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TRANSPLANTATI ON Background of the Invention The invention rel

field of cell transplantation. The possibility of bone marrow elng an‘%ﬁ
Vi VO sour ceo@R/os3ge£ul ati ng 10 cardi omyocyte progenitors hper/gs@nigdggest ed.
In one experinment, transplanted bone marrow derived cells were observed to
be distributed in a dystrophic nouse heart. Although the nol ecul ar
characteristics of these cells were not identified, their location in the
heart tissue indicated these cells were cardi onyocytes. The ability of
bone marrow nmesenchymal stemcells (BMSCs) to differentiate as 15 beating
cardi onyocytes foll ow ng |ntroduct|on of inductive agents such as 5-
azacytldlng has alys . I PfoNnave been
proposed t0 be a case and
cardiac abnormalities. Desplte the potential therapeutlc val ue of BMSCs,

current cell 20 transplantatio t hod r cardiac tissue are clini caIIy
i nadequat e because rate of i ro nto the host tissue is
poor . For_exanpl e i3 inléntfeh réhtes td 8 i r430 iraflanfiifon. 2001) T epor ted ¢ hat
only 40% of mce receivin MSC transplants showed sone nyocardial repair.

Thus, there is a n’HmpdS@bﬁmebqunFM“abﬁlbgﬁmw viva $ovepe digircvlgting gh rates of

25 cel | i t
i scover edia. FRERBSRyRMedeRitm ! We hesciT S theGbliReno Al "C NEVE
cells can be Bomy inarew-defived selle “&l‘dotisbﬂredtcem distribateti e a dgsttdphirtracustor 30

transpl antation. WO 02/ 083864 PCT/ USO2/ 11
P heart. Although the molecular %-gracten%tlcs ot} these cells were not identified,

their location in the heart tissue indicated these cells were cardiomyocytes. The
ability of bone marrow mesenchymal stem cells (BMSCs) to differentiate as
15 beating cardiomyocytes following introduction of inductive agents such as 5-
azacytidine has also been shown. Based on these findings, BMSCs have been
proposed to be a source of cells for treatment of cardiac disease and cardiac
abnormalities.
Despite the potential therapeutic value of BMSCs, current cell
20 transplantation methods for cardiac tissue are clinically inadequate because rate
of implant incorporation into the host tissue is poor. For example, Orlic ef al.
(Nature 410: 701-705, 2001) reported that only 40% of mice receiving BMSC
transplants showed some myocardial repair.
Thus, there is a need for cell transplantation methods having high rates of

25 cell incorporation and cell survival.

Summary of the Invention
We have discovered a method by which the induction of the differentiation

of stem cells can be monitored in vitro and the stem cells then collected for

30 transplantation.
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Accordingly, the invention features a nethod for producing cells for
transplantation into nyocardial tissue of a mammal (e.g., a hunman). The

met hod includes the steps of (a) providing a popul ation of stemcells that
have not bwero2o83geortalized; (b) culturing the cells undepcr/opaditissans t hat
I nduce the cells to 5 beconme cardi onyogenic cells (e.g., cardionyocyte

progenitor cells);  (c).,. nhtoring the at f.differentiatien of the
cells of step (b) ;Aé‘ﬁ%ﬁdlf'g@ ’ 8|“f"e°8ﬂ?‘hg““’$‘£r?ea rfugrﬁpggogfpr%c[uggng(cggls en at | east
about 10% and gasspldiatiodSnte deydcardidl Ussuefof htamrasl (626 aeina).| Themnethod

cardi onyogenic¢c cells. The cells can be, for exanple, human, pig, or baboon
BMSCs. | n one tchisiss thestaps of (R) prestiding apapulation ofistqmy aells thatdave pof been of (e)
transpl anti ng; S ' Pgm J . ). The
transpl ant ati 6%&@3%&%%, g’ﬁfcgﬁrg‘%o%%%ns% g%‘g"é’ anlt at ?h(%ﬁl?g?e.eet.ﬁ? bécigﬁﬁs fromthe
manmal  t 05be becopzt eaddiamyogenaneails fa g ¢ cardibewiocytd progenitori cells) (About 15% 20%

30% 40% or _50%of the. cel ol l.ect ed .are..cardi OQyO | ll.s (e.qg.,
car(Zji ony(:)cyt e"}?f“&é’éﬂg El-n&stageéﬂlcggfgre&&op IﬁﬁF ce&gofﬁm@gggggﬁ@qgﬁ%g (70(%§J 80%
90% 95% or e REYoPitep () wiRkhlabletftlabOrtt10% @ideashidnsi 20 A¥OAFL00%, 6£¢hes. Most
desirably, the cells are collected when at |east about 50% and as nmany as

about 80% of celipstedsiells arecardierayggenigrcelle aFf eolly 6e7ebe, forcexpmple, empmve al so
di scovered a the ' : ' ] i bl ood
Vessel s and mpear oposph BMESCS, e BpIMATU holloTRintRP ofbact Bty 00
of treat edonyofé) tiahisplantiak ltieaéellg ofiytep &) ditala mariraloieiggra, huhett)icTheon of bl ood
supply to the affected area co onm ses the heal.th ndogenous

car di omyocyt eggnqpﬁan[gqt@grca{l geﬂe&gg’sﬁ@“s TansPIantalen. iiey cglis [?‘HP ogmpel | s, it
is desirable g5 rédi&d 410 Sandpamidd. DQWEHIOPA 1dhst ALY, 2% H09ndoygesel s to

supply oxygen and nutrients required for cellular 25 survival. Based on the

obz er \éa]t i oln t A% ofdhaerdls gollepted are cardiomyegenie cellsde &r gridigmyocyteor med from
! I . y ! f "
cnso el i, RS SR Sy o7

epi cardiumin r ieve ’adm nr'stration’o
endot hel i 3k ang%\Efibeitals collevaddarsuardiomypgerie vellsoMest desitaplye thei cells arej unct i on

Foraton of  GANECRYcU A1coHCAERBY J0% SRAASTERY BrebOHAO A REeSted i gni 11 cant
car di onyocyt e ;g\ atk ¥&hioniydgenic cells.

We have also discovered a therapeutic cellular transplantation method in
which blood vessels and myocardial tissue are collectively regenerated in the area

20 of treated myocardium,

Following myocardial infarction, reduction of blood supply to the affected
area compromises the health of endogenous cardiomyocytes. In order to increase
the viability of injected cells, it is desirable that the host mammal develops a
network of blood vessels to supply oxygen and nutrients required for cellular

25  survival,

Based on the observation that coronary vasculature in the myocardium is
formed from endothelial and vascular smooth muscle progenitor cells migrating
from the epicardium into the myocardium, we believe that administration of
endothelial and vascular smooth muscle progenitor cell types in conjunction with

30 cardiomyocytes or cardiomyocyte progenitors will facilitate the formation of the

- vascular network required for therapeutically significant cardiomyocyte survival.
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WO 02/ 083864 PCT/ US02/ 11694 Infarcted myocardiumis repaired by
regenerating new cardiac nmuscle cells in concert wth new bl ood vessel s
usi ng conbi nati ons of cardi onmyocyte progenitor cells, endothelial

pr ogeni t orwoalklossseeand vascul ar snoot h nuscl e progenitor cetiwso2/epsone
exanpl e, the progenitor cells are derived ex vivo fromstemcells. 5

or oduci ng. cel ITeRRBIREARRTFLepatoltyl BUGRHAR B R d Rl R B 707 "

transpl ant at i @gndefttvoith naw0bRLA vadsels using eombinatiomsrofebrdigmygpcytecprogeimttoy . The
net hod i ncl udes_t he stEf_ps of (a) i)rovi di ngi aﬂ@\%%}U| ation of stem. cells that
§ HeSmQo)

have not beencelifrBidosqliabprogenior eells; and yageu musgleprogeriiiicelions t hat
i nduce the Ceh.l(. Eslé %agﬁﬁég i3 ;ggg@ﬁtgﬁwﬁlaxé&rﬁ% b2 vive Bl §mGelld. ecti ng the

cells of step out 10% and as nan as 100% of the cells
are endot hélial prAceendingly, incd desond asperttthe inventsqrealso featueesiamethed fon al so

features a nethod for produc &ells r] .0 di.fkerenti . as_vascul ar
snoot h nuscl epﬁoﬁF@gFB S R’f’&ﬁiﬁ’?‘k\ﬁ?’&?ﬁ‘%ﬁgﬁ %}n{'ﬁgﬁxeh@,&gg golr aﬁanﬁl%é%neo%d?toa manmal
(e.g., a humagyocdrdfal fissubofa neimdi€e gl bBusiae) SThefméthod mbludeothe diepgofs

popul ation of stemcells that have not_been i mortalized; (b) ul turing
the cells undé® reevidingiapepulatien of siem cellsthe hage nat hegn HBE‘BW@&FQ&;@&I ar snooth

nmuscl e cel |'s; . I ' | d f aast about
10% and as rraﬁ@%glsn(ggh%u@sfg’ga%? dl?lﬁgs @g{ #guéa%rtgééggéépg‘%o%g? ﬁleilrrﬁscl e

pr ogeni t onocekeélds; ad(c) voliecting thelveHs pfstep, (b) when atleast albout fl0% andes mangret hod
for treating a l.. (e.0., a di agnosed as having a disorder
charact eri zed aﬁ)gsﬂﬁé’ﬁfmicﬂlg?ﬁ en@&ﬂg?agém,gaw&:icgﬁq. Thi s nethod includes the

steps of introduci Rt thitdbbRciMRGAVEHItBh alshiféatuis Dnetdad foPprREBhcihdCellsOl | oW ng
three types of cells: cardi onyocytes or cardi onyocyte progenitor

1
cell's; (2) engvned|te diff(ec%utia@ as vaschipe smepthanusele| cellp for grapsplantationgntogng ( 3)

| | | oot . cel it '
oot sor SRR RE LSSV ATEY, RhuBHRE he RIS nE R, pRRIFRE 000, I

anounts suffi ci’e rove car n on or each
i nj ecti on,150néa)providing agpepuliation ofstére celisthatrtiavenotdekeh smmosalizedp®) ed i nto

S N AR TSNS RN
30 progeni t or ghoofth@cle’ &tl&;%d??@oﬂé&ﬂgbﬁe SEHS f step (b)SMRMIY: RastladBBut at i 0 of
cardi onyocyte progenitors to endothelial cell progenitors or vascul ar
snoot h 10% and as many as about 100% of the cells are vascular smooth muscle
progenitor cells.
20 In a fourth aspect, the invention features a method for treating a mammal
(e.g., a human) diagnosed as having a disorder characterized by insufficient
cardiac function. This method includes the steps of introducing to the myocardial
tissue of the mammal the following three types of cells: (1) cardiomyocytes or
cardiomyocyte progenitor cells; (2) endothelial cells or endothelial cell
25  progenitors; and (3) vascular smooth muscle cells or vascular smooth muscle cell
progenitors in amounts sufficient to improve cardiac function. In one example,
for each injection, one million cardiomyocyte progenitor cells are injected into
myocardium with the other two cell types in a ratio of about 10:1:1
(cardiomyocyte progenitors:endothelial cell progenitors:smooth muscle cell
30 progenitors). Other ratios can also be used. For example, the ratio of

cardiomyocyte progenitors to endothelial cell progenitors or vascular smooth
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-3 WD 02/ 083864 PCTI US02/ 11694 nuscl e cell progenitors can, independently,
be between about 1:1 and 50:1, or nore (e.g., 2:1, 3:1, 4:1, 5:1, 6:1,
7:1, 81, 9:1, 10:1; 12:1, 15:1, 20:1, 30:1, 40:1, 50:1, or nore). Thus,
i n one exawp ®sishke rati o of cardi onyocyte progenitors: engnpubeites cell
progeni tors:snmooth nuscle cell progenitors is 10:2:1. 5 During the

I njection, each cell, type can be.layer Lateral |y, or .verti I such
Lt t he endofHarie ¢l ERER IS et mdBbElagR. R bEGRen Yot 1A R o e

vasgyl ar Strmﬁtdile (‘&Jgi,_Cit:(E, ne) 4:|$, ﬂl,ﬂsﬁ,r‘vizt,@fls 931_& QO:ilfl'IA}:m,elm,ck_ml:El,3Oﬂ§ldO:l, .
cardi onyocyte progenitors close to epicardiu ternatively, prior tot

i nj ecti on, théB'dePII m?gﬁﬂre'ghkbsaﬁl%exﬁﬁnﬁédﬁ‘ﬁat&’ ‘;?a{’ﬂ'q}m@yo% I nﬁnbgrls, for ©
exanpl e, 10 1poclfifdecleRdBioettl 831111%3 ERBRAD I mBRAOLAFrbBnifoRl ik 100egeni tor s:

snooth nuscle’c progenitors Injected as a mxtlre I nto nyocardi um
\F/EE;F i Erp{ ov];éd $aunia gallld injectiér(lj,bhdm:éll typasbeaalby_,lamdtd (&tﬂaﬁﬂgt _wg_ticﬁlb!) ggvénltis e.g.,
at, for .exanp = can be X th.the injected cells.
There are nu_r’ng,h'%ﬂge qﬁ‘&?‘ﬁéﬁé °E<%W$C?IFPW & CESF?‘{?P\&%%W’&% B hecome 15
car di onyogeni gmob@m@¢R GRS progbifitddd/iesn thdinid@leCatd datdifmiyocyteiprogértoredi um
that includes a cardionyogenic cell-inducing anount of BMP-2 or bFGF. These
et lhods. ey pilogm ) mm-t&l&engﬂt%(elymréordpﬂtjenmepwwhq@}l:tymea%h% m'ltf)tic
cells w I ke | ] : t han wi
postmtotic ce %d fnirltr ﬁé%gesul ra eg’]??{ar%&g?fei Qgg&g{ggﬁt ig/%é 50% 75% 90%
20 95% or 10Dr erogenitdre:ehdathelial eell prdgenitotsssnodottsinagcl¢ cdll pregernitors) iand pr ogeni t or
prog

cells (e.g., ,gardjonyocyte. | t , dot hel,i al | | It ,
vascul ar Smoweqﬁégs{%mc 11% 1‘8‘?’%&2#@{@) E&{}W%ngl:gg?erg@%?ﬁﬁ&%ﬁgl i (rz\r/Znt ?(r)n
features a ph%&%ﬁ&?&%&%ﬁmgggédm%E,WGF (d1Chol E6sngRle,AQPY 8D QA tf stem

cell-derived cells inap ficalM’y acceptable 25 carfieér or

exci pi ent, wherigedwith tHedngttedbellst 10% and as nany as 100% of the cells are
endot helial cell progenitors. In t, anot her .aspect .. the | ntion features
a phar maceut i cal ctﬁ%gﬁquwoqsﬂ’é%/ﬁ?%?ﬁnﬁﬂgén Qeg@églubd[uf:gﬁclkgggfceo ¢

cel | -derived egldicmyogemicP Fof SRGHIK, IEBMECs afbPbdina @ultiRmediumxci pi ent,

wherein at | east about 10% and as many as 100% 30 of the cells are vascul ar
smoot h nuscl e thaslinclysies g eandiomypgenic cell-inducing amount of BMP-2 or bFGF. These

methods may be employed in the practice of the invention.
Because mitotic cells will likely integrate into the myocardium more easily
than will postmitotic cells, it is desirable that at least about 25%, 50%, 75%, 90%,
20  95% or more of the transplanted cells of step (c) be mitotic progenitor cells (e.g.,
cardiomyocyte progenitors, endothelial cell progenitors, or vascular smooth
muscle cell progenitors).
In another aspect, the invention features a pharmaceutical composition that
includes a population of stem cell-derived cells in a pharmaceutically acceptable
25  carrier or excipient, wherein at least about 10% and as many as 100% of the cells
are endothelial cell progenitors.
In yet another aspect, the invention features a pharmaceutical composition
that includes a population of stem cell-derived cells in a pharmaceutically
acceptable carrier or excipient, wherein at least about 10% and as many as 100%

30 of the cells are vascular smooth muscle cell progenitors.



-4 WD 02/ 083864 PCTI US02/ 11694 I n anot her aspect, the invention also
features a pharmaceutical conposition that includes three types of cells:
(1) cardionyocytes or cardi omyocyte progenitors; (2) endothelial cells or
endot hel i awoaelo83spt ogeni tors; and (3) vascul ar snoot h nmuBCt/Eswahés or
vascul ar snooth muscle cell progenitors in amunts 5 sufficient to inprove

cardiac function. mesbliPhspect B8 ifvenlisn A68 flfirts FehahABGEA ThmpBlitidn (- 0-

BMSCs) . For inproved gener t| on vesse esir
angi ogeni ¢ agdhat snchides thvee fyped afcels: (&). cg.rdlomydnytddlomﬂd)omymwtet ionally, to

facilitate the suryiv | s L nven
anti - apopt ot i @r%B“?réa(lzgﬁ%dr?h}f?afc%@ﬁggg’ad& ?511 © rp§°%38“ S, “ﬁﬂ'&&’ VAL an be
adm ni st ered \inobthiifscidUedls bevhscdlgr ﬁﬁd%mu?d]@célﬂﬁx@@ém% almlmat ures a
met hod for producing cells for transplantation into a nmamm

hunan) . Thé mseffisient tecimpaess oaﬂhacsﬁleﬁpnofDesvably,ﬁhawlbuaﬁgda“ﬁéé@mattmn of
BMSCs; (b) cul Llﬂdegglﬂel@?cg)‘?fﬁ& it %d g&@%&;h%ﬁlob&%ssetfs téicgsl}me 'S to

adopt a cell type rom group consistin vascu

smoot h nuscl e afigibheni@iigedscidiol ! mahdezie(ug,, 1a10 m‘v:BGE) akddicibhallyate adi pocyt e,
an osteocl ast, an osteoblast, a nmacrophage a}, neuronal progenitor, a
neuron, an adiGiliatpithe swwlétfélteatranmlgeteé celly of inventipn, Anti-apoptore ageaty o

pancreatic pr (¢c)
nonitoring thgﬁﬁ%t%as%gé&?bfer at [ onﬂn]é)%aﬁﬁé L%nelﬁwer@? Q?Pg?o&?#édand (d)
col l ecti ngot heelt=l | s of step (b) when at | east about 20 10% and as nmany as
100% of the cells e. expr essi det ect abl nt.s of protein that is
specific for the i%@ggﬁp@@sc{}gﬁges A&f?‘%eff’ﬁt’@ H‘HP%&?IL&S? descri bed
herei n. The BMaGspl&idtionantolaGharfran(e! ge,aﬁwmm The fhethod ivARRethe SBPFGE. | n one
enbodi nent, the nethod includes the ste (e) transplantin the cells of

step (d) i nto (2 previdag a(mpglatlorao &Tﬁ@“{f}*@r’fbwe&ht“a@ﬂ(ﬁ?nglé!ﬁmb@ahn 25

aut ol ogous tr to the
manmal from Wkﬂ{é %Flhedo are(?e(%l %e?n&céglsff%ﬁ\%e%%%rl vegﬁg?itlyanot her
enbodi nmentl5 t lvescutan lsmuothnglsahcbeﬂum' éndothelialse B epicardiaicellcan adipocptes f or med

until at | east about 15% 20%. 30% 4P% or 50% and ny as about 60%
70% 80% 90vEn 9siepclest, ancustadBlest h Matiophage,d priransl REPESRe s A Mount s of

the marker of aiti’@ce'@eﬁ gka&aﬁeutcter&ﬁgssmaaﬁtﬁtﬁawe11 LA sanerehtis prebitsertdil,

nmoni toring steps (b) and are perfornmed
a pancreatic - cell and a hepatocyte; (c) monitoring the state of differentiation of

the cells of step (b); and (d) collecting the cells of step (b) when at least about

20 10% and as many as 100% of the cells are expressing detectable amounts of a
protein that is specific for the induced cell type. Appropriate markers are
described herein. The BMSCs can be, for example, human, pig, or baboon
BMSCs. In one embodiment, the method includes the step of (e) transplanting
the cells of step (d) into a mammal (e.g., a human). The transplantation can be an

25 autologous transplantation, i.e., the cells are transplanted into the mammal from
which the bone marrow stem cells were derived. In another embodiment, the
culturing and monitoring steps (b) and (c) are performed until at least about 15%,
20%, 30%, 40%, or 50% and as many as about 60%, 70%, 80%, 90%, 95%, or
99% of the cells expressing detectable amounts of the marker of the desired

30 lineage. Desirably, the culturing and monitoring steps (b) and (c) are performed



-5 WD 02/ 083864 PCTI US02/ 11694 until at |east about 50% and as many as 80%
of the cells expressing detectable amounts of the marker of the desired

| i neage. The invention also features a nethod for treating a disorder

char act er i wedh2/0k3864 nsuffi ci ent cardiac function in a mmMmeCT/USERAIL6Eb] Yy a
human. The nethod 5 incl udes the steps of (a) isolating bone marrow stem

cells fromthe t
cell s under COWF{TIH?% aﬁ%‘g?o gaé%g(apko °I%§‘wtrgée?}91§#$e}rgsesn cgettéeg?%b?] o o
calrldl orr]yc/ogem Carﬁalnlt@fthcmammofmeudegreﬂhaeageate of differentiation of the
oot S0% ach oo g e ke Bkt SEhed R o et SRy 3
cell's, and (e) p,f?egmeieﬁgairmc ﬁaetx&%dd rﬁmgleﬁés‘iraﬁﬁ'ldﬁnhé}f OI'Hehﬁ‘etH@dmﬁ' The

nonitoring ste I n forgoing nethods i s desirably done by
moni t ori ng & heinclufi¢scthe stepsof (ahlsolhtlwbtz{psmrmvestemmfrm thé mamneal b

transfected wt ter e constru [
can be autol o'ﬁ‘?ﬁffg' ﬁ Hh\‘ @5gogermﬁ%?‘gf%%%ellﬁgn@v%gﬁ@j%ﬁ%&ét 'F‘r)?ghé oring
cultured. 15 aiélls%@lﬂefdﬁhhte ihtd cﬁﬁlﬁ’diﬁy@eﬁlebbll@ed)aﬁﬂlﬁtoﬁﬁg (igstaebf renewi ng,

and (ii) producing nultiple differentiated, cel I nc] udi ng one of
the group sel e‘bfféifntlﬁtk%lrﬁ dhg eplls of step (), (déﬁ@&ﬂcﬁﬁg Fhﬁlceﬁ%ﬁ @S“i?ﬁg&hl ar

STOOLH MMUSC! € 185k bbouf 09 Es mhehy 8 Biut 00RRE HELCHO W TRRARIRIcCT | ved

stem cel |l that oreferre to as marr ow stem
cel I s" and1(' boredls, sdd (e)transplaming the odrdivimyogenje péltsantodle matrﬂml\s used herein,

by "nucleic acid" i,s neant .either I.d ol ecul e”
may be a singl e-st r@ﬁ&%‘ﬁ‘ itgFing; ${6R @‘% hgﬁ%%%wmnh%# IS @?HQ Yi9BBHBE | eot i de
or ribonucl eotgritagaRe d#ﬂ&&ﬁ&n&{ &ﬁnup%ﬁla&awSce%xdhhﬁvé Béén hand
direction of the sequence of a single-stranded nucleic acid nolecule is the
5' 25 end, andranséectediwittharepodergene renstruet. dba BMSGY wsed demerjtqrivigcano| ecul e
is referred t nucl ei c
acid or pol ypg%eta%?f’elsg% %°£616§&%S&hn é%glf)g&ﬁg@ritﬁkggfk bélng% gﬂ%rggse or human
Csx/ Nkx2. 515 DNA or Bys“steikzall”Is nﬁﬁlit)amelitcapﬁbleaﬁfc(l) self eenesviny, asd €i) i n BVSCs,

I nduces the cells to becone ca rd|o
shares at | easRrogeping mukinie di ?ﬂ%epﬂated ce gs[“n%lud?negs(lmre%qjtﬁe grto{lllga squc%de 'c acid

from cardiomyocyte, endothelial cell, and vascular smooth muscle cell.

By “BMSC” is meant a bone marrow mesenchyme-derived stem cell that

is CD45". BMSCs are also referred to as “bone marrow stem cells” and “bone
20 marrow multipotent progenitor cells.”

As used herein, by “nucleic acid” is meant either DNA or RNA. A
“nucleic acid molecule” may be a single-stranded or double-stranded polymer of
deoxyribonucleotide or ribonucleotide bases. Unless otherwise specified, the left
hand direction of the sequence of a single-stranded nucleic acid molecule is the 5'

25 end, and the left hand direction of double-stranded nucleic molecule is referred to
as the 5' direction.

By “Csx/Nkx2.5” is meant a nucleic acid or polypeptide that is
substantially identical to the mouse or human Csx/Nkx2.5 cDNA or Csx/Nkx2.5
polypeptide and, when expressed in BMSCs, induces the cells to become

30 cardiomyogenic. Desirably, the nucleic acid shares at least 80% identity with

mouse or human Csx/Nkx2.5 over a stretch of 50 consecutive nucleotides, more
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nmouse or human Csx/ Nkx2.5 over a stretch of 50 consecutive nucl eoti des,
nore -6 WO 02/ 083864 PCTI US02/ 11694 desirably at |east 85% and nore
desirably at |east 90% or even 95% identity. Gaps of up to 10% may be

i ncl uded iwo®p@sases bot h of the sequences. Desirably, thep@uspRapiode
shares at |east 80% identity with nouse or human Csx/ Nkx2.5 over a stretch

of 25 consec Utdel/i?%bzf)g%tor}gas?ggﬁsandgg%i dg@?#b.ﬁf{‘}llgaﬁ%o‘% %gg{,en%‘%s%? K%ggpg nmor e

desirably at I€as or "evén gai’n, gaps o 10% may
be included i iGapeofap tdDI% nuy HelircladedLirvaesr bdtly of theaaquengés. iDesiratsint

reducing or al]eviating at |least o adverse effect qr sy m.of a
di sorder chard Qmlwwgsghqrwi‘?%@htd%eawwlgbmpﬁmrﬁ'&man 2 effects

or synptoms of,ygay Fﬂ-ééh OF BUAELCHRE Sl ABIdS Usiord Aesivily atQbat 8% Carigzed. 10
Non-limting exanples of adverse effects or synptons ‘of cardi ac di sorders

i ncl ude: dysspmeere desizably pdeast 94 opeveatdSnisientityz Agains gapsfnpdp 0% gt
cyanosi s, pallaor t.i au t addi ti onal exanpl es of adverse
effects or s&ﬁﬁ?%ﬁée%df’ ggaf%;e{g\?gﬁjl%espﬂlueg?éstardi ac di sorders, see Robbins,
S-h IL'delt ﬁl -)(1984By“Ba§thfgl”ogmed' aigr&mgingoohllaiaewlej(awoﬂg.adﬁerw( effecs oonpany,
Phi | adel phi a) 547-609; 15 and Schroe ,.S. A et . eds. 92) Current
Medi cal Di agnd¥mptam Tf%ﬂlsﬂ'@ﬁ'f cha(qqung(f Eﬁm&“@gﬁé?a’%@ﬁ ﬁ‘@l?f’PE’ug‘a"?)Sei -356. By
i sorder chareb o EiflpBihs of Shtlifak QseRfers't fhrirobdl Bid WEMLchirigbizslgs an

i mpai rment or absence of a normal cardiac function or presence of an

abnor mal  War ANaelimitingt éxempledbfiadvrede effacts onsyniptoms obcardiap diserdetse resul t of

di sease, inj u[%l é?q and/ or a%i n‘%ﬁ As.tagsed erein, abnore‘r;rlal cardiac function
i ncl udes ror pHBFIBAR: dxsPnea, chiesi pain, palpitalions, digaingssyRepe Fema Y el tn ocyt e or
a popul ation Gfallof; Ftipue Bna@ehatas FoNadttitidnal &xafipl@cTaplése effectsyrphol ogi cal and
functional abnormalities include physical deterioration and/ gr deat h of

car di omyocyt eSymptasmenfravidgvatiety o sarfiag disoriers; sgeR ey ef ab el i ti es
in the physic L1 OR. ' p -600-

over - producti ?nat o?oéil&g%gl%gﬁgéég# s%?ﬁﬁ%@i@@%@?&‘%ﬁ@if?gy 6 g’l | ure of
car di onyocist esantd Schroedierc®. A. & ubstia(t392) Gurrentidedicad dagrossh& Treaymerdr nal | y

DLodCe, A Sk Ui SRS, 0 onorrl patterns or ol
af orenenti oned abngnlsoidef Shard¥Ret el ®Y insaffibict crdie finttioh ineRRIs an
impairment or absence of a normal cardiac function or presence of an abnormal
cardiac function. Abnormal cardiac function can be the result of disease, injury,
20 and/or aging. As used herein, abnormal cardiac function includes morphological
and/or functional abnormality of a cardiomyocyte or a population of
cardiomyocytes. Non-limiting examples of morphological and functional
abnormalities include physical deterioration and/or death of cardiomyocytes,
abnormal growth patterns of cardiomyocytes, abnormalities in the physical
25 connection between cardiomyocytes, under- or over-production of a substance or
substances by cardiomyocytes, failure of cardiomyocytes to produce a substance
or substances which they normally produce, transmission of electrical impulses in
abnormal patterns or at abnormal times, and an altered chamber pressure resulting
from one of the aforementioned abnormalities. Abnormal cardiac function is seen
30 with many disorders including, for example, ischemic heart disease, e.g., angina

pectoris, myocardial infarction, chronic ischemic heart disease, hypertensive heart
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30 with many disorders including, for exanple, ischem c heart disease,
e.g., angina pectoris, nyocardial infarction, chronic ischemc heart
di sease, hypertensive heart -7 WO 02/083864 PCT/ US02/ 11694 di sease,

pul nonary R{eaglessksgease (cor pul monale), valvular heart dpep@s®/116949. .
rheumatic fever, mt raI vaI ve prol apse, calcification of mtral annul us,

carcinoid hea o di se feclive ndo ardi.tis en| heart di sease,
nmyocardi al di <83fége, pu qjlary ﬂig&dtésreaqetégrp ‘QPH?IQW%JK@%@W@&%F%S ‘B sorders
whi ch resul t | e GRAEAEVérY MitPal VERE brdlapsk Wakificition bi 4l afhulbd)RaRaid , €. 0.,
pr| mary sarcomas and secondary tunors. "Adm nistering," "i nt roduci ng," and

"transpl ant i ngreagdiscagseinfeqtive endacandifisapongenitel heatt disease, myecapdial dispesfs of t he

car di onyogeni ¢
subj ect, by a % 'tﬁgéca%mg %{dl&\?\% H{r‘esu Eals ﬁgfégslﬁlztgr%icor%eﬁwhe cells
at a desired dicas faiBire, and oumomsiof thesheartpang., mmmglsmomhs anttdeeondaayi d,

upstream froma translational start codon, which is involved in
recogni ti on arffd™MSndi ng of RNA pol ymerase and other proteins to initiate

transcription. A h‘}(ﬁi‘a'i‘ini%fé?ﬁ?t”e‘ﬁntrddﬁcxﬁg,”%@“P&ﬁﬁlaﬁﬁxggabdréuﬁd i ni tiating

transcription in a human ce and may or may not be derived froma

human cel | . A inteschangeablysandrrefentogthe plagelmm ofitheicaeiornyagenicteells pf baot er

region of a Csx/Nkx2. en th

het er ol ogous AR ! %8%cfuf§1‘3€‘ég§ a?‘h‘u“é‘x@‘@a‘g’&y“gﬁ éiﬁﬁht Pg@ svﬁ{c?é%%‘(l:t?i ption
of that nm edullecalivdtivh qirtleesalits al adaired girscri ption medi um capabl e of
supporting transcription) in a cardiac c "enha cer el emrent" or

"enhancer” is meanBYa PRRIBeter " ds mepnt as‘&%'ﬂ%ﬁggu"l?‘ﬁé?lg WRTERAR #oned
proximate t0 g AP taﬁl@d@#,%ﬁéﬁls'lﬁ\/o?véd dxﬁ‘?écﬁ%x‘n%h@ﬁh nglbrmmabl e of
transcriptio

supportlng transcrlptlon ers I ncrease ct|V|;y
relative to t rpblyma'asn:mdmthmpmiems ta m;tiataatwismmgmf er‘r*hnmm powaterais ai n t he
absence of the enhancer Nkx2.5,enha %l?ra;%ﬂl s one derived from

25 the pronot SOl B?Pat'?? O&B@é‘%‘rﬁ(wsg“ﬁ@ﬁénﬁﬁﬂwg BIRYSE IR | i nked

to a hetejpl C&Qié‘iwedl%ﬁi £hitfarfeelD A COINI2S pramatel’is @he derivddavdri the
transcription of that nolecule é\/\/nen present in a transcrlgt I on nmedi um

capabl e of supiyemptergegien @ﬁ'?s@M/ orgeng andythah velen eperably linked t9 &2 enhancer”
i's one derived,dd ifbhi¥nucleic acid molecule, is capable of initiating transcription of that

molecule (when present in a transcription medium capable of supporting
transcription) in a cardiac cell.

20 By “enhancer element” or “enhancer” is meant a nucleic acid sequence
that, when positioned proximate to a promoter and present in a transcription
medium capable of supporting transcription, confers increased transcription
activity relative to the transcription activity resulting from the promoter in the
absence of the enhancer domain. A “Csx/Nkx2.5 enhancer” is one derived from

25  the promoter region of a Csx/Nkx2.5 gene and that, when operably linked to a
heterologous nucleic acid molecule, is capable of initiating transcription of that
molecule (when present in a transcription medium capable of supporting
transcription) in a cardiac cell. A “Tie-2 enhancer” is one derived from the
promoter region of a Tie-2 gene and that, when operably linked to a heterologous

30 nucleic acid molecule, is capable of initiating transcription of that molecule

(when present in a transcription medium capable of supporting transcription) in
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pronoter region of a Tie-2 gene and that, when operably linked to a

het er ol ogous 30 nucleic acid nolecule, is capable of initiating
transcription of that nolecule (when present in a transcription nmedi um
capabl e of weuppsessss ng transcription) in -8 WO 02/ 083864 Pedt/usS2A1dos694 an
endot helial cell. A "Byes enhancer"” is one derived fromthe pronoter region

oci 4 o ecul cn grdofudfiheelt” B BT iy g Ao LB R R SelE ) ¢
(when present ¢l Bves géd\arirtht} whén ofefiblyrisicadabd ahebologin dtleftgicid _
transcription) in a vascular snooth 5 nmusc|le cell. By "operably |inked" is

. > TDOL Yy
meant that twonglecysris canableaidnifiating ranserantionof that melecule aresenidn g
mol ecule to b i i ; bR ARgl ARk cAPHGH) G h vakuRFBRbothar €
connected in E?J%ﬁagﬁ%gy&ggu?%a%r m tﬁPpr,%rnsgcjri ptci Ol’ll of tﬁg nucleic acid
mol ecul e i S a musdleddlle transcription nedium 10 By "derived front is neant

that a the nucleic.agid cyl e, was_ejkh i a second
nucl eic acid nol ec ye,OPF%giygl&Tﬁe%aisi%e@"#%ngtﬁ" ioﬁg&gf %?lglgéf%o%;fgle‘l&ﬁ %nr t ant
function of the gluchRieic asid tholeehRay be trafigfibed) apiorhbter)aid aRdghantér desi gned.

By "expression construct" is neant a nucleic acid nol ecul e that supports
15 transcri pt i dementhateepnesstaddn sechavayes topermih frapscaption of the aweleigacid

i ncl udes, at tﬁglecﬁlﬁﬁg{lsui?abfegﬁﬂlisé;}ﬁ)gﬁﬂ%édfidrﬁ enhancer el enent and a

pronoter. Additiona enen as a transcription termnation signal,
may al so b#0 i ncl ud@y, “desivetbfami’ ixadeanh érata the nByleio/asid molecule wasxepherssi on

vector" is neant,an expression system.a 20 nuclei ci.d-based. vehicle, a
nucl ei ¢ acid n‘BP%"C‘_?}'I ‘ésﬁﬂﬁ‘ifr%'& ar58¥°’H‘JB'1°£\’fﬂ°ca°é‘g?“8F°°H‘§1 %gﬂ}‘,'at’gf r%ﬁ’_nmgt%nonous
sel f-replicatijggstohé fmpattanPiclich 6F the Audkid 8¢ toledifiefiom WitiEH Bwak $nade

mai ntained in a host cell, the vector can either be stably replicated by

the cells duriorglesigneki s as an aut ononpbus structure, incor por ated within
e o onor 1 ot Bkt B REY g Aol U gl o7
(e.g., a csr dir@ispdstione AExphessioh lconstrmot dftikeipresent invéniiomincindes, at the
differentiatl nl% 18 o gi(’air-die%?ﬁc e%%laxllceg Sletent a%d%arrgringte .O.Rhgi%itona "eléments
car di onmyogeni clegy § gardiac-sp P )
such as a transcription termination signal, may also be included, as described
herein.
By “vector” or “expression vector” is meant an expression system, a
20 nucleic acid-based vehicle, a nucleic acid molecule adapted for nucleic acid
delivery, or an autonomous self-replicating circular DNA (e.g., a plasmid). When
a vector is maintained in a host cell, the vector can either be stably replicated by
the cells during mitosis as an autonomous structure, incorporated within the
genome of the host cell, or maintained in the host cell’s nucleus or cytoplasm.
25 By “cardiac cell” is meant a differentiated cardiac cell (e.g., a
cardiomyocyte) or a cell committed to producing or differentiating as a cardiac
cell (e.g., a cardiomyoblast or a cardiomyogenic cell).
By “cardiomyocyte” is meant a muscle cell in heart that expresses
detectable amounts of cardiac markers (e.g., alpha-myosin heavy chain, ¢Tnl,
30 MLC2v, alpha-cardiac actin, and, in vivo, Cx43), contracts, and does not

proliferate.



By "cardi omyocyte"” is meant a nuscle cell in heart that expresses

det ect abl e anobunts of cardiac markers (e.g., alpha-nyosin heavy chai n,
cTnl, 30 M.C2v, al pha-cardiac actin, and, in vivo, Cx43), contracts, and
does not woakiossssate. -9 WO 02/ 083864 PCTI US02/ 11694 By PcuuUsSi2angabl ast”
Is meant a cell that expresses detectable anmounts cardiac markers,

contracts, and prold el ghisyofibee’ RahAPAVSPEM ffGhds dddiBRANoRCe! |

expressi ng detect abl‘e anounts or protern, and does not
show or gani zedcardiac araekers, contractd, andprofifevatecont r act i ons, and preferably does

not express detectgbl g apounts of osin _he chain protein. B
"epicardial cell" i g PMYOREMQ °ﬂéstm5‘%‘g5ﬁégllé r%ﬁ'&f%”@%ﬂﬁ?%ofof
Fl k-1 and/ or '@M&Z.ﬁl@ﬁ?@ﬁr@%ﬁﬂ%ﬁd 86es@0ElHobeolgMizadakcontdtic siistarAar di al

cell" is neant a cardiac cell that expresses defectable 10 anounts of

Ti e-2 and/ of vercontrastinnssand mreferably. dogy noteaxpreshdeteetable ampunts of myasin a cel |

t hat expresses .ahl nmounts of at |east one of the followi ng RNAs or
pr ot ei ns: Mlg%%&/éﬁglg%ﬁ@ﬁ%h, N- cadherin, al pha- and beta-catenins, Flk-1,
Tie-2, and CD34. BBy tepidasdiphdeli® ik meantla bélbthatrpadseesateteetuihdd dmduntd ofcel | s” is

nmeant stem cel | 15, t ve not been immortaljzed that were cul tured
under condi ti oﬁ@"lt W&YOHW ’a{“ﬂ%a"c@F?@e?’bemF othelial cells,
wherein at |east alyienord BRI S0Mpant F3¥iREU (R USRI dOEcriipen 100% of

the cells are endotHelial ce y " s prined to differentiate as
vascul ar si®ot imoursgbETieed arsl/orivon Willebrand Fagtercel | s t hat have not been

immortalized that re cultured,pnder condjtions 20 that, i nduce the cells
to becone vascul ar%ﬁo%’?ﬂéhﬁﬁ%lccfg E‘éﬁag?a quetﬁlgﬁ %pge[ssqsggge{:tabgebagmun&e 0 25%
50% 75% 90% atbdét o981 the folRwang RNAK0p hrotéifs: MUCES,WE-cadta@yNar snoot h
muscle cells. By "specifically induce _one cell Eitk‘ilee" when referring to

di fferenti at i opadberin,@lphay prdibtpetening Fligdntie, D84 wherein at |east 50%
o SRS L2 ML) i M SRl 0 et
a protein that that have not been immortalized that were cultured under conditions that induce
the cells to become endothelial cells, wherein at least about 10%, 25%, 50%,
75%, 90%, 95%, 99%, or even 100% of the cells are endothelial cells.
By “cells primed to differentiate as vascular smooth muscle cells” is meant
stem cells that have not been immortalized that were cultured under conditions
20 that induce the cells to become vascular smooth muscle cells, wherein at least
about 10%, 25%, 50%, 75%, 90%, 95%, 99%, or even 100% of the cells are
vascular smooth muscle cells.
By “specifically induce one cell type” when referring to differentiation of
cultured BMSCs is meant a culture wherein at least 50% of BMSCs differentiate
25 into the desired cell type (i.e., cardiomyocytes).
By “detectable amounts” of a protein is meant an amount of a protein that
is detectable by immunocytochemistry using, for example, the methods provided
herein. One method for determining whether a cell is detectably labeled with
either CsX/Nkx2.5 or myosin heavy chain is provided below. Cultured cells are
30 fixed with 4% formaldehyde for 20 minutes on ice, then incubated for 15 minutes
in 0.2% Triton X-100 in phosphate-buffered saline (PBS). After three washes in
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I s detectabl e by i mmunocytochem stry using, for exanple, the nethods
provided herein. One nethod for determ ning whether a cell is detectably
| abel ed with either CsX/ Nkx2.5 or nyosin heavy chain is provided bel ow
Cul tured cwiol®/083864 30 fi xed with 4% formal dehyde for 20 nPETUBE/186P4i Ce,

t hen i ncubat ed for 15 minutes in 0.2%  Triton X-100 in phosphate-buffered

he ol I's af & Jhb gl 5 MERARR i Doy e (i iRef 8920 e 208 507

PBS) for 15 niPBS)dbr lsrhﬁmesrrﬂﬂesamph.smethenurﬂmdamtlmmdnﬁhefdfomﬂrga follow ng

Bost on ey, NAsbogies aptgx 500 20 BERS L Farvedd Ntkeel P6PT come Bk

5 University %slt&mfx)l PR (1E50 tb%@) frorA Weveldpmehtal $thdikd PryBAGoma Baik,Si gna-
Aldrich, Inc., St. Louis I\/D; and, if desired, their isotype control’s (for

Csx, normdl rUmibersity ef lowia, foyva Gty Iowa),mtisdesmigctd pl00£290, freBrSigmatpuse | gG )
at the sanme CR{&%@F%@ Stoﬂwﬁ'ﬂfo 'Eﬁ&'t]f‘ﬁeesﬁ %ﬂsg% Bntfbs { f@r @s10i st

chanber. The ‘e StTdes are herf was I Mes us ng a’washi ng
sol ution (0. S%OTmEﬂab&@se?ﬂm for RESP0 anouse igGRigtferidesini) masefiglal)at dret | bodi es

for Cs donk ti-rabbit | f VE- 20 ti-d Kk
gant i - m))ljse I g(i%’&ﬁ‘gn‘;er"rg%'ﬂ’fgé‘% m%%qt%mgétea&@& ‘Egﬁéﬁlﬁtegﬁ?‘gg ﬁiﬁn =
fol l owing the d;psid dfdes %%dh@éﬁh@@ﬁu&%ﬂ%sldﬁ\ﬂﬂhﬁxg sfomdoa\f(@(émwwf ee

washes. The sa aﬂﬁ’es are then exam ned under | uorescence m croscope
(e.g., a I\l(]<or120I‘13FBS) rind umsszpémﬁltsbpoadmwaohbms](ﬁ)rfﬁsaodwﬂ@é pRtérabbit

o chent ) o, K R SRE Bl oY BRL ARG U oBiorE et Spect o

directs gene emnﬁmm¢ma>oemmsamcgefbmomgl titkoiagruetibns stovided by dree
expression in all tissues or all cell types. For xarrpl e, |w{ai n
car di ac- speci fyeadensnioHewed by Byweswashes. o Faesapige,ave e’élﬂ‘ﬂpém@‘g @Rpression in

20 cardiac celgs, Qg%e%}felr}ucﬁﬁc%% (E%gqlmk@tpfl AN G RIE tchm%Jr al l'y

Car di ac-specific ancers resen I nvent1 on may nat
occurring g nmmrmbweaitthmmam)mndwmgally&pofeﬂé‘bﬁmhmgﬁnb&fmgs meant that the
nucl ei c acid nol ecy] e, orj ginates from qifor,elﬂ{l]esour eor if fromthe

same source, is modi% icarigcyspReifie enhancey; glement ojs fpean Fraent epergbly o1 o) ogous
promoter” is ajfKe@t®5 Bronititér, thal didcky/geds SRASbRidHCn Wichfllidd 11 and does not

direct gene expression in all tissues or all cell types. For example, certain

cardiac-specific enhancer elements from Csx/Nkx2.5 drive gene expression in

20 cardiac cells as well as in tongue and embryonic stomach. Cardiac-specific
enhancers of the present invention may be naturally occurring or non-naturally
occurring.

By “heterologous” is meant that the nucleic acid molecule originates from

a foreign source or, if from the same source, is modified from its original form.

25  Thus, a “heterologous promoter” is a promoter not normally associated with the
duplicated enhancer domain of the present invention. Similarly, a heterologous
nucleic acid molecule is modified from its original form or is from a source
different from the source from which the promoter to which it is operably linked
was derived.

30
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dupl i cat ed enhancer domain of the present invention. Simlarly, a

het erol ogous nucleic acid nolecule is nodified fromits original formor
is froma source different fromthe source fromwhich the pronoter to
which it iwoopesmsbsdy |inked was derived. 30 -11 WO 02/ 08B864S02/11694

PCT/ US02/ 11694 By "substantially pure nucleic acid" is neant nucleic acid

that is free of the. .genes.which, in the. gaturally-.occury.i eno of the
organi sm from whi cﬁyt ﬁ@bs%\éﬁ)ép%fegg{ﬁaxc&mt Hsemfwgﬁ?lf"&?cfdsthgtg? g\%a,t | ank
the nucl ei ¢ agiefles whieh}iftthe AdheaRy-0tcurrihgd'EdnofiRof tHeldrg @i Tftotn which@keonbi nant
nucleic acid ich is incorporated into a 5 vector; into_an autongnously

replicating plmsleicacid ofthe inventign is derivady Bankothe ppeleiciagid. dhihe term tegpforg

pr okaryote or . Il whi i : . : ecul e
(e.g., a cDNA l@?lﬁ%%gg&ng%nﬁgﬁg’ri rcef)ﬁkb r atglﬂ%ﬁ& %ﬁ%@gg @g@éﬁiﬁrm@est riction
endonucl ease dieges;tinoran autthep®nsly neplivhting lasmid oguius; @s intd thegdenomid ncl udes a

reconbi nant nucleic acid that is part. of a hybrid.gene encoding 10

addi ti onal pmwgmc&gogwagﬂygt_eog e“]f%?{gﬁgxé““f cq‘r@‘é‘c}list asa%ﬁfpﬁ'ggece of a
hucleic acid rRéle&ié &.é.fQéDNW'@eﬁomW)GMTra%{ﬁeﬁtrp?&dc@dbPY’CRféri fice into
a cell either transien 1y or permanently, and becones part_of the organism

i f integrat ed regitigtianrndgeyrdense digestion) indgpendentof othge saqueeessndiialsp. Such a
transgene nay .j e . 1.Ss {] rol ogous
(1o 2o or ot qrip et e B i Pig bl e LAY deh€ ool 1

honol ogousit 0 additeRsiqetypepidgseqaencet. t he organism By "transgenic cell"” is
meant a cell contajning a transgene. For e transf or ned

%(anRI e, a . stem C&J I
with a vector cont _giynitr B&RC’ &% preaniany pisse of g puclgigagig molesylpliay (o a
het er ol ogous r&tﬁhplessmmm& BiReHA WAkt iﬁmdl%itﬁép&'ﬂﬁﬁnﬁy 8P _popul ation

of cells having altered phenotypic characteristics. A ce derived from a

transgeni c or genmanently, anddecemes perisafdbe erganism ikintegeates into thagerasme & cont ai ns
L L N N e TR N
thereof, aryd fyagt érentiedlahé®rolodus (i.e., foreign) to the transgenic organism, or may
represent a gene homologous to an endogenous gene of the organism.
By “transgenic cell” is meant a cell containing a transgene. For example, a
stem cell transformed with a vector containing an expression vector operably
linked to a heterologous nucleic acid molecule can be used to produce a
20 population of cells having altered phenotypic characteristics. A cell derived from
a transgenic organism is also a transgenic cell so long as the cells contains the
transgene.
Other features and advantages of the invention will be apparent from the
following description of the preferred embodiments thereof, and from the claims.
25
Brief Description of Drawings
FIGURE 1 is a phase contrast micrograph of isolated, cultured bone
marrow stem cells from mouse and dog.
FIGURE 2 is a series of micrographs showing murine BMSC:s following a
30 14 day co-culture with chicken cardiomyocytes.
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Brief Description of Drawings FIGURE 1 is a phase contrast m crograph of

| sol ated, cultured bone marrow stemcells fromnouse and dog. FIGURE 2 is
a series of mcrographs showing nurine BMSCs following a 30 14 day

co- cul t ur ewoid2lossskd cken car di omyocytes. -12 WO 02/ 083864 PECHkiE3036941694
FIGURE 3 is a series of mcrographs show ng the staining and norphol ogy of

muri ne cardi onyocy j ffer. i_ad . I.fferenti ated BVMSCs
usi ng the M--20 anﬁﬁwgﬁes {1%1@@%&%&%%(%&%@@%&%&&&agc? an anti-desmn
anti body. 5 Flfbipholbgy of musine cadionfyooytes, agdifferentiated BMSCS, lagd nor phol ogy and
Csx/ Nxk2. S expressi.on, of canine BMSCs fol|lowing in vitro differentiation.
FIGURE 5 is a UHpieatiated BMSGsgsmgthe My antibody. sRecifip 1oxsarcemaerie myioss i at i on
of murine BVBGs anhf-debhlSanBbo@ndot helial lineage. FIGURE 6 is a series of
m crogr aphs show ng the localiZation of 10 i nplanted BMSCs in infarcted dog
myocar di um515 days FEGURE 4 ispl sariessafiminrographssirmvigg\teanerpbelogy and f

' hs shawi - | | ' ' ed : i |
{1 Gor gsconce. G Frafgried pLuntRBHSCS oy BOVEP toemiandle” | 1 (he
region in which t hgIGBRESS i&rseriesdfanicgrapht Geinstidting intviskb Aiffegérafatios how ng

I ncreased survival of BM5SCs 15 inplanted with a caspase inhibitor,
relative to urﬂfﬁ'@lﬁﬂ&ﬁlﬂﬁﬁwwFF‘Q&E“@¢%II%11§@8PeS of nicrographs show ng

the co-localizati O@IGf_IREi Iagﬁﬁ%%%aggys}gdm%m%&m&%eof and

cardi onyocytes, by anti - ence Inh a region away fromthe
site of i njeectimplantdd BMSEs%n irfarated dpg eyocdrdivine | Hdayapiter mipdavitatipnt he

-local i zat | f ' ted B by Dil fl. d
car o omyocyt es. by FIMDREVAR S vese Sitisrabberth chow iR UF GERFRiradiig’  om tne
site of injectinantdd BMSEs18Y DA fRiofedEdnRs, 2Al cHIdTIAHCHRESoySHOMVIIL b/3€

hi st opat hol ogy of the nurine nyocardial infarction 36 days after BMSC
transpl ant at i oftorescengreg tha regipnzip avhighcthe gellsvere diesigdag t he i ntegrati on of

BVMBCs into 25 murigfGuReoAR|sd flerdgraphtBowt ild¥aed hiSlval 6ABMYNt at i on.
15 implanted with a caspase inhibitor, relative to untreated BMSCs.

FIGURE 8 is a series of micrographs showing the co-localization of
implanted BMSCs, by Dil fluorescence, and cardiomyocytes, by anti-MHC o/p
fluorescence in a region away from the site of injection.

FIGURE 9 is a series of micrographs showing the co-localization of

20  implanted BMSCs, by Dil fluorescence, and cardiomyocytes, by anti-MHC o/
fluorescence, in a region away from the site of injection.

FIGURE 10 is a series of micrographs showing the histopathology of the
murine myocardial infarction 36 days after BMSC transplantation.

FIGURES 11-14 are micrographs showing the integration of BMSCs into

25 murine myocardial tissue, 36 days after transplantation.

FIGURE 15 is a pair of micrographs comparing p-galactosidase activity in
hCsx-lacZ mouse BMSCs which are cultured in the absence (left panel) or
presence (right panel) of growth factors which induce cardiomyogenic
differentiation.

30
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FIGURE 15 is a pair of mcrographs conparing 3-gal act osi dase activity in
hCsx-1 acZ nmouse BMSCs which are cultured in the absence (left panel) or
presence (right panel) of growh factors which induce cardi onyogenic

di fferentiwioonnsssd -13 WO 02/ 083864 PCT/ US02/ 11694 FlI GURBCTH/GS0zahéemas an
exenpl ary encapsul ated cell indicator system In the illustration, the

i ndi cator cells 2 ated in e ' ' such as
al gi nat e beads. @&H@?ﬁcg@%%@gﬁn xEmgﬁgf %’ﬁ‘g}g %lta elﬂﬁﬁﬂgnéatg éérﬁ%fn'jnar e
contained in ath@ﬂ[diﬂ'ﬁtbdr@ tHeEiBicaocells ZFmééhcﬁp.ﬁmded?m @Ldnbwsﬁlitmg tiategial |s 8 in

a 5 culture vessel 10. FIGURE 16B shows the use of encapsul at Pg I ndi cat or
cell's to roni tbsuchpsalginateberds Theindicator eﬂISﬂnanélﬂnﬁfmse ating Biateria

m crographs of oohfifBdARY pindibld WkABralE Bfmestt APl ouififed Fith caRAPASI at i on;

and m crograph OW ng ‘the resu P- gal act osi dase reaction
perforned usi ngltafesvesteddB. nouse BVSC 10 indi cator capsul es containing

varyi ng cell nunber 17 19 sh W ech car di nf ar ct ed

cani ne heart befor ﬁGpﬁ@ﬁ& Risdhe usg P ﬁ?‘faB '('tmgglﬁggﬁtgﬁ‘é?l@)to ﬁ@éd BVSC

transpl ant at i ofyogenid dtifertifiation ift cGRUIeMBhWn hdelrhisidgdphe Bf Of paand3®NRhary

three-barrel, one needle syri n&l In this exanple, each barrel is injected
en

si mul t aneousl yn)dﬁmﬁ@#bﬁwyﬁblel@fic capsudationy adrmigEngsanhs sh%mg,ﬂge B&HBected to
e R e etred & theh AiaBlcSith ek Hof Pl Bl AR I A mblHRMELS | NGE BaT 1€ S

are connected at are cont a'sin
FI GURE 20Bi6 s md&aﬂoenaisumscd)ﬂtmnmgafar)ongcdll mumbress S- sect i on of the three-

b |, dl ' El GU 20A. 20 F 1 Al ti
PE] Lt ot o FRERHELPlo Rt EShePebonbat SBG 5ty e SR mg e
larger barrel gy ?Aduss%dQﬁer%gmrgﬁna&jlhdddé@BMgoﬁaﬁéwanta&mlIer barrels

connect to a reservolfr adaf)tor that i's connected to one needle. The | arger
barrel has a separ SIGURE: Pelsfaﬁch¢m¥t5tlﬂumtlollPfﬂ%emlwme‘tbh@ﬂ enfe needl e

0L .S GRNGRhSt HEhlE, hk  Eld Bp BE RN ) 2
equal injegsi Ointo a reservoir adaptor that is connected to a single needle for a precise injection
location. The three syringe barrels are connected at the top and are controlled by
a single plunger depressor.
FIGURE 20B is a schematic illustration of a cross-section of the three-
barrel, one needle syringe of FIGURE 20A.

20 FIGURE 21A is a schematic illustration of an exemplary three barrel, two
needle syringe having one larger barrel for injection of one cell type. The two
smaller barrels connect to a reservoir adaptor that is connected to one needle.

The larger barrel has a separate needle for injection. It is desirable that the needle
hole of the needle connected to the larger barrel is increased to maintain the

25  barrel/needle hole ratio of the smaller barrels, thereby maintaining equal injection
pressure in all three barrels. While optional, the triangular arrangement of the
three barrels allows close proximity of the two needles, while maintaining a
parallel injection angle. The three syringe barrels are connected at the top and are
controlled by a single plunger depressor for even injection pressure.

30
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pressure in all three barrels. Wile optional, the triangular arrangenent
of the three barrels allows close proximty of the two needles, while
maintaining a parallel injection angle. The three syringe barrels are
connect ed wo d2lesgsop and are controlled by a single plungervdepnemsor for
even injection pressure. 30 -14 WO 02/083864 PCTI US02/ 11694 FI GURE 22A is a
schematic illustrat { e needl e
Syringe of F GURE. ZIRURY GpAns 33eREAE larlor o eplsRpdifb RS bl

exenpl ary thr ebarhei,romlneedlhsmgemé‘@m}mmgn in which the each syri nge

barrel has its own t injectio de5|re

arrangenent of the }{}ﬁig{éﬁe%éﬁf Ft&/@“ﬂ%‘%os%%qﬁﬁw&&%h@r?h

needl es whil e PRI fsipnf whidhahabdchlsytifgeatiePRasafiWv neklR fbhin nsxyrxfnge
barrels are connected at the top and”are controlled by a single pl unger

depressor  § or desired, therfrispgulenamangementef te) trgribanrels allews closthipnoniniity of

illustration o CrosSSqSe on o t.he syringe
o B ot aon et REGNASHe ‘B?”P airit s pRET njection 3k, THRIG A REHaS oY
that transpl anbirfds ste\cehieersdni teltyp amdare toeblled by aild plangs idepiessdr cel | s
will inprove the survival, incorporation, and adaptation of 15 the inplant

in the target fqr§§%m1qcﬁoraevé§%l ng vertebrates, the early cardiac field is
defined by the exmlmﬂz@fs 4 R ertrarld Mﬁﬁtlgnggﬂﬁrosﬁ"secrtlml%f fiR\tElcepENt &l

stage, however, the GCsx/ 5- ex%r essing cells are still proliferating. W
bel i eve t ha® thmel,tmnmpdlanymgemf URE2M42. 5-expressing cells that are
still proliferating will 20 result in an increased nunber of incorporated

and functional cardionyocytes in the heart. W have al so di scovered a

therapeutic cellular transpl petsled Descipticitlof the Intdntiond! cod vessel s and
nyocardi al tissue are collective regenerated 1 n the area of treated
myocardi um This neEWVRbave dissoyaed %ératlspém&lpgémeé&nwtaﬁy cpoupitted bter ent i at ed
cells comm tteﬁ@ﬁd@ﬁ&&@&&pw RivE S siblivdlY REcrporafias, Hnl THAHAI o

endot hel i al or vascul ar snmbo nuscl e
15  the implant in the target tissue.

In developing vertebrates, the early cardiac field is defined by the
expression of the Csx/Nkx2.5 gene. At this developmental stage, however, the
Csx/Nkx2.5-expressing cells are still proliferating. We believe that the
transplantation of Csx/Nkx2.5-expressing cells that are still proliferating will

20 result in an increased number of incorporated and functional cardiomyocytes in
the heart.

We have also discovered a therapeutic cellular transplantation method in
which blood vessels and myocardial tissue are collectively regenerated in the area
of treated myocardium. This method includes the transplantation of

25 undifferentiated cells committed to become one of three cell types:
cardiomyocytes, endothelial cells, or vascular smooth muscle cells.

It is desirable that there be an ample supply of the cells to be transplanted.
Accordingly, in one aspect, the cells to be transplanted are derived from stem
cells. One suitable stem cell is the BMSC, which can be isolated from adult bone

30 marrow. Once isolated, BMSCs can be treated with growth factors (referred to

herein as “priming”) to induce the cells toward a cardiomyocyte cell lineage, as is
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It is desirable that there be an anple supply of the cells to be
transplanted. Accordingly, in one aspect, the cells to be transplanted are
derived fromstem cells. One suitable stemcell is the BMSC, which can be
i sol at ed fwom2aeeissd bone 30 marrow. Once isol ated, BMSCs penube/miemat ed
with growmh factors (referred to herein as "primng") to induce the cells

toward a cardi t I | , | S, - 64 PCT{. /11694
descri bed bel o(\?v&r% %éeb%}logfi }?%I’?%@sﬁ%%g%‘#%’r%ﬁ%“ﬁ‘%%ﬁﬁ%ﬁ&ﬁ%ﬁ%@% ﬁel i al
cell 1ineage, limeag® or avastudar smooihtrhuselexell dinesgel Ih oneagbodimenptie enmbodi nent

the BMSCs are |tored for |ineage conversion using a cognate cell
type- speci fic BMs it @Pnggrsféé%qlng ORYeTHIAR UEAE A degts SR PerRgcHic

Provi si onal _Apghicaidt sR%np&utiths e bRe da8YiBA3n 859, POFKRRYI APARLAG Sérfd DY

reference. To generate the cell type- specific indicator system transgenic
mouse | i nesS arNo.c¥¥283,839hhefebysinnerparatpdiiey refeoance.r Te genanate thewslliypss a cel |

car i onyocyt e BroBEHRBGRSHO LRebE AR T e putb e B ™S L at e
BMSCs from hCsgonktigof that aiehgles b cellrlifeage-chetficehhanct/Promaticdrivied ragker.

expression is detected in the cell population, the cells are collected and
i nj ected int o KH&ExpBle, cardioRYALIRProganiing SORYAEHOR FRIRe MoRjtoredusing my ocyt e

Progeni L or. Cel drfop Il BOISCR!fronPHOAR DA Far Bl omid) DreB3RkhAle AIRE! N TUSC ©

cells are inject sI mul t aneous Into t ost nyocar For a proper
di stributith ofeneaxspressidr istdgieetsd imthdeell peplildtionathezslls are coll¢dtedcandnnel ed

syringe that igs.desi.gn to.inlect. nultiple cell types can be used. The
| engt h of eacH“&Fgﬁﬂ'g‘ﬁg“e‘a‘IséE‘_Yé?Pda‘P% di stance between them can be

adj ust ed accor di ng It 8né &abeilinenBihelcatiddrhyie§tedrofentbr €etls] eridvih@Bali n t he
nyocardium to be repaired. Optimzation of stemcells and stemcell

derivative prdpagaitopeells; andoyaseylarsmootipmpsple eqlls arasisjegied siznpltaneously
t I tati ' Rx| ' i I I . Al th
ranspl ant at I gfg, tﬁQhﬁ%%ﬁ%gﬁdﬁI P?EFQ;I e&gﬁ&%&%@ﬁh of e%crha%gl%tlﬁlﬁésﬂ%d e

i npl anted cells are si'ra oper stage o ment and
di fferenti B8 i careasCaimudtithanneled springe thdtds desiprad toimjdct mattiplacs types can

the proper tiWeet R \ragh AErdoldby porgles and e st Persen i E b
8 fe r I ﬁ;g‘e n ?ra£ L;@g&&\%&@&‘dmgﬁg At Rcatidrid! o2 BhdtidenaFSeaNS tHeGhydcdaRligiPr €SSi on
to be repaired.
Optimization of stem cells and stem cell derivative preparations is critical
20  for successful cell transplantation. To achieve maximum yield in cell
transplantation, the implanted cells are desirably at the proper stage of
commitment and differentiation. Currently, despite the known commitment and
differentiation markers for many animal cells, it is difficult to determine the
proper time to harvest cells during in vitro culture without performing time-
25 consuming molecular biological assays for the expression of these markers. We
have discovered a biologically active indicator system with which to determine,
in real time, the differentiation state of cells in culture. This indicator system is
also useful, for example, for determining the amount of gene expression of
proteins during cell growth or cell death.

30
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have di scovered a biologically active indicator systemwith which to
determine, in real tinme, the differentiation state of cells in culture.
This indicator systemis also useful, for exanple, for determ ning the
anount of Wert2/0838m¢ essi on of proteins during cell growthpor/useliiésdeat h. 30
-16 WO 02/083864 PCT/ US02/11694 Mopst tissue-specific gene expression is
controll ed by enha angd gsq*i.p [R5 | ptional

| evel . CGenerally, %O%E:%% grsp S g%gﬁ%%%?%gu ai?ggﬁ%ﬁkpggggﬁnén, e%kfancers adopt
conpl ex regul atpreysonserjuandes asthe trahscriptional ievel Neenerdllyatocsoaferdighthg- mul ti pl e
transcription factors. The binding sites 5 for these transcription factors
may be many ki‘F%‘ﬁ?}E@g"R"Rﬁjmf F@WF%@M&MIBI%W ory MECHRES K8 el ati ve

to each other -reé{ﬂlf&”thb'%@lﬁhbbﬁti@ﬁ bYﬁlult{p?é‘ﬁﬂﬁ&gptﬂ?ﬁ%&éﬁi Ahelbhdihgdtescar di ac
enhancers from "hCsx/ Nkx2.5 and nCsx/ Nkx2.5 recapi tul ate expression

patterns of5 t Her thesporanseniptionfaesays ey beanqnydlobaseg (kb) fram thegeaeit  Appl i cati on
Publ i cati on A A V.o orated by reference). Anong the
manmal i an cam)lr%cg{e%ﬁ%@g‘?%se%%ﬁlgﬁ%géga#ﬂ;&g&gne of these enhancers (the 7.5
klrol enhancer) is th#Wlsansedstdriveiansgene expgredsionsin atite, cardide enhhncersufrorhear t
chanbers. Moregyer I s enhance di spl.ays no ectopic expression. Wthin
this 7.5 kb fr’%ﬁ@h?-?%w@MS .rfqaeﬁ?'éﬁﬁye@ap%ﬂm ers 0 thfRIP8HP S omai n
Al and horol ngc%wwm r@é’e, : .,m.émtam@ﬁéatfoh%bﬁ%hm 20981R2299er abl y
p68 pronoter- ette, I

| i nked to an hs _ acZ cass were capabl e of enhanci ng gene
expr essi onl0 n herebyringomporated by réferenee)n dmonpithe mammaedian egridiacenbancersl so be

used in the regparter .constructs of the jn Lion.  Ex |l e 1. | nduction of
car dl omvogeni g&ggplsg f?rr 8?8%%@?55"%?#%“’%@ ?@&%?ﬁ%ﬁm‘%hm t nmouse and
dog. The BMSCsenWafcer thatiladfivinal dowrebt cBanbets. "BIdtdoves; €ié ahtaheg 10% f et al
bovi ne serum 100 pML- ascorbic acid-2-PO4, 5-15 ng/m |eukem a inhibitory
factor (LIF), disnlaysmosRiopiscxnrissinms Brtkir thés7.3kh &sgmant tyQEegisuse LI F was
used, while f (e @a& . ISy b Lo condition
all ows the Bl\/ggfsfg?%l %e%d{ﬂé?sﬁho&&? el r‘*‘%ﬁﬁﬁ?’gg‘éﬂ?”gﬁ? g%:‘tﬂgyééénd to expand
by passagilsg \kdlated that wgethgr, whes ppersbly dinkedstotan hshG8 priofrfoterdnts cesseste, agent s
such as grow h factow. fF%t her, stem . . . .
were capable of enhancing gene €xpression in a cardiac-specific manner. These

two regions can also be used in the reporter constructs of the invention.

Example 1: Induction of cardiomyogenic cells from BMSCs

20 Marrow was isolated from adult mouse and dog. The BMSCs were
isolated and cultured in medium containing 10% fetal bovine serum, 100 pM L-
ascorbic acid-2-PQ,, 5-15 ng/ml leukemia inhibitory factor (LIF), and 20 nM
dexamethasone (for mouse cultures, mouse LIF was used, while for dog cultures,
human LIF was used). This in vitro condition allows the BMSCs to maintain

25  their self-renewing character and to expand by passaging without losing
responsiveness to the differentiation agents such as growth factors. Further, stem
cells cultured through multiple passages maintain a mesenchymal morphology
and karyotye (Figure 1). After 14 days in culture with growth factors (50 ng/ml
BMP2, 100 ng/m! bFGF), approximately 80% of the BMSCs were positively

30 stained with Csx/Nkx2.5, MF-20 (a monoclonal antibody specific for sarcomeric
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cells cultured through nultiple passages mai ntain a nesenchymal norphol ogy
and karyotye (Figure 1). After 14 days in culture with growh factors (50
ng/mMm BMP2, 100 ng/m bFGF), approxinately 80% of the BMSCs were

posi tivel ywa2eosmsned wi th Csx/ Nkx2.5, M-20 (a nonocl onabPCeuseznachs
specific for sarconeric -17 WO 02/ 083864 PCT/US02/ 11694 myosin), and desmn

anti bodi es, i ngj | : |.1.S 4 L i . car di onyocyt es
(Figures 3 ang‘q 513?&5%%9%‘? ér%qg{én %‘Fu%’ogﬁe\?’i lrﬁ%lggrteﬂlrﬁ%%tftﬁ{ ﬁéeﬂse@{lj?& fe%}g/!g'@gc?oagum to
whi ch transpl agkdidmybiyiésFagueesskamisgyd, a co-cul ture nodel system was used.

In this system 5 Cs,. labeled with a fluogrescent tag for identification
(Vybrant Th . Cand oy thamucanmento s il cmamohy & v bEh gapplanted

co-cul tured, agM&Osatd &pdbedl adb-cult® nddRPsystehl WESugeaatethiddysieny ng/ M
col lagen. These m xed cul tures were grown" alone, in the presence of 25

ng/ M BMP2,5 or BM$Gshlebeled withadlusrespent tag for idsmificatioméVybrapker b asdibsequent | y
tained with | - - . t 1 ) (fic f
sarcomeri ¢ nyadime ShickEd emBryallc cathioy AR AR08 BT ol RO Y, © T

initiation, a dregla¢sGlides doatéd witto$ ng/nil @slldgerc Theselrixed celtures weregiowm Co-

cultures grown in the presence _of BMP2 or bEGE, while co-cult grown in
the absence cAloRs, imibe pgqsswerpfﬂédlsgnl BMP2, ¢7dp the rreseneg 0&51 n&/wréﬁal‘ .

antibodi es. HoABKE)ere sﬂs%@ﬁﬁgwtf\éiﬁﬁ%ﬁthointicés‘xmﬁﬂf,wfiot(ﬁ%d’i\g@l_%ﬂﬁe of

growt h factors, numerous were M--20-positive, suggesting they had
converted tlh aantipodespecificabt sar¢amaipanyqsin)gandantijdesminantib -sFivadayse

factors such B RirfoRsclY @Y ATEY St phPBROGH I aF sRerelln g
car di onyocyt esgulfufes\gréwh f the PeestiveI BMRR 618RGR, Whilsocauftureg grivai @1 thée rate

and anount that 20 BMSCs becone cardi onmyogenic cells in culture by
modul ati ng t he2bsergeod githasigrowth fagtpwere megative far all threeantibodies. HeWeeBi ng t o

the transpl ant g otk aof -y, | frth | f i Sust t | east
10% of the traﬁise%?‘g%%gﬂc%ﬁgsc“%@ﬁéglrt% o%déggﬁ (?chdéﬁcg&?’ir{e. &ll’%%?lcg cells
t hat express GuareM{R-205obitivetbugpeasting theywhad capvetted tb smyogenice call liteaget ur es or

ORI N R AC e T R S T
result in incrgpagduding Sikne brvwiR Tachdrs subhl 3 HEMP?2 6@d bEGF, or by co-culture
with differentiated cardiomyocytes.
In view of the foregoing results, we can regulate the rate and amount that
20 BMSCs become cardiomyogenic cells in culture by modulating the environment
in which the cells are cultured. According to the transplantation method of the
invention, it is desirable that at least 10% of the transplanted cells be
cardiomyogenic cells (i.e., mitotic cells that express Csx/Nkx2.5 but do not show
organized sarcomeric structures or contractions, and iareferably do not express
25  detectable amounts of myosin heavy chain RNA or protein). A higher percentage
cardiomyogenic cells will result in increased incorporation of implanted cells.
Thus, is it desirable that at least 10%, 25%, 50%, 75%, 85%, 90%, or 95% or
more of the cells be cardiomyogenic cells. Real-time measurement of
commitment can be performed using the cell indicator system described in

30 Example 5, below.
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Thus, is it desirable that at |east 10% 25% 50% 75% 85% 90% or 95% or
nore of the cells be cardionyogenic cells. Real-tinme neasurenent of
commi t ment can be performed using the cell indicator system described in
30 Exanpl ew®,02loed864v. - 18 WO 02/ 083864 PCT/ US02/ 11694 ExanpCwuUR02/18688Cs from
humans and ot her mammal s The foregoing exanple utilizes nmouse BMSCs for
illustrative purposes. 5 Hunan BMSCs are al so known in the art to be

capabl e of producing cardiac cells (Pittenger et al., Science 284:
143-147, 1999). BMSCs from other manmals (e.g., humanized pig BMSCs) can
al so be used in the net hods of the |nvent|o et al., Transplantation
69: 272-280, 2Exampleds BVSCs from hums per.mammaly B\sCs to becone
car di omvogeni ¢ AS 'ﬁe%@&h?%ﬁmﬁﬁ]@ﬁﬁhz&%&iﬂé BMSMOBM%@&atWéﬂhmoses

cardi onyocytes in the resence of BMP2 and/or bFGF results in the

i nduction of cHuuan ¢ alselknewn b lertdo be capiablecaf praduging rgrdiar cells

concent1at on GHER el SitR B 14sRir, THGE BN G e Bler SBARIET S, e
rate and anmpunfe.gfhveriinitied PiOBMISCs) cal disd brcused imnhe ntetliode wéthelinventibe ratio
of BMSCs to inducer cells can ran e from a% 1:1 to about 1:1000 or

nore. The conc@sVY &t ¢lofrgmplaptation 3 772 Q about 0.5 ng/nm < to about 1
pg/ M, while the concentration of bFG- can range fromabout 1 ng/m to
about 5 p.g/m. It is understood that ot her BWP/ TGF1 and FGF famly
menbers cah0 beExdifiplesie : T idmyogenichods known to
| nvent i on. ot %FF%“H@%&%@%V eEoL%ugt‘f@' EBnasn w%sﬁﬁ%@ﬁ B BT e

i nvention. ForprRieat®bEBMP2aihdy bFGFresults inithe dndustibhef ¢ardiomiyogenieagstist f or
cardi onyocytes (Makino et al J. din. Invest 103; 697-7 999) but 25
is not appr oprsapekleiof diffesentiating ascasdiompecytenia cultge. The mtio Q‘f%i‘ﬂ%é? 19 di ne
randomy dene y silent
Genes). " tr oat Pt off #31RKkncBRARURAGE BribBicEiN) AELLBE aRRERIO Y B LT
of cell typ®es modulgte, thmata:gﬁdann((uwyo&apdiemybgqu cetisndurtibas Fer ¢xasipbpthel ci n

posi tive) | and, e BRIdEn (ERAFR Y RORLEL KEk amol 1S kR T1060 or

cardi onyocyt es
more. The concentration of BMP2 can range from about 0.5 ng/m] to about 1

pg/ml, while the concentration of bFGF can range from about 1 ng/ml to about 5

pg/ml. It is understood that other BMP/TGFf and FGF family members can be
20 used instead of BMP2 and/or bFGF.

Other methods known to induce BMSCs to become cardiomyogenic cells
can be used in the present invention. Not all methods that induce cardiomyocytes
can be used in the invention. For example, S-azacytidine is used as the inducing
agent for cardiomyocytes (Makino ef al., J. Clin. Invest., 103: 697-705, 1999) but

25  is not appropriate in the methods of the invention. Since 5-azacytidine randomly
demethylates genomic sequences (thereby inducing normally silent genes),
treatment of the BMSCs with 5-azacytidine can generate a variety of cell types
(e.g., myocytes (MyoD positive), osteoblasts (osteocalcin positive), and
adipocytes (PPAR-y positive)), in addition to cardiomyocytes (cardiac troponin I

30 positive) (Wakitani ef al., Muscle Nerve, 18: 1417-1426, 1995; Tomita et al,
Circulation, 100 suppl II: 247-256, 1999). BMSCs exposed to S-azacytidine are
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30 positive) (Wakitani et al., Miuscle Nerve, 18: 1417-1426, 1995; Tomta et
al., Grculation, 100 suppl [I1: 247-256, 1999). BMSCs exposed to
5-azacytidine are -19 WO 02/083864 PCT/US02/ 11694 known to rapidly

upr egul at ewo-m2loBssand i nterl eukin-6 transcripts while downceyséateaag the
expression of collagen I, a mjor matrix protein. (Andrews et. al., M,

Col - oPh% ey B Rd b v SRRk o AR IPLARES gl AKET | 07

sui tabl e factors or ar e ose I nduce one cel l
type (e.qg., Serdgmmcg:mbeS})resslﬁxmfmbﬁag’én 1) mdiaph'mm;of)romme(Andtﬂ\ds dypes It

may be desirable to i S spoot h muscl e

cel I s and endo?ﬁé\i?]ad;ﬂgﬁ\% § agﬁﬁgf lﬁgéc[}?zlﬁ’r%‘?t P%r‘?{tp%lﬁg'ﬁ?téﬂ% ation into
the 10 nyocar diyibleeaabitor chififionsRé h;ésérmxt @@aﬁaabema@& dHeQel RYE R, S
around the transplanted cardionyogenic cells. Thé cells can be

transpl ant ell atasdiomyooytes)pr ef erably are transpl anted with the appropriate
cardi onyogenic cells, as described herein. Differentiation of vascul ar
snooth nmuscle cells can be determ ned using 15 the Bves gene enhancer

(Reese et al ., ERemplei:0lndutfion of bthet €dll type99) . Differentiation of
endot helial cells can % eterg; ned uma& Tie-2 or von, WI Il ebranq Factor
enhancers that havdtBagRedesrable to qduser t&i’f’dsﬁ’hs%"ascuﬁei?&° mEste 119:
957-968, 1993

, @%ﬂfaﬁg ehddth@lal cls- O(?r 1@%\; Pré@bﬂbx’s M%ran%ﬁarﬁgtwrﬁ?ﬁﬂthf:

respectively). rentiation oni c epi car
precur sor s 10f ﬁ@omdmnhbﬁcawde thesks se)llsmay gnaerdEtmwblqcuﬂvesselsngroEn&ﬂm or | CAM 2

enhancers (Shal a Nat ur e 62- 66, 9 Si et al.

Cel | 101:729-7 @“5}4&96‘%6 °""r‘%‘§i5‘é&?f‘}°\ﬁ8 w@&gm&ét;gaqsg%pgﬁggo Moscri be
above and Cult efdabli aiéwarﬁﬁlaﬁtem&thqﬁe aﬂ?kéﬂrm @a@dxoﬁ?sg@ﬁcscémpasn to generate
endot hel i al I ineages during enbryonic 25 devel opnent (2% FBS, 20

ng/ M VEGF, 1 pbedpeegin. and 2 ng/m " 1GE-1). Flk 1, an .
cndot el ol ;pszzy: TR o R e 195 B, |
conversi on1$o the Baed gtecdnhancer R éest emeabev. (mpgaoe B5P-17301999).
Differentiation of endothelial cells can be determined using Tie-2 or von
Willebrand Factor enhancers that have been cloned (Schnurch and Risau ,
Development 119: 957-968, 1993 and Coffin et. al., Dev. Biol. 148: 51-62, 1991,
respectively). Differentiation of embryonic epicardial cells (i.e., precursors of
20 endothelial cells) can be determined using Flk-1 or ICAM-2 enhancers (Shalaby
et al., Nature 376:62-66, 1995 and Tevosian et al., Cell 101:729-739, 2000,
respectively).
BMSCs were isolated as describe above and cultured in the presence of
biological factors known to generate endothelial cell lineages during embryonic
25 development (2% FBS, 20 ng/ml VEGF, 1 ng/ml bFGF, and 2 ng/ml IGF-I). Flk-
1, an endothelial-specific receptor tyrosine kinase, was robustly expressed in
approximately 80% of cultured BMSCs, after 14 days in culture, indicating

conversion to an endothelial cell lineage (Figure 5).

30
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-20 WD 02/ 083864 PCT/US02/ 11694 Exanple 5: Cell indicator system As
depicted in Figure 16A, the indicator systemincludes three conponents:
indicator cells 2, a cell encapsulation system (CES) 4, and a perneable
out si de newbroanssses nesh 6 that hel ps retain the indi cat opcryesd2alésd the 5
CES and separates the indicator cells 2 fromthose to be transplanted 8. In

one exanpl e, tﬁe i nldii.ﬁgr! a.éstem I,s useful in determning the state of
cel | conmit merX e SEe stemcells (e.g., BMSCs). As is
described herein, AddepftedciaiRige ¢6A0the indivatdrspaem Bidhedes shie@ t hat about

5-100% (preferably about 80% of the cells_ are cardi on\éggeni c cells (as
det er mi ned by syHoRRNts: igdicatorgallsds 8 rehencepiailstignisygemitEehdA8d asar coneri c

structures of oRLLACbIGRE milandtShéh At nelolSerk it BliakRSkN fggyy ohai n

RNA or protei an extr rapi esir I'n order to
mnimze the tCBS andbeparatds theindivator belis2fomrhpsetitnbe wedsplanfedr8.t he assay and

transplantation. A_rapid assay, fherefor ensures that . .the assay.results
are representative Inp TF@"@?«/%K‘)?B’."BmEﬁ)ﬁ&&Ei% uEE'I ‘{eéerWRlE%ﬁ‘irsga%e_Léf
ultimately tragaRjogithifent BRE diffep&ftiation SVséthicells (RIg)\BMSEs)s Ukdlis ABscRibERY -
BMSCs fromtransgenic nmice containing a Csx enhancer ogerabl y linked to a

reporter geneheseis, iy isclesisable toohrimg bymaeBMSCssuch that about - 100%{Areradbly, e

descri bed, for ' . | ' b 4 | .
2002022259, h&%@?‘“@L@&Pﬁg?‘gta?%"%@%?@?’é?@ﬁ%%ﬁ"“%@?’E‘ﬁ%’aﬂb‘@ﬁ? are

ei t her encaps udxpiessiontha laeR of brganized sdrcomdrizr strabtufes.op contedetiomsatd  col | agen,
gelatin, or chitgsan) or attached onto ., a Qj.odegradah] olyner (e, g.,
non- por ous ni cl?rsér;méée ’é‘gk B&“W%\’é FW&B?‘HWR?P‘M%&' &af‘?c%‘l qxgeéxg{yg (P&A) ,
or polylacti dfl{agidyaﬁ%y' iglﬁfﬁﬁa% SRIRF tolriiniaizé theltlifie infeda et éeh ddrvesting

m crosphere-attached cells are then surrounded by a nmenbrane that
permeabl e to othggelis fontherassaytand transplantation. 1 wapisl aseayl therefeneaensiees that 25

i tabl mb i ncl yd . : h I
(PED)  merr ane StPRRGHLY Bt S Ear R RN E F KRR R b SRR O o

and porousgst rﬂﬁﬁﬂﬁld)eﬁhnspmhwdetmafpfesaft@mehﬂbxepmv(de‘s'ﬁﬂthdsm) BMS8Caddi tion
to retaining the indicator cells in the capsule, ;tge outer nenbrane

provi des a phySpmaransgenicgnice gortaininga Geranbaacergpsrahly linked QAJERTHE of 30
the human BVECreneddusd sl iiBiRASENE SutsbR Cok BindnBaS biedestiRE, P 201 Y
example, in U.S. Patent Application Publication No. 2002022259, hereby
incorporated by reference. The indicator cells are either encapsulated in a
20 biological material (e.g., alginate, collagen, gelatin, or chitosan) or attached onto
a biodegradable polymer (e.g., non-porous microspheres of polylactic acid (PLA),
polyglycolic acid (PGA), or polylactide/glycolide copolymer (PLGA)). The
encapsulated or microsphere-attached cells are then surrounded by a membrane
that permeable to oxygen, nutrients, and other biomolecules. Examples of
25  suitable membranes include porous transparent polyethylene terephthalate (PET)
membrane, transparent nylon mesh, transparent porous nylon membrane, and
porous transparent polytetrafluoroethylene (PTFE/Teflon).
In addition to retaining the indicator cells in the capsule, the outer
membrane provides a physical integrity to the system. During the induction of
30 the human BMSCs into cardiomyogenic cells, the reporter gene operably linked

to the Csx enhancer (e.g., a human Csx enhancer) will be expressed in the
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to the Csx enhancer (e.g., a human Csx enhancer) w || be expressed in the
-21 WD 02/083864 PCT/US02/11694 indicator cells. Nontoxic detection of
reporter gene expression indicates the differentiation state of the human
cell s. Suiwehbmesamseporter genes include, without |[|imtatiperusd2as@4encodi ng
green fluorescent protein, (3-galactosidase, and |luciferase. After

determ ni ng that. the I have,reached the desired stat.e.,of 5

it erent i ati dnciceREedf, Mot EREr ST pan hn eRtraRid BAgeRdiecat or

cells, the endiffeetistiongateBf e haman 3411, [Saitakabdportergeneane)udeswitkommved. The
cells to be inplanted are then collected and prepared for transplantation.
| f desired, tHimiationsthoseenceding geseadlugrpscest protein, frgalpctesidaseandnt ation. I n
the cell indi p S i ' Lndi.catar cells can
10 be any cel f‘%%&‘sﬂy r‘g %}dg{?@ﬁglg%ﬁﬁégéﬁns QF‘Z%IF‘,%P et%%&?sgrgg]gg%e&const ruct

i s operabl s adiffefentigtion| thecknfifecindioatonsystem (inchniing theripdieatoddlE, thel | s

transfected with the . repor"(ﬁgr onstruct are used. Thege ﬁel I@ csn be any
ani mal BVSCs dimcapsufatipg miatsriph apd permes e uarpbruge) dx regigu .« Theesl3ep pe
transfected Wih%éﬁmﬁﬁen col16dtE ld, w@.&éo%r&a&s]as%sfﬁ ¥odesir®d, tRNRfEs from

an enhancer elerent/reporter 15 gené transgenic aninmals. W denonstrate the

princi pl es desmanibedubzet andstorefl uanl teamsplpstatiert.ed cel | i ndicator system

usi ng murine BMSCs.derived f.rom hCsx-l.acZ transgeni ¢ pice,. f ound
that BMBCs whi ch ag’éﬁ’r‘?&eﬁi' ‘{]?Pg%rcfyfqgmd)lf °e9’%§ﬁlf]lélt98nqéqn0w§ ! dm%éfccf:ngé&)geni c
li neage stm n byl cell @ypeiftwhidh the bnHaabdr@tdnteait/fepoitar gtk dordtrutSis @pbrableosi dase
assay. (Figure 15). In contrast, BMSCs cultured according to the nethods

described aboas thegslisiifferantiate. d WPSW@@MS@MQ%F@FF@%@BW} ther oduce a
strongly POS! Uk oBfidthuct fr QUL Brede cdSEAI B A1) shimbiMBELIRe hCsx- | acZ

BMSCs are excellent candi dates for encaps n as a systemthat can be
used to noni taltertatieelys atherccetitypes sichmsdfeceils trdnfféctedwith anhapoer Fi gures 16A

and 16B). 25 Sych apn indicator syste i des several agdvant ages over
traditional te“lci?m? groTtef 5?“"‘&?%%??’@8%% ’g‘i"f‘iﬂ&c Ch ‘?}S‘H.e’%ﬁ’{fefi cally,
t he capsul gs a%egeqaﬁgéemcragmgred fromthe culture nedia and can be

rapidly and re iab% assayed. Further, because the capsule can be
i ncorporat ed and r d¥edemenstrriedhe principlesdaserihed abave; of an prsapswatedigelban be

done on a pl atgayip Lfs&e?n,%ﬁligﬁnurh{e BNSE Herﬂ%ﬁm@ﬁdsf-&cﬂmﬁéﬁiﬁﬂice.
We have found that BMSCs which are not induced to differentiate along a

cardiomyogenic lineage stain weakly or not at all following a standard

20 p-galactosidase assay. (Figure 15). In contrast, BMSCs cultured according to the
methods described above, which induce cardiomyogenic differentiation, produce
a strongly positive signal (Figure 15). Accordingly, the murine hCsx-lacZ
BMSCs are excellent candidates for encapsulation as a system that can be used to
monitor the progression of myogenic differentiation (Figures 16A and 16B).

25  Such an indicator system provides several advantages over traditional techniques
for assessing cell differentiation. Specifically, the capsules are easily recovered
from the culture media and can be rapidly and reliably assayed. Further, because
the capsule can be incorporated and recovered from every culture vessel,
monitoring can be done on a plate-by-plate basis. It is not necessary to destroy an

30 entire culture for monitoring purposes, as is required using traditional histological

techniques. This is particularly important when using BMSCs from a human
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30 entire culture for nonitoring purposes, as is required using traditional
hi stol ogical techniques. This is particularly inportant when using BVMSCs
froma human -22 WD 02/ 083864 PCT/ US02/ 11694 pati ent where bone marrow

sanpl es arwodkbdisesllt to obtain and few stemcells are apei/isdahesshor
culture and transplantation. Mirine hCsx-lacZ BMSCs can be encapsul ated in

any appropri ate,.nateri wh ti d ib ) f ul
camsal b oan: R gers bane agy BRAE it AimBUTc SR AR el TSRS L
and cont ai ni ngwhiigblé@fadicorire-anataspiatatioh) s in 11 mor 30 mnyl on nesh,

avai l abl e, for exanple, fromMIllipore Corp. (Bedford, M), which i,i bot h
durabl e and per neablwinedGsytlaad BMSCsican he encgpanhted inranyiappeoprigtepaterial  ng

chem cal reag ' < | ' Bﬁm{mé hods
descri bed her %@c?i@?ﬁ'e&é%gér&%%iﬁ.?%eggﬁgpdﬁi‘fcﬁ%é%})ﬁﬁagg,sfoio cont ai ni ng

at | east abfoutbyldibeddg-theicslls B/Eginafesandeontaining the alginaeembedded celdseinof  at
| east about 107 cells/im is nmore desirable. Of COMIS&,.AS | tions vary,
a person of ordih&F §6§m 1‘!?‘%81??*& a&@“@f%k%é“?’ﬂ%‘%aﬁ?ﬁ‘g‘ﬂﬂﬁ%‘%’g@é fcentration
of indicator @elfosd, MAY,ehiclRDetedEMsle aid perealsip actfltuée mediaand grovak| | s

used to create the encapsul ated npnitoring .1% §ystem on this iﬁv,ent I on
need not be miBetass, exyees, andichemicg] eagets used insthe Brealactosidaseassaly WEPg| ogous

or aut ol ogous et}nlgﬁeg-‘%d& ??ﬁ%ﬁgé&;‘%?lé?%%gﬁe dé&aﬁ&éﬁﬁnwﬁrsglutiﬁwcs are

relatively pl 0 transtfect a subset of the host
BVSCs wit hita reopeitisg atlems about tl 0 isCoHack BMBCsqree muHiditer phosw gverithe axsé b d.

These autol ogoys BMSCs. gre, then encapsul at and used for nonitoring
pur poses. 20 Aﬂthj@ﬁ?ﬂ%"s’%ﬁfﬂl?/ﬁ?ﬁﬁ%@%ﬁﬂ@b’%‘ rsg,reéequdxfgllom Y&% Suppl y,

non- aut ol 0gouSyerddAQITRERARY Sk coll Rl RAPMARAHS dpproptiftabsticemibion ofan be used.
Exanpl e 6: Met'hods for transplantation The invention pertains to nethods

for treating dndisatdeeddlsinthemapale systbmby 25 i nsufficient cardiac function

i bj b LQQous . ol | ] : on.
The et hods i nol uad ia et FicHel SHR' P r Gl Bl YiparSElod HiBAET. 5 "

car di onyocyd e gysre@rdt thivrifiventiofl abdibiot bk nueink celiso GRireiihdicator eelld carabe ul ar
snoot h nuscl e progenitors of the i nven&\iﬁon, \i\/ni ch are (?escri bﬁd I n detail
herein.  Tr ansithshketerologons on awtolegqus Lo wie tiapgplant yeamiens, In (3sgS W& Cheart of

the subject W giyees are relatively plentiful, it is preferable to transfect a subset of the host
BMSCs with a reporter construct, such as the one previously described. These
autologous BMSCs are then encapsulated and used for monitoring purposes.
20  Alternatively, in cases where BMSCs are in limited supply, non-autologous

(homologous or heterologous) indicator BMSCs can be used.

Example 6: Methods for transplantation

The invention pertains to methods for treating disorders characterized by
25 insufficient cardiac function in a subject by autologous or heterologous cardiac
cell transplantation. The methods include administering to the subject the stem
cell-derived cardiomyocyte progenitors, endothelial cell progenitors, and vascular
smooth muscle progenitors of the invention, which are described in detail herein.
Transplantation of the cells of the invention into the heart of the subject with a
30 cardiac disorder results in replacement of lost or non-functioning (“hybernating”)

cardiomyocytes. The cells are introduced into a subject with a cardiac disorder in
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30 cardiac disorder results in replacenent of |ost or non-functioning
("hybernating") cardionyocytes. The cells are introduced into a subject
with a cardiac disorder in -23 WD 02/083864 PCT/US02/ 11694 an anount

sui t abl e tworoepsssee | ost or non-functioning cardi onyocyt eRCEUSN/1149at t here
Is an at |east partial reduction or alleviation of at |east one adverse

effect or synplom oh sﬁl%lect%r g[%lgéé lgﬁt%?ﬁglﬁgv.{ncﬁrgﬁn @Hdﬁm‘f)?&y&?smrﬂl i stered

to a subject by “any appro resu ts I'n I'very of the
cells to a destherds hmatalbasmpmmlal ﬁdudlmnmbljlmlomﬁraeleam oneagdverse gffect oron of
the cells remain viabl

I s de hat bout 50/ desi r abl
at | east aboutsmemr?é&? ‘ii‘é‘l‘?"r %‘B?raerat 3(95 °aﬁﬁ’&ﬂ1m“§‘§‘% dagﬁuH‘HF @ esi Irabl yy
at |east about aeléfsl‘[ﬁb ogagia{é rolife'tRat §&%itE AHefivery of rsdella BPa Hesire 10cafdlinOSt

desirably at ut 50% or nore of the cells remain viable after
admi ni strat$ onthlersubgecatvdwbqadcast Thertipr of the celis xemaisi Ylﬂbly bris desirableithad af t er

10 adm ni strati bj,ect. can, b t_a

t went y- f our hoﬂqgas a?oé’t g%r QW“&B@ tletagt §gutlslg’r{éj néosrg ggﬁ"agw Qq%s%b(’%%mnt hs. One
met hod that capodaeyesariile déstrablylat Yeast abbet 3084, Isalmiore b&mablymﬂeambbm a subj ect
Is direct injection of the cells |nwg tZ‘%ﬁ/ventr Gyocardl m of the
subj ect (e.g. , 4056 andanost desiyably atlgagtpbgu 9’8m°fL erjls regip viq leoll , Am
J. Physiol. 33aﬁ'&%al¥1xrﬁ3t§%onm%)sub the ﬁ@bkﬁo@@f‘vﬂﬁh%ﬁﬁ’é@dﬁ's%ﬁ&r ed in a

physi ol ogically conpatible carrier, such as a buffered saline solution. To
treat di soﬂ@ieradrmhfsn'antbxetm azsaxbjdoycanﬁswﬁshm'tmfem(wm@gf uwcntb'tfnun hougs, human

subj ect, about,k 104 S are |ntr ce t he nto the
_rryocardi um  TolOFcedr F'stﬂaf &@sﬁé?%&? of né&'rtﬁsh errg?tpggﬁxq fe cequ% of the
invention 20 gAdkliPe theelsidTdhd ibéntdndeh suisecy 1§Uiio6ccmlyéchaﬁ of theickild intees

I ntroduction by injection or inplantation of the cells into the %Ubj ect.

Such delivery @ews@@@uhanmyg@mdmuwéhe subjegt (e.&a¥qPBpen o als ¥1encs20898ng cel | s
and fluids int e 1 I

enbodi nent, thgoi figge‘g‘ié%d& ‘onal Fﬂb{g\gfe3gqﬁgggllg3%r1©gg)em‘l§5&n§ ﬁ%obuegh whi ch
the cell's 0§ tadminiseered nmplqamldmcaﬂlytcom;iatdﬂdcmnﬂo sudheassulhifferad saline 25
desired locatio b e t.o |nt each,.ce eina
different set St “H’orﬁ?ﬂ %732(&?%% aggtepﬁe FIPEY gﬁ&enﬁ@aﬁlgcj h&'ﬁf‘%ﬁﬁ'at he
injection. In ﬁ\&&ﬁé}lﬁxbf&?‘%boﬁ’tloﬁulég'cehﬁéré%u&m&émﬂﬁ)t%hbmﬁﬁl&gtiﬁfbther three
needl es can be used for injection (Figures 20A, 20B, 21A 21B, 22A, and

22B). |f a throwoemdiugl./ t wo- needl e
To accomplish these methods of administration, the cells of the invention

20 can be inserted into a delivery device that facilitates introduction by injection or
implantation of the cells into the subject. Such delivery devices include tubes,
e.g., catheters, for injecting cells and fluids into the body of a recipient subject.
In a preferred embodiment, the tubes additionally have a needle or needles
through which the cells of the invention can be introduced into the subject at a

25  desired location. It may be desirable to maintain each cell type in a different set
of conditions (such as in different media) during the injection. In such a case, a
multi-barrel syringe with one, two, or three needles can be used for injection
(Figures 20A, 20B, 21A, 21B, 22A, and 22B). If a three-barrel/two-needle
syringe is used, it is preferable that endothelial cell progenitors and smooth

30 muscle cell progenitors be mixed during the injection.
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syringe is used, it is preferable that endothelial cell progenitors and
snmooth 30 nmuscle cell progenitors be m xed during the injection. -24 WD

02/ 083864 PCT/ US02/ 11694 The cells of the invention can be inserted into
such a delwoanysydevice in different fornms. For exanpl e, pdEushh®ican be
suspended in a solution or enbedded in a support matrix when contained in
such a delivery device.., Preferably, . ' | el .
pharmaceutically a gﬁfléso?tretﬁ%glrv??ue coab%gi sﬁletﬁci ing]?dﬁﬂ%h#gﬁév@gwggm s of the
i nvention renediffetentfonms. Phegxampés) theaells yanchecsapgendédin asolutionras and di | uent s
I ncl ude saline, aqueous buffer soqlufions, ,so]vents d/ or . di spersion

nmedi a. The useerabe%ée@w %MPP’EF’?"%W*‘EH fQtained insuch.g SaWﬁB(/\ﬂe"i‘??'the art. The

solution is prp&&&m,ghé&ﬁﬁﬁdnqp@méesfd pHafnadRuaéat aRbeptatldGarfiet dtdikent S

stable wunder the conditions of manufacture and storage and preserved
agai nst t heS 10inovnckathiercalls ofgheivientionoemaincyiahde. gBhermaeeutigally acsepiableeri a and

fungi through the us f. . f.or, exanmple ar | or phenol ,
ascor bi c aci d, “%perg ﬁ?(ﬁgﬁ‘b@éﬁ mdué%f%?’oﬂggoo"\‘s%gﬁgrsﬁor@gﬁl ’i%ﬁ}é&%r%@eorpr epar ed
by i ncor por at i digpéréi6n feliaS The useoLsuch earieiand diluérts i3 vidlHamedn theat.| y
acceptabl e carrier or diluent and,_ as required, other |ngr,ed‘|?§ ts. 15
Support mat ri cEke solntignjis preferably sterile and fluid ?fﬁ&é‘i‘hl}”dhe golntignsis s por ated or

nbedded i | i i | Dj - i ich d d
enbedded | nc g{*ﬁfgrcbﬁ(‘ﬁﬁoﬂ{%fﬁﬁ?ﬁ:{f&nﬁ@ Piishl e%x?déﬁ?%érﬁéladtea g;t»{el ch degrade

i nto products re not to the recl and/ or
synt heti ¢ 10i osepnsidatirigeactian of mégroarganismsisysh @s badteriaatd fungirthrough theat ur al

bi odegradabl e matrices include, for exanpl col |l agen. matrices and

al gi nat e beadsYs® h%’ﬁ'@qﬁgs’%%swe8#18@8{5&‘?:8‘?%"@&&?%8 Iaﬁlgeors@m?{gﬁl'c

pol yners such gsiuficHs\oFMe/iavéiRg can BOpePirel BF rcdfforatipcth® 6é1)slas descpibadi d.
These matrices provide support and protection for the cells in vivo. Prior

to introducti okergintiva phanmacewsically peceptable samign ondilueptiand, agreqsireds othsr t

i mmunol ogi cal rel'_ gct Lson. For exanple, to inhibit rejection of transplanted
cells 25 and V&% eve i munol ogi cal non-responsiveness in a transpl ant
reci pi ent, 15 he net [Sugpei niafrices in/which te @i of the linvéatian ta et incorpardated or

| mmunogeni ¢ antigens on the surface of the cells prior,to.infroduction
into the subj e®mbedgpd ?%ﬁ‘%‘f‘ceél"fahéﬁﬁ] Hg resTRientsPMpatize g‘b‘é@f‘?ﬂ@ Snti gens
on the cells cap, HodRas fHaf A8 RoPhRRBulQ6 tHe'tecipient. Natural and/or synthetic

biodegradable matrices are examples of such matrices. Natural biodegradable

matrices include, for example, collagen matrices and alginate beads. Synthetic
20 biodegradable matrices include synthetic polymers such as polyanhydrides,
polyorthoesters, and polylactic acid. These matrices provide support and
protection for the cells in vivo.
Prior to introduction into a subject, the cells can be modified to inhibit
immunological rejection. For example, to inhibit rejection of transplanted cells
25 and to achieve immunological non-responsiveness in a transplant recipient, the
method of the invention can include alteration of immunogenic antigens on the
surface of the cells prior to introduction into the subject. This step of altering one
or more immunogenic antigens on the cells can be performed alone or in
combination with administering to the subject an agent that inhibits T cell activity
30 in the subject. Alternatively, inhibition of rejection of the transplanted cells can

be accomplished by administering to the subject an agent that inhibits T cell
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conbination with admnistering to the subject an agent that inhibits T cell
activity 30 in the subject. Alternatively, inhibition of rejection of the
transpl anted cells can be acconplished by adm nistering to the subject an
agent thatwiojokssss T cell -25 WD 02/083864 PCT/ US02/ 11698CBUBINI1694 | N t he
subject in the absence of prior alteration of an immunogenic antigen on

t he surface of the transpl.anted cells. An.agent. .that inhibits .T cell
activity is deﬂ"t'ﬁgﬂl @e ﬂ’-‘ﬁﬁé’?‘l&e\ﬂﬁ?e@ﬁe ?@aﬂrggteﬁaﬂox? 8#:%'(/5‘?’“‘(‘%9%9{1

sequestrati on)anfigen 81 BelsUrhdedT the transpRhied cells. Amagens that bibiGIT defthi bits T
cell functions wthin the 5 subject. T cells may still be present in the
subj ect but arastivity is defined asan agsptwhich results inggmaval (e, SepueStEAtion)Bfapl e to
proliferate or oY ot t : Ki ne

b oduct | o, oyiGriiel o 6 AR FREL B inpibhp e Hncdnwih BHEL 121 ¢y
may al so i i kfubjecheT eellsinvayt stilldve pregent iatthepsubgect buhaee inrzenoh-fwmttional e. g. |
thynmocytes). A preferred. agent for use.i.n inhipi.fin cel.l activity in a
reci pi ent 10 frsuch that %‘ﬁg W@@dﬁp’f"@&f‘%’ra ﬂgortlﬁét_]t‘_’"f‘rﬁﬁeﬁﬁof s or
interferes W t{nQRIRL. g, byTOKINE pfodistidnd BytotdxRit9f &E). ehel AFEABR UMIbRST ve drug
is cyclosporin A Qther 71 mmunosuppressive drugs that can be used include,
for exanpl e, RiHoetivigimRBalse inhilgt theactvity esmasenatiomof immaturatheellsdegpr essi ve

drug i s adm ni N ' | ] ol .aneuti c
agent .~ addi 1 oupoFHedn AR BbE Trtisl iy Bhieh R AR H o FAFHiART 2
steroi ds (B g.subjictic @8 dmiuaosuppressicédidrag thap irddbsiissor neter feres mith norraalni sol one,
and dexanet hasone) d chenpt herapeutic agents (e.q. zat hi qprine and
cycl o_sphosphamqeéfjﬂﬂc%%t‘%%ﬁe?@?ad@mﬂﬂpg%?ﬁsw? %ﬁﬁ%@@?ﬂ’@%%?‘ﬁ%g_ i s
admi ni stered iG] Usﬁ;glﬁéés% dthdsihdt Qb bSuseighctide, ?d?@x&nPEPFKQM‘ﬁ[@IQSU_ tic
agent. Suitabl e I mundsuppressive drugs are comerci al 20 available. In
addition to it6l443eIn one dmebadiment e imminosppiessive dmgtsalninisteretbins, cel |
transpl antation ther.apy.is | i cahl e,t ] val i g ' es and
i sor der's (e BriMHPRHitah B gng BeE ol dnt Ad ignel ekl BEATDY

mul tiple sgd ergentsihatdan bivadinistered e sfetoids (e/f, ghidoeomizoidasuthu t he

transplantation of mtotic cells that 25 are conpet e(gt and}eﬁri ned to adopt
the desired cepredisons, wethyl predpisglong, and dexapethasoned gnd chemothgrapeytic

transplanted c (e w€ i | Behidasi thé& enthodi&GRI #0r at i ng
and surviving I eh?l‘% H%mlkﬁggéu%d%%ﬁgﬂ@gés Uséf ul “for the 0det ection
immunosuppressive drug is administered in conjunction with both a steroid and a

chemotherapeutic agent. Suitable immunosuppressive drugs are commercially
20 available.
In addition to its use in the treatment of cardiac-related disorders, cell
transplantation therapy is applicable to a wide variety of diseases and disorders
(e.g., Parkinson’s disease, diabetes, spinal cord injury, multiple sclerosis). As
with transplantation into the myocardium, the transplantation of mitotic cells that
25  are competent and primed to adopt the desired cell fate will likely aid in the
integration of the transplanted cells, resulting in more of the desired cells
incorporating and surviving in the host tissue. Enhancers useful for the detection
of the differentiation, commitment, or competence of a cell lineage are depicted
in Table 1, below.
30
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of the differentiation, commtnment, or conpetence of a cell |ineage are
depicted in Table 1, below. 30 -26 WO 02/ 083864PCT/ US02/ 11694 Cel | Cell
TvoeMar ker Tabl e 1 Reference 5Vascul ar snoboth nuscl e ByesReese eta!., Dev.

Bi ol . 209: Wol2hgis4 1999. cell Tie-2 Schnurch and Ri sau, Deg®useenmess

119: 957-968, 1993. Endothelial cell von WIllebrand Coffin et al., Dev Biol.
148: 51-62, 1991. OEpicardial cell Flk- I@Fa{ aby et al., Nature 376: 62-66,
1995. Adi pocytel CAM 2 Tevosi an et al . 101: 729- 39, 2000. PPAR-g2Zhu et
al ., PNAS 92: 7 _Reddy . 1 Bone Muner. Res.
10: 601- 606, 1995. GOsteobl ast Osteocal cin Ke er ndocri nol .

7: 462- 467, 5199\5,“°“B’i\75‘8?“b'b‘ﬁ%{“ge Be11b DZI%eﬁsﬁth?i)f §1°P2°9E;/’f9‘8§ 63§5 319- 329, 1995

Neur Onal pr Oﬂﬁaﬂeﬁz@&ll Nestin Tie-2 Schnurch and Risau, Development 119:957-968, 1993,
von Willebrand Coffin et al., Dev Biol. 148:51-62, 1991.
Epicardial cell Flk-1 Shalaby et al., Nature 376:62-66, 1995.
ICAM-2 Tevosian et al., Cell 101:729-39, 2000.
10 Adipocyte PPAR-g2 Zhuet al., PNAS 92:7921-7925, 1995,
Osteoclast TRAP Reddy, J. Bone Miner. Res. 10:601-606, 1995.
Osteoblast Osteocalcin Kesterson, Mol Endocrinol, 7:462-467, 1993.
Macrophage CDl11b Dziennis et al., Blood. 85:319-329, 1995 .
Neuronal progenitor Nestin Yamaguchi et al., Neuroreport 11:1991-1996, 2000.
15  Neuron Neurofilament  Leconte et al., ] Mol Neurosci 5:273-295, 1994.
Astrocyte GFAP Nolte et al., Glia. 33:72-86, 2001,
Skeletal muscle cell MyoD Goldhammer et al., Science 256:538-42, 1992,
Smooth muscle cell SMHC Zilberman et al., Circ Res 1998 82:566-575, 1998.
Pancreatic precursor cell  Pdx-1 Marshak et al., Mol. Cell Biol. 20:7583-7590, 2000.
20 Pancreatic B-cell Glucokinase Jetton, et al., JBC. 269:3641-3654, 1993.
Hepatocyte a-fetoprotein ~ Ghebranious, Dev 42:1-6, 1995.

Each of the foregoing references is hereby incorporated by reference.

Example 7;: Canine model of myocardial infarction
25 BMSCs, which were directed toward a cardiogenic cell lineage in vitro,

were transplanted into infarcted dog myocardial tissue. The dog myocardial
infarction was created by permanent occlusion of the left coronary artery. The
infarction was allowed to stabilize for at least two months prior to BMSC
transplantation. In order to prevent immunorejection of the transplants, marrow

30  was collected and BMSCs prepared from the individual transplant recipient dogs
as follows. About four weeks after the ligation, after the myocardial infarction
had been confirmed using echocardiogram, iliac bone was punctured to aspirate
bone marrow. Bone marrow was immediately mixed with heparin, frozen and
transported in dry ice to the tissue culture facility, where the bone marrow was

35 thawed at 37°C, perturbated, washed once with regular DMEM, and plated in
tissue culture flasks containing culture medium (10% fetal bovine serum, 100 UM
L-ascorbic acid-2-POy, 5-15 ng/ml LIF, and 20 nM dexamethasone). At the time
of harvest, BMSCs were labeled with Dil, a red fluorescent marker, to track the
survival and progression of the cells following transplantation. The labeled

40 BMSCs were then cultured in the presence of 100ng/ml bFGF for 4-7 days.
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Yamaguchi et al., Neuroreport 11:1991-1996, 2000.

Neur onNeur of i | ament Leconte et al., J Mdl Neurosci 5:273-295, 1994.
Astrocyte GFAP Nolte et al., dia. 33:72-86, 2001. Skel etal muscle cell
MyoD CGol dhwone2rosssss al ., Sci ence 256: 538-42, 1992. 0Snoot hpgvasbziienl | SVHC
Zilberman et al., Crc Res 1998 82:566-575, 1998. Pancreatic precursor cell
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of the | eft5 coolmerved imtheanyocardien 15 deyy after transplantationpsuggestingderghletmze f or

rmunor o) ect 1 onabiy RheBMRSGiee S SRBRAY IncBtud e sl Be

prepar ed from hrerved tittitepionts b thethyothrdiis coMtaIRingMB20-Fssitivel | ows. About
four weeks after the ligation, after the nyocardial infarction had been

confirmed usi nepréiomyesaytss Qﬁﬂ'laﬁl?e infareted prginns whichyuersdgreid of MEdi rate  bone
marrow. Bone ”FJdéiWéﬁ?cﬁ oth se(i" sue Culﬁﬂth‘é’“tﬁleltlﬁ?éﬁe&on%?%%‘%e %jone

transported in dry ice to the ti ureé tacilitys;
mar r ow was1®5 arlaawmttalaed Bilyositize stembeeile svhicheaddoczkpoass thewiatdiaa mgsclear DVEM

d plated i t t al ni | t di 0% f et al
bovi he. ser um RSB TERer ke ob Figtifen T30 pagedieh, Bése e agTenstBla iy vt -
dexanet hasone) tran‘éblah&ﬁ BMB@S, vﬂﬁcﬁ‘ﬁd%%%&n cdAiRfoned i ﬂtﬂo%@&itﬂfﬁg%iﬁé Dil, ared

fluorescent marker, to track
described methods, surv1ve and incorporate into the host myocardium and express

markers characteristic of cardiac differentiation.
15
Example 8: BMSC implantation reduces infarction size

The canine myocardial infarction model described in Example 7 was used
for in vivo assessment, by echocardiogram (ECG), of the restorative effects of
BMSC transplantation. ECGs were performed 3.5, 4.5, and 5 weeks after BMSC

20 transplantation (Figures 19, 17, and 18, respectively) and compared to pre-
implantation ECGs. In each animal, contraction of the infarct area became more
synchronized with neighboring area of the myocardium. Thus, the ECG results
confirm the histological findings of Example 7 and demonstrate that
transplantation of stimulated, cultured BMSCs results in a partial restoration of

25 cardiac tissue following infarction,

Example 9: Murine model of myocardial infarction
The long-term viability of implanted BMSCs was also investigated using a

murine cardiac infarction model system. In order to prevent immunorejection,
30 BMSCs were isolated from marrow collected from mice isogenic to those used
for transplantation. As described above, the BMSCs were cultured in the
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survival and progression of the cells follow ng transplantation. The

| abel ed 40 BMSCs were then cultured in the presence of 100ng/m bFG- for
4-7 days. -27 WD 02/ 083864 PCT/ US02/ 11694 Cells (1.5-250 million) were

har vest ed wodz2iosdsect ed into the infarcted region of the PeBRUS2/1BIEC
survival follow ng transplantati on was assessed by post-nortem

vi sual i zation ] . L= R I'ls
were 5 observeglreFéch{3 ﬁglmn%@g‘?g.pﬁ%fﬁ‘léﬁzgg’é&g@ gﬁgfefgéﬁlélglgbne?@f’%ms@ggesti ng
| ong-term vi aharvested. oInfarctiomvBete clekied by defborompg aitérydmhding. The tréated | abel ed

t |1 d within. ' f th di |
VE- 20- posi 1 veBMSRd ke hiscle i i etion ke Sz Sl O Uor e

devoi d of M- 2Q-50pqmotih 16 g@PBQi&m%ﬁeﬁécwdriﬁﬂ@mtéfwePﬂ?LV the border
region of the infarcted 10 area cont ai ned | positive stemcells which

al so expres§ tmyocadiimoio ameblitjee way, asingiad Omaicicditer Mamikiowsyririggwithsa 7- 9) .

Toget her, thesge ta te.that . transplanted BVSCs, which. have been

condi tioned i nn\#’ﬁ}n@ é@g%@%ga?’ﬁqnﬁ'éedl&e@&lﬁ%gﬁs ’eFVg/@é? mayse Y Vekegﬁjd _

i ncor por at e i nga biRomesdde RéQe@ bed Hnﬁin@dﬁ@bdﬂa%@f/@@%singﬁrf&ﬂbﬁcl@hﬁip@ﬁh_ﬁél stic of
cardiac differentiation, 15 Exanple 8: BMSC inplantation reduces infarction

si ze The cani neonisplen aad egspiration, wasiassistaduung & Bouse 1sspirater (sstyepinee 200has used
for in vivo as et - ' ' ffect
of BN {1 anohiaiery ulOuERRAC Thithaak Bi< e ansBlaglaitn e bk Uty | OV
BMSC 20 t r as pivassradyzed f¢rthe presenci 8f Dil7labalerticell8 and empiontyioeyte wiabdlity. conpar ed
to pre- inplantatjon . In.each i.mal traction of the, i.nf t
bechims more.  SORERIEBYALIE A aRine dor st EEIH P MSCS GTe IREPRPLNAIB A Thue,
the ECG resul t gurif@yotardial i fatts (Fyrer, mlasélwbagqaraénﬁﬁm%g&mﬁﬂﬁ

denonstrate that transplantation of stinulated, cultured BM5Cs results in a
partial rest orethikjtedgnorphelogigs ehasacteristig gbcardiomyarytes.  Hernatexylsrandeesifipl e 9:
Muri ne nodel of, mocad, g Ny t - L abi [ ] ] | mpl ant ed
BECs v al so Pyl s et RS o Bor 6y L Khe ol fiber
system | n1®r dthat 4re charastenstici ofeardiucanesclei (Bigure 10) inside of the infarct. We also

observed Dil-positive cells adjacent to the infracted area of the myocardium.

Visualization of cardiomyocytes using a-MHC, MF-20, and cardiac troponin
antibody staining demonstrated that the Dil-labeled cells (transplanted BMSCs)
were located completely within the cardiac myofibrils (Figures 11, 12, and 14).

20 Transplanted BMSCs were also incorporated in the neighboring regions of the
myocardium (Figure 13). Thus, the transplanted stimulated BMSCs fully
integrated into both the normal and infarcted cardiac tissue and continued
differentiating into cardiomyocytes; a process begun prior to transplantation,
during the in vitro stimulation.

25

Example 10: Methods of inducing stem cells to become endothelial

progenitor cells
To generate primed endothelial progenitor cells, isolated stem cells (e.g.,

human BMSCs) are primed using VEGF (10ng/ml), bFGF (1ng/ml), and IGF-I
30  (2ng/ml) for a period of 4-7 days (Shi et al., Blood 92:362-367, 1998). Asa

conversion indicator in the cell indicator system, stem cells containing a Tie
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30 BMSCs were isolated frommarrow collected frommce isogenic to those
used for transplantation. As described above, the BMSCs were cultured in
the -28 WD 02/ 083864 PCT/ US02/ 11694 presence of 100 ng/m bFG- for 4-7
days, thenwolazesmscently |abeled with Dil and harvest ed. PCMUSIAZIN6HANS Wer e
created by left coronary artery banding. The treated BMSCs were then

injected into i Nf i I NR %%{g t 00,000 in
10 pl PBS or I—@@%ﬁé\?\gﬁéﬁpmﬁ Ieh(l:(?aeg??%ﬁgl{%% égﬁ‘\é\garnosepgfé ggpné)?gl(':’aﬂg?'um in an
obl i que way, uNathgAcadSScinUSAR4:3058-30635 1993 syringe with a matching 29G or

30G Ham | ton needle. During the surgery, the nouse was kept on a custom
made heated bed maintained at 37 C using a feedback tenperature

controller, a_ﬂﬂx&.ﬁ?w fl@tMtho\tﬁﬁfﬁﬁﬁhﬁn?%@erﬂ%éll&&o%e@&h@%icﬁmsm (set
volume 200 m ; . Trty-si x days arter

transpl ant a i omuselpprogenitorcells area 10 was anal yzed for the presence of
Dil-labeled cells d [ QF | &bl Ll iser - ani ne
model - abel od AL Saped BRAEVLE N Atlas el A oBRRR AL doluld)ie
infarct. Furt hedlls (&), hivbe BMECs) chisbeprafedusingPDGE (1310ayl)umd TG&HP bi t ed
nor phol ogi es characterjstic of cardionmyocytes. %i n and eosin

Hemat
stai ni ng of thﬂle&Jﬂﬂhf%ﬁ@ﬁéoé?ﬂ'aldﬁﬁ‘@%&]g;@bﬂgaeﬁ iolel41:#d8 ¥, ongat ed
fibers 15 tha{,%@doﬁ. a4 ﬁ&&gib@d&?ﬁaﬂr iﬁﬁl@%ﬁ?ﬂdﬁﬁ?&lsggg | QEn%edd) 1nside of
al'so =P el'l's “ad]

the infarct. observe ositive c atent to the infracted
area of theo nycoaining mBveYieshemcéraperably lirked & altepoytercgene sanibé uspd {R&4SE,

M- 20, and cardi t ropanj nii.b stai ning denonstrated that the
Dl -Iabel ed ce?tl"’icl??"r %ﬁép#@n’c@dﬂéh@gé} were | ocated conpletely within the
cardiac nyofibrils (Figures 11, 12, and 14). 20 Transpl anted BVMSCs were

al so incorporated in the neighboring regions of the myocardium (Figure
13). Thus, theOtherdEmbodimentssti nul ated BMSCs fully integrated into both

the normal and i nf : i j : 0t 4. i iating into
cardi onyocytes; a gélgégéshscggéeﬂgluaﬁg B%fle{?)trsdﬁﬁ 89%@3% g‘g%dalﬁ;@? F%%ﬁﬁga%l??&tﬁg the in
vitro stimy atherein inéorporarep be rdferendddshid eichafdividdalpublicationror patehts t o becone
endot helial progenitor cells_Tg gener at,g ;fr i.med endat hel i al Pr %geni t or
cell's, isol at etpplicatiancwenespecifically and individually indicated to be incorporated by

reference. Although the foregoing invention has been described in some detail by

way of illustration and example for purposes of clarity of understanding, it will be

readily apparent to those of ordinary skill in the art in light of the teachings of this

20 invention that certain changes and modifications may be made thereto without

departing from the spirit or scope of the appended claims.

We claim:
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human BMSCs) are prined using VEGF (10ng/m ), bFGF (1ng/m), and 1G-1 30
(2ng/ M) for a period of 4-7 days (Shi et al., Blood 92:362-367, 1998). As
a conversion indicator in the cell indicator system stemcells containing
a Tie -29 WO 09883883864 PCT/ US02/ 11694 enhancer operably | poRkesh2riasa
reporter gene can be used (Schlaeger et al., Proc. Natl. Acad. Sci. USA
94: 3058- 3063, 1997). Exanple 11: Metho ; i nducing stemcells to becone
vascul ar snooth 5 nuscle progenitor To generate prined vascul ar
snoot h nmuscl e progenitor cells, isolated stem cells (e.g., human BMSCs)
can be prined usin PDGF 110n/n1) and TG--(3 (1-10 n for a period
of 4-7 days (Hi rsc i A gethqd for BTOdFEPB cellsdpr UMH‘*‘B@QOQEKO m gWé‘gal tisgye 5
conversion ing i cator system stemcells 10 contai ning
a Bves enhancer oper a‘ibie aﬁsnlﬁgg'ltoéﬁg reporter gene can be used (Reese et
al, Dev. Bsol. 209: 13- b?dvidiﬁgmme@ﬂnew stenberdls that haveMddt bperbl i cat i ons and
patent applications cited in f i s specification are 15 herein incorporated
by reference as if each meri publication or patent application were
specifically and indipyi dunhding saitﬁbcﬁﬁtrﬂdirdwmaﬁ ceNearideptaidionsythatr ef er ence.

Al t hough the foregoing invention has been described in sone Eget ail by way
of illustration and exarﬁﬂt@eﬁ"t\i cellfy tg affarensiate intg cardiogpyogeiies ]tsandl ng, it
will be readllyapp tnd N |1 ght of
t he teachi ngs of th| ?&rll@rel{n??%ﬁdlt rgﬁﬁ%g??ga}le ét“thglr:%lessrbftgn m)dl i cations
may be made thereto (d)t leollécting dlpecedls ofjstép (i‘umwienasbastlabomrw%mnhasof t he
appended clainms. W claim WO 8&{ 0033834 CTI USQ2/ 11694, CI 1. A nethod
for producing cells for M4nyfsPUsods7ig skl are CHpipmpogrye F sue of a mamal
conprising the steps: 5 (a) providing bone marrow stemcells that have not

been immortalized, {'l?) culturing said bone marrow stem cells under
condi ti ons that e method of claim 1, further comprising the step:

(e) transplanting said cardiomyogenic cells into said mammal.

15

3. The method of claim 2, wherein said bone marrow stem cells are

derived from said mammal.

4. The method of claim 1, wherein said mammal is a human.
20
5. The method of claim 1, wherein said collecting step (d) is performed
when at least about 50% and as many as 80% of said cells of step (b) are

cardiomyogenic cells.
25 6. The method of claim 1, wherein said culturing step (b) comprises
culture conditions where the culture medium contains at least one of BMP-2 and

bFGF in a quantity sufficierit to induce said cells to differentiate into

cardiomyogenic cells.

30
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induce said cells to differentiate into cardi omyogenic cells, (c)
nonitoring the differentiation state of the cells of step (b), and 10 (d)
collecting the cells of step (b) when at |east about 10% and as nany as

100% of saiwéd 2fkisgs are cardi omyogenic cells. 2. The met hogcpiseasan 1,
further conprising the step: (e) transplanting said cardi omyogenic cells

into said nmanal . . Th od of .claim.2, wher.ein said bone marrow
stemcells are deﬁ’vﬁb"‘ ?‘F@ﬂ‘ﬁg‘gﬁ"hgﬁ’ﬂhﬂ’?ma?‘gﬁ%"‘ﬂﬂ{‘%tap g‘f) QRPRIAE1L, wherein
sai d mammal i sdaedififtg the8ifferentibiforgeitd 8flau@blogbids toné mardor ftérfi cely tHat
collecting step (d) is performed when at |east about 50% and as many as

80% of said cehlesorltyredvitaidhene raral Bapcgineisterib).ovhesgnghe The net hod
of claim 1, whgrgl O 3abdlstadlolrylil Aofigbhs émﬁmg%@gegg%&aa s GRREd | ons
one o -2 and

where the cul ture nedi um contalns at “I east FG-in a
quantity suffi diffepdntiation stdteod sasid bdncmbirew stemicdlkefstep (i@t e i nt o

cardi onyogenic cells. 30 -31 WD 02/083864 PCT/US02/ 11694 7. The net hod of
claim1l1, wherein said nonitoring step (c) conprises determning the

differentiation st a§ erpd mamb®bPERMS 1, 3PKPeiTB4il AYontiofifiy (9%, (& cohiptisesar e

co-cultured with said bone marrow stemcells of step wherein the
di ff erenti at i onsssssingedifferentiativnanfthomolpgaus erdieterolagousibone sarom stemeells el at es

(). 5 “oe melb RS AU Gyt Bl TR GTLARAT o 1 0

assessi ng qdpf f differéntiatiowstatefof Bgidhbmglugsuwner Hetdrelogduschone nneroer stam cells st em

cells that are co-cultured with said bon rrow stemcell§ of st (b),
wherei n the 10°QfFglates ‘é’l‘fk’iﬂ%&‘i“gﬁr"%ﬁt@ stte Qgﬁamﬂﬂ?ﬂ%&ﬁﬁge@rceﬁ%?éﬁtﬁﬂ @5‘ous
bone narrow stemcells correlates with the differentiation state of said

bone marrow stemcells of step (b). 9. A nethod for producing cells for
transpl antati on i nt® A methorbfor producing cells for transplantation into 2 mammal

comprising the steps:
15 (a) providing bone marrow stem cells that have not been
immortalized,

(b) culturing said bone marrow stem cells under conditions that
induce said cells to differentiate into vascular smooth muscle
cells, endothelial cells, epicardial cells, adipocytes, osteoclasts,

20 osteoblasts, cardiac fibroblasts, macrophages, neuronal
progenitors, neurons, astrocytes, skeletal muscle cells, smooth
muscle cells, pancreatic precursor cells, pancreatic p-cells, or
hepatocytes,

(c) monitoring the differentiation state of cells of step (b), and

25 (d) collecting the cells of step (b) when at least about 10% and as
many as 100% of said cells express detectable amounts of a

protein specific for said cell type.
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conprising the steps: 15 (a) providing bone marrow stem cells that have not
been immortalized, (b) culturing said bone marrow stem cel |l s under
conditions that induce said cells to differentiate into vascular snooth
muscl e cetviosnzoessept hel i al cells, epicardial cells, adi popgr/es2/11694

osteocl asts, 20 osteoblasts, cardiac fibroblasts, macrophages, neuronal

progenitors, neurons, .astr .skel.et.al muscl.e || s, smooth nuscle
cells, pancreatic B\ieél%ﬂﬂ%e&ﬁ%%&s ?lmﬁmﬁf?rgpﬁl%ﬁ%ss?epm hepat ocytes, (c)
moni toring the differ@pt hahipdanting siid cells Rerhlstepdl) Atoeyaid Mamnahd 25 (d)

collecting the cells of step (b) when at |east about 10% and as nany as
100% of said cells express detectable anounts of a protein specific for

said cell type. VDlQZ/ﬁﬁ%%ﬁod(D&ex;Uwﬁ%%%&%al@bmﬂ}gmmp&%é@ils%}@i m 9,

further conprising the step: transplanting said cells fromstep (d)

i nto sai d nfimdérived fronTéeid metimeed. of claim 9, wherein said bone nmarrow stem
cells are 5 derived fromsaid mammual. 12. The nmethod of claim9, wherein
said mammal is a human. 13. The nethod of claim9, wherein said collecting

step (d) is perforngd Thheth&ioflaimeR shetdipstid ridfndilés #Burfimdy as 80% of

said cells of step (b) are differentiated into said cell type. 14. The
met hod of claim9, wherein said nonitoring step (c) conprises assessing

differentiation of ]%Utﬂe‘?ﬂé?hk?d leﬂg}l&iﬁa@@@f‘é&(iﬁ% %t@%@% Ferfdimta

cultured with said bone marrow stem ¢ells p rein the

di fferenti & i owhersatdeast afous 0% andtas hagy as 8086 wf said cellawfstapribratiel s correl ates
with the differeptiatiqn  state of said bone marrow stemcells of step (b).
15. The net hoddlg “’@Itlafea]“g?s é’FB?’fPesai d monitoring step (c) conprises 20
assessing differentiati on of honol ogous or heterol ogous bone marrow stem
cells that are co-cultured with said bone marrow stemcells of step (b),
wherein the differlédntThetmethodseflaimsd, wdherein saidrionijering #ep (R camprigt§ous bone

Tarrow stem Cellslsgssing differentiation of autologous bone marrow stem cells that are co-

15 cultured with said bone marrow stem cells of step (b), wherein the differentiation
state of said autologous bone marrow stem cells correlates with the differentiation

state of said bone marrow stem cells of step (b).

15. The method of claim 9, wherein said monitoring step (c) comprises
20  assessing differentiation of homologous or heterologous bone marrow stem cells
that are co-cultured with said bone marrow stem cells of step (b), wherein the
differentiation state of said homologous or heterologous bone marrow stem celis

correlates with the differentiation state of said bone marrow stem cells of step (b).

25
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correlates with the differentiation state of said bone marrow stem cells of
step (b). 25 WD 02/083864 PCTI US02/11694 5 10 16. A method for treating a
di sorder characterized by insufficient cardiac function in a mammal, said
met hod conwoic@iossged he steps: (a) isolating bone marrow st roT/A@SI2I36%r om sai d
mammal , (b) culturing said bone marrow stem cells under conditions that

I nduce said cells tg diffar ' .1 nt ' eni G . :
nonitoring the stat 135. (A m(ﬁ?l}o?ig%ﬂ'eg%aﬁlg?{agﬁsog rgié%%g%ﬁash& eliﬁ)ﬁ(fgé,ent(c é@lac
col | ecting t hefigrtibsind maingal,(said métaed esmprisasgy thebeps: 10% and as  nmany as

100% of said cells are_cardionmyogenic cells, an e),,transplanting said
car di onyogeni c cel |'s Faﬁt dsalating mFPWﬁ?m?ﬂ_Effjmgﬁ%;em ai m 16, wherein
sai d mamel is a humegy LRjrddiecaiPbdiedndfow bighBeltSundd 85miiflorddhgl col | ecting
step (d) is performed "when at” | east about 50% and as many as 80% of said
cells of st&p (b) are 15 induce szideellsipaiffé¢rentintembaicardibinypgenic cells, The net hod

f claim16, wherei i d it Oj f : ' '
i fTerentiation of aucol cuETGHE e Mus PERPEERARIT 30 8T . et hod o
claim16, wherein sai gd)nepilécing ke celleBf §tep (H) WhehiabRast abOWEIV Ayl as

differentiation of honol ogous or heterql ogous bone marrow stemcells. 21. A
met hod for producing cel manyas180P6af seideely wpcardiamyogericqelisnand al  cell s

upon transplantation ipt 18/ 1S3 fl ) Slid thahidarst eps of 1 25
(a) providing a populé |grr?ﬁsd¥ st %alggﬁdsorﬁﬁ&eééﬂﬁg\%egﬁ%% %@en | rmortalized;
(b) culturilag said cells of step (a) under conditions that induce said
cells to differentjatg as endot hel i rogeni.tor cells;., and (c) collecting
the cells of step ( ﬁ)‘? etﬁ?éj?écggfn ggoa‘&‘"’%b%“immé%a‘hsa%“%“- 100% of t he
cells are endothelial progenitor cells, wherein said cells are prinmed to

30 differentiate as endothelial cells upon _transplantation into_a manmal .
-34 WO 02/ 083864 PdR. [Beanathedaf claim 16, wherein said collecting step (d) is performed

when at least about 50% and as many as 80% of said cells of step (b) are
15 differentiated into said cell type.

19. The method of claim 16, wherein said monitoring step (c) comprises

assessing differentiation of autologous bone marrow stem cells.

20 20. The method of claim 16, wherein said monitoring step (c) comprises

assessing differentiation of homologous or heterologous bone marrow stem cells.

21. A method for producing cells primed to differentiate as endothelial
cells upon transplantation into a mammal, said method comprising the steps of:
25 (a) providing a population of stem cells that have not been immortalized,
(b) culturing said cells of step (a) under conditions that induce said cells to
differentiate as endothelial progenitor cells; and
(c) collecting the cells of step (b) when at least about 10% and as many as
100% of the cells are endothelial progenitor cells, wherein said cells are primed to

30 differentiate as endothelial cells upon transplantation into a mammal.
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22. The nethod of claim 21, further conprising, between steps (b) and (c),
the step of nonitoring the state of differentiation of cells of step (b).
23. A nmethod for producing cells prined to differentiate as vascular 5
snoot h nuswb®2/0&3866s upon transplantation into a manmal, sePETIUSERINOG
conprising the steps of: (a) providing a population of stemcells that have

not been imortali P { . gﬁilg .
conditions that in uéeThsearF%}hgdeJMég&kr{)%’ [ é?"g’lﬂ l?%?% bgév%\%g(ggehf ?lj%g%‘gt h
muscl e progeni therstepadfinsonitariflg i stat¢ ofdifferentiativm dflvelleef step @). step (b) when

at | east about 10% and as many as 100% of the cells are vascular snooth
nmuscl e progenitor cells, wherein said cells are prinmed to differentiate as

vascul ar snoot h nusgy e gRitod fIPABdLdiASSdls PRinfitd BiffdrétitRtePas Rsdmdr. 15 24.
The net hod of claim 23, further conprising, between steps@élb) and (c), the

step of nonft osmegthmmsclecallvupan teinsplentation ntd amammabsaidmethodt ep (b). 25. A

nmet hod for treatjng.a I agnosed as having a disorder characterized
by insuffici enfo%%'?sdﬁ‘%@%g%ﬁ%f)ﬁon, said nethod conprising 20 introducing to

t he nyocardi a: I ti sqdp miridgeg' ﬁpclrmmlmh:olflélein oot digohmomtbeetﬁmmwﬁized}yocyt e
progenitor cells; endot hel i e or. endothelial cell progenitors;
and (c) vascul ar srﬁggf“ﬂt‘ﬁ‘r\!i‘gél”éce ¢ t?ﬂé)/%dé’ﬁf: ‘%éﬁﬁ ‘?&Eﬁgdé’ jto

progent to s, WigteedrtiaRAUs bl JnBbg hicleAibidilol GURIBNNT S SUTTi cient o

I nprove 25 cardiac tunction. . The met'hod of clalm25, wherein at |east
one millioi0car di onfgpenltectingrthegells ofstepdb) Whematdeashatwart £0%i and @s manyl as

di i th the .agther t |t ' fJ £ 10 1
Card omyocyte. A00hSEisels i atras smiBaabitie fopiharlls, PR AN &1E . o0 1,
nuscl e cel | pro@eRinied s diff@ontide A3/0GIFEMIBEILLIREEL084n BinspHeationt hod of

claim 25, further conprising introducing to said nyocardi uma caspase
i nhi bitor. 28.intmamaamyd of claim25 wherein said marmal is a hunan. 5

15 24. The method of claim 23, further comprising, between steps (b) and (c),

the step of monitoring the state of differentiation of cells of step (b).

25. A method for treating a mammal diagnosed as having a disorder
characterized by insufficient cardiac function, said method comprising
20 introducing to the myocardial tissue of said mammal:
(a) cardiomyocytes or cardiomyocyte progenitor cells;
(b) endothelial cells or endothelial cell progenitors; and
(c) vascular smooth muscle cells or vascular smooth muscle cell
progenitors, wherein said cells are introduced in amounts sufficient to improve

25 cardiac function.

26. The method of claim 25, wherein at least one million cardiomyocyte
progenitor cells are injected into said myocardium with the other two cell types in
a ratio of about 10:1:1 cardiomyocyte progenitors:endothelial cell

30 progenitors:vascular smooth muscle cell progenitors.
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29. A pharmaceutical conposition conprising: (a) cardionyocytes or

cardi onyocyte progenitors; (b) endothelial cells or endothelial cell
progenitors; and (c) vascul ar snooth muscle cells or vascul ar snooth nuscl e
cell 10 prwoaniogmes, wherein said cells are in anobunts supéios@ntedso

| nprove cardiac function upon introduction to a human.

27. The method of claim 25, further comprising introducing to said

myocardium a caspase inhibitor.
28. The method of claim 25, wherein said mammal is a human.

29, A pharmaceutical composition comprising:
(a) cardiomyocytes or cardiomyocyte progenitors;
(b) endothelial cells or endothelial cell progenitors; and
(c) vascular smooth muscle cells or vascular smooth muscle cell
10  progenitors, wherein said cells are in amounts sufficient to improve cardiac

function upon introduction to a human.

-36-



