WD 02/ 083864 PCT/ US02/ 11694 5 METHODS AND REAGENTS FOR CELL
TRANSPLANTATI ON Background of the Invention The invention relates to the
field of weliosssanspl antati on. The possibility of bone mampcCawsozirsgs an i n
vivo source of circulating 10 cardi omyocyte progenitors has been suggested.
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 fql |l qw i ntr i j i

azacytldlﬁe has éuWhﬂgﬁ&QEEQﬂgiégg@gq%%k?ﬂﬁﬁ,Tﬁ.“u.uuv, @ééﬁ ave been
proposed to be a source of cells for treatnent of cardiac di sease and
cardiac abnormalities. Despite the potentlal therapeutlc val ue of BMSCs,
current cell 20 transplantatldhu g oan) e 1oy It tissue are cllnlcally

i nadequat e becaus rate t| o into the host tissue is

poor. For exanpl e, ?YWP@“%VEkﬁgtO?W%{aﬁ fE%% TI$%§)'2001) reported that
only 40% of m ce TrRCgIs¥bNGy BYB6ne MaROM YA sn SNAVESHISQIEY ddcafaingi al repair.
Thus, there is a need for cell transplantati on nethods having high rates of

25 cell chopgdrcamyowteandgmﬂors kagrbeen suggeSadmiir gnaxéxpehimentkensplaniede have
di d t hod i t f f st
el | s can bebRBHRRGP R Hed Selsovaria cerued Pl LerPul g 3kt Burdr 507
transpl ant at @py. X@%Qﬁ@%ﬁﬂecﬁgf/c%(agﬁeﬁéﬁg%f tH¥E6 QEIH Weledhot idtifiBy,ent i on

features a nmethod for producing cells for transplantation into rryocardl al
ti ssue of a ﬁanﬁaﬁn@elgthebﬁdﬂhﬂﬂﬁxndﬁhedﬁbﬁhoﬁﬂs»Wuﬂ@mé@nbheWS$eﬁbeof (a)

di f st t hay rtalized; (b
BUtur i ng ¢ nEoBY § R ag s A ieongel Har o GG b St gleshecone |
car di ony @genpgatfigl daflib By SeyteCRISHHY REBEE RIS clle 68t Sich(8)s5-

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 et 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.



nonitoring the state of differentiation of the cells of step (b); and (d)
collecting the cells of step (b) when at |east about 10% and as many as
about 100%@ oofosishe col |l ected cells are cardi omyogeni c celPica/uSibeies€l | s can
be, for exanple, human, pig, or baboon BMSCs. In one enbodi nent, the

met hod further inglud he, s : ) I | s of step
(d) into a manmal xfééqrg&l,g}yaﬁheu%g%t?&ﬁrﬁém(e? raarhétgpgﬁ%rg}%%dgo%cédggggggn

aut ol ogous t ganspldrdsic i@ mybcdial Gt 8f h haihrhilg e /FaMRImard) 0 The nidtieat ed are
transpl anted. Desirably, at |east about 15% 20% 30% 40% or 50% of the
cel I s col | ecinstndgs thectensi Sriporenidingeporplgtionof stema eellsothpdedyeaoppesgeni t or
cells). Desirtabl .as;. out % .. 10%:.. 809 % %% 15 99% of
the cells collrﬁ%gi[tgldi%éir @c@g}t ?lggﬁloegcee%l?gl{%eerlcgsl{?ht%gﬁhaggls@?%g}ef?% e cells are
col | ect edswhgscombe ¢RaDmydponit cBlbeaaddionBoyytapradeaiior &I%); (of the
collected cells are cardionyogenic cells. W have al so di scovered a

t her apeuti c &wmnitaring thersige of diffeaentishionef Asreiln of gimp € Brdboh coledivgs and
nyocardi al t;Ss I i ¥ i '{h f, treated
nmyocar di um %ﬁ%o%%ﬁgtewgc‘glr%} éa{ﬁé%ﬁ%lg(glg? ?é’?\%n%?aeséﬁc i g‘na%éﬁﬁbqog@c?qsﬂﬁ%pl y to

t he af f ect edcolidcenl cedlgRredchrdiOmyoRenibedls. MM cetip dagbeduseaiple,dmyenyt es. I n
order to increase the viability of injected cells, it is desirable that

t he host naniid otbgraosFEMACsndn ary «mbgdimien thamethed further sugludss thsstgRn and
nutrients.requjred far .cell ul S iyal . B an th S ation that
coronar y§9/as gﬁ{e;?rﬁf)gﬁ?rﬁuightég gli)sc(gfsrs(tﬁpulk:‘rdy ?n\s{g af%‘*@eigp(fe'r%rﬁ }él%a%ﬁhglrh}éal and
vascul ar snD@ufsplafaich ahagen dudlog®ls ttnsplantation)d.c., ceRgfrbiethe piagangli um i nt o
t he nyocardium we believe that adm nistration of endothelial and vascul ar

smoot h nuscl & e Gepied ersriransplentedy Bssirablnah leastcabiogh 1 fros B0%03Q%r #°6n9ocyt es
di Y it i ]| LLitat f ] th |
netvork 1 omurh b he oSl bl ca Ao bEAC e IR 18 | YOS &
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regenerating new cardiac nuscle cells in concert with new bl ood vessels

using combi n4PYeorfshetellsanodiceny sts,saedipmiygesiie eells. Mpstelesicaihipithe sl are
progeni tor C%clﬂllesc'teda v@genvaﬁﬁgéjsk Mot TP Qndrgésrﬁén%/ R B3GM8de o,rofctﬁle Icgliected

cells are cardiomyogenic 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.



In one exanple, the progenitor cells are derived ex vivo fromstemcells. 5
Accordingly, in a second aspect, the invention also features a nethod for
produci ngwoekiogsspsi med to differentiate as endot helial celPlcI/fsor/11694
transplantation into nyocardial tissue of a mammal (e.g., a human). The

met hod inclu steps of. (a ovidi ng.a popul at.ion of stem cells that
nave not beel riakey papToan o srsl b rey et BeBER e Rnal s T Fons ¢ ha
induce the cebhcertwitl 860 BRANERIIEhdiR cokibiagtids of2afllid®yo&at pegthitg t he
cells of step ab) when at | east about 10% and as many as 100% of the cells

are endot hel rells, padnjleelial progeritorscells,rang vapiular saxgede muselaprogeptor ¢edls: al so
features a thod for ,produci ng.cells__pri. - dif § tiate as vascul ar
smoot h nuscl & ¢e ?Xsan?p(%?’ t}?er %rr?gfi 506,[05[1'5 ol dl’e%l?gge%ri/?lggg{o&? éﬁ%&t é|e'zlé'ue of a mamal

(e.g., a human). AbeorimihiQth h Bedoddaspdct)@h&in@psticif alddfdatyresdd methdidrfar a
popul ati on of stemcells that have not been imortalized; (b) .culturing
the cells ungedugngdiclls prmed tadiffenentiate astradethilial qels brrdrmsplahigtion #0  snoot h

10% andas. nR gt orGohaRel (% cEhidafh SH5HBebPd RRsBle 483,

progeni tor ced)lprevidfhglapopul@iehtofl seaPests thithavé hyeideh dmnfoealivéd gbya net hod
for treating a manmal ., a human) di agnosed as having a_ disorder

; e.g U | (

char act er i zedulbt}rlﬂmbgff:ﬂs%liléht conghifietisabatfinduaei the celiptp Sepprne eedathlialides t he
steps of _jntroduci t 0,the myocardi (S f_th I e follow ng
throe cypbe bR R BuysdhaUPEALC3lep bl SR el AT ind BomhY, |

cells; (2) engloddweldfate etk lafe @dogietial fiekérdtoreelld. 25 progenitors; and (3)
vascul ar snooth muscle cells or vascular snooth nuscle cell progenitors in

amount s suf fi ci enkn & hindmspesiethe arvgnaen sloméeatusas a methndefos peadyrag cellor each

injection, one m,lli cardi omyocvt e prqgeni I I N i nt
ybcar i uin wPRRep e Ao Eep BTV b bR st lcefie borSr Aiptah QUGS ' ™ ©
(car di onyocy hfyoRides fsdueloF a6RstaMAB{d. 8] a B@hhn)Pr@antthed siclsdve eidstepistl e cel |

30 progenitors). Qher ratios can also be used. For exanple, the ratio of
car di ony &yt éa)proyjdimigtaqropuladion od stehesdllsithat diaye petdipsniimsiostabred; fakcul ar

SrAERGY AT N S e
smooth muscle cells; and (c) collecting the cells of step (b) when at least about
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



nore (e.g., 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1; 12:1, 15:1, 20:1,
30:1, 40:1, 50:1, or nore). Thus, in one exanple, the ratio of

car di onyowgtee/osmeogeni t ors: endot hel i al cell progenitors: oratdez/mesel e cel |
progenitors is 10:2:1. 5 During the injection, each cell type can be

| ayered (laterally or vertically) suc h he endot hel i el
progenitors g}uédg I08@gr?%ngﬂr&ocgré’r%flfpn@;na?rﬁ@’ %E%tmegg ag%‘ﬁtgloi ﬁr(i‘%(g@i J()ar cells

progeni tors aike (gl 24, Bilddiles:1a0d, gar €i199)10¢P1€1211008N] 2@ S30:C/408E t O
epicardium Alternatively, prior to the injection, the cell types can be
m xed in a raPiloovmore)l Thugibens exampledhafgiosol capliomyogxtar di omyocyte 10
progenitors: endathelia l. enl : itors)
a1 nj ect edraniSeRieighat i Sbhal R MR T AT b ge Rl B AET.

bl ood vesselDmring@kd ijéttidnJéaod eBil eypraanbs layerdl (latta® ot atrtichiy) saxlanpl e,
1-10 PM, can be mxed with the injected cells. There are nunerous nethods
known in t he that theendpthglilcelairpgenitorsyse slpse tojendesadivsmtbg sascalar For  exanpl e,

he BMSCs | i | [ hat, 1.0l ' i
col 1 -1 nduci ngmaUHEee ol e TPkl g RECHGE @ oA ORY oD ©

the practicecRbe tdépitaiRIAL.| ARernBECAYSRIONIS CHelifje€Bbn, Sharkdll tybek&inybel Nt egr at e
into the nyocardiumnore easily than will postmtotic cells, it is
desi rabl e t hatixed inatage ofsellpupbess, BooyamBle, 1bdy(cardPmEwytr nore of the

e B B ERIA 15040,

car di ony ce rogeni ascul ar snoot h

nuscl e cel |l pijegedid Krdturd itmebediuas PRgtimptdiedigenaatibof blead ur es a
pharmaceuti cal conposition that includes a population of stem cell-derived

cells in a pNesselsceutaicangdiggeatragentbe.g., VEGE fatr for examplex tilpiré), camher ei n at
| east about 1Q% ndhgﬁﬁjnan}/ 23 100% of the cells are endothelial cell
progenitors. n}‘ﬁecﬁgft yrstedllict | the invention features a pharmaceuti cal

conposi tion that ThéeHdgin@oRORIIRS RRowh iPHheEHaBlihddecENe® teabine In a
pharmaceutically acceptable carrier or excipient, wherein at |east about

10% and a§ maadicasydge0is Jorekample, helBMSEs ean/bseuliuaed snowdture medivhe cel |

progeni tors. that Lilnc u eg)%/c(grs 1§r§1§og|::3%}-c/ éJe Ql%/dljic:'!igg %mount 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.



I n anot her aspect, the invention also features a pharmaceutical conposition
that includes three types of cells: (1) cardi omyocytes or cardi onmyocyte

progeni t owe;0200286endot hel i al cells or endothelial cell pregenisopisd4 and (3)
vascul ar smooth nuscle cells or vascul ar snooth nuscle cell progenitors in

anounts 5 sufficign I, oo t ac I i | s are
derived from st emﬁl %:ng}ﬂfer a%%?ﬁﬁ?" %I?/é&cﬁ% al%g%g%ulrrr%pa ﬁl&ééraiagircé Eﬂ?o ﬁﬁ%l ood
vessel s, it ilftdedfudeskiiree typas of alt (geatdiongeryts cﬁlcﬁtﬂldnﬁytbmé uded (e.g.,

1-10 M VEGF) Addi ti onal | facilitate the survival of the transplanted
celI's of i nveREeBHorsa) .enéﬁbﬂtaépﬁlés Agadedelialceh pagensepaded (MepUEr s

(e.g., zVAD @?ﬁ% arﬂu&?e %H‘oP'vaécgﬁaﬁgrrn‘NB{rﬁ‘xgh&?e s} @1%%819 ors th !nhﬁ The

i nventl on al so ures oducli ng C anspl antation

into a rrammlsui(felegt to mﬁiumacfh)rdlaa'ﬁﬁwlﬂiﬁh hogsiratdy, LtHéSellshﬁ'e ﬂéﬂ{&ﬁl fodm s(em)

provi ding a po ul ation of BMSCs; cul turi ng the cells unggr condi t| ons
that i nduce celeledel BMSCs)- a%%tnpam@émen@%@ng N@efléfaSSFPSoml% irgpls iha
consisting of a 15.vas SC n hel eII an
epi car di al C3P$1°g%{ﬂc 5%6nltlsocy(f ée mcﬁudegg? gocT a MVE&F tg‘gg lon%lﬂl agmacr ophage,

a neuronal pregRaicttRé surdivaByf BB trafsplaed Eélﬂs)ﬂf@mveihtlsk%ﬁt@opm!ﬁ:@ ntgel |, a
smooth nuscle cell, a pancreatic precursor cell, a pancreatic (3-cell, and

a hepat ocyt esuqhcys aasprise dvhibitprs (g s L HAD fok) garf beadminisieredwidrthe injected| | s of
step (b);,and d) collecting the cells of step (b) when at |east about 20
10% and a\g r’n‘:‘{?ayS as 100% of the cells are expressing detectable amounts of a

protein that is spreinvestiddlsd f&tdré@#ﬁﬁ&o@%i?%ﬂﬁ@ingé&ﬂy fopriate markers are
descri bed herein. The BMSCs can be, for exa hunman, pig, or baboon

BMBCs. In on@raemi@datmmto & temmed! o g, arh@mdbsThmmeﬁxoépn@ﬂdqsé)le stﬁasw@fbl anting

can be an 25@prHEARIPIeRRTR 6D porfrhTRE s el (AR N o

into the mamygluck iR Bellvhd &dbpt BReDORR sBREIedioth €D &6hp SoMtfn (M’ral ved. In
anot her enbodi nent, the culturing and nonitoring steps E and (c) are

per f or med5 unvhscular smeatit mum@elllla%‘md@b%al ggl%anznp%ar@al empdipaeytemny as
about 60% 70% 800/%Srt 9% of the c essi nﬁ’ det ect abl e

gotyg Z){% Cto nal 0ge § ne
amounts of tHA® ﬁtﬁ? Na Lt ES?HIP%& &Fi %3%‘68 Bésg f BT’)?, e &l turi ng
and noni tori Rer&eNe skélktabMdsdl6 LeldraBsnReIth HuEId cetl,ta pancreatic precursor cell,

a pancreatic B-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



WO 02/ 083864 PCT/ US02/ 11694 wuntil at |east about 50% and as many as 80% of
the cells expressing detectable anmounts of the marker of the desired

| i neage. Wbeaziosssenti on al so features a nethod for treati ngCa/usozoroer
characterized by insufficient cardiac function in a mammal, desirably a

human. The net hod i.ngl the steps._o a) . solating bon rrQw stem
cells fromt h@tﬁﬁhﬁﬁﬁt aﬁS&@% ngﬁ 138’,%' ?SD%O(%L?% {llfr?ehlé ef‘%‘%s%%get%??%w stem
cell's under c@iélintd ®Mbe hiddkerioféic@sirb@linegk! s to differentiate into

cardi onyogenic cells, (c) nmonitoring the state of differentiation of the

cell's of step (b) Thedyvensipn alspiferjurehe nesthodsfosfrestinga disprdeneharagterizedast

about 10% and_as n s _about 100% of the cells,are cardi i.c 10
cel's, “and-(op TraSrEs g Hact 0 By Bubiitu el FuSRht P Bl e
noni toring stigPlul&s) the Brepé bf @) isoBinkHodle hidgroweitbiadsllé ottt mdihniadene by
nmonitoring the differentiation of encapsul ated BMSCs whi ch have been

transfected wieteda(Wepdnring thygdwac ey stem celthundmsenditionsthebinduemilieor i ng
can be autol 099k’oi«{lié%?%lg'lafe%%scaﬁérgﬁlpggeengfg | ‘%gggc;a Oneittoo o MG Rg1 N9

cul tured. 15 Clgy I's i) Sel'T renew ng,

and (ii) pradfeiengation &1 thé eelth JffsedpaBy,i(a) sllcethg tHe)RRS of 4tBE (B)AVG Hne of
the group selected from cardi omyocyte, endothelial cell, and vascul ar
snoot h nuscl deasébout 3% gMsE many it H0Q%e né themeHs arerrasdinatipganieler i ved

stemcel |, that . i8S S- . Cs.,are also referned tqQ, as "bone marrow stem
cells"” anl_é) " bCS_H«S:\’ anég%WB%“% fl}epc cg%rtny%e&é%ﬁlﬁd?tog f FeM™M%s used herein,
by "nucl eic acid" The ni®adkingistdpgt) MANA sth&dgoiflg mettsdsat Bedbly dodeasul e
may be a single-stranded or doubl e-stranded g&lgner of deoxyribonucl eoti de
or ribonucl ecneritoringshe diffgn¢rdinsion ohencapsdatep ENSCewhichthavedeen hand

direction of the.sequence of .a single-stranpde | ej id Lecule is the
555 end, CadtE AT e Rasea el PUR BT B5E BMYG: el BERulRARES coul
is referred ty audslogdi®, Bomelog66d, bpnetel_ByO%'bﬁm NeBMSCs ibsingRatured. nucl ei ¢

acid or polypeptide that is substantial identical to the nouse or hunan

Csx/ Nkx2. B cDNA oByCsemrsly’ is meast § palpeapdbleaddl) solf eencasing.cndéd) i n BVSCs,
isﬂglrjggs a"E hF eﬁ%’é%ﬁ%/%owg@f{ﬁ?&gig’e\?&fﬁﬁ[e%' c%ﬂ%)g;ge%,n fn%lud%egsc;nreaoqltﬁe g}orﬁs sg'l%gtlegi ¢ 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



nmouse or human Csx/ Nkx2.5 over a stretch of 50 consecutive nucl eoti des,
nore -6 WD 02/083864 PCT/US02/11694 desirably at |east 85% and nore
desi r abl ywatoz2logmss 90% or even 95% identity. Gaps of up tPeTAGH/MEY4 be
included in one or both of the sequences. Desirably, the polypeptide

shar es at | cagl, 80001 Aeqtisy L TBUSELRY  SIUIBO0ASY/ X85, el @ stretoh

of 25 consecutiTve am no acids, nore sirably a nor e

desirably at GgasdfudQdolon Rugbe Artadedanbné vr b @ifthe @apencet. Dpsitably,0% nay
be included in one or both of the sequences. By "treating"” is neant

reduci ng or dht Bolvaentifs sheres ahleastoifeo sepupyskitibosse ophumay GpvbkKed a
di sorder chargef Srsgét‘éﬁ‘ ogis k&rgs‘émtﬁ&e' #Hitho G8lad! Iﬁ&efaggﬁﬁw Ut Ar_?éﬁ"g%% Gng®f fects
I sorae us welt-c

or synptoms of cardrac s are nunmerous an aracterized. 10

Non- | i mi tisng mardekiesblpht REMS0ILoEVERO5Y, enSy A @i, gaps 6l ioal0% insgr der s
i ncl ude: dyspnea, chest pain, palpitations, dizziness, syncope, edenm,
cyanosis, pateiagludediin Qeeor baftoldbaseAucress. addi ti onal exanpl es of adverse

ffect t Of .2 W ; ol j ins,
S o e O ST IB e B Rlarfie s ifcal PEdgtahe O ARRNM LA AL APACARrREAPAD 0°-
Phi | adel phi a)sybploi@®¥a disorésrdhHabicoigeEby inSuffiiengtadiac fagsion( 182)seCur r ent

Medi cal Di agnosis & Treat nent Appl eton & Lange, Connecticut) 257-356. By
"di sorder chaffeetsaarisymgtas ¢ ing diseiderscae apmeraus dad weh-charactaiied: an

i mpai r ment, or;absen f o) r.eH i [ pfes f an
alr)rﬁor mal 1t0caer é@g}lﬁ%?’f%ﬁ?l&&f{@& ﬁ%?eﬁg%f)g@‘%gﬁ{giogga@é% (ﬁg&?ﬁg result of
di sease, inj %Mud&@y@ﬁi\ﬁa@éhe&@ﬁﬂ@,.paﬂﬁtaltliﬁﬁd dierigdss), syadupel sddma; ayatiodts, f uncti on
i ncl udes norphol ogi cal and/or functional abnormality of a cardi onyocyte or
a popul at i on Reflor,datigheoAbesatie sEongditional examplesefmdveise sffestsPhhol ogi cal and
functi onal [ Ny I S | y n r h of
car di onyocyt ZLS& t%ﬁ%}éﬁ éngﬁdég‘?%&%ﬂgg%?%&éé ﬁ%lj{)(g?ségééd? %‘%ﬂé%?f gé ,g/‘gbggfgﬁl ities
in the physi qalthclbgicarBRa! dfdhisket (WeB. Saisicomphes Philadephiaps47-609;

over - production of a substance or substances b&ﬁgar di omyocytes, failure of

car di ony oyt esndtSehedai Se Aaekt/bedsaldd?2) Grrrsufddedinelddiaghoin s HeYMHat mal | y
produce; T anamEALP b LRI ATPIgS 0 Sonorml et cerns or a
By “disorder characterized by insufficient cardiac function” includes 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



fromone of the aforenentioned abnormalities. Abnormal cardiac function is
seen 30 with many disorders including, for exanple, ischem c heart disease,
e.g., angwoa2/0gm6iori s, myocardial infarction, chronic i s®eaanmso2/hmsast
di sease, hypertensive heart -7 WO 02/ 083864 PCT/ US02/ 11694 di sease,

pul nonary heay.t di sease (cor e) vaI Iar hea e g.,
rheumatic fe\fésreas‘?ﬁpflﬁ%?na\%%ﬁvaépgﬂﬁgafsg Coé pul aﬂl %\fl&frgdggr a’I &hnul us,
carcinoid hepgimalicRAEE milrflf Rivd M@la@ﬁ@@ﬁl@[fdﬂabbﬁ of ffAglemhtiRk, draeaﬁblddl sease,
nyocardi al di sease, e.g., myocarditis, cardiomyopathy, cardi ac di sorders

whi ch resul t heartdissgess tifoetis andagarditia qqng@ntaéhaart diserss, myoeardiahdiarase, e. g.
primry sarconps aQ@'aréﬁ ”adé&% Hg, %5 laﬁﬂ e?st\%mﬁgestuﬁ lh%ﬁd@%% ng, " and
angea

"transpl anti ngg e use efer ement of the

cardi Oﬁyogenl}&aﬁ@hhﬁe,@fnd&bﬁlord cmtﬂ@hea@a el gwtphrﬁar_s;tsmceﬁrias afd geconaaﬂyu man
subj ect, by a nethod or route which results 10 in localization of the cells
at a desiredWinPEs. By "pronoter" is meant a region of nucleic acid,

upstreamfroma tu& al . i don, « N I din
recogni tion and bi ﬁ%png%g#”%\m l%g‘?&cneéaggd PMSI g{iﬁiﬁg %Pé?lel(f\s toinitiate
transcri pti onntefcha y HdORras 't'helpaa@memt @ﬂnhbeardi@ﬁ?@am@éellsmfth@tl ng

transcription in a human cell, and nmay or may not 15 be derived froma
human cel | . Anve@éwn NiR 2 Sbjach e human sbiccadwi amethod owreute whighoresi s

regi on of ﬁzgtlo%&ﬁﬂgcflps at%'&%&red"é‘%n operably linked to a
acl

het er ol ogé)us"ﬁ elr'c 'S capable of initiating transcription

of that nol ecul € By'pReempleeS8 theanta fedisootindldié aeld, uptieum feapabl e of
supporting transcription) in a cardiac cell. 20 By "enhancer el enment" or
"enhancer " i drawslational stascasion, which isiayabieg &n rechgritionaadh bpeana o fFRNA

ngg'oﬁlt ﬁgt ?rp% rﬁ‘?r%ett stld &ng dP £3Eb nluﬂat% i 8?{}%2{0&1}3% mﬁ?&oﬁ@t&a?@g le of

1 on, ers I Ncrease ranscri ptilon rvity

relative to tﬂ%@mbfe@@@;&‘dbﬂ@@ﬂlﬂma@ﬁ%micy ti66 ik & hOghah cell) dnlden®yf enmbghot N t he
absence of the enhancer donmin " Csx ka2.5 enhancer" is one derived from

25 t he prlénothsrderizgd Hromps hameag relNck 2 Oy 5 premeteat is opsdgrivgsbiram the| i nked
E (r) aﬁ sc ?le:)ﬂ glﬁ)ogyufeﬁ rr](%ngcl)r(la Iof: a ?ﬁg}cﬂ’loc@k %&% &nd 1.jh§t, %@ﬁlgl)gragfy liirﬁéehitg‘rai ng
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.

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



nol ecul e (when present in a transcription nedi um capabl e of supporting
transcription) in a cardiac cell. A "Tie-2 enhancer” is one derived from
t he pronwDar/osmgs on of a Tie-2 gene and that, when operalpicy/uSorksds t 0 a
het er ol ogous 30 nucleic acid nolecule, is capable of initiating

transcription _of tRhat. mlecul. resent, i.n [ riptio di um
capabl e of suaf)lp%nrdf) &ﬁé%%@h%r?ﬁ#@%g}ﬁeg S_o@eﬂglﬁﬁg@gﬁgﬁfpﬁc}thﬁgﬁm% an
endot hel i al cgfld Bve gely &%d Baf) ahealopeiablylitced @6 a\hetbrdlogous Mi1dd¢ astat er regi on
of a Bves gene and that, when operably linked to a heterol ogous nucleic
acid nol ecul®olerdlecissapabde of injtiating dxanpeyintion of ehat pralesylo fwhandiresept Bl e
(when present,_ | Lr CInt I - | i
transcription ﬁgﬁrﬁglo&a@gﬁlﬁ@r&ghglgtogg@pwgggﬁggﬁpﬁéﬁy Bﬁ%éérde{%%/n qolt}}]ked" is
meant thats t wausle @8ir.e nucleic acid nolecules (e.g., a nucleic acid

nmol ecul e to be transcribed, a pronoter, and an enhancer elenenté are
connect ed i n such By ‘epgrably Hipkede isimeantthafdwpiosmpess nyeleicrsidmelespies aci d

nnect ed i n_such B RagraR lekqdermeattis sflotd 55
that & the nasngreias SEREEE o Rl Kby et SRINERARE 1 2 Cooond

nucl ei ¢ aci d drehemyihR, conhectélbini stah aWweayr BttaipBinii@ trahscrip€ias bf drReuchgoadi@nt
function of the nucleic acid nolecule fromwhich it was nade or designed.
By "expressi dRokeemstin asuitable tragsgrption MgEivBi.c aci d nol ecul e that supports

15 transcyy ption. }f)‘n‘d%?i E&%r%hlo’gs ﬁ%’&ﬁ%h&“% h@hub Rk ?cﬁ&ﬁl%pécuiefwgé‘éigl%i]

i ncl udes, at the east, a cardiac-specitic enhancer elenent and a

pronot er. Addhhdosadesi@hediohsa secotd Ruéisicactd moReulepthie@erit ative realiniag asi gnal ,
may al so be included, as described herein. By "vector" or "expression
vector" is mest onpireRetas Sinstios pétherucleic 20d mpleqile frap whish deMasmpdec) e, a
nucleic acid Jpﬁéiéﬂa? adapted for nucleic acid delivery, or an autononous
sel f-replicating rcular DNA (e.g., a plasmd). Wen a vector is

mai ntai ned in a hest<exptdssioh REnstart 0 ngant £hiidieic abR rBbRbUIY tieRhpwatsed by
the cells during mtosis as an_autononous Structure, incorporated within
the genohfe Ofansprptiss tAr BXITessM GRASHEGOA e Prasenf énvieptien ieludes, ahthq eus or

cytopl asm least, a cardiac-specific enhancer element and a promoter. Additional elements,

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.



25 By "cardiac cell"” is meant a differentiated cardiac cell (e.g., a

cardi onyocyte) or a cell commtted to producing or differentiating as a
cardi ac welo/o§assqg., a cardi omyobl ast or a cardi onyogeni c PC&lUSp2/118y4

"cardi omyocyte" is neant a nuscle cell in heart that expresses det ect abl e

amounts of cardiacg rfaga%?wﬁu&)gla t”’1s ﬂ‘le%'taa é@ﬂ%ﬁ(%ﬁsﬁ?&‘@’s §hdldbe %ghrgo es not

M_.C2v, al pha-cardi‘ac ac ontracts,

proli ferate. ce&dM@n&Zk&83ﬁﬁﬁraE{§Ta{nU$98ﬁ&ﬂeﬁ&4 By "cardi orryobl ast" is neant a
cell that expresses detectable anounts cardi ac markers, contracts, and
proliferates. By "%zar ‘éﬁ@ﬁ?ﬁ’@é?ﬁlé celd] 1s'mgagt agelhexpessing d%s‘qs@bé@ megnts of

det ect abl e anpypi; ﬁl% nale)s ﬁ
or ganl zed sar correrl C S fﬁm gg% tfsg‘qgheéﬁgamg&fj eraply géoes not
express deg ecbxedﬂn&aauimmnar&i preferytslg i ldBes ﬂitﬂaxyrechmtactwlehﬁiomntsw mwpicar di al

cell" is meant a cel] that expresses detectable amounts of Flk-1 and/or
| CAM: 2, and ch§pvBeBaindrai§iendot hel i al cell. By "endocardial cell" is neant

a cardiac cell tha éﬁ%ﬁ%ﬁfﬁelﬁﬁ%ﬁ&%@% &ll th: @éssde(?%ﬁtég[lﬁg%xoaﬁ'tg/o?r von

W | ebrand Factor. IS ne nt a ce expresses
det ect abl e anBiknl Sndﬁ)r IGAM-2asid c@ﬂbem‘mé heerfdothedial ogdl. RNAs or proteins:
MUC18, VE-cadherin, N- cadherin pha- and beta-catenins, Flk-1, Tie-2,
and CD34. By "cel 1By pendeserd taécﬁlﬂflﬁé?@ﬁfﬁai‘réla&sceHﬁ%FHE‘I%% detertable | s meant
stem cel | 1 that were cul tured under
condi ti onz0 t hﬁp&?fﬁ%agg}é e&/gg to ecorre ﬁdot helial cells, wherein at

| east about 10% 294 crildteliallcey’ 1§9ﬁ%1nt95c%il tﬁﬁ%(pﬁa"ss@\tmtecizﬂﬂ)&ambuﬁthef cells
are endothelial cells. By "cell SPQI\rII med to differentiate as vascul ar snpoth
muscl e cel | s" atilgaskangpf th§tf@1r1ﬁ‘ﬁ@gl Angr pieisies: MYCH Y ErgadberiaN-zed t hat

ver e Ol urec B, BOC, 80, Al [Hge, ecoel o L becore ascule
99% or even 100%}956 “¢dile peididdsio differentiaie bd @rdosiiadial tellsliscinearttstdns cells
15 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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By "specifically induce one cell type" when referring to differentiation of
cultured BMSCs is nmeant a culture wherein at | east 50% of BMSCs

di fferentwatoe/o8®b4 i nto the desired cell type (i.e., cardi ecyasyr/esys By
"detectabl e anbunts” of a protein is meant an anmount of a protein that is

d bl e by, hem i.ng, ! : o [
neroin. . One. TR TP G CErR R oy haRisel o TEBS & gl PR AR RORA ™

with either FERYdKXxZnfin@es. TyRSdamIenaty tiednatdatddswith oné dethefellomingCul t ur ed
cells are 30 fixed with 4% formal dehyde for 20 minutes on ice, then

i ncubat ed f orantibodiesianti<Csxi (4: 19020208, ifcomn S Xzumwo Hary apth ylgstieal Schngls er ed

saline (PBS).,Aft t.h , j - 10 / 4 P PBS,
the cells ar eB ?Sgogﬁ%lﬂ)eléﬁ?%&@ﬁgfﬁ %%b’ g‘rg UP%Q%T%? m%ﬁ%%?@?ﬁaée%a%ﬁm in
PBS) for X5 nimvésiy off ievaS a6wpa eﬁ%awa),lamlldreﬁﬁmt(emomzm @iden Sfgniahe f ol | owi ng
anti bodi es: anti-Csx (1:100-1:200, fromsS. |zuno, Harvard Medi cal School,

Bost on M), Mredpioh,(Ire 58t LoupddO)s angifesised thainsalyrseomrels (foy 68%.doma Bank,

5 University of | i O VA bpdesmn (1: - r Si gma-
A dri on 1 g orepl B @R M Houg € G2 5y bR HIO Y ) O BT
Csx, normal gamlliohcéfatidh, andlinddbaiQ, ovenlige 4tghn afnsistidamber. Theuse | gd )

at the sanme concentration, and incubated overnight at 4Cin a noi st
chanber. The saggipslises piedhen weshediliee wimgs eigingti weshinggodution (9 %a TheesAi ng

solution (0.5%.T 1Q9.20.in,PB3) and.in t € i th . s A 1 bodi es
(For Cox, oy PED R ifmiopta MR s@Bfoaaitifs dncua et

anti - mouse | ggG, &driMFOMndaaksiimid, WeHRGRasEabase e allatdh Jaksod nC. )
following the instructions provided by the vendors, followed by three

washes. Thekéarmméieawéch hebpratosins,dael) (mMigerng thefinspctioneprovided bydbe ope
.g., a N S100 . ith ' |
(8 St o) o SR RSB 808 A EShEPLE Rk hgehRgslsg

attachnents) i or " i'mmin cardrac-specific

enhancer el emfdreschifceBRscape @.E€ENikonOFSI08hi¢roskbpk@tth tanaclingrot er, t hat
directs gene expression in a cardiac cell and does not direct gene

expr essi off i rfludr¢scencssatieghments) gndoasyally ppered ferommayapghedingcer t ai n
carg 2c ohect 16, Naagl Sl e e LN SRR M BT o551 o1
Car di ac- speciifiked to a promoter, that directs gene expression in a cardiac cell 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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enhancers of the present invention may be naturally occurring or

non-naturally occurring. By "heterol ogous” is neant that the nucleic acid
nol ecul e woiagiosssbes from a foreign source or, if fromthecyarme2/swasce, s
nodi fied fromits original form 25 Thus, heterologous pronoter” is a

pronoter not norngl |y ciated wwth th ,,du | i d. en C of the
present inventi 02% Hﬁﬁﬁ%{’? ypg%‘é‘fci‘?“é%l ol ?ﬂ%@f“éel? %fé(fgl ﬁﬁltge(?n%léh?

modi fied fro eh&sswﬁfchginrlﬁé nﬁtﬁfdﬂ'{y‘l{cchﬁlricgrgéﬂbﬁ’qe%ﬂﬁ aﬂ'sﬁqff%rﬁmhlélf @ t he
source from which the pronoter It is opera§ | i nked was derived.

30 -11 WO 02/rogR#6acidalthiesanintios dsiderBed, Batisthantélaicl a;ucbuTlee o lthdreforei d” is
meant nucl ei ¢ CI d %hat is,free o

nat ur al | y- occlf Pﬁieﬁg &HRRICy f"r?ﬁ?@bd?ad’gﬁgéﬁﬁcfﬁcm%}jd?‘lmtcﬂléoorﬂﬁ%fné?3 acid of

the inventi oRelfRyr; Oiﬁfd Mﬁ&toﬁdrﬁ&m}t J&ghwﬁﬂgqﬂ@snﬁa lofl wirk§ieortigtothé f&iondier e
i ncl udes, for exanple, a reconbi'nant nucleic acid which is incorporated

|Rto as vectmuclelq m@0§mpmmmbwm¢ F@htqrwdl;@ BB @S @lSCRﬂlertesvmorhl nto
t he genonic aci rokaryot e eu ot.e ic
exists as a ‘%J\ @Fgegrrﬁfz@ﬁﬁ8r€§e’b°m é)rgBmgrlagrgerééﬁé}ﬂy C% f r agment

produced by REdiefion érﬁﬁhﬁél@&ée%g@ﬂéﬂ‘iﬂ@éﬁﬂ&@ntdﬂfgﬁfeE ls@maenmdqpﬁadent of
ot her sequences. It also includes a reconbinant nucleic acid that is part

of a hybrid gedledercedomyinaot rubdiic paiddhat poparpefn hlwidgepsencedingy
"transgene" is ,mean ece of a nucleic acid nolecule (for exanple,
DNA) thanl% qﬁﬁg’é’r‘lﬁtﬁ"q@}’pﬁdfﬁ?quﬁ “9nto a cell either transiently or
permanently, and pgcapRsSsdar is Mbart ARy Ple@ant 8 Mutlkiciadi@bREER (foit 0 the genome
or maintained extrachromosomally. Such a transgene may include a gene that

is 15 partly example, DI‘M}/thhélsen@m@busirt(ﬁceento & enlledithay tramsierily Qrr ansgeni ¢
A T T
exanple, a shafagRldexiradehREomaIYM Slh:haa YAGEEIe Ha irtlitiet0gahe Ry essi on
vector operably Ilinked to a heterol ogous nucleic acid nolecule can be used
to produclé a partly or entirely heterologous (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 BMSCs following a
30 14 day co-culture with chicken cardiomyocytes.
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20 popul ation of cells having altered phenotypic characteristics. A cell
derived from a transgenic organismis also a transgenic cell so |long as
t he cel | swoonwsisns t he transgene. Ot her features and advaotragpesi1wd4 t he
invention will be apparent fromthe follow ng description of the preferred

enbodi nents ther eggGyZ%d% %;a?srgﬁ;feg%fﬁ‘lli&io aBPS én I%r]i ﬁIcf Slg%qgﬁgia%hi on of Draw ngs

FIGURE 1 is a pha rograp I sol ate ul'tured bone nmarrow

stem cel I s f ragiphBléEs o Rthrie@ardid i b¥ytes, Lsdiffefenrtiaed BNISTh,6hagr aphs showi ng
murine BMSCs foll ow ngj a 30 14 day co-culture with chicken cardi onyocytes.

-12 WO 02/ 083BHareptiated 8O3 song the MBRI0 mtibedy, speeifie foroTarepmarisgnEsis

showi ng the staini nd | ogy of murine cardi onyocytes,

undi fferenti a%rgg%ﬁ@%ﬁg{nma%g[b%g?ﬁerenti ated BMSCs using the M- 20 anti body,
speci fic fsor sar CGIBURE MkOSsidhies 0Omi@bgaphs sH@Eng theanbiphobgy ahdFI GURE 4 is
a series of mcro rajg%s showi ng the norphol ogy and A Csx/ Nxk2.5 expression

of cani ne BMVEGR/¥Ve oeipagssion oficenige &M%&} Enilovdng snvitroitfeRtiafions a seri es
of ‘m crographs delﬁ{;ﬁ]erEag Iisnagselr@F Mg%a@ﬁi&&ﬂ&ﬂs@ahog zﬂ)lé%lff%ﬁ?ygﬁs I nto

cell s of endothelial Tinheage. series rograp oW ng

t he | ocal i zatdferur@fe BOISO¥hwrdetis o BiRGthdlial limdagect ed dog nyocardi um 15 days
after inplantation. FIGURE 7A is a series of m cg_;grap_hs showi ng the
co-l ocal i zati on offFIGURS @if xtfreyBialicregraphy showjag thedepd atiomef

car di ony te fo . uor NCe < it i .in which the
cells we?@yi ﬁﬁi@éﬁ%ﬁﬁ&*sﬁ 1%&?(? %A%n 3§§%§1§§hlssﬁ%a%r :{IS rag%tsl!élg survi val
of BM5Cs 15 i npl #MGERBWA hs &s&aspdsdcioghiphi titdwingehatd-kealitationtafeat ed
BMSCs. FIGURE 8 is a series of mcrographs showi ng the co-localization of

i npl anted BVBEPlagd BMSGs, by ik usrercenem and srrdiesmysyiasey amy MIAEWvHC a/ (3
fluorescence ﬂu%r%cgl?c%l, glnthg\f\@iorﬁ {no\mutcﬂ‘?heg LR v%re 'uﬂlac%g&' on.

FIGURE 7B is a micrograph showing increased survival of BMSCs
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 a/B
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 a/f3
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 f-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 9 is a series of mcrographs showi ng the co-localization of 20

i npl anted BMSCs, by Dil fluorescence, and cardi omyocytes, by anti-MC a/ (3
fl uor escewo®2/083868 regi on away fromthe site of injecti onPCFIUSUREG6D is a
series of m crographs show ng the hi stopat hol ogy of the nmurine nyocardi al

infarction 36 day tran tatlon S 11-14 ar e
m cr ogr aphs show ﬁéép@ %&Bg?‘(yﬁ ?Ib Bgaﬁsﬁrée%@@ lcflti%s %néall%l al

tissue, 36 daysilffstrefiod rt@@mi@ﬂﬁ%bllpﬂare%n@fﬁﬁlaléi inSanerRapsinl Bing €94 aphs
conparing f3- 4(2al act osi dase acti vi ty in hCsx-lacZ nouse BMSCs which are

cul tured in thsuchliss elaieate bedds. ahﬁenqlcaser cobis @rad cacapspighing paaterial 44k gr owt h

factors which_ induce cardio enlc ffe i 083864
PCT/ US02/ 1169 npaﬁe(dﬁﬂlg BEER® rp*réowse melljrrlaneexenp Séﬁgéngﬁé@agl{siﬁwgc?w&ﬁ Y&Iﬁ?ﬂ%l cat or
system In tf@lﬁddwggglqm on, the indicator cells 2 are encapsulated in an
encapsul ating material 4 such as alginate beads. The indicator cells 2 and

encapsul ati ng mat é’ﬂﬁmléﬁ showsothe alisqheﬂencapsaﬂqjmgrmélsa@r pelidPanRnilr nesh 6

and co-cultured with aSC ture ows the
doe of encapdirestnigefitmbalal B ety ShESgbls T TRl o
in culture. SHOMNMRSHE sﬁlt&’d’l@%r&:l@h%n@ipsﬁﬂatlﬁﬂl adihd mirdPraphlshewifsthe résults abl e
for cell encapsul ation; and mi crograEhs showi ng the results of the

(3- gal act osi d¥dke B@é@@t%tﬂaﬁﬁﬁeﬁmmr éuh@g sydzcZrgyee BMSE 10 i ndi cat or

capsul es cont.ai.ni ng var RES 17-19 show
echocar di } ra‘ﬂglc tpgc?ﬁsﬁﬁét g?:it%mm ary”%% nlg (left panels) and after

(right panel S) | NnGUGER H3VBL19 kevs ptisothalio@ams EfﬁﬂBEteZI%nhﬁ: hragbbfor@t i C
illustration of an exenplary three-barrel, one needle syringe. In this

exanpl e, eacHldfbpansls)agd hﬁ?re(éllgbﬁp%le}ﬁ) indasebBMSC Haespdansaflgn. 15 into a
eservol 1 adapto e s0SURER Al B ALOR SRR Bt BB o
are control | atell syfingé. NG BisRkHMPRY, eslBIY %5 Rlinjected simultaneously and evenly

15 into areservoir 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  Dbarrel/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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FIGURE 20B is a schematic illustration of a cross-section of the three-
barrel, one needl e syringe of FIGURE 20A. 20 FIGURE 21A is a schematic

i Il ustratwon2o83sen exenplary three barrel, two needle syPCcagsohianbhg one

| arger barrel for injection of one cell type. The two snaller barrels
connect to a reser t 0 e |arger
barrel has a separﬁg e ne%?liA 1(gfaS‘tCH‘i?ér%at(kacc lﬁ%ﬂ% o%&&’(gg%é?g@f@%ﬁﬂy@{;he negdl e
hol e of the n&@fﬂla)rﬁqi&e@letsgzﬂngd)oﬂH’IGUHEgeA, barrel is increased to naintain
the 25 barrel/needl e hole ratio of the smaller barrels, thereby maintaining
equal injection pHESRE &2Bis ypchematie dllysiation of anygpamyp wtthtsfﬁ:harrmgee
triangul ar ar e e f the
two needl es, éﬁ%ﬁﬁ dggﬂ%}l Lﬁg‘fhﬁl%}ln%le%%he%r&%e%ﬁk?lnﬂgé ion %e%ﬁfeeﬁf iﬁiémt IElly £
syringe bagr edeirad,ahe aitngelaedrratgehttat bOihe dinde daels aOWS elolseﬁrdmnay of ngl e

pl unger depressor for even injection pressure. 30 -14 WD 02/ 083864

PCT/ US02/ 1169te tirpenradicsmhilemainizinagwnacallel iestionanele &heéh@fféw‘gn&f‘ect i on

f the th I
gcherrgtl crlelellgﬁ.{eﬁse ngrgl ot &glﬁﬂélﬁeet% lra&éQQF %%@1%’55& ?r%l%&g%@ égﬁge deS| gn

in which the faelersinjdcige phasurel has its own needle for injection. If 5
desired, the tri arh(iul ar_arrangenent of the three barrels allows close

proximty of the t Gé%%%‘ap%%sqbwmaécWSH@%\%P%@C@%&?G&PM thefhERer i on
angle. Th thﬂ&%l ARO[ ﬁ%ée‘%ﬁ@ﬁﬁ{ﬁ ghpected at the top and are

control |l ed by a s’l ng 516 Ie epressor for even injection pressure.
FIGURE 22C is a schematlc |IIustrat|on of a cross-section of the three- 10
barrel, one needl e syringe of FI GURE 22A Det ail ed Descrl ption of the
Invent| on W have di scover ed2étail bl fithg Imyaptionoent al |y comitted
but undiffer ent| I on, and
adaptation of 15 tg‘ﬂa%eihrsgor}}[% éd th% ?J@g%{éljt{begl ssﬁJn‘f&llmlbjdgb %g%ld%lt

vertebrates, ﬁﬂtﬁffa%ﬁila/te@aélw witl ibipebt ths saleivaletcdiporation, axpideptatiomodf t he

Csx/ Nkx2. 5 gene. At this devel opnental stage, however, the
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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Csx/ Nkx2. 5-expressing cells are still proliferating. W believe that the
transpl antation of Csx/Nkx2.5-expressing cells that are still proliferating
will 20 rweuwknsism an i ncreased nunber of incorporated andPCuruspy/owed

cardi onyocytes in the heart. W have al so di scovered a therapeutic

cel | ul ar 't rangol Analagp THEAGH L BINCELRL:NERSHa80 A0 dNRGar dip!

tissue are c I'vely regenera he ar trea rryocar

This met hod il@hge@s atviaectﬂatrammlttaﬁmatle o¢ll biheade. WMdhé Embedihieat, eke cel | s
commtted to beconme one of three cell types: cardionyocytes, endothelial

cells, or vaseMS&s aspmenioredder kneaae Fanversion usipg 8icpansite celhampetspeiic pe an

i & Suopl Y glichle 6l bR b SATMOLANNSH s ASEOLHLIPApidaRoRREBEPEC!

the cells to ars d&fiveé romstem ceé e sul

stemcell 3s N@%Oﬂ@@3%ﬁb&hy@rﬁﬂqﬁﬁaﬂe&6ﬁ@éféﬁknﬁé 0T @dhdrhteiBe Ec1BYpeAT I OW.
Once isolated, BMSCs can be treated wt rowthfactors referred to

herein as " pripasifigindieasor systeem transgase mgutedwweae%@rl B8/8 geR| |

W ersat i ver yoraed AR R TR R s RRFSBP S e o

a vascul ar srmﬁtehamp&ghﬁdmyocmermag@ltof aomlanb@ﬂbmamtoﬁehasﬁyms are
nonitored for |ineage conversion using a cognate cell type-specific

i ndi cat or symmsuwwwqmom#@saésaelltﬁ@égqnw i, (iesadeqwrtamapss| i cat i on
Ser i al &egfglc)%gr%s ggn is cﬁ?gc?e%yl tl?ec Qe[llppoot?%a?%nb%e c%ﬁg £r%r2:%ﬂect3-&) afifnerate t he

cell type sp icator ines are established

using a gene inoRrdtifitéGhe h&atm)td@gﬂ(mc}ﬁs a ceI I 1 neage speC| fic
enhancer/ pronoter-driven marker. For exanple, cardionyocyte progenl tor
conversion can be Inen¢ embedimest.ibe C%ﬂ@&p@e}’f&tpé@geﬂme sy rfoediel Lacz

ransgeni o i oe, o A8 EoAUEANOLL RLIEL W10, SRNRIEXP SRal A RfiRbAGLed 10 the

cell popul ati s are co i njec

myocardi um lifitotfie hestegidarditm. tHoe apaspét afmﬂﬁytoa afleageddll pecial desired
endot helial progenitor cells, and vascul ar snmooth nuscle cells are

injected K mﬁrtaén@auéwhaansi YHage St isesieasd fuimectaultiplp eelh bipes can
di stributi on Of ea"‘c'i*h fh L PSRN o?th%e%'f:&lggm%c?th%rdﬁfﬁﬁlce%eﬂweyth&{:l%gﬂ%leed

syringe that desi gne&1g o 1 njéec
adjusted according to the optimal locations of each cell types in the myocardium

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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be used. The length of each of the needles and the di stance between them
can be adjusted according to the optinmal |ocations of each cell types in

t he nyocawoioans3ss® be repaired. Optim zation of stem cel | ecandoztmm cel |
derivative preparations is critical 20 for successful cell

transpl antati on. hi eve maximumyield i.n cell,, transplantakion, the
inpl anted cells a}gosgglﬁurﬁé%’fe?/nl%gtg.e{l%%XpﬁFsoSgoélrls§§%t§(3allegfby %ngllr%’lrlng%@r%eﬁéri\t and

di fferenti ati@presdodkéfithds at asPirseriptithak ROVN GeHvRdltyentordBitkightly-
differentiation markers for many aninmal cells, it is difficult to determ ne
the proper tregdated expressen, cobanostsoagophepmpley regudnatery) meghanigmstibalt

perform ng tine .25, consym | ar. i ol-agi c S el expr essi on
of these mar K& %l.re%coﬂéab\% g?ng%lolg@lrﬁgge %&3?[]5@ g;gnl f%gﬁoﬁsysg%ls?légﬁqﬁtﬁ ?Scat or
system wi tsh o glesd Rarkketiption NRtors indybeaharlyl Kikbaddd€kish frdarteafdnt i on state of
cells in culture. This indicator systemis also useful, for exanple, for
det er ni ni ng timematesand dspergetheclatiisrte sa¢hoethet  proteins during cell growth
or cell death. 3016 WD.02/.083864 PCT/ 111694 ; .ﬁﬁﬂ’ [fic
gene expression is eghlfs[eg%) gﬂv%ga%sﬁﬁ%%?é?g)%honggﬁlﬁ %’gc/%gérlaés%‘éque%gggr%a t he

transcripti onalsyemels. andenes oD, 5 tRagiNbelexpicsdioh patteragol it efdepsaoassi on,

enhancers adopt conplex regulatory nechanisns that require the

col | abor at i onm@sx/Ni2 § fsee. & g-aklsT Hapmt dppheationrRubligaiiortNa 30323585 5 for
t hese trapscryiption factors may be kil pb K fr. ne
pr onot er alglbnd ‘b“?%baéP%%H‘“ragﬁdZ‘ﬁ R/e\éer?%ceggg‘# Oéllgﬁg? %%gﬁ%%lag)scérd{ 1?%%%1? ﬁ(\:/%gt ransgene

expressi on i rnvwisso faRlodk B€ tiRBOaIHAEE s {themn S kentlabler? isthararligbis X/ Nkx2. 5
recapitul ate expression patterns of the endogenous nCsx/Nkx2.5 (see, e.g.,

U.S. Patent Ampricsathadis iiteinall fow hrert chaubas2Megeovep thisreabgndencor por at ed
by reference) igp’bl‘%rfé,ﬁg) éf?%igg%éﬁ#o%n \g’)?lli'lllqllst%?ﬁ]ﬁgQQQfagén:ept,Wgwag%ERS far, one of

t hese enhance née e~ ear enhancer that is

active in all(éfened hﬂ?erréipcab@mk?y d¥pie@WArandttdntolefhadtigin AZliverd ays no
ectopic expression. Wthin this 7.5 kb fragnent, two regions (referred to

herein aslhoristleigs thisiedetheal wheroprsshly bglrediionaii spad prgneter-lacZ cassette,

were capable of enhancing gene expression 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 uM L-
ascorbic acid-2-PQy, 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/ml 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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15 isolated that together, when operably linked to an hsp68 pronoter-1lacZ
cassette, were capable of enhanci ng gene expression in a cardiac-specific
manner. TWeIe/08386H regi ons can al so be used in the report@ecTamyireact s of

the invention. Exanple 1. Induction of cardionyogenic cells from BMSCs 20

Va i sol at.ed f dul t. - ) . Jdh . - ted d
ul tured s rgupny ol SRR 4gtinBBeS SrdRipg i MG BB R R o b
aci d- 2- PO4i &a;&oﬂgb@ytﬁ @uk@es 3 ahalg) bi tory factor (LIF), and 20 nM

dexanet hasone (for nouse cultures, nouse LIF was used, while for do
cultures, human Tiomigais the ertjirornmeng of therdult syosagivmn o wAlidhoransplaateBVECs t o
mai ntai n 25 theidy~self-renew ng ar act.er a agi ng
wi t hout | osi n%ﬁ Srcés%%ﬁ)g)lo\?%rieascso ?ugputr?"lrenoglglfsfyglrggln%’lg% %%@hqgélg%fq‘g&zﬁ’ch as grow h

factors. FurtBRISCsSlaBaled Gt & fGodebdenegtibr degdfidatiohi(Whbrapdsyagds naintain a
mesenchymal nor phol og%@ and karyotye (Figure 1). After 14 days in culture
with growt h fRrimayshicken ggbeyonisgrdionmnmpeyissmere eEarfuredmpagiqat BR), 80% of

t he BMSCs wer e pasi five i ' - - cl onal
ant i body spec?q‘@ szst(%lldg%!é(?aé%{r)r‘éﬁtlhg &?‘%9%@6%%%@3“%%?%3%%6@@%@05. n),
and desnin andloQeh & prifebtest 2ngg/1BMPhrdeteprbasiceof 2ehgmilibRGH as
cardi onyocytes (Figures 3 and 4). To mmc_the environnent of the adult

myocar di um t cCelfsi eereshbsegpeniin seineyBEentirexXpes e F2G@ rmenaclamal nodel
system usg glle?i}D Eéf??lbf?caﬁ% %%&ngg% %A{Ig%?ja’agp?%ghfe%ﬁ%lﬁ Q%Ebofdlielgpgﬁecfa@ts tag

for identitic n en enbryoni

car di onyocyt esftepticCin@itiod] 4 Bwed.1 at1 %) mpddimpoditite €lls weare dgteated iskbdes
coated with 5 ng/m collagen. These m xed cultures were grown alone, in

t he presence ®Mups gigwaiin esegee PhBMEZ qrbd$eh pdhilsreoomnlygesgronpdrthe cel | s
wer e subsequent Ly statined w t;h ti - ; - 20 o] 10
ant i body spec&f?%cefo reltggrr%rg‘r’%}% fag%rrryv%eg? ﬁéé\i I%’%é(? I.’aar%i[vt:ﬁf easn%}l%ﬂg}é%%'t ﬁg%i@{gﬁ. Five

days after tiferitwbiwedkd 6Nco-aulb@wir the bbsente W giowabifictegshirhstous BMSCyer e
detected in co- cultures grown in the presence of BMP2 or bFGF, while

co-cul turks gwersMFROepasitivebsiggeeting they hadeonyesod ko & myoaenigsels lineagst i ve f or
oL e o o TR s AR URRA RS A Gt e
lineage using either growth factors such as BMP2 and bFGF, 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 breferably 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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15 were Mr-20-positive, suggesting they had converted to a nyogenic cel
| ineage (Figure 2). Thus, BMSCs can be induced to differentiate along a
nmyogeni ¢ whion®ssge+ usi ng either grom h factors such as BVPRCANboWHEHGH4 or by
co-culture wth differentiated cardi onyocytes. In view of the foregoing
results, we can regulate the rate and anount that 20 BMSCs becone
cardi onyogenic cells in culture by nodulating the environnment in which the
cells are cultured. According to the transpl antation nmethod of the
invention, it is desirable that at |east 10% of the transplanted cells be
car di onyogenlEXalee':Z (BMSCs frommhumans pnd otherrmammals s Csx/ Nkx2. 5 but do
not show organiz r f er abl

9 ¢ Bfe %8@1% éxﬁrrrT%u nl#ﬁ Z'é fioudl B d I%ﬁl'hﬁﬂﬁtw%?ﬁpgg 3 y

do not express 25 detec myosi n héav protein).

A hi gher per cEiiihag BMS@¢ @lieculsoqeﬁmmlnq@é hﬁtd\bé ba;rae&wﬂprodncnrrgxrae@laedens
i ncorporation of inplanted cells. is it desirable that at |east 10%

25% 50% 75%Pitemesr g, S@lﬁn%b/%rl43ﬁ6?e19lﬂ9)tﬁé4%‘éﬁ fremphergpmedsogeni ¢

cell o Rl L R By TGRS KGR L e o

PCT/ US02/ 11694 evireadm| Brarspldahdtion 6o antﬁmoand ot her mammal s The

foregoing exanple utilizes nmouse BMSCs for illustrative purposes. 5 Human
BMSCs are al so known in the art to be capabl e of producing cardiac cells
(Pittenge et al . | PSE o'i B A er manmal s

(e.g., hu ¢
i nvention (Levy e&s laldescrf&aarascwef,labahltmnnE,BBMmszwaﬁeardwﬂﬁbcytemn theanpl e 3:
Met hods of inducing BMSCs to becone cardi onyogenic As is described above,

co- cul turi ng BRBOSE af BMPt?aakrui/@th&Fyteéglts i thp edugtieneheadigmypgemic 484 or bFGF

results in the induct.i I

differentiati nga@g gg}fgé}gﬁﬁg@ tag nq%ﬁ({bb'ﬁersgs Ji%% rg@?g&&@@%&g 50
i nducer cel | sinatiébrtcbigs ﬁi@lﬂﬁéﬁbtﬁ@htr@ﬂ‘brﬁd‘)f gowdt facfor@) oar edchtrrudpaedd tbe
adj usted to 15 nodul ate the rate and anount of cardionmyogenic cel |

i nduct i onl5 Fomodlatepherate ared ameuntof sardpvmcegents GeHdndustion e Fos exampledhge from
about 1:1 to 2h8 %%Bi’lé@g% Blucer cells can range from about 1:1 to about 1:1000 or

more. The concentration of BMP2 can range from about 0.5 ng/ml 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, 5-azacytidine is used as the inducing
agent for cardiomyocytes (Makino et 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 S-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 et al., Muscle Nerve, 18: 1417-1426, 1995; Tomita et al.,
Circulation, 100 suppl II: 247-256, 1999). BMSCs exposed to 5-azacytidine are
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nore. The concentration of BMP2 can range from about 0.5 ng/m- to about 1
g/m, while the concentration of bFG-F can range from about 1 ng/m to about
5 g/m. WO omesasntder stood that other BWP/ TGF(3 and FG- f arcCiruseentses s can
be 20 used instead of BMP2 and/or bFG-. O her nethods known to induce
BMSCs to bec ' ' e resent invention.
Not all net hglg‘? ‘frﬂ{odljaﬁwdﬁg@% %leglggﬁﬁ&ggﬁg%lgﬁ%gqin@cﬁ g“}?nlt%he i nventi on.
For exanpl e, &oware Mhtlﬁlgﬂfédxprdsﬁeﬂ oﬁSolﬂdgenIIr‘eclmajdﬂ@latﬁgpftitelhoﬁ’Andrews et.

cardi onyocyt es éﬂ |no et al n. lnvest., 103: 697-705, 1999) but 25
i s not approp#h.aflel Q?lltﬁé’lmgt%%zﬁfl 1989)i iy hermethodspinibe 115"“&99‘&yt| di ne

randomy de t r si | ent
Genes). ¢ 1 car sl T RO AARRER A IEv A LS A% ONBL T o1y
of cell typescard@ngyocyypcytes (MyoD positive), osteoblasts (osteocal cin
positive), and adipocytes (PPAR-y positive)), in addition to

cardi onyocytes (cardi ac troponin | 30 positive) (Wakitani et al., Miscle
Nerve, 18: 1 6,. " Circul ation, 100 suppl I1:
247-256, 199 fapfe: TodiRtioh WFdBerdentupes =" O 2 90 100 D OR R 6h

PCT/ US02/ 11694 kKrnowaythe desipitdt 1o mpuaoedllatgpes sadl asvdculat andah kiusels
transcripts while downregulating the expreSS|on of collagen |, a nmgjor
matrix prot ei #ells@ndendetbelel celly(or thaypprecursers) fopjtignsplayatioryinge g1P51, 1989).
In the ”e(? I%]yﬁéar&i& LG i cel?é‘jfntd??laﬁergt%%tegf ﬁo&[ v&s@@l‘!'a}dﬁﬁﬁh@re those
t hat speci y 1rnducé one ce ocytes). Exanple

4: I nduction ginspldnedd eedibniyypatc béllsrabhelellsesi useabmptamteduiu&ebuel s types
such as vascul ar snooth nmuscle cells and endothelial cells (or their
precursors) fprefarallyapt demsalantsd with hetaparopiata edirayasesallisas t heses cel | s
may generate r&% %expssels around the transplanted cardi omyogenic
cells. The ce s can be transplanted al one, but preferably are

transpl anted w th Differ@ppriopobf aistukasfbomgeld elisehh be daermihes asinged
herein. Differentiation of vascular snmooth nuscle cells can be determ ned

using 151% hethe\Rses gereertignesidBecsere abDey. Bipl. ZO%ekﬁ9 Bllo199999: 159-171,
1999) .

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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Differentiation of endothelial cells can be determ ned using Tie-2 or von
W | ebrand Factor enhancers that have been cl oned (Schnurch and R sau ,
Devel opnewD 0208886057- 968, 1993 and Coffin et. al., Dev. BiPor/USLZBt69H51- 62,
1991, respectively). Differentiation of enbryonic epicardial cells (i.e.,

precursors of%zo epedgt@gl {n?lli gel I s} can be determ ned using Fl k-1 or | CAM 2
enhancers (S = 6: 62-66, 1995 and Tevosian et al.,
Cel I 101:729-739, RD@picted aspigaid M2, Yhe inBMater sy@em ihsladattbebeas descri be

above and cultured in the presence of biological factors known to generate
endot hel i al cesnmpdniepsamdicagncely2 entslapasrrsulaon gystemdSisnd, ppbg FBS, 20
ng/ M VEGF, 1 ng/ bF and. 2 nag/ m el ko an . .

endot hel i al - s%e ent}lg e S(I:deep 8@b{a§}F§§fHﬁ8ﬂ %%Frll%)shgl,psmrlgtsa&lrtggﬁls l‘f%;mecng ér'étshgd in

appr oxi matel yCBO ¥n@kepsurtbs hednBbAES cclR 2t feom tosday Be iangilardted 8, i ndi cating
conversion to an endothelial cell |ineage (Figure 5). 30 -20 WO 02/083864

PCT/ US02/ 11694 EXnept ex@npleethe indigatentystens pdtselnl msdeieipriningdhe sfacicfur e 16A,

t he indicator stem.i ncl ude hree. c n S/ wﬁ:@ r cell
encapsul at i oncezgcsf’tng%tw@n%@fftgrr?aggtlonpcg:mrreeq%%P%S (Slﬁ"m € ﬁgnﬁ‘gggn&e&é&beﬁﬁsh 6
that hel ps r efickéin, it ieddsidblead prinfeeunsan BMISIER shcihSt siviit SEDBPA(peefetdbey
indicator cells 2 fromthose to be transplanted 8. In one exanple, the

i ndi cat or sysabent BeY%)ebthelcelln ageardinmppgryiq erllsd pndesersrined by Cop/Mfd-f ment  and

differentjati on of. stgm,cell e.d., B ). i e i rein, it is

desi r abl ehflo %‘ﬂr?’%mﬁluﬁ}g a%\fgs(%g?ﬂg?ﬁi Staﬁcg/)% %gf?osﬁrﬁgg%dg%%ﬁ%%gfogfg’a%ﬁy about

8099 of the f}%lefe‘?atﬂ ahé dctio?myrRERMdve ehdis RNG of ptatéin). MElu)n Eetxéridly2. 5 10
e

expr essi on, “lack of organized sarcomeric structures or contractions,
and pr ef er abtapid aspay isslenirest inraydeyi ta nHaimige Siedime REValbgsweerchasyestmgys, an
extrenmely rapid assay is._desi i rder .t 1 N t | rval
bet ween har ve$fi‘Rg® ?olr %}ée L& %ndf' %gnsp ag%ggg'af‘ %Rgf %rs %’n?ﬁ?é@ %te%ﬁ(}ﬁ.eg tﬁyraapi d

assay, theref@e@ssa§redilesrd Repteseithbvasay Jseoltk2.S-aapeessigpeelienhi@dhiave of the
Csx/ Nkx2. 5-expressing cells which are 15 ultimately transpl anted. The

present i hventltiowtely Ganspdantedchhepresesns yenppsprpvides such an assay. BMSCs

from transgenic mice containing a Csx enhancer operably linked to a reporter

gene are used as indicator cells. Suitable Csx enhancers are described, for
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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fromtransgenic mce containing a Csx enhancer operably linked to a
reporter gene are used as indicator cells. Suitable Csx enhancers are
descri bedwofoans3sexanpl e, in U S. Patent Application Publi ®eatrics2/Neo4
2002022259, hereby incorporated by reference. The indicator cells are
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non- por ous N @iFREMAGHES stafe dTThyh@fiin Ee1RCiSUithhle AdporteP ObivesiNelndd, cwlaeud (PGA),
or polylactide/glycolide copolymer (PLGA)). The encapsul ated or
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and porous transparent polytetrafluoroethylene UPTFE/ Teflon). In addition
to retaining ¢Mapsu1|aiurgan@uer1@1ehﬂ1dsp¢rmeahle necpsahe), is rémeodt drhe aelisityr bane

provi des a physi.cal |nt it ste Dur i ng .t he J.nduct,ign o 30
the human BNEEPIHEd ardhch ﬂffa&grﬁng Peerec 10f fransplayptily I&Bﬁ%feép&ﬁésflif

| inked to the Gexaea ﬂgefor&euﬁﬂ,tragg‘hm{blpsx enhancer) w |l be expressed
in the -21 WO 02/083864 PCT/ US02/ 11694 indicator cells. Nontoxic detection

of reporter gene dnphesdl mdlqawmsycsiebmsafttheqaresﬁnt fneyention, dlbé mdicataatcellofant he

h ||s. Suitabl i ncl ud t hout tat th
encodi ng. Ul eobF FIUEICHRER VBBl Fte1e S SRS Bone o et PRralE

After determ pJigcLinddiffeRGaR! 18 oﬂeyfan&;ﬂecﬂ;me &ﬁ’ls@ﬁﬁhﬂ'e@t@d it @eOf 5

differentiation, the entire indicator system (including the indicator
cells, the enepapemdomurmg arateedi dhesearedls par bealy enimehBMSE§ o, s renoved. The

cells to be | anted gre then co repar.ed f or transplantatlon
| f desired, tﬂg“}) aé}"leg’ g’?fﬁcﬁlg%’%%‘é’h? ﬁd@é%@g [’EE el with-ehaiteint ati on. In
the cell 'nd'eeﬁleﬁm%pé&ergeﬁé chiGrubt, 88 BMSCINERM dndthhat &8 eldtinfadRitetel | s can
10 be any cell type whi ch the enhancer el ement/reporter gene construct

is operabl® gmetttansgailid snithalst erenti ate. In one exarrpl e, BMSC cells
transfected with t orter, construc are ed hese cel ieéjlcagl be any
a €

e
ani mal BVSCs or, W cerratrve fyp PPEEIRLES despioed oY e eaceney
transfected W ifaRRRPAEH! using murine BMSCs derived from hCsx-lacZ transgenic mice.

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  PB-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
BMSC:s 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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el ement/reporter gene construct, or BMSCs from an enhancer el enent/reporter
15 gene transgenic ani mals. W denonstrate the principles described above,
of an encwpaulosised cell indicator system using nurine B¥eCsaudznicoed from
hCsx-lacZ transgenic mce. W have found that BMSCs which are not induced
to differentiate al ong.a _cardi onvogeni ¢ .td-n e in 11N at all
follow ng a sifailﬁag\’y@“g& Oflgfn gaa G Ef%saasrg dé@%‘g‘gg’ ?lfilg% réi\%?g(s@fﬁl gel}:soaf])r%r ast,
BMSCs cul t ur egladgislefét didut®arideanspRhti@ids. descri bed above, which induce
cardi onyogenic differentiation, produce a strongly positive signal (Figure
15). Accordi ngly, MumsnahesniachEUSCaea bpymensuiated axamy dumepede Hlagitaes f or

encapsul ation_as _a_sysiem t hat e u itan th {.on -of
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provi des sevepémpbeidaipt mgesn@meﬂ%ﬁlm%aiceﬂtainiﬁgemlarang:auas-erﬁmadascs@ssh ng cell
differentiation. Specifically, the capsules are easily recovered fromthe
cul ture nedi al lawar 30 Hie nylosi mesh, aypilaple, f(&tfwgmakfséryéuﬁ/ﬂ ilHippreferp- because

t he capsule c e . r t. . el
moni tori ng. caiBR oREToR AL B et BEbGHRT BVRLY cfdd MEURR, |
destroy an 3fceks, bkpgedy hidicleentiosl reagentsQised th the Pr@slasosiddseiassalye Qlsinged usi ng
tradi tional histological _techniques. This is particularly inportant when
usi ng BMSCs fthemeshasdsdgscribed hayoip zapsdescue pesi rmed gysolptigisent wher e

b l.e. i ffi 6 V.
avai 1 abl eFt orcopuiie 2t el b InGeRAR VSR S IRES S P8 it e

encapsul at ed itneaanyboupR0DEYlIsAhles Fre Bésitabl MO U pEEdridesomvaryjascr i bed
above. Useful capsules can be nmade, for exanple, 5 by enbedding the cells
in al gi nat e arrisaorftaadinprskilheowd geisammedhe eppiepriate coreepiatiamoin or 30 m

nyl on mesh, avagil abl f X I romMIIlipore Corp. (Bedford, MM,

whi ch is bot hmg’[ﬁdg’ﬁIcgnsalﬁlgﬁ%garp%g}é%bsgge%o culture nedia and gromh factors,
oxygen, and chem c@le sheci€ie Mdicdtsiestlls séd® drert@tleattgutidsmansaihg Usi ng

t he met hods descri bed herein, capsules are desirably forned in solutions 10
cont ai ni ntf atsyseasen Gipinventie predsnof be muprscellp efhaipdicator cells cadigever t he

giﬁ diOI i oﬁts l/:%@fer ge grlé)tlog]b%z of gllltlofo/gmus {osthg?lragqugn% irécqgilegt. Igcage%%l%?e as

BMSCs 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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person of ordinary skill could determ ne the appropriate concentration of

indicator cells in the capsule system The specific indicator cells used to
create thwoenosyssul at ed nonitoring 15 systemon this invecriusnzmesed not be
murine cells. The indicator cells can be either heterol ogous or autol ogous

R S e T L

reporter consghettCit an tiibastafirtidl eeduedop bEMlcvition ofas tastn@. advbes effe@wirol ogous
BMSCs are then encapsul ated, and used for nonitoring purposes.

20
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with a 30 cardiac disorder results in replacenent of |ost or
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that there |i® afewadaysc@ss e dd ffew wekksttd atontis. dDievibthbd tiat @an BE useglast one
adverse effect or s%nptom of the cardiac disorder. The cells can be
siBF e

adni ni st er ed toglelv elis pfythe amyentiprpoobtubiges is Grack i eraton af dhg ¢adlsjino

delivery of t V%SHC'F\ilatrgg%cgl%ﬂrﬁ%gfhlae%ﬁ?]tekﬁo@.%rso%nggf% a;fbjsgl%hc .gg.at | east

a portion of e cellTs remain via esir hat a east about

5% desi rabl y1@t, 1beqsKoabailt, ALO% Phyxisl. 3REI172D1Y33t1998asThabdldtcan BO% yet
nore desirably at |east about 30% still nore desirably at | east about
40% and hbst adresisierpd yn sphysielegicalboeamprtiyosartien sudr astieuficesed salingngi n

N SR N T
e.g., twenty-h@hin SdjEsE, about 10* —10° cells are introduced into the human, e.g., into the
myocardium.
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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to a few days, to as long as a few weeks to nonths. One nethod that can be
used to deliver the cells of the invention to a subject is direct

i nj ecti onwofo2toBasecel | s into the ventricul ar nyocardi um offCrhsoyutspect
(e.g., Soonpaa et al., Science 264:98- 101, 1994; Koh et al., Am J.

Physi ol . 33 HL727-Ri3 . 1980, dHiBnGEh be nEBRCPRnd SuBUIMalat PaSA,

physi ol ogically conp 'e"carrier, suc ered sali1ne Jﬁutron To

treat di sor dedigfeedndf@tiseHoz esarhyle] the ¢4 eanciet sugjpeidicddn & wolatioworin a  hunan
subj ect, about 104 -109 cells are introduced into the human, e.g., into the
nyocar di um T%Inh‘%ﬁé’@ﬁﬁll A SPPROFE@atr ey IeonéinasiRisHFls £ dalivesy devise cel I's of the

nvention. 20peaNahe RSERLSH iR SEkhIGLNARISEdDRLLRCbE hakes

i ntroduction y|n |on or Ion O S 1In

Such del i ver ymd.eMbEﬂSe defig b e 1huhﬂﬁ>n ref@aid. viatslat BRirgtascuticallyiangepedblerg cel | s
and fluids into the body of a_recipient subj e&, In a preferred
embodi ment , t $AsTie§I9Ed d&a@nts insHidel spling pguepus duffersalptionsesplxents end/ei,gh whi ch

the cell's of algﬁerglpr%gglfnrﬁea&e%sm éar}ﬂeﬁ%ﬁd'dnh&tg rg%ar%@sﬁ irPhedri?>

desired | ocati be desira mai ntarn each ¢ type in a

different set Th@iol@tﬁh&distprﬁhﬁib()sstéﬂ‘llea@d ifluidli Prcfarably, thedola)lodwstaftget he
injection. In such a case, a_ multi-barrel syringe with one, or three
needl es can bandes 8 qopditionp e maghfaciues &t geragoan QWBCT"Q@AgaIQ%Bhe 22A, and

22B). If i t h&ﬁ?antf {ug%/ {ﬁ’éﬁ% m&gro% n%,ﬁ%fﬂﬁ%%ﬁh a3 bF&@Ha ?41& ﬁjr%l fhir %ﬂ’ﬁ?' e that

endot hel i ors an musc rs be m xed

during the i ni®af] ﬁ)ﬂexamﬁlé MiRats 083&08u AT plhdl, lakesBic M ot eliheraztl.t he
invention can _be inserted into such a deIrvery device in different_ forns.
For exanpl e, Pelatiers efdhe HyepdonscandsRieprIpd by IXOrRAAHHE He cclyprdrieddbsd a

support matri Ke X‘i*ﬁ‘%ﬂ %Mc@ﬁg%dlgfa%}!@‘{alﬁe ggrlrfe Iralhge?ly hﬁ(? ‘as rg)cgﬁﬁfegr@tﬁ@' , the

sol ution includes arnaceu accepta e carrier uent 5 in

whi ch t he cel ingrdalﬁen&d’]e invention remain viable. Pharnaceutically acceptable
carriers and diluents include saline, aqueous bhuffer solutions, oIvents
and/ or  diSper si orSuppertanatrrees ingehiel thegehs ebiheiimyestion qanpe ineRrmoraisd ge| |

KoM 0 bR B B LAY AR BRI e o
storage and pm@sgiodeéts @gakftsiotthfnful to the recipient. 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 inthe 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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10 contam nating action of m croorgani sns such as bacteria and fungi
through the wuse of, for exanple, parabens, chlorobutanol, phenol, ascorbic
acid, or wbiomesssal . Solutions of the invention can be preparseziisy4
incorporating the cells as described herein in a pharmaceutically

acceptabl e carr.i er.op diluent an as required, .other .ingredients. 15
Support matr iafégﬁy i {misgwefthlg t@%%sgn%ef()ffpﬁgr Fﬁ%"gﬂ?ﬁl Sﬁa% gHHE°FAr por at ed or
enbedded i ncl dﬁﬁgerﬂﬁﬁ fHCREABN bEhe HaBsplBREPLANR - AP AR kit entabick TéIch degr ade
into products that are not harnful to the recipient. Natural and/or

synthetic biastigty édddiined anan pgens which resiltsphsemeyaldegh spquasiratésy) oNat ur al
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al gi nate beadjse.s{‘%ifﬁ)tnhogﬁlT %erh%dv 1&?%855&5&%%[@“&%% ?icgielis%gri“ﬂl(:olnﬁavel{hgi/n_eheti C

pol ynmers suchuBfecRol YA WiE bilEBe preBeiti tHe OB fcEh® ar@iifa ROH-YdrReibh&l acid.
These matrices provide support and protection for the cells in vivo. Prior

t o i ntroduct istate,isuch that thelyjase tnablhe prelifesate anelinit eroptirfaraeffestdrnhi bi t

i mrunol ogi cal. rejection. For example, to inhibit rejection.of. tr | ant ed
cells 29 andPEIESHr & e PRSP B ORuRRlednt B R mhiERE o
reci pi ent, theumetitiednal aldanhiBUend ARG DR ndiGlatioe o flrhRagié Dol (e.g.,

i mmunogeni ¢ antigens on the surface of the cells prior to introduction

i nto the subjtbgmocytes)s Aspusiperodd agienteior pep Wrivhibgingnbed! peHilyds @iPePERt | gens
on the cells can be perforned alone or in. . i nat . wi t.h adm ni stering
Lo the oot ectbietEaBarnRE iR R Bler s AR P et Mib fARE b oc
Al ternativel Yimpifd Rhétia) Qbréfeir@CinBindtlppiessivé angns andleshoeial A soarp  be
acconpl i shed by adm nistering to the subject an agent that inhibits T cell
-25 WO 02/ 08388uurpeTprusseldregsthanesn b uspd intludee fangspepte, FKS0handBSence of

prior alterat) of an i ogeni,c . antigen an.th urface.of fthe

transpl ant ed éclglai3 'S.En AB° %{Bng!ﬂl@"%ﬁgtthq W%rf(ggpplre%sé‘fel &%& fx@rlﬁ{n;/s??rse& defined as
an agent Whi clynfidetbh SvithMt 1@EDNR oth&- tBerap&RGUSSHT A ddiidnD thergiRsticuct i on of
T cells within a subject or inhibits T cell functions within the 5 subject.

T cel | s nidy sagehts thas cpp bs edminisicredandudy denoidsie-gargduqosoricausts spehat i onal
state, such that .they are.unable to proliferate or elicit or perform
o fectorfuriEiisee 1 BESRRING B Bhtod) el bire BiPay” Mrhe
agent that infeRist(8.gI azathioprine and cyclosphosphamide). In another embodiment, an

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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cell activity may also inhibit the activity or maturation of immture T
cells (e.g., thynocytes). A preferred agent for use in inhibiting T cell
activity wo 0a/08m64 pi ent 10 subject is an i Mmunosuppr essi vecdrusy2/itsad
inhibits or interferes with normal imune function. A preferred
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conpet ent andagpsdyeed to adopGFathe desiNobekt debhia 386, WAl | ikely aid in the
i ntegration ofkeleti eutclears pl anMe@P cel | GOide%flme gt %Sq'mceﬁéﬁ‘w‘é& 6% Phe desired

cel I's incor ptat mHy&id UFng in ﬁ‘l’ﬁgﬂk T8N SEAANE S8 useful for
the detecy “céj:“ct el er '5%55' on,Jet%n T s io PEhee of a cel |
| i neage are % l;é}cf in Tab eet(j;mte g@us 55 % 335 4 PCT/ US02/ 11694
Table 1 Cell ype Mar ker Ref er ence asc ar snooth nuscle Bves Reese et

al ., Dev. Bi ofachxdha Bgegomg refggnces ishereby icarnorated bxrefeenpe.Ti e- 2 Schnur ch
and Ri sau, Devel opnent 119:957-968, 1993. von W/l Il ebrand Coffin et al.

Dev Biol. 148:51-62, 1991.

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 pM
L-ascorbic acid-2-PO,, 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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Epi cardi al cell Flk-1 Shalaby et al., Nature 376:62-66, 1995. |CAM 2
Tevosian et al., Cell 101:729-39, 2000. 10 Adi pocyte PPAR-g2 Zhu et al.,
PNAS 92: A9D12/08864 1995. Osteocl ast TRAP Reddy, J. Bone WCmarso2/Res4

10: 601- 606, 1995. Osteobl ast Osteocal cin Kesterson, Ml Endocrinol.
7:462-467, 19 yage, CD1 .1 b ienni.s. et al. .. Blaod .85:.319:.329,
1905 . Neur orcfiSydonery PUTORLTRe Pebued i Migfteg Mo chpfPregdpyiod of
11:1991- 1996, the®@&t. 15 Neuron Neurofilanent Leconte et al., J Ml Neurosci
5:273-295, 1994. Astrocyte GFAP Nolte et al., dia. 33:72-86, 2001.

Skel etal nuscl e c@3MS(AsDy vl fgHavingrtrasplantatiosyias gesesEgdygagt-gprtenngo .

Smoot h nuscl e_.cell  SVHC Zi.l ber t al. 1 9 X - 575, 1998.
Pancreati c prvelgﬁarhszgfr?c’%c(e;ﬁﬁﬂlgglx-r %%%]%Cr%s ﬁ% e’e%h%é%r% 0@%{%8%%,?8@%'@3? efrg

20: 7583- 7590, ob38ARd in 2R Rodardiahi 15 da3s ettt risphaldtvasaugeitimongteral ., JBC,
269: 3641- 3654, 1993. Hepatocyte a-fetoprotei n Ghebranious, Dev 42:1-6,

1995. Each of vigbidity of thg BMGCs Eigwisrfoe Speafipalye e PAdabqled steadely Wees er ence.
Exanpl e 7: Canine nodel. of .myocar dial i tion. l\%Cﬁ_ hi ch were
directed towa&c?e{av ccar |l%ééegr%‘ir;9cls oggllg? P%Aerglé]%{ ?gonr{té\al?{nfgg\,@'v\e %SIWEanspl ant ed
into infarct eghrdiothydypeanst @l thé irfaideed rEfionsl 0didhoeRddvaild ofiMF@0ct i on was
created by permanent occlusion of the left coronary artery. The infarction
was al | oned tresiivesardigmypeytentFigua ). Fuethen thenkorger iggiopef Phggatarcted

mar ow 30 GestBbF TR PEd PRt RIC R e\ MR b Rl B E D) o

a repare
reci pi ent doggpecidie thakbONGIC APOFigdresT-o)eBbgetidr] tesd da demahitaie thaf t er the
nyocardi al infarction had been confirmed using echocardiogram iliac bone

was punct ur ediransphssd BVS Cshwhish haye begn ®adiionsd frovirrmascondiredodhel v ni xed

with heparin, . frozen and. transported in dry. i t b LSssue | e
facility, V\/ne(}egC’?ﬁeey%gwgdsﬁas}lﬁ%\\?veo%lsﬁg%p? age\/\%l&o g"[% hggtdhyg%a&gthu?rb%ngeg( p Eelvévgs hed
once W th reguhikerd¥aMctarfitic Bf airg@ficidiffereh@ion. cul ture fl asks contai ni ng
culture nmedium (10% fetal bovine serum 100 M L-ascorbic acid-2-PX, 5-15
ng/ M LIFS5 and 20 nM dexanet hasone). At the tine of harvest, BMSCs were

| abel ed with Dil . on' B ket s{(the survival and
progr essi on oF ce o oW g L e s prantattot——rhe | abel ed

The canine myocardial infarction model described in Example 7 was used

p=Q)

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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40 BMSCs were then cultured in the presence of 100ng/m bFGF for 4-7 days.
-27 WD 02/083864 PCT/ US02/ 11694 Cells (1.5-250 mllion) were harvested and
i nj ect ed Wotoo/o83ses i nfarcted region of the heart. BMSC sur¢imaesb2/iwbd owi ng
transpl antati on was assessed by post-nortem visualization of Dl

f1 uor escence. plage o H5 hElR GI 4PPIM HEnGRlokcdRTABeIPRRERMGE ahd Lhe
nyocar di um 157 days after transplantati omn, ’suggesting lFong-term viability
of the BMBCs hdrvepted: @ifarctpfsiveiecatatyd by hedt ddrbndralastesdbsidan. CHlel teeaver e

observed within regions of the myocardi um contai ni ng M- Z&SDOSi tive
car di omyocyt eBMXeF Weretthen inggeiadopiathe dxfarstion wfacs followss. JBYBIG GPONR0 20-

positive cardjo t.esn(Fi e ur 0 r i of the
infarcted 10 g’rgeag)&csa(?pl _zio elé%r fr }g%glsﬁv\?}equ e_g%hglglﬂ%sgnq rP%{P?%ngg express the
cardi ac nuscl gryo&d@iint 1@{@51@6 wWigCughg 8 50 mhigkyliesr Harflilton 59gRERIth at hese
data denonstrate that transplanted BMSCs, which have been conditioned in

vitro accor di mgtching 286 oy 286G Hasaiionpedidel sSDugng thesergeny theswupowas keiitnt o t he

host mnyocardi um and expr ess rkers chara bAStiC ar gdi ac

i T eront: at e cobop i Rl et anURaRr a7 G R P Aesl R e rur i ze
The cani ne nygsfolliedant RéPiratib® WasBeted@SE 4 BRsd RespxatP(set volums 206ed  for
in vivo assessnent, by echocardi ogram (ECG, of the restorative effects of

BVSC t r anspl amicioliters, 1 EQ@@snweier Partyoindaysfisr transplanggipnsthedefascted arep  BVSC

20 transplantation.(Fi.qurgs 19, 17 1 respectivel and .compared to
pre- inpl L@t afvfl%ﬁnaé%g%’i ﬁ"eé)é%ﬁ’?n%%?frgﬁgabceiérﬁ N lah ﬁargfm%%oecy?en\(l%@cl ‘area
became nore AyQBErO&H maHe BhitiRe MRHEINRGEIABMBER wake inld 6@ Hvithinthe Thus,
the ECG results confirmthe histol ogical findings of anple 7 and

denonstrat e t maring myiespidéad tinfatcon Fufthert Dihpbgledicellsuiresgnbth tBBRBO®CRdiMt s in a
partial restorati.on of .25 cardiac tissue follow ipfarction, le 9:
Mur i ne nodel 8’?6}1.ﬂ?ﬁ%/)eéicrg?ﬂ)lhgFo%leﬁfcgPrcatcf%lﬁﬁcl'ﬂlgcqr‘gl%qyto 8 s‘yﬁﬁ%ﬁaﬁ ?’ g‘ﬂé}%‘ E:é(?rquﬁant ed
BVMBCs was al sg@ainihpest thBatgidn UrbWsttiatiGAL! batRsdrawHiudlei,ianf@ldHghea fiveeel
system In order to prevent inmunorejection, _ .

15 that are characteristic of cardiac muscle (Figure 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). As a

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
t he -28 \WR00R/088%8864 PCT/ US02/ 11694 presence of 100 ng/ npcrR@E82/Mi w04 4- 7
days, then fluorescently |abeled with Dil and harvested. Infarctions were

created by le Q ery i.ng. t.r.eat r hen
injected int o&{}ﬁga{rrﬁ)& g{%%f%%ﬁgrtggq’géuﬁﬁ%%@ %&g?§?€%%gﬁmf gr 00,000 in
10 pl PBS or NB®S\caesei. Ug/04:8058-8063)a9am). eroseptal LV 5 nmyocardiumin an

oblique way, using a 50 mcroliter Hamlton syringe with a matching 29G or
30G Ham | ton needle. During the surgery, the nouse was kept on a custom

ggﬁfrgfﬁtesd Peda MBI ' Mifhdts ot indudlik I8nf HESEHREEmE VIRGNAE Hhoth (set

vol ume 2005 ninekéeleipregé&itokd@lgn n rate). Thirty-six days after
transplantation, the infarcted area 10 was anal yzed for the presence of

Di | -1 abel ed cel | s Ehgenezste pompd vpslayisaigoth myscle peogspiberrcetls, iFelated stehni ne

nodel , | abel ed Cs.,wered rporated. within [ n Q j

o ar ot Fur CIRUe (og RS FhAS CORRR Beiintdd ¥l PORE (AL AT ARPEGk T ¢ oo
nor phol ogi es by Ak fsitd feroll oF AL TS RY Festifi®t allemeleBibl. N48:805303] N
staining of this region shows striations, corkscrew nuclei, and el ongated
fibers 15 t ha2004)e Asheqomzersionsndicatof incthe gelhndienser syste, gignecelld) i nsi de of
the infarct. W also bserved Di | -pasitive cells adjacent . to t i nfracted
area of tHe AP BRA R DRTRAR UKL it BremRyBeeResabf Rald et

M- 20, and cagdil aded. IHIOODOG 156011 hoglyy st ai ni ng dermpnstrated that the
Dil-labeled cells (transplanted BVMSCs) were |ocated conpletely within the
cardiac nyofibrils (Figures 11, 12, and 14). 20 Transpl anted BVMSCs were

al so incor poratt!ed ﬁ n!t Ee nei ghbori ng regions of the myocardium (Figure
13). Thus, t : ssjtirml ated BMSCs fully integrated into both
the normal and Inf@m%s%a@iaﬁsimﬁppatt@ﬁ%y@i@uﬁ@n@@ﬂ?éd nuBd spedifitffoanké ating into
cardi onyocytes; a process begun prior to transplantation, during the in

vitro stihul abdrein. in@Gpesataddiyerefiencitas hioeksh aridividdalpubdicatiamerqatang t o becone

endot hel i al gprp%%gt?cl)l{ ev[erecs%leéi%cally 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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To generate prined endothelial progenitor cells, isolated stemcells (e.qg.,
human BMSCs) are prinmed using VEG (10ng/m), bFG- (ing/m), and 1G-1 30
(2ng/ M) Woro2msyses i od of 4-7 days (Shi et al., Blood 92: 3¢2T3602/116988) . As
a conversion indicator in the cell indicator system stemcells containing
a Tie -29 WD 02/083864 PCT/ US02/ 1169tlaen£\ancer operably linked to a
reporter gene can be used (Schl aeger et -, Proc. Natl. Acad. Sci. USA
94: 3058- 3063, 1997). Exanple 11: Methods of inducing stemcells to becone
vascul ar smooth 5 nuscle progenitor cells To generate prined vascul ar
snoot h nuscl e pr oheAimethod &ripsodycing ealle dosstransplagtatios inte mgyocardidtdissBVECs)
can be prinmed.using PDGE (1-1Q,ng/m) and TG--(3 (1-10 ng-m) for a period
of 4-7 days {’H‘F?E‘ﬂ’l‘alecf’“}h(”.sfngghe%SP?' Biol . 141:805-814, 2000). As a
conversi og i ndi cat o(a)i NrbVidinzeddneimat SRkem &S tiRMhatd feAKEeh! s 10 cont ai ni ng
a Bves enhancer operably linked to a reporter gene can be used (Reese et
al, Dev. Biol. 209:159-imynortdgey, Ot her Enbodi ments All publications and
patent applications,gited i.n thi.s specification,ar 15 herej p_i ncorporated
by reference as if Q%chcu?% i F%‘l‘};‘ﬂ"“gﬁrb iogva%l&lg(r%eg?u%%recﬂ?&%g%o f‘{cati on were
speci fically and indiviiddadd said sullis¢atiFtbrémiabeintdedpatigedickylls, r ef er ence.

Al t hough the foregoing invention has been described in sone detail by way

of illustration and(®xanphiboring thp diffeseniiption stafeef thy cells efriten @).aa9di ng, it

will be .readily apparent, to thase,of-ordinary skill. in rt _Ln light of
t he teacm ngs of thf@ ﬁﬁlieﬁ%@f%ﬁui‘ﬁ%ﬁ(gepc@mwa}ﬁ\éﬂ algkgls'\tgaé’guéﬂg%%ggﬁi cations
nmay be made thereto w thigwf as HRNELE i@ céllsaire tadiciyddehicellscope of the
appended clains. W claim -30 WO 02/083864 PCT/US02/ 11694 Cainms 1. A

met hod for producing cells for transplantation into nyocardial tissue of a
rammal - conpri si ngZ.t lfﬁe ﬁ}eﬁ%ﬁzof 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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5 (a) providing bone marrow stemcells that have not been imortalized,
(b) culturing said bone marrow stemcells under conditions that induce
sai d cel | woto/osishd erentiate into cardi onyogenic cells, (®@®cTmso2amodng the
differentiation state of the cells of step (b), and 10 (d) collecting the
cells of step (b) at .l east . about .10% and as .. nmany, as 100% of said

col |5 are cards onybobhs Betigfitd iRt RO niito R MR teF i Bes

conpri si ng t hgetsi@Ring(18¢ diffrBphidn iabdoSaitelo gaisHoneeatsw stefeddlls thdtt o sai d
manmal . 15 3. The method of claim2, wherein said bone marrow stemcells

are derived fresoradiuteduitirasid bane Magrowestens ¢ebs olstep th)awheusixthen sai d
mammal is a h n...205 T thod of .claim1 ereln said. col.l.ecting
step (d) is pgi}f‘:’&w on\ﬁﬁ%en&eaf‘ta{aeae%@f’g%%ob@ CEHYEAh eglscerl’rlﬁﬁ?rrglgte%%%hot%sai d
cell's of s§epdiffeterifafion SRALH fAAUOERRIGart bem Sdils @ stEpgbyret hod of claim 1,
wherein said culturing step (b) conprises culture conditions where the

culture nmedium contains at |east one of BMP-2 and bFG- in a quantity
sufficient to indugersaid,cell.s,to differentihate.into  cardio ni c
ol 1 5. 50 - 31 wo a5 BiaBEIORer P Yrssit bt Mo ibe s AL ©
wherein said aRBisiY dif@rehtiafod 60 hsifdTBEbBaS hetkEloFbWN Bighetrh@ el bfef @i at i on

state of autol ogous bone marrow stemcells that are co-cultured with said
bone narrow sthehniseorailtvfedsyish s3ig ponevmarrewrstem eelleof tep €t wherewrthet at e of

a1 1 or ont 1001 Rreerdeuoh peB - EE o B TP Bl S De il s o e
gﬁg Pg?eﬁI c It ?gér?%?temlqg@dﬁ’f&&tﬁﬁﬂil Et@fe{ d‘f@aﬁitlﬁigle(rﬁérr&@ BTehd @e?ls of@féF ?B)Si ng
gous or heterol ogous bone marrow stemcells
9. A method for producing cells for transplantation into a 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 B-cells, or
hepatocytes,
(¢) 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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that are co-cultured wth said bone marrow stemcells of step (b), wherein
the 10 differentiation state of said honol ogous or heterol ogous bone marrow
stem cel IwO0co838ed ates with the differentiation state of ®ardSopnsosarrow
stemcells of step (b). 9. A nethod for producing cells for

transplantation into ma o} I 8] t he steps: 15 (a) providing bone
marrow stem cel | srﬁttohaﬁjeﬁgé}gg%g&ﬂg}é%’ ﬁ]irtﬁg{)?(f%ﬁ)ﬁlsiré%ale( e5p'cul turing said bone
marrow stemcell s un(y?r t@gg@hﬁﬂl id bélls frdr diep €d piatddsai@hlaparhal. di fferentiate
into vascular snmooth nuscle cells, endothelial cells, epicardial cells,

adi pocytes, osteoclasts, 20 osteobl asts, cardiac fibroblasts, macrophages,

neur onal  Progent L1 or /1SHL8AS ATk BOFKLER sk BUR Al DY ARG BRI 8. SOt

nmuscl e cells, pancreatic precursor ce pancreatic

hepat ocyt es, {dtivedTFnh e4itl Agantkagl. di fferenti ati on state of cells of step (b),
and 25 (d) collecting the cells of step (b) when at | east about 10% and as
many as 100% of said cells express detectable anmounts of a protein

specific for said celd, t - 32 \WWO,02 864 / 10. The
met hod of claim 9,&1’ ut}}ehlégﬁg% §(r:1|m5n|1 rglgwii%g%ssgé%gg%@ﬁ? %%ﬁé%?lg'nti ng said
cells fromstep (d) into said manmal . 11. The nmethod of claim9, wherein

said bone narrow stemcells are 5 derived fromsaid manmal. 12. The net hod

of claim9, whereild. SHiegnethadaf claim 8, whergin saidgcollgtingstendd) isPedPansd o,

wherein sajd collectin t S : about 50%
and as rra?ldy a"svggtb%clg?ﬁgg?ué%@% glqsd %Sfmg e%’oédg?gg?ég c§@§€%§éon{b§§fe;d into said
cell type. 1l4diffthatiaridiad safd ¢dliaype.9, wherein said nonitoring step (c)

conprises assessing differentiation of autol ogous bone nmarrow stemcells

that are co 15 cultured with said bone marrow stemcells of step (b),

wherein the diff T & 1A hHod of claim 9, wherein said monitoring step (c) comprises

assessing 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 cells

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

25
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state of said autol ogous bone marrow stemcells correlates with the
differentiation state of said bone marrow stemcells of step (b). 15. The
nmet hod ofwolios3se4 wherein said nonitoring step (c) conpriPeFaSO2Peassessi ng
differentiation of honol ogous or heterol ogous bone marrow stemcells that

are co-cultured w { e&%%l&h&? fcq?? tl%%{iﬁqu\ld§s%gd%1r gﬁgerlflételq%e c}ﬁ %S\%@cien\f\'ggrh%icn the

differentiation star sal d honologous or eroflog one nmarrow stem

celI's correl aiR§oNir A nldhenall §di¢ hddaiongrisaigahe skps:sai d bone marrow stem
cells of step (b). 25 -33 WO 02/083864 PCT/ US02/ 11694 16. A method for

treating a disorder Harigeleéng bene mgrewsiamt pellsdremsaidanaemat,unction in a
mammal , said met hogﬁgtﬁ”p{l%s'iﬂgls%iﬂenoﬁé %Pa?ﬁoaxﬁﬁ?:m'c%ﬂg %ﬁ&e@%o?&’i%n Lf oW stem

cells fromsaid na C uring sai one nmarrow stem celTs under

conditionssthat 5 i nduciadsd @icelllsso Hiffelédifaes @S catidnydgenicaelk,onyogeni ¢
cells, (c) nonitoring the state of differentiation of cells of step (b),

(d) collecting the cé)l smenitasingyhe ptptaplchiffaentiation ofasdarf sopdind as  many
as 100% of said cell ?(Ii)arceon%gtrh?# QY. ﬂﬁe&&ilﬁﬁﬁ%e?%gﬁeagf%gh{ g(?%%hgiragl ng said

cardi onyogeni ¢ cel | s*1“nt 0 sai ¢ manma e m 16,

wherein said mammal is amhwEn1 0098 of Jdié céld die dardiorhy aleficldells,wndr ei n sai d
collecting step (d) is perforned when at |east about 50% and as many as

80% of said cells of (s} efpansplantingsaig cerdfanayassnicaeds intaseidgmmmakl | ¢ ype.
19. The hod of claim 16, wherein said nonitoring step (c) conprises
assessing differentiati on of autol ogous bone marrow stemcells. 20 20. The

net hod of clai m 1617, whies fiethod@if ¢lairNict Ahefeh Shi®hahthald®ABUIGARS assessing
differentiation of honol ogous or heterol ogous bone marrow stemcells. 21.

A nmethod for producing cells prined to differentiate as endothelial cells
upon transpl antati it l a| LS) of :
25 (a) providing aP%oJIp;}ﬁ? %&eﬁ‘é’ﬁﬁgm‘ élpel% {(’:VgFI{%} {]dn%aif &T(ﬁéglégr%]{gg Qgggﬁ)e%ﬁﬂéd

i nortal i zed; 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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(b) culturing said cells of step (a) under conditions that induce said
cells to differentiate as endothelial progenitor cells; and (c) collecting
t he cel | swofozesmps (b) when at | east about 10% and as many pag/USaDOof t he
cells are endothelial progenitor cells, wherein said cells are prinmed to

30 differentiate endot hel i.al 2| | i Lt | .
-34 WD 02/ 083864 /%&Fﬁ‘f@g’zf Cﬁ’%‘.%E@%%ﬁ%ﬁﬁ%gﬁeﬁﬁ%ﬁt?&f@? ™
conpri sing, beiemgnosiepifor(y) thasetd ediffeRatistic@Pofdellosep(b)lg t he state of
differentiation of cells of step (b). 23. A nmethod for producing cells
primed to differentiate as vascular 5 smooth nuscle cells upon
transplantation in b d. ‘ I &l : of : (a)
provi ding a popul a??’o% %&@?ﬁ]@@‘%&?ﬁ%@%@%@wﬁgllﬁ%ggtﬁ&t?ﬁ%’r?)%s? g I zed; (b)
cul turing sai émesihl raustfe &dlRRpoa ratsiettaticiniitd 4 afasrhdlpsaid Adtleodl sai d cells to
differentiate as vascul ar snmoboth nuscle progenitor cells; and 10 (c)

col | ecting théo@érlﬁ@géhefé?léﬁ)f( b) when at | east about 10% and as nany as
100% of the cells CUl C [ 1Qr : herein said
cells are prined GQ%Hﬁﬁiggg Ppggg8%§f§§§é% 5@£§%§§%%&§ﬁ§§kg§?g%h§£%pon
transplantation i()@uBuriigd¥md celkof2dep (pendee cbaditions tlhaindudssaid cellsher
conprising, between steps (b) and (c), the step of nonitoring the state of
di fferentiati §HI@entiase pssvaseular gpogthynuspls progepiioneellss 8rdt r eati ng a manmal

it ron: 02 O s AR ol ORiG il it Ul hoh Bl i 2

roduci ng ocar tissue of
sai d mammal :  (ed%cETthé esnseey tasull sihiasdi miRehcyogeritod gens, witereig khid cell§ b)
endot helial cells or endothelial cell progenitors; and (c) vascul ar snooth
nuscl e cel | s @¥e rrimedifoxtifferantials amyasquiar sejopth mugde aellsoien tigmeplantatiani d
cells are intéﬁgggg i pjamounts sufficient to inprove 25 cardiac function.
of 'c

26. The net ho aim25, wherein at |east one mllion cardionyocyte
progenitor cells are injected into said nyocardiumw th the other two cell
types in

yP 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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a ratio of about 10:1:1 cardi onyocyte progenitors:endothelial cell 30
progenitors: vascular snmooth nuscle cell progenitors. -35 WO 02/083864
PCT/ USO2/WwD6RAs388¥. The met hod of claim 25, further conpripgingo2/mtewoduci ng
to said nyocardiuma caspase inhibitor. 28. The nmethod of claim 25,

wherein said ma i.s a h n S : har maceuti cal, conposi.tion

conpri si ng: (a;m?:;rd W8tg’§n?8£ Clﬂmégrﬁ’@‘ CERS e B’E‘é’ﬁ‘f‘%gg? Saigh)

endot hel i al cglybsar@funeAedpased indlbiee! | progenitors; and (c) vascul ar snooth
nmuscl e cells of vascul ar snooth nmuscle cell 10 progenitors, wherein said

cells are in anmpunts sufficient to inprove cardiac function upon
Introduction to a iy".mPhné mét%gd of claim 25, wherein said mammal is a human.

5
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.
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