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COVPOSI TI ONS AND METHODS FOR USI NG CELLS TO TREAT
HEART Tl SSUE CROSS- REFERENCE TO RELATED APPLI CATI ONS

WO O®91319Thi s application clains benefit of priBPCT/U§2009/044714

fromInternational Application No. PCT/US2008/ 064895,
filed on May 27, 2008. TECHNI CAL FI ELD [0002] This
docunent relates to nmethods and materials involved in
obtai ning and using cardiac cells. For exanple, this
docunment r@OMROSITIONS ANDB METHODS: FOR USING

provi ding manmal i an heart tissue with cells (e.qg.,

di fferenti at edcENLS 7o PREAT  HEART TBEBSWEcCar di opoi etic
cells) that incorporate into the heart tissue as
functional cardi onyocyt es. BACKGROUND | NFORNMATI ON

[ 0003] Cardiovascul ar disease is_a | eadi ng cause of

nor bi di GRQ/S-REFERENGE I} RELATEED ARBHIEA TN ces i n

pati ent managenent. In contrast to tissues with high

[0001] e@ﬁlrsa'éb%@aﬁ@p%ntr% b |'Etoft 'pﬁéﬁ’t? frSmY WBeLAML Afblication No.

irreparabl e damage. Cell-based regenerative
caP@T&!ﬁé@@l&lO@ﬁS%dlie@meMB}s?? t308B8ef ore, bei ng pursued
in the clinical setting. [0004] The recent advent of

stem cel |l biol ogy ex pe of current nodels
of practice fromt raﬁﬁ%mfﬁﬁ‘r@u on towards

curative repair. Typically, clinical experience has

[ooozpe¢ﬂ.shﬁ>%aﬁ1eﬁnremgé tio PARRBAREANS oG heslved Wbbtammg and using

aut ol ogous sources and delivered in an unaltered

st 621diaCriglist Fele A¥GRRIPONIDIdBFHEFYSCRES Ialietindsednds mafgrials for

Ceb}oﬁndldgdﬁﬁwnﬁélﬁﬂ resart 82l withesRs & &! @lﬂ‘él/érfﬁbhéﬂe@ardlbbrogemtor
has been shown that particul ar i ndi vidual s i Jrove

deP‘?'{ﬁeP'_'y C@W'Wcmﬁﬂﬁh”ﬁtéﬁ%@w&e inteh ey ee syeo%]functlonal
W thdmntyaeytbsame of the present document, and unless
indicated to the contrary, the terns deS| ghat ed bel ow

bet ween quotes have the follow ng definitions. [0006]

The term' hI\/SCs'BA@Kﬁd?@Uhﬁthié@%NM«'l]m stem

cells. [0007] The 'cardi o-generative potential' of a

th bili f thi I
10003 ¢ e RSBl Redesels & TG FeySintam R TGO Bl rpvordwice.

I nneqiutedadwam@sam paﬂm‘rit atcihageheatt In. cc{n&@@t&b tissues with high reparative

] | in t .
oot P Ba0S I Ve o 8 ierBrand pERaRd atibsed fpgenerative
A c@tﬂrcﬁaﬂmﬂnrerﬁe(ﬁclmisl fheE@{dﬂ'ebb&ng aumaécdinafl‘e cllntlcal settlng
r tr.ansl ocation of

b
r0o0af'} ThE IFRe Bah it G S Ceu Bioltes Sfngb U Nedss lo" SirStpodets of

| apeactice from traditional palliation towards curative repair. Typically, clinical
experience has been based on adult stem cells recruited from autologous sources
and delivered in an unaltered state. First generation biologics are naive human
stem cells, identified as readily accessible cytotypes. It has been shown that

particular individuals improve on delivery of naive human stem cells.

DEFINITIONS

[0005] Within the frame of the present document, and unless indicated to the contrary, the

terms designated below between quotes have the following definitions.

[0006] The term ‘hMSCs’ means human mesenchymal stem cells.
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cardi ac transcription factor MEF2C (Behfar et al.
Derivation of a cardi opoietic population from human
wore@enstyymal stemyiel ds progeny, Nature C i niP@l/US2009/044714
Practice, Cardi ovascul ar Medi ci ne, March 2006 vol. 3
[0007]3UFI7FN; eH@rBFo deneRAGE Sporditiat 5782) cell Ny Rttest fRNabIGAbI s cell to
cardiac transcription factor GATA4 can be observed
Caﬁm%sélt%tgpeer@tﬁ ¢aydiag eeflnfar iRstancsryecardipg. WARN injegted into an
expﬁ@gt@d%aﬁf sarconeric proteins. A cardiopoietic
keeps the capacity to divide jtself.
[0008barQﬁr6'BB‘i>'§fﬂq ‘ée”ée(lq%s) e 69'§I af\9aged indhe ‘A@é(r(lﬂldm‘?f'@ from a non-

Pr affdFeh@ARd c@ll. Ae@re#bgwm,cyélrsei@ﬁ.@.@seaIctaﬂfaoc@ikrér%nnanon defined by
because they may differentiate into cardionyo

t hBUReRt 3t t'(?rh@f Bree@@hyt cardiaa anpcrintian d@@ﬁ'o[“é@ 2 a”d lthe late

Cehé@lﬁaﬂarﬁ%ngﬁﬁd Yeﬁ:‘f’orf MEF‘ZBU(E%F]fa?dé'tl bl BSRAGEY 9l a ShRIBpoietic
cells (hMBCs). ' CP-hMSCs' designates su

ch
caPeR\$@aNtane hgpp @egepshye! ﬁﬁeﬁ}ﬂ'ﬂﬁﬁﬁﬁ’gﬁﬂbl Nature Clinical Practice,

MeSARFEVLERkIas MRAIHR! INMarch BB081vof 3 GapkEREhL 10bages 578 — S82).
cardi ogeni c cocktail' designates a conpasi_tion

coMUSRAT Fgneipcalions ol o iacabanSHENT. faibs CATeds Ca digr gpserved.

A carfisidPdrNEdls SéRShak Garoohferds SHP ThANE&k \é’ﬁﬂ)r%E'slon of sarcomeric
i nproves the cardio- gener ative potential of a ce

[ ngpths A\ cargiqepistic cglmkg%qjs tbg|qapagjty toQiyige 5%@|H&frdl0p0letlc cells
t OWRY GfsoC BEIHJORAKEShPocyteS pRect@idrs Wi Cohriiamyb8e8 M¥denitor cells’

into contact with a cocktail and further enters into
di Peeausatthen msy. d'ff%@'f?]te i caiignyqciesi At thgrponfext phithe present

pr @Gﬁﬁﬁerﬁycdﬁﬂlbﬁtﬂetﬂ: éeﬂ§$na§&%cd@|vbé ‘ﬁ@rrﬂﬁ%arbm&émhymal stem
resec:lallze ej ection fraction

msﬁ?l@ NeGs)-aeP TWTS%? dSP'@%‘%E%‘s‘Eﬁ%‘GP"'@Kﬁ‘FQﬂ@ dgriyfeefFrqm human

beatult MesdiRuymal Asialdefid.er, the termejection fraction
refers specifically to that of the left ventricle

[0009} | Af gockki: ¢ri ‘carriguerdis seehiaih designatesom CoMPRSIGD) confairag pt least two
Th@ard@@@ﬁ,g%uggtaﬁ(te@ctl on fraction' means the difference
tween ejection fraction of the heart of an ani mal
[00101 réatcé'iﬂj'%ef‘ﬁ' %&SF%‘CPn]Seétsé‘@S‘iaH% whidh jregrayes B¢ rardiorgenerative
rreggt@hﬁeéj orblcen. a given tine and the ejection fraction
rior to injection.[0015] Unless otherw se
[0011hef\| ﬁ@‘éi‘ta' 9yideceplhiat afellagid |t‘§’Yﬂrfj$ iCerdiQRoiAs iy éed Ce” which has

heb@émmﬁﬁr"{t@ coRRcERIEa BBEKRINEhdAE rteQTERRIS Yt BiFBFeRtiNRSh. DY
ordinary skill in the art to which t

hi s
[00121 nJBﬁtq'f&ﬁe’ﬂf@F"P'&l'ﬁg‘e FZ(PW?@J@'H’VW%W ARES S&ﬁﬁ'ah@ldé%ei”é’l%omes a more

SI gbé(ﬁghzgd c8Aui val ent to those described herein can be

sed practice the invention, suitable nethods and
[0013}mtT B?|eé?°§'°arf“é‘06‘&6‘?qaﬁé&h%f§ﬁ‘awn oA|Dloog MRSk Qub fleiring a heart beat.

patahbutRR|uakfdr] MaSterR aj@liba fradtish P4EART sgeRffiBaIfN@EHat of the left
menti oned herein are |ncorporated by reference in

t h¥eriga (et yentricylar qiedion dactneniV&F) t he present
[0014F PERE fdraabé ONejebiisi #sttide Mehhinkl Bfsendld bétweBMEfeRtion friction of

the heart of an animal treated with cells injected into its infarcted heart, measured

after a given time and the ejection fraction measured prior to injection.
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addition, the materials, nethods, and exanples are
illustrative only and not intended to be Iimting.

wEMMARY0T 0016] The invention relates to conpoBRCT/USIVEI/044714

conprising TGFb-1, BMP4, a-thronmbin, a conpound

[0015§eUﬁFe%§d>tﬁér@T§etJ@ingcﬂ Oéﬂpte%ﬁrﬁlééIséridnﬁzl&ftlflé:f?érﬂisoweapﬁer@ln have the

L-6, and a conpound selected from the group
coﬁ@mgtmq?@mfawe@w&rﬂer@wgﬁ@yr% e areingryisill ip thezart to which
pr efieimvesticHrpedii H@nAIthduEﬁ RERBES bhb 9ﬁ§teﬁ$ls ts'fH?'!hIar or equivalent to
I nvention conprise TGF BMP4, a-thr
Cathpssdesgived herrin can 8¢ eg%tﬂ precticerfhe Hb(ﬁ’ﬁ*dﬁl tSP'Eﬂ#%e grethods and
t NehatdheRNbicOledtRled DRI, 30 AlblibARHE, ?aemcggmemS patents, and
sel ected fromthe group consisting
AcPihgr Fﬁfﬂenwant'qﬁeﬁh@re'mﬂe 'nwwaﬁdﬁyde@éwenatth%rr@“rety In

t hgagofhs cBhfﬁMt nfﬁé/ srbSeht Bt AR Feldind Gefiditiéd will control. In
Acti vi n- A @&;ef erred conpositions of

t he
|n96¢1{'q’rbnth@oﬁ1§|t€?r metheds.nand gx@mpies pre 6”USFr€iﬂel Ogfygand not
I efritdHed té6k Amitigcor ding to an al ternative enbodi ment,
the conpositions of the invention can |ack at |east
one conpound chosen in the up consisting of TNF-a,

FGF-4, LIF, and VEGF- A SUM&HRV\hen one of the
foll owi ng conpounds is present in a conposition of the

o1} PR Ryt o RSB b R 8 AR S,

of cempeuridVbdegted from tr@bmenc&s&tua@d)f&:anguotrf)pmaiamhd IL- 6 and a

Car di ot h

R BRE S o e, SEuP FEBsities &RGrTediolEaPugdfigic acid. n

Caedpregﬁml elfgo@l&iemglge1c<ﬁ11mbsﬁ@nﬁgofofhesmwdntl6@:e<ﬁﬂpﬁse TGFB-1,
n a n S

Do B R RormBad Madarodh GhasEatiogshorer The Cdmmariiops of the

1 &Néntﬁiﬁn mgy Obmsﬂsejatﬂbﬁsta)naefomﬁoun@eemetgﬂ fribn&’;lr@ Q}_Gumgon&stmg

t n 0 al
P LoBPEEZ 6 1, Befih: TREH FEg-d R OVE R Ao Bhmbfiafions thereor.
81 Ih@;egmiagsonchoﬁnﬂlsé@’GggZ dGFs’aanid WEGR-A. Qﬂferlfﬁi’eferb&} v&@Rpositions
. L. I of sai re

o 8 3¢ o Sorpies AGhTar TrER RE. | sty ok retinoic acid.

concpmrse%gegom:lémamte digbodiment ﬂleg(;dmd}édﬁtbns lBM:Ma ifneention can lack
ral otro n r dl. ggen

el b o (ORIt SR draus P tRE A7 ol 94, LIF, and

pr ¥E@F-&d conpositions of the invention conprises such
r| se a-thronbin

[0017‘&O unds %Bge'}%ﬁg\tlv{?@r-_co%%() Bd%ﬁ/%esenéﬁaa '&8@p§§i&on%)%e’invention

ngltﬁh:)y b[eq&é@nt(m Imerammftarfrm/ve@ﬂpomd BGQSOfoéald rresFB 1 per ml,
BENEGRD BT 0%, HE SR B Lo ohulebs®p el g of ol
I L Cardidtedphimg st i), between 0.5 and 5 unlts of said o-thrombin per ml, and
between 50 and 500 nM of said Cardiogenol C, between 1 and 10 ng of said FGF-2
per ml, between 10 and 100 ng of said IGF-1 per ml, between 1 and 50 ng of said
Activin-A per ml, between 1 and 50 ng of said TNF-a per ml, between 1 and 20 ng
of said FGF-4 per ml, between 10 and 100 ng of said IL-6 per ml, between 1 and 10
units of said LIF per ml, between 1 and 50 ng of said VEGF-A per ml, between 0.1

and 1.0 uM of said retinoic acid per ml.
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Factor-lla (ha-thronbin, 1 Um), 1G-1 (50 ng/n),
and retinoic acid ( 1 mM used in a conbinatori al

Wo a@hi1on07 [ 0020] Preferably, the conpositions BET/URE09/044714
invention are conprised in a nmedium selected fromthe

(00188 P’Pé?eﬁ&f‘%bﬁlbbﬂﬁbr%f amlﬁ? Q@ﬁltl@'IWeﬂﬂo@Eoﬁgﬁé@lre&%tﬁnant TGFB-
ser lég%)pg/urmn serum pl ate ysate, and mi xture

t hé¥ ModAMp4 T(ﬁé‘gl 'ﬂk)eﬁ?rdcb?ir%hgb (fneyral). e§afd<509¥nﬁb@ hdqo uM),

f oys@bihad EBrﬁ‘lSln&tbﬁ@féé’Hldd @lartR:@|a|rl§ pﬁjéfélfré‘d S&ﬁb(%itﬁﬂs‘%ﬁltﬂesmventlon
expressing an el evated | evel of | east one of

NREPEPEESe 8Y @ CPPBAYdseaRf 6&!1’&?‘%0‘?%?%&3%5 ”di’P”WEFz(é U/ml) FGF-2
TR ndRRGF- g Thma AEfRAA EHMINTRNA | Fl k-1

9 NA, and conblnatlons
[00191 h@r”&ﬁf pregqqggdo,comggg iofs PEdke 'BYRJ‘“BBI W’@a‘b’tsiedée‘?@mbé@f‘édTGFW
’gz‘f!(s: hb@rlngwm 650rtg$r*n tAé’:@nnOA (5\kg</%|)5 F@@Lyg@md/@lssw -6 (100 ng/ml),
pol ype
N Fagients Leehrasa. 4 ﬁawg%pﬂ RSP 1oPaP sk (1) used in
ang C@m@;ma{@;aq f28Riohher eof , wherein said at |east one
peptide is associ ated with the nuclei of said

[OOZOE, P f@f?ré‘ﬁb’r Hlee‘éP%‘é?SIt@”S\%Er}ee'lnﬁe'g@f‘cﬁr?répﬁ‘ﬁﬂs%i‘i‘pﬁ‘ megium selected

CUl‘rerthQQ;rd)L!’B toridistifglof $nddi EdIRaiRinG B MERalalfdserum, human serum,
n‘Eom tion according to the invention In such

Bor! lysetfe apd Midpestiheeeld cel s express preferably
[0021}in TRE W/i%hﬁ&n hiRY blafek tb@ﬁ%@t%@% étBtth@SfPorﬂ inTiE\Aells dlﬁerentlated

preferred enbodine of i nventi on,
[ nP?'ISaGr’Xpé%?SIr@ %%‘e\’@%r‘ﬁi’ﬁﬂ/%@t '%%rﬁ”@éﬁl"@e MENAS %‘% qt%d from the

Cagrd% d@ﬂ@.@t.ﬁg%fr MRE SRR MESM1GRRNA, TEEklsynRﬁn GATA4 mRNA ,
ress CD105, CD133 CD166, CD29 and

t h 'kcka%rQ’%w ARNAI S oot MENA @od C@@Pmat'@mwer%ﬂﬁoandfor have
CD4blegst ddedhlebtidalsdiaged frbRARs8kr d%%onﬁléﬁfféﬁmm 5 bdlfpeptides,

differentiated cells_are cardi opoietic cel 24]
AnMEFZC applKesrtiges.t nEbx- SV ARLPBRIISS. o FRs- i%oooq*mept'des GATA-4

debbNﬁédtlﬂGS ﬂMiﬁFﬁl‘l %Btybé\étﬁi@s cald SortinRioNB ARG of, WAEERI dlid at least

sal d nmet hod conpri ses: (a) det er mi ni ng that a sanpl e of
cePlg pPWBﬁPtéjep'érﬂﬂsa‘f'?‘Gﬁ vith Hier pusied iof |S§tde%fff%r@m'§ed Ce”s wherein

COBRHI $Bthol CtdnSprisBat cuRIME Friitiadcehs QN&h@%rb@éﬁ%b & aatomposition
| east one of the MRNA selected fromthe group

0 ASTUAING OO EVERSBIIGRRIA, SUORSPEHRNATE TS liatgda cells express
GAEMerHBMn eIﬂa@dﬂeV@RWE@é@ﬁﬁ?Nﬁ% MESEP-1 niFRM,  and

i nations thereof, and/or have at | east one
[Oozzbof'yﬁé’ﬁf?rcﬂ%d §@P@@'ﬂ‘@&f Pfrf@ﬁw”ﬁ‘f?@t'@ﬁ‘ dﬁ‘?) initizh spls ?rﬁd“%?re”‘:hyma' stem

Nkéé’lls5 soeh Mél%%dn%bod\ﬁ'ﬁg%\ﬂ@eﬁﬂﬁpétbﬂﬁéells T'm%yf’can express CD90,

ol tides, MESP-1 pol ypeptides,
PoCYHER: LHES:. Fote: GIOAY Jap i on MricalbbiaRaane o not express
th@meCDM@JrﬂIGowﬁtr@QieMgaﬁédede i s associated with
lei of said differentiated cells, and (b)

[0023]ad MoﬁF %rte@rr@tﬂ)g the Aiffgrenfiaipd §5'i|soer6<9ﬁ[ﬂ'%q'%'ﬁ clfs-
[0024fi hethentsscedr 8RRl hderit®nSaiadnBBEHES: delivering differentiated cells to a

mammal, wherein said method comprises:



Sai d popul ation of differentiated cells can be

obtained fromsaid original cells cultured in the
w@e@sase’ of any of said conpositions accordi nBCT/0S10e044714

invention. In a particular enbodi nent, said step (a)

MRy, CQITRImhifiRg URANE Sank Y &FF SRS RIS & b@éulé’trbnp@i YieredE8ted cells
chain reaction or using i nmunocytochem stry. Said

ad ﬁ?fﬁpgﬂt%rqeﬂ@tf@f gfpr@@'s{@ﬂ ﬁlgg@teﬁ@e[:@‘rﬁg jgagtone of the mRNA selected

adfbi the %Fddbgco‘hgisﬁ'ng?sﬂ MEFYE fFRNA, MIESPI1SHRRAI §Bx-5 mRNA, GATA4
sel ected fromthe gr _Flg%consn Sti ng of systenic,

i nERNVAE dfillsrd, MEBND A TAR MY 0@ ninRiNG: rand; engbinations thereof,
[ 0QRPbr AL bﬁéaﬁ&%%l@%pw@sélww#rbﬁmbsgr@uw@ém@kné QF Nkx2.5

providing heart tissue wth cardi yt es,

saPalvpRties MERRC Pelyparfifieni JPX gf‘,{/p@raldga. MERE { polypeptides,

ti &aIR-4 paiyFelidbs ar@oid sRpa&dd, %n@t:or‘ﬁblﬂbf%SQHér%bf‘%bﬁam said
by contact W th a conposition according to

i n(?@'MP‘PFB'He i§ etFpeiptadeyid) the ”6F'eb?fé36’rd'fifﬁfP'ét'aé%%'§n@?ﬂ s

of (5)%mumg@ﬂh? ‘é@llsa #r & Saild E)(%lﬂehloh rbftd%r&ﬁl‘émhi't@gald mammal.
draw ngs and descr.iption bel ow. her features,

obpaic QOD%H’”a%Qﬁf?%‘%teéfCQ”ﬁeCGI”nQ%rﬂqt%ﬁe%f'loF“ s@id original cells
appareed mﬂﬁ@@és@ﬁc@@ﬁé—‘rf | AishRboppdshibAhéddRdifd & tHE invention. In a
DETAI LED DESCRI PTI ON 027 Thi s docunent provi des

nePAdaYanREPRAIMS] 3ald BiEPae M RYoCUBRRCaESIE P| '§VErEe dranscription
di bbiomerdseanamh I‘éél':t‘f"ﬂn%’r’fLi&éﬂ%"'in‘irﬁun&:?iohﬁémlsﬁgrSﬁd%ﬂmlrﬁstermg step

thi s docunent provid s having the a to
i nEYPPGIcE DAY B PRERrAdMiNiSigiR £3idf @ﬁﬂ'ét\{'%r?é‘l adm'”'Strat'O” selected

cafginomhacydregp BhAIGRY f&r JRIdME SHESHEEE S and  intracoronary
conpositions for neking such cells, and methods for

dePEPMHITYEfigNSrhet her or not a popul ation of cells

[0025{ € ABlotheflidshedtent ittnd sl enBsrliiops A8&HAbA Obr Qﬁédl&h%%‘i‘tah%e with
cells having the ability to incorporate into heart

ti §§FG@”H/§CYt9?rd‘¥he(5ﬁ'ﬁIsa@ﬁ%ﬁheﬁf@@ﬂ@%‘? admppisteB ansAld heart tissue,

al §5ﬁdp6iﬁh‘iéﬁﬁ§teﬂeéé’|@d§f aMimgabstaingble ber comtaMi @itthda composition
heart tissue (e.g., human heart tissue) with

f uABYArdAG Lo t&‘ﬁﬂ'ﬁ{eﬁﬂ?/bcyt es.[0028] The differentiated

[0026F ADELMBT SIBAL L & et | SmBs@MeHRd oh AR |Hvé3rﬂ|6n bgref OMIGHY in the
species including, wthout limtatiaon,

Mo AREPPANYHEsEEWINgs Fd (D&t desCrpgias, b‘?J?Wnpér!?r fﬁ%tlures objects, and

exaintagedi &ff BeaRvdraibs duift dedh &g emirh Qhe GRSESHLIGAENIErOM the
manmal i an (e.g., human) differentiated

caP@F@brogenltor cell's. [0029] In sone cases,
di fferentiated cardi oprogenitor cells provided herein

have the ability tDETAREDDESCRIPTIONCCart tissue as
functional cardi onyocytes. [0030] Any appropriate

[0027freThisd doaumbet yseddéso mbthads dnd f eraéotalsatretited to cardiac cells
Cafeqb.?gi%g%%ﬂéttegrcar(?oprogenltor cells). For example, this document provides
cells having the ability to incorporate into heart tissue as functional cardiomyocytes,
methods for making such cells, compositions for making such cells, and methods

for determining whether or not a population of cells (e.g., differentiated
cardioprogenitor cells) contains cells having the ability to incorporate into heart

tissue as functional cardiomyocytes. This document also provides methods and
materials for providing heart tissue (e.g., human heart tissue) with functional

cardiomyocytes.
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For exanple, differentiated cardi oprogenitor cells can

be derived fromstemcells such as mammalian (e.qg.,
wheosanyiostem cel ls. [0031] In some cases, PCT/US2009/044714

di fferentiated cardi oprogenitor cells can be derived

[0028f r ‘?Fﬂa QivRIr RS éér@ﬁbr%@bhlﬁ)r cells PRIVRICEARSIN can be from any species
differentiated cardi oprogenitor cells can be derived

f r BYeudEige MERQWRIMIGtighn RENans, MAnkers HPRAS. §Pgm @éy |rats, or mice.

CapopP&PRIA d?ﬁ&eﬁﬁa@éﬁ é‘éﬁdlo‘é%%ﬁi?or def$ c%@@%eﬁ‘nmallan (e.g., human)
mesenchymal stem cells can be obtai ned from nanmal i an

( ediferen @l‘i?ﬁrﬁ’?mﬁqpﬁf%%'t%%%'sas bone marrow and

[0029] r BDEGHE eésé@oaﬁerM%G%BWrog%énﬁm &k | pPoViddll RGein have the ability
cultured in vitro. For exanple, nesenchymal stemcells

calf ipeoreQEimaidngat tissueas fungtional P@d'omé@éﬁ@ﬁy mal stem

[0030]3910\%?1 aﬁ%lpﬁé(tﬁrrﬁ@tﬁo@&amgé u§édl3fcﬁ§t§ta|ﬁ drrdrymeRdd ERdiBBroSEHitor cells.
e surface. F npl. e, mesenchymal stem

ce
ceFP%e@ﬂp'@xﬁ'ﬁ@%t'@ﬁﬁrd'mgﬁ”'t@fjf@'!? carpp ElerivgspGomapigm cells
CDéécrpéb Mﬁﬁn%fﬁbrh (é?‘fﬁ@ﬁﬁnﬁéﬂ&n%@ﬁs express CD14, CD34,
and CD45 on the ce surfiace. [0032] Any appropriate
[0031hetherine sasase diffsentiaisd gardiersoghiPe f@listGaRthederived from embryonic

CaERhPESIRIRNINRY o] Gfférentiatsd @%R)%Hg%n(t@r dlls can be derlved from
mesenchymal stem cells For exanple, differentiated

caPeseryg@ehisiar e egapchyBaH Si4M 78 1IF roih Re YR IAgdiom any

st epuree! k& Saniphe uﬁ&énegyrﬁélest&ﬁs@%ng RYABe @dtsiﬁe&%hﬁmammanan
with a conposition (e.g., culture nedia)

cokfp@s MTam tsaHe B@th@ﬁybw@rmw aﬂ@trée@ﬁ%ag.bpn% rMesenchymal stem

COBEIR BARN DO BRItPED m@rﬁtré aFéroé)?’amJ 8€ nfcaeh&ymat aflerR€célBYcan be
type of factors such %peptl es, steroids,

hoFRANWEY ImapiemReFel IV’”l‘i’DMéé%ﬂ ymasiafsiels cat exRiess or not express a

f agbl Id@%éﬂd@n Mhiehutsutthed. trdk leRBmplECirfe F&emleell
Glg gbéptl -AO Car di osturo hi n, e Rr onbls%%ma bells can

Ca%ﬁ’r@@%ﬁ&”@: CPB@S@?W’% enizfeniy ﬁﬁﬂtCD“rf‘e%n fe cell surface and

COHbtaé%bkél,@ JsFh c 3¥PandCeDdb 8h tiePedIsur@cé.hr onbi n, and
Car di ogenol. C can be used to obtain dlfferentlated

[0032} 5 ARY @BP@Q@ﬁtﬁt’B‘?thQQa cpR be Usas 49 gﬁql\@eqjlffgrepgat@d cardioprogenitor cells
Me&BRC RITR| cehls €@ ¢ e Irhekknclyindt USBC 3SR, FBGFeémd@Fd&resennated

Activin-A, or a conbination thereof can be added t
t héarﬁ@tﬂ’mﬂ?ﬁ&‘?rt@'séﬁnlt’r‘ﬂ deriyed diom meéeMWF@HSt(e@ @e”s t?5’n'é§'CUba’“”g

Or tHeWan&kRYiShyridIt Btefe cHelisN wRmt &1 Edrisbsitiehb (e. &Wulture media). The
Cardi otrophi'n, a-thronbin, and Cardi ogenal 0034

TGRRMEeFHideCath e p%‘VﬁP@bQﬂ”é? F%UP??@}'O?@W%@PQ \ANEyOr Bpenfactors.

as The m@dtors Gl by g@@rﬂi’ké‘ctofgcﬂﬁféh %?d&%ebﬁ@&”’%téﬂ@ﬂé hormones,
TGFb or synthetic T In one enb ment, TGFb can

TGRRd ST‘a”Aﬂﬂ}le%‘iﬁ dpremples eloshBnferiars Belude. widpyt é'ﬁhtatb@ TGFB,

usng FaF-2xarpl, es.ct.\hﬁJA\A@%m.étr@m &Qhﬂ%tﬂf aﬁ@rcar@o@&fol C.
about 2. ng of TGFbi

: can
003 i ST i 315y SO PSS BB Gy Bergies STy, anc
SUChrdsgdndnBRaBMRB.usE@'to obtain differentiated cardioprogenitor cells from stem

cells (e.g., mesenchymal stem cells). In such cases, FGF-2, IGF-1, Activin-A, or a
combination thereof can be added to the medium after an initial culture period (e.g.,
one or two days) with medium containing TGFB, BMP, Cardiotrophin, a-thrombin,

and Cardiogenol C.
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exanpl e, BMP can be reconbi nant BMP or synthetic BMP.
I n one enbodi nent, BMP can be BMP4. Any concentration
woR0BNRA9EaN be used. For exanple, between 1 anpPiCR0S2999/044714
of BMP per mM (e.g., about 5 ng of BWP4 per m) can be
[0034YS §EFpR[ 364 aF@:pozypééfHé)ﬁa\ﬂﬁ% T@ﬁﬁvaathty dﬁjchaé(é HamEﬁiFrca:B For

activity, such human For exanp GF-2 can

beex@@@ﬁb]'ﬁglhtcalp:@g rgcqﬂablggmtﬁ%'-'tﬁ Qr w@thegc T,ggrﬁﬁ In one embodiment,
CO‘?G@Bt(faﬁt b@‘TGng F(fnyza;‘éﬁg:pﬁ%@e lé§ﬁ<§antr5ﬁ’6n 6?“1‘@?'890% be used For

bet ween 1 and (g
of exayple, B@trweﬁf‘ﬂ @é_‘ﬁ Heng b dl 'f‘ﬁO@e/]mH @19 1389‘# %@ ”§n9f TGFp1
poEgmgt{;bﬁlgem@g@ ng IG-1 activity, such as human | GF-1
exanple, 1G--1 can be reconmbinant | G--1 or

[0035£yﬁ’MPeP?% t}e(;ani polympt'%ﬁ@élﬁg rBYIP opctiyity. | tyeh1ag dymse BMP. For

useﬂam&er BﬂPPa% Be rB@éﬁoi\@ﬁéhtl@l\/lﬁrE} %Qle'ﬂg ENIP | ﬁ:on"e Bfbodiment,

m bout 50 ng of IG--1 pe can sed.

[ OQ&E] C%‘?ﬁ’ §W4AA6éﬁ°'H‘@”HﬁSP%@I éj\ﬂ%ﬂ?ﬂ oe lﬁﬁ@l Frfﬁ example between

ACtI'aY]U@O/hRétﬁtBM’FD b¥r mBY: a?b%uhsl f BPAVHeR 1y canQde used.

tivin-A can be reco |nant ct|V|n A or

[0036]5yﬁf3ﬁe% F@n Retanyi RelyREPIgR, ha it E R raeribify o$UCACES RmamFGF-2. For

CaBx&fpld SeAF-2F&in W@E@‘n@mahﬁF@P@oﬂsyﬂﬂ%ﬂé@G@Z Qﬁfny concentratlon
Activin-A pe about 10 ng of Activin-A

m Pf E&]A- Zo%a'ué%dlse‘ﬁ o'ff’o‘éfjxaalo*ﬂwrbémﬁ% tand B8 ngrf FGF- D per ml (e.g.

pobw&ﬂl%tdgd&ﬁWQ%rﬁ*ﬂ)tdahfb@mseda(?tlVlty, such as human
a- thronbin. For exanﬁé h a-thronbin can
eo a

[0037} et%Frrﬂu $RENbe ANV HoBIPS Wi REi eCtH'tthCBn%ﬁ AUMARy GF-1. For

COBZANHIE AMAFON ch baré syt IGRAA cﬂ%yh‘ﬁ@ﬁb I(fF‘lﬂ R%ﬁ&fﬂc@ntratlon of
between 0.5 and 10 units of a-thr

DU Toa e Cpd.d-arHvarTbien bsbredn 50 da 10 Nesel GF-Baom (c.0-

CapBbRts0 MR IGE AL tipdhh ROlsgaept | de havi ng
Cardi otrophin activity, such as human Cardi ot rophin-1

[0038] - AglivieRe7pIne, aWB’DSP‘i‘Q%PﬂVWQc%ﬁﬁ'VWe“ PElAHLIUGA S human Activin-A.

Carei ekampBbi ACW n-AYEHNNBE ir€cdrddifhRtAGRRLA or @Nthetlc Activin-A. Any
concentration of Cardiot roph| n can be used

ex SApeatratinn R ARININD 631H PEOUSRY- ST EXPAPIE: rbGEWﬁ%‘ pendnp0 ng of
( eAgnv.n-Agmm le. gg aBbutGary &Wcﬂﬂhipppéf m$Earhe usan be

-6 can be any pol ypepti de having IL-6
[0039509rmr@'9b'”§i§‘8rpea§”3hB%H’?Ht'ﬂe é‘aV'PSrG'@k%ﬂ?iP@Ct'Y'WA éu%ﬁs heman o-

r eﬂ@&’ﬂblﬂal"br bxemfpI&F o- B} BBt dof Bé—r&omﬁﬂ%nﬁgfﬂ%mb\'rﬁbﬂ %fhthetlc a-

of -6 can be used. For exanple, between_ 100 and
ng”ﬁ?mp'ﬂ é”bé?”‘%?l”tré%ﬂ‘? Pfen-theernf '[‘(Y@ﬂiﬂe %‘?9 EorR@EmAie thedyeen 0.5

of akdrdi PRERPlu-throdibie pBNAl (Bg.eHbb@al Lt @F@-@rﬂbﬁbln%e&%ﬁ can be
t her eof (e.g., Cardiogenol C hydrochloride) can

usEeed-For exarrpl e, between 10 and 1000 nM of
[0040Fabﬁkdi’n§tﬁﬂfﬂ|n (,(én(&a Sny p(ﬂﬁ%&ldéﬂgwﬁ@/b@fd&ﬁfdﬁhp&@lﬂ@ s@:h as human

can be used. 43] Retinoic acid can be an% | ecul e
ha(erot F%’lhirhbl @rﬁﬁa@%tqafﬂ'PVOp@%&H” regormhiagntcCardiotrophin or

synthetic Cardiotrophin. Any concentration of Cardiotrophin can be used. For
example, between 0.5 and 10 ng of Cardiotrophin perml (e.g., about 1 ng of
Cardiotrophin-1 per ml) can be used.

[0041] IL-6 can be any polypeptide having IL-6 activity, such as human IL-6. For example,
IL-6 can be recombinant IL-6 or synthetic IL-6. Any concentration of IL-6 can be

used. For example, between 100 and 200 ng of IL-6 per ml can be used.
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retinoic acid, natural retinoic acid, a vitamn A
metabolite, a natural derivative of vitamn A or a

w@oheddT derivative of vitam n A Any concenPCHUBIIN9G/044714
of retinoic acid can be used. For exanple, between 1 X

[0042F0Aﬁy 2BHcehtratid® of caMi@fenbPt idad Eheﬂfﬁia@e&ﬁ:@”}bﬁcé@%le salt thereof
44] 1n sone cases, serumcontaining or serumfree

ol & SistPeanohCdaydpatipTierisan be useg Fop. examglentbptween 10 and
BMPdod BvISF Cgﬁjl 3l &+(e.5FEbaut(®OhM oﬁCé‘rﬂ(o?ﬂebu@l d)@an be used.

[0043£:a|R§F"&R'? 3pH| q@n(tée’ @nftn%_p\llelwgl}e‘%éV|nggrqtlﬁp|§rﬁﬂqqa?ténté sucly as synthetic
UnidtinBlc) acidhtérar fitiReienRid, @ (igardin. A HastMle, GRRatdfl WeRbhtive of

to obtain differentiated cardi oprogenitor cells from

st ¥itareia| A Or @esythetiggiednriiyg il vitamisni cANY sgncenifatipngf retinoic acid
Cagss be UBEY. TR bRarhSleObetwBER YR BRI Nk A0 @V SAELHBIE 588 can be
nmedi a) can contain platelet |lysate (e.g., a human

pl 48®89-et | ysate) [0045] In sone cases, t he conposi tion

[0044r8ﬁds6rﬁe %Qé@ @emnf E&{t@iﬂhp%%@r&ﬂr@b AR 81 Jﬂé}herﬂsb Mgth TGFR-1
rom nmesenc stemcells can contain a 1t1 ona

optd-&naid 'T%’BES&MPé (8- *NIRE-FEF21(&9- e/ VRGEFAT (€. 50 ng/mi),
[ 0A4flin-ANE- ﬂﬁﬁg/ﬁhﬁ @del(ﬂr%'gl?ﬁﬁ@@? dendav thr-(ENBTrﬁ(e g., 1 Unit/ml),

activit such Ruman or exanple, TNF-a can
be R GHAIERNP! GREE &- 008y AMeEA LT Ay Obtain difierentiated

C 0 B&RIYpFRch st @éusTﬂNﬁnast@rancén@ 4L dmeE&ich mam@!een cells). In some
betvvegﬁ) (%{egnd 50 ng of TNF-a (eﬁge can ge used -

[oeaSﬂs thermedia (9@- &ﬁwnﬁrepry@'@welcwéemfrﬁ@ mgdia)£apispniajn platelet

at@s(e@umnhdr{:plat%%ﬁkﬁéﬁﬂm e, LIF can be reconbi nant
or synthetic LIF concentration of LIF can

[0045]Jsgusorp%pa%a)§altﬁﬂ @)mmt\%éweg g obizl difierentipted cErdp%%genltor cells
M e m28en@§rhal [SBOH 8 YEGR- Cotan Bvimyl RRlivRerhEER such as
havi ng VEGF- A activity, such as human VEG--A. For
exahpre Hi/eeg VEGaf- be reconbi nant VEGF- A or synthetic

[0046}/E@HFA1 cAN Ve G aﬁd@ﬂa\ﬂr‘ﬁg YK€ éctmp QféhUéseﬁhmErD'TNF -a. For

exanpl e, between and gof VEG-- A per m can
usééa'“[‘@wﬁ'}”:,& @@n%@pm@wam NF9eor W@F@f"ﬁ TN c‘%’h’t%”ﬁe”trat'on

anyf TRARI Rt b Osed. FoRELMSe, Tetve&X 8HRHSO Ry GOMPRSIdet A1 can be
provi ded herein can contain TG-b-1, BMP4, Activin-A

Cak#f®bt r ophi n, a-thronbin, and Car di ogenol C. In sone

[0047]13_a§ﬁ36arﬁbé5@W%&é&@eﬂfa@ﬁi}dlﬁﬁ eﬂ;ﬂ(n%} Bu&fls (hgﬁfé\ﬂ' NF. For example,
di’ot r ophi n

a- Hir einerecamiainent dF sy sndhetts '—'FnA@Abﬁ%"C@ﬁE%téo” of LIF can be used.

COFBP@)&aInh HehEndes aheén eh Ag &RN) Tnﬂ' 8 E@'ﬁ@ d, BMP4,
(%91 Cardlotaro(fglng _F%Hﬂ Cn °

[00481361?/5@?9%&61‘ be, any polypigpt @%’éng \.!\E@Er&)agti\fttv OWCB@@\WJH&T VEGF-A.
hergt Rx&dple! FEGFIAFcah bé LreSombinant VEGF-A or synthetic VEGF-A. Any

concentration of VEGF-A can be used. For example, between 5 and 200 ng of
VEGF-A per ml can be used.
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LIF, VEG--A, retinoic acid, or any conbi nation thereof
(e.g., IL-6, LIF, VEGF-A and retinoic acid; LIF,

wWWEBBAMNIAaNnd retinoic acid; or TNF-a, |L-6, LIPCT/HRZN09/044714

VEGF-A). [0050] A conmposition provided herein can be

[0049PT APB6@HodIBINPréVive R MRFGHPT dt @oRBINNAHY EMibiXRAPLE fadors. For

conposition provided herein can be prepared usi %/I o
coRMEPRIPar| §PmaRegitioapPrevidag therain ceR axmiain dafds 1. BMP4, Activin-A,

COopRRfbtEdAM, PE-HbHBH, %’deb%rd? nBECPNERIARI ke OBt &nfbosition
cells lysates (e.qg. | at el n%%sat e) or conditione

e BICIcE o REE | G oRtais TakRt! Bt & @ehi dGor1. Cardiotrophin,

TNG=tRropidinnEnatefdisgaeer Wgorﬁt@'cb%s BEQonfH6aiBh Brovitied herein can
conposj tion rOV|ded herein can_be prepared usin

pl seipier TG5Ble SMIendAted WPEH: cSmsepkoriin.y @thrombin,  and

aV@'aPoﬁ‘&je‘hof@%‘Ho&e ddReS U TEorRFEERPDN pﬁoﬁm&h'c‘éﬂ Iack TNF -a, IL-6,
provi ded herein can be prepared using factors isol

ed
f r b YEGI-A 'sHRRIC A erﬁnque”%wéowseé%of (¢-fells ﬁclt'Br‘éEGF-A and

carbtmslccac@rs OJFY &8 AFA R rRtisdi€ BeidSorcH-g Guld, un:e aHWE@;F-A)
t does or does not contain serum [0051]

ha
momhpﬁr@ﬁ?ﬂoﬁﬂ'@” REIMSE Reapin5an psgderased HEing ANy a§?"é’ﬁf@§l method. For

( € efamplEE S BEMYHRMionS bRIVIdeal herkinVchh B pRIRAS] WsPY commercially
provi ded herein to obtain differentiated

ca?@'@BPJQ%tHTSt B} S¥RE FASaTad CAPP$ECTRBIOVIdEY hegin can be prepared to

I NeSftARrRNE Vs [gé“Qa%tplétéléﬁll})@atéﬁorfdHﬁ@Ftlbﬁélﬂrlnedla from cells such as
cardi onmyocytes. nmesench stemcells

CaFPBETREUBACEHS Wt ING: Gc%tﬁ’ﬁ)‘di%tﬁfjl BROeEvRSaIheF & rprample, a
f Oﬁorﬁgoﬁnon%rogde(gge@zn dan Be p%faﬂ&i ung a%teléﬁlgseﬂtésué@emented
45W'tBrC°Wed%i9'§’ aihiael faierks @ssor&e &@woélqomqs'ﬁ%wqw&d herein

heggi Be%ﬂ@pd&é&@lsfh@ fé&gﬁéh%lﬁteﬂﬁfﬁﬁﬁﬁ‘%tiﬁd%neﬂt rﬁ@&i@l@l' IIr%S s6R8 cases,
| aced every day or every

b 9,

:Lgthr ef%ctoiszcanltge dlfao|qu-)ln n_ﬂgdla ft;lch Qg celigultug@ meggg t'hgtzdoes or does

23not%nta2r53er§91 35, 40, 45, or 50 days. [0052] In sone
rresenchyrral stemcells can be incubated with a

moml:oﬁﬁbﬁppf%’ﬁaﬁr Bothed Canehersed i iNerb3IP IR €D (e ghJreReachymal

of s&ff UBRIIsANWitRPRI QRfrrhpiUsﬁloﬁe'drO\ﬁH%réS' Refeif o DRpHHEd differentiated
when | ncubating stemcells with a conposition provided

hep@rdwpmﬁﬁlt@'@%hevm%m@wﬁy IaB PG niaeE DRSS 35 functiona

teSt IedSF é)@nllpﬂe prﬂésé‘rf&ﬂy&ﬁl ﬂem @&k%nb@h}%bated with a
1500 2000 cells/cm 2) can be_incubate

coRPBRPYHBNPTRY'EE 8@@%{9’& g Bot o’iatﬁa|7n8d9f1‘(br1ént1?a1t?ed4 15, 16,

candi epragen ber 2zedd 4| Q@5§d) 1R, abebr 6€Ida§s. (Iﬁ‘ bme cases, a
mesench mal stem cel | s) have been incubated with a

coﬁ%g‘i’?t”i'%hprﬁ\"gw He@menrdisedle ingubarauneeenchyapkeien gafls can be

di fefp%déﬂtdvéiy'dﬁy(fr%@/bgfﬁ 3, 4he, gtatgegofo, diqf figrentiuals om, 17, 18,
monj t rmne whet her or not the stem

CollP2PT 2 &t T 28030 100 4 i 455 BF SHORY: oc

[0052F alrflisoiEOgRBE ! AlesMihlyfmah @ Gelld@adid IncMbated with a composition

I ncorporate into heart tissue as functi onal
Capmvwmlgén trpoqre%ﬁrgr@bs%n(@aqﬁﬁegjm Any appropriate cell density

can be used when incubating stem cells with a composition provided herein. For
example, between about 1000 and 2000 mesenchymal stem cells per cm? (e.g.,
between about 1500-2000 cells/cm?) can be incubated with a composition provided

herein to obtain differentiated cardioprogenitor cells.
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of cells can be collected and assessed using
t echni ques such as Western blotting,

wo bwwoneweence- acti vated cell sorting (FACS), PCT/US2009/044714

i mrunost ai ni ng, |aser confocal microscopy, and reverse

[0053] r@'h%érét@rh' @énsp@l §.MRRRB RcH/AR NstéR a&dlls 'ﬂa(/(RTbeB@R)wcubated with a

techniques (e.g., quantitative RT-P .. In_sone cas
cePPEPPRiMdPIoyided Jiaseis fnothruies Bgatedith differgntiaiion faCforS the

MVESBtelof diffreRtiatidk 6dn Be rﬁiﬁﬁ%@bd t'c:)| d%‘térmu%:@@héthén& hR9heZstem cells
pol y ﬁge ptides or nRNA can be sel ected for

adfifRrestipted dHo i Aiffereatintgrmaprdiopregestier Hels t havieg yibe ability to

[ OfeBlpofiste iR HebReds e s & kunhctiGhdl baraimyRYRY. For example a sample
cardi oprogenitor cells derived from nesenchynal

cePf elle pep heeep!igpies agd ﬁﬁ%‘?sé?@ﬂjs|”9§%(fr@'%ﬁtsﬁprh PR é{V Wﬂ blotting,
1, fILEtNEé‘GenEQéC@ﬁatéOGF ceh KtirgVi [FaBs) Canfhh oI d) Iaselr confocal

a-thronbi n, and Cardi ogenol. C exhibited a 2 to 5-fold
[ nHF‘é"ﬁ%Qé’an QVEFZ%VW@WLOT PRIYAErassx OhaipRI@actigpTAET-PCR)

MRMANNIGLEs e gﬁ%ltélV@%P'C@)elnss@ﬁe %Qé'&a%@% foGn@ & express an

| evel s observed with Er etreated nesench

ceFleyateq e ofMEFrMEPEL b I béar Ak¥BP0 tA@OFlkdelFlog 1 and Fog 2

al peyselides R A BRIdd §dledtdd FAICRIMAERARN iRtcPa MeAhial to treat
ti ssue as functional cardiomyocytes when injected

i nDeAR¢&r di al |y, subcutaneousiy, or intravascul ar”

[0054\M 1B r&%&?lb&ﬂ”ﬂerfe'#ﬂCtdlﬁé}ehMéd)V%HWHpr&’gdnﬁért|)zfells derlved from

correlated with structural repair in both ischemc and
noAes8RHYMat sieat P‘?'ﬁg%"tu'ieﬁrf’&'fh %rﬁ’éﬂte'ﬁfe'ﬁﬁtﬁtcoﬁf@?'”g TGFB-1, BMP4,

dogrent|ef- bmdﬂv.ﬁwMaletr@@f@mlth@@hblu bR Canlo eaeﬁc exhibited a
hi stol ogi cally on_auto sy th roulgI stainin
|

of
Cpacer P bbasts in MG e PSR ITORURn Tbx3 MHNA, GATAS

di ffreNARMRtIk-AtRFogar RNN RYERI dstonGird Stk ¥R bhWed with pre-
mesenchymal stemcells cultured wth serum containin

TGitepted 1me@,vplaymzpi@ier? cqllg:TﬁeseAglﬁpgﬁnHatgd cardioprogenitor Cells also
Capghigitddoli bilitp 16 MRRUrite iAdOh&R BdstgenOfuntichal 'cbl*dﬁcﬁﬁiyocytes
a5to 10-fold 1 ncrease in MEF2c nRNA, . MESP-1 nRNA,

anWhepjniesterRNamyoeardialls sebeHianeoysl oor inavasgdpdy with heart pump

Obﬁﬁ%ﬂﬁﬁm‘éﬁrb%nﬁ’érﬂ e QR QArTERSE AR KIBEtUEH @dPair in both ischemic and
cells 5] These differenti ated cardi oprogenitor

cePP%"Sﬁh@B'CexW%ﬁ”t%d t RENGHioNpl + yPerselit nc dfasor adeumentpd  both

heaghodatdiedtEprasallly URCHil®@Nald ﬁ%fcﬂtbéi’éﬁﬂ%% a6topBEAhrough staining of
[ njnect ed intranyocardially rou endocar di al
or

(e
UPAe SPEFHS pf%ﬂﬂ%sﬁ"solaﬁtﬁspﬂ%e%@?r@ﬁ‘a eé‘?"tt'éfﬁde%ard'oloroge”'tor

I nwﬁsaﬂarwed o rh@s?éntch A&l s@@lﬁlc@nssamruﬂaj Witts & 0Cankaining TGFB-1,
subcut aneousl heart punp functi on

i nﬁ?@\i‘en%(ﬁ'f “2dilPEct | @Ct%\'ﬁel%%tr%hﬂ'h Sthrapiy Andr &galiegencl C

I Nelbifed §NeI1O-fABANEREsd HF VPR SRNA, NISSPHURRNANMA Tbx-5
benefit was docunent ed bg?cardl ac ultrasound in vivo

anfYA 16VEls03t 6pMEaTgH Py Ee devsis Q*Eﬁeé‘fféiywtt%p&?lb'ﬁated mesenchymal
st gief &9Isof human specific proteins. Thus, rel ease

criteria such as el evated pol ypeptide or nRNA | evel s

of

10



MEF2c, MESP-1, Tbx-5, GATA6, Flk-1 , Fog 1, FOG 2, or
conbi nations thereof can be used to evaluate cells

W(p2000ﬂ51907 adm ni stration into a mamual . [ 0056] PATYES1089/04714
"el evated |l evel" as used herein with respect to

[0055&Wﬁ@ﬁ38|ﬁ@@nﬁéteﬂm|$&M§erﬁtopEeI|¥Eﬁg§ exmglﬁf(’f the ddut '\%5@ incorporate

k-1, or Fog (for instance FOG 1 for

2 e ?%“i%'?ﬁé‘b@qt@@?' WQ'WV\O%Y"%é’Werbwmeﬁt'”tEﬁﬁ“Mﬁ@t@'y (e-.g-
t OtrROYgH @N&Jcaﬁd{bﬁtor'e&cgfdi}ﬁtr&ﬁteé)hﬁﬂo the &dr8F RV Rieli®Y Shiused in the
for t hat pol ypeptide or mRNA. [ 0057] The term

"r BeRL é’rﬁ@é”]”é%t@'led systei@lly K\%%WPQMTQWOI"@%)‘S@’BF hggrt pump function
PolyRemrhale @fectliRibrrbigwal wit®fstrlYRERE re |?1 %@thTQ&Te'f’nlc and non-
GATA6, Fl k-1, or Fog (for instance F 1 MRNA, FOG

2 fsshemWeseB@9§ gepch bgpefth wgs Joeenentad by Paﬁdiaﬁﬂtf%ﬁoéf‘@’” vivo,

t Oaﬁ@eoJ RViBlostopht Gbly¥isf GHnQth&ypﬁrﬁ‘o@gﬁrﬁ%ﬁﬁrqn%%ﬂ Buman specific
pre-treated mesench | sStem cel

(eX ﬁa&"@s Hispegteasen iz éf@?’ @ﬁﬁe‘{%&ﬂePO'ya‘%thEgp rpRNBNgVels of
r e\VEFRRCRIERPVEIThxas, BIrAD, FINA FRf eIFens e, J)redéﬁ‘rllblneﬁloﬁﬁ_#e@eof can

mMRNA r ef erence Ievel and a FOG 1 nmRNA reference | evel

caRepeeq weeva{r@.tea@%'sm@%no ggminigtration injEgpNaMMahy - 5,
[0056f3ATAE tefh keléva’i@&i |&@|’5 ds W%&Ahere% REH! re‘éﬁedf ‘tot ftAfpebBide or MRNA

present in_a random sanpli mesenc stemcells

no{eV?'lsé%ft'\ﬂEF%ﬁ tMEﬁF’ﬂorﬁ%Sﬁ tC?%TﬁﬁaerKrﬂd@Ej H@r(fgr Angsance FOG 1 for

ot RENA, SO ¢ Daat BE pdlybBptitich f/\ﬁihmrbt t@tpdbmai.a@mér% to kahy level that is
will be appreciated that [evels from con&ara

saffsRy thea (RIUEnwhieneldet BrrRanegtidhet RBNAor not a

[0057parrhé Qéﬂnﬁ"reh#é’rﬂie !e$ela@|sejs@‘da{e$éﬁn|\/ﬂ#\9respe&0t5§}olﬁie%ﬁé’é ef mRNA
pol ypepti de_and

f
Thlevsls eiAfaF4c. Mﬁ@rﬁ\e Toxie. CATAG J lis1opr E@E (fpr dagtange FOG 1 for

anWRWNeFOBVZD%rd% bOgbeiae) Wavrl ai sllgp&fiont ﬂ%@é}s 510 the level
correspondi ng reference | evel. [0059] For exanp

eI bpioa qué‘Oé'I‘ PE-trediRd eliggad-c Bre-theatad @eSQ”CWmahSteﬁ‘ Ce”s) For

6, eXamBe, & I\/ﬂéFZc%RNWr%er@ﬁde BraabeMESRA hRRA reference level, a
refer ence | evel Tbx- bserved in untreat

med BREHYRRIA refeeance é?\'leé a %T'i\% RN PTeRage @V?'e%(# BRQG 1 mRNA

| evgbrepad Ih8l @eWb@meLHVera BvéDARNERC, MESEL €I BICS GATAS, Flk-1
| evel for Tbx- e zero. In this case, any

| e789 &P 'I"o%“@Nﬁ'RI\'iRSFQ‘?(‘é'&@ér taalf P30l @ BEdgR Sampling of

el ﬁié@bﬁ&yh\%‘i/eéte%()@@@ nbi tREMR GARES, chASeHitidn! GAIVIdRA herein or
criteria can include meOSCOp|C anal ysi s of

or PEwie daried; iy differsAtationdagiorfa il SRprpciaicd that lovels from

m %rﬁﬁ@rﬁﬁ!ec‘saﬁﬂﬁés)’ére%séém/heﬂ@bté‘ﬁrﬂmﬂrgﬁﬁﬁéhé}gortdwa(iﬁhlcﬁlar level is
for transcription factor pol ypeptides associated wth

t han §lRYpieddevetor exanpl e, cells appropriate for

[0058[ etmgedl ml%Eegna@mgToﬂﬁRw}égga%ng%\ﬂngi@rTmEsp PIAXEBICEATA 4,
X

ﬁ\ét Pl ﬁ?@r%ef FR&h cpmpeny eye! w'qﬁ%ﬁhah@ederegﬂegreater
betrrég d @rRapestindicferbhe 1Bodmal .

[0059] For example, an elevated level of Tbx-5 mRNA can be 1.5, 2, 3,4, 5,6, 7, 8, 9, 10,
or more fold greater than the reference level Tbx-5 mRNA observed in untreated
mesenchymal stem cells. It is noted that a reference level can be any amount. For
example, a reference level for Tbx-5 mMRNA can be zero. In this case, any level of

Tbx-5 mRNA greater than zero would be an elevated level.

11



10

15

20

25

30

35

[0061] Any appropriate nmethod can be used to provide
heart tissue with differentiated cardi oprogenitor

w@elbgsteavi ng the ability to incorporate into PERDE2009/044714
ti ssue as functional cardi onyocytes. For exanple,

[ooeofli frf %@@Eh?éseﬂje‘ﬁm‘c‘%'tl@rﬁ’%%ﬂﬁ'cb@'inc@tﬁiel rﬁlc%ﬁoﬁlg ahﬁ“y@i'éto?@ells prior
i ntranyocardially (e.g., through endocardi al

epF%%‘i”H'lntﬂtraPQfU't”&? marngl- BHeN BRGTBTRaPE nalvslS ‘E?é‘ mclude assessing

| nfHésedls Fbrtth%shﬁﬁrotn fa@for%ﬁﬂf@pﬁ@&r a8sctit E Wiy nucleus. For
g., subcutaneously) heart tissue can be

(e
pr 6¥arRle. GRlisharRreRrEte fen %ﬁ!‘%ﬁﬁ‘ec'apdﬁ dpeBgehicedbecasgegsed for the

FOprRYACLENIOBSMREE 2 dAT /AN, Mt@mnrd@@rth S6UhyCmbination
be provided with differentiated cardi oprogenitor

ceffegeol pasasiipd wiR Bg nyceastbeiqre Spiegrplgesadaiods mapueel.
[0061f i) 'a?)?hﬁir"afe ﬁ%ﬂﬂid%@/rp Batlykd 18y, d;%aaéh h’é'art' s GlitrOBifferentiated

| ure can rOVI differentiate

CaP%Tdt?f?fQﬂf@ﬁq’rtQﬂ”S egylpgthe[ qmg}g o] W;,(g,rppn&ab%mg} heart tissue as functional

di thRIpmioRbs dF Gradx@hi, Qﬁ%ﬁéﬁt%ﬁe&@érb%p%@m&@ cells can be injected
adm ni stered to heart tissue. For exanple, autologous

or iINY8yPeArdighuse-ai favEnendacaial & Grisardr) enitedr Irg%[th%coronary
Caartg%saﬁm%kﬁﬁ ﬂfe%ahooﬁ'@ﬂﬁlﬁ||sfe'r&§é5%ten|u8al§lqg% ,&8B&Raneously).

stem cel | s) that were

[00621 n@‘ﬂbdteé’ﬁ W(Ssﬁ %”CBW%Y'@EF%W"‘B%WFGB*&?"%rcéfq'PRf‘&gﬁrl')ter cells. For

ad ekémﬁbemﬁmamam@?t htmafHSearl 368kad e FbBMR LRIt ifferentiated
can be incubated a conposition provided herein

f oPATEIAPraaeAtien Ll IniseECHErsEP-a7E! tivguadint hps seegd figm ischemic

he@érﬁldrﬂﬁ)&iﬂﬁ%/ rocBreRdTPinfarctione &t REAE &hillfe Cadh HR provided with
i ncubat ed a composition provided herein for g

24d 8[ﬁn§at@gc§rd|op§ogq@orqeis 18, or 22 hours) or for 1

[0063]2 ARy tybe A differenfiated, caldiogrBgenttbr cdiid cahde dthinidferedld heart tissue.
17, 1 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, or
50F95§§arﬁféﬁ’o?lgdﬁe?lﬁgO'éhﬁtpfﬂl(&oé'ﬁ <tiferentiadad: pardiogeqgenitorycells can

SOPB abfHfistercdite Ab&elidstiel MfonedR el NEHAERA VY. t|’ﬂe§enchymal stem
conposi tion provided herein can be adni ni stered t

he§ehs) thad y(eee insyeatre Witk & FeraPeRSHiARYPYifemh h%ﬁeﬂw%%e administered
he[&hébrtt[s@@@ﬂ The stemcells can be incubated with a
ngos ition provided herein for any |ength of tine
[0064beﬁ_ ?ét%‘épﬂﬁ FArReniney Ratec Wity alfé’ﬁ?ﬁos'tt'P%é’[@”qe@g’!ﬁ’ i for any length

W bhtide %@fﬂ?@%bhg%nﬂﬁl%kéﬂﬁ@ Kk tedsBue. Yy (#(éﬁiﬂ%l e §BA cells can
stemcells can be incubated with a conposit

or Bgiinfahaled i £ampesition @r@v'ﬁswgrecréfcg 6 tog24 hgyrs {9g. 8, 10, 12,

18,1806r2&2hd"u%¥0$)for0f, 2f, 9!4,15,6,27,§,9,41o 51 162 1? 14;215916 G, 18, 19,

2420 2251 2@023 é’g 2@,0’§0 Qg 4(6,4’55q %@s@f@g@e@g,q&ﬂ@mmstemd to heart

ad ﬂ%sﬂdestr%&ﬁ’e t8sdiealch LAIRSHA W&Eahdidated Lith & composition provided
nposi ti on provided herein, %0066 In sone cases,

d| f‘Fr@Fbﬁ@r? Q?&P”E%‘P@T%F%B%@ﬂ igguecoppihes wih 17 Compesitigyprovided
t ohdeter m ne whether or not they neet particul ar

release criteria prior to being admnnistered to a
[0065] The stem cells can be incubated with a composition provided herein for any length

of time before being administered to heart tissue together with a composition
provided herein. For example, the stem cells can be incubated with a composition
provided herein for 6 to 24 hours (e.g., 8, 10, 12, 18, or 22 hours) or for 1, 2, 3, 4, 5,
6,7,8, 9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40,
45, or 50 days before being administered to heart tissue together with a

composition provided herein.
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mammal . For exanple, differentiated cardi oprogenitor
cells can be assessed using RT-PCR to confirmthat the

wal2dopasmwnt i at ed cardi oprogenitor cells expressPENUS2009/044714
el evat ed pol ypeptide or nRNA | evel of MEF2c, MESP-1,

[OOGGFEKYT Som&A4E, diftekentiatedQ@irdibfrokeditol @ENSTEN be 5%53&‘3 & determine

pol ypepti de) or conbinations thereof before bein
adMhRiNSt er aef they Brest Prifipkiar re[eges plitemf eriphipdhfinbadyinjstered to a

be nfa%rﬁé'leFord&éﬁf dl@ Qﬂ‘féré‘ntta'ﬂﬁj ERb |'06?“Mg@|9|tcﬁ)&@ﬁ§3h§r$ be \Qgéé‘stéed using

do not limt the scope of he invention describ

t hE&TcT @R Ag ConBRm E'Fﬂt[tiEﬂsdiﬁPmP@Rﬂ CRr dqqqgggqquq@emggfsjan elevated

F'DEOI BeptRR R FENA 1dVREoNERIE MESRI1EFhk-8NGRATAB! FIRN, Fog, (FOG 1
i/ in % considered before and after treatnent WI?

nafﬁé RN ReSendery the PelveRpide) | cemiicalongeieral befenm being

boagmnﬁsnérgw,r% aklarR@bl.ents with coronary artery
ined on confocal mcrosco

10067} 65 MVARUATOYN er e leR AP e UG eaapIfs. which do ot i

eX HeedpO bf Pk itVeRticRiicABed RS ehin.i on factor content
for patient 2 that denonstrated no positive ejection

fraction char&g eft and for_patient 9H3r|ght) t hat
demonst r at eB EE El%@% HfErQBAW @§ange after

r eat nent . shows ressi,on
ooes} | &L Tabiepeiiadie cqwaﬁge??lﬁgﬂh@cf(%w T8 5B SR iR tefore and
t heftérMézameht witie ne'ive\kﬁjmamameeért@ym[a[)ﬁ&h] cdlsghM&Cshadasved from
th rTRNAex]: itrar udn (A U.) of
C nBafepet e RSP v BlrifBeiRel el ) Rexz. 5
[0069RRN®, 2CGATIANGd ndriNAorefachl Froigrok coNAfteroim nountosedrtiegl withaD &P1, shows
tr.eat

hivBCs .(l eft) and CP- h\V5 e ith .
e aPaecRPiSssBRpbme pordliR Tangehiy Taalty Cafenioles patint2 tha
I mdg@snsikted m@dosimecejeétmmaﬂactim tlosgeiefts hoawfargatient 9 (right) that
nugl eart.ransl ocati on qf 5, MEF 2 and GATA4
o Ean e BrRo s irien W Go eGP At R AN b geni ¢

[0070t o€kt 8i shofusi thlatn) RNAcuxpaaseldnvmftt\ho rsignificaMSEs diat eéfahgcription factors
[ 00 Fi tes t rogressi ve conversion
(a{n@;ﬁ t%bhﬁ/&d cﬁ %%1%% %20) fromnave hMSCs to

[0071] CE@(&&hbwgmhejerﬂzNACB(m&mm arndrbﬁmymmw (A/U.) of cardiac transcription

e BT 1 h TET BStFh MePoar sy BATRE L PiMRLPRY dFoghyBRNA. o

hVBQrexed, coaiké shMSQsli ()l aralr dh o0 IS @s, r&Add |with @. c&diogenic

shg a cocktail-gui ded cardi omyocyte in |ight
&%% %b?mFOO76] Fig. 9 represents, on the first
[0072]; r &fgh 5ehowvé endgelstabtdilesl drbserBocaRMcresqope ssowaing pucle@tfanslocation

F on Ry B ANAOEES INBGAF ATbSRSihRaL i Bh-MisEL Hreatbd with a
cardiogenic cocktail (right), compared with naive hMSCs (left).
[0073] Fig. 6 illustrates the progressive conversion (at days DO, D5, D15, and day D20)
from naive hMSCs to ‘cocktail-guided’ CP-hMSCs and eventually cardiomyocytes
(CM).
[0074] Fig. 7 shows the transition electron microscopy ultrastructure of naive hMSC and
cocktail-guided cardiomyocyte.

[0075] Fig. 8 shows a cocktail-guided cardiomyocyte in light microscopy.
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cells being on the right and the one for the CP cells
being on the left of the histogram The second graph

w0 poovhe19ni ddl e presents MEF2C nRNA expr essi on, PERUS10e044714
third graph on the right presents MESP-1 nmRNA

[0076FX PT&@&&&@%H@Q}@MS%%@@@' dtedefi@t, tﬁ@?bﬁ@‘v‘rﬂ?f@@'ek&egé&mm AU)
patients and the one for the CP cells for al

pafqré‘ﬁtv§ hafeC @PQ&F hMSCHeorp g8 kly PR OB'F'Qt hethmr%"cUHgMﬁhe naive

[ ORdiiél bghg onlfhel gt m@m Vhe Gbr HRPEPS&AIEShAIRE on the left of the
ejection fracti on chan (tDE jection Fraction) after
i

t r BigfQ9E3TD- bhe geegnd giep he griedie paerents MEELComRAMY expression,

hMgkd €He @bl gPaht orpfhemg*m Oesanisi MESPACRARNA %gﬁéééﬁ)n The average
pat| ents) versus treatnment of hearts with

éaIU%étmt@m naivs gells ivBcal( entisnisend theepg)forihe CPycells for all

re él%‘h@é‘ér% Mlﬁﬂ%&ﬂo@%@ﬂ% htodrafar ct ed hearts
eated (left) and treated with cardi opoietic_ce

I ls
[0077{ r F@hﬂ? is uBiaeR VEvdISPEEsERlE tpeirefondrmaden 6?3'\&% (IAEJeC’“On Fraction)

I eafiérmabhRienk RP Mdarte dithediordht u&ﬁnlgmnal{/@%mc Fkight part of
12|sagrah5|mlartoF|g)I showi ng the ejection
S

£ BiSHOET APlRARs8 Qe RPURIS) Yorest FEHMBRL pahaE oNilh GB-MSCs,

| ef.é)corrdil-gaiel ARGIce(Grenmelchs (on the right) into
I nfracted myocardium Shamis injection wthout

cel
[0078} 059011 THiegresestss g REhRERTIREraPhY ' dpissriek Aeads tUPHa@t@@ ('eft) and
W trBated VRt MatdisitietiePc&MBGRhel XwHid shswé o |féWV|b8ﬂer anterior wall

treatment initiation. Aneurésms and scar, which
r eFRANHBRIoNHESP teatneqnt with CR/BMRUSCs treated hearts,

[0079YCFRy. H 250k \@sbhdifnilarGB-Hi r%}lfﬁéﬁé}éct%h%tachm e (AEF) after

re- rruscul arizati on, OO 1 F| t hat con al
r e SRR A ”laé’\‘?e@ﬁetae '?fﬁ éirH’eC PBP'@E‘EMC%HS (P”hWBG'&hlt)e'ﬁfOetﬂ‘fraCted

rru FﬁyB@arﬂwﬂC @h@hﬂmmé‘&tl@ﬁﬁ\@m@@t%e% esence of
uman-deri ved cell s th positive stainin

f
10080] oL BRAOYS GUERE S¥a iSRS Hea AL TS e CP-hMSCs six

vahiodeise oy NteaBhesP efidtibe. |A@€hr@/sﬂn§malﬁ@5§(%lrmvﬂ%h remained
all of which were absent in infarcted controls.
,thhM&P]ehlvlsc:s

Fi gncoresciadois naive TSR drapind heartdr WetmrdRasdyady

tr&@gtﬂd;nbmat:muhMeLrﬁ@édumz@tfonhurran cardi ac tropom n- |
-actinin in cardiopoietic hVMSC-treated heart

[0081ba|l: t 6&?88‘9’? deat genfogaigselHicf evaeee 'ﬁﬁg%ﬁ?rdfqp&?lt'ﬁé‘wc treated
hMpfarihé @Ry Q&GrdI@ar WidesHaat plek&iel BN hWnbRidRriveY @EIRE @6th positive

anterior walls reveal ed 32% and_ 255% of myocardi al
nuétaing for iU R4 seausncaSeetiiet dif Reape sperigplvalidried with

enh@r‘ﬁ@ﬁ@p@@ﬂf Bl Ribh urtdstdini S P PBicB tete Bt in infarcted controls.
tment. [0Q083] Figure 16 contains, photographs

f
[0082]1&5@ é{ﬁd;h@pss thascadiomynsytes of hHWﬁﬁr?”ﬂF‘o‘ﬁ‘%fﬁltf?Cked by co-localization
vept hufdh adardi® Hfopohih g ndC Baictinifl iF2¥rdicstietltASC-treated hearts.

Ventricular cell phenotype was
Cardiomyocytes of human origin were absent from naive hMSC-treated hearts.
Quantification within infarcted anterior walls revealed 3+2% and 251+5% of
myocardial nuclei in naive versus CP-hMSC-treated hearts, implying enhanced
engraftment with cardiopoietic hMSC treatment.

[0083] Figure 16 contains photographs of naive and CP hMSC stained for human troponin,
ventricular myosin light chain mIC2V, and DAPI. Ventricular cell phenotype was
corroborated with counter staining of human-troponin positive cells with ventricular
myosin light chain mIC2V immunostaining in repaired anterior wall, as shown in Fig.

15 or resolving scar as shown in Fig. 17.
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corroborated with counter staining of human-troponin
positive cells with ventricular nyosin |ight chain

Work@2aNsi9amunost ai ning in repaired anterior wal PCT/ES2009/044714
shown in Fig. 15 or resolving scar as shown in Fig.

17 Figugd Bisle phtograph ot Q%rﬁlﬁ&ht%Earastélﬁéﬂ‘ﬁiﬁ%uﬁ%ﬁrtro‘ébﬁ‘ih N@Shtricular
for human troponin, ventricular nyosin |light chain

m Cosindgbt ham MIG2Ye8ad DAPY. 18 cont ai ns phot ogr aphs

[0084]3f FlgP- 8VRGhRttse Bh&Eglpae NG BPLHMS 0¥ 8eatkd Ha@bneratlrég myocardium
denonstrating angi ogenesis distal to the occlude

coRBmapsirajiag SBEIC0¢TRSE iR 1§ thel oochided Pefanane e ses hvsCs
[0085E0F19|' H blabh@nsﬁé}eye;@rmeg |c6r'ith5@ttdn% n\éb@a@&%&%ﬁb@o.a@‘xpmssuon

W t hi
VSRR ECANOOER T §Ihip8hy BYecHADRSBHBLE.ng D
[0086{91 ?th '2@nlsf5 @%drpﬁloftﬁbaz&@f&:tlbﬁ f?el%ﬁ@ﬁ (rt%ltl\)éefos §I$arﬁ'(%5) versus time

ownﬁ@% del i very gterml
of ('@Pﬂth%)é@ﬂo"f'%a?' 'tveWagh? Ik?ﬂgktéﬂn fr‘@ypaqtr@f- PriMARCo H’gatment was

1- y8dMed RF 618 thBh IdheOi-yBA iRkl R 8 RFMMWME lfe¥PaH dhich would
translate into 25-years of human life. Relative to

shiapslatedaio menteari e umaneliftnEetalisoRetan. Joaimant witggpive hMSC

ej erdda BrAsAd 21398 EEERIn Pdctibn affEct b 6MMAt 2Smonths, respectively. In
respectively. In contrast, cardiopoietic hMC treated

i nFaMEashd CAdiaRollf MY B treated gﬁ@rpte@'amlceejctemqnéﬁated significant

f r é}%bil&ﬂfrédFBﬁ w&&eémemfofaé% aats efndamnér;’thm&th@ to sham
ve to sham ho graph plotti

[0087]3 Ejge@ﬂ i3 greRBtRIGHNY 9y eJ@@l‘%‘ugaqt'Pﬂé /‘()ﬁﬁfﬁqﬁst)m?)é@f)m@(%) post cell
tr gasde)I@tRINL PRe infiiBted r&%ﬁér@b\@g sﬁ‘r@l"f%tto ‘é@§|u§tbre$ﬁdaf:j/ fOsubgroups

to eval uate efficacy in subgroups w th docune

ovehth seaienied [0YPE heqredaleh (BleateN 6@%5%453{1) Shdhe time of

ti eerOéntioRt Emacphé i @cﬁhlveﬁ@ﬂpbﬁeetr@?ﬂMbH@e‘Pé&lorﬁJrﬁadtlbﬁa’ém% only
ejection fraction at 35% oneéiy cardi opoietic hMs

t r EaCiApAtetic ﬁf/ﬁ%@ataﬁgbmf@v hsolubm eepiien fr@qﬁ'owyﬂ&?/e at 6 and

at 18-nidithsl 2mMRBhiSst td) £ 88dlink0irR HEEtARCHEARN h the naive
ej ection fraction in the nave hMSC-treated cohort .

[ 0OWSC-Ip3jed 99hqs o bar graph plotting survivorship
[0088L%|gf 0D i B®al §idivk %‘Icﬁﬁ’ngsémﬁb&’dﬁiﬁ é%‘) féH tﬁ@md'idétébVﬁJngoups of mice.

eart failure subgroups at | ow up
sur"\/?‘(ﬁﬁr@ee\ﬂefﬁ@”ﬁrsé?.@ﬁtlpﬁ At ‘lqped%’ﬁafﬁ‘i%(\hwp rﬁSﬁUéYIYQR;/ V\@p’e present in

>S50 Wadm I RRIOMBAEIitY df"bﬂﬂ)@Nde%N@@oﬁdeﬁaﬁnlffelﬂ\bwe' AMSC treatment. In
contrast, a >80% survival was attai ned w

caPRIMEISbiTa0% Fseak wasatiinad wilhessgppapls ASC treatment

[0089] | Figst pat |ﬂ§st|tah% g0d edafet9f of nRAtMBRt Wwitht EPAMME8ECletermined by
det er m ned pat hol ogl cal exam nation and

el 8@&“9@8&?&3‘?@&%&5‘9&) an peasdiogEoby- Pat i ent s
under goi ng coronary artery bypass for ischem c heart
di sease were randomy sgkampPEggor bone marrow
harvest. They provided i nforned consent, and
[0090] Patients undergoing coronary artery bypass for ischemic heart disease were

randomly selected for bone marrow harvest. They provided informed consent, and
study protocols were approved by pertinent Institutional Ethics Committee and
Institutional Animal Care and Use Committee. Is worth noting that no injections

were made to patients but to mice.
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study protocols were approved by pertinent

Institutional Ethics Committee and Institutional
we\rioab19Car e and Use Committee. |s worth noti nBCT/H810091044714

injections were made to patients but to mce. Exanple 1

[ 0091] Mesenchynal stemE;,gg,J,,E|e\/\Jpre derived from human

bone marrow wi thdrawn fromthe posterior iliac crest

[0091pf Mebéncﬂ@hiall et B€llsoverkBderived 4fny Baman | bdnbaadkdw withdrawn from

dual East. Rut h
oadEP SR e et Pk RPRr oY 1B Abehrtd REy, ingividuals
cekd:anlenepr ga%teautﬁm&d N1 3Harsdy1 BasedChH Giow @ﬂﬁﬁetr}agdaly&s the
| not I ess a
orEseR i e R B s % i Be iy B 29, and
culcouaeghd did @bt Sgregsl @D e, €@D34y aad €Da6. ser um
[OOQZEG%BE%% ﬁt){qu mv%r%or\}w %glvei %g%ezrwgyrﬁ]gg rsrle)m:tcg%j 4._e g (O_I:Jg{Jl'rgd) in either
ngm}élet |¢@dt@lldatsreﬂphlsnp|6lelleheﬁ@6%%h T@FBth(zw‘agAan% Oal\gm (5 ng/ml),
n n | en : . ter 4- . S
PERED |5 nd e O 87 BORN At (i ior b e Sty o Y figimb. o-
of thadabin (]lQG)rE]t-/rﬁDOQndidahﬂomlbl CNR00 hive. sréd 410R19s firpthidplatelet
USSRt s e £ s AR e e con
gn%&ﬁfoﬁdd ESedtynBifold WI‘ECMEFF%: mRNQQ&’HESNS’( &tRNA, TFpx-5 mRNA,
a t S cul t a e SIt 0]
R PR R R A R PR e R e
[0093]5X|Afte|SS 15 day@ ihthe senmecdiEAmgniNAre MESRIehsIROAabIXH0H0-2000
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10096f  HaF i "orig: Lptbe e aPP dar S o BRI deNyde. sectioned,  and
subjected to immuno-probing for human cell tracklng New human derived
cardiomyocytes and vasculature, with functional improvement and scar resolution,
was documented on analysis in mice treated with cardioprogenitor cells fulfilling
release criteria (e.g., elevated level of expression of MEF2¢ mRNA, MESP-1
mRNA, Tbx-5 mRNA, GATA 4 mRNA, GATA6 mRNA, Flk-1 or FOG 1 mRNA), in

contrast to absence of benefit with cells that did not pass the release criteria.
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MESP-1 nmRNA, Tbx-5 nmRNA, GATA 4 nRNA, GATA6 nRNA,
[0097f! Kférd‘éf tf%lé—uﬁﬂ%rodh&mﬁ%%ﬂﬁépdéﬁc%ﬁ@ftﬁ%uﬂflogous injection in

enefit with cells that did not pass the rel ease
cr PR, Jroedealive Beiod was seasidergp ashEnprrriiyetassenast can be

carfigheQRAL Fhing, a@yl@nvfeoan@%@nﬂglgu%pératcﬁ%b@rmanﬂ One method of
patients, an alternati ve nethod was consi der ed

| TRRIST IsuBRldieawantitative b@’efﬁerféar@é?'@l?ﬁl Ry MegaRa ﬁ*taéﬂ fegetion (RT-

aaneRt)enrhisaHeyho@pgrva& OhstdpResd#gNtwithi @nBelARdinat are operator-
choice’'is real-tine uantl tative reverse transcri ptl

poingreendest @Rdi War”@ﬁ%‘i irgjativeriy PCreferentr standerbdn gqxq;jgg)n while

f agh@lndsiHed Sarhpies hédhlr@rtﬁ]qub’éné M@reefit microscopy evaluation, up
oper at ori ndependent and quantified relative to a

r ef%ﬁ‘%ﬁ'gére@f %ﬁ‘ﬂ]@?ﬁ (Orlcﬁ”%iﬂ‘éﬂst) iCefh be\%?ﬁ"‘?‘b'”ldrﬁl?tﬁ?é%?éﬁ:\_e%:’ CR using
sagpj\,@ﬂ plfeyii re one by one fluorescent m croscopy
uation, up to 48 different sanples (or conditions)

[00981:aH‘ gréie[ E’s‘@@'&it'f}’ SUitAR Mesiess iy RRTOEPER casdiongiedig ogés were derived
pl g#b@s bovﬁ@%}ov@ oty obRiredeftbinf ¥ardidict 9&|eﬂts'%=l<7f§r Lells were

for RT-QPCR, cardiopoietic cells were derived f
boﬁléa'H%iPﬁ’otW %%P@@O&ﬁcﬁn%ét@'?"&ﬁnf%%wtﬁ%?& ﬁ’ﬁﬁ'l 'ﬂ'ﬁ?sf’ RNA was

( NetractéeElrdrh tNEeeRY ahy ak&es@an bIMIEOS hMPIIES2ENRSasured by real-
stai ning for MEF2C and Nkx2.5. RNA was extracted from

t hi¥e ovanitaivedCRx pr essi on of Nkx2.5 and MEF2C

[0099[TEZRE r & rePie lsBMldafd EBhsRBHRNGT dedb e ReRantOBABh ndhsultured in the
reference standard consisted of cells fromthe sane

baPraseRest ofdbe cardiogenia cosdaibr esence of the cardi ogenic

[0100]30R|é§l§1ts| Wefeoéél@l]llat'gﬁsdrﬁlﬁgs tHE By S| deHh-Bt 8RetHEd MBrhARing the data
del t a- met hod normali zing the data obtaine

f r ehﬁatr\eeéiogutr%eéw gelsdo thnsgdron W?H%Fﬁq%%?ed cells.
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by platting of raw bone marrow on plastic dishes with a wash at 12 h selecting
adhesive cells with identity confirmed by Fluorescence-Activated Cell Sorting
(FACS) analysis using the CD347CD45/CD133" marker panel. Cells were cultured
at 37° C in DMEM supplemented with 5% human platelet lysate (Mayo Clinic Blood
Bank, Rochester, MN).
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18



10

15

20

25

30

( 1:500, Abeam following fixation in 3%
par af or mal dehyde and perneabilization with 1% Triton
wo290519and al ong with DAPI staining to visual P@EUS2009/044714

nucl ei on confocal mcroscopy perfornmed with a LSM 510
[0107]J~aE§FIy S&ARMAL nﬂar?s‘%ﬂﬁtﬂﬁﬁ'fad’fbr%r ke 20E 65! akei P?/IESPﬁC late cardiac

ena, Cer many 010 Early cardiac transcri pt

f aH@'Eb?%'pNP&faE Q‘BG@W@SW@’P”%& %a'BQQdY”QdDAP' The results for

tr 3kt '2péﬂe06h fr@clbﬁrthWr%QOW%bﬁerﬁ@Sﬁ vied rigndehe |mages obtained

staining wwth DAPI. The results for patient 2 are oOn

t hehewfhat thengxRipRsiqryef thatREIAC GanseriptRe fepight is waepk for the hMSC

| TRg@SpARhER BRE hRfhOWr tHaadnet &epa%éptr@swsﬁ%brﬂa‘bom@s the fact that the

cardi ac transcription factors is weak for th

f r BMSEatreraRationtsh, giveiagheffigient therappeicopensht Wamea@ thel'hM§C from

CobéﬁﬁPﬁ)Q%%t e Jo&%tldnrb'ﬂordéﬂieoyhﬁﬁﬁ |fs bRA pat i ent 9

ef ficient therapeutic efit whereas t hMsC
[0108 r Qﬁ‘l Fd&t? et first sesiepof | Imqgﬂa@ feroN@f %t5| %‘ﬁwatf‘ﬁ @HG‘@UO‘H{)G PRl colored
i s plPYleft] 8dIEG]bIGA fdTitle hK/lSd’l%f bhtienlt 2s@drheA wdak @F@Gﬁ%olouratlon

f or x25320wt he nuclei of the cells col ored
(1 6@'??3@61"@9ytob‘lhﬂepr?%?”cﬁh%f NK)S@:E’of” B‘c?t Pléﬁf?'a%“(?'%‘? ta)opegxs The

m@&r&p@ﬁ&nQQh@ﬁé abi Qﬁtléh‘i’rgr @ﬁ;ﬁgnﬁoﬂ& éCh@H%? dXpRSBEIBACof Nkx 2.5
of Nkx 2 I'n the cytoplasm al so appears.

The
coégr@%radmerfgtqpﬂ?égéa%@lswth@ﬁpclgl ?frth?;Fﬁ'be shows a

[0109Mi gh@rsesmr &—ﬁﬁa‘sQﬂ ifhgdKEhatv ﬁwe( &Hr@@ﬁ)trah@cr%)ﬂ@n ¢aci&B I TRRS (green)
also in nuclei of the cells The second

SQPP@MEO?P 1rfﬁ?§j’é§°rsq?8@ﬁtt%éh%§|=’@?'a%f the &ﬁ'&:?”‘i)?‘?'%‘t‘fed in blue by the

faQWP"I Snd Rieen 6|9F&)98<3Io@nﬁ WEisie- %h(dhe@arrésgbndbafd ﬁé‘texgressmn of
the nuclei of the cells and col oured

DAPPX %@JndgMgéﬁ’ briorptieel] 3 he icytoplaging | ok th%@@rpre coloured in red

COéﬁ@%@ﬂQ@el iR gﬂ@eﬁ'—‘x\ml%%bﬁé‘s&fndgbé('sﬁo%‘@x%%forl of bbf cardiac
patient. 2, the cytoplasns of the cells are coloured in

relf a%ﬁﬁﬂ'p{'%faﬁ@& %“d forp ipnséasatioheicHoxebiortbe prslaiof thy cells.

[01 1o¥st TRE EhilPIRFES 8 iRTages gles Festifs fir MERICREMEH tBlthdBne for Nkx 2.5.
and to a translocation of Tbx-5 to the nucl ei

ors
[0111h¢ thhé soers dhe MENA erperagsion iidigd §eak @R reyealing gadliagi trapgcription
r eﬁé&drsexbﬁyss.wﬁﬁm@mrh@rbi 8) Iren®AMIPbr NeXeldven pét%ts of the
11] Fig. 3 shows the nRNA expression studied in gqPCR
r e &EYi ng cardi ac transcription factor expression

[01 12{ N@'ﬁaﬁiltaﬂ% E&ymébasﬁoéhdmﬁeé&h@C(é}sCRﬁﬂ/a@&Y@Hﬂé@hblﬁ@teﬁ TagMan

he st udy Quantitative polymerase chain
r eggﬁ ghwithy ?’@ﬁ}’pl\'/%’sB'B@fslt%?%ﬁ g@T@qu%@@tﬁctm@y@tqm (Applied
W BlbspsteMBPF b6 Bit Bt $8GMEn HRAEEX %@%ﬁ%ac@%ﬁ@%ér@mcubated

System (Applied Biosystens, Foste

Gelted @Qr‘!\‘eéls@@t@r?”fjé%t”i Biplcater the W&%aldéaclen()ca) Yes Gl%fmed as the

Pl ah&tioRBAcycMUMbdr Tt Whicﬁ%@resE@rﬂ:éﬂé"s@éﬁ"‘@llee(PN‘l@ésfho(dCtl'a&Man Cr
was defined as the fractional cl e nunber at which

fl u%'ld%%d’@ﬁ%ecoé‘é{%@% injo frelative tfH'Pe§Wﬂ§1983 delgfmredcysing the

vahié@r%ovmmq@éaf@rcmdmg%ﬁcw 439 2862vE506008) SHARGRS.

det er mi ned usi ngl the 2
[0113] Genes listed in Table

were evaluated.

—AAC
27

1, which are representative of cardiac transcriptional activity

19



10

15

T met hod,
expr essi on.
WO epasent at i ve of

cardi ac transcri pti onal

normal i zed to GAPDH (P/ N 435, 2662- 0506003)
[01 13] Cenes listed in Table 1, which are
act POT/US2009/044714

were evaluated.[01 14] Cells were eval uated at the
[01 14FRNé||§w€re0é\%ﬁl%téu herensRVA iaRH p?&euﬂﬂé\xé‘lé?bﬂu&% Rfd ?ou'éw%ya 5-day

stinmulation with

a cardi ogenic cocktail conpr

isin

huF¥RYRERL M nartardiegaic £ogldaib cRgIPAsNg rE%N)Fﬁ’ﬂ (@Q'ﬂj?‘r?ﬁfﬁ TGFp-1

Cays ﬂbanPhBIOIP@
Car di ogenol
Thiaglipgenal @>(
NUGR ahdi

t he one of other

gs R it )Gar&bfr@éfﬁ%%g(ml} ls?lti‘?ﬂo}nbln"“'(‘ij U/ml), and

@ﬁ’éh e MB35y W@/a%thpsTbA@ mB,N@ expressions

patients. Table 1 [01 15] Lef

unft@AUS B REChigherat t'hSrhMSC?o%Hileﬂtsti‘é&m $ &fan for the

t

veRP? PEIh@rPatigRet i on and structure were serially

Py Trang
ﬁggg%ﬁ%ﬁ'b Si errﬁns Mal

LB A e €CNOCAr di ograpny ( SEdAé dymbol

vern, PA and Vi sual Soni cs | ng

M1

Hs002PI78FL A1 Canada)-
as [ (TWwd -

ventricul ar end-d

LV) /|LNWe]

RbREbbOt AT RAbA P a bty oﬁ’\’as C
trefsdritfion r‘?el'a%é\dalrc])'cﬁs

isastollc voI ume (rﬂ)

NRE FOERKX2-5
ehit NKX2.5

LW 1S

Hs00 FATOBT i ar et
shows™t he mMRNA ex

of cardi ac transg

y§|he'flh%er\{:%}'d1'é@tr%| X Jiptidn3ctdP]

essi In ar rary units

r bg@ﬁAo;;;né RS bkkein Bor T espect i

IAFA
gﬁ’ (AB)

Hs002¥ 49 InTRINA,—GATA R, BENE AR EPBictbr 3RV UTMEEBE BPMEF2C
Hs003B M85 1ypC (e t) d']“bo 'frahﬁ% Sb‘ﬁgh’{addr%?l et Wi th T‘bxqjor TBX5
cardirogeni ¢ cocktjairly | I'S clear, injeac
case, that the results are far better vvhen us| ng cells
HsOOéSA{%%%bcrﬁ%‘"g;'S' gb;’al 9% e f‘ag‘o F—*h doflG’AtTA' F’geﬂ of FOG-1
nucl ear transl oca i f‘% ,\/%.!55’ TA4 an:l o
nol vnant i i NMeC tranat ad \lll
HSOO%%“éPIdEem c cockt aF'F“XV‘QQQ’E'e@( fr?v@r@%%tr'v q‘ﬂﬂ “angMegpd or MESP!
appear in green 3§ s of

navea hl\/Rf‘c no—tr

gl by B O e Tmgbs

Hs00 BBl i des are RO T A e
CP- hMSCs—(right) 1 indi JAB

H300%1r1@8ﬁ—’86| our . [01 8&??@?”@'9[*13!%@{3?@%@ typre | Flk-1,0r
progressive conver 1t jr pE I Kipase K KDR
D20) from nave hMSCs to ' ¢8Rtlai | - gui ded’ CP-hMSCs and
eventual | y cardi onyocytes, CM On DO, nuclei are

[0115F OL 8t rRGhtriciab! fdBctn BAF! strt@hr@auer@EE@rﬁllg’oﬂo}{&ﬁéﬂ ie trbsthoracic

transl ocated on n

a- BERQGAdIPGraPyy 6320y Pég) Siapanen Matve:
S a6 REY, ©SCaRIapr eEj%Biionan‘PraBlﬁﬁce(%Fatwéshecé]@ulétéd ar gs

gqaélop% volame (ul), and

definitively en

O VU G0 e e WV o8 i Gantiedatic

ucl ei reen). On D15, sarco

nt o the cardi ony

LVVs is left ventricular end-systolic volume (ul).

[0116]

meric

lpﬁala”d VisualSonics Inc,

[(LVVd -

Fig. 4 shows the mRNA expression, in arbitrary units (A.U.) of cardiac transcription

factors for respectively Nkx2.5 mRNA, GATA-6 mRNA and Fog-1 mRNA, of
untreated, naive hMSC (left) and on CP-hMSC, treated with a cardiogenic cocktail

(right). It is clear, in each case, that the results are far better when using cells

treated with a cardiogenic cocktail.
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anfgg |C8?kt9\bgll“d‘?(ééﬁrdi%“woéﬁteu@%t)tT%éﬁ!'?r@ﬁfj G#!lspwere cultured in 1%

CPphabrStaysd fEt15 & dhe Hardidm s (eS8l @UniSdhBBdrial maturation,
foBr [i n% | ead elqjaﬂ?t rocar di og ¥§fy I[?Ll\/P15O Bi opac,

Go?é’?ﬁx’"@ﬁegelﬁ‘ﬁa'éla”fj|f‘§mat'9rh§%’§t'?1té§‘?sa (1.5%

[0120] sefd. 8rshBRs ol DERA- g@@le@%ﬁﬂﬁ@ﬁ@c?@r |ﬁmbb(t,mi%ﬂj%¥:6@ﬁwa|tuﬁaﬂon of the
I mproved by 15% and 20% at one- and two-nD

r e§}EtipvEPRIraction FYSIEM d"als@é&?sﬁéﬁtthrﬁP@rh'”GﬂthWSéC?'ﬁ‘“ﬂtfans'e”ts

| NTEAME AL cdIg WERE GLIRAL] %}arﬁg@ayéeslwmf@gis\@aw ohay&ktdnMBfaulation
(n=17) or sham (n=10; FI% ure 9).

EcﬁB‘édP%‘i'%*grf%p B¥n i3t 4 Stéfﬂthhéaﬂ% Qf " teeralcigr pRiogiivg probe

Cof@nalatelok@abin Irbs?équfb%MlapP|r&fest Cafeddu Al for live imaging usin
t ranspl ant % V\,{g TX) revea edI) I\/H\/bdg J J

an aéRmH%ﬁafLﬁe &ﬁﬂté?'ﬁeg rzq}ﬁﬂ lI-S'V'r?’1 BdF'ﬁr%FQRTy(Z&fSébﬁgd line-scan images

M ggé@redzau k$1adthRilatieog! | ul ar transpl antation (4 wks
nave hMSC treated hearts denpnstrat ed

[0121Eraﬂ9t 8.%1?@&{8 a?k$ nBsiagdSrfoldHacrgatein Br-ndflF’ 2G Ang YirFRed (n treated

tové,gugnht@téd)nmsc the CP-hMSCs treated group. Lower:

weeks fol |l ow (9 cellular transplantatjon (8 wks
[0122] As shown in Fig. 10, CP-hMSCs meeting CARPI criteria, were delivered in vivo

one-month following infarction and significantly improved ejection fraction over
naive patient-matched hMSC.

[0123] Fig. 11 represents an echocardiography of infarcted hearts untreated (left) and
treated with cardiopoietic cells (right), which shows a far better anterior wall
reanimation upon treatment with CP-hMSCs. Electrocardiograms were recorded
using four-limb-lead electrocardiography (MP150; Biopac, Goleta, CA) under light

anaesthesia (1.5% isoflurane).
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post Cell Tx), nave hMSC treated hearts continued to
show | imted evidence for nyocardial repair versus
WO olmagsioeontractile activity in the CP hVSC t r REl/@82009/044714
infarcted hearts. Left panels represent para-sternal
[0124[ P@)n |e@|ﬁk§ba?dib§raﬂhyﬁ\’\§ontr\ﬁ'cﬁlhy Q#@Fb\)eHnSy' TK% Cahd rm)o,{, exebne- and
de capture. Arrowheads in ri 8anes
| nH’i’Q:ﬁlO@théinf%PP@WeWan"OW@gatFﬁaﬁﬁ?”td’ch FB%W fngl4)1ip contrast to

shawkgihdlathaf§e %&Pme\mtrwmsdwm dh- 291 tshemnieeo; Flgure 9). On
achi eved a narked inprovenent at the one and two

f ofPoRChpCardiPgeRM T Infareledingarts Mt weelst iliewing coronary “93“0” and

Y agay BlictMo deNulePirbRdHnt (BAKE BRI U ns l‘rﬂm&/@aﬁaaqirsm Mode an
had I'mted inpact on ek]ectl on fraction. Star

and
doalinelics tagteriondwathtie Ko stuslyo prespsr Middle: nimeeksafierecellular

t Wiahd g tRRINNISwkd BdgbLel MmA)easte KMSet ®shidd thRarts demonstrated
cardi opoietic cells derived fromhMC, functional

i nplRdEReh akinsiselimt B BHetier ¥l $Pn4AEL 18- fepimpation i the

hi @WWS@Q'tr@Gie@aéro@da_o\A%F | @We@kst I18ViRgefila! transplantation (8 wks
snms and scar, which rennai ned

regeneration ur
unBestr et &4 |”ﬁ'VﬁahM¥9 Nesetad B%&%C%@a\d% fo gleqve limied eyidgnee for
W Hfiyoeat@i @b@lr@bfs@s%@@t &drﬂ‘@EﬂB%Etl\h(Zﬁﬂ tHe"tﬂmﬁW@C treated infarcted

re-muscul ari zation (Fig. 13) 0127] G oss
pabh Bt dictapanalalreries R?é?rﬁ%ﬁqla(P S0l 197k GKigt Yigms, opvith dash line

S C fdicdang RivEiePLO v-MLE capiLRY. Ipfowihesdendight pieiPBhdicate anterior

artery lirgation (yellowcircle on the hearts) with, on
cr WalIesgRimagan- r obust re-muscul ari zati on and

[0125¢l Flgnlﬁh@rfbvfseméﬂ%'n' é\@;régjé %‘l’d@do@é}m@bblétl& &Misa behtyed B marked
contrast to nave -treated infarcted hearts

at IMBRRYHPEI atdhe QW @@‘dttW@a{’ﬂ%Hth”OH‘{ ir &lipying imsetien into infarcted

r eslybbsrdRhe Iﬂaédritr%b'ﬂ &fah\bé g0 of QhaR chtR REd fli@f’flted |mpact on
ALU-DNA was, perforned usi nga( human ALU- Pr obe ( Bi 0g

Saﬁje%}mﬁﬁact@@\) S@y aﬂquptdpzs riingicade ags & Oy O\Qar:[\@lve hMSC for the

m n,yggﬁﬁe@emtsj ncubati on at 37C overnight followed by
ti-Fluorescein GFP-| abel ed secondary detection.
[0126[ OthQ'Te%nft@@éqd rWilb| errigRoiptis eclled defivypd pigom hMSC, functional

CPTrﬁW@%rﬁérﬂ%ﬁ@la@Hé@&ré@ﬁfbﬂﬂ%M8Ndﬁﬂﬁﬁl&%gthﬁro@&@ﬂé\%luatlon
of human-derived cells with positive staining

ALU
DNATE SMPSATE ragsaeratiog. %’@W%@%ﬁc%p‘é@%éﬂv%?@HF‘éHreCted in

W haivB WRsC-sestel fHearts age ﬁeﬁmﬁlﬂﬁilcﬁfd&)ou@lh|h|\ﬁ€§1§%btment that
ininfarcted controls (Fl . 14).[0130] I'n contrast to

shBYHEgdrer MUSQUIGTEAIMILIFeG: i18)-hVSC treat ed hearts on

[0127]30@‘r@&%atﬁ@)l@%@&C&/@}(Jaﬂ&@'déﬁﬁbhﬁfhté@Y@s%hﬁl@ndﬁ%ﬁﬁrt H&wnstream of left
presence of human nuclei as stained by a human h- ALU

M”%F'%Qeiwaﬁgeg-ﬁ%@@édf%ﬁ'qnhKW”?WeC'rﬁ{?r ppdhe hea"ts) with, on

i nf:l%"S@S@éildﬁyQﬁ)@éﬁﬂe%sJulﬂr&Qﬁfn M|Hd@ﬁ‘3d%ﬁﬂdelmg in cardiopoietic
addi ti onal st ai ni n?% or a human-specific

ant$otght] i geatrast H Savendsin hMS@]tr&atGM'Pfar‘Ft%i@ﬁ"ts at 6-months
ny esha gt abBE NN OWET IResBRESUI P& barticularly good.

[0128] Probing for ALU-DNA was performed using human ALU-Probe (Biogenex, San
Ramon, CA) by hybridization at 85°C for 5-10 minutes and incubation at 37°C
overnight followed by anti-Fluorescein GFP-labeled secondary detection.

[0129] Confocal resolution revealed, in the CP-hMSC-treated murine myocardium,
widespread presence of human-derived cells with positive staining for ALU DNA
sequences specific to the human species validated with human-specific lamin

immunostaining, all absent in infarcted controls (Fig. 14).
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super - oxygenat ed 3% par af or mal dehyde i n PBS perfusion
fixed hearts. Bar indicates 50 mm [0131] Fig. 15
wab@waswbat human- speci fic troponin-I anti bodyPCBUSZ0DMH4714
no staining in nave (left) versus significant staining
[0130Lnlrf r&nﬁﬁéte% 0§ha\h@| Ieff?‘c c‘éﬂﬂ@bcﬁ’&%‘ ‘PIMSFC hited rieaiad on confocal
earts ( e an panel s) 0132%1 Mor eover,
shW@WF’Fl%a'Ui@Wﬁiﬁﬁe@ AGFFHIC Preseseq P hlﬁ@a'bf‘uﬂ%i\?é Sta'”ed by a

(t A@hadehsS) CORAl ‘bﬁ%eet(hﬁd(ﬂé)oﬁﬁgéﬂdehwmhtrf &Rt efhurine  infarcted
hearts, counterstained with C2v, denpbnstrated

geﬁ‘é(P‘éQr%'ﬁ‘ 6\"“%&%?@‘&%&”“%@6@'&%@lﬁﬁ@'?'ﬁ@ﬁﬁ’reﬁgﬁ‘ﬂﬁ‘laf‘é@ec'f'c lamin
huBRibde |(rl|g?9nt ||$§é’t%hb\nmrﬁﬁbe14%0ﬁ‘6ﬁér( ﬁ@@&ar&@ﬂsé—%@oﬁm\}vere made from
(botto As illustrated in 17 within the
reﬁﬁ’)%ﬁﬁt(’x%%}at%* War@‘i‘@fﬁ’ﬂi‘é‘@?@d&em vP f pRgfysion fixed hearts. Bar
hN{ﬁQTda[(%qyoqgnheart S, human stemcell derived

iumcoul d be disti ngui shed fromnative nurine )
[0131]Ty5t9ar"élst]?r‘f"§\n”tqt1 hHIRRISPEF Ep BPRANIEbRHBLAY Faverted n& §ipining in naive

M @ém ve$§&s bigHifiSaHt %%mﬁ@ Mthd SdtdAdr WAl Ef BardibPoietié fnm treated
m croscopy detected %Pogene& s distal to the |igated
LABSRR @EW'@?P@I”@B“ RaReEP- hMSCs-treat ed hearts ari sing

[0132f r MMBrdder, régbﬁomrrorwg We%hﬁéb{ tkdﬁ%n I ﬁs.hm@%ft R&Ve ARR) versus
C|rcum‘lex( bot . [0135] 19
coﬁ?@@QP'eQQal(%th’@n BMS | fragtef al h%sepguqt?réﬁ'”ed with miCG2v,

Cagdnepaisdd @eﬁ@#@w 6f3@érﬁﬂcmﬁam%céi@lﬁﬁﬂﬁbmaérﬁﬂaﬁed human cells.
human- specific 31 ( PECAM 1) Stai ni ng. Bar

r e pPESJBiFate 20 H‘ﬂi‘r{tol[’)cﬁl@éio KD §POtT)shows t he evol uti on

[01331}Jf Akhigugihegm ¢g. e179‘?4\1“|thF|3\ntrfelf Arhr il Jcaf 'c\éﬁjléébleﬁi&aaériv%d from
during 12 nonth for treatment with both nave and

COBMS&] reqjed hesrts @P)“aﬁl\?é@” R A8t yardemy @rastiaim coplogt figtirguished
W trBmnaiige MViRke hy@ve8diuin Rih Alchar toYolh @6lobARafiér®ith MIC2V. Bar
effect at 6 and 12 nonths, respectively.[0137] In

coldicaias S0ahVBCs- t r eat ed infarcted mce denonstrat ed

[01 34§I Gﬂrugl ﬁ%ﬁrfa%bW&ﬂo@ébpfy%@@édt&ﬁadd’ﬁgeﬂéﬁgﬂ&ial ef thd Yl LAD (black
mont hs relative to sham Furt hernore

and 0) .
t heirgle)in it BMS@@HEﬂaEe%%%a@tqﬂétnlgfff% therigh &Pipaply artery (RCA; left

ef Bbﬂ:&ﬁyaddh@um]ép?@ﬁt Wétidiydocunent ed overt heart
ilure (ejection traction <45O at the tinme of

10135] pFih VG AIoH oqiags ewaluainy el efietesrlevasselstffashcardiopoietic hMSC

e] @ehte@NhédraC ldeRTdnatratd® YhurRiH-Ypdeiicdic?Rgl etPEC AMMEC staining. Bar
treatment inproved absolute ejection fraction by 10%

at rePreaets1Zl WBnt hs, in contrast to a 5% decline in

[0136?] et QQ@hB\K/@fﬂe' SMB1utiBn tohﬂ‘ler@l\éﬁ @bﬁé}e&tf&%&ﬂoﬁ%&f% to sham in %,
shown in Fig superior surviv

beﬁ%’frigt 11)2 AN, é%[rtﬁ‘?aé’ﬁ@i‘te‘tvi”t bﬁfbs@?'t’? éaf éiﬂ’c'@laﬂ)'lb'dﬁ?ll (CP) hMSC.
COREIB64 th @hBRY Grebinfatt @FthC AAVE thA\ET ShBABY WRS% and 2.5% ejection

fraction effect at 6 and 12 months, respectively.

23



determ ned t hrough application of the Kapl an- Mei er
function with censoring. [0138] Efficacy of

waeanoditspoi eti ¢ (CP) hMSC was denonstrated by PCT/US2009/044714
echocardi ography at 1-year followup (see Fig. 25).

[0137}ON) covtrast C@Q#I\Wgcgfreﬁt%‘demﬁatr&% GRick dén@tﬂ{sﬁ'ﬁteﬁeéllﬁﬁlﬁcant ejection
revealed a fibrotic and 80|net|c anterior wa

eviragion rrrayresnt W%@eate adngat! 2 omoptbat etative 1 shagy (Fig. 20).
Papghsarmotd) tROMERED cSHIMVRSCsta@Rbad é\'/%ﬁfatesefﬂ@é(@/aineéhbgroups

a robust contractile profile throughout the anterior

waMith r @equarantasy oyed yagat dailire dsisclien ffiastonyuidsed at dhg time of
celdtert/aqroapyoéé’pﬂél E&llivaldnt bwtbéatmenﬁle‘facnoﬁxm.bﬁ 8t 35% only

[0139] Similar results have been observed tre

st EardipPiesc WMSE Beatgert mm@ﬂrﬂ%ohﬁwepmwt'ﬁamy 10% at 6 and

TGEQTT;({I’%SS mglc%f)rastBMD“a (§%n9é€ﬁn}a |ncaéjéjdt|@hr fRB&IOA in the naive
(1n Card |o eni and t hr onbi

=l C@flqy ﬂ:gg @3} Aq @;QV\T |(15;-'09 n?92/ ﬁpyergﬁ(gurvw(al l::l)'eneflt in the
ACEéMHbor%tl& v ﬁééte&?ﬁﬂlp'nﬁ‘ cé‘ntFé%m MRt OtrbAbd asdH ahy %ham was

Exanpl e 3 £014O Sim[ar results have been observed

t r 88ierAiged thspyghearricatonipf ineisrmaniMeier ScEpmwity censoring!

/
[0138L§F?\k}’|@%ﬁ%ﬂtcaf5%0|éﬁé @&?I\g@é ;ﬂéasnéj%?ﬁraft%j gg(éﬂhbcardlography at

m)
ng/ Hegr Olﬁ%t%?r(s?\% Flen#5}: rhoaer@m impgingAf aivecgter qelidreated hearts

ng/réﬁe)aledaé‘@bfoﬂyafh@ I%/p@ﬁlhgtlc( artefid) wHB esbst BvRlent on aplcal M-Mode
conbi natorial fash HER ENMBODI MENTS

t oCRluRlieadPatgtd 1¢ 'ﬁEtpamPu'ﬁl & EAEESh\EnEMS %G%B%ﬁfts revealed a

deﬁ&fu'sb@&wtr*a@hl@%bﬁ!é‘ @rﬁrb@gﬁhdm te Aerictalal FeREcth@sE 5LRhihed benefit
t her eof oreg]lng description is intended to

il fr%‘tg*%ﬂeé’ Sé‘?fﬂ cathiherany (Patiend 14 cighe PBRElBhe i nventi on,

which is defined by the scope of the appended clalns

Q her aspects, advant agesgamplé 2odi fications are

within the scope of the followi ng clainmsCLAIMS 1. A
[0139]:08pm!§rﬁ'd>smﬁs tampbeai olgsefdd Wy tteatiBlyl3dem geltshwittimhicogktail containing

d fr t i f .
Carea BB it B T OBl of Belroppig (tnom
t hé:agnogqmob@nsm@t iuM) ahd Castidbog@nof1 CndndF GELA r(cbﬁ) ag/ml), 1GF-1

TSt SRR RIL A oo &l iR tasi ' o©°

Cardi ogenol C. 3. The conposition of claim1, which
conpri ses at | east one &Exgmpled3sel ected fromthe
roup consisting of FG--2, 1G—-1 , Activin-A TNF- a,
[0140FGBindilar regults B peemebsesydsi hyaltreating stare celtsf with a cocktail containing

recombinant TGF-B1 (2.5 ng/ml), BMP-4 (5 ng/ml), Activin-A (5 ng/ml), FGF-2 (10
ng/ml), IL-6 (100 ng/ml), Factor lla (ho-thrombin, 1 U/ml), IGF-1 (50 ng/ml), and

retinoic acid (1 uM) used in a combinatorial fashion.

OTHER EMBODIMENTS

[0141] It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to
illustrate and not limit the scope of the invention, which is defined by the scope of
the appended claims. Other aspects, advantages, and modifications are within the

scope of the following claims
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4. The conposition of any of the preceding clains,
whi ch conprises FG--2, 1G~1 and Activin-A 5. The

waeeopasiont on of any of the preceding clains, wWETHS2009/044714

conprises Activin-A, FG- 2, IL-6, 1G-1 and retinoic

acid. 6. The conposition of claim21 which | acks at

| east one conpound chosergliMMee group consisting of

TNF- a, FGF-4, LIF, and VEG--A. 7. The conposition of

any Atorapaditioh conipsisihg TGRE-&i BMRiemntroorebiapapopouridsselected from

Do astuh, EetamsR B St pnd BB SRER.odrhiRa petected from
bet V"Ee@rO]Jp&deSIiﬁg@‘ Grdisgérchl BN rptiioievhcid.bet ween 0.5

S2unthes Sefeesla’ £ fipgheh e eriy BEkEor 8% a fafromein.

500 mrdrmfroslandnd}%cﬂl@mnbc C, between 1 and 10 ng of
FGE , and. 100 f said |G- 1

oo “THe cord Ao o AR Sohlgh Gt Rsge ALIRF R 2ppoifd telected
bet Wﬁﬁ'lmthb godp 56ns1g|ngfof§aﬁFd2 ,TISF-1,Aqtiein-AT TNFeet Fered, LIF, VEGF-
and % @ 4 per M, between 10 and 100 ng
Hd?(?_m 'nﬁ qnsrﬁmere Between 1 and 10 units of said
LUF Ter compositieohvet einy bf aredpieQedigg afairss)i whidlEGHmpriqasrF Gi-2, IGF-1
betvveen(g 1d§nd 1.0 MM of said retinoic acid per nm.

. '% ition of claim1 containing reconbi nant
T6F The &(n&)cﬁltlbg/oﬁhhy ofBNE’@re(c’éding/ddims, vdictdeahprigebiAstivindA, FGF-

/ : 0 di
Qgrrg?#lapgl?{ ﬁ(ig‘ﬁ'ingﬁ a(%P The coﬁ;gsn It Poﬁ of clains 8,
f Br tTrey c@ommltlcml ofgclaint Mrvehith ckg al lddstriope CEG/B%Q;C( ]:Elic())sen in the
t 5
The TbipEdieh DT UE GG 2 U A onbr nant TGF
b7 ITHe2cdmpugitioh )of aBy\/B’fflclél&sn’gid'ldS )wheteit ivvhen-ofe(compglntl Js present
/ . Na ( ha- ,
o ot oo, ssrasetl iy ﬂ#%ur???ﬁbgiiweeteﬁnﬁiaﬁd Seigyor sai
( 1 TaAp-tpedmi, rbeaNemnbamdmOhg@lf seﬁldSB”MI?JMpér]ml héteveen 0.5 and 5 ng
o5 oAbl LB o el ALk vrombin por
Consansjt beﬁ@e@f 5(Dmnk|i 80C akt (aflslald@atdfogfeedblal bedddenstand 0 ng of said
m;ﬂ#égr \&%(%HGL%aX(f?@(ﬁW ﬂf]ﬁ cg]é(lg irqeei mﬁ fl)eet[ﬁggn T’land 50 ng
d| ffafrsam Aatvequ:@Irhs otwees diang Zhng bevait e'l'dNFI evel mhfbetween 1

conTEt FRE0GH kBEFALNE LB Eridlad o 116 por mi

GATAthWRNN anf&l1R-ubiteBNSaid GET pér rrrlRNétweEogl dndnBINKg obasrid VEGF-A
conbi nanhl t())e vsvettanh r1ea(?1fd " (?nlglloq a]a refenow aci %grtmf)ne
8. The composition of claim 1 containing recombinant TGF(-1(2.5 ng/ml), BMP4
(5 ng/ml), Cardiotrophin (1ng/ml), CardiogenolC (100 pM), used in a
combinatorial fashion.
9. The composition of claims 8, further comprising a-thrombin, (1 U/ml), FGF-2
(10 ng/ml), IGF-1 (50 ng/ml) and Activin-A (5 ng/ml).
10. The composition of claim 1containing recombinant TGFB-1 (2.5 ng/ml), BMP4
(5 ng/ml), Activin-A (5 ng/ml), FGF-2 (10 ng/ml), IL-6 (100 ng/ml), Factor Ila (ho-
thrombin, 1 U/ml), IGF-1 (50 ng/ml), and retinoic acid (1 pM) used in a

combinatorial fashion.
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pol ypepti de sel ected fromthe group consisting of
Nkx2.5 pol ypepti des, MEF2C pol ypeptides, Tbx-5

w@oiogpsdT des, FOG 2 pol ypepti des, GATA-4 pol ypepuszes044714

MESP-1 pol ypepti des, and conbi nati ons thereof, wherein

sah drit cb@psditicner Bﬁi/)tﬁecﬂ’élin@ﬂ it§ ﬁﬁ%i&:’haﬁse&rﬁbﬂs@dtlh% medium
nucI ei of said differenti ated cel wherein said

HSEISHHM dhasgreup pamﬁlﬂggmmeida C%‘éﬂ“l"?,g hfefa galf serum, human

pr e%"r‘@rﬁ &&te%tﬁ@ﬁﬂé%hd nduras eRkglisng to any of clains 1
to 11. 13. Meth of claim 12 wherein the

dilgfrepihrat fed (@éﬁl'ﬂ"gg efipme idiial et e Jiffeeatipted etellsf expressing an
NEF?é}e\m@dﬁe@él%f Mzﬁgstlodﬂ%he ﬂfﬂ?NA‘@éJ&%&frorﬂrﬂNe Qlfoup consisting of

clains 12 and erein the initial cell

rresé\ﬂ%ﬁ%ﬁ?R"éfbeME@é’l { 4nRNA, TREBNERNG CA AN A cFlki InmRNA,

t he @Rﬁ&@ﬁ{mlmgt@mm@l lafid %bﬁb%ﬂ&mméfe%%ﬂﬂldﬂgvééﬁ%st one
cells. 16. Metho clains 14

sai &%@mywﬁ?te@ﬁ@m Eﬂ@l su@u@ﬁeﬁ%gtglgcs@d&kX@)@@'spept'des MEF2C
CD1 3rbly el fo@gmtgaM OG- tholﬁﬁidtld@é” EATR-ARBIypeptides
and

do not _exp ress CD1
sur fME8P- 11'P°'VI%@W@§ gnd a?%?“%?at@ﬁﬁltﬁﬁreﬁ ‘tVBer%‘ S@\He?tei%s" one

t he ;Qﬂl)fpfeﬁf &isi ALB8lates Wit tAE Auiar 6 RRPIBEItiNBY |c§|ls mereln said
Cel I's ‘obtai ned by the nmethod of any of clains

17. methodefqraprises ofHiUARd t iBitial &Pt 18 Rﬂﬁep'@ﬁﬁ”‘i%é’é,e‘a Compos't'on

cel Ias;cg,rd@]gqgraqy@pgbmg €10 210 I\/Et hod for delivering
differentiated cells to a wher ei n said nmetho

cdip¥ietsed of clajm dérwiareinithy dtfi‘?é%”t'étegaﬁ?ﬂ? EXHESE @meéewa;qghl,evel of

a paopekat hempeindivEgeremiingt ed cells conprises cells
that express an el evated | evel of at |east one of the

nifiMeiBPe Of 8aY 1 SR 293l po c ey thegnige! aatisace prgggnchymal
I\/ESFga[émrE@}gA Tbx 5 mnRNA, GATA4 nRNA FI k-1 nRNA,

-1 nmRNA, and comnbi natl ons t her eof,
aﬂé/'\ﬂ?thﬁ%\\ﬁﬁ Céii'ml d4hswheseia he| ppeschyealsgieac el peo AP gnarrow-

ar OLHQ;HQ@(H]g;ﬂeﬁ{d;é’Ng of Nkx2.5 pol ypeptides, MeF2C
pol ype tides, -5 pol ypepti des, MESP-1 pol ypepti des,

GAGAVgt Bg”(gfp@}yt PHé?'”WCﬁ Qn(bo'lpyry\g}?ml@e%al(hmpsenchymal stem cells

combdyp, ?és'sQIl§9(i @em@@f cm@mmm&s@mgpgwemnloﬁ%é 8ell surface and
associ at ed w nuclei of said differenti ated

cel 40 no&ﬁapr@m Cotth wPaf AP 42PN therel sigaged

papuliehb@or &y stidding anté a8 ath<rahltise dife@ntistedBENMBAre cardiopoietic
1. Method of ‘claim 20 wherein said popul ati on of

di f f&'entiated cells was obtai ned
18. Cells obtained by the method of any of claims 12 to 17.

19. Cells according to claim 18 wherein these cells are cardiopoietic.

20. Method for delivering differentiated cells to a mammal, wherein said method
comprises:
(a) determining that a sample of cells from a population of differentiated cells
comprises cells that express an elevated level of at least one of the mRNA
selected from the group consisting of MEF2¢ mRNA, MESP-1 mRNA, Tbx-5
mRNA, GATA4 mRNA , Flk-1 mRNA, GATA6 mRNA, Fog-1 mRNA, and
combinations thereof, and/or have at least one polypeptide selected from the
group consisting of Nkx2.5 polypeptides, MEF2C polypeptides, Tbx-5
polypeptides, MESP-1 polypeptides, GATA-4 polypeptides, FOG-2 polypeptides,
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fromoriginal cells of any of clainsl2 to 16 cul tured
in the presence of a conposition of any of clains 1 to

wQa200922190Met hod of any of clainms 20 and 21, WhPCEUR2009/044714

said step (a) conprises using a reverse transcription

pol VAR @wfoisdidhs tHepast Wﬁé‘relnzé’ald MBiypastidefis a8dociited With e nuclei
20 to 22, wherein said adm nisteri ng step conpri ses

adni Hisguetiffergntigdecdicelie) and vi a an adni ni strati on

sel eg} %fnfs‘f&ﬁnbfb%llsgfr&\% RakiQibpuktibh 8t @freredBIt8dtSls to sald mammal.
intracardi ac, and intracoronary adm ni strations.

VBT Hdeihed caslpim20cyherae st P%plé%t'onvwféi*f&rﬁm@éﬁc@tse‘ﬁas obtained

(a) fremr defid 9 driyTBNeRIHOEH €N 13! EXltureP-in YRE hR¥sence of a
for providing heart tissue with cardionyocytes,

wher@mposlirg ShahheF'adBrgriP dés adni nistering, to said
hearfiethb§ o @ny Wi difmed ah@21Chkreipkaiel ﬁb@‘ia)lgorﬁﬁns%Q using a
obt ai nabl e by contact with a conposition according t

cl ai'R¥erse frgngeription polymerase chain reaction.

23. Method of any of claims 20 to 22, wherein said administering step comprises
administering said cells via an administration selected from the group consisting
of systemic, intracardiac, and intracoronary administrations.

24. Method of any of claims 20 to 23, wherein said step (a) comprises using
immunogcytochemistry.

25. Method for providing heart tissue with cardiomyocytes, wherein said method
comprises administering, to said heart tissue, differentiated cells of claims 12 to

16 obtainable by contact with a composition according to claims 1 to 11.
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