical coﬁposition of claims 29, wherein the
cardiac disorder is myocardial infarction, ischemic heart
diéease) congestive | heart failure, hypertrophic
cardiomyopathy, dilated cardiomyopathy, myocarditis, or

chronic heart failure.

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

_1 to 16.
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