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This application claims the benefit of U.S. Patent Application Serial No.
60/139,942 filed June 18, 199.9,'which is hereby incorporated herein by reference
in its entirety.
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BACKGROUND
The present invention relates generally to cardiomyocytes and their use,
and in particular aspects to cardiomyocytes containing introduced nucleic acid
15 which encodes a cyclin D2 protein and having increased proliferative capacity,

and to methods of making and using such cardiomyocytes.

It is well established that adult mammalian cardiomyocytes exhibit very
limited proliferative potential. Studies have shown, for example, that the labeling
20 index for cardiomyocytes in normal adult hearts is less than 0.006% as measured
using tritiated thymidine assays with transgenic mice expressing a cardiomyocyte-
restricted f§-galactosidase reporter to mark cardiomyocyte nuclei. Soonpaa, M.H,,
and Field, LY., Am. J. Physiol. 266:H1439-1445 (1997). As a result, the
mammalian myocardium lacks significant capacity for regenerative growth.
25 _

Regenerative myocardial growth has enormous therapeutic potential, for
example to address many forms of cardiovascular disease characterized by -
cardiomyocyte death with an ensuing loss of myocardial function. Consequently,
efforts have been made to develop strategies to induce cardiomyocyte

30  proliferation. A number of factors have been shown to augment cardiomyocyte
DNA synthesis in vitro (Oberpriller, J.0O., et al., The D_cvelopment and
Regenerative Potential of Cardiac Muscle, Hardwood Academic Publishers, Chur,
Switzerland/MNew York (1991)). However, no factor examined to date has proven
to induce sustained proliferation of differentiated cardiomyocytes in fetal or adult

35  cultures.
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contai ning introduced nucleic acid 15 which encodes a cyclin D2 protein and
having increased proliferative capacity, and to nethods of making and

usi ng such .car di oMoKDl ghite trandfey feclRfifwdl tiaS Rpomed FbrigekubthdieB iaTRdst an
cardi onyocytes exhi bit ver limted proliferative potential. Studies have
shown, for eB&mBiiy of pspeaifie 2engoRiofuny 1o augmens myasardial paplsfesioptie ¥ifran nor mal

adul t heart sed & Jift SEA"Anfhi& 480 SRR AW Gy ABIAOOL ihEIRhEAnL RyHLA! Ne
assays with transgenic mce éxpressing a car di onyocyte- restricte ,

B- gal act dsi dexpresspaoft emyt ¢Same kS .caralli Pryo Ndtk Arndl &di. US@08pFa82-¥986 , and
Field, L.J., Ag}f Physi ol . 266; H1439- 1445 (19_97%. As a_result, the '
mamal i an ny()lg Hi ; RsGsI'r-gﬁﬁi - &del géﬂagf”f‘ﬂf"lf ﬁzlP_E“&éﬁeﬁl%?:‘f)?fé"Gﬁ)m h. 25
Regener ati vesauQeRIHl dlal IARM B .%01.339{3'739’37*@?ﬁ%@ﬁ%&l&oﬂoﬁ"?@@ d13poif OF
exanpl e to address many torns of cardi ovascul a | Sease characterized by
car di onyocyt éeldiBivtheni- 144 H-10n(d Q9 HY, IGEFSEB (Reiny &C @t di..aProtuNatli Aoud. Sci.

Consequent |y eff S Y n de,.t evel qp,strategies. o .i.nduce
car di omyocyt gs‘éoﬂpﬁ}ltorq%%@fgggﬁEﬁuﬁ%&‘?‘c&auﬁgrérsaﬁaggbokhni’ﬂg “to
augnent jgar dBRNY OkRMA.E270M 1ISYI4NEHS))). Bnd/ iS40 T CNBIEY i(Flefd, L3, Qciend @l -,
The Devel opment and Regenerative Potential of Cardiac Miuscle, Hardwood
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factor exam ned to date has proven to induce sustained proliferation of
differentiated cardi onyocytes in fetal or adult 35 cultures. 18 Decenber

2003 WO 00/ 78119 RfRétgBOBEsLOREarch efforts have demonstrated that forced expression
of cellular protooncogenes or transforming oncogenes from DNA tumor viruses

15  can promote cardidmyocytc DNA synthesis, and in some cases proliferation,

progress on the identification of genes which might be useful to induce

regenerative myocardial growth has been difficult and slow.

The mammalian cell cycle has been an area of considerable research
20  interest for many years. This ¢ycle includes a first phase of growth known as the
G1 phase, and proceeds then to the S phase, in which DNA replication occurs.
The S phase is followed by a second phase of growth known as the G2 phase
where cells increase in mass. The cycle terminates in the M phase, which
involves nuclear division and cytdkincsis. Passage through this cell cycle is
25  regulated at several checkpoints. A highly orchestrated cascade ensures that all
requisite activities (genome reduplication, DNA repair, chromosome segregation,
etc.) are completed before the initiation of the next step of the cell cycle. The
presence of multiple checkpoints can also provide mechanisms for identifying and

eliminating of aberrantly growing or genetically compromised cells.

30

Transition through the cell cycle checkpoints is regulated in part by the

activity of a family of protein kinases, the cyclin dependent kinases (CDKs), and



The onset of gene transfer techni ques has spurred vari buBessmbei 2003t 0 t est
the ability of a specific gene product to augment nyocardi al proliferation
invitro or_jn vivo. For exanple, such studies have been carried out
invelving th FBEHA 5 expression of v-nyc (Saule, S. et al., PPTAIS00/GR2T.
Acad. Sci. USA 84:7982-7986 (1987); Engel'mann, G L. et at, J. Md. Cell.
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proliferation, progress on the’i F'cation of gen

useful to i ndu€¥95pegenerative nyocardial growth has been difficult and
slow. The manmalian cell cycle has been an area of considerable research
20 interest for many years. This cycle includes a first phase of growh
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replication occurs. The S phase is followed by a second p grow h
known as the Geygindabin sgeeifis cellitypssi Reswisdave manesdepeiitient apoh ¢het @lltiypat es

in the M phase i E VLY, | ear. dj,vi sion and cytokinesis. Passage
through t 18 cBrpch af R BTN EXR:GRln T cisaag IS0 B AES Rankngn y
orchestrated chgsaplesie (Wings Tiat aR|Nansqibhd) 5898601671 (1 954)§. 9 B0 OFRrast,
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activity of a iy Sronried Kok i RBRL & P il R e B

(CDKs), antP 18»Petranigene 2808 (W@, BoAmg 1 SE. BCA, USOOMASBIBL. Organ. J. 13:2124-
2130 (1994); and Lovec, H. et al, Eur. Mol. Biol. Organ. J. 13:3487-3495
(1994)). ‘Mice carrying a MHC-cyclin DIl transgene exhibit multinucleation and
sustained DNA synthesis in adult cardiomyocytes as measured by tritiated

thymidine incorporation assays (Soonpaa, M.H. et al., J. Clin. Invest. 99:2644-
20 2654 (1997)). |

In view of this background, there remains a need for additional strategies
for enhancing the proliferative potential of cells such as cardiomyocytes, and for

use of proliferatively-enhanced cells. The present invention addresses these

25  needs.



their activating partners, the cyclins. In nost instané&Becantter 2003t ati on
of DNA synthesis requires transit through the so-called restriction point,
which is at the G 1 -4S boundary of the cell cycle. Transit through this
restriction point is to a l|arge extem-regulated by COK4 and the D-type
cyclins (See, Hunter, T. and J. 5 Pines, Cell 79:573-582 (1994); G ana, X
and E. P. Reddy, Oncogene 14URMARIOOFTIEOMIVENTIONSgENI ¢ experinents have
been used to study the forced expression of <cyclin DI in specific cell
types. Results have varied dependent upon the cell type. 10 Expression of
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there remains a need for additional strategies for enhancing the
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present invention involves the discovery that increasing cyclin D2

activity in cargieo ocyte cells provides enhanced proliferatjive potential 5
to the cells. ACESYET Agrspt Abnibe dayeitonoprovKiss i hartieBrPwin el favinemet hod
for enhangRguddignllet! ddEERLEME HOREDLI @k B f&&f@ TR, :
conprising i nc?easi ng tche I evle? ng cycli nCDZdI(gré I VI téji In t%@cggéééil onyocyte
cel | . 1n opwlifasatine potestialayThd pelbimay fontexeuipli hayenintrodu@damicteic rtd t he

car di or’ryocl\{évemgc § lccl)cﬁhg g\g&%gﬁéenco%ggpoggﬂg%g) %ucleotidcs 4 to 870 of SEQ. I.D. NO. 1

or of SEQ. LD. NO. 3 in the Sequence Listing, or having a coding sequence
sufficiently similar thereto to encode a protein having cyclin D2 activity. The
nucleotide sequence may be operably linked to a promoter, including for example a

20  constitutive promoter, an inducible promoter or a cardiomyocyte-specific promoter.

In another aspect, the invention provides nucleic acid constructs including a
sequence of nucleotides encoding cyclin D2 operably linked to a promoter such as
an inducible promoter or a cardiomyocyte-specific promoter. The cyclin D2 coding

25  sequence may correspond to nucleotides 4 to 870 of SEQ. LD. NO. 1 or of SEQ.
ILD. NO. 3, or may be a sequence of nucleotides sufficiently similar thereto to

encode a protein having cyclin D2 activity.

In yet a further embodiment, the invention provides for use of a
30  therapeutically effective amount of cyclin D2 in the manufacture of a medicament

for increasing the proliferative potential of cardiomyocytes in a mammal.

The present invention also provides a method for increasing the proliferative

potential of myocardial cells in a mammal.  This method involves



acid has a sequence of nucl eotides encoding cyclin D2.183eshmbert2088uct i on
can be 10 carried out with the cell in vitro or in vivo,:and where in vitro
t he m)difigg ﬁ‘}%l can in one utility thereafter be grafted into a nanmal,
i nckudi ng ? 119 Anot her aspect of the_iqivention provi des BCEHESWI6ocyt e
cell having introduced nucleic acid encogi ng cyclin D2, the cardionyocyte
exhibiting increased 15 proliferative potential. The cell nmay for exanple

have i ntroducg ¢l ej,c .aci.d . havi a_codi.ng sequence corresponding to
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cyclin D2 codPHP¥8-sequence may correspond to nucleotides 4 to 870 of SEQ
.D. NO | or of SEQ 1.D. NO 3, or may be a sequence of nucleotides
sufficiently simlar thereto to encode a protein having cyclin D2
activity. In yet aTherinhentioerieosh risotcorichmsiamethbd dor paftitgtesdibeyotiae of a
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transduced w th an expression vector incorporating nucleic acid encoding
cyclin D2 operably 5 linked to a pronoter such as a constitutive, inducible

oG Loy ocyt exBeidhided Y RTBNERdod B OGR! P hd)EhE A iRkeRe 0BG S 2
proliferative potential of cardiomyocytes in myocardial tissue of a mammal. The
methods include providing cardiomyocytes in myocardial tissue of the mammal,
wherein the cardiomyocytes are responsive to a phannaéologic agent to increase
the proliferative potential of the cardiomyocytes. The agent is administered to the

20 mammal so as to achieve an increase in the proliferative potential of the
cardiomyocytes. The inducible cardiomyocytes may for instance be provided as
grafted inducible cells within the myocardial tissue, or may result from an in vivo

genetic transduction of existing cells in the myocardial tissue.

25 In another embodiment, the present invention provides a modified D-type
cyclin, wherein the cyclin has been modified to remove one or more (and

potentially all) phosphorylation sites present in its native form.

The present invention provides cardiomyocyte cells having enhanced
30 - proliferative capacity, and methods and materials for making and using such cells.
Additional embodiments and features of the invention will be apparent from the

descriptions herein.



in a mmml. The method includes grafting cardi omyocytEsPesemderd03myogeni c
10 cells into a mamal ,. wherein the cardi onyocytes exhibit an increased

| evel of i activity and have increased proliferatiy i.al.
The gr aftegycgléqﬁéBzrmy have i ntroduced ngcl eic aci d encodi nﬁﬁ&gﬁﬁﬁ%
operably linked to a pronoter such as a constitutive, inducible or

cardi onyocyte-specific pronoter. IS Also provided by the invention are

met hods for inducing an increase in the proliferative potential of

cardi onyocytes in myocardial tissue of a manmal. The nethods include :
provi di ng cardi onyocytes in nygopsORBETIONSOBTHHE FIiGdIgRRENMal , wherein the
cardi onyocytes are responsive to a pharnmacol ogi ¢ agent to increase the
proliferative potential of the cardi omyocytes. The agent is adm nistered to
the 20 mamual so ie y L0: th 0.4 i nti al
of the cardi onyocyllgé%’. ? é %ﬁﬁ%ﬁ&g&g@?g%@ c%tnggg lr:'r{:a{t/ﬁe][ gﬁmﬁg?gir?ge be
provi ded 8s tginafdémechreprdetasescritetilis Ewamplerl. t he myocardi al tissue, or may
result froman in vivo genetic transduction of existing cells in the -
nyocardi al tissue. 25 In another enbodi ment, the present invention provides
a modified Dtype pigdfl bihrellR! GelvebdlR 6 6l WasbasvlP alalRd i eftitoppenove
one or nore (and p tentlaF y all) phosphorylation siteS present inits
native form eKpeespiopdethe heavs of comrglmice ¢¢ sind snadsgenicovicedlived designatedng

enhanced 30 proliferative capacity, and nethads apnd materials for, making
and s ng sucls Sep B NGHTYIG e cnkbest RN L Bl bArTAE B SRkoAd Bant | on
wll be ggpargaindieom the descriptions herein. 1 8 Decenber 2003 WO

00/ 78119 -6 PCT/US00/ 16827 DESCRI PTION OF THE FIGURES Figure 1 is a
schemati c di agram showi ng a map of the MHC-CYCD2 5 transgene prepared as

described in Exampl.e 1. .Fiqu 2 presents the results of r | ot
anal ysi s of cycl inﬁélﬁﬂms gfb%@% SWD ?q?%?rﬁlgr%%ﬂ?'f gf%F“%%@Fé%“#?tég(@?Qa_nd
transgeni ¢ mchasd bipeeitned@SdeaidabeslinglddrdiSmyScy® DN syhdtidsisi ahd Kafiekinesinsgene
shown in Figure 1, prepared as described in 10 Example 2.. )
respectively, in vivo in MHC-CYCD2 mice in response to a pharmacologic

15  stimulus, as further described in Example 3.

Figure 4 provides a bar graph showing increased cell numbers in the left
and right atria of transgenic MHC-CYCD2 mice as compared to nontransgenics,

generated as described in Example 7.

20
Figure 5 provides a bar graph illustrating that culture of cardiomyocytes
from the ‘left atria of MHC-CYCD?2 transgenic mice in the presencé of
isoproterenol leads to an increase in the number of cardiomyocyte nuclei in the
culture, as described in Example 8.
25

Figures 6A and 6B provide digital images of transgenic MHC-CYCD2

cardiomyocytes undergoing cytokinesis, obtained as described in Example 9.

Figures 7A and 7B provide photomicrographs illustrating DNA synthesis
30 of cardiomyocytes in transgenic MHC-CYCD2 mice in a cautery injury model
emulating infarction, obtained as described in Exampie 10.



Fi gures 3A and 3B are photoni crographs presenting the reBegemben?003 pul se
chase experinents denonstrating cardi onyocyte DNA synt hegsis and

kari oki nesi s respectively, in vivo in MHC-CYCD2 nmice in response to a
phar macol ogiWOﬂfgsﬁPi mulus, as further described in Exanple 3*CHUgW &8
provi des a bar graph show ng increased cell nunbers in the left and right
atria of transgenic IVHC- CYCD2 m ce as conpared to nontransgenics,

generated as described in Exanple 7, 20 Figure 5 _prqyjd ar gra
il lustrating that chleUg 8 HPVIdss i SRyBRYR dseram ghna ﬁ)ékrfgi'f‘éaf‘ﬁ@-@$2
IMHC- CYCD2 tran§gg§]ir$§dggcﬁ ed R E L ¢pehee. of isoproterenol leads to an

increase in the nunber” of cardionyocyte nuclei in the culture, as
described in Exanple 8. 25 Figures 6A and 6B provide digital inmages of

transgeni ¢ MHC- CYCD2, cardi o cytes under,goin yt Qki i bt.ai ned.as
descri bed in Exanpl 818 @, B’if?l‘rpégs Pas ﬂ‘a?%d%%@ﬂdé- %mm'ﬁﬁgﬁgﬂ‘ﬁi
iITustrating DRifys¥woHARSbEd in¥ka2ipl€ 22 Belewyocyt es in transgeni c MHC- CYCD2
mce in a cautery injury nodel~ enulating infarction, obtained as described
in Exanple 10. 18 Decenber 2003 WO 00/ 78119 PCT/ US00/ 16827 7 Figure 8

provi des a schematic diagram of a STK-r MHC- Switch-CycD2 virus, as
described in Exanple 11 below. Figure 9 provides a schematic diagramof a
STK-r VHC- CycD2- nLAC virus, as described in Exanple 12 bel ow. 18 Decenber

2003 WO 00178119 8 PCT/ US00/ 16827 DESCRI PTI'ON OF THE PREFERRED EMBCODI MENTS
For the purpose of pronoting an understanding of the principles of the



invention, reference will now be nade to certain prefefdlderembpotfifdents
thereof 5 and specific language will be used to describe the sane. It wll
neverthel ess be wunderstood that no limtation of the scope of the

i nventi on WOMABIWDyY i ntended, such altegrations, further nROTUHHUENS and
applications of the principles of the ifvention as described herein.being
contenpl ated as would normal Iy occur to one skilled in the art to which the
invention relates. 10 As described herein, it has been di scovered that

i Ncr easi ng the | evel .V_ g_:\_!_i | N DF THE PRER D) | BQDIME'NTS ovide to a
cell, e.g. a generally non-proliferative cell, such as a manmalian

cardi onyocyte, an enhanced proliferative potential. The invention nakes
avai | abl e, interFal ihe, pirpus of girbmotihg hneahatsiipg alfi thergincidesl bf the
potential, naqvel net h?ds i nvQl vi ngﬁ%he use of such cells_in vivo,or in

vitro, novel MYEHER; EICERS: WHLPQWRemAds Ioerstail eraferred pmbadimepisiieredd s to
obtain cekls L fer Rk . ' o) : fting
ot hods, —and ‘A BIFe MEBEEY BN bE R X deHEp e b Yl Bl i ne
of mammmal i an undergiond thatolaiimigtiborofakenspipe ¢fhéheninusionasdhérabymtgndstei ns,
are known. United States .Patent 5, 869, 640, - i.ssue Februalr% ?i 1999,

di scl oses amiSHOP AUFTAU rigpficaions aid aplications ol the PrgAIplps, of the

i ncl udi ng cyGhiedatibR aP dScAbAS herdfn Wah caﬁteﬁpﬁai@pﬁseﬁbmu%n%anﬁpc&mb oz her eby
incorporated herein by reference inits entirety. Cyclin D2 is structurally
rel ated 25 t skilled inithstartiotwhiielo thetineensiongelatenown D-type cyclins, cyclin D1
and cycli,q D3. These D-type cyclins bind to and activate CDK4 and CDKG6.
This proteéin conplex then phosphoryl ates nenbers of the retinobl astona
fam |y, thereby Ag@atwabtdBerERlitlRRibeyn AREDREE thahinefeasing tiolev@ldf ¥ydpund to
and thereby _inhibited by hypophosphorylated RB fam |y nmenbers). Rel eased
E2F initiat e@%@théVlca%%PéﬂgWPégigit@ﬁ osll, HE-ohsenerygl ren-prolifseivesellon of a

001 7a110"o Palrnd HEh AL SR Pl AP HRbASR! rofedy Y RARREL THET 1O

D-type cycl i nsveatien pnase rdvadable, inter alia, novel cells with enhanced proliferative

15  potential, novel methods involving the use of such cells in vivo or in vitro, novel
genetic constructs and methods useful for modifying cells to obtain cells of
enhanced proliferative potential, novel cellular grafting methods, and novel

animal models having such cells.

20 Cyclin D2 proteins of mammalian origin, including for example the mouse
and human proteins, are known. United States Patent No. 5,869,640, issued
February 9, 1999, discloses amino acid and nucleotide sequences for D-type
cyclins, including cyclin D2 proteins, as well as characterizing data, and is hereby
incorporated herein by reference in its entirety. Cyclin .D2 is structurally related .

25 to but distinct from the other known D-type cyclins, cyclin D1 and cyclin D3.
These D-type cyclins bind to and activate CDK4 and CDK6. This protein

- complex then phosphorylates members of the retinoblastoma family, thereby
releasing E2F family members (which are normally bound to and thereby
inhibited by hypophosphorylated RB family members). Rcléascd E2F initiates

30 cell cycle progression by promoting the transcription of a variety of gene products
needed for DNA synthesis.



Tabl e 1 bel ow. TABLE 1 5 CyclinMl ecul ar Wi ght (dal t d¥d)eecmber§03

Aci dsPhosphoryl ation Sites (#) D 133,426295cAMP Ki nase 1) Ca Kinase (1)
CKIl Ki nase(\éli{? GSK3 Ki nase (6) D232, 849289GSK 3 Ki nase (3) D332, 408292cAWP
Ki nase (3) GOV (3) GSK3 Kinase (4) _Many prior reports hBGEUSIM$83T ed
that these three cyclins are functionally ™ redundant. However, the

di scoveries herein reveal that significant functional 10 differences exist
bet ween cyclin D2_and cyclins Dl and . Illustratively, Table 2 below
provi des a conpar Pa8f SHRCHE (rPRET S OESK'EP%P?“&% Priype shpling, ae pesseated in
measured in hepdgis| gliow-ansgenic cyclin D2 mice to that in corresponding
transgenic cyclin D1 and D3 mce. In each case, testing was perforned
generally as described in Exanple 3 bel ow (HWBW = heart wei ght/body

wei ght; Iso 15 isoproterenol treated). T £ utery injury (C1.) data
(emul ative of infarct) were obtained ocedures generally as

descri bed isn Exanpl e 10 bel ow. 18 Decenber 2003 WO 00/ 78119 -10

PCT/ US00/ 16827 _TABLE 2 M ceHWBWentricular DNA Synth. (%left Atrial DNA-

Synth. (% (% naammml.m(ﬁmmmmmmﬂ
Ca Kinase (1)
CKII Kinase (1)
GSK3 anase (6)
D2 32,849 289 GSK 3 Kinase (3)
D3 32,408 292 cAMP Kinase (3)
. Ca Kinase (3)

GSK3 Kinase (4)

Many prior reports have suggested that these three cyclins are functionally
redundant. However, the discoveries herein reveal that significant functional
10 differences exist between cyclin D2 and cyclins D1 and D3. Dustratively, Table
2 below provides a comparison of ventricular and left atrial DNA synthesis
measured in hearts of transgenic cyclin D2 mice to that in corresponding
transgenic cyclin D1 and D3 mice. In each case, testing was performed generally
as described in Example 3 below (HW!BW = heart weight/body weight; Iso =
15 isoprotcrenol treated). The cautery injury (C.L) data (emulative of infarct) were

obtained using procedures generally as described in Example 10 below.
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As can be seen, DNA synthesis did not cease in response to treatment with

isoproterenol in the transgenic cyclin D2 mice, whereas it did in the transgenic

cyclin D1 and D3 mice. In addition, DNA synthesis in the transgenic cyclin D2

mice increased in response to cautery injury (see ventricular data above) and

treatment with isoproterenol (left atrial data).

functional characteristics distinct from those of cyclins D1 and D3.

-Accordingly, cyclin D2 exhibits

A comparison of the amino acid sequence of cyclin D2 to those of D1 and

D3 reveals several domains of substantial difference.

For example, D2 differs

significantly from D1 in domains occurring at about amino acid residues 200-240

and 260-280. D2 differs significantly from D3 in domains occurring at about
amino acid residues 210-225 and 250-280. Thus, cyclin D2 differs from both

cyclins D1 and D3 in a region spanning about nucleotides 200-280. Functionally,

these cyclins differ in their propensity for phosphorylation sites, as illustrated in

"Table 1.

As expected, many of these sites reside within the domains of non-

homology identified above.
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5 human.cyclin D2. In this regard, the term "nucl eoti dé Reembid8?® as used
herein, is intended to refer to a natural or synthetic sequential array of
nucl eoti des \gpdpAE1zonuc! eosi des, and derivatives thereof. Th L no
aci  sequence is-intended to refer to a-natural or synt heti%‘é@ﬁg@%ﬁ
array of am no acids and/or derivatives thereof. The terns "encodi ng" and
"coding" refer to the process by which a 10 nucl eoti de sequence, through

t he nmechani sns of :aNn [ [ j.0 [ ovi,d informgtion
to a cell from vvhi§c Qéig)rérhiﬂg's?gp g‘ggﬁdtﬁ%ﬁg%%‘%é&ecééﬁu%@e aég s%?ﬁfgée}gamooa(gg
speci fic am no sequedcs dopameBe taycin M2ice wilpeli inedt i Bamples Wetdin Heee also
under st:ood t hat tgg%ﬂoresenl I.nvention al so enconpasses the use of

15

nucl eoti de seqih ASEESSIPI0-3 740 Jor thenmeusenfiiclin 1R sequeneplondEQe ILD.
specific cycli ) n SE L, WATH)] e i al
Identity thereﬁ)@zg?\%ggﬁe%gm&géﬁ{iﬁﬁg &(l:eﬁ‘gé g@?edrc:ag%ﬁdc cyc ?%H&ﬁg%ﬁ%\a}ﬁ%y as
i dentified her dumanSyciin D2eduehis esgavd, Ithe emc dnalectidecsdqhencp) " asiwded byeld,n D2
nucl ei ¢ aci d and. Cé/rél i, N pr ot ei Qﬁ._for use in the variqus aspects of the
present i nvent FOReNEEY 1 Rler P nadal o ayatetic ssapential duay of nplegidsigndar ant
anmi no aci d sequaressdd! tndMidrValvdstRereSE ORR Bim Eafggho' 2P i iVatbddeaab! ons

to a sequence, such as deletlons,.lnsertlons, substitutions 1 n the
sequence, whi cEelpr tda gaturalj arenyutheiit agyestiallmmtay dd amdno acidh sindfor idativatiasf ect

t he functional ,propertjes of the resultin ol, ti de nol ecul e s

expressly cont é%ﬁf@fegh%ieq%e eﬁf"%é%t aﬁ‘%vg‘?@?%%&?%otro g‘fiaWBF%g? % w?'éci‘zg

under st 00d10 hahuélkbtideadqBaicd, Thidufiy ¢he PhdcHthi SR e NEAsMiton &Rl h%ﬁélaﬁe%lﬁ |
a

degeneracy of the genetic code, or which result in the production o
cheni cal | y equiPteHidast the daformaten & atcel fjpmewhichtaeseries cofcaninenalids eah b¥hus,

a codon for the.am ac] ' hydr ophobi c. am no, aci d, may be
substituted byﬁ‘?is@{g?g orfﬂg}n%%?ir%%lgﬁ%?‘ﬁgﬁqu&% ‘Rf&?%‘ﬁﬁStSﬁOB’PPB%‘Fedue, such as
gl ycine, or a nore hydrophobic residue, 30 such as valine, |eucine, or
i sol eucine. Siml gglpﬁy _bchanges which result in _substitution of one

[

negativel y charge g derstood thatiike present inveation plsp ensompasges e mse @fber
char ged o8] du For pRtherces ahd ko |t HoUhA Sl fird A ang RpLRL 1Y

expected to prowlineD3 spqusinog disdidsed dguain,bue mthiqhr IV Gtibstantial identity thereto

- and thereby exhibit characteristic cyclin D2 activity as identified herein. Such

sequences will be considered to provide cyclin D2 nucleic acid and cyclin D2

proteins for use in the various aspects of the present invenﬁon. For example,

20 nucleic acid sequences er‘icodjng variant amino acid sequences are within the

'scope of the invention. Modifications to a sequence, such as deletions, insertions,

or substitutions in the sequence, which produce “silent” changes that do not

substantially affect the functional properties of the resulting polypeptide molecule

are expressly contemplated by the present invention. For example, it is

25  understood that alterations in a nucleotide sequence which reflect the degeneracy

of the genetic code, or which result in the production of a chemically equivalent

amino acid at a given site, are contemplated. Thus, a codon for the amino acid

~ alanine, a hydrophobic amino acid, may be substituted by a codon encoding

another less hydrophobic residue, such as glycine, or a more hy&rophobic residue,

30  such as valine, leucine, or isoleucine. Similarly, changes which result in

substitution of one negatively charged residue for another, such as aspartic acid



Al so, phosphomi netic nutations such as substitution ofl8J&cember28P3 aspartic
5 acid in a serine-specific protein kinase consensus: sequence can be
expected to produce a product mmking a constitutively phosphorzll at ed
Cyclin m,‘BP@%%'t'? Nucl eoti de changes whhch result in alter BET&RIBI683he
N-termnal and C term nal portions of the encoded pol ypeptide nol ecul e
woul d al so not generally 10 be expected to alter the activity of the

pol ypeptide. _.In.sone cases, it may jin fact . be desirable to make nutations
in the sequefRIEINAME ?féfi%nspaay‘f%lﬁéhé?g%&sx% foppaathes pah arysinfelor

bi ol ogi cal agdiphd “aRhishBE Ql%lcydaqg e Qfrce BAE Eﬂﬁﬁ' difications
Is well wt h?ltﬁght he routsi nees LT h}rt hgea?,?({;loggal?)ﬂ@%ﬁgﬁna nEejcriuCg? defini ng
the invention, nucleic acid (e.g. DNA) nmay be wused that has a coding

sequence that differs from.that set .forth . in SEQ I.D. _.NO, | . (nucl eotides
4-870) or from thid é‘r?t“‘l’}’f%‘?’{‘}?“t: gagpns sysh %d“gg“t’ﬂ?fb PE SFTiRR forsaspargy
wherein the geglifiLsepmetpedric ProteRPRInadd)BorzOitul GeRnkk Qant eEfREwLdWH! | bi nd
to nucleic acid having nucl eotides 4-870 of SEQ "I.D. NO. | or SEQ 1.D.
NO. 3 under P®dyes 3 prpduet misrikingiagensti@tivelyiphesphondated €yabin P2produtes a

pol ypeptide having cyclin D2 activity. "Stringent conditions" are sequence
dependent and will be different in different - circunstances. Cenerally,

stringent condi tNatlSotiieectikes wicH e indBesthti®Cof QWe NN itbaiindlngnd frer mal
mel ti ng point (Trg for the specific sequence at a defined ionic strength
P

and pH. The triming! ppgionsepdicaensoded palypeptifier malsaule onewld 2dsas netegrgenallsind pH)
t whi chyG0% t ‘ i dj t td hed
o obe, MO0 bR 808! s SORE e I Ao | 1 B LRS! LRI

pr obe. i ca stringent con
concentrat i obe idssimbld maskkahauitichsGin helsaquente [ ofdand dthidy tignpiscatofre i s
at |least about 60C. 30 k)n one preferred aspect, .the encoded pol ypepti de

will retain 2HH3en fhe bidlesicliactiv iy of the odneptide o fach: eftheypreposeflose of

the native Cyplifitafiéns iP Vel RERA HE rollaNd g}g%%p%ragphosphoryl ation sites than
native cyclin DI (9 sites) 18 Decenber 2 0/ 78119 PCT/ USQQO 16827 -13

and D3 (10 sites), and/or |acking cAWP kinase, Ca kinase, and/or CKIlI
hoaphor BT at | on B s Bk 3F e BRiRe e SFuRon, ToBleragid o BYALESY he
accordance Wided thdi®aPh @6&AE sequence that differs from that set forth in SEQ. LD. NO. 1
(nucleotides 4-870) or from: that set forth in SEQ. 1.D. NO. 3 (nucleotides 4-870),
- wherein the nucleic acid, or at least the coding portion thereof, will bind to nucleic
acid having nucleotides 4-870 of SEQ. 1.D. NO. 1 or SEQ. LD. NO. 3 under
20  stringent conditions, and which nucleic acid encodes a polypeptide having cyclin
D2 activity. "Stringent conditions" are sequence dependent and will be different
in different” circumstances. Generally, stringent conditions are selected to be
about 5°C lower than the thermal melting point (Tm) for the specific sequence at a
defined ionic strength and pH. Thc Tm is the temperature (under defined ionic -
25  strength and pH) at which 50% of the target sequence hybridizes to a perfectly
matched probe. Typically, stringent conditions will be those in which the salt
concentration is at least about 0.02 molar at pH 7 and the temperature is at least

about 60°C.,

30 In one preferred aspect, the encoded poiypeptide will retain
phosphorylation site characteristics consistent with those of the native cyclin D2

polypeptide, having fewer phosphorylation sites than native cyclin D1 (9 sites)



i nvention using site directed nutagenesis to reduce tHé?ﬁSﬁ‘BE?”Q?? or
elimnate 5 conpletely, its phosphorylation sites. Additjonally, cyclins Dl
and D3 nay beyogmékiiid ed to reduce the nunber of, or elim natem.}g}lw,
thejr phosphorylation sites using site dildected nutagenesis, to arrive at
D-type cyclins that nore closely enulate cyclin D2 in regard to

phosphoryl ati on capacity. Such nodifications can be achieved, for exanple,

by el i mi nating gaosplags ik, lafor A, BAMIP KRG 3 1B ChAdISr BRAT kinase

t hreoni ne, and replacing them w th non-phosphoryl atabl e am no acids,

pref er abl y non-pheaphpeylatiororsiten| and/emicnotabingl ondyudBSKS kinase phosghiocHatibm not

detrinental ly i t the confornmatign of .the of ei n. clins Dl and D3 may
2 50 be modi 11 ULy FUBRSIBB oreh Lifomay bt ead et AeoBanre A o6 Pyt ¢ h

cyclin D2 with a@diRaRGRE HE deci@UinaRBendsR 13! RU¥hEEHE AR (F, Eﬁl- ENiRfhate

cyciins 15 exhibiting functional characteristics .simlar to those
denonstrat e@ bycosmpi¢tely, i phesphetylationhsites. SdifidonablyheyclinstRhtand|D3 may be

dificati t h V€ VRE -CVGLI t Q,. id i fied t | i
navi ng. char act nPSkS VEeetite B8 sy P o el ORpRBLL BER shotaBhufidy, "
cyclin D2 her eisite§ esifig sit@dipdoddd@dtabbifssiy fif A€ive 8t Drypé e$¢iniRIBatt iBoretidbely

and/or inducibility) are contenplated as formng a part of the 20 present
i nvention. I n SiAecyshimBein segagbto phospharpiatipn ganacityn Suph sadificatiensicamay be

used that encaqge I ' . . ] ' eeue Lch. has
at | east about %7%@g’n#t% 3%% gy%trhgp g@‘é‘%{]@lﬁ%}ﬁ ﬁcﬁg%galt gea%rgb L gcggg }é\@éln% ty,
nmost pref erlébl ysesiné emd thrétmisd) and r&Patingitiata with nohiphoéplordaiable @agind asgiguence
set forth in SEQ _I P NO. 2,%§r SE&. |.D. No.. 4 or with at | east one
significant | eré?%mb y @onghanged, cnon-pejan amine geidy such a1 gylarine skbigh o not
thereof, and W&ﬂn&ﬁh%ﬁﬁﬁ%dc@?h@@&&@ﬁﬁﬁﬁm%f%& garagin‘?‘ctgt‘ﬂ'iﬁsy D1 aH3eD3 may

pol ypepti de may, for exanple, have anam no aci d sequencte which has at

| east about 70%lsB8bemelifi@D% repdarei one o foraothes ragiods rof siondesnd6fy 28t of

SEQ 30 I.D. NQ SEQ. 1.D. . whi ch represent a region in which
oycl in D2 di 11 cvein i, R roreortine 237 4°uRs. thafbERE Sombrric p-oRs e
herein, is 1isnt endasiid® fifeAdnal RAAGERFstd Nihithy tPthod€ emBh§tfied ¥y YRR DNY
sequence information using the 18 Decenber 2003 WO 00/ 78119 PCT/ US00/ 16827
-14 advanced BLXSTcofperccandrothernpotential inendificagioss tenative B-&perayplinhe

Nat i onal :

provide modified D-type cyclins having characterizing activities consistent with
those demonstrated by cyclin D2 herein (e.g. maintained DNA synthesis in
response to insult and/or inducibility) are contemplated as forming a part of the

20  present invention.

In another manner of defining the invention, nucleic acid may be used that

‘encodes a polypeptide that has an amino acid sequence which has at least about

70% identity, more preferably at least about 80% identity, most preferably a least

25 .about 90% identity, with the amino acid sequence set forth in SEQ. LD.NO. 2, or
- SEQ. I.D. No. 4 or with at least one significant length (i.e. at least 40 amino acid
residues) segment thereof, and which polypeptide possessés cyclin D2 activity.

The polypcpﬁde may, for example, have an amino acid sequence which has at

least about 70% , 80%, or 90% identity with amino acid residués 200-280 of SEQ.

30 LD.NO.2or SEQ. LD. No. 4, which represent a region in which cyclin D2 differs
from cyclins D1 and D3. Percent identity, as used herein, is intended to mean

_ percent identity as determined by comparing sequence information using the



Institutes of Health, USA. The BLAST programis based. lélpelcﬁéb%{lzlo%rrent
nmet hod of Karlin and Altschul, Proc. Natl. Acad. Scii USA 87:2264-68 (1990)

and as di aé)u'%?,sgl Altschul, et al., J. - MIl. Biol. 215:403-10 (1990);
Karlin and 8hu| Proc. Nail. Acad. 1451 . USA 90: 5873- 7 PCTOL89/1683hd

Al tschul et al. (1997) Nucl ei ¢ Aci ds Res 25:3389-3402. Briefly, the BLAST
program defines identity as the nunber of identical aligned synbols (i.

nucl eoti des or n _ﬁ divided by the total nunber of synbols in the
shorter of tH&Y %d%&q%e Compuies Programy &rsiaeg-Ofe ayaikably Eoﬁ’e@é%\]ﬂtﬁﬁ’éﬂper cent
dentit t

dentity ovelnidied ¥ HEMENGSA, Ofrnk LRSS ge ggarr& 500 off WP HiSfiment (1)

Preferred default paraneters for the astp, in
descri ption dnetbabof Kajinmndedtschel, PeooWNatllAcad. Byi. KAFA 8?12236468:(1090) qer anet er

Bxi stence. 112 R0 R P 3L T2 oL, Bade 22240090 QoBRoKEER St che
and _ m snat chgechul Bﬂ;cawa@kSAE&wmblmA be:5B1I B N6 Rt d Aﬁs@ﬁl&eﬁ% din 15

Heni kof f, S. and Heni koff, J. G-, Proc. Natl. Acad.” Sci. USA 89: -10919
(1992) ; Pear Nusleioph@ids Rey. @5 33§8r3402 Bma@y,mﬁammgagogrmdemnn@ﬁtxass and
Heni kof f, ram al so u EG
filter to - ﬁ(nlf[#lgrg)g?%é%fz' 'Ig%F %é ﬁ‘i% CH8T PN A 8”5@?%1 he SEG

progr am of \n@mhet mmjamdleedeshﬁbolmt@bﬁemhaﬁﬁmséqtfeﬁcc%? Tt
(1993). 20 In another, form nucleic acid nmay be used that includes a coding

sequence t hé‘iayht?fs“%Fl tpdetqrming, percenbidertithtdvey the GIHII‘P H@lg@béf g potettison of
t he nucl gpti S
€0 @@mg , ??éfctfrﬁl tdQ{a'uF Tar etbrs Jor '&% can t gir‘]aé'? bl?:(lst _

(nucl eotides 4 one ‘si g
| east - 100 nuddohwle: c{éS)descammnt OQSOUhQZ)E‘E&pecﬂﬂ@hlwldthO]U@beKﬁilﬁCAlﬁkcﬂiﬁlCOdeS a
pol ypept i de Eossesm ng characteristic cyclin D2 activity as identified

herein. The RARMEE At Pd7Ha(d) fi%llﬂe@@&ﬁmléﬁarmer Ié 8847} dSseapnroneltiesihi ch
has at | east gahoish. Q%63 el?éfo?co d&ﬁ%rvaﬁlg%- 4%Yge824. | gf‘gc%%c%z%gtmat&%d/ ' dent | ty

wi th nucl eotides 601 to for am no acr
NO. 1 or. SEQan@chdtDaﬂuncBOachse fmnzl émtthdeBEGSiﬂMGE rﬂmﬁxb& @medi }fml [ nked

Lo, & broge eﬁ-[r?n‘@(%&gﬁpewlaﬁpn DB &I A0S R 4248 8o Vs’ 8530515 fgbionuc! €' ©
(1992); Pearson, W.R., Prot. Sci. 4:1145-1160 (1995); and Henikoff, S. and
Henikoff, 1.G., Proteins 17:49-61 (1993). The program also uses an SEG filter to
mask-off segments of the query sequence as determined by the SEG program of
Wootton and Federher Computers and Chemistry 17:149-163, (1993).

20 )
In another form, nucleic acid may be used that includes a coding sequence
~that has at least about 70% identity with the coding portion of the nucleotide
- sequence set forth in SEQ. 1.D. NO. I or S-EQ. LD. NO. 3 (nucleotides 4 to 870),

or with at least one significant length (i.e. at least 100 nucleotides) segment -
25  thereof, and which nucleic acid encodes a polypeptide possessing characteristic-
cyclin D2 activity as identified herein. The nucleic acid may, for example, have a
coding sequence which has at least about 70% at least about 80%, or at Jeast about
- 90%, identity with nucleotides 601 to 843 (coding for amino acids 200-280) of
SEQ. LD. NO. 1 or SEQ. LD. NO. 3. |
30

The nucleotide sequence may be operably linked to a promoter sequence

as known in the art to provide recombinant nucleic acid useful in a variety of



WO 00/ 78119 -15- PCTI USO0/ 16827 appl i cations i ncl udi nd® HssembstZMie, in the
provi si on of vehicles such as vectors for functionally introducing the
nucl ei ¢ aci cjwi 3 to manmal i an or other eukaryotic cells. As defined herein,
a nucleoti deV 28 ee is "operably linked"jsto another nucl eoPFHYSEEKEENce
(e.g. a regulatory elenent such as a pronofer) when it is 5 placed into .a
functional relationship with the other nucleotide sequence. For exanple,

if a nucl eotide sequence is.operably linked to a pronoter, sequence, this
general |y meandPREATIORS, elidinth Jor Seaupley iBribe Arevisional JBisles ek 3 fgctors

promoter and fHeruREIHRAIS inodtchig de hl8lekaREE i % h%&%h?o&@@%&%! on
of the gene. A wide variety of pronoters are known in the art, 1ncluding
cel | -speci fic pelotierdsfingd heredmicd bialegsidenssguensesin d'operablyilinked' &0 pnaghart er s.
The pronoters sel ected, so_ that .the desired,.product produced.from

t he nucl eoti deggéa%gdr?c W%‘?F& % "ll§eguéﬁ’t%‘a'u%lgﬁwB{)ﬁ%ﬁkﬁp%?iR7%T tef%nw e % % get
cell's. Al tefnaphkyd iﬂlb%rﬁti&nﬂl!&laﬁ@ﬁshi{) Reide itk BcHRr QNBleblide SameRR. SEkgCt ed
that require activation by activating elenments known in the art, so that
producti on of ExENRlesH pauiclrogde sequense iscopesailiy linked tosa prompies seauencs: this|
further, prono . LT L. Pt J: , ne in
one. or tore sePEstaly et HIAMERLRGPAIRAR LEBNTSIOLP M InG pronler A
pronoters. |n thepprefmaterethitdgabt cafacitheo ipporaotel teanscriftibnCofcthe geh® - Auwideot i de
sequence is operably linked to a cardionyocyte cell|-specific pronoter, for
exanpl e, provi %Yz{f POMAteRs et KRaWre ibsthy &8s iapludng ¢rdl-spgeifisopromoters,
sequence i fgcat h Mt [ - i.d 1S

i ncl ude t hgo a- mgﬁ&ﬁeavyc%%hn gtgta&l\/?—léé?m%?d(}gn%i :ﬁ@:&gﬁ@*ﬁyﬁgg ﬁ% ea%f/1
chain (P-VHC) po ¢hadttbe desibe] pyogimcnpiadgéed frohmihe- 2\¢1€dUdE-2iflenpe aemplate, ist he

atrial natriuretic factor, ANFg/, qorﬁlrmter, a‘gﬁj ;Qf | i ke. Such constructs
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In a preferred aspect of the invention, the cyclin D2 nucleotide sequence is
operably linked to a cardiomyocyte cell-specific promoter, for example, providi'ng
20 for constitutive expression of the nucleotide sequence in cardiomyocytes.
Hlustrative candidates for such promoters include the a-myosin heavy chain (o~
MHC) promoter, the $-myosin heavy chain (8-MHC) promoter, the myosin light
chain-2V (MLC-ZV) promoter, the atrial natriuretic factor (ANF) promoter, and
the like. Such constructs enable the expression of the cyclin D2 nucleic acid

25 selectively in cardiomyocyte cells.

Another aspect of the invention provides recombinant nucleic acid that
includes a cyclin D2 nucleotide sequence operably linked to an inducible
promoter, such that cyclin D2 expression and enhancement of the proliferative

30  capacity of cells incorporating the nucleic acid can be upregulated in response to
an inducing agent. Ilustrative candidate inducible promoter systems include, for

-example, the metallothionein (MT) promoter system, wherein the MT promoter is
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retroviral vectors (see e. %h Prentice et al. J. Ml. Cell Cardlol
28(1): 133 140mvcnt10n is within the purview of those skilled in the area.

The present invention also concems vectors which incorporate a cyciin Dé

20 nucleotide sequence and which are useful in the genetic transduction of
myocardial cells in vitro or in vivo. A variety of vector systems are suitable for

these purposes. These include, for example, viral vectors such as adenovirus

- vectors as disclosed for example in Franz et al., Cardiovasc. Res. 35(3):560-566
(1997); Inesi et al., Am. J. Physiol. 274 (3 Pt. 1):C645-653 (1998); Kohout et al.,

25  Circ. Res. 78(6):971-977 (1996); Leor et al., J. Mol. Cell Cardiol. 28(10):2057-
2067 (1996); March et al,, Clin. Cardiol. 22(1 Suppl. 1):123-29 (1999); and
Rothman et al., Gene Ther. 3(10):919-926 (1996). Adeno-Associated Virus

: (AAY) vectors are also suitable, and are illustratively disclosed in Kaptlitt et al.,
Ann. Thora. Surg. 62(6):1669-1676 (1996); and Svensson et al., Circulation

30 99(2):201-205 (1999). Additional viral vectors which may be used include
retroviral vectors (see e.g. Prentice et al., J. Mol Cell Cardiol. 28(1):133-140
{1996); and Petropoulos et al., J. Virol. 66(6):3391-3397 (1992)), and Lenti (HIV-



(1996) ;. and Petropoulos et at, J. Virol. 66(6):3391- 331§Pe(°ir9@?)25)03 and Lent i
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Cellular & Ml ecular Biology 43(8):1165-9 (1997); M Aoki, et al., Journal
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vitro and in Véﬂfphﬁ\@rbe%?‘?cwcﬂ?& SecH&Ral & p %epl%rcgfng ug)l %5%10% %3’;]0&% to

constructs can be used for exarrp to 1 uce nuc

encodi ng a cyc¢arduomopytas eIlhlsurmi\@ teaﬂwhgsnya;d}etibuﬁ@rdr&‘eth;)w MCR(W Z4jdap
clin D2 activity that is

vitro, to achl v€lale tracelltibz{ i
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cells. An enhancedpﬁrol | ferative capacity can be evil d’ence or xanpl e,

by an i ncrl@aseSyrplx:He63- 3veilscg$s1¢u\|mﬁ& Hd898y; aBd Yamaclap st mnmzutar &

or el I aivi o1 4aPARP Bib0gy BTNk P 2180, W AR B il atole et e
can be noni t or@elilar Cardielky a9@):9423Di(0997)f VI SA¥AFDLE, Reriiaf Jﬂ%%zc &
Cardz_'avascular Surgery 113(3):512-8; discussién 518-9 (1997'); and I. Aleksic, et
al., Thoracic & Cardiovascular Surgeon 44(2):81-5 (1996). Thus, liposomal
20 recombinant expression vectors including cyclin D2 DNA can also be utilized to

tranduce cardiomyocytes in vitro and in vivo for the purposes described herein.

Nucleic acid constructs can be used for example to introduce nucleotide

sequences encoding a cyclin D2 protein into cardiomyocyte cells in vivo or in

25 vitro, to achieve a level of intracellular cyclin D2 activity that is increased relative
to the native level of the cardiomyocyte cells. Such increased activity can provide

an enhanced proliferative capacity to the cells. An enhanced proliferative capécity

can be evidenced, for example, by an increase in the level of DNA synthesis and
nuclear number (kariokinesis), andfor the exhibition of increased levels of

30  cytokinesis or cell division and consequent increases in cell number. DNA
-synthesis can be monitored in conventional fashion, for example by tritiated
thymidine inporporation analysis.  Cytokinesis can also be conventionally

detected, e.g. by standard cell counting techniques in vitro or in vivo or generally



t hyni di ne i ncorporation analysis. Cytokinesis can al sd3d&ceBbirefi? onal I y
detected, e.g. by standard cell counting techniques:in vitro or in vivo or
generally 18 Decenber 2003 WO 00/ 78119 PCT/ US00/ 16827 -18 by the
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to the cells. The present |¥vent|on makes avai [-abl e met hods which can be
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pur poses. Met.hods.for the 10 i,n vitro culture of cardi onyocytes.expressing
ot Foduced clppabbosoRes o8 Qe ickmoioit Sallierd Batmiy S USSR
under st ansli nge Qfeatdde wit! phartatSlogicNagemtse Wil indrédse CORMNC &2 a&tiyiyy 3bcal
agents which nodul ate cyclin D2 activity or other aspects of the cell -
cycl e, or i nprayidedueressed petliferative pefgwiialtethectells f or subsequent engraft nent
into a manmal , includi ng humans. 15 Cardi onyocyte cells to be cultured in
accordance with the invention can be derived froma variety of sources.
For exanpl e, théathepeeseiantaitionshads hvabie methadsivhiohrcaaWbet appHedindvitro
subsequent engraftment into that mammal (autografts) or another. nmanmal of
the same spe®l Viyafar sesearchsheppeglicyiscregnipgor Oiheripagposes- ( Metrags don s . The
cardi onygeyt | Siis ‘ | e | g A stem
ol s sy o8 B GuiRto oo P RES tecshlTehiofuced] /oD DAIA R B T
such as sonatsed, fdrememelel &n theadtudli dddomdurstanding of dar chlboyde,)inesteeniGgner al
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D605 305 anlPrehagsl o Py Hop B RsAghich mopNa fyelp LR A v AR ARE v e,
the 25 genet pe DN SREd, 08 9 thBCANRRE adfecﬁrhﬁ)r@b%kdenpa% TYE | sBbseqastd My
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vectors to i engrafiuen intha mammial, ingbeding bhmiags.aci d operably linked to a
cardi onypeyt e-specific pronoter, and nucleic acid enabling the selection
of cardi omyocytes fromother cells . _

' Cardiomyocyte cells to be cuitured in accordance with the invention can be

derived from a varietj of sources. For example, thcy may be harvested from a

mammal for culture and subsequent engraftment into that mammal (autografts) or

another mammal of the same species (allografts} or a different species

20  (xenografts). The cardiomyocyte cells may also be derived from the

differentiation of stem cells subh as embryonic stem cells, or other similar

plunipotent cells such as somatic stem cells that differentiate to cardiomyocytes.

General methodology for such derivations is disclosed in U.S. Patent Nos.
5,602,301 and 5,733,727 to Field et al. In this regard, when so derived, the

25  genetic modification to incorporate the cyclin D2 nucleic acid may take place at

“the stem cell level, for instance utilizing one or more vectors to introduce the

cyclin D2 nucleic acid operably linked to a cardiomyocyte-specific promoter, and

- nucleic acid enabling the selection of cardiomyocytes from other celis

differentiating from the stem cell and/or at a differentiated levél e.g., including a

30  selectable marker gene oferably linked to a cardiomyocyte — specific promoter.

Nucleic acid enabling selection of transformed from non-transformed stem cells

may also be used in such strategies. Such selection of the stem and/or



differentiating fromthe stemcell and/or at a differ dREIEFRFPAR e g. |
including a 30 sel ectabl e marker gene operably |inked to:a cardlonyocyte -
speci fic progplyghsire NUcl ei c acid enabling selection of transf %%g {4]5959
non-transforne stem cells may also be use@l-in such strategie

sel ection of the stem and/or 18 Decenber 2003 WO 00/ 78119 PCT/ USO00/ 16827
-19 cardionyocyte cells may be achieved, illustratively, utilizing a gene
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for instance containing 90% or-riore cardi onyocytes, may be transforned
with a vector having cyclin 1D2 nucleic acid operably linked to a pronoter

(optionally cardi ougigyk@nSeariddrived e citesd Ao Vgenetld Ems@fiBatiod 1@
different vector may al so be used to introduce other functional nucleic
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anot her cell cycle regu carr
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acid sing a t e I
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In one mode of carrying out the invention, left ventricular, right ventricular,

left atrial, or right atrial cardiomyocytes, or a mixture of some or all of these, may

20  be genetically modified in vitro to incorporate functional cyclin D2 nucleic acid
using a suitable vector as disclosed above. Cells to be genetically transduced in

such protocols may be obtained for instance from animals at different
developmental stages, for example fetal, neonatal and adult stages. Suitable
animal sources include mammalé such as bovine, porcine, ecjuinc, ovine and

25 murine animals. Human cells may be obtained from human donors or from a
patient to be treated. The modified cardiomyocytes may thereafter be implanted

into a mammal, for example into the left or right atrium or left or right ventricle,

to establish a cellulaf graft in the mammal. Implantation of the celis may be

_ achieved by any suitable means, including for instance by injection or
30 - catheterization. In addition to the cyclin D2 nucleic acid, the cells rnay also be
modified in vitro to contain other functional nucleic acid sequences which can be

. expressed to provide other proteins, for example growth factors such as nerve



to establish a cellular graft in the mamal . Inplantatﬁ&%mS?b?ﬁgocelIs may
be achi eved by any suitabl e neans, including for instance by injection or

catheggbﬂéﬂé ? In addition to the cyclin D2 nucleic acid, the cells
nay also b Wed in vitro to cont ai_gnot her functional rRIEIVEFR/I88A7d
sequences which can be expressed to provide other proteins, for exanpleé
grom h factors such as nerve 18 Decenber 2003 WD 00178119 PCT/ USOO 16827
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increasing cellular proliferative potential te ce

cul ture, andpisttienwhich dotas gorfactons rwlﬂrmhaIIRanbecreamn@whhmrfprcdrfeﬂahec hear t

of a transgenltngﬁl mal (especially manmmal ) expressing introduced cyclin D2
nucl ei c. acig- ng known techni ques, transgenic aninals which harbor

I ntroduced cyclin D2 nucleic acid in essentially all of their cells can 10

be raised, and used either as a source for harvesting culturable
cardi onyocyte &eFfigmyecys eplisnfer calfare gnd potentigk implantetion cmag rilsagbe

pur poses. : n Vi ne [Ci equi ne, Qvine or
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cyclin D2 nubRindageqrdntrodnced eyelinby snclpisccish insssasinhy ﬁ%oéﬂ'@lf gellpgamucl ei ¢
acid, f in i.bed (0] r car di al
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vector w || be 0 eral%ﬂ‘y | i nked to a cardi onyocyte-specific pronoter. The
del i very of &t AVIRE, PPEINE PILRT wva%r’é\r@wner ahimalis may e uggd as

i nj ection, Cﬁuh@s%mafcmom% g}té‘éé{}%'o? bl 1B Ge1 Pk&%ﬂx gytream It wll be
understood that any node of l'ivery I ch ena es t est abl i shnent of
transduced cardi omyocytes within the nyocardl al tissue of the recipient
mamal 1.& 25 copie Iat eing wwthint present- invention. A single
del i veryﬁof the%ve s nd?lveﬁgoﬁs 3° Pﬁ”"’f‘}‘ﬁh Pl @cdﬁF’?"\}’érl #Fé‘é‘P of

si mul t aneouscadiofi4@Eytes M Y to introduce functional cyclin D2 nucleic acid. An

expression vector containing cyclin D2 nucleic acid, for instance one as described

above, may be delivered to myocardial tissue of a recipient mammal, to achieve
transduction of cardiomyocytes in the tissue. In preferred nrodes, the cyclin D2

20 nucleic acid in such vector will be operably linked to a cardiomyocyte-specific
promoter. The delivery of the vector can be suitably achieved, for instance, by
injection, catheterization, or infusion into the blood stream. It will be unde_rstood

that any mode of delivery which enables the establishment of transduced
cardiomyocytes within the myocardial tissue of the recipient mammal is

25 contemplated as being within the present invention. A single delivery of the
~ vector may be used, or muitiple deliveries nearly simultaneous or over time may

be used, in order to establish a substantial population of transduced cells within

the recipient. The transduced cells will then express the cyclin D2 protein, for
instance under the control of a constitutive, inducible or cardiemyecyte-speciﬁc

30  promoter, and thereby be reactivated to the cell cycle and exhibit an enhanced

proliferative potential.



be used, in order to establish a substantial popul ati SR DSFeERL A% ced cells
within the recipient. The transduced cells will then express the cyclin D2
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cyclin D2 DNA 't nked to a | onyocyt e specli fi1c pronoter, escribed in
Exanpl es 2 and dichssedwbove; vidwxpre2fiopan theguifted ongr kivo imusdeaskeelisn
proliferative potential in response to treatnent with isoproterenol were
observed in the left and right atria of the transgenic mce. In the right

atri am of transgeninCanGitee a¥ebhdtihe indeNior it A9 BEQL B5RREYed iR abfldthyodyia
| abel i ng i ndex (thym dine i ncg{)Borat‘l_on anal ysis) was 0.09% In
correspondithg havias ipgressed syplitoPe rewaly eancke previded which; frgfespenseitalcontagtel i ng
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& potential. For example, such increases in proliferative potential have been
observed in the hearts of transgenic mice carrying cyclin D2 DNA linked to a
cardiomyocyte specific promoter, as described in Examples 2 and 3 below. Iﬁ this
20  particular work, increases”in proliferative potential in response to treatment with
isoprotereno! were observed in the left and right atria of the transgenic mice. In
the right atriam of transgenic mice without in vivo isoproterenol treatment, the
labeling index (thymidine incorporation analysis) was 0.09%. In corresponding
micé with isoproterenol treatment, the right atrial labeling index was 0.29%.
25  Dramatically, in the left atrium, the labeling index was 0.31% without in vivo
isoproterenol treatment, and 7.28% with isoproterenol treatment. Still further, as
discussed in Example 8 below and illustrated in Figure 5, the culture of left atrial
- cardiomyocytes harvested from the transgenic cyclin D2 mice in the presence of
isoprotcrehol provided a substantial increase in observed nuclci in culture. These
30 surprising discoveries provide access to methods in which the proliferative
potential of carcfiomYocytes can be increased in vitro or in vivo utilizing enhanced

-cyclin D2 activity in combination with administration of or treatment with a




| soproterenol treatnment, and 7.28% w th isoproterenol 1?P§g§lﬂ%ﬂﬁ@90%ti |1
further, as discussed in Exanple 8 below and illustirated in Figure 5, the
cul.ture of. left atrial cardionyocytes harvested fromthe transgenic cyclin
D2 mce i WeA¥ 8 %sence of isoproterenol provided a substapCTasot/esIease
I n observed nuclei in culture. These 302%urpri sing di scoveries provide
access to nethods in which the proliferative potential of cardi onyocytes
can be increased in vitro or in vivo utilizing enhanced -cyclin D2
activity in msiablenagenon Inithls mdaidniilbustativorandidae dgeant foenthessi plirpasel 8
Decenber 2003 0Q/ 78119 PCTIUSOCO 16827 -22 suitable agent. In this
regard, il JOFMEE; ArIPEIG  a8eBlge (P ckampleh esadrenargis sang/on Beadrerergic
phar macol ogi for . X rgi - ergic
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recept or agoni ome 0 are known to rophAIc age
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phar macol ogi ¢ agents nmay be T eadi screened an eir
capaci ty to $ivenskeseachingphantinf thesst andeothet plmrinatologiccapedisanypby rerdilgl | s
havi ng enhang cyclin activity. 10.1n one utilization.of this

i scovery - carsntd nd Mennet tartheit caeiny da Siiierse th PROUITEU Y pORRGH of

i ncreased cajagdiomyoeptt el ilvingemfhndtd chelieMiRlivitp response to ~the agent.
For instance, the agent may be incorporated in the culture nedium during
culture & the cells for subsequent inplantation in the heart, and/or the

|1 15 aft ' ' i ted with th lent ti I
peri odically 1 ot Serufaidh, S MRCalbE G et briGaRERL sePlidu F551 0 her
utilizati on,capitalizigrpaby irefeased EdidioRBRKteqiroRfefRIE o] RerdspeReqd | n

vivo to enhgtgce t hei cyclin D2 activit and then the agent can be
adm ni st er ed¥ 8
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to manmdPs, afierimglantation can be treated with the agent continuously or periodically to
- sustain the increased proliferative - potential. In another utilization,
cardiomyocytes in the heart of a mammal may be treated in vivo to enhance their
cyclin D2 activity, and then the agent can be administered to the mammal to
achieve an increase in proliferative potential.
20 ”
- Cellular engraftment and/or in vivo genetic modification in accordance with
the inventiorklr can be used, for example, to deliver therapy to mammals, including
: humans. A variety of ex vivo cellular transplantation and implantatibn techniques
and gene therapy techniques are thus contemplated as forming a part of the
25  invention. These may be used to target an improvemcnt of the contractile function
| of the heart of the patient, for example in the treatment of contractile losses due to

infarcts or cardiomyopathies.

- The present discoveries also provide access to methods for screening the
30 activity of biologic, pharmacologic or other agents upon cardiomyocytes using
cells of the invention. For example, access is provided to screening for co-factors

or other conditions which, in combination with the enhanced cyclin D2 activity,



humans., A variety of ex vivo cellular transplantation lgrPcFC?rﬁ% r&ﬁ %t I on

techni ques and gene therapy techniques are thus contenplated as formng a
part of the 25 invention. These may be used to target an inprovenent of the
contractil e wonatsion of the heart of the patient, for exanplecrisdofies2y
treatnment of contractile |osses due to +BBarcts or cardionyopathies. The
present discoveries also provide access to nethods for screening the 30
activity of 'biologic, pharnacol ogic or other agents upon cardi omyocytes

using cells of ldaeo intveasid ediofryocy prgll feratids GESAtidl Bs AMAYIARGr P re3F&RENI NY
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| eft atrium - Thessencansdgbaileft amiinn DBe nranegahis cycle D2hatied resceivadliRrdihe use

of autonmated techni gques tq discover the presence or absence, or. relative
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exanpl e, based on its differential pattern oJf" expression in responding
versus nonlQ estheigimgThaidently of shmenfectoxis) aag bessmblishet efbr eaamhplegbmed okor

exanpl e, gene ¢hi echnol differential display, ‘and subtractiye

hybri di zat i on g%%ﬁ%éé% %ggg’at%ﬂ% R SBRTREsIQn ‘“c‘&PP"“gB‘%F;S%/‘ﬁi 'E‘Ehfe_ﬁmdéféﬂﬁﬁ Ct hose
gene products wimplés asiagdistdierpat itéﬂhhlﬁfu@%.WF&ﬁ%ﬂaﬂn{ile}EgénEecﬁi SRERRIVGS;,
versus non-responsi ve ‘cardiac tissue, The use of cardionyocyte- enriched
sanpl es, as wefliffereatialdisplay, andswbgnetiver hybridivation approgeiiisc amoag wihersasat d

permt screenigg bddSto ; - - L4 G | rs ich are also ..
differentially %’gg?i(kassedaé}?&g.ﬂﬂ%ﬁggg@%iﬁlgtsss@g&?ﬁren%yﬁt{%eélln&{l%%gswgé? and
those whi clb arthe regponsive adrsys hodtespohsive qirdiat tiesuatl i THe et bs caﬁﬂﬁ@@kﬁeyd y).
Ventricul ar . and/ o i ght. 20 atrial cardi onyocytes can then be nodified to
enhance t heir %{mcin?ci §,a91mjes,, é&g&h&s @palogous samples from non-transgenic tissue, would

pf:rmit screening against those non-specific factors which are also differentially

expressed (i.e. those expressed in non-cardiomyocytes, and those which are

generically induced in proliferating cells, respectively). Ventricunlar and/or right

20  atrial cardiomyocytes can then be modified to enhance their ability to respond to

agents a_s_do the left atrial cardiomyocytes. For example, right atrial or right or

left ventricular cardiomyocytes can be modified (e.g. transformed) in vitro or in

-vivo to increase expression of one or more proteins which are co-factors for cyclin

D2 in responding to the agent, or can be so modified to decrease expression of

25  inhibitory factors. In this manner, additional agent-responsive, proliferatively-

enhanced cardiomyocytes are provided.

EXAMPLES
30

For the purpose of promoting a further understanding of the principles and

features of the present invention, the following specific Examples are provided. It



agents as do the left atrial cardi onmyocytes. For exan‘d é),ec?l?l%rtzo%%ri al or
right or left ventricular cardi omyocytes can be nodified (e.qg.
transfornmed) in vitro or in vivo to increase expression of one or nore
prot ei ns WHE¥/ 1Y co-factors for cyclin D2 in respondi ng tecTiUser/sgent , or
can be so nodified to decrease expressioifof 25 inhibitory factors. In this
manner, additional agent-responsive, proliferatively- enhanced

cardi onyocytes are provided. EXAMPLES 30 For the purpose of pronoting a
furt her undemstlardimdprsibod higat gheésecEpdmesienat infendtdine dedfiuthaver agemnit

I nvention, the f.oll V\f_ln speci fic Exanples are provided. It 18 Decenber
2003 WD 00/ 7 5“3’024 e %0/ 16827 ' will be understood that these
Exanpl es are intended to be illustrative, and not |limting, of the

i nvention. EXAMPLE 1 5 Preparation of a MHC CYCD2 Fusion Gene A MHC- CYCD2
transgene was . constructed using t hEXAMRBKEd pti onal regul atory sequences
of the nolise a-cardi ac ny@s¢pardtianof aVEICGCYNIBD FusioreGamed a ¢DNA encodi ng
mouse cyclin D2 (CYCD2) protein. The MHC pronoter 10 (SEQ |.D. NO 5)
consisted of 4.5 kb of _5' flanking sequence and | kb_of the gene
enconpassi ng exong® Méﬁ%@%u‘ﬂ'ﬁlﬁéﬁﬂq s uepnsuetpd ysing ithe itwpscEiptonal

Qulick, J. '  cedner) , 66 - : cDNA
cncompassed HATaYegaReE b HERRye At heqd it ailCS e o)
(EE_Q. 1. D t Ne. cDINA ;mmﬂiu%mcgmlaga)gﬂli&?_)b{(ﬁ}@[ﬂ)sprowéﬁnf’tfheém}aggprggigﬁpg 23e
chain reacti - : anpli fi n use heart [
(Kim K K e?ggiéHDJ ﬁéi %} .(:0%1%(5?4 oggékﬂéggé’?ﬁoﬂl@% sequsggy pud Fi@ ofnthegrity

f the CYCD2gghdNdhy j - - P g, of the
cense. pri mer Sona SORRARE HGRA-Dtn S SR IIHRI IR R FialOR ORI PRR " 1
No. 7). The §e%méné-e’31'9f- GHew. 266:018@7485 (h0HBr The <" ¥CDZ CONPCAndGABaBEC AAC
ATC CCG CAC ﬂge&%@ r%sid%gs #Z%%g 143’; Iaengla%k ggc'ess-io_r-lr Q&8§yﬁé)) (gﬁbl. YDr %1%' ?)r]

transcription _
' and was generated by reverse transcriptase-polymerase chain reaction (RT-PCR)

15 amplification of mouse heart RNA as described (Kim, K.K. et al., J. Biol. Chem.
269:22607-22613 (1994)). The integrity of the CYCD2 cDNA was confirmed by
sequence analysis. The sequence of the sense primer was 5' GCT ATG GAG
CTG CTG TGC TGC GAG GTG GAC 3' (SEQ. L.D. No. 7). The sequence of the
antisense primer was 5' TCC TCA CAG GTC AAC ATC CCG CAC GTC TGT 3*

20 (SEQ. ID. No. 8). . The SV40 early region transcription

terminator/polyadenylation site (nucleotide residues 2586-2452) was inserted
downstream from the CYCD2 cDNA insert. The resulting transgerie, desi‘gnated
MHC-CYCD2, was digested with Nru I and transgene insert was purified by
agarose gel elecrophoresis and eluted with Geneclean glass beads. A map of the

25  transgene is provided in Figure 1.

- EXAMPLE?2
Generation of MHC-CYCD?2 Transegenic Mice

30
The MHC-CYCD?2 insert prepared in Example 1 was purified and injected

into one cell embryos following standard procedures (Hogan, B., Manipulating the
Mouse Embryo, Plainview, N.Y. Cold Spring Harbor Laboratory Press, p. 497
(1994). The resuiting 34 mice were screened for the presencé_ of the transgene,

35  and 11 were identified as being transgenic. No obvious morbidity was apparent in



term nat or/ pol yadenyl ati on site (nucl eotide residues i%ggc‘ﬂ%ﬂﬁ)zo%s
inserted downstreamfromthe CYCD2 cDNA insert. The resulting transgene,
desi gnated MHC-CYCD2, was digested with Nru | and transgene insert was
purified by WRYMfI8E® gel el ecrophoresis and el uted with GenecPEHHSe/LEs27
beads. A map of the 25 transgene is provi'-’ééd in Figure 1. EXAMPLE 2
Generation of MHC- CYCD2 Trans genic: Mce 30 The MHC- CYCD2 insert prepared
in Exanple 1 was purified and injected into one cell enbryos follow ng

st andard procedig Emndepyaes. - Bight Mhict pendamlngeletted aud paceBribrresdingPeagesvi ew,
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designated 10, 9, 5 and-.3. Sanples fromtwo individual mce fromeach
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pepsiarin 1 gMiPePtburt MR Ry of it oS0 1 bl A bl ot reac

1% vol /vol ~ NomNgigdet B=41)) Th hermdeemecnal QeBSbe LaRfiREaM StLddok YIREhen at

40,000x g for 10 10 mn, and the protein content of the supernatant was
quant i t at efQusimg. @ndcthempreteial castsuly of Bibe- RpgrnaRint hwas djuamlitate8anpings a( 60
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Tween, 1 x PBS) tor _
-~ 15 methanol, 10% acetic acid to assess the efficiency of transfer. For Western

analysis, nonspecific binding was blocked by incubation in  block buffer (5%
‘nonfat dry milk, 3% BSA, 0.1% Tween, 1 x PBS) for 2 hr at room temperature.
The antibody used in this study was a rat monoclonal antibody against cyclin D2
(Oncogene Science) at a working concentration of 2.5 jg/ml). Western blot
20 ahalyses revealed that high levels of cyclin D2 protein were present in the hearts
of the adult transgenic mice. Other Western blot analyses failed to dcteci elcfated
levels of cyclin D2 in all other tissues examined, consistent with the known

myocardial specificity of the MHC promoter.

25 EXAMPLE 3
Demonstration of Increased Cardiomvocyte DNA Svynthesis

A thymidine incorporation assay was used to determine if cardiomyocyte

DNA synthesis persisted in adult transgenic MCH-CYCD? aniials. This testing

30 aiso employed a second transgenic mouse line, designated MHC-nLAC. The
MCH-nLAC mice express a nuclear localized B-galactosidése (BGAL) reporter
_gene exclusively in the cardiomyocytes (Soonpaa, M.H. et al., Science 264:98-101
(1994); Soonpaa, M.H. and L.J. Field, Am. 1. Physiol. 272:H220-226 (1997)).



The antibody used in this study was a rat nonocl onal &ﬁ@ﬂﬁ&f&?ﬂf&&% nst
cyclin D2 (Oncogene Science) at a. working concentration of 2.5 g/m).
Western bl ot 20 analyses reveal ed that high | evels of cyclin D2 protein
were preserfobgmsifve hearts of the adult transgenic mce. Oggaiustbacesn

bl ot anal yses failed to detect el evated-28evels of cyclin D2 in all other
ti ssues exam ned, consistent with the known nyocardial specificity of the
MHC pronoter. 25 EXAMPLE 3 Denonstration of |ncreased Cardi oMocyte DNA

Synt hesis A t Rydirsb n@arﬂi&ﬁﬂfo@ﬁéaﬁiﬁ&daWdﬁﬁs léb%ﬁﬁ tidiies & Be ifcfad%y
cardi onyocyte DNA syntheésis persisted’in adult transgenl C

ani mal s. Th| sOht@s@d with3be MEG-ndA(l eyishlesimplivbyl smqnegécm a-levalization o,

desi gnat ed AC .n ce eXBrLess ., nuc Ioc
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(Soonpaa, . M Hndélyi-B-D: gabiRiteqXR6AT I Staitl hebrt 38tions Strarimﬂmr MadeffepdsL. J.

Field, Am_J. Physi ol .~ 272: H220- 226 (1997)). 18 Decenber 2003 WO 00/ 78119
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doubl e transgenic m ce, whereas no DNA synthesis was observed in the
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observed in the adult MHC-CYCD2 mouse hearts, a series of experiments was

initiated to ascertain how the transgénic myocardium would respond to cardiac
hypertrophy. Osmotic mini-pumps (Model 2001, Alzet, Palo Alto, Caiifornia,
flow rate of 1 pl per hour) filled with saline or 0.028 g/ml isoproterenol in saline
20  were implanted throngh a small longitudinal incision between the scapulae. 8
.control mice (MHC-nLAC) and 8 cyclin D2 mice (MHC-nLAC/MHC—CYCD2
double transgenics) were used. In the cyclin expressing mice, continuous
administration of isoproterenol for 7 days resulted in a 47.6% increase in heart
weight/body weight. In control mice, isoproterenol treatment resulted in a 28% -

25  increase in heart weight/body weight as compared to saline treated animals.

Prior to sacrifice, the experimental and control mice received a bolus
injection of tritiated thymidine to pe_rmit asscsément ‘of cardiomyocyte DNA
synthesis. After a 4 hour chase, ther animals were sacriﬁced, and the hearts were

30  harvested, cryoprotected, sectioned, stained with X-GAL and subjected to -
autoradiography. Once again, cardiomyocyte DNA synthesis was measured by

scoring the presence of silver grains over BGAL positive nuclei. A huge increase



observed in the adult NMHC-CYCD2 nouse hearts, a seri egsaecgﬁ%eérzp%nts was
initiated to ascertain how the transgenic nyocardi umwoul d respond to
car.diac hypertrophy. Gsnotic mni-punps (Mdel 2001.. Alzet, Palo Ato,
California, wobeowiate of 1 | per hour) filled with saline orpOr@R60/asy

i soproterenol in saline 20 were inplanted2through a small | ongitudinal

I nci sion between the scapulae. 8 control mce (MHC-nLAC) and 8 cyclin D2
m ce (IMHC-nLAC/ MHC- CYCD2 doubl e transgenics) were used. In the cyclin
expressi ng mi cis,the teft amnastioragvdyrd kbeliig Miden fwds dRERES € i) MHT-CrdBy S
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hour chase,. th nimal s were sacrificed, .apd the hearts were 30 harvested,
cryopr ot ected, gfstg%sfi’%’ﬁ%afas Jiogrrately ﬁfﬁrﬁas?d&f’?%gegﬂb'j"m hag no effect on
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scoring the presence of silver grains over J3GAL posiTive nucleli. A huge
i ncrease 1 S Decenber 2003 WD 00178119 -27 PCTI USO0/ 16827 in the left atria
cardi onyocyte | abeling index was obser%t he MHC-CYCD2 mice follow ng

i soproterenol treatnent (0.31 %for th Fsoproterenol -treated group
versus 7.28% for the isoproterenol-treated group). DNA synthesis in the
right atriumof—MIC-CYCD2 mice was nnderately increased, and in the
ventricle off_thesédMificce wad nitightheiym deqr eabefi Atignpr ot|er endlentricdat nen
had no effect] @nuadar di onyoqyte DNA synthesgis in the non-gyclin expressing
control group. TABLE 3,10 MjceRi ght Atriunieft At r%unﬂen-t-ni cle CBnt r ol

Uni nj ur ed0%0%0 % glgbqrgq er endl 09%Q%Q%%° 0% Yo

—

Isoprotereno] 0% 0% - 0%
MHC-CYCD2 _ | , —

Uninjured 0.09% 0.31% 0.24%

Isoproterenol 0.29% , 7.28% 0.11%

10

The above data demoﬁsuate that transgenic animals exprcésing cyélin D2
ha\._'e sustained atrial and ventricular cardiomyocyte DNA synthesis, and that the
rate of atrial cardiomyocyte DNA synthesis is dramatically increased inresponse

15 to the administration of isoprbterenol. Pulse chase experiments Were_ crhployed to
determine the fate of the cardiomyocytes synthesizing DNA. Once again, MHC-
CYCD2 mice were crossed with MHC-nLAC mice. The MHC—nLAC mice
express a nuclear localized B-GAL reporter exclusively in cardiomyocytes. Mice |
from this cross carrying either the MHC-nLAC transgene alone or both the MHC-

20 nLAC and MHC-CYCD2 transgenes were identified and sequestered. At 11
weeks of age, myocardial hypgrtrophy was induced by isoproterenol infusion with
-Alzet minipumps (minipump model 2001, Alzet, Palo Alto CA; flow rate of 1
ul/hr, 0.028 g/ml isoproterenol). After 7 days of isoproterenol infusion, the
control (MHC-nLAC) and cxperim_cntal (MHC-nRLAC/MHC-CYCD2 double

25 wansgenic) mice received a single injection of 3H-thymidine (200 uCi LP. at 28



MHC- CYCD2 Uni nj ur ed0. 099%. 319%9. 24% | sopr ot er enol 0. 2998 o850 1T 7 %he above
data denpnstrate that transgenic ani mals expressi ng:cyclin D2 have
sustained atrial and ventricular cardionmyocyte DNA synthesis, and that the
rate of atWPH78HPdi omyocyte DNA synthesjs is dramatically PREMSHYSET N -
response 15 to the adm nistration of |so%gf'oterenol. Pul se chase experinents
were enployed to determne the fate of the cardionyocytes synthesizing
DNA. Once again, MHC- CYCD2 nice were crossed with MHC-nLAC mice. The

VHC- nLAC ni c@dwpm@sm&mm dtraghts.el.)n a@hiwere porificed eitbérusihoetsy in

di t |t t he MHC- nLAC
ransgene 2 SAESSFIESe AT L /apenSURRnctiant ik il hobtn ot Boet e
identified aggopesie@sd & 60% Alcrdsk, elBelGedinPERioMBICRIOHNR hsinY RembisaPhy was
i nduced by isoproterenol infusion with Al zet mnipunps (mnipunp nodel

2001, Al zet, hisgleginl tcie@mlqﬁdSow rat €hef Isectionsr, 0. 0R%c g/ postifedr otier enol ) .
Af ter 7dyso re t he nt

experi ment al ?W%S' ﬁfl%%% glzhj)olagdg/ fi?lg 6@%1 EWBQ%;&%

singl e inj EC?bﬁﬁbxﬁh firtiéyayiled i NN 2HGadiiim | feFPocyahid@Bank 8 m%rm&ﬁ% WO

00178119 PCT/ USQQ 16827 -28 G /mM Amersham Arlington Heights, 'I1L), and
were sacrifi &blenéﬁ EIhBBsél %@pguor{spmrg@omeg&me@w ARR anémha(ddhease

Figure 3B) | gtak SQ% r d R ed I N,.30%. S crose,
enbedded and sect [ one m\%éﬁ% ?ﬁ&c‘rﬁ]dgl%d |st§$agg| C l%gﬁﬂ“’éﬁg The
sections weremplsixirr f(Ilﬁed LA, @dlwcmbd@h“&@nngbth)aﬁd%ﬁdel(ﬂvatla) watlaﬂ
overlaid with ng/ M~ X-GAL, 5 rrMm;})lgtassmmferrlcyanl de, 5 nMpotassmm

ferrocyah? ded'é@?RFd2 apd/plasg 48 ja lightsight bpy dor foupEays ath 4°Ce dilidsa svent then

count er - st ai | es Lo PB Afte i ng,
stai ned sli dgg‘% rcteﬂgo%@aﬁ ﬁq?ﬁ%go geé "t']{éﬁ%é f&]err%ng %’?6‘? B’a{fr nd' 9
Pol ysci ences ﬁx&/ﬂiliﬂ 3098 ewdifh) thfiltbduuh&dfoi: at lwdst hoﬂ@&h&ihteslcﬁldiealv?&é fung pl aced

in a Iight-tia%gt é){for four days at 4C. Slides were then devel oped in
Kodak D-19 ( Y Weshiggin and Rytdehydigtiem diropgh geaded ethepels andxed in

30% sodi um t ka'yieﬁél,l foRtb&ed By AplicaAst of Aovlishy! WCardidulydEic SRR {htHeds"
' 15 was scored by the co-localization of BGAL activity (blue staining) and silver
~grains. The high DNA synthesis labeling index seen following the three day chase
period indicated that the cardiomyocytes which undergo DNA synthesis were
viable (in contrast to pronounced apoptosis observed with E1A and E2F gene
transfer into cardiomyocytes, see Kirshenbaum et al., J. Biol. Chem. 270:7791-
20 7794 (1995); Kirshenbaum et al., Dev. Biol. 179:402-411 (1996)). Cardiomyocyte
DNA synthesis following isoproterenol-induced hypertrophy in MHC-
CYCD2MﬁC-nLAC transgenic mice is evident from the presence of silver grains
- over blue nuclei (arrows, Figure 3A). In Figure 3B, the appearance of silver

grains over paired blue nuclei is indicative of DNA synthesis followed by nuclear

25  division (or kariokinesis, see paired arrows).

EXAMPLE 4
Analvs1s of Levels of Various Proteins i in MHC-CYCD?2 Transgenic Mice

30
Western blots were used to analyze protein expression levels in adult

MHC-CYCD2 mice and their non-transgenic litter mates. Hearts were
homogenized in NP40 buffer (150 mM NaCl, 5 mM EDTA, 50 mM Tris-HCI pH



processed by washing in H2O and by dehydration thr ougﬂgé)reﬁgg%ﬁrg{)%%nol s and
xyl ene, followed by applicati-on of a coverslip. Cardi omyocyte DNA synthesis
15 was scored by the co-localization of BGAL activity (blue staining) and
silver grai WO 00I8-1%i gh DNA synt hesis | abeling index seen folRcriisegiéhe
three day chase period indicated that the2®ardionyocytes which undergo DNA
synthesis were viable. (in contrast to pronounced apoptosis observed with
E | A and E2F gene transfer into cardionyocytes, see Kirshenbaumet al.,

J. Biol. Chem 00t gkl apbotibil9 Al (1§ IR pepdtinirs Hemb auletpestin, 5008V /miBITOtK,
179:402-411 (1996)). Cardi omyocyte DNA synthesis follow ng

i sopr ot er enol - i &Y W%{&U@MWCW oY Neiiet PAID)t T dgmogenapd ce
is evident fro of silver in er. blue;nuclei (arrows,
Fgure 9a) 1 o el RS Raleation 40808t Bpr S Flin 3 e Hoiin SRIRER b ue
nucl ei is indi aht isuermftalDNéassidnfieges ubink| DveHmbIidIUEkHA(BioRad) i RibEhequ ( or

kariokinesig, see paired arrows). 30 EXAMPLE 4 Anal ysis of Levels of _
Various ProPei fsh)n Mmplesyorsre 1sepacatede Ry csige can W% dolyasrdimidgegds wiader t o

i Pei st n MBIENC sioge A cSike 8 VG golyast .
non- 1 r anSgeni ¢ FTELaRe soRUdoRyf feleRpg. by cibieks (SR vo TR B0et Wbt

mM NaCl, 5 iV EDiehtifib0SaVFianciscdiCIA P behthridgs e mhiey fiROR3wHe 4hdS Wi 0.1%

PCT/ US00/ 16527 - .0, g/ aprotinin,- | p.g /n pepstatin, 1 g /rnl

| eupeptin, 50 &aggtﬁmablﬂ“téfé,cg "5315& gethznololBE acelip agid torassesplic etfigiensy of ol

Noni det P-40). yHasfehOpRio&aak andiyi (=] eV AT -000x g

for 10 mn, and't_hg protein @ontenfsqgf’ﬂ{pt%ggggblﬁ)(g?%%a%nt Vl\é/gg%aaigﬂ@?%}%d

usi ng a corfier diledk kuffeaySTBiam{Radry RilkhBGNASA, GAY, TSawn| ¢sx PBEE forsepasat ed

by size on 10% pol yacryl am d el s under' . denaturing conditions as_

described, and IE?IBC[?IPB%/IBWE&T gzﬂg%e’ﬁlar ARERAdicH Yes Yspd dprepachqupisi ppalyzed san

Franci sco CA) MRIHEIRAS Si.c.T Mutibh! §EriptieSe réicb €6k cthlidlyO aditBody 2Ry

bl ue- bl ack in 45% net hz(nol : ilol% acer% c acird to asscessﬁerhe efof ?E:%Ett cgrlc{%

transfer. For Ae&aréing tarbe yannyfachiesyecpminendatiisn gThvasesbito ekeprekgnted in

. : . o ) o 0

'ngjb ?E)Ir 02 Ihp gilf[?ib@ épﬁ«ho&y{nf \gfxicg%{fgﬁ]e?rgu?ntbcxdsr Jf it lslfmbgl/gﬁslﬁ‘ﬂicgie]hi/ogt;léwgvgls Lx
15 of protein, and the symbol "-" indicates none detected.

TABLE4
Marker . Nontransgenic Transgenic
Cyclin D2 + A
Cyclin D1 + +
Cyclin D3 + +
PCNA + ++
CDC2 - -
CDX2 + +
CDK4 + -+
CDKé + +
Dmp 1 + +
pRb - -+
plQ7 + - ++
pl130 + ++
20 These results demonstrate that upregulation of cyclin D2 in the transgenic

mice was sufficient to elicit increased expression in a number of gene products

required for cell cycle progression.



roomtenperature. Commercial antibodies were used forlég?ﬁﬁ%¥% %9%

anal yzed. Conditions (i.e. dilution, length of reaction, secondary

ant.i body, etc) were according to the manufacturer's recomendati ons. The
results arwgeeEse ed in Table 4 bel ow, in which higher nuroerusoeiesthe
synbol "+" indicate higher levels 15 of3(rotein, and the symbol "-" :

i ndi cates none detected. TABLE 4 Marker Nontransgeni cTransgenic Cyclin D2+ C
clin D 1++ Cyclin D3++ PCNA++++ CDC2-- CDK2++ CDK4++++ CDK6++ DI n2++

Rb- +++ p107+. ++ pl1l30+++ 20 These results denonstrate that upregul ati on of
cyclin D2 in the transgenic mce was_sufficient to elicit increased
expression in a nunber of gene rod_uWﬂeﬁéi red for ‘cell cycle
progressi on. 184maysiod Ceddavelerrateipdeye Chage Resonse ' 2
Anal ysis of Cell Cycle Protein Level Changes in Response to |soproterenol- 5

di ak hypert was, j nduced by i t e ' i i.th Al zet
o o pumpei n” adul PR, s BRI S tranRL Rkt i
(m ni punp nogginiptPds N IRl MBOCACD? Ghicel bV théit endttrdnspbdibr siblengd28 g/ m

i soproterenol ). Hearts were harvested after 7 days of isoproterenol
i nf usi on and (minipump model 2001, Alzet, Palo Alto CA; flow rate of 1 ui/hr, 0.028 g/ml

isoproterenol). Hearts were harvested after 7 days of isoproterenol infusion and

‘prp"cessed for Western blot ahalysis using procedures as described in Example 4.
10 The results are presented in Table 5 below. Again, higher numbers of the symbol

“+" indicate higher levels of protein, and the symbol “-" indicates none detected.
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EXAMPLE 6

Culture of CYCD2 Versus Control Cardiorpyocﬂes

Hearts from MHC-CYCD2 ‘transgenic mice or their non-transgenic -

siblings were harvested at the age indicated, and the left atria were dissected and

digested in PBS (37°C, 60 min)

containing 0.17% collagenase (Type I,

Worthington Biochemical, Freehold NJ). Cells were then triturated with a Pasteur

_ pipette and plated at a density of 1 x 10° cells per chamber slide in DMEM

medium containing 10% FBS supplemented with 1 jim isoproterenol. Plating was

scored by the presence or absence of contractile cells 72 hours later. The results

are presented in Table 6 below, in which "+" indicates a successful culture and "-"

‘indicates an unsuccessiil culture.

TABLE 6
Postnatal Stage Nontransgenic Transgenic
Dayl‘ -+ +
Day 8 - +
Day 14 - +
Day 21 - +

These results demonstrate that increased cyclin D2 activity can be used to

achieve dramatic improvement in the capacity to culture cardiomyocyte cells.

EXAMPLE 7



18D ber 2003
Da 8-+.Da 14-+ Day 21+ These results denonstrate that PNCr case cyclin D2

activity can be used to: achieve dramatic inprovénent in the capacity to
cul.ture cardionyocyte cells. 25 EXAMPLE 7 18 Decenber 2003 WO 00/ 78119
PCT/ USOO' 36§ dd/s11932- Denonstration of Increased Cell Nurrber b sdofiekeANd
Right Atria Left and right atria fromngpnatal day 14 MHC transgeri c
mce and their non-transgenic siblings were harvested and d| gested in PBS
(37C, 60 5 mn) containing 0.17% col | agenase (Type |, Worthington

B! ochem cal , Fr ee:;%ggqnsm%?n %%{%a%rl@cllt ﬁﬁ:%b&fs 1}1 "]'_,eﬁ_a?lg R"i’rﬂtmtﬁapaSt eur

pi pette and count toneter. fhe resurts are :
graphically represented in Figure 4, which shows increased cell nunmbers in
the left and rightefatnd dight atdaGréea GednathlCéayr$4 MHIPEYEDZ Qarid@6iit afizgeni cs.
10 EXAMPLE 8 Dem)nstratlon of Increased Cell Nuclei (Kariokinesis) in

Cul tures wi t¥nd theipmoptteansgrpic siblings werg: harvesiehand digssiad an P@&y(ﬂa&vﬁ@ CYCD2

contatni i onisRafing 828 bifaedfieltrige 1y Worfhiaion Blihemcu Sl ol o

NJ). Cells vNpe Cdignwéreithett winaatediviith a Rafiowt ﬁpétt@hﬁtﬁ&&ﬂu@lﬂird@ﬂ?tvﬁﬁl at a
density of 1 x 105 cells_per chanber .slide. Cells were cultured in DVEM

suppl enent edhqmwomfeq:é@e mﬁﬂis@ﬁ%g@abiéglly rensesepteddn Fogue 4owhishtshpwed
t d
oL Bt e hyelheccn Bubitee! T e o, WA SRR SODLECED mie a5 1,

pot assi um fewmpayafmdmmﬁnszhiupgt assi um ferrocyam de and 2 MM magnesi um
chloride in PBS. The nunber of bl-ue nuclei were counted directly on a
m crosc . Figure 5 provides a bar graph of the results, show ng that
cul ture of EXAMPLE 8 '

Demonstranon of Increased Cell Nuclei (Kariokinesis) in Cultures with

Isoproterenol

15 . Left atria from ‘neonatal day 14 MHC-CYCD2 transgenic mice were -
' ,harvcstcd and dlgested in PBS (37°C, 60 min) containing 0.17% collagenase
(Type I, Worthington Biochemical, Freehold NJ). Cells were then triturated with
: a Pasteur pipette and plated at a density of 1 x 10° cells per chamber slide. Cells
_ were cultured in DMEM supplemented with 10% FBS. In some cases, the media
20  also contained isoproterenol (1 pm). After 72 hus., the slides were fixed in
gluteraldehyde-formaldehyde (1:1) and overlaid with | mg/ml X-GAL, 5 mM
potassium ferricyanide, 5 mM potassium ferrocyanide and 2 mM magnesium
chloride in ‘PBS. The number of blue nuciei were counted directly on a
nﬁcroécope. Figure 5 provides a bar graph of the results, showing that culture of
25  cardiomyocytes from the left atria of MHC-CYCD2 transgenic mice in the
- presence of isoproterenol leads to a substantial increase in the number of

cardiomyocyte nuclei in the culture.
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25 cardi onyocytes fromthe left atria of MHC- CYCD2 transgenic mce in the

presence of isoproterenol leads to a substantial increase in the nunber of
car.di onyocyte nuclei in-the culture. 18 Decenber 2003 WO 00/78119 -33

PCT/ USO0/ 16899 ®XPNPLE 9 Denonstrati on of |l Proliferation PCYRUSRY/IRSEET s)
I n CYCD2 Cardionyocytes 5 Left atria f r ofrrR&onat al day 14 MHC- CYCD2
transgenic mce were harvested, digested, triturated; plated and cul tured
in DVEM suppl emented with 10% FBS and i soproterenol (I urn), as described
in Exanple 8. After 72 hrs., the slides were fixed i-n acetone and
processed for nyosin heavy chain i A {457 t%vity usi ng nonocl onal

anti body M- 20. Si¢ j A\ 10 . FI.TC..conjugated anti - nouse
| gG secondary anttboty- NIGHEE—Wer e et UhtE SR & Le g Qard) dsR/ .
Fi gure 6A shows a cardi onyocyte undergoing cytokinesis (FITC signal, green
cube); Figuse 6B sh I o] g}f,{@_ XI@% LN bl ue
cube). 15 EXAMPLE 1%%@%?@2??%#5%? (%gl FW C eC ctl vrﬁggé%q@gtéﬁ?

I njury Model | harvhsted, Bigasisidetritarawasls phtsbarst cultueet ith DBMEMesuppldmaited it
cardi onyocyt es ' i ncreased c in D2 |evels is activated in a cautery

i njury model MP%}#@D‘*‘F&W@QW@* Wy as; qeseribed; ip Example B e Altsr 726, HEAC
control or MG HE&GY! ; nj ' ' a het| zed
(2.5% Avert i n,Cshc([)!:'-sé% m /eg @g gggv%bgﬁ? td’r?"[%% Eﬁu%é’g%ﬂ\gﬁn%aggl %ﬁ%&%ﬁ?ﬁon&
NY) and-i nt ubareadtivifySmsing menaviinaRaatibodyt ME-200 Sipabe Was edevelbpell i idlg a
pressure 1 (; Kk al s, Ngc[co_ Bi osyfgtcgr_ns, uston, TX). The heart was
exposed vi ¥ an' PRereubigated aptaneyse; E?e??i{jgﬂc@&flh‘l’dk paliacleq gere heounter
nmyocardi um wasstaimbd eitg €dodhnsk e ' ‘ X -ﬁ}g& f rt

usi ng a Medi - Pak surgi cal caﬁ\t/\g??/b(ge@g?aqmﬁ/sbhg%afl é‘z{({glrp rg#oﬁhgﬁqgﬁﬁgnd
VA). After caut¥ekipesis diTCisignal, mréeni cubedigurt 6Bedhowishre sqme finidt thonghx for

evacuat ed, and g%,ﬁ% ale(Lﬁ‘Bwed t)o recover from anesthesia on a heating
pad mai ntai ned a R Fl‘]&‘fity rate for the procedure was <5%

nesisian 6 Y G LEHOAYPCHaR 4

'_ 15 EXAMPLE 10
Demonstration of Cell Cycle Activation in Cautery Injury Model

In this Example it was demonstrated that the cell cycle of cardiomyocytes

with increased cyclin D2 levels is activated in a cautery injury modci which

20 mimics myocardial infarction. 11 week old MHC-nLAC control br MHC-
nLAC/MHC-CYCD2 double transgenic mice were anesthetized (2.5% Avertin,
0.015 ml/g body weight, I.P., Fluka Chemicals, Ronkomkoma NY) and-intubated
(Small Animal Respirator, 70 cycles/sé;cdnd, tidal pressure 1.2 kpés‘cals,‘Narco
Biosystems, Houston TX). The heart was exposed via an incision at the third

25  intercostal space, and the myocardium was cauterized midway between the apex
and base of the heart using a Medi-Pak surgical cautery (General Medical
Corporation Richmond VA). After cauterization, the incision was closed, the
pneumothorax evacuated, and the mice allowed tp recover from anesthesia on a
heating pad maintained at 37°C. The mortality rate for the procedure was <5%.

30  All animal manipulations were performed in accordance with institutional
guidelines. 7 days after injury, the experimental and control mice received a
single injection of 3H-thymidine (200 uCi LP. at 28 Ci/mM, Amersham,

Arlington Heights, IL), and were sacrificed 4 hours later. The hearts were
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30 Al'l animal mani pul ati ons were perforned in accordance wth i1 nstitutional

guidelines. 7 days after injury, the experinental and control m ce received
a .single injection of 3Hthymdine (200 iC I.P. at 28 CG/m M Anersharn,
Arlington wewmheras IL), and were sacrificed 4_ hours | ater. PUTAISO¥HISLT Were
1 8 Decenber 2003 WO 00/ 78119 - 34 PCT/ US¥Y 16827 renoved, cryoprotected in
30% sucr ose, enbedded and sectioned at 10 pmusing standard histologic
techni ques. To localize regions of - nyocardi al danage, sections were

stai ned wi t h réfaoved) cyyaprotactdd BD30% dukkraefedMedded andlssrgohel &NED pm using

manuf acturer's 3 ec'#]f i clat,i ons: (Sigma). To |l ocalize cardi onyocyte nucl ei,
sections 5 wék@ %93 Isfologlg eRbRigNssy | al' ¢l larFalize 1regipns ofxmyacardgl rdamegeassi um
ferricyani de.5; | : fo] \: ' esl . [ de in
PBS. The sect aurt Mt AT HEACKATL 3 Tiosfn B ABADCRHERE IS 11
aut or adi ogr apinsifastress specifichfiansd Sigra). Pid Josalizerastiomyduyie mgileinsdedonsdi | ut ed

1:1 ith t dr ai ned, I [ light-tJ b f 4 dag t. 4C.
S des s o RS noROUATERo B0 PYE RGNS 10maDE HELtAl S b PosEm
m nutes, was@gicyshindl $mM potdsshint HrioBy2046 sofhumM %a%ﬁéﬂi&ﬁt% e dﬁ{)y' east

four mnutes. Slides were-further processed by -washing in H
dehydr ati on PBSeougilhgr sgelibnst weas otonmderdstaingd ewish DARlowed laftenpdiyingat i on

f N Car di t is i C- CYCDR, ¢ ic mi
vas el 56 moANSBasRBR SHAGH Ty H ol ey RO LR e
infarction. Wigh whe,ldrnaed, n8 plRed it 89ighatibhvix foPt dhicthe DY CC Biides Wgat | on.

G oss examnation of the hearts 7 days poSt-injury reveal ed the presence
of a necil®t i thengleyeloped ieKoialkeDolf9 (Reghested M¥) farfoud minatdj wisied ipmateounced
bl anchi ng of _t oc Il um was .evident 20 in the region. distal to and

api cal |y Iocﬁ'@?xﬁ (5%%%(350@1% ﬁ??ﬂ%ﬁ%ﬁr af Jeast ft?*ﬁrerm“éf egﬂ‘gﬁ%g"'ﬁn{éﬂl‘?fcat i on
of the bl anchidigsssasoyvashiff 9 H @ bid ibyCaADFHABY WL Btaded BBGSIsT &RAU! T1 Ng
fromdisruption of the underlying vascul ature at the site of '

caut eri zat i offylenpcfollowed by appligptiencfinspversiimge was readily detected in

hi st ol ogi c sections; as much as 50% of the left ventricular free wall was
affected. 25 To nonitor DNA synthesis, injured MHC nLAC transgenic aninals
(control $§ and Cardiomyocyte DNA synthesis in MHC-CYCD?2 transgneic mice was also

mbnitorcd following cautery injury, which mimmics myocardial infarction. The

left ventricular free wall was injured by cauterization. Gross examination of the
hearts 7 days post-injury revealéd the presence of a necrotic zone at the site of
cauterization. In additionl, pronounced blanching of the myocardium was evident |

20 ' in the region distal to and apically locélted from the cauterization site. The
appearance and location of the blanching was consistent with ischemic mydcardial :
damage resulting from disruption of the underlying vasculature at the site of

cauterization. = The extent of myocardial damage was readily detected in

in'stologic sectio_ns; as much as 50% of the left ventricular free wall was affected.

25  To monitor DNA synthésis, injured MHC-nLAC transgenic animals (controls) and

' injured MHC-nLAC/MHC-CYCD? transgenic animals received a single injection

of tritiated thymidine. The hearts were then harvested, sectioned, stained with X-

GAL and processed for autoradiography. Figure 7A shows.a single synthetic

ventricular cardiomyocyte nucleus (arrow) in the peri-necrotic zone of an MHC-

30 ° nLAC/MHC-CYCD?2 transgenic mouse located apically from the cauterization

site. Figure 7B shows the peri-necrotic zone from a different MHC-nLAC/MHC-

CYCD2 transgenic animal; the  arrows ‘point to two cardiomyocyte nuclei
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I nj ured. MHC- nLAC/ MHC- CYCD2 transgeni c aninmals received a single injection

of tritiated thym dine. The hearts were then harvested, :sectioned, stained
wi t.h X- GAL and processed for autoradi ography. Figure 7A shows .a single

synthetic vewhbd/mdler cardi onyocyte nucleus (arrow) in the pegdrusactsdatC
zone of an MHC 30 nLAC/ MHC- CYCD2 transgent 35 aouse | ocated apically fromthe

cauterization site. Figure 7B shows the peri-necrotic zone froma
di fferent MHC- nLAC/ MVHC- CYCD2 transgenic animal; the arrows point to two

car di onyocyt e niideRioinkS DBEE aheiesid 008 5¥%) HMhe 1QrdisRyoRfds HSRL JeiBectroti
under goi ng DNA synt@ﬁens]fg?s. 0. gg_% of the cardi gnyoclyt es )lgn; the perm ngz:nrcot I C
zone were synt HEBEzWAE DXIbesizinge DI i Aler WIBCaMOE/NHEREY ORI trapsgenid S

(3,202 cells w r contrast .. 0% of rdi-ojryocytes.in the
ber i -neer ot 1 ¢ 2amIES0ECRus ErCRIECREY, 1o dobier pARof e SRR in e <
(3,400 cel|s waesi-ser@znashe wehsynthéizihd ONARSE the MECHIONT Qoyirel als

synthesis is obhserved in the cyclin D2 expressing hearts in response to

injury. MoreovdPAU0iRHs e sgreenied).c Thns.arincrepspdn certiompocyym b benthesis t he
VHC- CYCD2 hear t:s ahSarbdl ivast ] ] . lnjured contkhpl hearts
(whi ch mas—undé?gg%aﬂfﬁheuﬁ @tﬁéﬁﬁgg}k Sgesr lgéﬁaga;l&?isg?%%ﬁﬂ-@%’ ?\&)orcover,
STK-r MHC- Swi t ¢ htkOpednall Yite of caidianfocgtDN Adaateso &6 tie MACISYODY aad id i

provi de induci bl e expression, ;1555 of. Ccle| in D2 in adult cardiac tissue or
car di omjocyt es Y3SEPAFEST Bt thahdn the Hitwed cppiEokhears (which,was gndetectable i the  STK
is a 3rd gener%gmc%gﬂ@(}rl)[rus whi ch has been nodified so as not to encode
any Adenoviral proteins. This design |[imts any host inmune response

agai nst cellPs transduced with the virus in vivo. 20 Wth reference to.

Figure 8, the virus. contains tw tra rpptional units. The first
transcriptional unit utilizes the ratm thi ac nyosi n heavy chain

(rMHC) -pronoter to target cardsgK-SVEBRI-SWACIRERESS SRR of the known " Gene-
Switch" transcription factor. The pol yadenylation and transcription

termnation This Example describes a virus designed to provide inducible expression

15  of cyclin D2 in adult cardiac tissue or cardiomyocytes useful for engraftment, The
known STK virus is utilized. STK is a 3rd generation Adenovirus which has been
modified so as not to encode any Adenoviral proteins. This design limits any host

immune response against cells transduced with the virus in vivo.

20 With reference to Figure 8, the virus contains two transcriptional units.
The first transcriptional unit utilizes the rat alpha-cardiac myosin heavy chain
(rfMHC) -promoter to target cardiac specific expression of the known "Gene-
Switch” transcription factor. The polyadenylation and transcription termination
sequences from the bovine growth hormone (bGH) gene 1s insertéd dowh-stream

25  of the Gene-Switch sequence. Cardiomyocytes transfec'tecij with this virus will

- express the Gene-Switch protein. In contrast non-cardiomyocytes transfected with
this virus will not express the "Gene-Switch" protein, as the rMHC promoter is
not active in non-cardiomyocytes. The Gene-Switch transcription factor is only
active in the presence of an apprbpriatc ligand (as for example Ru486).

30 |

The second trahscriptional unit in the virus utilizes a 4xUAS TATA

_promoter to target expression of cyclin D2 (CycD2). The polyadenylation and

transcription termination sequences from the SV40 early region is inserted down-
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sequences fromthe bovine growh hornone (bGH) gene is 1 nserted down-stream

25 of the CGene-Switch sequence. Cardi onyocytes transfected wth this virus
wi .l express the Gene-Switch protein. In contrast non-cardi omyocytes
transf ect equgoiABraet his virus will not express the "Gene- Sw PCiUspo/base? n, as
the rMHC pronoter is not active in non36ardi omyocytes. The Gene-Switch
transcription factor is only active in the presence of an appropriate

|l i gand (as for exanple Ru486). 30 The second transcriptional unit in the
virus utilizegean4pbAStheATAcDR! SetRikhde. t OTaAdcgiptiof XRHRS Shd UxUATYEATA D2
(CycD2). The pol yadenyl ation and transcription term nation sequences from
t he SV40 ear IPPOTPYST §hlependepisenondhe awvence of muivebrne-Iwivch moledn178119 - 36
PCT/ US00/ 16827 stream fromthe CycD2 sequence. Transcription fromthe 4xUAS
TATA pronoter is. dependent upon the presence of active Gene-Switch
protein. Thus congthosicomstuctedaths ypdtanis wsed and fiietohsmciollows. Hear Gkduews.
Heart tisgue and/ or cardi or%ocyt es to be used fqr engraftnent are

virall'y t?and8f/eeardiamyockiss &rre pigddonspgrafimeptase irallydransduged vdth the

car di onyocyt XAERS 3 yirM L3 ' | Serdr | | n the
absence of |{%§§§d. Noﬁ\ygtgl?ﬁ pgrvrll@gﬂcg?%gﬁrc%g%h%qmﬁg@%{)g%gs%ﬂﬁ%ggéé ég‘é%/vi tch
protein. . Tévachipraikm, mhicksissinectjvel inghsndbsesce aflligaidst Noadardldmgoayesul ts in
the activation of Gene-Switgch transcription, factqQr in 10 cardi onyqcytes.
The activate O(%Q{e‘?@ﬁstsgﬁ{let&‘ %5%‘5‘9&6 Cilact it acHyat éf‘%sgys'ief‘hn]éﬁﬁnﬁp i on at

the 4xUAS TATAmMieamRk e ThisiabSts i tha'adtivafist bt Gehdlstiten %ééﬂ}.é_e@,gbﬁ faéri’(f)r iycD2

MRNA, and ultimately CycD2 protein. Thus, the system provides for -
r egul at ed0 sy saudeamnyocyfesCycThe Bivated \ficnk-Swetchs dtinsariplione dactge nieitiakgsr essi on

d tly..cel I l.vat i ' dul t "di tesg. 15
EXAVPLE. 1. 100 BpOE bR AR AL st TS i burs GespS Y Bl iess
describes t hefd8sDEMMRNAZ all ltSmateRT O cIVDpidtedy. dBus ORe lsiydte prBvidexX Riressi on

of cyclin D2 in adult cardiac tissue or other cardionmyocytes. The
regulated synthesis of Cyclin D2. It will be used to direct gene expression (and

consequently; cell cycle activation) in adult cardiomyocytes.

is
EXAMPLE 12
Text for the STK-TMHC-CycD2-nLAC virus:
20 ~ This Example describes the design of a virus useful to provide constitutive

expression of cyclin D2 in adult cardiac tissue or other ca:diornyocytes.l The
STK virus is utilized, as in Example 11 above. With réfefcnée now to Figure 9, a
single bi-cistronic transcriptional unit is utilized. The rat alpha-cardiac myosin
heavy chain {MHC) pfomoter (see American Journal of Physiology, Vol;. 262: |
25 HI1867-H1876 (1992)} is used to target cardiac specific expression of Cyclin D2
(CyeD2An intemal ribosomal entry site is located downstream of the CycD2
sequences. This is folldwed by sequencés encoding a marker gene (nLAC, a
nuclear localized bcia—galactoéidase ). Thus cardiomyocytes transfected with this
virus will express a bi-cistronic transcriﬁt which encodes Vboth the CycD2 and
30  marker gene sequences. In contrast non-cardiomyocytes transfected with this
virus will not ex.pres's the bi-cistronic transcﬁpt, as the IMHC promoter is not

active in non-cardiomyocytes. Thus, the system provides for constitutive
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STK virus is utilized, as in Exanple 11 above. Wth re erence now to Figure

9, a single bi-cistronic transcriptional unit is utili zed The rat

al pha-cardi ac rry03| n heavy chain (rMHC) pronoter (see Amrerican Journal of
Physi ol ogy, ‘%’Q %;52 25 141867-H1876 (1992)) is used to targeiusSeideee
specific exp QT8 of Cyclin D2 (CycD2Ay-4internal ribosomal entry site is
| ocat ed downstream of the CycD2 sequences. This is followed by sequences
encodi ng a marker gene (nLAC, a nuclear |ocalized beta-gal actosi dase ).

Thus cardi ony

bi -cistronic t aglg%?%%??%qgﬁ%% Eﬂrﬁ%oc&h{s % J‘2‘4 Qggﬁénﬁlg 7 Bene
sequences. In wﬁmarmntdwmmnmcmlmnwmynksteﬂmdmbaankdtemc’afmarmy@cyma rus will
not express the bi-cistronic transcript, as the riVHC pronoter is not

active in non-cardi omyocytes. Thus, the system provides for constitutive 18
Decerber 2003 WO OOWAAA ke iavenRG /Hab S5k iy Bhd GeictiRl FYBkAR iRAnk 1
adult cardi onyocytes. The presence of the marker gene perm t

di scri m nat3 orﬂxb'ermﬁe@nd|fnregemgeﬁea¢rmtmmhen$m edtoche dom#wctjfta&sllusmmre t he

i nvention has been ill ated and_descri bed | det ngs
and f or egoi ng-Td4e8% ﬁ? € Ippeharagter. 1k blcﬂlgbém tth 3@)’ %I‘ef 1P§$¢§

and not restrl&ﬁbo@nbmﬁab@éapdh@wnahadeﬁiﬁwdaﬂd%ﬁm%aﬁ tan@ MhodihiRions
preferred enbodi nent has been shown and descri bed and that all changes and
nodi fi cati ons thatfemecyitkinghe spisit offike ipention a¢ desiceditabeproteetedr e desired to
be protected. 10 Al publications cited herein are indicative of the |evel
of skill in the art and are hereby incorporated by reference as if each
had been i¥di vi dual A§l publicatiope eaddherbin srefindicadw antheflevdlyofsskiil iwtheart 1 8

Decenmber 2003 WQ 00/ 78119 -38 PCYIUSOQ 16827 ' WHAT IS CLAWED IS 1. A
met hod for i nc¥¥adiengerehe lﬁF%P?‘PEﬁdaPY vistesencenes df egeh chadc heen dndisidpelly cel | |

conpri sing i NGRegbiatkdtifretebdtiRl afd AfiKdet Forfl? activi ty in the
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cardi onyocyte cell so -as to. increase the prollferatlve potential of the

cardi onyocyte cell. 2. The nmethod of claim11, conprising: providing
cardi onyocyte cells in a culture medium 10 introducing nucleic acid into

the cardio Oéﬁéﬁ cells, said nucleic acid having a sequenggyRiseenes2?
nucl eoti de di ng a cyclin D2 protei®g-and culturing the cardi onmyocyte

cells under conditions suitable for expression . of said.cyclin D2
protein. 15 3. The nmethod of claim1l, wherein said introduced nucleic acid

has a nucl eowlggaqg gt espondi ng to nucl eotides 4 to 870 of SEQ
I.D. NO 1 or Qﬁ%&_ﬁﬁg § or a nucl eotide sequence havi ng substanti al
identity thereto. 4. The nethod of claim 3, V\/nerel n said introduced nucleic

acid has a 20 nu Ieotl e se n e correspondin nucl eoti des, 4 to 870 of
20 17D Ao 1 o 220 AT BRI ES GBireaie i CeratiEai R, PoPEaL oty 2

hybri di zes t‘?:aﬂﬁ&h?b@yté‘%bﬂ ENpiGng e BRI ﬂﬁswelto@ §dth Ph REQty lin he NO. 1

or SEQ 1.D. NO_ 3 under stringent” conditions, and enhcodes a protein having
cyclin D25actcﬂxd1@1§lY0<356 SCGHI' heo et hndinoteass ahen prolifdvelivei potsatial efic| it i de
sequence is rabl ed to a pronoter. 6. The nethod of claim 4,
wherein said %Eé?FBY constitutive pronmoter. 30 7. The nethod of
claim4, wherein said prom)ter i s an inducible prompter. 18 Decenber 2003
WO 00/ 78119 -39 PCT/ U800116827 8. The method of claim4, wherein said
pronoter is a car & onyokhe wethogd of clajrg lpeomprising: 5 9. The nethod of claim 1,

wherein said car dlp%%a r%peag?ryogo%é e 8el ﬁh&ﬂ&hﬁ@gm%&&g{ onyocyte cell. 10. A

nmet hod for culturi*ng Ca conpr1srng:
10 introducing nucleic acid into the cardiomyocyte cells, said nucleic acid

‘having a sequence of nucleotides encoding a cyclin D2 protein; and
culturing the cardiomyocyte cells under conditions suitable for expression

of said cyclin D2 protein.

15 3. The method of claim 1, wherein said introduced nucleic acid has a
nucleotide sequence corresponding to nucleotides 4 to 870 of SEQ. ID. NO. 1 or
SEQ. ID. NO. 3, or a nucleotide sequence having substantial identity thereto.

4, The method of claim 3, wherein said introduced nucleic acid has a

20 nucleotide sequence corresponding to nucleotides 4 to 870 of SEQ. 1.D. NO. 1 or
SEQ. LD. NO. 3, or said introduced nucleic acid hybridizes to nucleic acid having
nucleotidf;s 4 to 870 of SEQ. ILD. NO. 1 or SEQ. LD. NO. 3 under stringent

conditions, and encodes a protein having cyclin D2 activity.

25 5. The method of claim 4, wherein said nucleotide sequence is

operably linked to a promoter.

6. The method of claim 4, wherein said promoter is a constitutive
promoter.
30
7. The method of claim 4, wherein said promoter is an inducible _

promoter. o -
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provi di ng cardi onyocyte cells in a .culture medium said cardionyocyte 10

cells having an increased intracellular level of cyclin;D2; and culturing
t he cardionyocyte cells in said culture medium 11. The nethod of claim 10,
whet ei n Sai dwoasodisoreyocyt e cel | s have intyoduced nucl ei ¢ aci ®CAHEOY16837 a

cyclin D2 protein operably linked to a I Yonstitutive pronoter. 12. The

met hod of claim 10, wherein said cardi onyocyte cells have introduced
nucl ei ¢ acid encoding a cyclin D2 protein operably linked to an inducible
pronmoter. 20 13. The nethod of claim 10, wherein said.cardionyocyte cells

have introduced nugl ei cQCi n i cycli.n D2 protein operably |inked
to a cardionyocyt e%Speciﬁeﬁ%E%%fg%% %Tﬁlq'ﬁ%&rfg?tﬂgtﬁrgfa ?{910 YY’E’F i s
10- 13, wher ei nspeaific pdidogeiiced nucleic acid is DNA having a nucl eotide

sequence corresponding to nucleotides 4 to 870 of SEQ I|.D. NO 1 or SEQ
|.D. NO 3, or a nucleotide sequence having substantial identity thereto.

30,15 The gethod o any gl abAPoRdidd | WIRERKD a8 Sukibiadethn ug! of ¢

aci d encodes a protéin having the amno-acld sequence o

-or SEQ 1.D. bamraliamrcasdipmlyp@eeteitle havi ng an-am no acid sequence at

| east 70% 18 Decenber 2003~~ WO 00/ 78119 -40 PCT/USO0/ 16827 identical to
the am no acid sequence of SEQ |.D. NO 2 or SEQ |.D. NO 4, and which

exhibits cyclin D2 tivi ) uﬂﬁ{%l%ijdi clal ok 10- 15, wherein
said culturing 5 i Eg] udégsﬁrggﬁ)?uf?gﬁg In e-e%y‘g@gen%glsb‘#ﬂaé%h"ﬁmcol ogi c
agent that induces grovidingreastiemyocittteells ah iaf aultate wedijwot, said edrdiimybbyge

Ce e RSk Sl Bl Sl kPor QURE Bl angt @ cardi omyoeytes

culturing the cardiomyocyte cells in said culture medium.

11. The method of claim 10, wherein said cardiomyocyte cells ha\)e
introduced nucleic acid encoding a cyclin D2 protein operably linked to a

15 constitutive promoter.

12.  The method of claim 10, wherein said cardiomyocyte cells have
introduced nucleic acid cnéoding a cyclin D2 protein operably linked to an
inducible promoter.

20 |

13.  The method of claim 10, wherein said cardiomyocyte cells have
introduced nucleic acid encoding a cyclin D2 protein operably linked to a

cardiomyocyte specific promoter.

25 14.  The method of any of claims 10-13, wherein said introduced
nucleic acid is DNA having a nucieotide sequence corresponding to nucleotides 4
to 870 of SEQ. LD. NO. 1 or SEQ. LD. NO. 3, or a nucleotide sequence having
substantial identity thereto.

30 15. The method of any of claims 10-13, wherein said introduced
nucleic acid encodes a protein having the amino acid sequence of SEQ. LD. NO. 2

-or SEQ. I.D. NO. 4, or a polypeptide having an amino acid sequence at least 70%
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18. The method of any of clainms 10-17, wherein said cardionyocytes are .

human cardi onyocytes. 19. The nethod of any of clainms 10-17, wherein said
car-di onyocytes 15 are nurine cardionyocytes. 20. A cardionyocyte cell

havi ng i nt maslozesdionucl ei ¢ aci d encodi ng cyclin D2 protei PCTAIE09A682T He
cell of claim20, wherein said int roduC’é@'nucl eic acid has a nucleotide
sequence corresponding to nucleotides 4 to 870 of SEQ X.D. NO 1 or
SEQ1.D. NO 3, or a nucleotide sequence having substantial identity

t hereto. 22. id¢msicaketolthe amiroadckd sequendearfSEQ.JdP.ANOnLrovdRQ@d. DulDe#camlci d
encodes 25 ol ypepti de..hawvi ng. the am no acid sequence of SEQ 1.D. NO 2
or SEQ I|.D. %?ﬂglangﬂ&sgcl}g?&paé%ﬂt&e havi ng an am no aci d sequence at | east
70% i dentical to the am no acid sequence of SEQ |.D. NO 2 or SEQ |I.D.
NO. 4, and which exhibits cyclin D2 activity. 30 23. The cell of any of
claims 20-22, wherldn sHied methadeof i ey 98 orleimse 1011$, opbergist paidi grléering a
pronoter. 18 . 3. 0 9 ~41. PCT/ LUSQ0/ 168 4. .The cell. of
Bl aim 23, S ndPanga Sllamisdie We Brellid o Cnalfriotoniy 485C [ el &° o)
of claim 23, inéresseiin tiecproliferaivetpotentisl dithd ¢ullyCi bl e 5 promoter. 26. The
cell of claim23, wherein said pronoter is a cardionyocyte specific
pronmoter. 10 27. The cell of any of clains 20-26, wherein said

card omyocyle cellihs PhoBENBY o g F UAHY 916" whetein 528 califm§lyhe0! aNY
of clains 20-26, erein salrd cardionyocyte cell 'i's a human car di‘onyocyt e
cell. 15 29. afe mamneilian@asdibrayoegtesuct havi ng a sequence of nucl eoti des

10 ' '

18. The method of any of claims 10-17, whereinl said cardiomyocytes

are human cardiomyocytes.

19.  The method of any of claims 10-17, wherein said cardiomyocytes -

‘15  are murine cardiomyocytes.

20. A cardiomyocyte cell having introduced nucleic acid encoding a

cyclin D2 protein.

20 21.  The cell of claim 20, wherein said introduced nucleic acid has a
nucleotide sequence corresponding to nucleotides 4 to 870 of SEQ. L.D. NO. 1 or

SEQ. LD. NO. 3, or a nucleotide sequence having substantial identity thereto.

22. Thc cell of claim 21, wherein said introduced nucleic acid encodes '
25  a polypeptide having the amino acid sequence of SEQ. L.D. NO. 2 or SEQ. 1.D.
NO. 4, or a polypeptide having an amino acid sequence at least 70% identical to
the amino acid sequence of SEQ. LD. NO. 2 or SEQ. ID. NO. 4, and which
exhibits cyclin D2 activity.

30 23.  The cell of any of claims 20-22, wherein said nucleotide sequence

is operably linked to a promoter.
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encoding a cyclin D2 protein, said sequence of nucl eotides operably |inked

to an inducible pronoter.. 20 30. The construct of claifm 29, wherein said
sequence of nucleotides corresponds to nucleotides 4 to 870 of SEQ |I.D.
NO. | or SEQwdedxsifdO. 3, or is a sequence of nucl eoti des haPCA§iS00/16827
substantial identity thereto. 31. The con$lruct of claim29, wherein said
sequence of nucleotides 25 corresponds to nucleotides 4 to 870 of SEQ
I.D. NO. 1 or SEQ |.D. NO. 3, or is a sequence of nucleotides which

hybri di zes to nucl e@#i dedhd dell 8 @laiih BTHEQwhéreld sailCproinaver BE®@. cdnsBrutivg. 3
under stringent coqditions and whi ch encodes a pol ypeptide having cyclin
D2 activity. 3™ nucl eic acid construct havi ng a sequence of

nucl eoti des encoding a cyclin D2 protein operably linked to a

cardi onyocyte-specific pronoter. 18 Decenber 2003 -42 33. The construct of
claim 32, wherein safd sdfaeistle obfclaiocZéoigesin said meemotedsist an rinducddlei des
4 to 870 ofSSE o otQ' NO. | or SEQ I.D. NO 3, or is a sequence of

nucl eoti des” having Substantial ~identity-thereto. 5 34. The construct of
claim 32, wherein said sequence of nucl eotides corresponds to nucl eotides
4 to 870 of SEQ |.D, NO_1 or S%@_ l.D. NO. 3, or is a sequence of

nucl eoti des whi ch hyri dilpesel ofriemed3. wherein said promefkr $E@ cardipmyReyte]  or
SEQ I.D. NO rofofdsngent condi tions and which encodes a protein
having cyclin activity. 10 35. The use of a therapeutically effective
amount of cyclin D2 in the manufacture of a nedi canent for increasing the

proliferatjye potent]al rdi onyocytes in a mammal.. 15 36. The use of
cl ai m 35, which con% i seg'["? F%ﬂgéj%tqfﬁ&l@aﬂe-zw.hawh%éwésorwweawll is

expressi on vechManliaMifdaiGhbGte&d encoding a cyclin D2 protein
operably linked to a pronoter. 37. The use of claim 36, wherein said

pronoter is a constitutive pronmoter. 20 38. The use of claim 36, wherein
said pr ormt er is anzé.nducﬁlg lC(Sl 5t z(t)nr{rocgf%iéims 20-26, wherein said cardiomyocyte cell is
4 human cardiomyocyte cell.
15
29. A nucleic acid construct having a sequence of nucleotides
- encoding a cyclin D2 protein, said sequence of nucleotidc_s operably linked to an

inducible promoter.

20 30.  The construct of claim 29, wherein said sequence of nucleotides
corresponds to nucleotides 4 to 870 of SEQ. LD. NO. 1 or SEQ.LD.NO. 3, oris a

sequence of nucleotides having substantial identity thereto.

31.  The construct of claim 29, wherein said sequence of nucleotides

25  corresponds to nucleotides 4 to 870 of SEQ. LD. NO. 1 or SEQ. 1LD. NO. 3,oris a

sequence of nucleotides which hybridizes to nucleotides 4 to 870 of SEQ. LD.

NO. 1 or SEQ. LD. NO. 3 under stringent conditions and which encodes a
polypeptide having cyclin D2 aétivity.

30 32. A mucleic acid construct having a sequence of nucleotides 'encoding

a cyclin D2 protein operably linked to a cardiomyocyte-specific promoter.

R =
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39. The use of claim36, wherein said pronoter is a car F8%§5%yte specific

pronmoter. 25 40. The use of any of clains 36-39, conprising adm nistering
to.the nmanmal an agent that increases activation of the cell cycle in the
transfected cardionyocytes. 18 Decengper 2003 -43 41. The use of clai m 40,
wherein the pharmacol ogic agent is an adrenergic receptor agonist. 42. The

use of clai m4lz3zwhemgi RtohdiRicl 6FRIMAI3220ARNH: shid RqierRERNREBbEdesO €Cept or
agoni st. 43. The use of a therageutl cal IIy effective amobunt of an agent that

i ncreases COHEPHIS(tP putlegtidged capat ok SEQLD . NBohsr $BQcHR dNOmy.otyit s for the
manuf act ur e RELR of IBALGRPEMyideQlbdt ] iabdicAdgegral i n which the responsive
cardi orryocy?qttiaﬁsn haove 10 been1 p%r ovgltd@g.l 441.t9‘|hhe use of claim43, wherein
sai d cardiomyocytes contain introduced DNA encoding a cyclin D2 protein.
1.5 45. Jhe use 311 Pl q"hé”c%ﬁ%t \(,:\4]%{: Claihn SS9 .dwle?é[irlios e ue%'éleA.éfs u%%g{i@etsl vel y.

|l i nked to an inducible prorr%]t er, and <aj agent causes inducton of said

i nduci bl e cpropoideno ndGeotidet # an8Heol EEQ.NAN-NMONEnr BBRQNED. NaAviEng is a

car di onyocyt es expressi 0. introduced encodj [ pr ot ei n,
Che car i oNBEeAR nEfey B B By o B ARarbceEe b 808P A
nmodi fi ed Dot $B@. LPCNOY 3pirdteitingeay ta@litiodsane ihidhaineded M pPfteindtavingor e
phosphoryl ation sites present in its native form the nodified D-type

cyclin 25 &Q¥H?% 34y Y-he capacity to provide to mammalian cardi omyocytes an
increagsg@d proliferative potential and sustained DNA synt hesis when
subjected to injurious stimuli. 48. A nucleic acid nolecule encoding a
modi fi ed D-type3&ydh¢ nisefofca dhamrgotipily affcher empert oDoglin D2 in the

manufacture of a medicament for increasing the proliferative potential of

cardiomyocytes in a mammal.

15 36. The wse of claim 35, which comprises transfecting said
cardiomyocytes with an expression vector having nucleic acid encoding a cyclin D2

protein operably linked to a promoter.

37. The use of claim 36, wherein said promoter is a constitutive promoter.
20
38. The use of claim 36, wherein said promoter is an inducible promoter.
39. The use of claim 36, wherein said promoter is a cardiomyocyte
specific promotér.
25

40. The use of any of claims 36-39, comprising administering to the
mammal an agent that increases activation of the cell cycle in the transfected

cardiomyocytes.
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woo0n81i 9 SEQUENCE LI STI NG <110> Field, Loren J. Pasumarthi, Kishore Babu

S. | <120> CARDI OMYOCYTES W TH ENHANCED PROLI FERATI VE POTENTI AL, AND
METHODS FOR PREPARI NG AND USI NG SAME <130>7037-370 <140> <141> <160>8 <170>
Patentln Ver. 2.0 <210> 1 <211> 876-43212> DNA <213> Mus nuscul us <220>
<221> CDS <222> (4)..(870) <400> 1 get atg gag Met d u PCT/ US00/ 16827 ctg
ctg tgc tgc gag4gtg TRE 36 JoftRirk 040, a@PerdiC thgt GharkAtblb@tl £¢6t &y snd u Val
Asp Pro Val ,Arg Arg Ala Va] 48 1 5 10 15 ccg gac cgc aac ctg ctg gaa gac
cgc gtt ct BIEREEIGECRIPHRHPE acc96 Pro Asp Arg Asn Leu Leu G u Asp Arg Val
Leu Gn Asn Leu Leu Thr 20 25 30 atc gag gag cgc tac ctc ccg cag tgt tcc
tat ttc aag tgc gtg cagl44

42, The use of claim 41, wherein the receptor agonist is a -adrenergic

5  receptor agonist.

43. The use of a therapeutically effective amount of an agent that increases
the proliferative capacity of responstve cardiomyocytes for the manufacture of a

medicament for treating a mammal in which the responsive cardiomyocytes have

10 been provided.

44, The use of claim 43, wherein said cardiomyocytes contain introduced

DNA encoding a cyclin D2 protein.

15 45, The use of claim 44, wherein said introduced DNA is operatively
linked to an inducible promoter, and said agent causes induction of said inducible

promoter.

46. A transgenic, non-human mammal having cardiomyocytes expressing
20  introduced DNA encoding a cyclin D2 protein, the cardiomyocytes thereby exhibiting

an activated cell cycle.

47. A modified D-type cyclin protein having removed therefrom one or

more phosphorj(lation sites present in its native form, the modified D-type cyclin

25  exhibiting the capacity to provide to mammalian cardiomyocytes an increased
proliferative potential and sustained DNA synthesis when subjected to injurious

stimuti.

48. A nucleic acid molecule encoding a modified D-type cyclin of claim

30 47
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Pro
atg
Arg
t gt
Au
get
Ay
atg
Phe
aag
Leu
tgg
Au
cct
Hi s
aag
Leu
get
Thr

dn
cgc

LArg
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2003 WO 00/ 78119 --2 PCT/ US00/ 16827 |1 e GI u Gu Arg Tyr Leu

Ser Tyr Phe Lys‘Cys Val Gn 35 40 45 aag gac atc caa ccg tac

aggwa @/gi® gcc acc tgg atg cta 192 Lys Asp |le G nperashyneshit

Met
gaa
Fu
gtc
Pro
cta
Al a
tgc
Ile
ctg
Val
gac
Phe
tcc
Leu
gac
Phe

. <110>

<120>

<130>

<140>
<141>

<160>
<170>
<210>
<211>
212>
<213>

<220>

 K221>

<222>

<400>

Val Ala Thr Trp Met Leu 50 55160 gag gtc tgt gag gaa caa aag
gag gtc ttt cct ctg gcc 240 Gu Val Cys Au @u Gn Lys Cys
Val Phe Pro Leu a 65 70 75 atg aat tac ctg gac cgt ttc ttg
ccg act cet aa&E%Wc'fS%ISTI@EF Asn Tyr Leu Asp Arg Phe Leu Al a
Thr Pro Lys Thr 80 85 90 95 cat ctt cag ctc ctg ggt gca gtg tgc
get tec aag ctg 336 His Leu Gn Leu Leu Ay Ala Val Cys Met
Ser Lys. Leu 100 105 110 aaa gag acc atc ccyg ctg act gcg gaa
att tac acc gac 384 Lys Qu Thr Ile Pro Leu Thr Ala G u Lys
Tyr Thr Asp 115 120 125 aac tct gtg aag ccc cag gag ctg ctg gag
gta gtg ttg 432 Asn Ser Val Lys Pro Gn GQu Leu Leu Gu Trp
Val Leu 130 135 140 ggt aag ctg aag tgg aac ctg gcc gca gtc aec
ttc att 480 dvy Lys ‘Leu Lys Trp Asn Leu Ala Ala Val Thr Pro
Il e 145 150 155 gag cac atc ctt cgc aag ctg ccc cag caa aag gag
ctg 528 Gu His Ile Leu Arg Lys Leu Pro A n d@n Lys Qu Lys
160 165 170 175 ate cgc aag cat gcg cag acc ttc atc get ctg tgc
ttc 576 Ile Arg Lys H's Ala @ n Thr Phe Ile Ala Leu Cys Al a

Field, Loren J.
Pasumarthi, Kishore Babu S.

CARDIOMYOCYTES WITH ENHANCED PROLIFERATIVE POTENTIAL,
AND METHODS FOR PREPARING AND USING SAME

7037-370

8

Patentin Ver. 2.0
1

876

DNA

Mus musculus

cDSs

{4}..(870)

ki

gct atg gag ctg ctg tgc tgc gag gtg gac ccg gtc cgc agg gcc gtg 48
Met Glu Leu Leu Cys Cys Glu Val Asp Pro Val Arg Arg Ala Val

1 5 10 15

ccyg gaé cgc aac ctg ctg gaa gac cgc gtt ctg cag aac ctg ttg acc 96
- Pro Asp Arg Asn Leu Leu Glu Asp Arg Val Leu Gln Asn Leu Leu Thr

20 25 30

atc gag gag cgc tac ctc ccg cag tgt tcc tat ttc aag tge gtg cag 144
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180 185 190 aag ttt gcc atg tac ccg cca tcg atg att gca act gga agc gtg gga

624 Lys Phe Ala Met Tyr Pro:Pro Ser Met Ile Ala Thr Gy Ser Val Ay 195
200 205,gca gcc atc tgt ggg ctt cag cag gat gat gaa gtg aac ac 672
Ala A a Ile‘g9§°’§l99Leu A n Gn Asp Asp Gu_Val Asn Thr Leu %ﬁr@%@’l% 220
tgt- gat gcc ctg act gag ctg ctg gcc aag atc acc cac act gat gtg 720 18
Decenber 200 00£78119 PC 1 US00116527 S, Asp. Ala L r Qu Leu Leu
Al a Lys I)ﬁlee %ﬁlrl |us%%%&%ewgf° %355& eﬁ:g%g%ﬁe ?Eﬁ %scsglaggacc tgc cag
gag caa atc gaa get Tig ctg ctg aac Asp Cys Leu Lys Ala Cys A n Qu
Gnlle u Ala Leu Leu Leu Asn 240 245 250 255 age ct%ca cag tt/g_\ cgt
caa’ gag %ao?ggéﬁta%aﬁaﬁé’(?gg% PTE A9 PIL P BEY 355 2FR 9B ACGSH*Phé®Arg @ n
G U d Y §SRshieafir @y Ber Moy drgchrplet Jasb @7‘0@’5 F§a¥eydflccg gac caa
gcc acc acc cct aa gac gtg cgg gaP gtt 864 Val GPYU Asp Pro Asp G n A a
Thr . Thr' Pro Thr Asp Val Arg Asp Val 275 280 285 gac ctg tgagga Asp Leu
<210> 2 98Bl I5C28F JaP pRs PRT2aP IS s gaused| Ik gROEst2ohkged u 28u Leu
Cys Cys Gir Val RspShr 61VatinAbygs Avg FAuaGMalGlPriel Phé PYO Bér Ala

65 70 75

atg aat tac ctg gac cgt ttc ttg gct gga gtc ccg act cct aag acc 288
Met Asn Tyr Leu Asp Arg Phe Leu Ala Gly Val Pro Thr Pro Lys Thr
80 85 90 95

cat ctt cag ctc ctg ggt geca gtg tge atg tic cta get tee aag ctg 336
His Leu Gln Leu Leu Gly Ala Val Cys Met Phe Leu Ala Ser Lys Leu
100 105 110

aaa gag acc atc ccg ctg act gcg gaa aag ctg Egc att tac acc gac 384
Lys Glu Thr Ile Pro Leu Thr Ala Glu Lys Leu Cys Ile Tyr Thr Asp
115 129 125

aac tct gtg aag ccc cag gag ctg ctyg gag tgg gaa ctg gta gtg ttg 432
Asn Ser Val Lys Pro Gln Glu Leu Leu Glu Trp Glu Leu Val Val Leu
130 135 140

"ggt aag ctg aag tgg aac c¢tg gcc gca gtc acc cct cac gac ttc att 480
Gly Lys Leu Lys Trp Asn Leu Ala Ala Val Thr Pro His Asp Phe Ile
' 145 150 155

gag cac atc ctt cgc aag ctg ccc cag caa aag gag aag ctg tcc ctyg 528
Glu His Ile Leu Arg Lys Leu Pro Gln Gln Lys Glu Lys Leu Ser Leu
160 . 165 | 170 175

atc cgc aag cat gcg cag acc ttc atc gct ctg tgc goct acc gac ttc 576
Ile Arg Lys His Ala Gln Thr Phe Ile Ala Leu Cys Ala Thr Asp Fhe
180 185 © 190

aag ttt gcc atg tac ccg cca tcg atg att gca act gga age gtg gga 624
Lys Phe Ala Met Tyr Pro Pro Ser Met Ile Ala Thr Gly Ser Val Gly
195 200 . 205

gca gcc atc tgt ggg ctt cag cag gat gat gaa gtg aac aca cte acg 672
Ala Ala Ile Cys Gly Leu Gln Gln Asp Asp Glu Val Asn Thr Leu Thr
210 215 220

tgt gat gcc ctg act gag ctg ctg gec aag atec acc cac act gat gtg 720
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Asp -Arg Asn Leu Leu Qu Asp Arg Val Leu G n Asn Leu Leu.Thr Ile 20

2530 Gu Au Arg Tyr Leu Pro A n Cys Ser Tyr Phe Lys Cys Val @dn Lys 35
40 .45 Asp lle Gn Pro Tyr Met Arg Arg Met Val Ala Thr Trp Met 0
55 60 Val q}‘é‘)@f’lﬁl uG@nlLys Cys Gu Qui3zE@u Val Phe Pro Leupﬁlﬁlgsﬁgﬁ82?5
70 75 80 Asn Tyr Leu Asp Arg Phe Leu Ala Ay Val Pro Thr Pro Lys Thr His
85 90 95 Leu G n Leu Leu Gy Ala Val Cys Met Phe Leu Ala Ser Lys Leu Lys
100 105 %@ 8%6.A16 LeuThhr Idie Pew UsaualhmyAl BléGTHr Liis Teu M8psvdll e Tyr Thr
Asp Asn 1152420 125 WO 00/ 783d9 18 Decenber 2663 PCT/ USOQ 16827 Ser Val
Lys Pro Gn GQu Leu Leu Qu Trp Qu Leu Val Val Leu Gy 130 135 140 Lys
Leu Lys TgR 680 k8ladd gedliycVahg Hay BXD ddecSghASRcbherd keg Aty add5 1480 155
160 Hi s 14 &e4 1ALy A1L 8 sPEOn @10 &4 th¥Scld WibySed 86u3RE AU |le 165
"170 175 A9 Lys His Ala @q Thr Phe Ile Al gsdeu Cys Ala Thrzsssp Phe Lys
180 185 190 Phe Ala Met Tyr Pro Pro Ser Met Ile Ala Thr Ay Ser vVal Ay Al a

195 200 8 1, o) G ASPadSRCE JhaVeko Ash Jy Lews Thr. Oys
210 215 % %:%GK as%f%t fnlcsé%% ﬁﬂx‘\' aaéy%ly%y TBE: Hy3 i Asp Val Asp

260 265 270

gtg gaa gat ccg gac caa goc acc acc cct aca gac gtg cgg gat git 864
Vval Glu Asp Pro Asp Gln Ala Thr Thr Pro Thr Asp Val Arg Asp Val

275 280 285
gac ctg tgagga’ ) _ 876 .
Asp Leu '
C<210> 2
<211> 289
<212> PRT

<213> Mus musculus

<400> 2
Met Glu Leu Leu Cys Cys Glu Val Asp Pro Val Arg Arg Ala Val Pro
1 5 10 . 15

Asp Arg Asn Leu Leu Glu Asp Arg Val Leu Gln Asn Leu Leu Thr Ile
20 - . 25 30

Glu Glu Arg Tyr Leu Pro Gin Cys Ser Tyr Phe Lys Cys Val Gln Lys
353 40 ' 45

Asp Ile Gln Pro Tyr Met Arg Arg Met Val Ala Thr Trp Met Leu Glu
50 ' 55 60

Val Cys Glu Glu Gln Lys Cys Glu Glu Glu Val Phe Pro Leu Ala Met
65 70 .75 80

Asn Tyr Leu Asp Arg Phe Leu Ala Gly Val Pro Thr Pro Lys Thr His
- B5 30 . 95

Leu Gln Leu Leu Gly Ala Val Cys Met Phe Leu Ala Ser Lys Leu Lys
100 105 110

Glu Thr Ile Pro Leu Thr Ala Glu Lys Leu Cys Ile Tyr Thr Asp Asn
115 120 125 '
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225230 235 240 Cys Leu Lys Ala Cys G n Gu A@n Ile Au-Ala Lea Leu Leu Asn
Ser 245 250 255 Leu G n @Gn'Phe Arg An GQu G@n Hs Asm Ala Ay Ser Lys

Ser. Val, 26%%?@7%8 G u Asp Pro Asp G n Ala Thr Thr Pro Thr pepuNediicdsd
Asp Val Asp 285 Leu <210> 3 <2i¥ 873 <212> DNA <213> Hono

sapi ens <220> <221> CDS <222> (4)..(870) <400> 3 get atg gag ctg ctg tgc
cac gag gtg gac ccg gtc cgc agg gcc.gtg 48 Mt Gu Lau Leu Cys Hs du Val
Asp Pro Val Arg Arg Ala vVal 1. 5 .10 15 18 Decenber 2003_. WD 00/78119 5
PCT/ USOO/SEg8¥7L dy§ BEe gcShnéeetigucEs dgR %]a‘cL?ﬁé’a&g‘ﬁalgPE“c‘ilé' cag aac ctg
ctc 96 Arg A3) Arg Asn Leu L@85Arg Asp Asp Ardgi%al Leu G n Asn Leu Leu 20
25 . 30 acc atc gag gag cgc tac ctt ccg cag tgc tcc tac ttc aag tgc gtg 144
Thr |l e Giws CGew TAsgTdly rAshelewPhda @la Tys T8er PrRy Hiplep | Bhe &8 Gid 35 40 45
cag aag ¢gas atc caa ccc tatstatg cgc aga atgl&tg gcc acc tgg ¥0g 192 dn
Lys Asp Ile A n Pro Tyr Met Arg Arg Met Val Ala Thr Trp Met 50 55 60
: His Ile Leu Arg Lys Leu Pro Gln Gln Lys Glu Lys Leu Ser Leu Ile
165 S 170 175

Arg Lys His Ala Gln Thr Phe Ile Ala Leu Cys Ala Thr Asp Fhe Lys
: 180 185 180

Phe Ala Met Tyr Pro Pro Ser Met Ile Ala Thr Gly Ser Val Gly Ala
195 200 ' 205 )

Ala Ile Cys Gly Leu Gln Gln Asp Asp Glu Val Asn Thr Leu Thr Cys
210 T 215 220

Asp Ala Leu Thr Glu Leu Leu Ala Lys Ile Thr His Thr Asp Val Asp
225 230 235 240

Cys Leu Lys Ala Cys Gln Glu Gln Ile Glu Ala Leu Leu Leu Asn Ser
245 250 255

Leu Gln Gln Phe Arg Gln Glu Gln His Asn Ala Gly Ser Lys Ser Val
260 ) 265 270

Glu Asp Pro Asp Gln Rla Thr Thr Pro Thr Asp Val Arg Asp Val Asp
275 280 285

Leu

<210> 3

<211> 873

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (4)..(87F0)

<400> 3
gct atg gag ctg ctg tgc cac gag gtg gac ccg gtc cgc agg gcc gtg 48
Met Glu Leu Leu Cys His Glu Val Asp Pro Val Arg Arg Ala Val
1 : 5 ' .10 15



ctg
Au
atg
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ctg
Adn
acc
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aag
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tgg
Asn
aag
Leu
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Thr-

ccg
Ser

‘gag

Val

.aat

Tyr
caa
Leu
ago
Pro

cct

Adn
aac
Leu
ctg

Pro .
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t og
Met
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gtc tgt gag gaa cag aag tgc gaa gaa gag gtc ttc:cut ctg 240 Leu
Cys Au Qu Gn Lys &s Au Gu Qu Val Phe Proieu 65 70 75 gcce
tac \wh®og@Go COt ttc ttg got ggg gtc ccg act ccg aag 288tmwsborsket
Leu Asp Arg Phe Leu Ala Gy Val Prd Thr Pro Lys 80 85 90 95 tcc cat
ctc ctg ggt get gtc tgc atg ttc ctg gcc tee aaa 336 Ser His Leu
Leu Gly Ala Val Cys Met Phe Leu Ala Ser Lys 100 105 110 etc aaa gag

acc gc aag ctg tgc att tac acc 384 Leu Lys Qu Thr
L‘é’g’ g g)fch‘é‘EP § 93% SFGrIFnFEA F89 1377 £5% Fac ot tcc atc

@3@1 AchJgp‘?f’t Qegéﬁutﬁﬁ? @é& =Ry "%@g"adt bewusdn HEpLlaet®8er [le Lys
A u Leu Leu A u?¥rp du Leu Val 130 135 140 cB® ggg aag ttg aag
ctg gca get gtc act cct cat gac ttc 480 Leu Ay Lys Leu Lys Trp
AicE AF@ 9vdl 9aBhFIPrtecHFE: ASP Fiwe tyd3cE5BrcI B5CcRaAT §ag a¥ac alidd ttg cgc
e Ehy Gagtleglrygdyrabeyr €rg Glat CH2&er| Ty Ghe BissCyvé /alleu Arg Lys
Gndn Arg 3@ u Lys Leu Ser 480 165 170 175 ct4p atc cgc aag cat. get
ttc att get ctg tgt goo ‘acc gac- 576 Leu lle Arg Lys Hs Ala @ n
Idag &f ghelatlysadlcac Thuc ASYP Af0ad8%thO%d Ghc o thd a@gC afog tac cca
a1@ BY<E pgpaniCELPPRo ar kg BdiarPheclyn Rbe WarMetvetyr Pro Pro
Ile Ala Ehr Ay Ser Val 185 200 205 18 Decegrber 2003 WO 00/ 78119 6

PGT1 USO0Q/ 16827 gga gca gcc atc tgt ggg ctc cag cag gat gag gaa gtg agc tcg

etc.

672

ctg gag gtc tgt gag gaa cag aag tgc gaa gaa gag gtc ttc cct ctg 240
Leu Glu Val Cys Glu Glu Glin Lys Cys Glu Glu Glu Val Phe Pro Leu
65 70 75 ‘

gcc atg aat tac ctg gac cgt ttc ttg get ggg gtc ccg act cog aag 288
Ala Met Asn Tyr Leu Asp Arg Phe Leu Ala Gly Val Pro Thr Pro Lys
80 85 ' 90 95

© tcc cat ctg caa ctc ctg ggt gct gtc tge atg tte ctg gec tec aaa 336

Ser His Leu Gln Leu Leu Gly Ala Val Cys Met Phe Leu Ala Ser Lys
100 105 110

ctc aaa gag acc agc ccg ctg acc gcg gag aag ctg tgc att tac acc 384
Leu Lys Glu Thr Ser Pro Leu Thr Ala Glu Lys Leu Cys Ile Tyr Thr
115 120 125

gac aac tcc atc aag cct cag gag ctg ctg gag tgg gaa ctg gtg gtg 432
Asp Asn Ser Ile Lys Pro Gln Glu Leu Leu Glu Trp Glu Leu Val Val

130 135 140

ctg ggg aag ttg aag tgg aac ctg gca gct gtc act cct cat gac ttc 480
Leu Gly Lys Leu Lys Trp Asn Leu Ala Ala Val Thr Pro His Asp Phe
145 150 155

att gag cac atc ttg cgc aag ctg ccc cag cag cgg gag aag ctg tet 528
Ile Glu His Ile Leu Arg Lys Leu Pro Gln Gln Arg Glu Lys Leu Ser .
160 165 170 175

ctg atc cgc aag cat gect cag acc ttc att get ctg tgt gecc ace gac 576
Leu Ile Arg Lys His Ala Gln Thr Phe Ile Ala Leu Cys Ala Thr Asp
180 : 185 190

ttt aag ttt gcc atg tac cca ccg tcecg atg atc geca act gga agt gtg 624
Phe Lys Phe Ala Met Tyr Pro Pro Ser Met Ile Ala Thr Gly Ser Val
195 200 205



dy
220
Thr.

gtg.

Asp
255
Asn
gag
Asp
gac

‘Al a

act
Cys As
gat
Cys
aat
Ser
gat
du
ctg

<400> 4
5 10 15
- 25 30
40 45 Lys Asgpdle Gn Pro Tyrodet Arg Arg Met Mg Ala Th.r Trp Met Leu . 50
55 60 Gu Val Cys Au Au An tys ys Gu Au Gu Val Phe Pro Leu Ala 65

70 75 80 Mot ASR TVl ol G ARR A58 RlCsdPUa N 2c Ty YAl JRHOHECEr 07kyS Ser
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Ala lle Cys Ay Leu dn A@n Asp AQu Gu Val Ser.Ser Leu -210 215

tgt gat gcc ctg act gag ctg ctg get aag atc acc‘aac aca gac 720
vﬁi’g p Thr-Gu Leu Leu Ala Lys Ile Thr Asn Thr Aganebnes3s 235
t gt aaa get tgc cag gag cag-a#t -gag gcg gtg ctc ctc 768 Val
Leu Lys Ala Cys An AQu @n Ile Qu Ala Val Leu Leu 240 245. 250
agc ctg cag Gag tac cgt cag gac caa cgt gac gga tcc aag tcg 816
Leu Gn A@n Tyr Arg An Asp Gn Arg Asp Ay Ser Lys Ser 260 265 270
gga ety ggacatTadgyorigagte ave ot gat yagagaybys cyg Y chte &3 G u
lcey Xsp AGkNEiAl aySerlyTheu Rlo Jiw 2és B1VablvAvgl Asp $deLgy5 2. 80 285
tga 87321#8sp Leu <210> 4 218211> 289 <21222¢RT x213> Hono sapi ens
Met Gu Leu Leu Cys Hs Qu Val Asp Pro vVal Arg Arg Ala Val Arg 1
Azp Aft) gAS NgdceuteibtAGlg AR AP g halfaktd-Gbc GaB Asngheu beo Thr 20
the &34 A WA ded Yinzl Bt Re@ Ldunaly S.ysef1el¥hr ARG dsacys Val Gn 35

Val Asp Cys Leu Lys Ala Cys Glan Glu Gin Ile Glu Ala Val Leu Leu

240 245 250 - 255

aat agc ctg cag cag tac cgt cag gac caa cgt gac gga tcc aag tecg 816
Asn Ser Leu Gln Gln Tyr Arg Gln Asp Gln Arg Asp Gly Ser Lys Ser
260 265 270

gag gat gaa ctg gac caa gcc age acc cct aca gac gtg cgg gat atce 864
Glu Asp Glu Leu Asp Gln Ala Ser Thr Pro Thr Asp Val Arg Asp Ile
275 280 285

gac ctg tga ) 873

" Asp Leu

<210> 4

<211> 289

<212> PRT

<213> Homo sapiens

<400> 4
Met Glu Leu Leu Cys His Glu Val Asp Pro Val Arg Arg Ala Val Arg

1 5 10 15

Asp RArg ﬁsn Leu Leu Arg Asp Asp Arg Val Leu Gln Asn Leu Leu Thr
20 - 25 30

Ile Glu Glu Arg Tyr Leu Pro Gln Cys Ser Tyr Phe Lys Cys Val Gln
35 40 45

Lys Asp Ile Gln Pro Tyr Met Arg Arg Met Val Ala Thr Trp Met Leu
50 55 . 60

Glu Val Cys Glu Glu Gln Lys Cys Glu Glu Glu Val Phe Pro Leu Ala

65 70 75 - 80

Met Asn Tyr Leu Asp Arg Phe Leu Ala Gly Val Pro Thr Pro Lys Ser
85 [0 95
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85 90 95 18 Decenber 2003 WO 40/ 78119 7 PC /US00/ x.6827-H s Leu A n Leu Leu

Gy Ala Val Cys Met Phe Leu Al'a Ser Lys Leu 100 105 110 Lys G u Thr Ser
Prao Leu Thr“@@m‘@lﬂ, Lys Leu Cys Ile Tyr Thr Asp 115 120 125 gerussanetadre
Lys Pro Gn Qu Leu Leu Gu Trp u Leu- VAl -val Leu 130 135 140 Ay Lys
Leu Lys Trp Asn Leu Ala Ala Val Thr Pro H's Asp Phe Ile 145 150 155 160
GQu Hs lle Leu Arg Lys Leu Pro Adn Gn Arg Qu Lys Leu Ser Leu 165 170
175 1le Arg Lys His Ala @ n Thr Phe Ile Ala Leu Cys Ala Thr Asp Phe 180
185 190 kys Rweci aeleieulgly Bna ¥410 cpermddepht| BevAhda Bur Gy I8e&r Val Gy
195 200 205 Ala Alaoble Cys Gy Leuigkn A n Asp Gu @w Val Ser Ser Leu Thr
210 215 220 Cys Asp Ala Leu Thr Qu Leu Leu Ala Lys Ile Thr Asn Thr Asp Val

225 230 235 A4OTASREYS:d Gk ks AN A cDUSLEE Re ty<Orie I1ye Ghel pa Val Leu Leu
Asn 245 250 25%,5er Leu A n A ndyr Arg Gn Asp g Arg Asp Gy Ser Lys

Ser Au 260 265 270 Asp Qu Leu Asp G n Ala Ser Thr Pro Thr Asp Val Arg
Asp Ile 'ﬁ§!p Se%]?le- Lg?go?x.?osélrl‘%liu?&pieﬁ Gf@JrB (%14%&1 Val Val Leu )

130 135 - 140

. Gly Lys Leu Lys Trp Asn Leu Ala Ala Val Thr Pro His Asp Phe Iie
145 150 155 160

Glu His Ile Leu Arg Lys Leu Pro Gln Gln Arg Glu Lys Leu Ser Leu
: 165 170 ' 175

Ile Arg Lys His Ala Gln Thr Phe Ile Ala Leu Cys Ala Thr Asp Phe
180 : 185 190

Lys Phe Ala Met Tyr Pro Pro Ser Met Ile Ala Thr Gly Ser Val Gly
135 - 200 205

‘Ala Ala Ile Cys Gly Leu Gln Gln Asp Glu Glu Val Ser Ser Leu Thr
210 215 220

Cys Asp Ala Leu Thr Glu Leu Leu Ala Lys Ile Thr Asn Thr Asp Val
225 230 235 240

Asp Cys Leu Lys Ala Cys Gln Glu Gln Ile Glu Ala Val Leu Leu Asn
245 . 250 255

Ser Leu Gln Gln Tyr Arg Gln Asp Gin Arg Asp Gly Ser Lys Ser Glu
260 265 270

Asp Glu Leu Asp Gln Ala Ser Thr Pro Thr Asp Val Arg Asp Ile Asp
: 275 - 280 285

- Leu

<210> 5
<211> 5443
<212> DNA

<400> 5
ggatcctgca aggtcacaca agggtctcca cccaccaggt geococtagtct caatttcagt 60
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<212> DNA <400> 5 ggatcctgca aggtcacaca agggtctcca cccaccaggt gccctagtct
caatttcagt 60 18 Decenber 2003 WD 00/ 78119 PCTI USOQ 16827 -8- ttccatgcct
tgtt.ctcaca 3fgpbafigst ccccagagct aatttggact ttgtttttat 120 {(F PG48
cctgaat gag gagtagatct -tgtgctaccc agctctaagg gtgcccgtga 180 agccctcaga
cctggagcct ttgcaacagc cctttaggtg gaagcagaat aaagcaattt 240 tccttaaagc
caaaatcctg cctctagact cttcttctct gacctcgegdc cctgggcectct 300 agggt gggga
ggt ggggctt ggaagaagaa ggtggggaag tggcaaaagc cgatccctag 360 ggccctgtga
agtt cggagc Ertatergt SFothgeEchgyIdtgateysreerdaget Gehteagasd (Frash@tayeth
agaagtgata cctcctttgt gacttcccca ggcccagtac ctgtcaggtt 480 gaaacaggat
tt agagaagc ttedgaags ccaged graciartgascc toadctacac caaytraid (ItagecarakatRy
tgccactgct agttagtatc ctacgctgat aatatgcaga gctgggccac 600 agaagtcctg
ggogt gt agga agigresdq) iccgagdddet cagdaa gapnaagr gt § daegcyabbRaagcagragaiq
tagtaatgtc cccttagatc ccatcccagg caggtctcta agaggacatg 720 ggat gagaga
tgtagtcat g tg8GALLES 2aaALRGC ek bEERONL Birteeet I3eetdyglSCechihgaratt Sem -
ccaggaggac agtaacctta gcctatcttt cttcctcccc atcctcccag 840 gacacacccc

ctggtctgca gielygadd lyathd Skt CRfaaQb E&LC LGELLGLEAE ttﬁ;&é@éaaé@%g‘a&&@&%@%@d
tttgacctct gcagctgctg gaagatagag tttggcccta ggtgtggcaa 960 ~ gccat ctcaa

gagaaagcag tdde o g c c g g
A P L L R S R i R R

gatactctgc cacagct ct gqct tagcttta aat gt tc 114 gagaa
Dg00at L goa STERrITe PO TR e Co T e ot stagae 1o 0o S RRRRL R !
gtggccagac tcctgttcaa cagccctctg tgttctgacc actgégcta 1260 caaccg ag
cat gggccct ﬁﬁ&gaﬁﬁgét?%@‘aﬁﬁt@té A= oo\ s (o1 C R Voo o R R AV A o= 18 o o (S LY (o]
agaacagaga acgaaat aag gaaggaagaa ggaaaggcca-gtcaatcaga 1380 tgcagtcaga
agagat ggga %\‘ij’-‘é@&&%‘!ﬂc&gé‘aﬂj?étgt:gé@é%@%ﬁﬁﬁ%%&@@%aﬂﬁt%ﬁfﬁaﬁcf%g_
ccacagaaag aagagcccag gccccccaag tctcctettt 1500 1 8 Decenber

cat aaggagg
2003 agaagtcctg ggghtgtagga actgaccagt gacttttcag tcggcaaagg tatgaccccc 660

720

tcagcagatg
ggatgagaga.
ttcecacttag
gacacaccce
ttgcaaggct
gccatctcaa
tcactggcgy
tagtcccega
tgaaagacaa
acactcgtgt
gcaaccagag
caggggaggg
tgcagtcaga

agattctggg

tagtaatgtc
tgtagtcatg
ccaggaggac
ctggtetgca
tttgacctct
gagaaagcag
geetgggggt
gatactctge
tgggattgga
gtggccagac
catgggecccet
agaacagaga
agagatggga

cataaggagg

cccttagate
tggcattcca
agtaacctta

gtattcattt

Qcagctgctg

acaacaggqg

agaaaaaaga
cacagctggg
agacatctct
tcctgttcaa
gtgctgagga
acéaaataag
agccaacaca

ccacagaaag

ccatcccagg
aacacagcta
gectatcttt
cttocttcac
gaagatagag
gaccagattt
gtgagtgagrt
ctggtcgggg
ttgagtctec
cagcecctetg
tgaagagttg
gaaggaagaa
cagecttgagce

aagagcccag

caggtctcta
tcecacagtgt
cttcectocee
gtcecctcetg
tttggceccta
tggaaggatc
ccgctccagq
tagctttagg
cctecaaccec
tgttcrgace
gttaccaata
ggaaaggcca
agaggaéaca

gcccccecaay

agaggacatg
cecttgecce
atcctcccag
tgacttccat
ggtgtggcaa
aggaactaaa
taagccaagc
aatgtgggtc
acctacagac
actgagctag

gcaaaaacag

-gtcaatcaga

gaaaagggaqg

tcteetottt

780
8?0
200
860
1020
1080
1140
1200
12860
1320
1380
1440

1300



18 Decemmber 2003
WO 00/ 78119 PCT/ USOQO 16827 -9- ataccctcat cccgtctccc aattaagccc actcttcttc

ctagat caga cctgagctgc 1560 agcgaagaga cccgtaggga ggat cacact ggat gaagga
gat.gt gt gga gWRPLEAYg 1620 gcaacctaag agccagagcc taaaagagca BOBGSCHEHILT
gtgcttcaaa ggtggccagg 1680 ctgtgcacac agagggtcga ggactggtgg tagagcctca
agat aaggat gatgctcaga 1740 atgggcgggg ggggggattc tggggggggg agagagaagg

t gagaaggag cctggaacag 1800 agaat ctgga agcgctggaa acgataccat aaagggaaga

acccaggct a sgicctagat gcddfiobced aaratapatgn a2 GACAYGQE: GhaagHGa agoIdagyag afhgt
agaaggaccc cggggcaaga 1920 catggaagca aggacaagcc aggttgagcg ctccgtgaaa
tcagcct gct gaagagagagechR8ogqL 6643gtady ¢39ERiRag agaGRgcapagayicagggt taat
gt agagacag ggaacagaag 2040 gtagacacag gaacagacag agacggggga gccaggtaac
aaaggaat 99 $&GabbedaGasgc2h@qcCtHNDGEER0 2396268 §r @t Si4aC agydozate t FBaa
tgttcatcag actgcagggc 2160 tggcttggga ggcagctgga aagagt at gt gagagccagg
ggagacaagg g a??ﬂ_% C &de2C c*@ag4 dcaga
gcccagaact ggjgtg{?%%gt%a%%gcgac cc??gﬁ;tgga ctt%%cé;gat%gggagggg?tgggaact ct.
gt gaccacca geeec - C o
Pagot tecct SaseaeRganBatt o TE] R O S R AT R,
tgttctcagt accttatcat 2460 gccctcaaga_gcttgagaac _caggcag t c
e S R L T g e Bt (e e B RS e
cagacaggtg gcctttatcc 2580 ccaaagagca accatttggc ataggtggct gcaaat a
at goanggt { ‘GRAFCAEG 19 BATAI FAASER S en IRAAGRAT ROt SePHER 010
agaggggt at gctcctgccc 2700 ccacccacca taaggggagt gaactatcct agggggctgg
cgacct t ggg Fhgarasce aaﬂqz?wccmetg&éswaca?wggaacf&aeag%?&aaﬁgggase@g'éégg
tgtcctgccc acctccacac 2820 tctagagcta tattgagagg tgacagtaga tagggtggga
gct ggt agca WGHadrags RIcR8S0Iaat estcg gt tyedsFegt df cgyeRRRI eI gaatagddha
gtctggettt gtctcctgaa 2940 ¢! O 7T1 rrC CJCCT IR It P 9R1 18 Decenber
2003 WO 00/gt8§d&ucay JASTALIB(aQ) £J2tG8RLa gocaggtaac aaaggaatgg tecttctcac 2100

2160

ctgtggccag

. tggecttggga

aaggaagaag
cttoettgte
gccccoecacta
cctggectts
gccctcaaga
tgcacacagg
ccaaagagca

ccttcaagaa

. ccaccecacca

attactgaga
tctagageta

tcectgggtgt

agcgtccatc tgtgtccaca tactctagaa

ggcagcetgga
agggcaaacc
gcatctteca
cccataccaa
grctcttgga
gettgagaac
agcctcaagt
accatttgge
tactgecatgce
taaggggagt
gtgctgagec
tattgagagg

gagggtgtag

aagagtatgt
aggccacaca
taggaggcag
gtttggcctg
ccpg;cccaa
caggcagtga
qacctccagg
ataggtggct
aagacct;ag
gaactatcct
cagaaaaact
tgacagtaga

gggaaagcca

gagagccagyg
agagggcaga
tgggaactct
agtggecattc
éctgacccaa
catattaggce
gacacagctg
gcaaatgéga
accecetggag
agggggctgg
gaccgecctg
tagggtggga

gagcagggga

tgttcatcag
ggagacaagyg
gcccagaact
gtgaccacca
taggttecct
tgttctcagt
catgggctaa
cagacaggtg
atgcaaggtt
agaggggtatc
cgacettagg
tgtcctgeee
gctggtagea

gtetggettt

CHOCTITIITE CUEET /R E 28)

actgcaggge
gggcctagga
gagttaactc
tcccecatga
gaggacagag
accttatecat
ccctggagct
gectttatee
gaatcaggtc
getoctgeoe
gagacaccac
acctccacac
gggagagtgt

gtctectgaa

2220
2280
2540
2400
2460
2520
2580
2640
2700
2760
2820
2880

2940



18 December 2003
-10 'cacaatgtct acttagttat aacaggcatg acctgctaaa gacccaacat ctacgacctc 3000

t gaaaagaca gcagccctgg aggacagggg ttgtctctga gccttgggtg cttgatggtg 3060
ccacaaagga Gge@leadt Jt gagtataa ggccccagga gcgttagaga agggcaF&?Qm§%§8r7
ggaaggggt ¢ agtctgcaga gcccctatcc atggaatctg gagcctgggg ccaactggtg
taaatctctg ggcctgccag gcattcaaag cagcacctgc atcctctggc agcctgggga 3240
ggcggaaggg agcaaccccc cacttatacc ctttctccctlOcagccccagg attaacacct 3300
ctggcct t cC cduialadGESAGEL LGt CAL 230 @ aQ80addads AgRYEE AYJAJASX 336D |
cctacatgtc caaacatcat ggtgcacgat atatggatca gtatgtgtag aggcaagaaa 3420
ggaaat Ct gC ARGGLLAGL YcIGH L8Rt Aga0baRaP itk Hcd @8 CRldt Gy drgt SlGhebdt s3486h
act gaaaacg ggcatggctg tgcagctgtt cagttctgtg cgtgaggtta ccagactgca 3540

ggtttgtgtg éé%%&&?%atc%gé@agﬂg%éé‘ggﬁ:tgagggégaa%%c&%&C@Jgggégatgfaaég%ﬁégé&gi’@%

t ggat gat gg cctgca C aaggacc gaaaat agaa tggacactct atatgtgtct 3660

acagacagt oGPl el R B A0S RO ERNCIR0R s
t gcaa agt ggat gct ctccctagac atcatgactt 384
J 5 TR et st i B R 2P idees ot

t caaagggaa ,actgagtcgt gcacct
Lgt ot et ggy ‘BRGEERGEASS TG
gcct gaagct at gcagatag ccagggttga aagggggaag ggagagcct aa agc 3960
ttgtgtgttg %@aeawg@g%&%ﬁa&taa‘gﬁ@gaagctégaggﬁ‘ﬁ@a%aggt i‘%%ge%gf%%t?
ttgttcaact cacccttcag attaaaaata actgaggtaa gggcctgggt aggggaggtg 4080

gt gt gagacg COGEFERT ESFECERAITCCHRESHH J8GEITRITY ('FGERERP GG TR R244P
gcccaaggac taaaaaaagg ccat ggagcc agaggggcga gggcaacaga cctttcatgg 4200
gcaaacct t g Ir§ge8tItyc tagpa@tEat tagt gcacTHtc e4gtdPE caarghatated arapsastra a4 249
ggagccagga caggagggaa gtgggaggga gggtcccagc agaggactcc aaatttaggc 4320
agcaggcat a dogggatgggagdaitaaal Gget e oy gasiaagagetgtargagagaibt foitgd34Mm 18
Decenber 2003 W 00/78119 -11 PCTI USOO 16827 ccaacccagg taagagggag

tttcgggt 99 a@8gekaddeCgenagees taeagecdeel Chltt 4449 cq@68dRgaagGgaangssid
tcct'ggaagt ggggttcagg ccggtcagag atctgacagg 4500 gtggccttcc accagcctgg

gaagttctca gg‘ttgg&@ggﬁagaﬁt&h@@@%@@ggwgg%aﬁgép cttecatggt ttaaagagat 3600

tggatgatgg cctgcatctc aaggaccatg gazaatagaa tggacactcet atatgtgtcet 3660

ctaagctaag
‘tacagacagt
tcaaagggaa
tgtctctgyy
gcctgaagct
ttgtgtgttg
ttgttcaact
gtgtgagacg
gcccagggac
gcaaaccttg
ggagccagga
agcaggcata

gragcaaggt
atctgtacag
actgajtht
gagccageac
atgcagatag
gaggcagggyg
caccctteag
ctcctgtete

taaaaaaagg

gggcccrgcet

caggagggaa

tgggatggga

ctttggagga
agtaaggaga
gcacctgcaa
tgtééaactt
ccagggttga
acagatatta
attaaaaata
tcctcotatet
ccatggagec
gtcctectgt
gtgggaggga

tataaagggg

cacctgtcta
gagaggaggg
agtggatget
caggtctgag
aagggggaag
agcctggaag
actgaggtaa
gcccategge
agaggggcga
caccteccaga
gggtccecage

ctggagcact

gagatgéggg
ggtgtagaat
ctecectagac
agaétaggég
ggagagcetg
agaaggtgac
gggcctgggt
cetttgggga
gggcaacaga
gccaagggat
agaggactcc

gagagctgtc

caacagégac
tctettacta
atcatgacﬁt
gcrceooctca
ggatgggagc
cottacccag
agéggaggtg
ggaggaatgt
cctttecatgg
caaaggagga
aaatttaggc

agagatttet

3720
3580
3840
3500
3960
4020
4080
4140
4200
4260
4320

4380



at gcceccttc
gotttatctt
tctact gt.ct
acttcacctt
cttccttcct
cttccttcct
atcttccagt
ggcttgtcct
ctcttcctgce
t ggt ccacat,
acagcagatc
gcccggcact
caggcacttt
gaagt ggt gg
cagacagat c

ccttacgctg tcttctccat cttcctcctg
cttcagcaag atttgccctg
ccttgecttc ttgegtgtce
ctcatttgta ttcatccttc
ctttctccct tccttcecttce

ggctcttcgt
BRGSO g
ttctcccectt
tccttccttc

-gt gt cagagt
agccaca
ARG

ctcttcctct ctct

PR PR a2 1EPE

acgattctcc cggaagtcag

Pasabdtar tpeldy

Bceas cudss

g9

ccact

GG

gtgcctc
RGeS
ctt ccagcc ctctctttct ct
BYIISGEEFFa RS ACE SRR &E%G%FF% G o (o) L A o £
acat ggagt c ctggtgggag agccat aggc tacggtgtaa aa
BEACTGOETa gt eag et FEEL HER A FARBET A ITCEESTT
cctcctatct cccccataag agtttgagtc gac 5443 <210> 6 _
<212> DNA <d@O:xabetit gortcgepr agtogazmatt tgratgt eectosream §radr A§§agthdlag

18 December 2003

gggatgctcc tcccegtctt 4620
tgctgtccac tccatctttc 4680
ttcctttcca cccat PCTUSOHIIGEYT7
cttccttcect tccttcecttc 4800
cttccttcect tccttccttc 4860
gct gagaat ¢ acacctglhigy ttcccaccct tatgtaaaca 4920
ELELEL! ACGLL G4 GRECAREL: NG

ctcccagcc tctgcectactc 5040

LEcadeh

cccigta
Sataye s
3geeaan”

doote

5340
5450 .
<211> 134

ggtttatgag 60 gacacagagg agcttcctgg ggat ccagac atgataagat acattgatga
gttt ggacaa i3Gicageacaaniyacgantci3tcCid REFEFUETE QrotrEFTecdaREEGafLtzre 480

Decenber

2003 u WO 00/ 79119 -12 <210> 7

<211> 30

<212> DNA PGI/ US00/ 16827

<400> 7 gct atd@age:tt gedrgbgedy cegnggbggatcadfecttec cttecttoct tecttectte 4800

cttecttect
cttccttect
atcttccagt
ggcttgtcet
ctcrtectge
tggtccacat
acagcagatc
geccggeact
caggcacttet
gaagtggtgg
cagacagatc
<210> 6
<211> 134

<212> DNA

<400> 6
gtggatgggce

gacacagagg

accacaacta

tccttﬁcttc
gtgtcagagt
gagccacagce
gttccatees
ctgttcctet
tcttcaggat
acgattctcc
cttagcaaac
acatggagtc
tgtaggaaag

cctectatet

agectatgat
agcrttectygg

gaat

ctttcteect
gctgagaatc
ttcagtgcty
ggtcaggata
ctctgtcéag
tctctgaaaa
cggaagtcag
ctcaggcacc
ctggtgggag
tcaggactte

ccceccataag

tggaatgtcc.

ggatccagac

tcétt&cttc
acacctgggg
ctgggtgcte
tctagattgg
ctgegecact
gttaaccagg
gcttccagece
cttacececcac
agccataggc
acétaqaagc

agtttgagtc

tectcaagtag

atgataagat

cttcecttoet
ttcecacect
tcttaccttc
tcteoccagee
gtggtgectce
tgagaatgtt
ctctetttet
atagacctct
tacggtgtaa
ctagcccacé

gac

aggaggttag

acattgatga

QUACTITUTE QUERT (RILN F 2R)

tcctteectte
tatgtaaaca
ctcacceect
tctgc;actc
gttccagetg
tccecctgtag
ctgcccaget
gacagagaag
aagaggeagg

ccagaaatga

ggtttatgag

gtttggacaa

4860
4920
4986
5040
5100
?160
5220
5280
5340
5400

5443

120

134



18 December 2003
<210>-8- <211> 30 <212> DNA <400> 8 tcctcacagg tcaacatccc gcacgtctgt 30 Ct

|QCTITi I TC CU==T fat 11 F 7gl
X + WO Q0/78119 : PCT/US00/16827

-]12-

<210> 7
<211> 30
<212> DNA

<400> 7

gectatggage tgctgtgcotg cgaggtggac 30

<210> 8
<211> 30
<212> DNA

<400> 8

tectcacagg tcaacatcce gceacgtetgt 30
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