CARDI AC Tl SSUE- DERI VED CELLS CROSS REFERENCE TO RELATED APPLI CATI ON
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nyocar di um usi ng human cardiac tissue-derived cells. In parti cul ar, the
present invention provides nmethods and conpositions for repairing damaged
nmyocar di um usi ng expanded human cardi ac tissue-derived cells that do not
express tel onerase. BACK Acu infarction (AM) is
t he | eadi ng cause of dea&%gt([hg?ggmmﬁlﬁﬁa@@g&%by a sudden and
sustained | ack of blood flowto an area of the heart, commonly caused by
narrowing of a cor pRAYYS RIFFAINENVE NOUtEpASERhePIIeadr Ml Y, the tissue
beconmes ischemc, |eading to the death of nyocytes and vascul ar structures.
This area of necrotic tissue is referred to as the infarct site, and w ||
d00H] ual The prssentinvsetion ¢lpisespsiorithio anahgatinnmgrielanabsrp b2yt446.4tled Iidgbl e to
reconsti the necrotic tissue, and the heart deteriorates with tinme. The
deterioration nay be in the formof a |oss of function of the heart mnuscle
associated wth renodeling of the danmaged myocardi um [0004] Sone current
t herapi es for acute nyocar dFEELDOBMTHE &NVIENTKOMN t hr onbol ysi s or,
alternatively, angioplasty, to open up the clotted vessel and restore bl ood
|y the infarct site. se nt s ectlvel redyce infarct
IR, S Bnesarhiibtiortind iestd & BepRs o Acenoomons G T i Siiiee ¢ he
| oss of fyp&diam &ind ﬁlﬁnaﬁ@@a&&la@ﬂﬁ%ﬂeﬁ§&9€éﬂ§t ﬁﬂpéﬁléd]arf gimA&lhng of the
damaged nyocardium O her therapies, such for exanple, angi otensin
converti mgeletmwrewdmmbﬁhb@?r and( QQ@EIO)Eltlan@I fdy é@mllmwn@gsd almandnm osieg gl obal
function_and, surviva Hotwe er 1 ;?Eeuttc effgts fromthese
medi cati%’??énﬁ%&%‘hﬁvaf%“r 6%?8%1&?? %%‘ S@V L8 TRER® 58T Post - AM pati ents.
WO 2011/ 005930PCT/ US2010/ 041327 [0005] Cel | transpl antati on may be anot her
potential therapy for acute nyocBAdilGROUNDCti on. For exanple, Olic et at
(Nature 410: 701 - 705 (2001)) report the injection of Li n- c- kit ' bone

marrow cells into dar ed rdiu lic et t state: "Qur studies
i34 at eAeHamyoseuial intaretipy Ma Bdbfe eﬁ@lg &9se f %aﬂe;aht é%ﬁer%Mé He novo

nyocar di Ume ék&{d%h 'aﬂ@sﬁs'fh‘?n&ﬂ%&@é‘feol%d A0 258k )(reé"o?ﬁ{emeghsé%%ﬁﬁo Iy [ 0006] I'n
anot her exanple, Nygren et at (Nature Medicine 10: 494 - 501 (2004)) state:
"We showcaukert bymdrrcamlg ofiatecnbyreteryar Wahoateldeguatmbload puppiy, |tlmjthsoq:)ul atl on of

hemat opoj etic stem an itor.cells efficjentl ngr af t thin

o ar ot cbechyse BB e g Pt Senbesis EhTmcu S0 EhRS it diebpor et o
i n nat ur gecrétlt R0 fs%@f"erre@ﬁﬂ@s tHB TRt R hveRilC&HhRlTY 863nRSscirfiguebser ved
outside the infarcted myocardiumat a [ow frequency and were derived

excl usi vehgrentinng bard@intyoryish ais. una?b@@vqcpmﬁéwte the nageotivdtshem a@dﬁhl@we@m ch

l()ﬁlgte u;n; ' élé‘g%rl_ dgtrgli\\{vlt%écel %O(if:%rlor% 10tn rlnay%J tﬁg %Oé‘al % lﬁss 0 undtlon of tﬁ/e et at

car di onyp&yt udcisiskdaiited wath Gedbd dlinigtod tsd d/an&@@dﬁﬁy@eﬂdrmorter transgenes to
track the fate of haenatopoietic stemcells after 145 transplants into

normal and inj ured adul t _nouse hearts. No trapsdifferentiation into

400041 oy epe surreph shegriescion ke merardial ingaretRnsiocyeonet empl¥tinPques to fol | ow
cell fat in

cardi ony%&ﬁ?gg]e@t grrrrq)gd ggt%/%% gﬁnfrqgﬂlger a gegé’ ]%4(1'2%{%%'(3%5't ece)as{gé&r Seé)gﬁ{tgqlﬁﬁdl cate

t hat haemﬁztrotmmeeﬂiheseﬂ‘rannmﬁd; ey dffectotelyr edudd mfaaﬁqute size and:iamdba@cqrthan ot ype,

and rai se ution note for |n|c studl i nfar re a|

[0008] 1 SRS ERatHE 98 Ropiss Fisr Tt Oaol G DR T B et ar NP Retstae

Car di ovaggaH lr@ﬁoci@ﬂ%%m% Rimagdt d9ot2008). )o&taaﬂl@raplem%@ a@IT8r SRMplguest i ons,
however, stil e answered with regard to the nbst effective progenitor
cel | subpwietbesit comvetthig doawne irddlitvirg(ECEDrng belgdriockers adwl impaexgralobadt i on,

e A R R S R o Rt A

t her apy Mpr@aésmbalwmtﬁaﬂs%aﬂ@ow&m%edeﬂmgatlve results, possibly
because of variation in the timng of [bone marrow cell] adni ni strati on
after AM, differences in the nethods of progenitor cell preparation used,
or both." WD 2011/ 005930PCT/ US2010/ 041327 [0009] I n anot her exanpl e, Bal sam
et at (Nature 428: 668 - 673 (2004)) ate: "Qur data suggest that even in
the m croenvironnment of the injured heart, c-kit-enriched BMcells, Lin-
c-kit BMcells and c-kit' Thyl. 11 Lin- Sca-1'" long-termreconstituting
haemat opoi etic stemcells adopt only traditional haematopoietic fates."

[ 0010] Anot her possi ble source of cells is enbryonic stemcells. For

exanple, CGold et at
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(W2005090558) di scl oses nethods for generating cardi onyocyte |ineage cells
frome
anot he
the d| lTirerentl datl vl vl }JIIIIULC }JI UII}JULCIIL SLelrnn eelr il o> 1Hiikv
cardi onyocyte-lineage cells. [0012] Anot her possible source of cells is
cardi ac progenltor cells. Cardiac progenltor cells have been identified in
h@?éﬂ nd r t heart. Cardiac n|tor ells are s I renew ng and

03 pot CAT TaRPIEHION S B SOMCE ROGNTY HSTRAGEACT? B RSTRE! INGESH-o,
Pat ent  Appl éxﬁﬁl&)leo@rﬁtsgtqgﬁqgct%@@ﬂ%‘\l7(ﬁ'5ﬂisf?@0f)@?ep%ﬁ%h@fnjé‘c%ﬁ“oﬁﬁuﬁkw ceI I's
that are c-kit- to tre damaged nyocardium [0014]In
anot her bxmmmdreqw cﬂlsentoadan(aEBd\@ymwdlunQ:Ilﬂlc-etMSQJS (@@ﬁg)lﬁledusimatfse t he

exi stenc rt derived eni tor cel reSS|ng
Sea 1. ciatloslf 48 A ban¢ ek s R RsPLOSS Bodhy Bl iSRS o
Mac- 1, TERbERonke-dfichronbtykartkry @icedberin, von Wl ebrand factor, CD45 and
CD34. [0015]In another exanple, U S. Patent Application US 20080241111A1
di scl ose a nmethod for prep arln%wnannallan cardi ac tissue-derived cells

a

BPUSAr edIntHoBicgRxamde Y epen eral (NptpreMedieire 10a14% 15084200y HatearWicac ti ssue
; " ‘ SO :

ar oup. of 53¢ R EuTAEBarl OB TR, Pl B B Apd onchBRRLRNCND @
density gmadmé@hnﬁeﬁ&nﬂﬂsaﬁﬁumﬂymhg&&smﬂnﬁﬂmnn&MHMmengndhﬁlobtalned group

of cardi ssue-derived cells in cul ture nmedi um contai ni ng fibrobl ast
growt h f ’&% mﬁﬁtdw@&ifad‘éw% OYF Wkt Hidk Bt%qpmf‘éﬁdn PRYFF- sIQICQE‘F‘i‘Sﬁg’OQﬁd

separ at i fgGeLdSivE@E4R %&Q%feft%s&%@ bétside Y2 1nfarcted rnyocardlurn at a

2011/ 005930PCT/ US2010/ 041327 [ 0016] I n anot her exanple, U S. Patent

Appl i cat loenfrédmeaQ080R1S23tAtcdiixsbisosty thrqighrcelb diseot.” st em cel | group
conposed of pluripotent stemcells derived froma hunman or nouse skel et al

ssue he ur.i pot ent. .stem cells bein
TR BV, I Rt B Db R ey PO B AR Byt Fope For
Mcadhermnrpi@am A8Qfre PIESi ddaecosqDB04 P esidt: i qdﬁlﬁmmegatlve and
CD45- negati ve, tnzﬁ | uri o{%nt sten1cEQF§ ngln nggenZgatlve in the case
of the hwélﬁnweﬁyteé@stw %mhleulmlytfépmseewemﬂ%&gn&gew tprrachécdae of the
nouse- de r i.0g
obt ai nedHy <o BFBRuE St BARs! L BlrsbhBR B g ST Tl QR SREAET
Laugwi t Zh@hsaNo(ti‘dafsdlﬂéreﬁﬁ&mIﬁﬂVo eardﬁBBly()Qﬁ%\)/amamtalﬁ@&hmsﬂsflng.thesd: ar dl ac

progenitor cells in postnatal rat, nouse and myocardi um [0018]1In
anot her %@ps%re@ﬁn%%%tp falloyy celf fatemiapd éﬁegk?eélne%é%fgq’@ﬁ“%m“@ﬂfo OVe81  (2004))
di scl ose; t
el - adn e Bt e o S s d oy ool ARlicate
subcul t utheshasmapyeiatiatsaim ealhldalnooreavléylaccqlmlalaaaard]wmnbiypp,sapdspe@a mens and
frommurine hearts eselcells gﬁ cl onogeni c, express stem and
endothelggﬂoﬁ?ﬁdﬁﬁﬂpﬁ?nE§1ﬁ“gﬁ?l3 CHEPREr's, and appear to have the
properties of adult cardiac stemcells.” Nbs5|na at at state: "[Newy
@003 opi n@ﬂau{&ex@me NWUERr 6AH/ANOGRNETi BiSal TEYQRL EhrEYRIsE5I8t PRIRInceN dot hel i al
KDR hunané/flk nnuse] CD-31) and stemcell (CD- 34, c-kit, sca-1)

mar ker s. 78-790AMR)rptaipiot Heare aseanastyequestians thasyevar, stilbite besnsvicend witls(7) : 896 -
908 (200 y, S grown in
ori mar y S LD S LR SRR EP P RO Ry, BRSSO BERITBES O her s,
whi ch V\Bplﬁgahﬁiredll hﬂgrﬁérﬁittbn?ﬁfedmd&ﬂ)ﬁﬁg adehdnveats efelction, ((eDds) long4220] I n
anot her exanpl e, Eélcation U520070020758 di scl oses_a net hod
for the $ad&yapd 6ﬁ60te/ﬁb%§ﬁ§f 8}‘? magtaod Merep Vst Seuprabtiabsafdpene nageew €8l s from
human or
£ anopl APy ohPAd R APt E BRRER Akl R K P SRS ¥er or gans.
[0021] | nvairadlbher[ thexampg of [HBat hraamwiw efl] atﬁm(rﬁfﬂtaltloﬂ 28¢6AMI7di BerenddGn ¢12003) )
di scl ose ' %Wﬁ %{lstence qL Li n- .c-ki t P lls with the properties of

T ey°'aP

cardi ac 9f Pregenty tepyafien usedepy cl onogeni ¢, and nul ti potent,
giving rise to nyocytes, snooth nuscle, and endothelial cells.”
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[0022] I n anot her exanple, WD 2008054819 di scl oses cardi ovascul ar stemcells

posi ti vi S
whi ch ci el
| I neagelo |_ UUL\JJ [ aliveie 1<l CI\OlIIlJI <, VW 4LVVULUVUJIUVJIMNL Ul Ouvil UocCTo anl A B R | Ulled

popul ati on of stemcells conprising a CXCR4 pol ypeptide and an FI k- |
pol ypepti de, wherein said stemcells are capable of differentiating into

A, | iR il oryes Agbataaaey Asa 6 GUBS) ok PRBHTER. | Soi at i ng
cardiac_ sl eeh boen i FRAHOMiRAMRA o1 RGiGABY AGK, 0ol hEMBMIRIIRY

conprises The gardiac stenygells $Aph a conposi tion whi ch conprises dispase
| i underLnoaditt Bdhsclbuhtlicekienthytl d “ilnduSe- t dbhg-thiresiocimtifuding t her eby

isolating the cardiac stemcells. 25] L n_anot her exanple, W 2008058273A2
i sc osclrHRpRst o SOBEIPR oy wastart: bheBogheiehs R ke ooyt e- dor i ved
cells (MDCs) fromatrial or ventricular heart tissue, conprising the steps

q6010]sol ahbther sBkibse doumNATENL cObrycdit ditrdbidy. MRakimplesSuRl &ra/form a cel |
suspension; and culturing the cells in a nediumconprising a mtogen

; : : npri.
t her eby €WPRAIOPIR>eDbtsdoses Bsthodnfrigsnerativprsdiopyoost lincags sehefodxanpl e, WO
20080548 i . ] itj ng cardi ovascul ar stemcells,
t he neth%ﬁgﬁgﬁﬁﬁﬁé?ﬁgﬁég%%ggﬁ?%ﬁgg%%%%@%%%#%h of cells with agents reactive
to Islet 1, Nkx2.5 and flkl, and separating reactive positive cells from
nédtl] eacin anethee kxanplf,00@dJahd Hasanipenr EXQEH0H021WBG. difddise mietigislforcthti on US

20070212423A1 di.scl pses a pethod of isplating,a c-kit-/c-net- cardi omyocyte
o ecur s o TEBTH SIS ETH QP BIPGTHS RS HE 149 FEC UpaFE T HE EaTS of | eos t han
40 ilmin dianmeter froma suspension of nuscle cells; culturing the cells
i[DORR]t | SAHSthEMDISHIbR: JEBEH WA i8 cadidchrostnsbl @lllg; Canfad HogéiloReelishRveel I's in
suspension in the nedium thereby isolating the c-kit-/c-nmet- cardionmyocyte
pr ecur sobccaadi¢ntidicd pythediugrangnd githeay0C2alar/ IoosasoPeTs ug2gireoat @2 2nf 0028] | n
anot her Eéﬁﬂ%%%,igh%%%%%Bgﬂtmﬁﬂﬁhh%%%%on US 20050058633 an i sol at ed
manmal i an c- |%g/c- -carﬁlonyocy precursor cell of nuscul ar origin.

[ 0029] I n anot her exanpl e, WO 2004019767 di scl oses an isol ated mammal i an

¢ed 18] onyBerydxemptee . 8. Hatenh App ligation KiS20040 B3 19A 1 disdBse thadisesdeaediat ng

tel onerase reyverse transcrj e. [0030] I n anot her exanple, WO 2008083962A1
di scl ose¥emephy @ia‘b?’Fﬁ(SfR&le’ %ﬁégﬁeﬁdﬁo}?lt defrea d?daeﬁéwﬁmrgﬁ%r e characterized
by Sca-1 or a Sca-1 like epitope and CD31 on their cell surface. [0031]1In
00L41CT  BXARRICE cxdrh e, FREANPRRR! j0patI29M3 209802383 Ak RS HlcQsffntBt hod of
preparing an isolated cell population enriched in stemcells or progenitor
cells, cofgluitdicag:defiegd cudinapioggnitortcekds gepresemyg Bcaf h)CIdbt &idiiNg8.cetll s t hat

m grate ave .adherent fi b t rin ai i ng; cl oni ng one or
nor e ceIﬁEMB%pgﬁﬁggmﬁﬂnPt?ﬁﬁbbgéogagg(%ﬁgPﬁ%*ﬂﬁﬁ@itﬁ%ﬁggéﬁﬁ%hﬁﬁpuIations;
(d) i denChdneriaGvei®ilpsbrafel factet, @TMRRIJCPYPUl ati ons having a desired
phenotype; (e) isolating stemcells or progenitor cells fromthe one or nore
cl onogeni ¢ popul ations identified in step &g&%bi cell sorting using one or
189151 c el In apgfics gxangple; WSePriant Apiicatian Up 20P8a4d &1 1Al disclgpoymrihogforcel | s;
and(f) c i iy em. | c i pycondi tioned
rodi o | ot e R AR O E RS RER Ll e B R I R P e cel |
popul at i arxyenticdlyeceating 8 tcerfiacaiskise hagrnxm geni 4 ovanmned! ke prep@@3A2kHowever, one

obstacle for the.%se of .cardi ac gro eni t or eJIS iﬁg;he l.ack of an
ef fi ci entURERHE (IVGPLBIRE BEGHP 8% b Hcttlﬁ%leccﬁqruvs ot méﬁl@,celﬂher_e still
el NS &sHERMI T die bldfchPHerHoBOARL (DL INA B RAMSHANObbGRAIAI ac

progenitor cells”in order for their effectiveness as a therapy for damages
myocar di gnoup of berdias siessattrivGUMIKARY a[cOD®S Jrifddeurp cesteming fibreblast@mowthovi des

met hods to, isolate and ex d cells.derived fromhunan cardi ac tissue.

Col 19" shifet 880 il BRDaRIBR Meedom nETreE T hechO G B Ra T el T avent  on
do not eﬁ@ﬁﬁgé?h@%pnerase, and are useful to treat or repair damaged
nyocar di um 2011/ 005930PCT/ US2010/ 041327
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[ 0034] The present invention provides a purified popul ation of human cardi ac
tissue-c

i nventi S
that do nud CAMPI €D LEIUIIEI ddE, LUIIPIISIIY LIIE SLEPD Ul. d. Wwial in iy neart
tissue, b. Dissociating the heart tissue, c. Digesting the heart tissue to
rel ease cells, d. Renoving the cardi onyocytes fromthe rel eased cells, and

ltuping.the remaining cel]s..[0036]]l e odiyment, the present
TR | ol 001 e aon e SRt artisagorep s 0pEPs g bR Geat s bbbl n e
patient GERREN S c‘o%o%cﬁ&splﬁ}fipotéht st @IIRIRAVA RORY! R Hoieiman cardi ac
ti ssue-derived cells that do not express telonerase, and b. Adm nistering

t he popuskatdtd mwstlcHissum thearldiipaderttissrues! ddringedmeendgtivg Pakd-papitent i n an

anount spyfficient to . treat or repair.the damged ocar dj.um 37] I n one
eboai et S EPree i StranBre B arr S ReRe b e
pati ent paveDEBIOGo¥RNE SRt ieshtivBRhEE DASS(RLRIY, @N (Phigdtnt ki RS
[0038] Figure 1 outlines the procedure by which the cells of the present
i nvent i obriag ED34gicgtta. in threcage phihe uppntdeavest semsslls enddiving GDdte cel |
opul ati . ar. e i I n | & 0 Laur i N@s e
ool at 1 oo DRSS RPEL SRR et RN B gferp P it

i nvent i obcingd betathed i IpgolFtratibeoPd siggissclio obtain the cell initial
popul ations are described in Exanple 1. WO 2011/ 005930PCT/ US2010/ 041327

040] Fi 3 tlhi .alt t h to_jsolate the h di
PR o inpiter CuirmRIC dreueiis st & (bt bnb51 SORE] e M ghows. ¢ he.
or phol ogiq gt pidienfbiERIls AR HrSRHECARH By GRILARETC 8) of the

present 1 nvention. Al 1mages shown are at 100X rfagni fication, unless
ot herwi se indicated. Panel a: is an inage showi ng a cell suspension
OR8] nedinf anothep eeamplat Masyirtahve ab €Tirailasiondl aseatc PonP t he 92 hi(R9@d)) disgest i on.

The bl ack arr shows .phase- bri ght,, non- adherent, S ce|lls: Panel .b: The bl ack
arrow enbkerafRl SRR RERARACE LN uEp RAC SRR ElusBin FRERs e dner ent
cel I's obfeath&®thatdigsphtRE”)i fidrh k@cuRlLRS bR Bodtidig atiE@e vehavdlad unddn BOEN

magni fication); Panel ¢ shows A2 cells, derived fromreplating S cel

cul t ur essPeparas aad SRBvIBuRphetrtsd Thawssllpricgimogenie) axarashstam cel |

| t . ] Fi i i C wt h
ot o dOHREh 0P 8P ch il S ha fincB B PO uR FBM eIt DAl OF oW
hCTC (Al dardind stefaldsll§.3) Messinasarfal statef r'PRswly davedopidd Bunia@xidmsti@ws t he

accurrul ative total popul ati on doubljngs of the hCTC (A3) cells,
[ 0043] Fi @%@@Slﬁleﬁdﬁg@af%éxalf@ﬁ@ele 05@@@@3&%&%&9@%@@& éﬁ?}ﬁe}a ER3Pn3) cel |
growt h poieaihaky (CD-34, c-kit, sca-1) markers.”

[0019] In another example, Smith et a/ (Circulation 115(7): 896 — 908 (2007) state:
“Percutancous endomyocardial biopsy specimens grown in primary culture developed

multicellular clusters known as cardiospheres, which were plated to yield cardiosphere-

derived cells (CDCs).”

[0020] In another example, U.S. Patent Application US20070020758 discloses a method for the
isolation, expansion and preservation of cardiac stem cells from human or animal tissue
biopsy samples to be employed in cell transplantation and functional repair of the

myocardium or other organs.

[0021] In another example, Beltrami et al (Cell 114(6): 763 — 776 (2003)) disclose “the

existence of Lin— c-kitPOS cells with the properties of cardiac stem cells. They are self-
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[ 0044] Figure 7 shows the growth potential of rat cardiac tissue-derived

r CTCA2

repl ati

accunul o . o, i ., . =>8
shows the recovery and viability of hCTC (A3) cells, follow ng
cryopreservation and sinulated delivery with a potential adm nistration
devi ce (consistinﬁ of .a 3 -%Eﬁge needl e). The viable ce]l n%nber recovered
i s indi cEPEYIEnclPTREMs f‘n‘lc/)r-n fent, ghang Bpg tUNURAYISS: SMOh PHISFIEA™d on t he

ri ght y-awothelifiddiigd di anonds depict cell viability; open squares depict
cell recovery. Details are described in Exanple 6. [0046] Figure 9 shows the
recovery and viability of rCTC (A2) cells follow ng cryopreservation and
400221 at ebh ahetticv exammet WO2 (IS0 &4 [0alischabas pirdiovascilon sigendede ppsiavsiost i ng of a
30- gauge,_needl e)+,JIhe,viahl.e cel | .nunber recovered.is indi.cate n the left
- ars A 7 By AR o e DY REFER: P23 By lad SGuar es
depi ct celdotietielp¥adiacPaiddmdoth masdt eclpissgee; filled triangles depict cel
viability prior to needl e passage; open squares depict cell viability post
need| e passaggéeopen triangl e depict, c recoy Egepost-needle passage.

HR9%3 | s Hyramofs exdnple VI 808 Y98 1 %@lzg?m@t&r ORHeH Mt £l cel |

surface : ' : ' N

i st ogr am R L CRERS! Ay RpHERET ML RCA ek B S PTE MMM eERER (4 1 e
i s the acHpablenfdif&raitngng And cgbnbatveapeess NefEC,i GATAed, Myelaslin, Bind x-axis i s
t he phyCﬁgr hrhp]%P ) intensity in logarithmc scale. The y-axis is the
cell cou 3'%@8 8FP1%Ytre 11 shows the conparison of cell surface marker
expressi on between hCTC (A3) cells (upper panels) and adult human derna
flo®249b! agt SotdPEx4gHt V0oL MPEA?2 d¥elosd®d IncthedtAdsoldtarddang@és) . | n each
hi stogram the x-axis is the PE intensity in logarithmc scale. The y-axis
i s the cedlls, ompthodmempdisingecgniacies o tipiue mdughnedntsthys thesridie suncelsl . The
solid lipe, is the .antigen staining TheposLtive. | &t i d based
on 19 posieoetpSuEPALAER RS uRAR SR R BRI RER T s o o
i ndi cat edlisiodiatiatthbrieb§ GQlaainy tHOMMPhFitamreelld2 shows rCTC (A2) cell surface
mar ker expression as determned by flow cytonetry. The dotted |ine depicts
t he i sotype control. Th olid line js the antigen staining for CD31 (left
pably | OFSH x4 &W&@?&P?&W@ joErsguip acihpddppgianmg HanBalidhr essi on
of car di gemSRAQI!HydgRESrivid BGREM %fﬁ:(ﬁhlaﬁ—ga@ﬁr dshEaTRdr Ryauant i tative
real -ti me pol ynerase aln reaction RT-PCR). Details are described in
Exanpl e &mpiiseng/thaxicps showslatiiecqbls fioenitagkeorofen@BBidheahdssus tefuirmta i nt o

| ower and  upper scaleﬁ. The Iome[ scal e ranges fromO.to 0,01% and the

upper sceeSUSRASO8: $bTHIFIE dhct 5118 M S BACd FRLCOI IR MRS TREDY ol | owi ng

neani ngsforpfiie M@MosMRTOMpRgRYVIDEGI n; cardiac TF nmeans transcription
factor; NHDF neans NeonataP hu%an dermal fibroblast; h-heart nmeans human

heart. Data are expressed as Mean S.D (n=3). [0051] Figure 14 shows the
dP@203t edIne3ppthss sxasmples WS 08P dOAR disciyses i moHwahipr RIS CaEIOVasoylag

co-cultu of ) j -derive . ( ) wWith rat
meonat al " garal 6oy Bs B84 % R b e STt st hul ot e R hTuf Tt gk el 1

TX) . ThelstodplekxHCuglefial, axpsapagitiap réaesied povitvercts Gohetbnagaithe dels.cent age of
nouse GAPDH i n each sanple. The y-axis indicates the percentage of nouse

. The acronyns h he fol |l ow.n ni ., means nCTC ) cells
T edﬂi HHOHIcF LB G %ﬂewamwn et esy e %?geﬂbqsé‘ r@?th@/éétzeans
cardi ONMYRGMERS a cITEHM HBADS: H&-{'@pl‘%@ﬁr@&' St diBr 6@din %hqufgmgocyt es CM
in differentiation nedium Data are expressed as Mean ~ S.D (n=3).

[ 0052] Fi gpamtithf callsovidess hieangtOouwi hn diameeer dlvse s wegppefisoon piomusdecatlar di ac

ti ssue-derived (A3) cells (pCIC (A3)), cultured accordjnhg to the t hods
descri be%}ﬂfuﬁméﬂéﬁ‘n‘iﬂ)”é n p tisspg gulurg mediam g %H%&Sﬁa@umiﬂﬁglww thewr

pl ati ng. ;T ~aX; : i _ 1 -ati i 2gS.
00531 B B ey e A B A e R A R R Y ect e
by fl ow cojtafimetscylar Fhgindotted | i ne depicts the isotype control. The solid
line is the antigen staining for CDO0 (upper left panel), CD 105 (upper

ri ght panel), pig endothelial cell marker (lower |eft panel), CD16 (| ower

m ddl e panel ), CD45 (lower right pane%). [ 0054] Fi gure 17 shows a cartoon of
t he cardiac renodeling which foll ows acute nyocardial infarction. The
cartoon was reproduced fromPfeffer M in Atlas of heart failure (Colucci
W editor, 1999). [0055]Figure 18 shows the effect of the adm nistration of
the cardiac tissue-derived cells of the present invention on fractional
shortening (FS) in animls wherein acute nyocardial infarctions have been

i nduced, as neasured by echocardi ography. Fractional shortening is the

I ™~ A o o, o o, T T T S 1
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[ 0056] Fi gure 19 shows the effect of the cardiac tissue-derived cells of the
pr esent ein
acute n

echocar di ograpny. Each panel separated by a vertical solid line 1s an
experinmental armin the study. 5D and 28D reflect 5 days and 28 days after

i nduction of AM respectively. The RWB was neasured at 5D as baseline and

s foll owu e dose cells at
TRBos o ettt Bopior Snbrgtich RRICa d&l%@ a@%gﬁg Ehofledmametbate of ¢ ho
cardi ac fik %%f_g&aioﬁ%c%lplr@cu%for gaeoﬂ%gﬁmr olipyention on left ventricul ar
end diastolic dinensi'on” (LVEDD) in animals wherein acute nyocardi al

i nfarctions have been |nduced LVEDD i s a neasurenent of |eft chanber
d00&Hsi ol @pthehexmeaww%ﬂwﬁ7 dirolmes pmsoltalsnineciaban Grdiayyo¢Bp) and 28
days (28 indyctio infarction. Data shown is the

ol at | vekmann ey psiieny Ppy -y OERE AR s B PR e wer e dosed

Wi th r CTar{sbdptas@r hCTC (A3) cells at the doses indicated on the x-axis.

[ 0058] Figure 21 shows the statistical analysis, conmparing the relative
change of LVEDD in each experimental group, An F-test was applied to the

d9930Tysi Bpnstisr geamplfaVPst 88%%%1%@@8@%&&37@)%}@%@@%@%%?%e group 2:
CTC (A2)c 0 1

104 col 1 ICHPC uich adhafilorBed bASHER oARREL1 186 RPRgpt anf(CHSS KPR - X

dose); gswimpsd: hCTC (A3) cells 1 x 106 cells (target dose). [0059]Figure 22

shows the effect of hunman cardi ac ti ssue-derived cell adninistration on

veniricyl ar en t nsi o A+ LVESD i s surenent of
A0hber "l rHeF Bre S Bt Apdaror DY ERdh AL RS Byl 2ach panel
separ at egrcpyrintednt issladed 26l bopl1atie WRSh@Nin@XdRe EINRpRdgealton dllst he study.
LVESD was neasured at 5 days (5D) and 28 days (28D) after i nducti on of
myocar di eqmprrsﬂlw é@)m@lturlm@ tisgireempled b pltainagme $ﬁ1§§mﬁgré1maéog¢ adiceengni mal  at
each t Anj | 1's at
the. doseloBRli paft SR Bl RSP E8MmbishE phls S hoRinda Fet Blodif

functi onold ordﬁ(yre 5loalngerdapo@8atmlsf(d) idém@ifoing@nc an ﬁholiwﬂaﬂo @ﬁf@o@elanons
ti ssue-derived cell adm nistration, in individual animals in four

par amet ebayipgasdesapdshenopmsiic) 1oy stealcslls ePIOgertor Selky fapméhaper Each
bl ack d | | f t
P cat eoRapsolc Hpt A i BRTRn $ich B8 AGIHREL @honeidhnds} €8 00 ©

from 5D $uwfa28br inferadaharkers nﬁhtemliaﬁhopmgémdmpeldm andilﬁ)ecuﬂxanagrﬁteesolmtedisur ed by
echocardi ography. W0D.2011/Q0593QPCT/ US2010/ 7 Fi gure shows
the corr¥FHE %X%P%%’é‘i‘?r F?jl AR CORE O gPEEH e ﬁ%i’nf%%fo g%‘i“é g# Yac
tissue- dggthmed a‘h%dlétedé’el% Opﬁxlét%n"éﬁﬁcﬁ&ﬁﬁ's%&ﬁcém%%?og%hlt&%éllgs fr omday 5
post infarction and mnistration (28D-5 X"axis is the dose of

hCTC ( ABQ on |inear scale Data are expressed as Mean S.D (n=35).
[[0®2] Fi Jawevasonsrahwactetfer thersepbedardiac biogaritay CEI\ME@lIhQ:halﬁg%aIafrfﬁcmhe dosage

of the hu ard c-deriv of. th r i hvent The y-axis
depi cts PREOAFELPLFCoRRIIERs LSy Posd ol ef g TE sl i Rithon and cel
adm ni st éfﬁbieﬁﬂlsélaﬁ& 5@)expﬂhﬁo%oﬁé@rélaéipﬂigéﬁl%rtchﬂs mhagecrabr GFC (A3) cells on
a linear scale. Data are expressed as Man D (n=35). [0063]Figure 26
shows t heffectivenass ana Brerapgfer danmecs Bypeardiym ‘i‘?ﬂ@taéi’eé%i?dt o the heart of aninals
t hat have nyocardi al infactions. Retention was estimated fromthe |evel of
bet am crogl obul i n expressi on det eciepMARAt hearts. Panel "a" shows hCTC
(A3) cell retention at 4 weeks after admnistration at the doses indicated
on the x-axis. Panel "b" shows the tinme course of hCTC (A3) cell retention
Woe3¥3¥% t hEhxprasdng indepiiat grovides mgthods taoisoldmyemd aikpard adb Herad frins tuatmn on i n

rat M heart, 6 .and homs t erce e o0 target dose. Pane
Ton shovEied E50Ra <Ha o PR R B s Br R HE EF G W bRSEE per cont age
of the cribsidhelasdt 8presatlonltgast dan®udulad trosmne@l dapnaded ect ed

i medi ately after cel admi nistration at 100% The X-axis depicts the
number ofmyedejdiuarter cell adninistration in rat M heart. [0064]Figure 27
shows the correlation between hCTC (A3) retention and prevention of
renodeling in rat M. Left panel shows the correlation graph. The x-axis
depicts cell nunber on |ogarithmc scqie the y-axis depicts renodeling
changes (delta LVEDD, 28D-5D). Each animal's cell nunber at 4 weeks after
adm ni stration and the corresponding delta LVEDD were plotted in the graph.
The right panel shows the statistical analysis of the linear regression.

[ 0065] Fi gure 28 shows hunman NuMA (Nucl ear Matrix Antigen) localization in
rat myocardiumtreated with hCTC (A3) cells (a targeted dose of 1 x 106
cells). Left panel shows the p05|t|ve hunan NuNA stalnlng observed t he

o o - A PSS Ol A~NT"F~~ 1 _a AN 1
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[0067] Figure 30 shows the staining of antibody controls for NuMA observed

i n hunai “ai ning
(left pi :
control, hear t

controls denonstrating the NuMA anti body's specificity to human cells.
[ 0068] Figure 31 shows the scoring evaluation of nyocardial hypertrophy in

C (A3)-treated or .vehicle-treaLe roups. .The target dose is indicated
S0 y%”aaprg.senAmVﬁaﬁl@l Pre?f@ﬁwa@ﬂﬁ@?@%%s%n@éh@a? EUEIAF&SUe4aMget dose of
ei ther loofis394 dohoXexdfSs tQbmirate 106 cells. The light grey area shows the
proportion of non-hypertrophy sections in whole heart. The dark grey area
shows the proportion of hypertrophic sections in whole heart. [0069]Figure
3003Fhows Thaprgsant inyvicreoraproesissre ntcthaddp proshe humpio ear dieh dissust derive@céllst ar ct
si ze (pe{h%ggta eexolje itn[o%rl% aJ ea riisri'ntt%tea{? Ise{,t ventricul ar area); Ri ght
panel shows YR ARSEY Gt T A aF TP e B Blrack dots depi ct each
i ndi vi dual animal. The average size of infarct of the group was shown as
solid bl ack. | Obginih®BE] thisgeir e 33 shows the staining of capillary density
in hCTC (A3) cell-treated, or vehicle- treated groups. Aninmals receiving
hCTC ( A3) %I(:a)l hs recei Vﬁd a target dose of either 1 x 104, 1 x 105, or 1 x
106 cel | s. OpakErsociapingdie ReartissPel ary density at the border zone of the
infarct in nyocardium as detected with isolectin-B4 staining Panel "b"
shows capi lol apysc9@nstnt hedt tilshe iPRIGEE cArne, as detected by CD31 staining
[ 0071] Figure 34 shows the nmyocyte density at the non-infarcted area. Panel
"a" shows representative inmages of H&E staining of the myocardiumfrom
vehi cl e tr dat Remayingdhocargomypesites foemaho relpgsrdgsilpengd treated with 1 x105
hCTC (A3) cells (right panel). Panel "b" shows the nyocyte density observed
in non-infarc -1/ rt, expressed as nyocyte nunbers per mme.
Data are s%bmgﬁg%ﬂﬁtg%r%&?gzcgﬁl Panel c¢ shows proliferating myocytes that
wer e observed by doubl e-staining of Ki-67 and nyosin heavy chain. Data are
da@¥odssehh @ dibadimSh the pEyentIOETAPEpowides 3 nashalve tchaf drerepat dahdgedexpr essed
genes in rat nyocardiumin response to hFCTC (A3) cell treatnment at all
target dg¥aeard BU??]Hﬂitlﬁ%CQné’@sg’ﬁég\%St?Weo quantification of the effect of
hCTC and hMSC cell admi nistration on cardiac tissue in rats suffering from
an acute M, 880ling @poslawsh dRinfalchRliRf tidsid-aértedRERAhMBdo RGt@kpRYs i ssue
inthe left ventricular free wall. Panel "b" shows the ranking of
di | at ati on obtckamasesei tnchearts fromaninmals in all groups. Panel "c" shows
vi abl e nyocardium [0074]Figure 37 shows the effects of hCIC (A3) cell and
hunan nmesench - ] - 2501 ;. ., k [ hl - VD)
adm ni str a'?) I O%H%llﬁm?t%@%glr%&)iogé&?lnsétfulg;&l%l ér%(%lgé_{s?gl}fz”l ?éire %{%1%1 (ﬁ%\rﬁ glﬁ%g%%e M .
Two sections arah shnwnslidienby-tehde kpamheaamaged mabcardiom. t aken from the
md |ine between the papillary nuscle and atrial |evel and one taken from
t api|lary scle. The left two colums are fromthe vehicle treated
d&@?@; T eogneis o s CHEE thmisrVeEeT Rt ¥ Gl Retict baye
tar get ed,das@)oprdReli ght two col ums were fromthe hCTC (A3) cell treated
group (1 x 1 targeted dose). [0075]Figure 38 shows the effect of hCTC
(A3) cell admnistration on cardiac function in rats suffering from an
acute M, at day 28 af BRIEFBPEPCRIBAIQNOEAHE FdGiURES r ati on. Three
paranmeters (FS, LVESD, LVEDD) were neasured by echocardi ography. Relative

e f j t . cti n l. A ni st.ration) at day

PR, R ETERRE e PPl AL BeICBr PGB p BT RRRATEIT o)
cel | | ot $hd daailsdiffthep@béssdoobas, thdugthpordativak afd des@ibedst ExamploCTC (A3)
cells are shown. [0076] Figure 39 shows the effect of hCTC (A3) cell

j ni stration on. cardi.ac function in rats suffering froman acute M, at
3@@39&4 pBgure AoRHiBEs S e o0d bl G¥dias P%w.e-d?ﬂ?@ece&épéﬁﬁtpé?sgnf( FS,

LVESD, L¥ERRoneriR JTBaS BF 8 foycc8SRUMRIAHRAARMYial REufltio¥€are described in
Example 1.
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change from baseline (day 7 post infarction and cell adm nistration) at day
84 pos' AL N e C : AR . :
fibrobl o o from
di fferent donors were exam ned. DETAI LED DESCRI PTI ON [ 0077] For clarity of

di scl osure, and not by way of limtation, the detail ed description of the
invention is divided into the foll ow ng subsections that describe or

[ tratje certain features, enbodi nents r applications of the present
DA | ohfeugs OIS AR Alfesora et adde domss et eedaged ¢ rdi unt
refers t@cpvQearifi@liose! | s which have been exposed to ischem c conditions.
These ischem c conditions nmay be caused by a nyocardial infarction, or

ot her cardiovascul ar di sease or related conplaint. [0079k"Acute myocar di al
i[094 ct i Bigured shewesithherasphologf eff the homen eardma dissucoterivodmel sl PCRROWeTas a
Cheart aftack, ) whelhshn AN Lhg, b'noa?dats@%%% LOGRAL QS dIgARL 1S
interrup s 35u3|%g SOmE P TN & aive M S T O nbst coﬁhnﬁfy due to
occl usi omd(daledc Paget)e: Bfandmage shvavidg actIEsyspEidrovbtaiged fwmrpwl[pwﬁ@g@ﬁe a

vul nerabl e at heroscl erotic plaque, which is an unstable collection of

lipi ds ($9lkebEmsddEans the 1)11U&E@Ilgﬁﬂoﬁle Tihe bk eaprshows phesediright Aitr ophages) in
the wal |l of ¢ ] t I 1 rd Chl .n ood supply)
and oxyg%ﬁwgﬁgﬁﬁgggF¥P§1F2?Fqﬁ%%fg§%%§ %%%qgﬁg%?ﬁgﬁf%%%h%%¥%b3?£can cause
damage awditoarrekeahdwoidheemr tellsubediscd firas dige pmad paridg @ imid0B0OWhheatt er m

"hCTC (S ul ation” or "hCIC (S)" sed herein refers to _a non-adherent
popul at i %nggﬂaaw#aﬁ%%%ﬁnaﬂc stz edf eégqur%remalpgfssceaw&}%d fol | owi ng
the initpgle] gUhdWd RpRtcdGRlabSbAFHY cliben AUABRGRLGIAC tissue has been

di ssoci at ed, enzynaplcally digested, and filtered according to the nethods

of the present invention. [0081] The term"hCTC (Al') popul ation" or "hCTC
(2042 cel Figure§ sheesdthheflectrolascdimpdensity e hCl€f @owth potaiiahdhks enkispopul ati on
of human ,cardj a¢c ti.ssue-derived.cells that. | t.ain | L.owi t he

Chit e b Sy i SRS Thoiift ni A st S A P fe IR B

di ssoci afrggbn 8412y MRS {GalsIsowt gRSceemulatiet fotdl ;;%@ﬁgticﬁﬁd‘cﬁﬂbﬁh fttRe hOECMEt hods
of the present invention. WD 2011/005930PCT/ US2010/041327 [0082] The term

"hCTC (AA3)sebul ati on" or "hCTC (A2) cells" as used herein refers to a
popul ati on of adherent cells that result fromthe in vitro culture of hCIC

| | N n H n n n
ARSTEC Biek PR of prieed AR A ROTCRRY) o R S The
invitro culture of a mxture of hCTC (S) and hCTC (Al) cells. Methods to

8044 e t Rizu@el Iskowes tht lzgeovrhgwential ofrendardiac {iG084pivel nffl€seheelisiERE i on

provi des hod to produce, human cardj ac tissue-deriv el l.s that do not
ot ess (opBmERasa BBt ety prafapls? Gl e EILISNFTG FaP4tT ssue. b,
Di ssoci atiaRg ThE§-HeadHowksitBSHRumElatiPh €RSJoRAlatibe db@AMs bf RSUE(AD) defll ease
cells, d. Renoving the cardi omyocytes fromthe rel eased cells and

[0045] Figure 8 shows the recovery and viability of hCTC (A3) cells, following
cryopreservation and simulated delivery with a potential administration device
(consisting of a 30-gauge needle). The viable cell number recovered is indicated on the
left y- axis. The cell viability is indicated on the right y-axis. Filled diamonds depict cell

viability; open squares depict cell recovery. Details are described in Example 6.

[0046] Figure 9 shows the recovery and viability of rCTC (A2) cells following cryopreservation
and simulated delivery with a potential administration device (consisting of a 30-gauge
needle). The viable cell number recovered is indicated on the left y-axis. The cell
viability is indicated on the right y-axis. Filled squares depict cell recovery prior to

needle passage; filled triangles depict cell viability prior to needle passage; open squares

8
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e. Culturina the remainina cells. 00851 The heart tissue mav be di ssoci at ed
manual | Uly.

[ 0086] 1 '
sui t abl

filtration, centrifugation, or by FACS. [0087]1n one enbodi nent, the cells
rel eased fromthe digestion of the cardiac tissue are filtered to renove

t he cardi o he purpose of the filtration te is to exc]ude cells
that ared9P t@sﬁ ity e R prrst b Eupeeaepel sl Eorsry DRUTERIT s of t he
present HRVART ilkilslafe 8ErEPAd )le 6t he human cardiac tissue derived
cells of the present invention are fromabout 5 mcrons to about 50 m crons
in dianmeter, and a filter of a pore size of 50 microns is chosen to allow
{04 T uneRigsse §0 sovs ST (A3 ¢eJ/lesdrf@eﬂ ingrkgf cxhiessipnes elnterrhmé hy iﬂ@W to pass

t hrough ¢ IS filt

/ /. [
enbodi ne mf%% ﬁ %ﬁh 2011 g%ﬁﬁ Uﬁgo q%&??%%%%% pass %§Oﬁbh t he

filter ang @uhd Attigen sﬂamvngt r&nngeﬁs oRe: @mc{h R anclshehB s i6 @fedi ac
tissue-derived cells that are cultured in vitro after the filtration step

are a m ROSPEYSTI{EE) duensite i logarithgnie pepla dhenentis édhe sell f@mgo] The hunan
cardiac tissue-derived cells of the present invention may adhere to any

pds st ?@qu'@i?skhdv% BPEoFhAL BPRLI e ﬁdﬂ&ﬁd g@%&%a S Retygasponat e.

e so ubstrate may be po rene ternatlve y, the
solid su@eﬁltsr(apmr pmelsbeng IaduslShurﬁduedanial ﬂbmbbsﬁs%dﬂHDtﬁa(yatallogme temboaC€d with
an adIay £ s 1§x |.1.ul ar r|x hg such .as, for
exanple gﬁ%h igtRgram; %% GRYERt celI's of the
present g ?Mﬁﬂﬁhﬁ@ébalé" the%f £xi0RtRE RAFt eThd éf&teumn%ld@fmelahhyé&y 1§6t? e ar e
referred herein as the human cardiac tissue-derived popul ati on of
cells, ogot@TCT l(leMO)llddeiellsththEgmalamgerTemposiew Bomﬂattmevqsr@mrhawdwent i on

that are obg t he .i |t|aI are erred .herein as
the. hunadl brege PR ERESTE kb RaySlf oS FBarhdshR of Giteldar s

cell's. [&RALjdtep 1@@6 enbodi ment, hCTC (Al) cells are expanded in culture.
The hCTC (Al) ceIIs of the present invention may be cultured in any
suitable tissue culture medium For exanp i.n one enbodiment, the cardiac
P e- dBiguyed2 shawssrGiey (A cslh |sm£%0@dn@rhert§mmsm§aﬁbﬂ@ﬁ%ﬂ%bmﬂ@w 1, 000

g/ 1D-glu 8 |4 and 10%
FBS. Antﬁﬁlot?gsfgggﬁ%dkng %#ﬁgkgﬁngggﬁé#%§r§?%S§l h angééﬁreptonyC|n
50 | g/ mistammnghfer @3¢ dlcftpanble, andIARAO(rightpanel). Al t er nat i veI y, antibiotics may
be added to the suspension of cells obtained follow ng dissociation and

di t f the h 1t The. hCTC f th t
il g T ARG gt e asen Pk gk sreisonss ST G edlsabont P16 600
vi abl e ceété@uﬁe(%gﬂqmﬁdus@ W& -G oty En SR Sdnaat R8etiohNER MR ( Abdtaitedrk s of the

present invention may be incubated under 5-20 %/ v atnospheric oxygen.

[ 0092] | nd@nebeimﬂﬁmc 8. lhe ykﬁ@’m@hpms)thecmweélt@fe of Iﬁ‘e\lﬂ?lésfeldtls BPleRiPi on ar e
passaged, once a roxi mat rnatively,
Phe” herderar pd et S, HiRiPaEaRt sk folh P A A eiBE Sond sbihe cel T s
reach appngx ﬂf@;he)|()6°/9£b°/6 conf Muencnymédhh ey thatfélkstig nicheinpECTAHAIage! | s of
the present .invention are. be assa ed every one to seven days. [0093]In one
enbodi meRyosipbyayy(abping etrplinc Jameans Aiaediptian &aptry NEIDE meameNewBdi ment, t he
hCTC (S) hlﬁﬁéd &erfal ﬁﬂ%bﬁé@ﬁ%ﬁr‘c ‘éﬁ@ﬁﬁrﬁ&l Yt 2% at Wl e&@FeQ eldhs MWanSUs ﬁf‘b' €
tissue culture nedium For exanple, in one éenbodl nen The cardi ac

ti ssue-deri3yed cells may be cultured in DVEM supplenented with 1,000

g/ 1D-gl ucose, 584 ngy/1l L- glutanine and 110 ng/1 sodium pyruvate, and 10%

F Ant blot s sucl r exa enicillin 5Q m and r ept onyci n
a7 o PRt b e BRveE St AR Peckie Byt MoBy M D e ny

be addEdlntzpcd-aﬁt&é@ﬂﬁH@de%r(ﬁic #8hd- ﬁet‘i)st&iE(AQEQelfng Ot OQZ)‘}' Wiaei Rbheal and

enzymati c digestion of the heart tissue cells of the present

|E%egploﬁHd@?ﬁbéﬁﬁﬁ@h@dﬂgdﬁhﬁdEPé3«QGU%MuﬂwmaHnd§QWBﬂD@ bhggeeuse| n one
enbodi ne the t e re medium i ced ever
[0004] 1 Vi Efcarsne et e RN s pee SO R e 1

culture. The tinme in culture in mhlch t he hCTC (S) ceIIs becone adherent is
fromabout 1 days to about 7 days. ? popul ati on of adherent cells that
result fromthe hCTC (S) cells becom ng adherent is referred to herein as
the human cardiac tissue-derived (A2) population of cells, or hCIC (A2)
cells. [0095]1n one enbodi nent, hCTC (A2) cells are expanded in culture.
The hCTC (A2) cells of the present invention nmay be cultured in any
suitable tissue culture medium For exanple, in one enbodiment, the cardiac
tlssue derlved ceIIs ~may be cultured |n DNENl supplenented mnth 1, 000

oA T~ o o, e A A~ . A NN 7
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WO 2011/ 005930PCT/ US2010/ 041327 [ 0096] I n one enbodi ment, the hCTC (A2)
cells c

appr oxi

pr esent 1 nvention are passagead once tne cells reacn approximatelry yYuvo
confluence. Alternatively, the hCTC (A2) cells of the present invention are
passaged every one to seven days. [0097] 1 n one enbodi nent, a m xture of

hCTC (Al and hCTC (S).cells are ture. on

enbodi me hey 2 Bﬁgte%éer@ﬂ‘t?gec%fe fflg Sﬁggg%‘é{%c:c'?’%)ac@é‘ﬂné Iillf“(f‘r a

popul at i Rﬁlo@zfl gﬂ@ﬁﬁﬁgﬁ BETCSIndE TABAZ Y LAY bhIMIEd inTdlfefchRidniméHbhUr e in
whi ch the hCT cell's becone adherent” is from about 2 days to about 14
days. The ctf@gubedtln(Erxaufplaﬂ,rﬁéMeneamehﬂdsommfteseQGITCmmetahsemr(ﬁTﬁ are of hCTC
(Al') cells, an cel | om adherent .is referred to herein as
the humeaRe oty o ST PR R RATAT Mstod Buf bl Saihedie  Ro)
cells. [p@gﬁkﬁnDQﬂegenbodinent, hCTC (A3) cells are expanded in culture.

The hCTC (A3) cells of the present invention may be cultured in any
suitable tissue culture medium For exanp in gne enbodiment, the cardi ac

tPQ¥Re- dBiguwye &S shawssthegievih cuyeobpatcd t@r mrEme catipn dsierdeidvas (@1) eclboo
/ 1D gl d 10%
gBS. %n?ﬁ%ﬁgtfggﬁsuc&éggfg#a&ggig%ﬁ?&ﬂ&gé%ggﬂ%?%higgh%W%ﬁy dgéﬁreg?onycin

S0 | g/ mishoews thee mdaédretfollbWwimgqldtingr &hegdixisshoMsttre amtimvbdtiye taalt | bi otics may
be added to. the suspension of cells obtained follow ng dissociation and
enzymat i ROR¥Ae8do Bﬁ“ﬁ? the heart tissue. The hCTC (A3) cells of the present
invention may be plated at a seeding density of about 1,000 to about 10, 000
Jo@s3| e CPRiguse h6 ar@mo[rctc %Ayﬁc&l%tﬂdéeemﬁﬂkeﬁt{@tﬁﬁm alletecbed by ((d3) cells of the
present invention may be incubated under 5-20 % v/v atnospheric oxygen.

[ 0099] | ncydemctybbhk dasted lineldepie T (SAB'pecemtrQi dhe soled Ineeis ¢t antigeent i on ar e

Phe-nerc fage tofpeBuyieh EToReBB BB At Lo e sk e el bs
reach appafer (Teivet kit PfelsaTh i desoes: mﬂhteqramamlabhy(loweengﬁg%élﬁ) cell's of

the present invention are be passaged every one to seve

2011/ 005930PCT/ US2010/ 041327 [ 010Q] One net hod which to obtaln t he human
d803flac Fisdsed] derysierroanos thscardie smosekng Wh\?érﬁ‘tli%‘ﬁ %rcslted“emqarftéd in Figure
1. An al e et erived
cells ofﬁﬁﬁgﬁ%téggﬁgﬂgﬂgﬁﬁ¥?!%npgg%ﬁgtl %ﬁ Elgure QZ rngtg nmet hod
by whi chW, edodt 4999)t he human cardi ac ti ssue- derlved cell's of the pr esent
invention is outlined in Figure 3. [0101]The cells of the present invention

rlve front 00| the ear nd subseqgu
D ek Bt 6 of L aF et e iog Bos RV EheeTh b
i nvent i oprebaEY upenﬁla{ d)ﬂ/ﬁ*gctfdhﬁmh@h&%ﬁ% l(ps)l 1ﬁ9ni@@ﬂ§ wga%mojcutmy(tcatdlas ue, and
subsequent |y digesting the dissociated tissue. The portions nmay be obtai ned

f r om anyingeietionsf ambeeneadltcedsamheaa@redfowﬁcmmgaphyheFracttmnal shertening
ventricle t he hea ea 0102] The
i ssoct abdbr agerd e S BT ER R g Sl o e BroRRb neqtSr *exanpi o

col | agenagglcvadfisicepastthe hbgt. elnzty @H@wﬂmmh@&au&ﬁﬁl %ﬁ@ﬁ@g e¢adrd¥d in an
aIternatrveléé%n conbi nation. In one enbodi nent, the dissoci ated heart

tissue | Bdui¢us prigmaliat heP R a2t dayre() afie iagecionof AL dheigadever0103] The
col | agen t o about 10
0 Al PP T T BR Bl Br AEPETAS) Bl ol AR AR oh e F o o
about 0.1 Umnm to about 5 Um. Aternatively the coll agenase may be used
400%6] conEizutre &9 slorwsathe affoettof theldandiac dstedoatddwelly of the peaskbhtagenmaise omay be

used at a concentrat.ion of 0104 di s be used at a
Concent r BEIGR! ¥ FbRCABEAROTD ERGIS MeghaHs ubose A54R mYOSE CRAIT IS 1 ne

col | agengpag yaBY ifdfcdts @Qn@&su@e&&n&%ﬂéiréhgﬁh@hfl r EQ&@M@F scParatcd/iYla $Qti@pout 10
UWm. Aternatively the collagénase may be used at a concentration of about

10 U mi . solidtlmenaian oxgteyintehtal eon inaie ntade. ARyand@8Dsietlecitd deys amtehtdayat i on of
bout 5 ni. . 105 d t [ be h th
For about 8 HUKIPRE (OTRIbE S ol VAT arao B L He Skt T 2eue

may be treated with the enzynes for about 30 minutes to about 5 hours.
Alternatively the dissociated tissue ?@y be treated with the enzynmes for
about 30 m nutes to about 4 hours. ernatively the dissociated tissue nmay
be treated with the enzynmes for about 30 mnutes to about 3 hours.
Alternatively the dissociated tissue may be treated with the enzynes for
about 30 mnutes to about 2 hours. Alternatively the dissociated tissue
may be treated with the enzymes for about 30 minutes to about 1 hour. In
one enbodlnent the d|5500|ated tlssue |s treated mnth the enzymes for
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[0107] The present invention provides a human cardi ac tissue-derived cel

popul at )|
expande aged
rryocar dl ulii 1Hic IJI UlJCI L1 CO vl L1ICT val ul av L1 SOOoUTCuUTCl!I I vCouT vl 1 o vl L1ICT

present invention are summarized in Table 1. [0108]In one enbodi nent, the
human cardi ac tissue-derived cells of the present invention that do not

expr ess oner.ase, express at |east one of t f i rkers: CD49e,
D 105, BB G -ueoBoimarmare Ghat bBETS] C{O200) FolGne LREBG Rént, the
human cajglicamdidageifriekiaypd cells of the present invention that do not
express tel onerase do not express at |east one of the follow ng markers:

MDR, CD19, CDl16, CD31, CD45 and Isl1l-1. [0110]In one enbodi ment, the human
de0dilac Figuse 20 darisibe ciedt|of thefcardiec pyseedatividroglnof ta présant ideention oexpr ess

| , foll i P : , ,
e ol BUER Bad 88k LB TEVERIS) in ity wiBe b e istard i e

cel I s of infflietigis@sefbedn@itct O D VIHTHD i0omBaur@Xdit 68 kfit hemer @isension aot
express the followi ng markers: MR, 5 and Isl1-1.

CD 19, CD 16, CD31, CM4
[ 0112] I nthesad ehdigetplee E VP Revasunesuied pH? deyt (B4 ged dddaxpddSRenltd of t he
present j i LY - di r i Ra) i ( hi s
G 1 or eniT g otimefrcialibdRiofh Dl b3t B kR SRR ATABE DI Ton
i nt o t heindatidwehbtniniid fArimats vadre dosadefier ECTO (ADe oabCTOA3) adisaeadicng t he
extent of the acquisition or possession of one or nore characteristics or
function@ﬁe%m¢9¢4%qqt?Xﬁ?§n1that of the original cell (i.e., cel
specialization). This can be detected, for exanple, by screening for a
D@ERye | Pigube2 PRIRRAL %P StafftidaNEnabREd cédrhping théi?é?zﬁti\fe)é'llﬁ'ﬂ%e'm‘rlmggh cal
changes in the cell and/or surface narﬁers on the cell). Any method capabl e
of di ff ecashtckperimentalpsourarAli Egestives applétalr to vieddate hdisg onc-whe apalpdeof

i nvention into i cytes may be used, Far .ex I t he cardiac
{1 esue. dbrlOb0 RPN oK v Bl Al B AR B R R rbfier ont | at e
i nto cargisey BhEACCLIidAYs 1 @ 10heelEtAGA dosh) 5Ebas @dhCTC YAS) cditiant
Applicatian US20040126879. [0114]1n another exanple, the cardi ac

t i ssue- d&¥iogBei(target doser, 2rti@SpheEehi3) eallerty Bh aely (tirgctdpseher differenti ated
i nto cardi omyocytes according to the methods disclosed in W2004019767.

YGOSR S FRukE SRIhRs (REBALS: JPRIMAS CathARRLAL M LOLAPLRIRAR Y ORA Ol UM

esults om a varliety car eases, suc or exanpl e acute
nyocar di adntiiciflarant ispstolictin@nision iy GEADY [2VE$S D fis actcainemean nfelsimiwe hear t
failure, and the |like. The cardiac tissue-derjved cells of the present
i nvent | oﬁmﬁay%ét@g@adagm %wa@EC?réﬁaicwclaa gLBene] SPArR A VI iCdne

embodi Megylid {8y Ak p&rithéRAULMAR Th/QEU,C Al VBSBfwds Rl o8 8N dﬁﬁ"(@D? ion are
used as a therapy to repair myocardiumthat is danmaged as a result of acute

myocar di aid I§days 2§[raftef 0rdusiiomoionpo@nbaldinfmaiion. D shomman thei mewdingon

provides.a nethqd t.o treat gana e ocardiumin. a.pati 0 ising the
D eps of 10w TS el A BTG bR i T MRS RERETE el 1<
that do (03) eNPLaBS déRE alfda%ieon BBE-Ais. Adm ni stering the popul ation of

human cardiac tissue-derived cells to the patient in an anount sufficient

to treat the damaged nyocardium [0117]In one_ enbodi nent, the present

ilPRaM | oRigyr o3 deaysethprsarding feertioa phdlsy danrmefadimast irferion 1l bumsar i ent
conpri si 0g4bbGsE&REv cell administration, in individual animals in four parameters (FS,

RWMS, LVESD, LVEDD) measured by echocardiography. Each black dot depicts

individual animal’s cardiac function at the time point indicated on the X axis. The black
solid line shows the trend of change from 5D to 28D in each animal. Each panel depicts

one parameter measured by echocardiography.
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22 a. Obtaining a popul ation of human cardiac tissue-derived cells that do
not expr ' o o ' ' - C

cardi ac

repair t - ; . i , . f
human cardi ac tissue-derived cells are prepared and adm nistered to the
patient without culturing the cells. In an alternate enbodi nent, the

| ati gn of rdiac tissue-derived.cells are prepared and cul tured in
ity p legFe 24 S e SPETIAHRY PSW e TR e orteas By e i eSlither e the
pOpU'at'Qﬁu@i&ﬁ%ﬁ@%@ﬂﬁaYQkﬁﬁw&m§§ﬁ8mﬂﬁﬂhﬂgﬁmQﬁ b@ﬁ%&?d@ﬁib&ﬁ%ﬁm@ﬂgnexpanded

invitro, the population of cells that is cultured and expanded nay be a

popul at i onl @il dd@iGsiaion @8DHD). A ws ithe detoyof HCHE e windincanscole. d¥itd s t hat

is cultured and ex de be.a popul ation of hCTC (A2) cells.
AIternatW@gfg?aFﬁggggﬁﬂgﬁgﬁ%ﬂ_g%yceIIs that is cultured and expanded may be
a popul ation of hCTC (A3) cells. [0120] The human cardi ac tissue-derived
Ge0d23 of Fighee P5 siseii the By@Elhti@NbdRYerDEVBDIND ¢Hagb&ibtht dosugpdf tiRMunguf f eri ng
from damaged nyqcardi um by any suitable nethod in the art. Such nethods are
readily %@éd@@@éﬂVWISé%OH¥e oraseHaRNengRy.| The yraxigalepicts the pseluteehangg ahpl e,
adm ni st i f : r.di i = i I f sent
inventio%gﬁgpﬁgglﬁgggﬁé H%g%%%f%ﬁgﬁy%g§ﬁggﬁgﬁg(%ﬁgggﬁ'?ﬁfgé?%%%mgﬁfthe
damaged thy@osy ofi LGTC AA S adetiabn wdingar schie. Marmare egprdisad as Meane-SiBr(hv&d). cel | s

of the present invention nmay be adm nistered systemcally. Were the human

lac }jssue-derived cells esent . inventjon. are delivered
TP hlebpe 56 Ry FF iy B hCerbh SRR B iR 8 pEh et ey
nyocar di g FRY R cerNA MBS ions OR cRXAHPWEs e diELRbMNEe hEl JFakiaent Wi th at

| east one other "agent, or by another method capabl e of enhancing the
del i ver ymgdroglebulim expraskion dateaigddn ray beartsdiPanel ‘R0 sk Hur T@xAdpted, t he human

cardi ac tissue-derived cells.of t.he esent .invention may .be, adm.ni stered
cong- i (RS HE R efiulliOf s RRE: h Bt o ety B e cer)
factor ($Hems th@fideeb@SybEhCOE GAY) &l idttnbbh Afiefeahit Rrax(s@epd) the number
gr anul ocyt e- macr ophage col ony stinulating factor (GW CSF), stronal

cel | - der Phays plen csHl-agdministaationsip gat I hepsts angd e y-asiadons (thaperegngigetott act or
h i -l at | , t e- imul ati
factor. S8 (RO Chut ' pB YT SRR RN FeBAL SRR SLkIY 21 1O

t i ssue- dpgrtareshcadlthescodth detaetcpr eahigtthe mviennitiod humne celtbndefdceddametbdadtelng Wit h
anot her agent according to the nEthods disclﬁsed %n U S. Patent Application
US20020081% 891! afmyisiyatian gh0ab daF feis, dopies theiRambera diedzattsrsellie- der i ved
cells of i h&iRLBSEMral ONGRLA ON are admi ni stered al ong with anot her agent
according to the nethods disclosed in U S. Patent Application US2002162796.
[ 0125] For exanple, the delivery of cells to the danaged myocardi um may be

¢ 00fedh c e dFigpre 26kl athe coreclpzan katween kGFdi(Ad) wianoah and prevéntmmafhe patient's

system c circulatio n erfuysjn solutj.on co i[sing.cells into the
oar i ac el wiakeR Ent Shis rapntlphePRET bE kaisRbiSushoa 505

[ 0126] | npafiscrehegirmiic schlaethB Yo E&pidi RenddeBsti@rdesd (Meth CYEDD, kDt he
present invention are admnistered to the(g&&lent according o the nethods

di scl osedDbyEdcheasnral’s acHwambenatet wegks after sapingtratien andsthe egrraspendisg 2006) .
[0127]In I i t .acq.Li - rved cel |l s of
the. pr esSil IVHBRIPLS rEFaTh AR rant s MR P S e R R & T
can be imsemhtadegmisdorcoronary artery according to the nethods disclosed by
Sherman, Martens et al. (Nature Cinical Practice Cardiovascul ar Medi ci ne
3 uppl . 1. Sh7-64; 2006). J0128]ln an alterna enbodi nent, the human
Jaodn ac F}gélgﬁzf_iz a@ww@@éﬂ@%@ﬁﬁ@r Maé%ﬁpﬂgﬁb i?ﬁaﬁbaﬁwarl% YA EPed to
the patigfled'$iRACEF ALK ﬁattQ%EteH SoSAFAPL S00feITRARMnbNoRk @L i cal
activity of the nmyocardium 1n one enbodi nent, the cardiac tissue-derived
cel | s of pasitevepnesei¥ulAwtainingobserecdfinitargsttdoseaf t ® 10heCPatticated ratsi ng a

catheter that .is ¢ of r ing.the electrical .acti.vity of t.h

yocar o TR A00HE e arRBRS Thr Cefigsan By e TS ipaNAIEE o

(G rcul agdnemd] 48hal 2294- 2302; 2003); and Perin, Silva et al. (Journal of
Mol ecul ar and Cel l ul ar Cardi ol ogy 44: 486-495; 2008). In an alternate
enbodi ment, the cardiac tissue-derive?zcells of the present invention are
adm nistered to
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t he pa+ i Ant ArnrArAdi nAa +t A rmt hAade Al ec~rl AceAad v ChAar nmn Nhrt Anne At Al

( Nat ur

2006) . i ved
cells ¢ (ic picounn o fG e MU T UL Ur vu LU taie s v uor oy @
catheter that is capable of |ntranyocardluntlnjectlon accordlng to the
met hods di scl osed by Hashem , Ghods et al. (European Heart Journal 29:

59:; 2008 013 t further . ill trated, but t
Thdiefoq’ BiEave pashasi @mw&t@@?@p@g‘aﬁé@%‘% oy ShigH RNt BHSHACar df ac
Ti ssue- Dof | yadt et $ABPIHL] AL &3 RitpaRidnoet Bads podbiasiit procesty e cockt ai |

preparation: The digestion enzynme cocktail used In the present invention to
i sol at e wagufiegion) slsavang &wo vbldtetseiﬂP@MAcpmhwmnlIShéHtettomghmaeplas ed as 2X

cockt ai | ock | ution n hat Buf f.er al B
oot roghih R Eatitn ke | PR BREherin oHETuRE o SuMA P e
Col | agen@pebdtf 16& fanecik @%@é}p{h@@hﬁce@mtmagtebmhm BositisR d¥RRYsteaNFhd OU/ ml

Di spase || (Roche plied Science, Indianapolis, |Indiana). These enzyne
cockt ai | @t%@klghf\mnel is a hrghomagnificatiog impgg ghovting Nl pestive eahlenusley y e

cockt ai | it h 0.22 umvacuum filter system (Corning
Incorpora e , X?gﬁquk?L&Eg¥ human heart digestion, the 2U/ nl Col | agenase
stock was used in the digestion procedure. The final concentrations of
d0@s7dt i oRigane $0reisovay the dtaldimgd oﬁmﬂtlba@;emmlwﬁodNﬁMMbs&eqmasaumﬁh anppracess of
di gestion of the whol e human he he .i.sol ation of hupan cardiac

ti ssue- d@yptﬂé@w%% PREYTIMALSS § P&%BOWHV?:%]H% (et Ii?%lfga NBRighi al and
met hods g, diafkd tytr%oﬁf S @ith ﬂ;ﬁﬁ%ﬁu&m?a ﬂ&‘ﬁ@lP)R1§hMﬁ£1ﬁhé%Ptt apfaed from
t he Nati onal vel nt an esearch Instifu New Yor k, NY). The
pr ocur enesttony twrelmﬁges bleow raahsqat aomitrodh @mmndtrtrta@rthstMAbetlb@efts 40- 98 hours.
The whol e organ was i ged into grow h nedi um ( DVEMt10% f et al bovi ne
serum aﬁﬁcgﬁgygﬂ g?a%f?ﬁntil bei ng processed for cell isolation. WO

2011/ 005930PCT/ US2010/ 041327 [0133] Materi al s and net hods - human heart
f0g68)e PFRRaess1 Bibwslhe siiigevhiRatidn éf BFstard@sypeanphe il RATCQA8)-htasaf ety
cabi net and placed into a square bioassay dish (Corning Inc., Acton, M).

The exce@ivehigle-freaiadigronas Flahistast dessiinidiqagad;qnet ewme@n(nehrrecelvan&er

o cces (K ECARA ek RGBT btk oo et P T BBl BB Sy Rnan

m nced nﬁgmeglréyyart@sﬂd\mh@p ?eﬁloﬁJef%oﬁnﬁ?pér&oﬁwﬁ-)cnonshhswwmﬁu Mehet 00K t WO
hours to conplete. quarter of I eces were transferred to the PR0250

honngenl@ekgﬁhaWﬁemohpﬁbiE@peﬁmnﬁﬁbypﬂﬁﬁ@n@SﬂINysHﬂm@ﬂ¢h@Hhas pl aced on the
chanber and the PRO250 generator attached with the speed of the generator

e r [ room
g e o e e e Rl LB
i nspect e@ercthrgh ofringeaci atnig tMSIGﬁOJHIJ[I‘&ﬁJEIW)] Rzlgla panslshewwes dbsslatey m nced

(resultln in fragnments | ess than in size [0134] Material s an
met hods 1 ‘”H&tr?éﬁa ﬂg%f‘sltléclwctj&tnleﬁachrwéwq‘%ae e B aveRRse 70w i Ptcpofg

processe@>%ﬂg] OGS ZEeds e S L ansferred to separate 250 nl conical tubes
(Corning | phgornl NJ) helﬁ?ssue in each tube was washed three tines
by adding 100 m roonttenperature PBS and inverting the tube five tines.
16@70] ubeFigase 8k elow the etdim'nqtg ofghapillardddnsgty i1 BCTE (AB) caledeata, sewhiée- The

Bi osci eneted BRnS AR Byl B S B BB AR BeRT b So0RY 5% wes
added Loy4q 2R3, 1 (L8 cBl, PENTITRG | QeliBVRCAAY @yRlnabid ol nal

concentratlon of ’the enzynes was nase-an spase Il. The
t ubes comfacnnmgydcheliim.ssuetcated vatizigofestinaBe etanmagtsPaaret 8o’ showa capilayr bi t al
shaker set for 22 pm (Bar nst ead, La | rose Park, IL) and incubated for
2.5 hour Imﬁﬁﬁeg'%ﬂgﬁbﬁétcﬁ§ q@%@%mkébégbaﬁF@%sferred back to the biosafety

cabinet. The cell suspension was diluted by filling the tubes with room

t ratpyre PBS.. In order to renpve an i.n u est d tissue, the
ARG o Bishof Shongl 1 Parul RTR GRS AR ffanis? “S5B%%kn ot andar o
testing sieve (Sigm-Ad h, St MO)..and intq 500 m gl

beaker. EBIPEURENS 1H1RE8S %fr %%E St%%me@?ﬁw%é%% qnthha@ ¢ frafsd a eéefi%r was
further filtered through 100 um cell gralners (BD Fal con) and into
multiple 50 m conical tubes (BD Falcon) The cell suspension was then
washed by centrifuging at 338 x g for 5 mnutes at roomtenperature using a
Sorvall Legend T centrifuge (Therno Fisher Scientific, Inc, Waltham M) to
pellet the cells. The supernatant was aspirated off and the cell pellets

resuspended in PBS and pool ed into separate 50 m tubes, one each for the
nanually nlnced process and the hoanen|Z|ng process. The cel | suspen5|on
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Decl ust er degreeMedi um WD 2011/ 005930PCT/ US2010/ 041327 M ni num di anet er

m crons e

m Xi ng

di gesti , . , ; [ he
manual |y m nced process produced 43 mllion viable cells after dissociation
and enzymatic digestion. The viability was 65% The nechani cal

honogeni zati on procedure produced 12 mllion viable cells and viability was
63% Si ndeft Bartel remsl amimals trestsdievitvelnt 10f h€FGYIA 3) bellsn@ightpanphoPenkire, t her e
were no differences in yield and viability between the 2 procedures. Based
on the rgpulstthe myubaedast obsured e liffayREEarRiNRBS Rehriysxfigssogahani cal
hormogeni zation. After digestion, total yield was typically 34-64 mllion

vi abl e celypeytpaymheraper myhe Dataadsp Bhawn gialdess 8D n=8% PanehirshiowsTabl e 2.

Exampl e 2 |lection and dn Vitro Cul.tur f the Hupgr rdiac .

T osbe. ool TR bR dilarer Dt nbleat Rt sTTea e rRosindsansi on

obt ai nedciapd. | D¥h RE: &tpPesBHAEA + 8D @rg).enzymatic digestion of a human
heart was expanded for further experinental analysis. [0138] The initial
plating of the cells obtained fromdissociation and enzymatic di gestion of
d0hZ2an Kigare 35 shevscdfferestiglpedrgresnebings Hedt myeeardive gireponscatribén Gand
enzymat i i i h art, according to the methods described in
Exanpl e @%acgﬁ?gg%%n?% %tﬁégf‘&%slsage culture flasks (Corning Inc., Corning,
NY) flasks. 10 ml of the cell suspension was added to each flask, which
¢00m3qi neHBignBe &b sigpvayhb quadificat rOMEM: cffe@ 0D hGTCLanD-hQISIC osleadrbBdktiag b
L-glutam ne, and 11Q ng/L sodi ym pyruvate  10% fefal bovine seru

Peni ci | | PhCEBRE Bpsucep FnswHFRRArashan gouis M1y R@P?lraéngSéﬁ¢%@|q§,ln . The
final volupes afaftlieidsti ol Bk I&P\Lettlﬂlic%lé?%eQf@allmPang-lh%”%%J@th\é@ﬁrﬁdﬁé;?fjbat ed at
37C in an atnosphére conprising 20% 02 and 5% CO2, for 2 days. After this
tinme, a tétgrogdneved ircdatts droht ammalsams alblgsmipy.eBanaNoei- sholheveabls phase bri ght
cells were observed (referred to herein as hCTC (S) cells), and adherent
cells m@@o%ilg%ed (referred to herein as hCTC (Al) cells). See Figure 4.
[0139] The hCTC (S) cells obtained after the initial culture step had a
0074 ar FiupesY ohivd i bitects 8f hSTA@ASY tdimhdamint@miseschy Ml defl (D)t Anver sa
Beltram , Barlucchi et al. 2003; Cell 114(6): 763-76). See Fi gfur_e 4a. In
addi t i onPT2801, leangatWalkersyillgi M&D) adminiptedionpadhe pddc BySUvEE &theptEringt

Messi N . e l.ati 99(.9) -21
obser vod OB EME; Bhe Boiof R RSN FRRRLF R by b on
I n one sfromhythe tli@liBEVES) the hpislamenescleamivadalflcvmibhenciakénfremfthasks af t er

the initial two day culture period. The hCTC (S) cells were transferred to
50 m  cobarliary mpsels. T%ﬁéeﬁqw%@mwp |ﬁ§%@@eé@lﬁtfqafq§g€éaumtth%@gi g for 5

m nut es m%g at@h Y ny 1 apt ' g, t he cel |
pel | et rgiouépen e g]?%n dg% Mﬁsqw%g%@%{ragé\?ﬂ ngdga%%eaﬁdé%@%%?%cep?% wer e
count ed afltmns wesUsqretisi WGTC TAB) ¢edlttedatadugrbgr (1of 107GTiGee8)dos®! | s obt ai ned
fromthe initial culture step was about 10-14 mllion total cells. A

f i f the hCTC (S | : ved i vat.| di
ADOEN’ *Shurt 38 ht L PELC T SR SR Ru s BE R T
cul t ur e. suFfeinB G S cutEMISat Ry 28 heBl idFRetidnhnldl 3R amatisteeRdi mardensi ty of

5,000 cells/cn2. After 2 days In culture, hCTC (S) cells becane adherent,
and f or nedamciiebgeh¥68D, haddhvere andaseply gehasardiqmindyr &blattycher ei n as

the hCTC | at ] r. hC A2) .t he )..¢cells of
the pr esceélaﬁ%% ﬁggln |S§1§1de§t§%ﬁ38g%f%cgl§ﬁ P(Egénlgdné@grggé{) aiggirf% éﬁ%s?elgf ter hCTC
(S) pl at adiginisthgorcaid infaretion ik pypsited. Z€ikcbyCaspiazatein®tofrdmtdifergnowt h

medi um washed with 60 i roomtenperature PBS, and then 4 m Trypsin- EDTA
(1 nvi t r ogIers, amps gaignal dikyoblasss YR ¢ GADLEHS pICHBRWNThe hCTC (A2) cel | 's

were incubated for approxinmately 5 mnutes at roomtenperature until the
‘{6?’)6? hagiotlel 96 Biklvs tﬁ@eﬁ@&%ﬁlb@@@%ﬁc@ 2@ 0R Oh YRR FuRdRRdn gRd T he

cell "suspension was transferred to resh 50 coni cal tube (BD Fal con,
BD Bi oscsudfecing froBaan doseMICA)day B4 $0OSt infatdtioalandwdi adwmmistetrov.e@hizad

transferred to (e cup for counti,n ing.,th -CellTM Cel

Vi abi 1§ 1Ry LEESD D ¥R g by el R el at ed at
5,000 cells/cn2 or 3,000 cells/cn®. [2%41]hCTC (S) cell expansion was al so
performed using cryopreserved cells. frozen vial of S cells was thawed at
37C and was washed with PBS once. Then cells were counted and pl ated at
5,000 cells/cn2 in growh nediumin culture flasks. Cell expansion and
confl uency was observed each day. [0142] By vi sual observation, non-adherent
hCTC (S) cells were significantly reduced after 2 days in culture and the
nunber of non-adherent hCTC (S) did not increase in culture over a period

e 4 A N A A N N . T T Y 4 Y ~
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[0143] 1 n contrast, the adherent hCTC (A2) cells that were derived from hCTC

(S) cel gure
5a. The il it
r eachec 3y t her

5,000 cerrs/cnme or at 3$,UUU cells/cmg. HoOwever, tne PUL calculatlon Is
based on the initial ceII nunber pIated into the culture (i.e. the hCTC (9)

cell numher), .the esti n of. n e. entirely accurate.

[ 01447 BxPE BRIGRSCHE e CPpy TR0 RAE P he TR st o ARGF RO ai ni ng
the hcrca&l%}lls%{ld)@aﬂﬁ%faﬁ@rm?lv@ rds &R0 ABmbh 8%l BRI 549 thide dFRiéR from
the initial two day plating, 60 m fresh growth nedium was added to the
remai ni ngCaAHAB el lotsl that yere peaptireidiranh difforeng KignorFmerhGE@ifAl. ) cel |s were
cultured until the cells reached 80@6conf|uency. After this tine, the cells
were trypsinized by asprrat ium washed with 60 m
roomtenperature PBS and ad ztﬁbqﬁEsg A (I nvitrogen, Carlsbad,
CA). Cells were incubated for approxrnately 5 m nutes at roomtenperature
yooia] t hBorcirits ohadcldatra,cdiﬁdmot o wagoli liliagkn, the ﬁetalgerdaimtsdsnpmdidfmhe/vas added

and the cell suspension was transferred to a fresh 50 m conical tube (BD
Fal con, BEFHigde e ntoear]fOJ@aéng gkpectinns gt describg ?rqltlattr%gertaermved and

transfer sing a Vi-CellTM Cel
V‘abrlrt%ﬁ%ﬁ%f??g¥hnl por |gﬁ&%¥ﬁyEg%ggﬁﬁgma%%%g?ﬂen re-suspended with
cryo-preservation medi um (90% FBS and 10% DVSO) and saved at 1-1.5 million
cells/mM and stored at -140C. The DPefinitionng cel | s were expanded by
replating the cells frozen vials at 3,000 cells/cn2. The spent nedi um was

r ced thr ten, epl tin d cel S .were aged .at a 7. These
1P e ISl R ARG RS LB Ge AR PIR B B s g
trypsini B@hleﬁ oseHQd-fb5ﬂl@i1l@@6ﬁdhﬁ6n§ﬁﬁeb@156ﬁﬁ@c(cdﬁdltlam%ﬁbd: @eﬂlsed%y’ h al of hCTC
(Al) and a vraI hCTC (S) cells was washed and then conbrned into a 50 m
coni cal MyperdiBDnfaptian or gheisiapdieyshelasdisggp onrpbdcd myplamt.t her a ni xture of
5,000 cells/cn2 or 3,000 cells/cn2 of the conmbined cell suspension was

G@ﬁﬁ i n& f growt h
iedrunttdgnggﬁﬁ%gﬁgw/ﬁl ﬁa&ﬁﬁﬁﬁmﬁgﬁﬁgpfgﬁﬁﬁgu ateg‘(ﬁqgg%@ﬂg%§ﬁatnnspherrc
for 2%daytsttadif,t ezrheltelm whei e bldddesuppllydo bty obthethieert cehtesrupted reaking

adherent cell popul a referred to herein as the C (A3) popul ati on,
or hCTC Yok heabigells U RdiSo Thive: Bopi<onmny g et b Bl ﬁ%ﬁeéa the cells
vere passpgRged NYPkth ¢ ARGy In Lt { &ﬁﬂ?h ii§ ¥n Of
ei t her 5§%OO ceﬂggf%n%po? gﬁ%lﬁgo g?c%gb?o]?%%%f?f n@gag§?%6§|%te
seedi ng d@m%ﬂayﬂandntn@ubat@dﬁahdsﬁﬁmbzmﬂmdnhﬂéWHER@ s 2peh@lfC (A3) cells

AR et R g S s A vt TR Nk R

after 2 laﬁd@ cHsBortSleCHT 1éthahtrdaf® O] Suffibht f@ldds chesasedandperogeneous
populatrg%¥§? ng a%%rage this took about %ﬁdays The hCTC (A3)

populat|@Hima@a@aﬁaﬁmeHbﬁcﬁiﬁﬁﬁdnhﬁc%ﬁﬂﬁﬂrate of 1-3 PDL per passage. Wen
hCTC (A3) cells were seeded at a density of 5,000 cells/cn2, the hCTC (A3)

cap fee [ » R ntrast,
R i o e R R i S bt TS
(A3) merpnﬂmn@hbehoﬁmneadhmngyﬂﬂdéfkdbdkﬂha1sehmhmd@ﬂk®nagdﬁnn3mlSee Fi gure
5b. [0146] Char erization of the huma rdi c tj ssue- derrv cells of the
present PR GHS ahsbe graern cal laﬁer@eqrﬂé? firsocisiopspsi s. mi | ar
growt h r @bes@f, and B1tElH a8lor@AE o BRIRARSs oFIRYpRQhD iRy €d about 7 days for

cells to reach 80-90% confl uéncy for passagrng The differences in the

total PDL observed between the two cell populations may possibly be due to
t{0@8 1 ni t The teem dbEE €t (Artapepb #BIN”jon “hCTC (AA2Ycltsglab gsodierein heysoddersinler i ved

from hCTC ion. ;0147] There. were n rences. ohserved in
the expr S50 inioidngBRP B a0 s RGBSR s RO SBRIRE. one o
human cafoliodénd ths sruaalctertmeetd ceeé afferitisohahaccadddiaé HigusBhdieds d@fsodibed pr esent

i nvention. hCIC ( , hCTCj} hCTC (A2), and hCTC (A3) cells di d not
expr ess trerym%eﬁadlsyedlgetf‘éi mhiibiered pesording fosthe grctins o thexpseseasBYCNON: he human
cardi ac tissue-derived cells of the present i nvention, and cardi ac
progenitor cells in the art. Al the g popul ations isol ated according to
t he met hods of the present invention denonstrated positive gene expression
of GATA4 and Nkx2.5. No expression or nyosin heavy chain was observed. The
stemcell marker c-kit was detected by gene expression in all the cel
popul ati ons of the present invention. See Table 8. By flow cytonetry, the
human cardi ac tissue-derived cells of the present invention were positive
for CD 105 and CD90. The ceIIs of the present |nvention di d not express

NN A N~ A o NN A N ~ — 1
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supernatant discarded. The hearts were then manually mnced with surgical

scal pel ' 0
three 5 h 25
M PBS ciiv ciic tume vimo s iver cou o o | vaoug s Fcoue P vueo wer e

transferred to separate 50 nml conical tubes (Corning Inc., Corning, NY).
The tissue in each tube was washed three tines by adding 30 mMl room

t rat ure PBS inverting the, five times. The .tuhe was then pl aced
Jﬁ‘ﬁ% ht ﬁﬁ%tepﬁehﬁﬁlgsfé%m%g@t &5 b e Sl Y Pist AR CIRAL Aspi r at ed
using a gogflatRaRirhakdrig cRilPRki RskIBRomah& 9yinBRuiRDE h@ﬁ@ﬁt@%céﬁn Jose, CA).

The di gestion enzynme cocktail stock (2X) was added to the 50 m tube at an

eqéyne to tissue ratio of 1:1. The final concentration of the m xed enzynes
WBeS31 U/ mhasrmahenedé3andpBuiant’ oir sShase (AB) cathd as usrddrepamtedemitng t he ti ssue

and enzypes were transferre 0 7C.orbital shaker. set, for rom

(Bar not BB EaTRISL SRFRat foft by B2 AY BARS " P8 ith LR (8]

i ncubat i g hdhe (Aupgivas transferred back to the biosafety cabinet. The
cell suspension was diluted by filling the tubes with roomtenperature PBS.
In order to renove any renaining undigested tissue, the cell suspension was
filtered through anMgtthadhtoPeriie the Cl‘%b of the Regsentskaventiss (BD Fal con), and
then a 40 gmcell strainer (BD Falcon) and into six 50 m conical tubes (BD
Tadggn) - Tﬂ_@'ﬁregénlt hﬁ/rent%nzﬁro(fﬂlres ﬁﬂ{etlgﬁcf_o‘ﬁ?&iu_%gﬁﬁlln% c4rBBP tikHe-RAgsS Bargd for
human cel | s because of the nyocyte size difference between rat and human.
The cel | theudperotsixpressabonidiese, emsredngdthe stens of:f ugi ng at 338 x g for 5

m nutes at roomtenperature using a Sorvall Legend T centrifuge (Therno

Fi sher Sci%ntb%%%ﬁ Igc NWIthanl MA) to pellet the cells. The supernatant
was aspirated 1% a?%&”%%ll pell ets resuspended in growth nmedi um and
pooled into one 50 m tube in 20 M growh nedium and a sanple renoved to
det er mi ne el Disgo&htthg thy pegedissyé.el ds obtai ned were 10 million cells per
heart, with a viability of 70% [0154]In the preparation of rat cardiac
tissue-derived. cells ither 0.1U ml or, 1U nl col | agenase stocks were used
to di gest tcheD&%Fté‘?%i@egF%Hg}meeéan? #!s3- hour incubation, 20 m growth
medi um was added to each of the tubes, as described in Exanple 1. However,
rat cardiag, tRéﬁHﬁn?'ﬂgﬁe%tfﬁQm%éﬂesoﬁ&n%é‘ﬂel&Qécﬂ Qyengse did not yield any
cells. [0155] The cell suspenSion obtained fromthe dissociation and
enzymatic digestion of the cardiac tissue was seeded into T225 tissue

cul ture fl g&sksult@srethagemaiging ccddy.ni ng, NY), by transferring 10 ml into each
flask. To each flask, 35 mM growth nedium (DVEM 1,000 ng/L D-glucose, 584

L-g 1 . . '”n;py %1 | ' serum
ggﬁ#%iII##%@%%ﬂ%??@%§¥é%9g%§é#%§§%h g hf?’ nvﬁ?b%gg%$g%g$%§g¥%ﬂ&tA) was
added, bdissugiangl mbehahicaky. vol ume inside each flask to 45nl. The initi al
cell culture was for two days at 37C in an atnosphere of 20% 02 and 5% CQ2.

After the initial tw day, culture, the non-adherent rCTC (S) cel]s were
T imcatratilaﬁ%/f)@ft%@a? RE BTty ST icdalrattisels Day %létﬁ‘_élﬁnr—qﬁ at 338 x
g for 5 minukeplainc @RISR AhM B reﬂ&%éH?ﬁ[t%ffoﬁnéentrﬁugétﬁﬁl%ﬂ&d and the
cell pellet re-stspended in"20 ni” growth nedium The cell's were ‘counted and

reseededFARBo T225 flasks at a seeding density of 5,000 cells/cn2. The rCTC
(S) cells were cultured in growth nedium After an additional two days in

- h h |.l.s b d .. e adh
U087t i B RAG F Blly P Rt Perlfosin REFR LR AR TGRS ot

was r ef efogeshol@tiRrTatdiemydeltes( ARy ppgout af thofiltedtiotstdpsis taéxclddbCellfdht cel | s.
[0156] r CTC (A2) cells were harvested and passaged at day 7 by .

trypsi ni #H318¢f, in 378 dhad the huwan padise tisngdeasd eellsed thapreseappventon. (daTe (A2)
cells we t iLyeof. 5 000 cel ' - ith 45
m gromﬁﬁﬁﬂﬁggﬁﬁgﬁﬁ’%%éﬂﬁ@ﬁgémyﬁ “?F@ﬂggggcggégg%%%% ngﬁggﬁ%hggFﬁgnﬁgached
appr oxi natdoat § nd6%mns Tdubogt Hnlicrony melioheterCatd § ARyr afed pae sibs of Y@dhi¢renshown i n
Fi gure 7, anpl e 5 I sol ati on of GFP Expressing use Cardi ac

Ti ssue- DSCPOH toallew theohumangagdagsu @#@%@H@DE@@}@S&H@W&%% B GFP

mce, Jagksm th@fieBar Harbor, Miine) at 8-12 weeks ol d were anesthetized
by isofl uorane, and the abdom nal cavity was opened. The intestines were

di spl aced and the aorta was severed. f627-guage needl e was inserted into
the thoracic vena cava and the heart was perfused with 10 m PBS,
containing 5U nl heparin. Retrograde perfusion of the heart was then
performed by injecting 10 mM PBS, containing 5Unml heparin through the
thoracic aorta. Care was taken to ensure the heart remai ned beating

t hroughout this procedure. The whole heart was then renoved fromthe chest
cavity, and placed in ice-cold Hank's buffer. [0158]Five isolated GFP nouse

. n o - - . - . N - o,
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Cell Cryopreservation, Viability and Recovery [0160] Rat and human cardi ac

tissue-i

cryopre: C

(A2) popul at1 ons were obtal hed by expandl ng cryopreserved hCIC (A3) and

rCTC (A2) cells at earlier passages. Cells were seeded at 3,000 cells/ cn2,

incubated at 37C under 20% at nospheric 02, and passaged 7 days after in
cenent at d in.c re.col |l ected at

T3] P ne TR Be REmaN g Re, tlﬁ%e%“é(ﬁ@ﬂ%&ﬁéﬂ’é%‘@ uefythe filter arc

cryopr esgliNAed ANidd (ISR dnddt TR RukBh Arifag i9Q)cWdrQBS cellsfat 48Ot hel |,
WA), containing 2% DMSO was cryopreserved in Nal gene 2 nli Pol ypropyl ene

St eril e, culntret inatitrd hitgdbe flttatoSstcpwCami@Gnieef inah-sidfitdantgnels duhadheRot hest er
NY), usin & Integra 750 Pl us programmabl e freezer (Planer, M ddlesex,

U K ) with°DeltaT software. Cell and sol utions were at room tenperature
prior to loading into the programmable freezer, which was held at 15C. A

J008%] e t BRPRIrAdLIERdIRE BhRcWREVE] atRGF tHE festhtinvertidnmegzidhgrdxyfahe Vsohdr he
foll owi ng_programwas used for opreservation: Step No, Rate (C/mn)
End TenpSybsiyatFr fnyefes cmbadimerg, @aﬁ@ﬁ%swt@ts 1S By b ftglterllwﬁh}@tf@hanber 4

t2.16  olid substrate may be polystyrene. Alternatively, the solid substrate may be glass. The
solid substrate may also be coated with an adlayer comprising an extracellular matrix

protein, such as, for example, collagen or laminin, and the like.

[0090] The adherent cells of the present invention that are obtained after the initial culture step
are referred to herein as the human cardiac tissue-derived (A1) population of cells, or
hCTC (A1) cells. The non-adherent cells of the present invention that are obtained after
the initial culture step are referred to herein as the human cardiac tissue-derived (S)

population of cells, or hCTC (S) cells.

[0091] In one embodiment, hCTC (A1) cells are expanded in culture. The hCTC (A1) cells of
the present invention may be cultured in any suitable tissue culture medium. For
example, in one embodiment, the cardiac tissue-derived cells may be cultured in DMEM,
supplemented with 1,000 g/l D-glucose, 584 mg/l L-glutamine, and 110 mg/l sodium
pyruvate, and 10% FBS. Antibiotics such as, for example, penicillin 50 U/ml and
streptomycin 50 ug/ml may be added to the culture medium. Alternatively, antibiotics
may be added to the suspension of cells obtained following dissociation and enzymatic
digestion of the heart tissue. The hCTC (A1) cells of the present invention may be plated
at a seeding density of about 1,000 to about 10,000 viable cells / cm” on tissue culture
substrates. The hCTC (A1) cells of the present invention may be incubated under 5-20

%v/v atmospheric oxygen.

[0092] In one embodiment, the hCTC (A1) cells of the present invention are passaged once the
cells reach approximately 80% confluence. Alternatively, the hCTC (A1) cells of the

present invention are passaged once the cells reach approximately 90% confluence.
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sanpl e
[0163] Vi AVl 11 L _y aliuv I CTuLuUUV Ol _y vl L1ICT riuiliQai i val ul av L1 ODOOoOUTT Ul I vou \VA ) B | S Of

the present invention follow ng cryopreservation: After a one-nonth storage
inliquid nitrogen tank (-140C), one vial of hCIC (A3) cells in CRYOCSTOR
DLITETmat 1 mlljo | 1 s/ vial s thawed at roomtenperature. The via
was. 1 honAtraAaray b Re SR foibogt ROt ITYERONATE 59 PP RERHCIPT: 075 10 5
mllion geldadyssanpl e was transferred to a 1.8nL mcrofuge tube containing

504, of trypan blue solution. Duplicate counts were taken fromthis cel

preparation by transferrin% 100_, to a hemacyoneter and counted. These
doAM s dbxancranthedimens, kGl @ (B-aslediceexpawtgdan gultmg 1 erlsi dmbiodimary, et er mi ne

cell viapiljty a .ecovery, post.-needl.e sage W th room. t erature
rcubat B B8 oF ARG AOBHiTRYL & RAGTREE ) S AR AR L e o
t uber cul madisy. | gexiBhleCiatdhe 30t ent ThOLGHiaa tisGhcaRuged baRGhS HBD cat #
305106). The sagghg was t hen passed through the needle again and into a 1.8

nL ni cr ofwlecd g MENS supplsmentse withggl0d/l Prejpeaseni®denghb-suawinca perd
dupl i cat : Thi !
port or me g RIS REAC QTR A ORAINBAL FORUS for R BEACNLES0AS

t enper at Ursl anadngrcplosscat S030g/Ml Malyes addéhtonhe patsagrdivi. ongbmtdie:lyieedl e.
[0164] After one-nonth storage, hCTC (A3) cell viability was determned to
be 94% f #itibirtics gravrbavidded toTthe syspersiay 9f Gsils ebtaingd figliovang dispeqistionrandsi ni | ar

to the otigi ' ' e 3 and
Fgure o pigsfigeloTdIRFheR Qe BiRETarel ol bPheRta B M B R, <

t est ed abd mculpasbumigr 5{200ugh atrddphatigexygeedircormtmbodahem] thonissveedl e was
above 90% after 30 m nutes incupation at roomtenperature, which is the
requi r edH{UeMedMLiS rePlageRieN P RRE 9B during rat infarction procedure. The
recovery was simlar to the cell nunber prior to needl e passage, as shown

I[00913P! erndborRnehiiddahéR, e hCYO (39 éélis%@&ﬁg B &R0t 0 A i@l tub O THRI fhd C (A3)

cells were expanded to PDL 12 and were banked for future in vivo studies.
Sanpl es wfcuithes ibavtkedthe bITE (fe cellseheaninnedhdront infrpmiedoyol jue tabbautial i ty.

The results e su ri in Table 4, 67 i atibility: One
et of PRI ERRS IR R b ook R B ns TR EEPRUY  tt Ve
thawed agih@ese s roRecaRONEcin Ihd/hdha\@sdibd8LubldeRsdBIAY Popdlatidiodi osaf ety
cabinet. A 504 sanple was transferred to a 1.8nL m crofuge tube containing

504 of tessaer i fe(ADagtlb.on. Triplicate counts were taken fromthis cel
preparation by transferring 104 to a hemacyoneter and counted. To determ ne

ishasel 0 EaiaRRsineRdl & Fahl o Bbt AT KLARL ! ThY TR SFLGRUN < vere

one both prior to needl e passage and post needl € passage, i ncubati on
time of the pifentdOyenBiOn mayshe chttueddi ahy setaplzitivkye dldde wediasl. IFesuspensi on was

drawn into a . 1.nL tubergculin syripge.(BD cat# 309602) through gauge
needl e (BETPAEA" g%arehﬁdﬁnf?ﬁfet@éﬁfﬁ% ge-@ﬁé‘f?dﬁa@%@&ﬁﬂﬁ i ihEVided e
again andppR@nfedlyith MhooLAREHEG 99PmeAd fllnihtld 1108 Qodhinypan bl ue

was added and triplicate counts were perforfed as descri bed above. This
pr ocedur pyrvrge padflOVnEdS afnebiotinesishtasdor exampde, penitQlinidH U/@bamd n, and 30

WUERE R GHERE BT SEEC e T
may be added to the suspension of cells obtained following dissociation and enzymatic
digestion of the heart tissue. The hCTC (A2) cells of the present invention may be plated
at a seeding density of about 1,000 to about 10,000 viable cells / cm” on tissue culture
substrates. The hCTC (A2) cells of the present invention may be incubated under 5-20 %

v/v atmospheric oxygen.
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[0168] After ane-mnth starane in liauid nitronen rCTC (A2 cell viahility

fol | ow bout
70% of f

rCTC (. fter
30 MNULco +hvuvue s un L Uui L et u Gl to tihie o eygur s vu G frame

for injection during rat i nfarction procedure The recovery was srmlar to

t d| Table 5 and Figure 9. mple 7
Bhidal .+ o remehigronEe e e Frlh P DaRru i et i Py e Ea
| nvent i ogu1fsQLBAL.PHRxRARES KDL PR fuck&l | AIRNELRSE, RIcHiiMpAYRS g8t @k ned on

popul ati ons of cardiac tissue- derived cells, “obtai ned by the nethods of
t he pr espescnt mventioroare frroagedaancamiet deliseach apptoaionatély 90%. conflecmel | surf ace

Kk t ed T | at f h
(' br ot aenemiyd g RCHE AR R 4 R b SR B Par RSP ¢ he
popul at i @ReRBaRCTC (A3) cells expressed CD59, CD 105, CD54 and CD90

(anal ysed separately). Approximtely 30% of the popul ation of hCTC ( A3)
cells expressed CD34, a stemcell marker for endothelial progenitor cells.

A ab new)aorder@t(%oe)xt%nwﬁé@Tﬁo@rlﬂ.celrlft andeidy TG (Kicells pig cxpiitdeddn | | ess

than 5% CD45 or
e 5% Bl 0o ARRY B BRI ET PR ) AL BRPRGCLL N G D0
and hCTGd)atmaldf adiadre cshowah tisicnhlcaltureeThe siutefiaceltimarik ehichxpe b@f'Con. See
Tabl e 8. hernmore, sim.l sults were obseryved ulatio rCtC
(A3) cel @ ‘&%@CW@&#E@W is %eeﬁorlhﬁ nysdp |ah@1§rl4ﬁé&rr%sf%eﬁpffwraé1@arog 1 (1CAM,
bi nds t 0 RIRYEIRShARABUKRE YEER <R ofReirat @1 Berstarnamcggs%h@@ of

| eukocytes through vascular barrier into tissues (Yang t al, Blood 106
(2): 584b@amidgiddhered® 35} ferret trsherciml ds tisalmfraaecaekipe Bsseﬁdnrmefd tA#)s nol ecul e
may facilit te the tra L,on .of hCTC (A3) fromthe vasculature into
myocar di k" arﬂ?&r‘? ﬁﬁlﬁﬁ é{:g{:%‘g??ﬁl@ coronary artery. Exanple 8 Gene
Expressi on Anal ysis of Cardiac Tissue-Derived Cells [0171] The RNA sanpl es
f0898]t helrf &iel @vdoagmear ki ee (ABﬁchll@ arcd&phivRd i6 ehiturpOpHE acrr@r(& Rmélﬁ ¢fol | ect ed:
hCTC (Al'), hCTC (A2), hCTC (A3), rCTC ( ag and nCTC (A2

col | ect edremresantgpectivion mayrbecalthepddn a@aent Ertrsswmuéﬁ lméqii)lm [f[®172] The

expr essi f I t he
sanpl es e%?llegg@%ﬁe&inelgﬁpﬁl%ne a(%%rsg%c Iﬁkgegi C\\éég ﬁ%te |C\§laftt diﬁ?%’% I'hg to

t he reaciuwh:mteddeﬂth ned0 g DFghikesc)58amgd/1tThglupmiin®raad floo niglesodrines t est ed

are shown in Table 10. Two cafegories genes were_exani ned: cardiac
- speci f.wraé%sanéria/s?%% oafi 10&@%@ é:atIPH Iiﬁbé)@rnm fin g@ e?ar@cf e further

i1 1 or S el 28 AR AL FF PR IR IG5V SR e o

genes wemay buhtidudrto ¢lad @igednisivadfaslld dstealﬁécemlloahﬂg dllacroleerlon @ndkbﬁzynﬁdﬂibr yoni c
cardi ac narker i sI et-1, and cell di vr%s)r on r ker, telonerase.

hous ek eefERY0g &Y & eh@*ﬁ@%r%%&@ r?@%ﬁ fthépaf‘éﬁ%wg@ﬁaewbem was

used as Q%%%Q&Eﬁg eh Py t1ZR0tH Gb&HADS §'v9aﬁ‘> d &Yg'/ Em® Bn 8GR AR €
[ 0173] The expression o e genes test el oun to be simlar in the
hCTC (Al subsﬂnmﬁ TMCT@M3}@H@0( ﬂ@)prmpuhadmtmmsnaySmnd'Meel ubder 536 %6t em

cell mark Ki .t expressed (C: 27-29), while the expression of

t el oner a é’ ﬂ’(?sli’l?l“étoxig?)rgs undet ectable in the hCTC (Al), hCTC (A2), and
hCTC (A3) popul ations: No nessage for the genes was detected at a Ct val ue
q009%9. Theoreahtiodimdm ke he TCARA) deliyt thk r%se'iltWeﬁtl&i(ﬂ’é $agkddnce thel val ue
of 25 and 32-34 respectively, in the h , hCTC and hCTC (A3)
popul at i enlls reaghiappropimnatple 80 g(\y@mfhleh@a\f‘yltmwﬁ y, the (fé ‘g8 phthexpr essi on

was obse A d A3) _popul ati ons.
See Tabl %f ‘Fﬁ% %ﬁé’é %Jﬂ%eﬁﬁ ée’l ??%%Eta f)@ﬁ)éfr%agérl 9B§T%|ngls§%cederr ved
cells OfAltB@a@Ve&ﬁ&Hé hCTZEAB) ogllsafehe’ m@eﬁivb@troﬂ drik®¢ padiagel oyetyh@ie tbhe ratio
of progenltor cell marker v. differentiated cell marker expression was
greater ¥W&HIBG; 000 in the hCTC (A), hCTC (A2), and hCTC (A3) popul ati ons,
conpared to cardio nyocytes (1% and human fibroblast cells (12% . See

Tabl e 10, Table 11, and Figure 13. [0175]rCTC (A2) cells al so expressed
cardi ac |ineage genes such as GATA-4 (Ct 28) and Nkx2.5 (Ct: 27). However,
unl i ke human cardi ac tissue-derived cg t he expression of Nkx2.5 was at
a higher level in rat cardiac tissue- 2rived cell's than that observed in
human cardi ac tissue-derived cells. The markers c-kit, Islet-1 and

tel omerase were al so expressed in rCIC (A2) cells. See Table 12. Sim| ar
cardiac tissue-derived cells obtained fromrat heart, nouse cardiac tissue
derived cells also expressed Nkx2.5, c-kit, Islet-1 and tel onerase. See
Table 13 Exarrple 9 Cardr ac Ti ssue- Derrved Cell's can Drfferentrate |nto
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days before beina trvposinized and counted. then mxed with nCTC (A2) cells.

The m»> (Cat #
354595 ells
tO dl ff Tl CliL 1l Al © vvaeio LTOL CTuU lJ_y Hirivuwae i IIB L1ICT 11 AL Ul T vl vl 1 o [ L1 Osue

cul ture nmedi um conprising DVEMF12(1:1) +10% horse serum ( Si gna),
herei nafter referred to as differentiation medium The cells were incubated

iffe entl n nedi umfor 5 days in.,an.atnpbsphere of 20% 02 , at 37C.
A&t t hiPac me d by igh ffuobse s, et arding i Ay isaf 5*rd¥r%ﬁenhm from

co-cul t ufQentRn 1§§It@néMFi%ﬁH P Aﬂ‘iltél%fatecrﬁétﬁb@W%Yéh% oBfth e @mRAT al | el
cultures of nCTC cell’'s was tested for the gene expression of nurine
myosi n heagdmc ulsmlrefden'vrt:rbca‘lblotfdw mgsemrmrvﬁmormyeeumnhem@lguml nApraltmmrm wer e

lé:\e/ gr SZY%P%&ES%%e FO nd bt er, MG erg‘gr%feed cellso he present 1nvenI10n CAACGCT

Probequrmuﬁ@dlﬁﬁﬁ%m%ACACCCAm [0177] The co-cul ture of nCTC (A2) cells
vvlth rat cardi onyocytes resulted in the 9-fold increase in expression of
osin heavy chain, conpared to paral l el cultures of nCTC (A2) cells

a{PHHé s%@e mllyef éhejmesetrh@geltu)atraasstarg@f‘éme fieat disspsiatiae dhoawbelepparb@ndel | s of
th i t t

b Do o ProOEP e BRARRE Bloull R EERAE 100 B Or Bl I B % oy
enhance g bedéfiesdefidr dfsseviatingtpoatiqrisef hart Seduat dndrsubdegpankyi digesang the

Characteri zati rcine Cardi c T| SS Derr ved I ls [0178] A single
heart f r@ﬁ?oélaf%ftﬁsh@eﬁherﬁ%w%m% tém?i 6‘5‘3 ’néa at each
i sol ati ogy b i amuVeLSihalth Bl g au tweea?e& Upfﬁehleﬁ‘?scﬁ’elth%mde-r&eth@ﬁ@arﬂt was

perfused to deplete bl ood prior t | I'ecti on and t he whol e organ was
energed in DMEM + 10% FBS on ice during shipnment. The time from procurenent
t[@l(lﬁ]ssu@h@digmtait@rhamsisw%eéﬁ digs88 uhi@greszyrﬁeﬂﬁucls epdoratxempsol at i ons wer e
per f or med ﬁccordl g4 to th‘ih rocedur es bdesc q V\flteﬁLotﬂ The heart s
were cut Q' REGSRART disPesEe ?8%%%%r%t &Y° S?pé‘”éeX% E7e)'" These tissue

pi eces V\&Frﬁblﬁ&t[&gemloﬁegm%b@mféﬁﬁ RdiSsdbiahamegR fiszrtis @igesta@uﬁﬁggrmb@eb in
Exanple 1 to yield heart tissue fragments of |less than 1mm8B in size, and

t hen wer @f qollagerss andodisRisdne 250 m coni cal tube (Corning Inc., Corning,
NY) and washed three tinmes. The digestion enzyne cocktail stock (2X) was

to . t final
I0ER ¢ ¢ Sh Sl SR AR SREHRGLR IR T OB R L DAL TR
t ubes coAttalinathgy theecotlbgaee mmydbemeyimma cosreatriti@némarabewt @ bUanB6C or bi t al
shaker s 5 Bar ste Lab, Melrose Park, 1L) .and.incubated for
35 hour oukf LT ﬁitgeatr%ﬁt Rciare woy %HW&“&W“?GQH)Q‘F?H AFPAHH gest ed
tissue, Uﬂﬁl CRkdrnSHIREMS 'cé?l'i‘agéﬁe?sefﬂleiﬂ?ertf‘s@d‘ém B @Riod-dracdytdi@mat er 250 ilm
standard testing sieve to elTmnaté the undi gested connective tissue and

adi pose tissue (Sigma-Aldrich, St. Louis, M) and then further filtered
OB ligh I@@dlismﬁ@@lylbesmdaatrﬁecmcwraémnrﬁiorratﬂ@ut:arSdiI/@rlr;t@@'gauééo(%ml Fal con). The

medi um nta ni;n | s_t hat ed thr |It transferred

into nul Bltne l‘é%y ﬁte Coh enafe ?L%ggu%%ﬁ%&g%coeﬁﬁ%a e ceﬁ?utsusg\ﬁgti on was then

washed. dtfomeno Wshi Aernbihelpiclcollagagsd BepsPeRd@ba bon@RtridonASPKbbytsiong

buf f er (Lonza Wal kersville, MD) and incubated for 10 minutes at room

t enper at Hrmal. tf%ltqrpaéeebhttw celgcRISS gnveks Wedath eRIcParatianiodabow S Ali on t he

cell suspension was washed two nore tines with 40 m roomtenperature PBS.
W n t 20 m

RO ol SRS et bl S

enzynat i bowts.gagtmetvely He dyssetidtedftisael thay bmmtqmwﬂhthewnzYmm fornbout36l 1 s, in

a volune of 20 Vi a I|t 80%

3015/ 05T B Powin S e Bl Sefied fspemavdht BB HEMer om ¢ he

di ssoci a¢i9mcanst a%Bé‘r)’ﬂﬁhhﬁtéﬁ't&l%&dthhoYi@ss Aﬁ@%@'@ﬂw%@z ti[@ aésédla?twﬁssﬁé' hiayre

flasks (Cofning Inc., Corning, NY) flasks. of the cell suspension was

added t obetetied Witk Khe anaymbs @@ﬁb@utﬁ@dnmoteﬁto @mutv@ ﬂiOW@dIAdWﬂ(aMMthQL 000 ny/L

o e LRI B G B =

Cal sbal d, CA). The final volunme of the initial culture was 60 nl. The cells
were incubated at 37C in an atnosphereoconprising 20% 02 and 5% C2, for 2
days. After this time, a heterogeneouS ' cell culture was observed.

Non- adherent, phase bright cells were observed (referred to herein as pCIC
(S) cells), and adherent cells were observed (referred to herein as pCIC
(Al') cells). [0181]Dissociation and enzynmatic di gestion of porcine heart
according to the nethods of the present invention, and subsequent expansion
of the cells resulted in the follomnng ceII populations: pCTC (S), pCTC

. Y Y YN | e~ O ON PN\ I T Y b 1. L Y
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Nkx2.5 was not exam ned in the porcine cardiac tissue-derived cells of the
present - ' I o ’ o ’ ' ' d

t hat gr e for
the eXpI co5o51 UIl UI CLUJLUO dlilu UWouv. LEDSDS Liliall O70 Ul LIie peilve (A0) Lell o
expressed either CD45, CD 16, or porcine endothelial cell marker (Cat #
MCA1752, Serotec). This marker is a histoconpatibility conplex class II

nol ecul e, . whi ch has heen identified on capil]ary endotheljumin a w de
range of MPRaywdy ﬁg@rfﬁ%ﬂmﬂgﬁgwwcmaye‘ee bealqeh Wit %ymeﬁg@ e'bww_fo minutes
88(1): 98133kt 1 RSG. Th GHY EmB&IiARE:, #RNiQodidted HsflRVis &8Atbd RABYAAELARRsSUCh as
pCTC (Al), or pCIC (A2) cells were not exam ned. Exanple 11 Tréat nent of
Acut e Myfecabditdl5 hofrar ction with the Cardi ac Tissue-Derived Cells of the
Present Invention [0184] Rat Acute Myocardial Infarction Mdel: The rat

r di i.nfarction.nodel has been used successfully to test the efficacy
TURESEE, O ekl 2he QiR RSl REV A Ey P B RAERER R o ey bl Rl e ol

st ages Oéxaftﬁiﬂe,%@@ﬁ%dm(ﬁuch hdgn anib@ay)sthm@peciﬁeﬁgxIedog'ﬂﬂzea@qxa@teﬁmﬁakw th | ocal
institutional guidelines. [0185] The rat _trs?/ocar ial 1 nfarction nodel is well
C

eséI a?l i segesse BY fgicatdiacinumdpgacd sphy 49 sieagly @6§?leﬁ‘;ﬁ§€‘a?<dﬁsépejdﬁlfi‘aﬁfd§i ]9?
M Ca ot O, BECL bR ER g RLEALBA LIS QRPN L, LT O

1994; 89: 345-54; Hodsman G P. et at G rculation 1988; 78: 376-81).

[ 0186] Fenmal e nude rats (weTh&hCell?oDhe Pradat dnvesditionuoka Agri cul tur al
Cooper ati on Associ ation, Shizuoka, Japan) were anesthetized wth ketam ne

yl azi ne (60.and.10 ng/k P, respectively)., an osi tive-pressure
ARE7EY oo Fhimral R Lt BRiS T hoanh EREGE aRedie e PR O30S Spenea
at the fgaarekprekefelondhRrtBAThAbe SRAGSNned Hl hgandedidsulXt &4ddas Lgdd inand t he
pericardi umwas incised. Thereafter, the heart was held with forceps, and a
6- 0 Pr ol thadreamant andwepair obgedaged deyocarfeurneflhe arppertics pf theseuddi tiiguecor onary
artery, I Qxi 2 fr i origin. A i nduced in the heart by
pul i ng {il%g’e Tcﬁg?étreté?/paeéégpﬁ%‘feﬁgo? %% Sélptngarnfe%glrwrrﬁﬂr‘l@% ly. Discoloration of
the infracted nyocardiumwas visually observed. A suspension of cardiac
t{0B08Y e- dBrineathtodirhant, the htuhen valiac ltiesusaderivad edisad tiad prebeat boeotéon thathe of t he
di scol orgd area about 20 mins after infarction was induced s descri bed
bel ow i nIEBM CXREAY IQESTEY BFPresAt [stiang of H}eefeﬂ?wg PHECER DN was ¢l osed,
and the gplhgsWehey Iqh44 agshot ?D@Qe.;h{? €P9es. At each specified tinme after
surgery, the rats 'were’sacrificed by excision of the heart under
anest hesia. [0187] Crypreserved popul ati ons of hCTC (A3) and rCTC (A2) cells
tOEI] wer b wcomdwdanent 30 Chwene cardmegidsusrderived cellsabfttiepnesont atyiehtianythdet er mi ned

i t dmi ni st i to, the test i mal s. I i abili b 95%
Ph a1 ot Potpih et B axin PP rRnt s HUPMER midRaRRY e ver o
adm ni steped, ¢D16,8SD3 RMDIHE $§d49-m nutes after the ligation of the left

anterior descending coronary artery. Crypreserved popul ati ons of hCTC ( A3)
cells were injected at the border zone of the discolored area. Test animals

AW v edlngis Sarbodpaent ghe Byinag cardiag dissugoteaiyed gellsxd therpresap grventiqn that e (15

ani mal s t ﬂﬁgg : IS . e) 1 I i ose),
or 1x 106&5{&?t| egﬁ%g%tge oésee) %%S%égeregolﬂﬁ‘éﬁgo %?%g?sésc e]?%/%degégg’l éalt§|5%nrﬂslsisolg rCTC
(A2) cel CB90eCB34 ndcil@d 7at t he border zone of the discolored area. Test
animal s received one of the followi ng target doses in 120 ill Cryostor

ite (15 aninals r . target dqse). 1x106 cells.. [0189]1n all test
T 7 s et et Btk e dinsed Srlyor b kb i 3o it
Cryopr esgs MatdxpresRIMhsc dendt 8khessthe MR WIAL BRkkAOSADIE (D IoNICEAked i nto
five separate sites around the discolored area of the heart. A control

group, rebéilvCRgS and Ishjlecti on of cryopreservati on nedi um (120n1) was al so
included in the study. [0190] Transt horaci ¢ echocardi ography (SONOS 5500,
RPhi 4 pPS i C erf.qr. . at LI (LV)
TR P MGl RS LY, BRULRITRI 0, FYAUN ol B BT

anest het fuzghdr tiffefenkigteainto eadivinyoc &zl Maiswhiférentiaioaeadycicogiorphiyornwas
performed. LV end-diastolic and end-systolic dinensions éLVEDD and LVESD

r espect | ¥EAtivalyRritcr.2dmisErtion aortBe Pt PR TRy ting safers derthetact ple

m d-papillary nuscle level. FS reercEf t he punping effect of the heart by
measuring the percent difference between systolic dianeter (end of
contraction) and diastolic diameter (end of filling). Regional wall notion
score (RWB) was eval uated per published criteria: Score 1. normal wall
notion and thickening; Score 2: reduced wall notion and thickening; Score
3: absence of wall notion and thickening;, Score 4: outward notion or

bul ging. (See for exanple, Schiller, Shah et al. (Journal of Anerican

Y - A NSNS\ NA N AT SN "
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denonstrates the pathol ogi cal changes observed in the heart, follow ng
infarc shed
to sin

infarc

pat hophysi ol ogi cal alterations, starting wth the replacenent of nyocardi um
with fibrotic tissue at the infarct area. The contraction and the pressure

in the ventri.cl causes {mge ext.ensi on of the infarct radual l.y the
expansi offCGESIHH e\Fé‘FﬁnF PE &P%ﬁ&%@?Posé??dloﬁlotfloﬁ%?’e?‘?rerCg’él{ﬂcfeé“?l Yenodel i ng

of the | ghbtidRMvhic!@fcrdRIR Ak bﬁih%%n }hal 1§51 (ﬁ%%@ﬂ §p'ecpaﬁ1§£{ 4 Ofrhishen shanber
fromelliptical to globular, and cel Ful ar changes as nyocyte hypertrophy.
[ 0194] Crcj@mt@témwdmptvpbyam@nsg ofr an@Ti@ (1A e pheinbypt pthewel (igt.obal cardi ac

function. and. cardi a ont t| | i.t b racti.onal. shortening

(FS) " andirBgpERaPoRpReRyl Mihestbite CRAERT uliiedforbbr §h gy Bfnc o 1 n

gl obal cakthodCapdbcdf dife@AatfidltBé adae fkfaldekivbd Yol WRIFeh<ORS&hY Beeion?l |

target doses of hCTC (A3) cells. See Figures 18 and 19.

2011/ 005980FRTtPUSPEMeY 041 B2 sddo195] At five days post administration,

ani mal s dosed W|th rCTC (A2) cells, or the target dose of |x 106 hCTC (A3)
de ie ( | ess t han

3@#‘3@' e rea eéﬁ}eancg*:éaco%s% gelﬁi‘(evﬁeqeggs (’ﬁ%‘)éf%pr@sg lﬁv%ﬁoéln%&%et}ﬁ@ﬁgr t he

absol ut edl\fmameamﬂ iito @etdicongdcy sk acdoeding go (heahahbdtdedldsyd sULLS. Ratchng t he FS

val ue observed a fi v fromthe FS val ue observed at day 28) was

i npr ovedip@é“é 1??&)@2334@29 & Tabl e 17 and 18. The absol ute val ue of FS in

aninmals treated with 1 x 104 hCTC (A3) cells was 9.687 1.329% (n= 12, P
llepsst ham Qloa{éit):xarﬁﬁle tﬁ@@&hfa%%sé{ﬁldéew@& cEIR dfh ﬁ;ﬂeg@ﬂt %v%ﬁﬁ‘@}{ gdypeth | x 105
hCTC (A3) cells was .9 1.6% (n=11, P<0.001) he absol ute vaIue of FSin
ani mal s turtbat eldfewntlhted in¢o m@mmmmycoa:@ngso thesnatods distlaod {m=10, P |ess
than 0.0 | possible reasons may explain the inefficacy of rCIC
cells inwogsgﬁ@nent al nodel used in the present invention. Although
nude rats are i nmune-conprom sed, their rejection to foreign cells was not
conpl etely elim nat edetHods ité & rédtlor Repait DanagédCVyod®mylildm nore suscepti bl e
to i mmune rej ection by nude rats than human cells. Their retention in the

ocardl um co d bec e of |m*run$ rg jection, and thus thejr effect
AL} ocaPamass YP‘B‘ 1‘élf‘1fr€%tfé rony & YYBIHAoH etiee ABRASSH SRS, FIS*AMBIS obser ved
in amrraa hSALERa b e AT GO AR ImRhll i PEioHREScRRS hetiehl
admi ni st rﬁalttél ogééa ﬁa Ctl{bscgﬁlgﬁll%n %.(%I r?g s1 t%leol %eﬁﬁélex 1(l)hlreh%1'}% (A3)
cel | s wathe2ike4Zhe tardiaattisGicelryivehodts qulﬁeapremnOmvambbmmhjr bedmdral thenapdu on, but
was reduced t.o 210 1.7 2, P less than 0.001) a
' ar ot Orctinciged sach iR ol o e RGNS B U oTR TP ed wi th
1 x 105 hehestM3hvéribharadsd 29a ﬁ&rap%r t6 r anﬁn?&)é?dl@tﬁ?tﬁat'l@&ﬁﬁé‘éedgﬁ' aand cell
adm ni stration, and was reduced to .9 (n=11, P less than 0.001).
The RWEeselbpBadufe mppaedisl infasetiond vvlth 1 x 106 hCTC (A3) cells was 25.91
1.6 at 5 days post infarction and cell adm nistration, and was reduced to

7 0 n and cell
i@ll il st]gn nljeoe,rrll[1 % thgﬁ% %ﬁ?@%}@% Y}%gg%d& troat{er;lega{rrﬁ%%ar educe
fracti onﬂlbzoedﬂdmhﬂnlarlgmeﬁ @hipgbingrtedsteps afh of RWVMS was observed. The RWS
score in aninmals treated with 1 x 106 rCTC (A2) cells was 25.29 1.9 at 5
days post infarction and cell adm nistration, and was red ced to 23.86 2.3
(n=12, P=0 %9&"3{“1%%0 %@eeaeémdrl%@&fﬁsm -derivedicaits thapdo RLGRPESI9 and
Table 17 and {®mclhe dat a observed in rCTC (A2) treated ani mals suggest
that while rCIC (A2) cells did not inprove global function, they inproved

cardiac contractility, as shown by RWB. WO 2011/ 005930PCT/ US2010/ 041327
[0197] On t the Atlmaristhamgithepopuldaemobiweanveaddipntissnedativcd eelatedicpati¢nt hCTC

(A3) cells su est that ag tissue-deri.ved cells inproved gl oba
cardi ac funct 2%%Hl?§#ﬁcget@%ﬁ?8%f e mTﬂT&% Ear di ac renodel i ng was

al so prevented in animals receiving hCTC (A3) cells. Cardiac renodeling
nefens tm dRenthdigas, the pfisae.invhape provitits hunghodmw ropait fgndpeart that are
observed after ischemc injurjes, such as, for exanple, mnyocardi al
infarcti%W?“W%@nbﬁéﬁﬁﬁémdﬁ§§¥§€@t@b@ﬁﬁdé'nyocardlal cell death and a

di sproportionate thinning of the cha r wall at the infarct zone. The thin
chanber wall is unable to withstand the pressure and volune | oad on the
heart. As a result there is dilatation of the chanber arising fromthe
infarct region, spreading to the conpensating non-infarcted cardi ac nuscl e.
Over tine, as the heart undergoes ongoing dilatation, the ventricle
enlarges in size, and becomes less elliptical and nore spherical in shape
as denDnstrated by |ncreased dlnen5|on |n echocardlography The |ncreases

o o o B Y Y
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[0202] In animals treated with 1 x 104 hCTC (A3) cells, LVEDD was 0.710.045

mm at ¢ ~oThn o nTn - “06r CTC
(A2) ce 8.
TREr € Ve 1iv i grn v vt w1 r vrrue 1 i v s e v vae ou i e w10 = VEDD,

suggesting no inprovenent in renodeling conpared to vehicle group. See
Table 17 and Figure 23. [0203]Aninmals treated with human cardi ac

ti ssue-derived, cells alsq denonstrated.a reduction ipn left ventricle end
systolic diarre%aaﬁn% b PR ION VR AN ToTL oDy gD YRHTEPIET o at ¢ he
end of contragidi@ascIiM$ paranmeter not only represents renodeling but also
indicates contractility of the cardiac nmuscle. A reduction in LVESD
corresponds to an increase in the strength of contraction. [0204] LVESD was
i ncreased fbor oAdohaistsringthg pppeigtipmoiaman eardipetsseerdanyedadedls td MESBigM s

mai nt ai ned at.t%%m§a%§ %ﬁvgh“jq aqhggls 5&:%%Edaﬂgth 1 x 104 hCTC (A3)
cells (0.560.](51?cm att d%&/ §°8nd "BP%54 .Ggrgn% Hoa%/ %13“: LVESD was reduced in
animals treated with 1 x 105 (0.580.04cm at day 5 and 0.510.08cm at day 28)
goni8] x lénec dfbbdinhdd)the pbpdatbnoihudhaeatiacdiyusdanddQcd8ite poarat day 28).
See Figure 22 and Table 22, Functional data b%iall f our Paraneters measur ed

by echoc#tawyripEsH tortbmwaticahwihouhsrtagingthe sells. B apsitpmate EOdERdANn i n h
Fi 2 : ) RO -
cach or o PEPRAtGFOEAIANARD, REGRRAIEEI. oRRth SRR ONBLR &Nt W (NI

adm ni st adminereraigdo dermitiant. f unct i on, as deterni ned by gl obal function
nmeasured by fractional shortening (FS) denonstrated a correlation (p=0.001,

= b Il d d.functional i.npr. t., See Fi 24,
1553, o T RS Pry S isr i oMo e P r o LS 5 erll plagiuene
adm ni st &3ah@ ANE-E AMSpSHuldtRARE ellNat idSuldftEhtd H§Anddd hideba@psol ut e change

of LVEDD fromday 5 to day 28 (28D-5D) was observed (p=0.0002, n=35). See
Fi gur e 28eputationrof 8CA0 @) welds. edlitanitivehe theaprpulationppectisghatas @éu@@p@mﬁenti al ,

instead of_ linear. . Ex l,e.12 i an of n,.Car dj Ti, ssue- i ved
oot 1 5o HaahdQEREy vEX BIRNSioh ARAREADLAL MR RY S8 SarTh it e
under st adt i keltimed aad bgrmdantiay be apbpllegércat hdEOEAB X &llof human cardi ac

ti ssue-derived cells as a therapy for damaged nyocardium tissue sanples

re taken fromthe hearts of the animals treated with hupan. cardi ac cells
1230 e pTEQ/]i“HH%n %@ﬁbﬂ%%uetdéﬂﬁ%‘{ @i’ﬁioggletM%%%%?ﬂt}%‘ﬁn%fb Ristssdioc

tissue- dgerdeﬁﬁglffeﬁhg ?’roinpdﬂﬂét,%égln%Jc%ﬁu%ngiéﬁy 9%%1@%%8{1 ﬁhﬁ@taho Ruch

[ 0208] Hearts were renove m' he ani nal s” treat uman cardi ac
t i ssue- decihedslarcetddlyisnlettied byoew bboslirexyskipllén theragt. col | ect ed a four weeks
post cell admnistration. Cell retention was determ ned by histol ogy (n=6

el |l .dose an uant.itatjve real -tine. PCR (n= r || dose).
B8} ror &S5 atml S ATp R ph B R B i aried R Eam el ver e
adm ni st Rk estidnCo tiRSdanddpedBlydcdiuth fdl &8 vaif difdct & tibh @atHcAnAked he | ef t
anterior descending coronary artery. Crypreserved popul ations of hCTC (A3)
cel | s wemgogaigligar e‘gltqtlattwb/, Hr pepanzspdiagiissperderivyidsieds of g psgse’t in fi ve
separate. i nj.ecti {5 i {.mal 1 0| r r get
doses. of "y S GUARAAL 3R TRy, Whifuk Wik ARRMOLRLEEIILLAT o
at 0, 1, calsafichepre@yitinveaittbntdie déibarddssystenioatlgl, the effivedrcy lo€deliMeriap tlenal ysi s

by quantitative real-tinme PCR (n=3 per treatnment group). [0210]In the cases
wher e saffpide thiglamagek Byos B iugURAY Pe srhanecd: &) Xpmpis, PCRCatHgHPE PRi®E ues wer e

process e@ith At RRL@LP og#%} E%en't:,zl}%'b RRLGBL PR fc#ﬁt&ﬁ%&' eﬁﬁéﬂc“?ns%‘ﬁ% ldglzxteir)?gf” ed,

based on the anount mEn RNA detected i heart 211] RNA
f r om hunedilscatldi damapedsiyecatdininved cel |l s was detected at 4 weeks post cel
adm nistration in animals treated with hCTC (A3) cells. The cell retention

red_.to be doge-dependent, .wth aninals cei Vi 1 x 106 hCTC (A3)
3P’ Gerimerrale G tHoRE catte iebetrion THoal ERPimpLipealrt iy ¥ « 10 here
(A3) cel hdminlsterailoRs Svith@G6ihw Ai@nisofecldrdtetite £rbd) colstifg oeebtbmrcgtient i on
was estimated to be at background | evels, based on the anount of human RNA

det ect edfacier ($feF)s arpphlosytefaony|sHwatin@irctow($i-68F b erandlacytcnaagrophdgeom
ani mal s goefgﬂ}; gt{rﬁlﬁgtn%gt faQt’or &GWSF)? sﬁ!g%gl’ ceﬂ[]({jerizfed factor-1, steel factor, vascular
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days p “ely
after

adm ni er
cell auiiiiocirwci vy viny wmoue Ciuur tiie L gor uuoe 1 v e , o

estimated by tﬁe ;ﬁnuﬁfléf human RNA detéct;d Fh the heart sanples. Using
the O tine point as the baseline, the |level of cell retention declined
still further, when determ ned at 24 hours past _.cell administration, to
appr oxi nﬁ%@vhib@%fh AHOT N RRIASE PPN THRUREYEFACHE: WeRYlonitent i on T emai ned
at the sgugobRMR!stiRlulARY flcthOshd fddeuRAD3 Ni stration. [0213] A correlation
was observed between human cardiac tissue-derived cell retention and the
prevention of cardiac renodeling. In aninals receiving human cardiac

0 BB e- dbranganbodiment, thy bumha agydiac missugRRD vebRPLspE thepnesaat atvedtian arh t he

retentiop,of . hu cardiac tissue-derived lls can b i.n Figure
25t he LrER ST REE bEh AT b BFT S0 eiBamond aRE0hatEe i o3
and an r Rppladaien 0fS2403006 58A cl i ni cal pharmacol ogy study (Lilian Mirray et
at in Br J din Pharmacol. 1998; 45(6): 559-566) of Enalapril, a

wel | -prescri bed nedicine for hypertension, a significant correlation of

b4 pr i In osembodynent; tha himan pydipc psvssdrredad Isoi s Riseent MVeR#stEdy (p

| ess t hapy O A i-G14: Iy sed (r2
%33 oo Ristpbed HEHEYRY ol RhPHBHNE AU AR, U R U S PR

r esponseAppleoapbailisd@02142024.4] I n t he cases where sanpl es were taken for

i mmunohi st ochem stry, the hearts were enbedded in OCT nedi a and

f - f in liqujid nit = . Secti t at th
SOEAT PG aRint e P R ot R S PR s B o8 TPISER oF ! sstes ver e
sent to @B{iﬂr'%ﬁle'fﬁﬁéﬁ‘:@ Q8Yad SelRioBFF AR, paidit'sTsQétem ity diR@Tatibh 8h@! 09y

eval uation. The tissues were thawed at roomtenperature and re-fixed in

f or mal i np@Aingrrbsdeog domppisingfor!lhingnthesertidconedit] Anexsmiroseddhis orpshodSect i ons
were stajned, W.th ' agai nst human Nucl ear Matrix Antigen (hu

Nu MVA) inmgﬁﬁgpeéglﬁﬁgg@?qgﬁg%nn cardiac tissue-derived cells within rat
myocar di um [0215] The i mmunohi stochem stry results were consistent with the
Nerdd|t s for @ aORimdastihe hv@aln vardinc Nuddd-ditriatd celty ofalse prdemt idvieetibn are
nyocardi um from ani mal s . recei ving the target. dose of 1 x. 106 hCTC (A3)
cells. s%fgﬂmsgqﬁ? toghe PRiRbpCogrdingq the @ﬁtﬁegﬁsgm@&ydwgﬁ i feAvaEngte eg hat
stain dagpkGroioand 38t ML adst Bogdhai ning characteristics seen with human
tissue congro s are shown heré in'the two oval circles and with no
background staining present. The estimate of cell number was approxi mately
102 unmaln aedlicsnatsegubedmentuidduntanghrdagmistid-derived el lswgyioby pesseiitke  hunan
cells were also identified as shown i.n Figure 29 nel d. No staining for
arman NoRC el b eEP e FR O Br PR i Bae ity it B &TasEegifeo8. "panel < a
and b, Figoh®y dfRed@cdridiigrts ti0nethy@@b&oskd bl &2 MtrRes ¢ HSURatees | ved
Cel I's Reduced Hypertrophy in an Animal Mdel of Acute Myocardial Infarction
[ 0216] ToChinictlHupctisadardipwsguipndegisaisahisenm land’-0he2@0d! ogi cal benefits of
human cardi ac tissue-derived cells as a therapy for damaged nyocardi um

tr es I ﬁﬁﬁ f t : i ed with human
ég?%#ac %gﬁﬁgépﬁﬁégg%p eggﬁ?g?%‘ gf%ﬁﬁ%ﬁ%“@%g&§%?2%¥§§¢ﬁghﬁgﬁﬁstration of
human cam@e@ontdrs sdremndkeered edthe phtiant asing heathofeatiat issiapeblgefmapdingdichol ogy of

the heart. WD 2011/ 005930PCT/,US2010/ 041327. [ 0217] Hi St opat ho| ogy, was
eval uat etl° \Clgaﬁ’é‘fl%?gg? Spogtrdgal e(eg‘i’r‘?fl‘_é‘[‘@éertl?}%P%,ﬁlaé:ﬂ)ss.ue‘lﬂl%wﬁ%t hol ogi st
vas bl i ndad okt fieschl H¥niddnSAl MBfnisded i ok hEUR s MEL 2amERPAReR 10 paraffin

bl ocks. Sections were obtained at every 5gmthrough "t he whol e organ and
eval uat echphble of erppalg thatlhatior yactiHppelthe oplyardinal aabidmg weatbe petifods med by a
scoring syste In hypertrophi ocar.di ( r )by, € ocar.dial cells
wth on STy BBRhanET gt CRRBROMPL RERENR g PR Riece, Che
myocar di gip/i GoFaA Tl S eculfeind WM ar Car@SIok aBS496L49%; DYES! I @RkérARd W t hout
hypertrophy was counted and presented in Figure 31 as proportion of total
sect i onseméodfl@lsn‘feﬁ@rﬂaﬂhﬂffeﬂ%ﬁ%ém‘tqﬁi@@llbﬂf thy peasertapyaptipn arcrpdnmipisicecdear t .
[0218] Myocardi al hypertrophy was observed in the hearts of vehicle treated
ani mal s, wherein approxi mately 70% of the nyocardi um showed hypertrophy
(score 1). See Figure 31. Treatnent whih human cardi ac tissue-derived cells
significantly reduced the hypertrophy observed in hearts, when conpared to
vehicle treated animals. In hearts receiving hCTC (A3) cells at either 1 x
104, 1 x 105, or 1 x 106 target doses, hypertrophic nyocardi umwas reduced
to 30% 50% See Figure 31. [0219] To elucidate the severity of mnyocardi al
infarction, Masson trichrome staining was performed on sections at the
papillary nmuscle |level fromeach heart. Infarct size was determ ned by

o S " e o o o
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approximately 70% of the nyocardi um showed hypertrophy (score 1). See

Fi gure cantly
reduce .
treat ec 04, 1 x

105, or 1 x 106 target doses, hypertrophic myocardi um was reduced to

30% 50% See Figure 31. The reduction of hypertrophy achi eved by hCTCs nmay
be attributed directly via_.trophic or racri effects, i.e. cytqkines
secr et ed TGPAHEFEC s R oAl Gl %m?fﬁ%e%f 4 Oserrialyieds f ect of
i ncr eas epryd@cOHRAINULEME RIIRIRE lhph BRsdicactgwsd i n Exanpl e 14 bel ow.
Exanpl e 14 Human Cardiac Ti ssue-Derived Cel s Increased capillary Density
in an Animal Mddel of Acute Myocardial Infarction [0222] To further

U st ahncant dleragcerabrdmenta g humansarsliasgissed-dgemdicelisolghe hipsemrt car di ac
tissue-derived cells.as a,therapy for. danage cardi i ssue sanpl es
were & akBeRFE AT e Tille R O RC BRent g TS PN B R b B ar o e ce 1 s
i n Exanphgodatdiutoinfletien sdcoalibde @é heetodoisadsedbysHadteh®NGRddshprn car di ac
ti ssue-derived cells on the capillaré density at the border zone of the

i nf ar ct edPuaerean Heart Japmph9: 25 539@ ZWe1-i ons of the left ventricles from each
heart, taken at the border zone of the infracted area were sel ected at

f M fRdo ek bvahdo 8 Fide¥ i ! RRABP ik e @by ¥ S¥eHowah les.
A?ggﬁlog?caP exa&inat?on, e#@@%athé ca%?ﬁﬁér?e%’mereovigggﬁpﬁgﬁ using an
antibody to isolectin B4 (Vector Laboratories, Burlingane, CA), or CD31.

| solectin B4 is specific for endot Eshinple tel | surface sugar residues and
has been docunented to recogni ze endothelial cells in many settings as

descri bed by Vasudevan .et al.in Nature. roscj.ence, 11- 429-439 (2008) and
by Schmidt et at in ?@U%ﬁgbﬁEhmeﬁﬁﬁék%gfﬁ f?ﬁﬂ%é?H%IBl, al so known as
pl at el et endot helial cell adhesion nol ecule (PECAM has been applied
qat3NSi Velayeriads ddembinbys ahiggtibe bishecobhgil prghatdiion; Thagitiessadugreyid vari ous
tissues including the heart (Tabibiazar and Rockson Eur Heart J 200lvol 22;
903- 918) cockian uzeg@/ hopE3oBaTY 8D insplateandipgpsus-grdved GeHafiognhuspan

capi |l l ary it j I -g@@} .
adninist?%??gﬁﬂggﬂﬁ%%%%ﬁggg |%2ﬁ§$%§ﬁ%¥)er|€%g$g%P?%&?%%%§ggg I%:%pillary
density @ibcohmvimgderCabbad, dfAX Héheicoheamthednsanre 8.2 UAadion2 Sildidllapemeke hCTC

Compar od 5 ABRTEDOS B4ra ggdpLere DarrbaRe s dabras HReEEe ot | on.
See Fi QUA?pﬁ;e%i’ shane! I%_dﬁmé’ﬁ}ﬂis Pind{aRTf -ﬂ@_@@eﬁz‘?’ﬁlel ke kiodk BdedtsRr8d fo- and

p=0. 0005 for CD31 staining) |0225] The incréase in capillary density may
have bee#0°dueridrmo garstiont theteheyrse codktdilbowasfiltdrad thoowghf . 2Zhutmhecthwmdittec ar di ac

ti ssue-derived cells of the present invention. These trophi¢c factors may
act, for SeFhyi&nng n@%ﬁfgéyéﬁemﬂ%ﬁagﬁgﬁ nﬁﬁ@@ﬁéﬁ}&eﬁm I 24l ¢ ¢ ophi c
factors @BahiRGlock&hdsh8Ed B th&@iskMionProddadid el hal BRESLMRASEE for mati on,

bl ood vessel function and henodynam cs, cardi ac nuscle renodeling and
f unct i ondigestooyeneymesaire fl dF/atl icoltagesarcand $ Uimpbdieprssi $he progosyaf digeyipar t r ophy,

fibrosis i ncreasi ng cardiac .cell survival. [The.trophic [factar al so
r equl at &2 e WPgleTRmrhedrtnd ied SHlatompidman sapgtcispecinid ks herelh
cardi ac {sisgsuerided invEigue€l | s secrete trophic factors, culture nmedia was

col l ected from popul ati ons of hCTC (A3) cells that had been cultured in
vitro for seven days. Sanples of the nedia were stored at -80C, prior to

9K} i ngMiubrrial red pedwdnc dufn Sewit et Baspipiolpsied whol depty velkiobédnadecr et ed by
hCTC (A3 i-ncl I Y r E and
angioéoi%??ﬁhéﬁ%%ﬁﬁgyggggé%%gb glgﬁggg{ﬁﬁggggéyto iﬁg%aﬁ gyNgygfg%ificant
rol e i n puoguregenesis of fbrenspipardisntd hearts has borxzemd0198 moofs. TRGwmid ANG2
can synergistically initiate and enhance capillary sproutin rocess, as
has beenOWaR Hits ALRATES WP&Fng%‘?d“FP DEIENF % feal bonae swvom @fd@@reigw) and

revi ened i / of Cinical Investigation 110:
1615-1619Q¥g§@§?3&ﬁégﬁ%ﬁg£i§ﬂ %gg%m%%Pdiac Ti ssue-Derived Cells Increased

Myocyte Density in The Non- Infarcted Area in Animals Receiving the Human
Cardi ac Tissue-Derived Cells of the Present Invention WO

2011/ 005930PCT/ US2010/ 041327 [0227] To further understand the nechani sns and
t he bi ol ogi cal benefits of human card'gc ti ssue-derived cells as a therapy
for damaged myocardi um tissue sanpleS were taken fromthe hearts of the
animals treated with human cardiac cells in Exanple 11, to determ ne the
effect of adm nistration of human cardiac tissue-derived cells on the
proliferation of rat nyocytes at the border zone of the infarcted area, and
the density of nyocytes in non-infarcted regions of the heart.
[0228] Formal i n-fi xed, paraffin-enbedded tissue sanples were sectioned at
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m nutes at roomtemeratiire washed in PRS and i ncithated with a

bi oti nyl on
was com L,
VECT O Luvur wv i voy tiime, mui s igaiin, sy wmao wppr ot vu 1 ur wu s nue wo. ThE

slides were washed in PBS and t'hen devel oped usi na Li quia Per manent Red
Chronogen (Dako, Carpinteria, CA) that produces a dark pink to red reaction

ct. The.slides rinsed in PBS counterstain usi DAPI. ( KPL
e s%_feglﬁw@r%m@? “houin fier %aeﬁ@gm%eﬂﬁmﬁ? B N uded | n
each st a!réﬂs%e@t@*a%%hfg%& %Qtﬁ’ﬁ@b!&&f @t o uﬁ}’eo&bﬁs@%) &Y@lﬁr GCJ’EEQ&%%@Q by

doubl e staining of Ki- and nyosin heavy chain (MH otal nyocytes,

r ecogni zAdtobyM¥BICT st ericasafgt tvesne wes tamedd uFing stevibdssrlpefs (BetdaParkgrocyt es i n
one hi gh-power..fiel d s si mid.ar.be en vehicle and cell . treat groups at
o doselbHEDigaof HiRaRk Y TR Do PR R B S iR (FaS v

hi gher i emgnimBdeSquafeRiof ttGn@ill thetic %ie%esl@e‘}e (h2n 8RinBePthamiall¥ tX fidOpictek 70. 029
hCTC (AS% cells, conpared to vehicle treated (2.30.01% animals, or

ani mal s tletewiipgize). x'higgracedue tapkogvodwiurssto cgaplerapPec asirignaf thie ginces 34.
[0231] On [ I j for 1.h I ' foprold fe [

myocyt es%gl%;{ﬁaésﬁ%)rt% %?&Rrrlﬁ%jesg rhlonm0§relli1ﬂrz1§rl ésh gﬁ@%@?‘% ﬁgle%lf;(é? {%%61{%{3?2 ng%ey be due
to the nidoyt pric&hdethetPaibéranBthd PRORSPIREtbioatACHEd WiliB)hetspeat otehé . Ki - 67

is acell proliferating marker, present in all phases during cell cycle.
However , SSEHOTSFE10] hh gl celissue Rigees Weie Bompesirzeddor [ sesondsetgePmonger present .

See, for : 0 : ; Physi ol ogy;
182 (3) ,te%%%x’.l&ﬁ oz@ﬁﬁg@b g?ﬁff%g%ér?]ﬁ%@?&s 3‘585?5“3#%&? S AN with 2
changes bhdmogadnenies wiOcampleteghepelic Sdsudevas tihely nieeddydesattag in firagmettanges of
absol ut e, al %oh |, ;55 m nutes each, then 95% al cohol for 2 m nutes and 70%
al cohol fegtthan t1BS12°k| i des were washed briefly in distilled water, then
stained in hematoxylin solution for 8 m nutes, washed in running tap water
0138 M Mdk@ris S HemeM L Bliksh iR ud WRshsh: aealiQhe fibdesHbts ﬁﬁﬁﬂﬂ& washed
running tap water for 1 mnute, stained in 0.2% amoni a water for 30
seconds Procassed #ngtomopgaized-tyecrs pgderrgdioscpuatieed0ind conieal tubest(§orviager for 5
m nut es, . rinsed | %-.al cohol (1 i Ps).,.. t hen . count er.st aj ned, N

cosi n- phi5x R B RS B TERERES st altshib v P TS SLRUBREI i 1 056
al cohol , rodnchaipgesure PBabmdlitcetiagd ko he, five tihdutS télRchas thasprded N 2 changes
of xylene, 5 mnutes each, and nmpunted with xyl ene based nounti ng nmedi um

[ 0233] Fovprightand Bicdissrcsilioged o ggide.| Ehﬁéupﬁmta@gw EPIRd ¥aBE 2ZPhal . I n each
| evel , f] ¢ B . refi 0 i 40 ersely cut
myof i bri %Sl)ﬁ\?\né%gﬁgﬁ%ﬂéﬂ@ gélgogl $ -ﬁgléhg@%%%g’csaaf& JF’%%E@S rtlth% dlt;%egg?%él?&vﬁl\eént ricular
wal | r enodoktafilrstovkt(RX) wab addxtd tovdree2 SOhokstabe at\Mncay e detissut yativae I epOhid ed f or

each level as the average of five fiel nd expressed. in e nean,
St andar di B FPRTPBATOTAANS F%aaqsavaérli@m?i@ﬂw?@a ﬁ%bewﬁla}ga_ for each
treat menf,pa! QHinih@ 434 sNAhvd AUV S FHRE o 9)@< NEE Biitd] MaRieeror N the

hemat oxylin and eosin (H&E) stained tissue at 400X magnification. Figure 35
shows r epepentBarnsiend rbgbelrokt Birkeld.) findmesbatpd &g 20F hdwear A§er ecei ving 1 x

105 hCTC (A3). |'s. togeth it h | e t ai ped f hicle treated
ant mal o IneRbsigf; e Bibe vdta Sty bres RaR EReark 2aREe, TRaed Sshisiak) Cnas
| ower t hgis dilGedBRf1fmRIthefbePivith Rorh E@AITR Bt FED URSorfidr t8 rdiidvcdalC (A3)

celI's: 2210 227, 1 x 105 hCTC (A3) cells: 2220 186, 1 x 106 hCTC (A3)
cel | s: 2mrnriningghdigasted tisgee, dzesecdl syyrrayion vaedsicrad thepyighen tinel lamer by t he

[ | if ti . i s). by t d d t
hyper t 1 ORI RS B T e L By MR o s M) Rt S0 RTHIER Caral ac
Ti ssue- Dedalk¥e drdpekwisg thiseadgTent celiRdieasioRid ot badkeSrAg fFfRF RSN I n Rat

Myocardi um [ 0235] I n order to understand the nolecul ar alterations induced
by humantheeughi 186 v sglgradears (BJd Felsbh) andnitoei sultiatei nml eongeahaubes B3P i ng st udy

duct i | ls . i cl d. h
cardi ac {58te 1BeFRTBAPERTT EutPed oo T R HBAT 1 e IBSebd 1 rom
ani mal s et tehpdrai@6 akivied Shrvali04end Txeed®Pugcl ThehOFREI SclchdticCRt] s, or

vehicle, four weeks after cell admnistration, fromanimls used in the
study described in Exanple 11. Total RNA was collected fromthe sanples.

[ 0236] The HG U133 Plus 2 gene chip fr9g1ﬁ¢fynetrix was used to performthe
anal ysis of gene expression in the safples. Using Spotfire DecisionSite the
m croarray data set was normalized across the mcroarray chips by the
"Normal i ze by nean"” function. The individual chips were organi zed into
groups for conparison (1 X104, 1 X105, and 1 X106 hCTC (A3) target dose,
and vehicle). Using Spotfire DecisionSite, the p-Values and Fol d Change

bet ween groups where established. Genes were filtered out that did not have

o -~ " o Y b1 . o, g, o o o o


ip-temp
Rectangle


nitric oxide svnthase (NOS1). Post infarction. the expression of NOS1 in

t he hee

reduce okita
et al. rt,
NOS1 expression at nmRNA and protein | evel has been reported to increase
significantly, indicating a role of NOS1 in the pathogenesis of cardi ac

dysfunct j for ex |l e, , Rat j czak et 4 r 24:
363 (941‘é§£ t%fesww Opﬁﬁq@%%&sﬁgérne W@aaﬁ% qa‘f errrr t tcelétprﬂ? ?25
NOS1 expfg b@&dwe@arseﬂwp%@heaqm%ﬁﬂa%b BnMEBUSChs dalcR 88rafe MARGARDI UM by

nore than 1 . Exanpl'e 17 Human Cardi ac Ti ssue-Derived Cell “Treat nent
Reduced inmfcad otocasmdah@h@nmm@pmmr ttho pﬁysuSperaldnatfaS\m@ebd tfreadcut e

1 Seue dBPTYRBSLEID 20 pl TRt ATy AAay MW AE RURPSFed (o bone

mar r ow dekispeslddaEs 20 GhyABK 1§§1 ©fedrl(BonZaN Wan  kRslend, MIDJigdd dtutedd ®r 10
nyocardi al infarction. 96 fe e nude rats (Charles R ver Laboratories) at

8- 10 weeRsnubtscht figaie tampegatfigrto ﬂwsnsrmmnsmcgbl@aqi c?itsOeAeftﬁym@:slb@teqnethger f or med

i ot &7 e peps SR e o o iRe 08 F b imiathee e © 1 106

human rresolttﬁhyrgrﬂte fiiiap omﬁﬁJJgStuﬁf;atte%dH& Qﬁ@rbsuspeﬁtfoﬁ)m%mﬂ rﬁd’ﬁltﬂhpéreﬂum:l in a
vol unme of 100 ul ost or A simlar procedure to that described in
Exanpl e g_@%gledslau@tﬂw tlh®0fr6g/rdana1rg°0ﬁ%é1 gtutaatl%ﬁedéégatgﬂeﬁoeumgeon s
preferen B at border
G R R S R LR LT N Sl
needl e, comghly 10 m nutes post-LAD |ligation when discoloration of infarct
area was clearly observed. Animals were sacrificed at 28 days post cel

] ni st t the. h fo t 0240] Th
TR SebBe iy ftmetavenel FerBRudns LSRR Sl FsuArhiabTie earts vere
I mrer Sedaﬂa?rswatﬂ%ﬂfohﬁled Buth afcedi-Earmek R NBENBRL @&ﬂte?‘fl:ulﬂel@&f ,@ %) b@ieng cut

into four mm slices, Each slice was processed for m croscopic

exani nat Voﬁellmmemlltwwé/rzar erut@matsetﬂertomé@l blye dge Ftﬁvmemaleﬁtoalfﬂre@llw th
hemat Oxyl IQ 1 na(ljsseOSI A 1£sm Egl eo ca ? M‘B Snoorf R a-{lr I1Cgré)er1m 51s e[CtlQBnS are
shown si 1t1) PR PR ﬁ e ?gé'keﬁ Freh Itahye md bet ween
the papi irﬂtz%%y oﬂ&b‘ﬂ@ li€a @R de@ls 6[|he |\£1V@éll I@a@@ ROftiddRbraty oM he familkd ary

muscl e. 41] Ti ssue sections fromall groups and tine points were blinded
and put wnltecprr:mw mddaélalya@@ mcorch@ tocthe panfacyirests idsteestigrs (Reference

(deconpe i tafi m to | east. Each

or di nal %3@43%%@4}~ fG%Fﬁb %@Qh%ﬁh8gﬁlﬁﬁﬁ%ﬁﬁl%ﬁﬁ?ﬁsﬁonding to

gr eat est oasvl@dr hitt FORC Wﬁse@%ran-gt‘e@re@tb R/ ivasgi i en RkpkeRaPY AklyzE@ank val ues
from each group conpiled. [0242] All images were col lected throughout t he

| eft venesinguNVaCeflPe&Raatll Vlahrnlut&mnah@leudﬂtt dateuli eeflletype profigawvamepsilf i cat i on
(2X) images were collected from2 tissue slices stained with trichrome from
each ani mal and anaIyzeéeﬁgr]ﬁﬁé rct size. |Imge 3,0 Plus v 5.1 software
(Medi a Cybernetics, Inc ebhes a, MD) was used 10 performthe automatic
nor phonmetri c analysis of infarct size on the collected i mages. The
perineter of |eft ventrCeclublarpisee wall was tracedh and desi gnated as the
area of interest (AOl'). The percent occupied by blue staining, representing
infarct, and the perceng.. d staining, repres tlng functional
myocar di um were the tmgﬂﬁ%a f@ﬂemﬁgn%%tlected Bm each i mage.

[ 0243] Ti ssue sections of heart stained with H&E and/or Masson's Trichrone
were exam ned 28 days posdbid dilapetdren. Animals tsgated with 1 x 105hCTC
(A3) cells, as well as animals treated with 1 x 106 human mesenchymal stem
cells shomed a reduced infarct area, conpared to vehicle treated animals. A
reduction in the dil at aMiGAet cibadaityhe | eft and® right ventricles was al so
observed. See Figure 36, paneIs a and b. Additionally, there was
preservation of functio iumin the |ef ricular free wall in
ani mal s that had FECEIVQgé% %%hCTC (A3) cellglﬁggﬁmell as ani mal s
treated with 1 x 106 hunan nesenchynal stemcells. See Figure 36, panel c.
[0244] Interestingly, hCTC (A3) cells and human nesenchymal stemcells
denonstrated differential effects on he interventricular septum (IVS),

wi th hMSC show ng hypertrophic enlargenent of IVS, while no such change was
observed in animals that received hCTC (A3) cells. See Figure 37. Evidence
of hypertrophic changes of the cardi onyocytes was present in the septa of
bot h groups, but was nore pronounced in the animals that received hMsC. The
hypertrophic myocytes and IVS contribute to the eventual renodeling in the
heart suggestlng the hunan cardlac tissue- derlved ceIIs of the present
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[ 0246] Femal e nude rats (weight, 250 to 300 g) were anesthetized with

ket am was
opened ed,
and th

forceps, and a 6-0 Proline suture was | ooped under the left anterior
descendi ng coronary artery, approximately 2 mmfromits origin. AM was

i nduced in the heart bﬁp.ullin. the ligature, occluding the artery.

Di scol oration of the in @@P@%d 41 di um was vi STEFPYS obser ved.

[0247] Twenty m nutes after induction of M, rats received an

i ntranyocardi al transpl gRkahim Aiahetdx106 of hCTGE Adrogel | S from either | ot
1, 2, or 3 hCTC (A3). In parallel, animls received 1x106 of pCTC (A3)
cells or human neonatal dernal fibroblast cells §Cat # CC- 2509, Lonza) or
vehicle. Al cell popul Bedgshs had been cryoprese?@ed prior to

adm nistration and were injected into the heart in a final volunme of 120 u
in CyoStor Diite. Cell inistered at 2 gites, 50 ul cel

suspensi on or CryoStor §$$?%g&§%g:njected at each site. After the injection
was conpleted, the thorax was closed. 10 aninmals were enrolled in each
group. The observed norTalpat plucavigingaycl8®% i n t hg study. There was no
significant difference for nortality between groups as shown in Table 29.

te, val ue .cardiac functign,are own. i n_Tabl.e 30.
ARG Bt o TR BB G A S PR R BO PP TS Whelp bty st ems)
was per f gidrRitbcdsQoie Vid yialderrday tHeugduaf ndhecl préses@pddiednakaliad viaplecel |
adm nistration. The follow ng paraneters were neasured: |eft ventricular

(LV) endcdisaéendissoctitinpasd ervyolaiEdmestions BieovialibtyoviscoSdp mEhe mgphaniogkEsD) |

fraction F1eni regi . | . oot i re. o/
[ 0240] Ad PSSR PAROL ARk SR ped R P A BRI BP oS PRSI RER s g Sinee
funct i on3itimedinhort lissupavcaneireugh the lagdal padcedBredihygte aetd natdifBdettay $n post cel |

adm ni stration. See Figures 38 and 39. Adm nistration of hCTC (A3) cells
from Lot Yigldgng vaahilitytbstysepitls e piosediirae Basad padhs epultp. sibdeqyeiddima®iar di ac

function -1 nf i 3 r : o) tion
score RME S Fatep Bt ettt Ram SRR R ek S R el o Vo
bet ween typhuiatty 84-3ddnitladn vislle atlésheg hearpsThdHawkiligr waB35-8 s saguhstvnde| |
adninistiaﬁ% n, cardiac function neasured by FS was inproved by 9.5 6.0%
(n= 8, p<B" %), 8.9 4.1%(n=8, p<0.001) in hCTC (A3) cells Lot 2 and hCTC
(A3) cells from1l treated groups, respectively. See Figure 39 and Tabl e 30.
Mninmal to no change in FS was obsgxigghid® vehicle treated groups
(-1.03.3%, hCTClot 3 (-0.43.0% and human fibroblast (4.12.1% groups.
See Figure 39 and Table 30. Consistent with the global function, RWS was
al so r edudelgction ang fm P §re fadture abdieiiyman Gagdiag FgsueARgriveg: Cellsraf dhe
24.831.64 at day 7 to 22.131.5 ( than 0.05) or lot 2 cells from
25.441.0 to 23.132.2 (N=8, p |e£§%§ﬁgﬁ“g5ﬁ§¥{ conpared to vehicle treated
animals. See Table 30. [0251]In the current study, hCTC (A3) cells from
¢013v¢r | ©he dellsuspaisior opraencelnfoBowingtbeldlssaiptiah al8 canyandd digogsoadf er
infarction, denonstrated hy LVESD. At .28 days, after cell adm nistration
LVESD wellihiioad s amdrditer LFHeT siaarieval Yelisferc (A3) cells fromlot 1
(-8.9 4.1%. LVESD in animals that had received hCTC (A3) cells fromlot 2
E391RI TRl Aah/ ] " Yin di J y ted
L A AU i iy S S S S
5. 2% | nugmimidast: t Pt celladspeasien ve@inedont Ag)dissetipgorf grnshanzpmat®ds or human

fibroblagts,. LVESD was,increased 9.1 .2.3% and 5. 3. 6% res tively.
See P gulEoisnTa MR o35 Py BRe Moty IS fRg bl wSRREH one
vehi cl e @, tiskddESRuyeSadkd (CQaiednby Cdfids, N8 Haskh. M J @l bythetcble ani nal s

that had received hCIC (A3) cells fromlot 3, or human fibroblast treated
ani mal s SISBANSEHOVRSRAERd fr e rdlask, ohighegantayeqss 30 @] erosth grdwaydMEVESD was

i ncrease %%} % angk 47 Y ectd val I di ac

r enodel i ggs%l no%tsg%‘é/%sg’r §g|4nmg% eré?qstérﬁﬁgt da1 %rﬁe{%%i s@%@ﬂﬂ%{t%@%el s from
l ot 1 (-&tfbobind¥runQPehibillanseng, $tieitohiasin 56 GRIME tnhitdgen( Bakbaiel | s from
lot 2 (-1.84.2% . See Figure 39 and Table 30. [0253] The increase in the
dilatation of left ventricle, as neas ged by LVEDD, at the end of diastole
was prevented in animals that had recé&i ved hCTC (A3) cells fromlot 1 (7
days: 0.800.10 cm 84 days: 0.840.07 cm 5% increnent) and in aninmals that
had received hCTC (A3) cells fromlot 2 (7 days: 0.740.07 cm 84 days:
0.820.06 cm 6.7% increnent). Conversely, LVEDD was increased in vehicle
treated animals (7 days: 0.750.03 cm 84 days: 0.860.06 cm 14.6%
increnent), and aninmals that had received human fibroblasts (7 days:
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(Ref erence Manual PN 383674 Rev.A). Briefly, a 5004 aliquot of the final

cell s 14 m
sanpl € Cel |
size v S

[ 0256] The average of the diameter of hCTC (A3) cells was 16.7 2.13p.m The
di aneter of rCTC (A2) cells was 18.41.02il mand the dianeter of pCTC(A3)
cells was 17, 20, 42gm Based on these data, the filter size of greater than
or equal Cio 2b¢ fipshvpbmeaiokine switlraltegr s mi sEhresclla Mioteigceldtqdsat 67 °¢ he
present i I (o} . o/f bt e .ed, ~and excl ude
ot her ceﬁrh\ﬁ?d)?%(bag‘{ﬂ‘e{fx%ogﬁfﬂ?%l@?%%Bﬁggé’rggf’?ﬁ# g?}gt &%@g}@g i ssue- Deri ved
Cel | s of hdttreg&reesendl] dultuentaoobspB28.7 Noh-adberanty pinvtsa @eighiscello wgenessatved a

product that can be admpi red directly wthout further processing at
clinics. Erer'%rrai Hohteia as ?@ﬁ’cifsg F%@Mnﬁ aéﬁv)éﬁtﬁ@@waq FSHIVGH (LA ar di ac
ti ssue- destivied nedld & MRsidestesidigbag a clinically approved
cryopreservation solution.” In addition, the toxicity of the

cryopreservation solution in myocardiumwas al so tested. WD

261391 005 9BORCTL Sperl b pbriBd Afte0ths dhiFek cuttuymotierekask asimilanmorpogy AGhecel | s

were collected fromfl asks, b rypsi ni zati,on. |, bank ] opreserved
o Gy ost I R RdR risfat Rl e N PUREA R el i RN B0 SIol R 206 v v
DVSO. CVYDfEG):)%ﬂ%).eSdeSFi?ﬂream malad@itiod] ¢t Ifol@eers, syaidir@s Biosadesnbeesby gned to
prepare and preserve cells in ultra | ow tenperature environnents (-80C to -
196C) acMspdnng & OMepiinap Pertigslia & ¢/e3Q04 paguliahonnBosatddS(N: Bl bpheser vat i on
edited byl & BaYSH @ﬂ&l}g%e Bpust. Qther solutions that provide, for
exanpl e, necessary el'ec r01 e, osnotic and buffering conditions for
hypot herm ¢ storage may al so be used. [0259] The cell suspensions were
d01490r esExpumdion wf Mel I &li(e (2 pohulpodny pmapilsenlg, ths h€fTid @) celin weneatmovadead wi t h
Screw Cap cryovials_(Nal gne Nunc, Rochester, usj n ntegra 750 Pl us
o bgr amiBrehe puBE phoSlRene TRt FOLB cuhk rpis-t helr PGS beTrd ol |
and sol uh,QRSTHeH B0 HRRM LBEP ErRIIE E’Sf'c@fls {verd Qadirigbd MBS khefor 5
programmabl e freezer, which was held at 15C. A sanple tenperature probe was
pl aced i mimutesi ahkoaph tefmpeeatieg Thasupermataihwas distadehepdaho gelhpelieasc-used to
g;ﬁgﬁgegsel{sg%dféggé @Hﬁ@%ﬁ" %'\%%wg%%eﬁiuﬂn‘?’ et Enl SR (Gueelidrdger 1 -1 -6
resuspension. The total number of hCTC (S) cells obtained from the initial culture step

was about 10-14 million total cells. A fraction of the hCTC (S) cells were cryo-preserved
in preservation medium at 1-1.5million/ml and stored at -140°C. The remainder were
expanded in culture. The hCTC (S) cells were replated in flasks at seeding density of
5,000 cells/cm®. After 2 days in culture, hCTC (S) cells became adherent, and formed a
homogenecous adherent cell population, referred to herein as the hCTC (A2) population,
or hCTC (A2) cells. Once the hCTC (A2) cells of the present invention reached 80%
confluency at about 10-14 days after hCTC (S) plating, the cells were trypsinized by
aspirating off the growth medium, washed with 60 ml room temperature PBS, and then 4
ml Trypsin-EDTA (Invitrogen, Carlsbad, CA) was added to each flask. The hCTC (A2)
cells were incubated for approximately 5 minutes at room temperature until the cells had
detached. To each flask, 6 ml growth medium was added and the cell suspension was
transferred to a fresh 50 ml conical tube (BD Falcon, BD Biosciences, San Jose, CA). A

500 uL aliquot was removed and transferred to a Vi-cell sample cup for counting using
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[0141] hCTC (S) cell expansion was also performed using cryopreserved cells. A frozen vial of
S cells was thawed at 37°C and was washed with PBS once. Then cells were counted
and plated at 5,000 cells/cm?” in growth medium in culture flasks. Cell expansion and

confluency was observed each day.

[0142] By visual observation, non-adherent hCTC (S) cells were significantly reduced after 2
days in culture and the number of non-adherent hCTC (S) did not increase in culture over
a period of 10-14 days. hCTC (S) cells in culture started attaching to flask after 2 days in
culture and grew as adherent cells. They reached 80% confluency at 10-14 days after
seeding of hCTC (S) cells. Although in culture some hCTC (S) cells were still observed,
the number of this non-adherent population did not increase in culture. This was possibly
due to the morphology change of non-adherent hCTC (S) to adherent hCTC (A2) in
culture. Since the hCTC (S) cells attached to the flask after 2 days, the number of non-

adherent cells became very low and was not counted.

[0143] In contrast, the adherent hCTC (A2) cells that were derived from hCTC (S) cells
demonstrated some growth potential, up to 10 PDL shown in Figure 5a. The growth rate
of this population was between 1-3 PDL/passage until it reached plateau at 9-10 PDL,
when the hCTC (A2) cells were seeded at either 5,000 cells/cm” or at 3,000 cells/cm?,
However, the PDL calculation is based on the initial cell number plated into the culture

(i.e. the hCTC (S) cell number), the estimation of PDL may not be entirely accurate.

[0144] Expansion of the hCTC (A1) population: After the medium containing the hCTC (S)
cells was removed from the flasks containing the cells from the initial two day plating, 60
ml fresh growth medium was added to the remaining adherent cells present in the flasks.
The hCTC (A1) cells were cultured until the cells reached 80% confluency. After this
time, the cells were trypsinized by aspirating off the growth medium, washed with 60 ml
room temperature PBS and adding 4 ml Trypsin-EDTA (Invitrogen, Carlsbad, CA).
Cells were incubated for approximately 5 minutes at room temperature until the cells had

detached. To each flask, 6 ml growth medium was added and the cell suspension was
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[0145]

[0146]

500 uL aliquot was removed and transferred to a Vi-cell sample cup for counting using a
Vi-Cell™ Cell Viability Analyzer. A portion of the cells were then re-suspended with
cryo-preservation medium (90% FBS and 10% DMSO) and saved at 1-1.5 million
cells/ml and stored at -140°C. The remaining cells were expanded by replating the cells
frozen vials at 3,000 cells/cm®. The spent medium was replaced three days after replating
and cells were passaged at day 7. These cells were passaged every 7 days with medium

replacement at day 3, using trypsinization.

Expansion of the hCTC (A3) population: A vial of hCTC (A1) and a vial hCTC (S) cells
was washed and then combined into a 50 ml conical tube (BD Falcon, BD Biosciences,
San Jose, CA). Either a mixture of 5,000 cells/em?® or 3,000 cells/cm? of the combined
cell suspension was added into separate T225 flasks. Each flask was filled with fresh
growth medium to 60 ml per flask, and the cells incubated at 37°C, 20% atmospheric O,,
for 2 days. After this time, the majority of the cells formed an adherent cell population,
referred to herein as the hCTC (A3) population, or hCTC (A3) cells. Once the cells had
reached 80% confluency, the cells were passagaged by trypsinization and replating at
seeding density of either 5,000 cells/cm” or 3,000 cells/cm” to identify the appropriate
seeding density and incubated at 37°C, 20% atmosphere O,. hCTC (A3) cells typically
reached 80% confluency in 7 days after seeding. Non-adherent hCTC (S) cells were
visually observed daily, and were significantly reduced after 2 days in culture, such that
the hCTC (A3) cells became a homogeneous population of cells. On average, this took
about 2 days. The hCTC (A3) population was capable of expanding of a rate of 1-3 PDL
per passage. When hCTC (A3) cells were seeded at a density of 5,000 cells/cm?, the
hCTC (A3) were capable of reaching 9-10 PDL before reaching senescence. In contrast,
when hCTC (A3) cells were seeded at a density of 3,000 cells/cm?, the hCTC (A3) were

capable of reaching 24 PDL before reaching senescence. See Figure Sb.

Characterization of the human cardiac tissue-derived cells of the present invention:
hCTC (A2) and hCTC (A3) cells demonstrated similar growth rate of 1-3 PDL at each
passage. They both required about 7 days for cells to reach 80-90% confluency for

passaging. The differences in the total PDL observed between the two cell populations
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may possibly be due to the initial underestimated PDL in hCTC (A2) cells when they
were derived from hCTC (S) cell population.

[0147] There were no differences observed in the expression of cell surface makers or genes in
all the populations of human cardiac tissue-derived cells isolated by the methods of the
present invention. hCTC (A1), hCTC (S), hCTC (A2), and hCTC (A3) cells did not
express telomerase. See Table 1 for a list of genes expressed in the human cardiac
tissue-derived cells of the present invention, and cardiac progenitor cells in the art. All
the cell populations isolated according to the methods of the present invention
demonstrated positive gene expression of GATA4 and Nkx2.5. No expression or myosin
heavy chain was observed. The stem cell marker c-kit was detected by gene expression
in all the cell populations of the present invention. See Table 8. By flow cytometry, the
human cardiac tissue-derived cells of the present invention were positive for CD105 and
CD90. The cells of the present invention did not express CD31, CD45 and CD16. See
Table 8.

[0148] There were no significant differences observed in the characteristics of the populations of
human cardiac tissue-derived cells of the present invention. The hCTC (A3) population

was selected for further characterization.
Example 3
In Vitro Cell Culture of Human Cardiac Tissue-Derived Cells

[0149] Cell density and hypoxia have impact on cell growth (Tavaluc R ez al, Cell Cycle 6:20,
2554-2562, 15 October 2007). Cell-cell contact can reduce cell growth potential and low
seeding density reduced the opportunity for cell contact and enhances growth potential.
Hypoxia, or low O, tension has been shown to reduce contact inhibition of cell growth
(Nonomura Y. et al; The Jovenal of Rheuwmaiolagy dpril 1, 2009 val. 36 no. 4 698-703).
In current invention, seeding density at 3,000 cells/cm” demonstrated more growth

potential compared to 5,000 cells/cm?.

[0150] To compare the effect of O, levels on cell growth, hCTC (A3) cells were seeded at 3,000

cells/ cm” after each passage in T225 flasks. The cells were incubated in an atmosphere
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expressi Ofn elther %)- %‘ orlgk/xé 5On da%H%e spent rnedlurn was replaced with 60 ml fresh
growth medium. On day 7, hCTC (A3) cells were harvested according to the methods
described in Example 2. The growth kinetics was determined by examining the
accumulative total PDL until senescence was observed. The total duration of the
experiment was greater than 100 days, during which, the cells were passaged 16-17
times. The hCTC (A3) cells cultured in normal oxygen conditions (20% O,), the growth
curve reached a plateau at PDL 24. However, when hCTC (A3) cells at PDL 12 were
cultured in low oxygen conditions (5% O,), the growth curve reached a plateau at PDL

28, as shown in Figure 6.
Example 4
Isolation of Rat Cardiac Tissue-Derived Cells

[0151] A Sprague-Dawley rat at 8-12 weeks old was anesthetized by isofluorane, and the
abdominal cavity was opened. The intestines were displaced and the aorta was severed.
A 27-guage needle was inserted into the thoracic vena cava and the heart was perfused
with 10 ml PBS, containing 5U/ml heparin. Retrograde perfusion of the heart was then
performed by injecting 10 ml PBS, containing S5U/ml heparin through the thoracic aorta.
Care was taken to ensure the heart remained beating throughout this procedure. The
whole heart was then removed from the chest cavity, and placed in ice-cold Hank’s
buffer. Five isolated rat hearts were combined together for dissociation and enzymatic

digestion.

[0152] The isolated rat hearts were then washed twice with 20ml room temperature PBS, and the
supernatant discarded. The hearts were then manually minced with surgical scalpels at
room temperature and the chopped tissue was transferred to three 50-ml tubes. The
chopped tissue was then washed three times with 25 ml PBS and the tube was inverted

five times.

[0153] The tissue pieces were transferred to separate 50 ml conical tubes (Corning Inc., Corning,
NY). The tissue in each tube was washed three times by adding 30 ml room temperature

PBS and inverting the tube five times. The tube was then placed upright and the tissue
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sl CD"i?owed tg:[s)gtgc)le The &%%%natant was aspuratelaI using a £ ml asp?l%é[]iISlg pipette (BI%DSl D90
falcon, BD Biosciences, San Jose, CA). The digestion enzyme cocktail stock (2X) was
added to the 50 ml tube at an enzyme to tissue ratio of 1:1. The final concentration of the
mixed enzymes was 1U/ml Collagenase and 5U/ml Dispase II. The tubes containing the
tissue and enzymes were transferred to a 37°C orbital shaker set for 225 rpm (Barnstead
Lab, Melrose Park, IL) and incubated for 2.5 hours. After incubation, the tube was
transferred back to the biosafety cabinet. The cell suspension was diluted by filling the
tubes with room temperature PBS. In order to remove any remaining undigested tissue,
the cell suspension was filtered through an 8-inch diameter 100 um cell strainer (BD
Falcon), and then a 40 pum cell strainer (BD Falcon) and into six 50 ml conical tubes (BD
Falcon). The filter size for rat CTC was smaller than the ones used for human cells
because of the myocyte size difference between rat and human. The cell suspension was
then washed by centrifuging at 338 x g for 5 minutes at room temperature using a Sorvall
Legend T centrifuge (Thermo Fisher Scientific, Inc, Waltham, MA) to pellet the cells.
The supernatant was aspirated off and the cell pellets resuspended in growth medium and
pooled into one 50 ml tube in 20 ml growth medium, and a sample removed to determine
cell yield. Typical yields obtained were 10 million cells per heart, with a viability of
70%.

[0154] In the preparation of rat cardiac tissue-derived cells, either 0.1U/ml or 1U/ml collagenase
stocks were used to digest the cardiac tissue. After the 3-hour incubation, 20 ml growth
medium was added to each of the tubes, as described in Example 1. However, rat

cardiac tissue digested with 0.1 U/ml collagenase did not yield any cells.

[0155] The cell suspension obtained from the dissociation and enzymatic digestion of the cardiac
tissue was seeded into T225 tissue culture flasks (Corning Inc., Corning, NY), by
transferring 10 ml into each flask. To each flask, 35 ml growth medium (DMEM, 1,000
mg/L. D-glucose, 584 mg/L L-glutamine, and 110 mg/L sodium pyruvate, 10% fetal
bovine serum, Penicillin 50U/ml, Streptomycin 50 pg/ml, Invitrogen, Calsbald, CA) was
added, bringing the final volume inside each flask to 45ml. The initial cell culture was
for two days at 37°C in an atmosphere of 20% O, and 5% CO,. After the initial two day

culture, the non-adherent rCTC (S) cells were removed and transferred into 50 ml conical
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[0156]

[0157]

[0158]

tubes, and centrifuged at 338 x g for 5 minutes at room temperature. The supernatant is
discarded and the cell pellet re-suspended in 20 ml growth medium. The cells were
counted and reseeded into T225 flasks at a seeding density of 5,000 cells/cm”. The rCTC
(S) cells were cultured in growth medium. After an additional two days in culture, it was
noted that the rCTC (s) cells became adherent. The adherent cell population that formed
from the rCTC (S) cells that became adherent was refereed to as the rCTC (A2)
population of cells, or rCTC (A2) cells.

rCTC (A2) cells were harvested and passaged at day 7 by trypsinization, according to the
methods described in Example 2. rCTC (A2) cells were plated at a density of 5,000
cells/cm?, in T225 flasks, with 45 ml growth medium in each flask. Cells were passaged
when the cells reached approximately 80%. The growth curve of rCTC (A2) cells

observed is shown in Figure 7.
Example 5§
Isolation of GFP Expressing Mouse Cardiac Tissue-Derived Cells

Five FVB.Cg-Tg(ACTB-EGFP)B5Nagy/J mice (GFP mice, Jackson Lab, Bar Harbor,
Maine) at 8-12 weeks old were anesthetized by isofluorane, and the abdominal cavity was
opened. The intestines were displaced and the aorta was severed. A 27-guage needle
was inserted into the thoracic vena cava and the heart was perfused with 10 ml PBS,
containing SU/ml heparin. Retrograde perfusion of the heart was then performed by
injecting 10 ml PBS, containing 5U/ml heparin through the thoracic aorta. Care was
taken to ensure the heart remained beating throughout this procedure. The whole heart

was then removed from the chest cavity, and placed in ice-cold Hank’s buffer.

Five isolated GFP mouse hearts were combined for dissociation and enzymatic digestion.
The isolated mouse hearts were then washed twice with 20 ml room temperature PBS,
and the supernatant discarded. The hearts were then manually minced with surgical
scalpels at room temperature and the chopped tissue was transferred to three 50-ml tubes.
The chopped tissue was then washed three times with 25 ml PBS and inverting the tube

five times. The tissue pieces were transferred to separate 50-ml conical tubes (Corning
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room temperature PBS and inverting the tube five times. The tube was then placed
upright and the tissue allowed to settle. The supernatant was aspirated using a 2 ml
aspirating pipette (BD falcon, BD Biosciences, San Jose, CA). The digestion enzyme
cocktail stock (2X) was added to the 50 ml tube at an enzyme to tissue ratio of 1:1. The
final concentration of the mixed enzymes was 1U/ml Collagenase and 5U/ml Dispase II.
The tubes containing the tissue and enzymes were transferred to a 37°C orbital shaker set
for 225 rpm (Barnstead Lab, Melrose Park, IL) and incubated for 2.5 hours. After
incubation, the tube was transferred back to the biosafety cabinet. The cell suspension
was diluted by filling the tubes with room temperature PBS. In order to remove any
remaining undigested tissue, the cell suspension was filtered through an 8-inch diameter
100 pum cell strainer (BD Falcon), and then a 40 um cell strainer (BD Falcon) and into 6
50-ml conical tubes (BD Falcon). The filter size for rat CTC was smaller than the ones
used for human cells because of the myocyte size difference between rat and human. The
cell suspension was then washed by centrifuging at 338 x g for 5 minutes at room
temperature using a Sorvall Legend T centrifuge (Thermo Fisher Scientific, Inc,
Waltham, MA) to pellet the cells. The supernatant was aspirated off and the cell pellets
resuspended in growth medium and pooled into one 50 ml tube in 20 ml growth medium,
and a sample removed to determine cell yield. Typical yields obtained were 10 million

cells per heart, with a viability of 70%.

After the 3-hour incubation, 20 ml growth medium as described in Example was added
to each of the tubes. In order to remove any remaining undigested tissue, the cell
suspension was filtered through an 8-inch diameter 100 um cell strainer (BD Falcon), and
then a 40 um cell strainer (BD Falcon) and into six 50 ml conical tubes (BD Falcon).

The cell suspension was washed by centrifuging at 338 x g for 5 minutes at room
temperature using a Sorvall Legend T centrifuge (Thermo Fisher Scientific, Inc,
Waltham, MA) to pellet the cells. The supernatant was aspirated off and the cell pellets
resuspended in growth medium and pooled into one 50 ml tube in 20 ml growth medium,

and a sample removed to determine cell yield. Typical yields obtained were 10 million
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cells per heart with a viability of 70%, based on 2 isolations The mCTC (A2) population

was used in subsequent studies. The cells were expanded for two passages prior to study.
Example 6
Cell Cryopreservation, Viability and Recovery

Rat and human cardiac tissue-derived cells of the present invention were prepared for
cryopreservation. Briefly, cells from either the hCTC (A3), or the rCTC (A2)
populations were obtained by expanding cryopreserved hCTC (A3) and rCTC (A2) cells
at earlier passages. Cells were seeded at 3,000 cells/ cm?, incubated at 37°C, under 20%
atmospheric O, and passaged 7 days after in culture with medium replacement at day 3

in culture. They were collected at 12-14 PDLs.

Cells were trypsinized and resuspended for cryopreservation in CRYOSTOR D-LITE™
(Biolife Solutions, Inc, Bothell, WA), containing 2% DMSO was cryopreserved in
Nalgene 2 mL Polypropylene, Sterile, Internal Thread with Screw Cap Cryovials (Nalgne
Nunc, Rochester, NY), using a Integra 750 Plus programmable freezer (Planer,
Middlesex, U.K.) with DeltaT software. Cell and solutions were at room temperature
prior to loading into the programmable freezer, which was held at 15°C. A sample
temperature probe was placed in a vial of freezing buffer. The following program was

used for cryopreservation:

Step No. Rate (°C/min) End Temp (°C) Trigger

1 -1 -6 Sample

2 -25 -65 Chamber
3 +10 -19 Chamber
4 +2.16 -14 Chamber
5 -1 -100 Chamber
6 -10 -140 Chamber
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[0163]

[0164]

[0165]

When the temperature reached -140 °C, samples were transferred to liquid nitrogen tank

for storage.

Viability and recovery of the human cardiac tissue-derived cells of the present invention
following cryopreservation: After a one-month storage in liquid nitrogen tank (-140 °C),
one vial of hCTC (A3) cells in CRYOSTOR D-LITE™ at 1 million cells/vial was thawed
at room temperature. The vial was then transferred to the biosafety cabinet. A 50ul
(containing 0.5 million cells) sample was transferred to a 1.8mL microfuge tube
containing 50uL of trypan blue solution. Duplicate counts were taken from this cell
preparation by transferring 10uL to a hemacyometer and counted. These counts
determined the t; pre-needle recovery and viability. To determine cell viability and
recovery post-needle passage without room temperature incubation (to post-needle),
100uL of cell suspension was drawn into a 1 mL tuberculin syringe (BD cat# 309602)
through a 30 gauge needle (BD cat# 305106). The sample was then passed through the
needle again and into a 1.8 mL microfuge tube. To this tube, 100uL of trypan blue was
added and duplicate counts were performed as described above. This procedure was
performed after incubation times of 10 min, 20 min, 30 min at room temperature, and

also at 30 minutes with no passage through the needle.

After one-month storage, hCTC (A3) cell viability was determined to be 94% following
thawing. The recovery of cells was 0.54 million, similar to the original cell number

before cryopreservation as shown in Table 3 and Figure 8.

The viability of the human cardiac tissue-derived cells tested after passing through a 30
gauge needle administration needle was above 90% after 30 minutes incubation at room
temperature, which is the required time for cell administration during rat infarction
procedure. The recovery was similar to the cell number prior to needle passage, as

shown in Table 3 and Figure 8.
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[0167]

[0168]

[0169]

hCTC (A3) cells were expanded to PDL 12 and were banked for future in vivo studies.
Samples of the banked cells were examined for any karyotype abnormality. The results

are summarized in Table 4.

Rat CTC Biocompatibility: One vial of rCTC (A2) cells in CRYOSTOR D-LITE™ at 2
million cells/vial was thawed as described above. The vial was then transferred to the
biosafety cabinet. A 50uL sample was transferred to a 1.8mL microfuge tube containing
50uL of trypan blue solution. Triplicate counts were taken from this cell preparation by
transferring 10uL to a hemacyometer and counted. To determine the baseline for post-
needle cell yield and viability, the cell counts were done both prior to needle passage and
post needle passage, with incubation time of 0, 10, 20, 30 mins. At each time point,
100uL of cell suspension was drawn into a 1 mL tuberculin syringe (BD cat# 309602)
through a 30 gauge needle (BD cat# 305106). The sample was then passed through the
needle again and into a 1.8 mL microfuge tube. To this tube, 100uL of trypan blue was
added and triplicate counts were performed as described above. This procedure was
performed after incubation times of 10 min, 20 min, and 30 min at room temperature to
simulate the potential procedure of cell administration in the rat acute myocardial

infarction model.

After one-month storage in liquid nitrogen, rCTC (A2) cell viability following thawing
was 94%. The recovery of cells was 1.4 million/ml, about 70% of the original cell
concentration (2 million/ml). The viability of rCTC (A2) cells after passing through
injection needle was above 90% after 30 minutes incubation at room temperature, which
is the required time frame for injection during rat infarction procedure. The recovery was

similar to prior to needle passage, as shown in Table § and Figure 9.
Example 7
Characterization of the Cardiac Tissue-Derived Cells of the Present Invention

The expression of cell surface proteins was determined on populations of cardiac tissue-

derived cells, obtained by the methods of the present invention from rat and human
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cardiac tissue. The cell surface markers tested are shown in Table 6. Populations of

human dermal fibroblasts were included as a control.

[0170] Greater than 90% of the population of hCTC (A3) cells expressed CD59, CD105, CD54
and CD90 (analysed separately). Approximately 30% of the population of hCTC (A3)
cells expressed CD34, a stem cell marker for endothelial progenitor cells. Also, about
30% hCTC (A3) showed positivity for c-Kit. In contrast, less than 5% of the population
of hCTC (A3) cells expressed either CD31, CD45 or CD16. See Figures 10, 11 and
Table 7. Populations of hCTC (A1), hCTC (A1) and hCTC (S) cells also showed similar
cell surface marker expression. See Table 8. Furthermore, similar results were observed
a population of rCTC (A3) cells. See Figure 12. CD54, Intercellular Adhesion
Molecule-1 (ICAM), binds to integrins on leukocytes and mediate the transmigration of
leukocytes through vascular barrier into tissues (Yang L et al, Blood 106 (2): 584-92,
July, 2005). Thus, cell surface expression of this molecule may facilitate the
translocation of hCTC (A3) from the vasculature into myocardium, when administered

into coronary artery.
Example 8
Gene Expression Analysis of Cardiac Tissue-Derived Cells

[0171] The RNA samples from the following cardiac tissue —derived cell populations were
collected: hCTC (A1), hCTC (A2), hCTC (A3), rCTC (A2), and mCTC (A2) (RNA was

collected from one million cells of each cell population).

[0172] The expression of a panel of genes was determined via real-time PCR in the samples
collected. The real-time PCR reaction was initiated according to the reaction mix defined
in Table 9, and the primers for the genes tested are shown in Table 10. Two categories
of genes were examined: cardiac —specific genes and stem cell genes. Cardiac specific
genes were further separated into differentiated markers such as myosin heavy chain
(MyHC) and undifferentiated cardiac markers such as GATA-4 and Nkx2.5. The stem
cell genes were further categorized as the stem cell marker, ¢c-kit; embryonic cardiac

marker islet-1, and cell division marker, telomerase. A housekeeping gene—
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[0174]

[0175]

[0176]

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as benchmark to

normalize the expression levels in each sample.

The expression of the genes tested was found to be similar in the hCTC (A1), hCTC
(A2), and hCTC (A3) populations. See Table 10. The stem cell marker c-kit was
expressed (Ct: 27-29), while the expression of telomerase and islet-1 was undetectable in
the hCTC (A1), hCTC (A2), and hCTC (A3) populations: No message for the genes was
detected at a Ct value of 40. The cardiac markers GATA 4 and Nkx2.5 were expressed at
a CT value of 25 and 32-34 respectively, in the hCTC (A1), hCTC (A2), and hCTC (A3)
populations, while neither myosin heavy chain, or cardiac actin expression was observed

in any of the hCTC (A1), hCTC (A2), and hCTC (A3) populations. See Table 10.

These data suggest that the cardiac tissue-derived cells of the present invention are
“progenitor-like”, namely that the ratio of progenitor cell marker v. differentiated cell
marker expression was greater than 50,000 in the hCTC (A1), hCTC (A2), and hCTC
(A3) populations, compared to cardio myocytes (1%) and human fibroblast cells (12%).
See Table 10, Table 11, and Figure 13.

rCTC (A2) cells also expressed cardiac lineage genes such as GATA-4 (Ct: 28) and
Nkx2.5 (Ct: 27). However, unlike human cardiac tissue-derived cells, the expression of
Nkx2.5 was at a higher level in rat cardiac tissue-derived cells than that observed in
human cardiac tissue-derived cells. The markers c-kit, Islet-1 and telomerase were also
expressed in rCTC (A2) cells. See Table 12. Similar cardiac tissue-derived cells
obtained from rat heart, mouse cardiac tissue derived cells also expressed Nkx2.5, c-kit,

Islet-1 and telomerase. See Table 13.
Example 9
Cardiac Tissue-Derived Cells can Differentiate into Cardiomyocytes

mCTC (A2) cells (200K) obtained according to the methods described in Example 5
were first cultured in growth medium for 2 days and then were collected by trypsinization
and counted before being mixed with rat cardiac myocytes (1 million, Cat # R357, Cell

Application, Inc. Austin TX), at a ratio of 1:5. Rat cardiac myocytes were in culture for 5
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days before being trypsinized and counted, then mixed with mCTC (A2) cells. The
mixture of cells was plated on to a laminin-treated 6-well plate (Cat # 354595 BD
Biosciences, NJ) for 5 days. The ability of the mCTC (A2) cells to differentiate was
tested by incubating the mixture of cells in tissue culture medium comprising DMEM-
F12(1:1) +10% horse serum (Sigma), hereinafter referred to as differentiation medium.
The cells were incubated in differentiation medium for 5 days in an atmosphere of 20%
0, , at 37°C. After this time, cells were harvested, and RNA extracted. Total RNA from
co-cultures of mCTC (A2) cells and rat cardiomyocytes and from parallel cultures of
mCTC (A2) cells was tested for the gene expression of murine myosin heavy chain. The

following murine myosin heavy chain primers were used:

Type Name Sequence

Forward Primer MHC-mouse-F GAAACACCTGAAGAATTCTCAAGCT
Reverse Primer MHC-mouse-R TTGGCATGGACAGCATCATC

Probe MHC-mouse-P ACTTGAAGGACACCCAGC

The co-culture of mCTC (A2) cells with rat cardiomyocytes resulted in the 9-fold
increase in expression of murine myosin heavy chain, compared to parallel cultures of
mCTC (A2) cells alone. See Figure 14. These data suggest that the cardiac-derived cells
of the present invention are capable of differentiating into cardiomyocytes, and co-
culturing the cells of the present invention with cardiomyocytes may enhance the

differentiation.

42

35. 9%


ip-temp
Rectangle


CD59 96. 5% 93. 3% 95. 55% CD105 97.8% 95.6% 94.61% c-Kit 22.1% 2. 54% 30. 6%
Tabl e ¢
Hs0060¢ m
ls1-1 +

Example 10
Isolation, Expansion and Characterization of Porcine Cardiac Tissue Derived Cells

[0178] A single heart from a Goéttingen mini swine at 8-12 weeks of age was obtained at each
isolation from Marshall Bioresources (North Rose, NY). The heart was perfused to
deplete blood prior to collection and the whole organ was emerged in DMEM + 10%
FBS on ice during shipment. The time from procurement to tissue digestion was between
48-96 hours. Four separate isolations were performed according to the procedures

described below.

[0179] The hearts were cut into small pieces (approximately 2 to 3 cm” in size). These tissue
pieces were homogenized via mechanical homogenization, as described in Example 1 to
yield heart tissue fragments of less than Imm® in size, and then were transferred to one
250 ml conical tube (Corning Inc., Corning, NY) and washed three times. The digestion
enzyme cocktail stock (2X) was added to the 250 ml tube at an enzyme to tissue ratio of
1:1. The final concentration of the enzymes was 1U/ml Collagenase and 5U/ml Dispase
II. The tubes containing the tissue and enzymes were transferred to a 37°C orbital shaker
set for 225 rpm (Barnstead Lab, Melrose Park, IL) and incubated for 2.5 hours. After
incubation, in order to remove any remaining undigested tissue, the cell suspension was
filtered through an 8-inch diameter 250 um standard testing sieve to eliminate the
undigested connective tissue and adipose tissue (Sigma-Aldrich, St. Louis, MO) and then
further filtered through 100 um cell strainers to eliminate cardiomyocytes (BD Falcon).
The medium, containing the cells that passed through the filter was transferred into
multiple 50-ml conical tubes (BD Falcon). The cell suspension was then washed. After
washing, the pellet was resuspended in 20 ml ACK lysing buffer (Lonza, Walkersville,
MD) and incubated for 10 minutes at room temperature to lyse any remaining red blood
cells. After incubation the cell suspension was washed two more times with 40 ml room
temperature PBS. Following the final centrifugation, the pellet was resuspended in 20 ml
room temperature growth medium and counted. After dissociation and enzymatic
digestion, the yield of cells was typically 27 million cells, in a volume of 20 ml. The

viability was typically 80%.
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[0183]

The cell suspension obtained from the dissociation and enzymatic digestion was added to
T225 tissue culture flasks (Corning Inc., Corning, NY) flasks. 10 ml of the cell
suspension was added to each flask, which contained 50 ml growth medium (DMEM,
1,000 mg/L D-glucose, 584 mg/L L-glutamine, and 110 mg/L sodium pyruvate, 10%
fetal bovine serum, Penicillin 50U/ml, Streptomycin 50 ug/ml, Invitrogen, Calsbald,
CA). The final volume of the initial culture was 60 ml. The cells were incubated at 37°C
in an atmosphere comprising 20% O, and 5% CO,, for 2 days. After this time, a
heterogencous cell culture was observed. Non-adherent, phase bright cells were observed
(referred to herein as pCTC (S) cells), and adherent cells were observed (referred to

herein as pCTC (A1) cells).

Dissociation and enzymatic digestion of porcine heart according to the methods of the
present invention, and subsequent expansion of the cells resulted in the following cell
populations: pCTC (S), pCTC (A1), pCTC (A2), and pCTC (A3) cells. The morphology
of the porcine cardiac tissue-derived cells of the present invention was similar to the
human cardiac tissue-derived cells of the present invention. The pCTC (A3) population

was selected for further characterization and subsequent in vivo studies.

The pCTC (S) cells and pCTC (A1) cells were initially expanded in culture as a mixture
in T225 flasks. Each flask was filled with fresh growth medium to 60 ml per flask, and
the cells incubated at 37°C, 20% O, for 2 days. After this time, the majority of the cells
formed an adherent cell population, referred to herein as the pCTC (A3) population, or
pCTC (A3) cells. After 2 days in culture, by visual observation, the number of non-
adherent cells declined, such that the pCTC (A3) cells became a homogeneous population
of cells. On average, this took 2 days. pCTC (A3) cells were passaged once the cells
reached 90-100% confluency, and were re-seeded at 3000 cells/cm®. The expansion of
pCTC (A3) cells in culture exceeded the growth of the human cardiac tissue-derived
cells. pCTC (A3) cells grew to above 90% confluence in 3-4 days. See Figure 15 for the
growth curve observed for the pCTC (A3) cells of the present invention.

pCTC (A3) cells did not express telomerase or myosin heavy chain, as determined by

real-time PCR. However, pCTC (A3) cells expressed GATA-4. The expression of
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Nkx2.5 was not examined in the porcine cardiac tissue-derived cells of the present
invention. Single staining of cell surface markers demonstrated that greater than 90% of
the population of pCTC (A3) cells was positive for the expression of CD105 and CD90.
Less than 5% of the pCTC (A3) cells expressed either CD45, CD16, or porcine
endothelial cell marker (Cat # MCA1752, Serotec). This marker is a histocompatibility
complex class I molecule, which has been identified on capillary endothelium in a wide
range of tissues, shown by Wilson et a/ (Immunology. 1996 May; 88(1):98-103). See
Figure 16 and Table 14. Other cell populations such as pCTC (A1), or pCTC (A2) cells

were not examined.
Example 11

Treatment of Acute Myocardial Infarction with the Cardiac Tissue-Derived Cells of

the Present Invention

Rat Acute Myocardial Infarction Model: The rat myocardial infarction model has been
used successfully to test the efficacy of agents such as ACEI and beta-blockers as
therapies for human AMI. At all stages of the experiment, the animals were treated in

accordance with local institutional guidelines.

The rat myocardial infarction model is well established to simulate human
pathophysiology post myocardial infarction and further deterioration of the cardiac
function post infarction (Pfeffer M. A. et al, Circ Res 1979; 44: 503-12; Litwin S. E. et
al, Circulation 1994; 89: 345-54; Hodsman G. P. et al Circulation 1988; 78: 376-81).

Female nude rats (weight, 250 to 300 g; Shizuoka Agricultural Cooperation Association,
Shizuoka, Japan) were anesthetized with ketamine and xylazine (60 and 10 mg/kg IP,
respectively), and positive-pressure respiration was applied through an endotracheal tube.
The thorax was opened at the fourth left intercostal space, the heart was exteriorized, and
the pericardium was incised. Thereafter, the heart was held with forceps, and a 6-0
Proline suture was looped under the left anterior descending coronary artery,
approximately 2 mm from its origin. AMI was induced in the heart by pulling the

ligature, occluding the artery permanently. Discoloration of the infracted myocardium
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was visually observed. A suspension of cardiac tissue-derived cells, or the vehicle was
injected at the border zone of the discolored area about 20 mins after infarction was
induced, as described below in cell administration. After the injection, the thorax was
closed, and the rats were returned to their cages. At each specified time after surgery, the

rats were sacrificed by excision of the heart under anesthesia.

[0187] Crypreserved populations of hCTC (A3) and rCTC (A2) cells that were stored at -80°C
were thawed on ice, and their viability determined prior to administration to the test
animals. Cell viability was above 95% in all cell populations employed in this

investigation.

[0188] Cells were administered to test animals 20 minutes after the ligation of the left anterior
descending coronary artery. Crypreserved populations of hCTC (A3) cells were injected
at the border zone of the discolored area. Test animals received one of the following
target doses in 120 ul Cryostor D-lite (15 animals per target dose): 1x10* cells (low
dose), 1x10° cells (mid dose), or 1x10° cells (high dose). In parallel, crypreserved
populations of rCTC (A2) cells were injected at the border zone of the discolored area.
Test animals received one of the following target doses in 120 ul Cryostor D-lite (15

animals per target dose): 1x10° cells.

[0189] In all test animals, the cryopreserved cells were in a total volume of 120ul of
cryopreservation medium. The cells of one target dose were injected into five separate
sites around the discolored area of the heart. A control group, receiving an injection of

cryopreservation medium (120ul) was also included in the study.

[0190] Transthoracic echocardiography (SONOS 5500, Philips Medical Systems) was performed
to evaluate left ventricle (LV) function at 5 and 28 days after the induction of AMI. Rats
were anesthetized with ketamine and xylazine while echocardiography was performed.
LV end-diastolic and end-systolic dimensions (LVEDD and LVESD, respectively) and
fractional shortening (FS) were measured at the mid-papillary muscle level. FS reflects
the pumping effect of the heart by measuring the percent difference between systolic

diameter (end of contraction) and diastolic diameter (end of filling). Regional wall
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[0192]

[0193]

[0194]

motion score (RWMS) was evaluated per published criteria: Score 1: normal wall motion
and thickening; Score 2: reduced wall motion and thickening; Score 3: absence of wall
motion and thickening; Score 4: outward motion or bulging. (See for example, Schiller,

Shah et al. (Journal of American Society of Echocardiography vol 2: 358-367; 1989)).

Briefly, seventeen serial sectional images were obtained from echocardiogram and each
section was given a wall motion score based on the definitions in Table 15. A sum of the
score of all 17 segments was used as the indication of wall contractility. RWMS is a
direct measurement of contraction. A reduction in RWMS indicates an improvement in
contraction and reflects improved function of the cardiac muscle. Table 15 describes the

criteria for each score.

The observed mortality rate was 16% in the study. There was no significant difference

for mortality between groups as shown in Table 16.
Results

Figure 17 is reproduced from the Atlas of Heart Failure by Pffeffer et al (1999),
demonstrates the pathological changes observed in the heart, following infarction. The
rat acute myocardial infarction model has been established to simulate AMI and chronic
heart failure in human patients. After infarction, as in human, the ventricle undergoes
series of pathophysiological alterations, starting with the replacement of myocardium
with fibrotic tissue at the infarct area. The contraction and the pressure in the ventricle
causes the extension of the infarct, gradually the expansion of the ventricular chamber,
and ultimately results in remodeling of the left ventricle, demonstrated by the geometry
change of the chamber from elliptical to globular, and cellular changes as myocyte

hypertrophy.

Cryopreserved populations of hCTC (A3) cells improved global cardiac function and
cardiac contractility, as measured by fractional shortening (FS) and regional wall motion
score (RWMS) respectively. Improvements in global cardiac function and cardiac
contractility were observed at all target doses of hCTC (A3) cells. See Figures 18 and
19.
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[0195] At five days post administration, animals dosed with rCTC (A2) cells, or the target dose
of 1x 10° hCTC (A3) cells demonstrated a FS of 3.3% (hCTC (A3)) and 3.8% (rCTC
(A2)) less than vehicle treated animals. At four weeks post cell administration, the
absolute value of fractional shortening (calculated by subtracting the FS value observed
at day five from the FS value observed at day 28) was improved. See Figure 18 and
Table 17 and 18. The absolute value of FS in animals treated with 1 x 10* hCTC (A3)
cells was 9.687 £ 1.329% (n= 12, P less than 0.001). The absolute value of FS in animals
treated with 1 x 10° hCTC (A3) cells was 10.9 = 1.6% (n=11, P<0.001). The absolute
value of FS in animals treated with 1 x 10° hCTC (A3) cells was 12.9 + 1.8% (n=10, P
less than 0.001). Several possible reasons may explain the inefficacy of rCTC cells in the
experimental model used in the present invention. Although nude rats are immune-
compromised, their rejection to foreign cells was not completely eliminated. In the
current study, rCTC may be more susceptible to immune rejection by nude rats than
human cells. Their retention in the myocardium compromised because of immune

rejection, and thus their effect on myocardium can be affected.

[0196] A reduction of RWMS was also observed in animals treated with hCTC (A3) cells, four
weeks post cell administration. The RWMS score in animals treated with 1 x 10* hCTC
(A3) cells was 24.42 £ 1.4 at 5 days post infarction and cell administration, but was
reduced to 21.08 £ 1.7 (n= 12, P less than 0.001) at 4 weeks after infarction and cell
administration. The RWMS score in animals treated with 1 x 10° hCTC (A3) cells was
25.58 £ 1.4 at 5 days post infarction and cell administration, and was reduced to 21.08 +
1.9 (n=11, P less than 0.001). The RWMS score in animals treated with 1 x 10° hCTC
(A3) cells was 25.91 £ 1.6 at 5 days post infarction and cell administration, and was
reduced to 20 + 1.7 (n=10, P less than 0.001) at 4 weeks after infarction and cell
administration. While rCTC (A2) treatment did not appear to reduce fractional
shortening, a slight reduction of RWMS was observed. The RWMS score in animals
treated with 1 x 10° rCTC (A2) cells was 25.29 + 1.9 at 5 days post infarction and cell
administration, and was reduced to 23.86 £ 2.3 (n=12, P=0.09) at four weeks post cell
administration. See Figure 19 and Table 17 and 19. The data observed in rCTC (A2)
treated animals suggest that while rCTC (A2) cells did not improve global function, they
improved cardiac contractility, as shown by RWMS.

48


ip-temp
Rectangle


Islet-1 Lk-detectable Lk-detectable Undetectable Lineage/differentia tion

GATA4/
n/a n/

[0197]

[0198]

[0199]

[0200]

On the other hand, the data observed in animals treated with hCTC (A3) cells suggest that
human cardiac tissue-derived cells improved global cardiac function and cardiac

contractility.

Cardiac remodeling was also prevented in animals receiving hCTC (A3) cells. Cardiac
remodeling refers to the changes in size, shape, and function of the heart that are
observed after ischemic injuries, such as, for example, myocardial infarction. The
changes observed include myocardial cell death and a disproportionate thinning of the
chamber wall at the infarct zone. The thin chamber wall is unable to withstand the
pressure and volume load on the heart. As a result there is dilatation of the chamber
arising from the infarct region, spreading to the compensating non-infarcted cardiac
muscle. Over time, as the heart undergoes ongoing dilatation, the ventricle enlarges in
size, and becomes less elliptical and more spherical in shape as demonstrated by
increased dimension in echocardiography. The increases in ventricular mass and volume
adversely affect cardiac function even further. The increased volume at the end of
diastole eventually impairs with the heart's ability to relax between contractions, resulting
in a further decline in function. The severity of the enlargement of the ventricle
determines the prognosis of patients. The enlargement of the chamber correlated with

shortened life expectancy in heart failure patients.

The degree of cardiac remodeling in the left ventricle of animals following induction of
an acute myocardial infarction was determined by measuring the dimension of left
ventricle at the end of diastole (left ventricle end diastolic dimension, LVEDD) and
systole (left ventricle end systolic dimension, LVESD) via echocardiography. An
increase of LVEDD and LVESD denotes an increase in the severity of cardiac
remodeling. Conversely, a reduction in observed values of LVEDD and LVESD denoted

a reversal of cardiac remodeling, or an improvement in cardiac function.

In vehicle treated animals, LVEDD increased from 0.7440.020 mm at five days post cell
administration to 0.83£0.019 mm at 4 weeks post cell administration. This corresponded
to a 12% relative increase [100%(D28-D5)/D5] in the left ventricle. In animals treated
with rCTC (A2) cells, LVEDD increased from 0.69+0.022 mm at five days post cell
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administration to 0.80£0.018 mm at 4 weeks post cell administration. In animals treated
with 1 x 10" hCTC (A3) cells, LVEDD increased from 0.70+0.012 mm at five days post

cell administration to 0.77+0.022 mm at 4 weeks post cell administration.

[0201] In animals treated with 1 x 10° hCTC (A3) cells, LVEDD did not appear to change
significantly, wherein LVEDD was 0.734£0.012 mm at five days post cell administration,
and 0.7440.023 mm at 4 weeks post cell administration, a relative change of 1.4% (p less
than 0.01, compared to vehicle group). Similarly, animals treated with 1 x 10® hCTC
(A3) cells, LVEDD also did not appear to change significantly, wherein LVEDD was
0.76+0.011 mm at five days post cell administration, and 0.71+0.028 mm at 4 weeks post
cell administration a relative change of 6.6% reduced from five days after cell
administration (p less than 0.001, compared to vehicle group). These data suggest that
the 1 x 10° hCTC (A3) dose and the 1 x 10° hCTC (A3) dose prevented cardiac
remodeling. See Figure 23, Table 17 and Table 20. The relative change in LVEDD
(100%(28D-5D)/5D) is shown in Table 21 and Figures 20-21.

[0202] In animals treated with 1 x 10* hCTC (A3) cells, LVEDD was 0.71+0.045 mm at day 5
and 0.78+0.079 mm at day 28. In animals treated with 1 x 10°rCTC (A2) cells, LVEDD
was 0.70+0.083 mm at day 5 and 0.80+£0.071 mm at day 28. There was no significant
difference from vehicle-treated animals in LVEDD, suggesting no improvement in

remodeling compared to vehicle group. See Table 17 and Figure 23.

[0203] Animals treated with human cardiac tissue-derived cells also demonstrated a reduction in
left ventricle end systolic dimension (LVESD). LVESD measures the size of the
ventricle at the end of contraction. This parameter not only represents remodeling but
also indicates contractility of the cardiac muscle. A reduction in LVESD corresponds to

an increase in the strength of contraction.

[0204] LVESD was increased from day 5 to day 28 in vehicle treated animals. LVESD was
maintained at the same level in animals treated with 1 x 10 hCTC (A3) cells
(0.56£0.05cm at day 5 and 0.54+0.08cm at day 28). LVESD was reduced in animals
treated with 1 x 10° (0.58+0.04cm at day 5 and 0.51+0.08cm at day 28) and 1 x 10°
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[0205]

[0206]

[0207]

[0208]

[0209]

hCTC (A3) cells 0.62+0.05cm at day 5 and 0.48+0.09cm at day 28). See Figure 22 and
Table 22. Functional data by all four parameters measured by echocardiography from
cach animal at each time points were shown in Figure 23. The trend changes between

day 5 and day 28 are consistent within each group.

Analysis of the targeted dose of hCTC (A3) cell administration and cardiac function, as
determined by global function measured by fractional shortening (FS) demonstrated a
correlation (p=0.001, n=35) between cell dose and functional improvement. Sec Figure

24.

Similarly, analysis of the targeted dose of hCTC (A3) cell administration and cardiac
remodeling, as determined by the absolute change of LVEDD from day 5 to day 28 (28D-
5D) was observed (p=0.0002, n=35). Sece Figure 25. A correlation was established and

it appears to be exponential, instead of linear.
Example 12

Retention of Human Cardiac Tissue-Derived Cells in Rat Model of Acute

Myocardial Infarction

To further understand the mechanisms and the biological benefits of human cardiac
tissue-derived cells as a therapy for damaged myocardium, tissue samples were taken
from the hearts of the animals treated with human cardiac cells in the previous example,
to determine the retention of human cardiac tissue-derived cells in animals four weeks

post administration.

Hearts were removed from the animals treated with human cardiac tissue-derived cells in
the previous example were collected a four weeks post cell administration. Cell retention
was determined by histology (n=6 per cell dose), and quantitative real-time PCR (n=4 per

cell dose).

To establish base-line cell retention values, hCTC (A3) cell were administered to test
animals 20 minutes after the ligation of the left anterior descending coronary artery.

Crypreserved populations of hCTC (A3) cells were injected at the border zone of the
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discolored area in five separate injections sites per animal. Animals were administered
target doses of either 1 x 10%,1 x 10°, or 1 x 10° cells. Animals were sacrificed at 0, 1, 3
and 7 days, and the hearts removed for cell retention analysis by quantitative real-time

PCR (n=3 per treatment group).

[0210] In the cases where samples were taken for quantitative real-time PCR, heart tissues were
processed to obtain total RNA. Retention of human cells was estimated, based on the

amount of human RNA detected in the heart samples.

[0211] RNA from human cardiac tissue-derived cells was detected at 4 weeks post cell
administration in animals treated with hCTC (A3) cells. The cell retention appeared to be
dose-dependent, with animals receiving 1 x 10° hCTC (A3) cells demonstrating more cell
retention than animals receiving 1 x 10° hCTC (A3) cells. In animals receiving 1 x 107
hCTC (A3) cells, cell retention was estimated to be at background levels, based on the

amount of human RNA detected in the samples.

[0212] Human RNA was detected in hearts from animals sacrificed at 0, 1 day, 3 days, and 7
days post cell administration. Cell retention dropped rapidly immediately after
administration, and declined still further at 24 hours post cell administration. As shown
in Figure 26, panels ¢ and d, immediately after cell administration, only about 8% of the
target dose remained, as estimated by the amount of human RNA detected in the heart
samples. Using the 0 time point as the baseline, the level of cell retention declined still
further, when determined at 24 hours post cell administration, to approximately 10% of
the 0 time point. The level of cell retention remained at the same level at day 7 post cell

administration.

[0213] A correlation was observed between human cardiac tissue-derived cell retention and the
prevention of cardiac remodeling. In animals receiving human cardiac tissue-derived
cells, the change in LVEDD (D28-D5) correlated with the retention of human cardiac
tissue-derived cells. As can be seen in Figure 27, the trend of the correlation is
significant with a p value of 0.023, and an »* value of 41%. In a clinical pharmacology
study (Lilian Murray ef a/ in Br J Clin Pharmacol. 1998; 45(6): 559-566) of Enalapril, a

well-prescribed medicine for hypertension, a significant correlation of enalapril and
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[0214]

[0215]

[0216]

reduction in blood pressure was observed in the study (p less than 0.01). However, “the
predictive power of the model increased (+* = 23.6%, p less than 0.01) but left the

majority of the variability in response unexplained”.

In the cases where samples were taken for immunohistochemistry, the hearts were
embedded in OCT media and flash-frozen in liquid nitrogen (n=6 per group). Sections
were cut at the basal, middle and apex level of the heart. The embedded frozen tissues
were sent to QualTek Technology (Santa Barbara, CA) for further histology evaluation.
The tissues were thawed at room temperature and re-fixed in formalin and embedded in
paraffin and sectioned into Sum sections. Sections were stained with an antibody against
human Nuclear Matrix Antigen (hu NuMA) in order to discern human cardiac tissue-

derived cells within rat myocardium.

The immunohistochemistry results were consistent with the results from qPCR. Positive
human NuMA staining was identified in myocardium from animals receiving the target
dose of 1 x 10° hCTC (A3) cells. See Figure 28, panel a, and Figure 29. NuMA
positive cells that stain dark brown and similar in staining characteristics seen with
human tissue controls are shown here in the two oval circles and with no background
staining present. The estimate of cell number was approximately 100 human cells
/section. Under high magnification, myocyte-like human cells were also identified as
shown in Figure 29, panel d. No staining for human NuMA was observed in vehicle

treated animals. See Figure 28, panels a and b, Figure 29 and Figure 30.
Example 13

Human Cardiac Tissue-Derived Cells Reduced Hypertrophy in an Animal Model of

Acute Myocardial Infarction

To further understand the mechanisms and the biological benefits of human cardiac
tissue-derived cells as a therapy for damaged myocardium, tissue samples were taken
from the hearts of the animals treated with human cardiac cells in Example 11, to
determine the effect of administration of human cardiac tissue-derived cells on the infarct

size general pathology of the heart.
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Histopathology was evaluated by a pathologist at QualTek (Santa Barbara, CA). The
pathologist was blinded to the study treatment. Heart tissues were embedded in paraffin
blocks. Sections were obtained at every Sum through the whole organ and evaluated for
general pathology. Hypertrophy evaluation was performed by a scoring system. In
hypertrophic myocardium (score 1), i.e. myocardial cells with enlarged cytoplasm and
odd nuclei were commonly found. Otherwise, the myocardium is scored 0. The number
of sections with hypertrophy and without hypertrophy was counted and presented in
Figure 31 as proportion of total sections to represent the proportion of hypertrophy in the
whole heart.

Myocardial hypertrophy was observed in the hearts of vehicle treated animals, wherein
approximately 70% of the myocardium showed hypertrophy (score 1). See Figure 31.
Treatment with human cardiac tissue-derived cells significantly reduced the hypertrophy
observed in hearts, when compared to vehicle treated animals. In hearts receiving hCTC
(A3) cells at either 1 x 10%, 1 x 10°, or 1 x 10° target doses, hypertrophic myocardium
was reduced to 30%-50%. Sce Figure 31.

To elucidate the severity of myocardial infarction, Masson trichrome staining was
performed on sections at the papillary muscle level from each heart. Infarct size was
determined by direct measurement of the infarct area and the non-infarcted area. The
relative infarct size was estimated by 100% [infarct area/(infarct area +non-infarct area)].
All morphometric studies were performed according to the methods described in Iwasaki

et al in Circulation. 2006; 113:1311-1325.

A trend towards reduction in the relative infarct size was observed in animals receiving
either 1 x 10° (16.5+7.3%, p=0.02), or 1 x 10° hCTC (A3) cells (14.8+8.6%, p=0.01),
compared with vehicle group (24.1£2.9%). See Figure 32, panel a. Similarly, a trend
towards reducing infarct size by the actual infarct areca was also observed in animals
receiving either 1 x 10° (5574221, p=0.09), or 1 x 10° (5374261, p=0.08) hCTC (A3)
cells, compared with the vehicle treated group (748+191). See Figure 32, panel b.
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[0221]

[0222]

[0223]

Myocardial hypertrophy was observed in the hearts of vehicle treated animals, wherein
approximately 70% of the myocardium showed hypertrophy (score 1). See Figure 31.
Treatment with human cardiac tissue-derived cells significantly reduced the hypertrophy
observed in hearts, when compared to vehicle treated animals. In hearts receiving hCTC
(A3) cells at either 1 x 10%, 1 x 10°, or 1 x 10° target doses, hypertrophic myocardium
was reduced to 30%-50%. See Figure 31. The reduction of hypertrophy achieved by
hCTCs may be attributed directly via trophic or paracrine effects, i.e. cytokines secreted
by hCTC, as shown in Table 24 and/or due to a secondary effect of increased de novo

myocyte generation as discussed in Example 14 below.
Example 14

Human Cardiac Tissue-Derived Cells Increased capillary Density in an Animal

Model of Acute Myocardial Infarction

To further understand the mechanisms and the biological benefits of human cardiac
tissue-derived cells as a therapy for damaged myocardium, tissue samples were taken
from the hearts of the animals treated with human cardiac cells in Example 11, to
determine the effect of administration of human cardiac tissue-derived cells on the

capillary density at the border zone of the infarcted area.

Five tissue sections of the left ventricles from each heart, taken at the border zone of the
infracted area were selected at random, and capillary density was morphometrically
evaluated by histological examination, wherein the capillaries were visualized using an
antibody to isolectin B4 (Vector Laboratories, Burlingame, CA), or CD31. Isolectin B4
is specific for endothelial cell surface sugar residues and has been documented to
recognize endothelial cells in many settings as described by Vasudevan et al in Nature
Neuroscience 11: 429-439 (2008) and by Schmidt ez a/ in Development 134, 2913-2923
(2007). CD31, also known as platelet endothelial cell adhesion molecule (PECAM) has
been applied extensively to identify endothelial cells and thus, vasculature in various

tissues including the heart (Tabibiazar and Rockson Eur Heart J 2001vol 22; 903-918).
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[0224]

[0225]

[0226]

Visualization of capillaries either by isolectin B4, or CD31, demonstrated that
administration of human cardiac tissue-derived cells increased capillary density at the
border zone of the infracted area. Administration of hCTC (A3) cells at all doses resulted
in the increase in capillary density, compared to vehicle treated groups, four weeks post
cell administration. See Figure 33, panels a and b. (p=0.0068 for Isolectin-B4 staining
and p=0.0005 for CD31 staining).

The increase in capillary density may have been due, in part, to the secretion of factors
from the human cardiac tissue-derived cells of the present invention. These trophic
factors may act, for example, in a paracrine manner on the heart cells. The trophic
factors may affect, either directly, or indirectly, blood vessel formation, blood vessel
function and hemodynamics, cardiac muscle remodeling and function, myocyte
proliferation (such as myogenesis), myocyte hypertrophy, fibrosis or increasing cardiac
cell survival. The trophic factors may also regulate the recipient’s immune response. To
determine whether human cardiac tissue-derived cells secrete trophic factors, culture
media was collected from populations of hCTC (A3) cells that had been cultured in vitro
for seven days. Samples of the media were stored at -80°C, prior to assaying for the

presence of secreted cytokines.

Cytokines secreted by hCTC (A3) cells included vascular endothelial growth factor
(VEGF) and angiopoietin 2 (ANG2). See Table 24. , These cytokines play a significant
role in angiogenesis. More importantly, the combination of VEGF and ANG2 can
synergistically initiate and enhance capillary sprouting process, as has been documented
by Maisgupicrre ef al in Science 277:55-60 (1997) and reviewed by Ramsauer et a/ in
Journal of Clinical Investigation 110: 1615-1617 (2002).

Example 15

Human Cardiac Tissue-Derived Cells Increased Myocyte Density in The Non-
Infarcted Area in Animals Receiving the Human Cardiac Tissue-Derived Cells of

the Present Invention
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[0227]

[0228]

[0229]

[0230]

To further understand the mechanisms and the biological benefits of human cardiac
tissue-derived cells as a therapy for damaged myocardium, tissue samples were taken
from the hearts of the animals treated with human cardiac cells in Example 11, to
determine the effect of administration of human cardiac tissue-derived cells on the
proliferation of rat myocytes at the border zone of the infarcted area, and the density of

myocytes in non-infarcted regions of the heart.

Formalin-fixed, paraffin-embedded tissue samples were sectioned at 4um. One slide at
approximately 17™ section was selected from cach animal. The sections were incubated
with an antibody to Ki-67 (MIB-5) for 60 minutes at room temperature, washed in PBS,
and incubated with a micropolymer labeled affinity mouse IgG secondary antibody. The
slides were washed in PBS and then developed with a Vector SG Substrate that produces
a navy blue/gray reaction product. The slides rinsed in PBS counterstained using DAPI
(KPL Gaithersburg, Maryland). Positive and negative controls were included in each

staining protocol.

Parallel formalin-fixed sections were incubated with an antibody to cardiac myosin for 45
minutes at room temperature, washed in PBS, and incubated with a biotinylated mouse
IgG secondary antibody. After the secondary incubation was complete, Vectastain ABC-
AP reagent (Vectastain Universal ABC-AP Kit, Vector Laboratories, Inc., Burlingame,
CA) was applied for 30 minutes. The slides were washed in PBS and then developed
using Liquid Permanent Red Chromogen (Dako, Carpinteria, CA) that produces a dark
pink to red reaction product. The slides rinsed in PBS counterstained using DAPI (KPL
Gaithersburg, Maryland). Positive and negative controls were included in each staining

protocol.

Proliferating myocytes were measured by double staining of Ki-67 and myosin heavy
chain (MHC). Total myocytes, recognized by MHC staining were counted. The number
of total myocytes in one high—power field was similar between vehicle and cell treated
groups at all doses. The ratio of proliferating myocytes among total myocytes was higher

in animals receiving either 1 x 10" (3.840.02%) or 1 x 10° (3.7£0.02%) hCTC (A3) cells,
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compared to vehicle treated (2.3+0.01%) animals, or animals recieving 1 x 10°

(1.2£0.01%) cells. See Table 25 and Figure 34.

[0231] One possible explanation for the lower ratio of proliferating myocytes among total
myocytes in animals receiving 1 x 10° cells may be due to the myocytes entering into GO
in response to hCTC (A3) treatment. Ki-67 is a cell proliferating marker, present in all
phases during cell cycle. However, when cycling cells exit into GO phase, Ki-67 is no
longer present. See, for example, (Thomas Scholzen 2000; Journal of Cellular

Physiology; 182 (3), 311-322).

[0232] H&E staining: Slides were deparaftinized with 2 changes of xylene, 10 minutes per
slide, then re-hydrated in 2 changes of absolute alcohol, 5 minutes each, then 95%
alcohol for 2 minutes and 70% alcohol for 2 minutes. Slides were washed briefly in
distilled water, then stained in hematoxylin solution for 8 minutes, washed in running tap
water for 5 minutes, differentiated in 1% acid alcohol for 30 seconds, washed running tap
water for 1 minute, stained in 0.2% ammonia water for 30 seconds to 1 minute. Then the
slides were washed in running tap water for 5 minutes, rinsed in 95% alcohol (10 dips),
then counterstained in eosin-phloxine B solution for 30 seconds to 1 minute, dehydrated
with 95% alcohol, 2 changes of absolute alcohol, 5 minutes each, washed in 2 changes of

xylene, 5 minutes each, and mounted with xylene based mounting medium.

[0233] For H&E stained slides, one level was sampled in each animal. In each level, five 400X
fields (67,500 um” per field) containing transversely cut myofibrils with mostly cross-
sectioned capillaries in the left ventricular wall remote from the infarct were chosen.
Myocyte density was reported for each level as the average of five fields and expressed in
mm?. The mean, standard deviation, and standard error of the mean were calculated for

cach treatment group.

[0234] Individual myocytes were generally visible in the hematoxylin and eosin (H&E) stained
tissue at 400X magnification. Figure 35 shows representative images obtained from
samples of hearts receiving 1 x 10° hCTC (A3) cells, together with samples obtained
from vehicle treated animals. In Table 26, the mean for the vehicle group (1813 +

84/mm?) was lower than the mean for any of the treatment groups (1 x 10* hCTC (A3)
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cells: 2210 + 227, 1 x 10° hCTC (A3) cells: 2220 + 186, 1 x 10° hCTC (A3) cells: 2113 +
186). The increased myocyte density may be attributed by the increased proliferating
myocytes (myogenesis) and/or by the reduced myocyte hypertrophy, such as that
described in Example 13.

Example 16

Human Cardiac Tissue-Derived Cells Treatment Induced Differential Gene

Expression in Rat Myocardium

[0235] In order to understand the molecular alterations induced by human cardiac tissue-derived
cell administration, a gene profiling study was conducted to compare gene expression
levels in vehicle and human cardiac tissue-derived cell treated groups. Rat hearts were
collected from animals that had received 1 x 10, 1 x 10°, 1 x 10° hCTC (A3) cells, or
vehicle, four weeks after cell administration, from animals used in the study described in

Example 11. Total RNA was collected from the samples.

[0236] The HG-U133 Plus 2 gene chip from Affymetrix was used to perform the analysis of
gene expression in the samples. Using Spotfire DecisionSite the microarray data set was
normalized across the microarray chips by the “Normalize by mean” function. The
individual chips were organized into groups for comparison (1 X10", 1 X10°, and 1 X10°
hCTC (A3) target dose, and vehicle). Using Spotfire DecisionSite, the p-Values and Fold
Change between groups where established. Genes were filtered out that did not have a P
in the Present Call column of the data in at least 3 columns, have a group comparison p-
Value less than or equal to 0.05 in at least 2 columns, and any genes that did not have a
fold change greater than or equal to 2.0 or less than or equal to 0.5 in at least 2 columns.
The filtered set comprised 45 genes of interest. The 45 genes were then entered into the
Principle Component Analysis (PCA) program from Spotfire DecisionSite to visually
show group separation using this subset of genes. See Table 27, wherein the

differentially expressed genes were identified and listed.

[0237] Among the genes identified, transforming growth factor-beta receptor (TGFBR) was
down regulated in animals that received hCTC (A3) cells, at any dose. See Figure 3S5.
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[0238]

[0239]

The TGFBR pathway has been previously implicated to an enhanced hypertrophy (see,
for example, Watkins, Jonker ef al. Cardiovasc Res. 2006 Feb 1; 69 (2):432-9) and
remodeling after infarction in myocardium (Ellmers, Scott ef a/. Endocrinology. 2008
Nov;149(11):5828-34.). Blockade of TGFf and TGFfR has been reported to reduce
remodeling and fibrosis following hypertrophy (see, for example, Ellmers, Scott et al.
Endocrinology. 2008 Nov; 149(11): 5828-34). In addition, activation of the TGF3 and
TGFBR pathway post infarction has been reported to increase myocyte and ventricular

hypertrophy and remodeling (see, for example, Matsumoto-Ida, Takimoto et a/. Am J

Physiol Heart Circ Physiol. 2006 Feb; 290(2): H709-15).

Another gene that was identified by differential gene expression analysis was neuronal
nitric oxide synthase (NOS1). Post infarction, the expression of NOS1 in the heart
increased. The over-expression of NOS1 has been reported to reduce the contractility of
myocardium (see, for example, (Burkard, Rokita et al. Circ Res. 2007 Feb 16; 100(3):
¢32-44). In a human failing heart, NOSI expression at mRNA and protein level has been
reported to increase significantly, indicating a role of NOSI in the pathogenesis of
cardiac dysfunction (see, for example, Damy, Ratajczak ef al. Lancet. 2004 Apr 24; 363
(9418):1365-7). In hCTC (A3) cell-treated myocardium, at all doses, NOS1 expression

was reduced compared with vehicle-treated myocardium, by more than 10 fold.
Example 17

Human Cardiac Tissue-Derived Cell Treatment Reduced Infarct Size and

Prevented Hypertrophy in a Rat Model of Acute Myocardial Infarction

The efficacy of the human cardiac tissue-derived cells to treat damaged myocardium was
compared to bone marrow-derived mesenchymal stem cells, in a rodent model of acute
myocardial infarction. 96 female nude rats (Charles River Laboratories) at 8-10 weeks
old were used for this study. Surgical procedures were performed as described in
Example 11. 1 x 10° hCTC (A3) cells (Lot 1) were administered in a volume of 100 ul
CryoStor D-lite. In parallel, 1 x 10° human mesenchymal stem cells (Cat# PT-2501,

Lonza) were administered in a volume of 100 ul Cryostor D-lite. A similar procedure to
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that described in Example 11 was used with the following modifications based on
surgeon’s preference: cells were injected into two sites with 50 ul each at border zone of
infarct, using a 0.3 ml insulin syringe fitted with a 29-gauge needle, roughly 10 minutes
post-LAD ligation when discoloration of infarct areca was clearly observed. Animals
were sacrificed at 28 days post cell administration and the hearts removed for subsequent

analysis.

[0240] The atria were trimmed and ventricles were flushed with saline. The hearts were
immersed in 10% neutral buffered formalin (NBF) for 24 h before being cut into four 2
mm slices, Each slice was processed for microscopic examination, embedded in paraffin,
sectioned at 5 pm, and stained with hematoxylin and eosin (H&E) and/or Masson’s
Trichrome. Two sections are shown side-by-side from each animal: one taken from the
mid line between the papillary muscle and basal level and one taken from the papillary

muscle.

[0241] Tissue sections from all groups and time points were blinded and put into rank order
according to severity of disease (decompensation/dilatation and hypertrophy) from worst
to least. Each ordinal was assigned a number, with the highest number corresponding to
greatest severity of disease. The blind was then broken and all rank values from each

group compiled.

[0242] All images were collected throughout the left ventricular free wall, which included the
infarct. Low magnification (2X) images were collected from 2 tissue slices stained with
trichrome from each animal and analyzed for infarct size. Image-Pro Plus v 5.1 software
(Media Cybernetics, Inc., Bethesda, MD) was used to perform the automatic
morphometric analysis of infarct size on the collected images. The perimeter of left
ventricular free wall was traced and designated as the area of interest (AOI). The percent
occupied by blue staining, representing infarct, and the percent by red staining,
representing functional myocardium, were the two measurements collected from each

image.

[0243] Tissue sections of heart stained with H&E and/or Masson’s Trichrome were examined 28

days post-infarction. Animals treated with 1 x 10° hCTC (A3) cells, as well as animals
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treated with 1 x 10° human mesenchymal stem cells showed a reduced infarct area,
compared to vehicle treated animals. A reduction in the dilatation of both the left and
right ventricles was also observed. See Figure 36, panels a and b. Additionally, there
was preservation of functional myocardium in the left ventricular free wall in animals
that had received 1 x 10° hCTC (A3) cells, as well as animals treated with 1 x 10° human

mesenchymal stem cells. See Figure 36, panel c.

[0244] Interestingly, hCTC (A3) cells and human mesenchymal stem cells demonstrated
differential effects on the interventricular septum (IVS), with hMSC showing
hypertrophic enlargement of IVS, while no such change was observed in animals that
received hCTC (A3) cells. See Figure 37. Evidence of hypertrophic changes of the
cardiomyocytes was present in the septa of both groups, but was more pronounced in the
animals that received hMSC. The hypertrophic myocytes and IVS contribute to the
eventual remodeling in the heart, suggesting the human cardiac tissue-derived cells of the
present invention may have more beneficial effects on cardiac function than human

mesenchymal stem cells.
Example 18

Multiple-Lots and Long-Term Efficacy of the Human Cardiac Tissue-Derived Cells

of the Present Invention in an Animal Model of Acute Myocardial Infarction

[0245] Multiple lots of human cardiac tissue-derived cells were prepared from three donors. The
donor information is described in Table 28. Briefly, lot 1 is from a transplant-grade heart
organ; lot 2 from a healthy heart but donor failed age criteria for transplantation; lot 3

from a donor diagnosed with dilated cardiomyopathy, a failing heart condition.

[0246] Female nude rats (weight, 250 to 300 g) were anesthetized with ketamine and xylazine
(60 and 10 mg/kg IP, respectively). The thorax was opened at the fourth left intercostal
space, the heart was exteriorized, and the pericardium was incised. Thereafter, the heart
was held with forceps, and a 6-0 Proline suture was looped under the left anterior

descending coronary artery, approximately 2 mm from its origin. AMI was induced in
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[0247]

[0248]

[0249]

[0250]

the heart by pulling the ligature, occluding the artery. Discoloration of the infracted

myocardium was visually observed.

Twenty minutes after induction of MI, rats received an intramyocardial transplantation of
1x10° of hCTC (A3) cells from either lot 1, 2, or 3 hCTC (A3). In parallel, animals
received 1x10° of pCTC (A3) cells or human neonatal dermal fibroblast cells (Cat # CC-
2509, Lonza) or vehicle. All cell populations had been cryopreserved prior to
administration and were injected into the heart in a final volume of 120 ul in CryoStor
Dlite. Cells were administered at 2 sites, 50 ul cell suspension or CryoStor Dlite was
injected at each site. After the injection was completed, the thorax was closed. 10
animals were enrolled in each group. The observed mortality rate was 32% in the study.
There was no significant difference for mortality between groups as shown in Table 29.

Absolute values of cardiac function are shown in Table 30.

Transthoracic echocardiography (SONOS 5500, Philips Medical Systems) was performed
to evaluate LV function at 1, 4, and 12 weeks after cell administration. The following
parameters were measured: left ventricular (LV) end-diastolic dimension (LVEDD), LV
end-systolic dimension (LVESD), fractional shortening (FS), regional wall motion score

(RWMS).

Administration of hCTC (A3) cells from Lot 1 improved cardiac function in all the
parameters tested, at 28 days and at 84 days post cell administration. See Figures 38 and
39. Administration of hCTC (A3) cells from Lot 2 was able to improve cardiac
contractility and global cardiac function at 84 days after infarction, as measured by

regional wall motion score RWMS and FS.

FS at 7 days post cell administration was similar between vehicle and cell treated groups.
However, 84 days post cell administration, cardiac function measured by FS was
improved by 9.5 £6.0% (n= 8, p<0.01), 8.9 = 4.1% (n=8, p<0.001) in hCTC (A3) cells
Lot 2 and hCTC (A3) cells from 1 treated groups, respectively. See Figure 39 and Table
30. Minimal to no change in FS was observed in vehicle treated groups (-1.0+£3.3%),
hCTC lot 3 (-0.443.0%) and human fibroblast (4.1£2.1%) groups. See Figure 39 and
Table 30. Consistent with the global function, RWMS was also reduced in animals that
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[0251]

[0252]

[0253]

received either hCTC (A3) lot 1 from 24.83+1.64 at day 7 to 22.13£1.5 (N=8, p less than
0.05) or lot 2 cells from 25.44+1.0 to 23.13+£2.2 (N=8, p less than 0.05), compared to

vehicle treated animals. See Table 30.

In the current study, hCTC (A3) cells from either lot 1 or lot 2 prevented remodeling at
28 and 84 days after infarction, demonstrated by LVESD. At 28 days after cell
administration, LVESD was reduced in animals that had received hCTC (A3) cells from
lot 1 (-8.9 £4.1%). LVESD in animals that had received hCTC (A3) cells from lot 2 was
maintained at baseline (-0.5+4.3%). Conversely, in vehicle treated animals, at 28 days
post cell administration, LVESD increased by 16.4 + 5.2%. In animals that had received
hCTC (A3) cells from lot 3, or human fibroblasts, LVESD was increased by 9.1 £2.3%
and 5.4 + 3.6%, respectively. See Figure 38 and Table 30.

At 84 days after cell administration, in vehicle group, LVESD was increased by 16.3+
2.8%. Similarly, the animals that had received hCTC (A3) cells from lot 3, or human
fibroblast treated animals also showed enlargement of left ventricle at 84 days. LVESD
was increased by 12.5+£3.7% and 7.613.7%, respectively. In contrast, cardiac remodeling
did not occur in animals that had received hCTC (A3) cells from lot 1 (-3.9 £5.2%), or in
animals that had received hCTC (A3) cells from lot 2 (-1.8+4.2%). See Figure 39 and
Table 30.

The increase in the dilatation of left ventricle, as measured by LVEDD, at the end of
diastole was prevented in animals that had received hCTC (A3) cells from lot 1 (7 days:
0.8020.10 cm 84 days: 0.84+0.07 cm, 5% increment) and in animals that had received
hCTC (A3) cells from lot 2 (7 days: 0.74+0.07 cm 84 days: 0.824+0.06 cm; 6.7%
increment). Conversely, LVEDD was increased in vehicle treated animals (7 days:
0.7540.03 cm; 84 days: 0.86+0.06 cm; 14.6% increment), and animals that had received
human fibroblasts (7 days: 0.73+0.034 cm; 84 days: 0.83+0.06 cm; 13.7% increment).
Animals that had received hCTC (A3) cells from lot 3 also showed an increase in
LVEDD (7 days: 0.73+0.04 cm; 84 days: 0.82+0.06 cm; 12.3% increment). See Figure
39 and Table 30.
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Example 19
Cardiac Tissue-Derived Cell Size

[0254] Methods and Materials: Cell size of the cardiac tissue-derived cells, obtained from
human, mouse, pig and rat hearts, according to the methods of the present invention was
analyzed during cell counting. The total viable cell counting was performed after
digestion and before replating of the cell populations using the Vi-Cell™ XR (Beckman
Coulter, Fullerton, CA). The Vi-Cell™ cell viability analyzer automates the trypan blue
dye exclusion method for cell viability assessment using video captures technology and

image analysis of up to 100 images of cells in a flow cell.

[0255] Samples were prepared and analyzed according to the manufacturer’s instructions
(Reference Manual PN 383674 Rev.A). Briefly, a 500uL aliquot of the final cell
suspension obtained after RBC lysis was transferred to a Vi-Cell™ 4 ml sample vial and
analyzed using a Vi-Cell™ XR Cell Viability Analyzer. Cell size was determined by the

diameter of the average of the counted cells.

[0256] The average of the diameter of hCTC (A3) cells was 16.7 £2.13um. The diameter of
rCTC (A2) cells was 18.4£1.02um and the diameter of pCTC(A3) cells was
17.240.42um. Based on these data, the filter size of greater than or equal to 20um would
allow the cardiac tissue-derived cells of the present invention to pass through the filter to

be collected, and exclude other cell types.
Example 20
Cryopreservation of the Cardiac Tissue-Derived Cells of the Present Invention

[0257] It is advantageous to generate a product that can be administered directly without further
processing at clinics. To generate such a product, cryopreservation of human cardiac
tissue-derived cells was tested using a clinically approved cryopreservation solution. In

addition, the toxicity of the cryopreservation solution in myocardium was also tested.
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[0258]

[0259]

[0260]

[0261]

For cryopreservation, hCTC (A3) cells were collected from flasks by trypsinization. Cell
banks were cryopreserved in CryoStor Dlite™ (BioLife Solutions, Inc. Bothell, WA)
containing 2% v/v DMSO. CryoStor Dlite is an animal-origin-free cryopreservation
designed to prepare and preserve cells in ultra low temperature environments (-80°C to -
196°C) according to the principles described in Advances in Biopreservation edited by
J.G. Baust and J.M. Baust. Other solutions that provide, for example, necessary

electrolyte, osmotic and buffering conditions for hypothermic storage may also be used.

The cell suspensions were cryopreserved in Nalgene 2 mL polypropylene, sterile, internal
thread with Screw Cap cryovials (Nalgne Nunc, Rochester, NY) using an Integra 750
Plus programmable freezer (Planer, Middlesex, U.K.) with DeltaT software. Cell and
solutions were at room temperature prior to loading into the programmable freezer, which
was held at 15°C. A sample temperature probe was placed in a vial of freezing buffer.

The following program was used to cryopreserve cells:

Step No. Rate (°C/min) End Temp (°C) Trigger

1 -1 -6 Sample

2 -25 -65 Chamber
3 +10 -19 Chamber
4 +2.16 -14 Chamber
5 -1 -100 Chamber
6 -10 -140 Chamber

When the temperature reached -140 °C, samples were transferred to liquid nitrogen tank

for storage.

Publications cited throughout this document are hereby incorporated by reference in their
entirety. Although the various aspects of the invention have been illustrated above by

reference to examples and preferred embodiments, it will be appreciated that the scope of
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the invention is defined not by the foregoing description but by the following claims

properly construed under principles of patent law.
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hCTC rCTC Anversa Marban Schneider Chien
Tissue source Transplant- 8-12 weeks Human: Atrial Biopsies (1- Mouse: whole | Moue whole
discard whole whole heart biopsies(20-100mg) | 2mm®) heart heart
heart Rat: 6-12 weeks old | Mouse: whole
whole heart heart
Digestion enzyme | Collagenase Collagenase Collagenase II Trypsin Collagenase II | Collagenase II
(GMP grade) (GMP grade) Collagenase [V
Dispase (GMP | and
grade) Dispase(GMP
grade)
Enzyme lu/ml lu/ml No information 0.2% 0.1% 240u/ml
concentration Su/ml Su/ml 0.1% (800u/ml)
Digestion time 2.5hr 25hr No information 5 mins 30 mins 10 mins 4
continuous continuous continuous round
Filter 70u 70u none N/a 70u None
Sorting N/a N/a c-kit N/a Sca-1 Islet-1
Pre-plating Cell suspension | tissue specimenon | Tissue specimen | N/a 2 round 1-hr on
on uncoated uncoated petri dish | on fibrinectin plastic
culture flask
Pre-plating DMEM+10%F | DMEM+10% DMEM+F12+5- IMDM+10%FB | N/a DMEM/M199(
medium BS FBS 10% FBS+insulin- S+2 mmol/L L- 4:1)+10%
transferrin glutamine+ 0.1 horse serum+
mmol/L 2- 5% FBS
mercaptoethanol
Time to harvest 2 days 2 days No information 1-3 weeks N/a 2 hrs
cells
Cells harvest Phase-bright Phase-bright Sorting c-kit + cells | Sphere-forming | N/a Sorting Islet-1+
non-adherent non-adherent cells cells
Cardiac gene +: GATAA4, + GATA 4, +: GATA4; Nkx2.5 | +: GATA4; +: GATAA4; +: GATA4
expression Nkx2.5 NKx2.5, Islet-1 | -: MyHC Nkx2.5 - MyHC Nkx2.5; Islet-1
-: MyHC; Islet- | -: MyHC -; MyHC -: MyHC
1
Stem cell gene +: ¢-kit, CD34 | +: c-kit, +: c-kit, telomerase, | +: telomerase, c- | +: Sca-1( +: islet-1, Sca-
expression -: telomerase, telomerase, Mdr kit mouse), 1(mousg),
Mdr Nestin -1 CD34 -: CD34 telomerase telomerase
-: Mdr -2 ¢-kit, CD34 -
Surface marker +:CD49%¢, + CD90, +: ¢c-kit, Mdr +: CD105, CD90 | +: Sca-1 +: Sca-1
CD59, CD105 -: CD31, CD45 -: Cd45, CD34, -: CD45, CD31 -: ¢-kit, CD31 -1 ¢-kit, CD45,
CD34, c-kit CD31, CD90 CD31
- CDI6,
CD31, CD45
Reference N/a N/a (Beltrami, Barlucchi | (Messina, De (Oh, Bradfute | (Laugwitz,
et al. 2003) Angelis et al. et al. 2003) Moretti et al.
2004; Smith, 2005)
Barile et al.
2007)
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Table 1: Comparison of hCTC with other cardiac derived cells.
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Table 2: Yield and cell viability after digestion of heart tissue

20061130 61.9 65%
20071116 49.2 78%
20071127 64 55%
20080116* 34 81%

*: half of the heart was processed
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Table 3: Viability after cryopreservation and needle passage

Pre-Needle 0.54 93.9
0 0.44 93.2
10 0.46 924
20 0.43 93.5
30 0.46 93.3
30-no needle 0.46 94.4
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Table 4: Karyotype of hCTC (A3)

Cell count 20
Cell analyzed 20
Karyotype: 5
Normal Karyotype 5
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Table 5: Rat CTC recovery and viability after cryopreservation and needle passage.

0 1.43 94.9% 1.54 94.2%
10 1.44 94.1% 1.54 94.7%
20 1.56 93.0% 1.30 94.6%
30 1.23 94.4% 1.27 93.5%

* n = 3, data represents the average. Time indicates the incubation time at room
temperature, which reflects the preparation time during cell injection procedure in

myocardial infarction model.
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MigG1 BD pharmingen 550083
MigG2a BD pharmingen 349053
MigG2b R & D Systems 1C0041P
CD9 BD pharmingen 555372
CDlla BD pharmingen 555380
CD16 Caltag Laboratories [MHCD1604
CD29 BD pharmingen 556049
CD31 BD pharmingen 555446
CD34 BD pharmingen 550761
CD44 BD pharmingen 550989
CD45 BD pharmingen 555483
CD49b BD pharmingen 555669
CD49¢ BD pharmingen 555617
CD54 BD pharmingen 347977
CD59 BD pharmingen 555764
CD62E BD pharmingen 551145
CD62L BD pharmingen 555544
CD62P BD pharmingen 555524
CD63 BD pharmingen 556020
CD73 BD pharmingen 550257
CD81 BD pharmingen 555676
CD90 BD pharmingen 555596
CD104 BD pharmingen 555720
CD105 Caltag Laboratories [MHCD10504
CD106 BD pharmingen 555647
CD117 BD pharmingen 340529
CD140b BD pharmingen 558821
CD141 BD pharmingen 559781
CD142 BD pharmingen 550312
CD146 BD pharmingen 550315
CD147 Serotec MCA1876PE
CD184 BD pharmingen 555974
MDR BD pharmingen 557003
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Table 7: Mean fluorescence intensity (MFI) and delta MFI

percent of
Antibody isotype Delta MFI total

populaiton

CD16 127.05 108.21 18.84 2.27%
CD31 105.16 99.36 5.8 1.45%
CD45 109.37 99.36 10.01 5.26%
CD34 178.41 99.36 79.05 16.29%
CD59 1039.5 166.59 872.91 95.55%
CD105 394.58 99.36 295.22 94.61%
c-Kit 67.63 24.75 42.88 30.60%
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Table 8: Cell surface markers in three hCTC cell populations.

Surface marker | Al A2 A3
isotype 1% 1% 1%
CDI16 2.5% 0.8% 2.27%
CD31 2.49% 0.64% 1.45%
CD45 7.5% 2.94% 5.26%
CD34 42.8% 6.27% 16.29%
CD49¢ 97.7% 85.9% N/A
CD59 96.5% 93.3% 95.55%
CDI105 97.8% 95.6% 94.61%
c-Kit 22.1% 2.54% 30.6%
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Table 9: Primer sets used in qPCR

Primer Catalog number
Cardiac Actin Hs00606316 ml
C-kit Hs00174029 ml1
GAPDH Hs99999905 m1
GATA4 Hs00171403 ml
Isl-1 Hs01099687 m1
Myh7 Hs00165276-m1
Nestin Hs00156568 ml
Nkx2.5 Hs00231763-m1
Telomerase Hs0162669 ml
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Table 10: comparison of different cells obtained from the procedure

ouse-

keeping GAPDH 17.48 18.61 18.62
lineage GATA4 24.87 24.8 25.64
Cardiac commitment Nkx2.5 32.45 31.89 34.77
specific . - actin 1 n/a n/a n/a
Differentiation MyHC 39.05 38.06 38.27
Stem cell Multipqtgnt c-kit 27.38 29 27.37
marker Cell division Telomerase | Undetectable | Undetectable undetectable
embryonic Islet-1 Undetectable | Undetectable undetectable
GATA4/Actin n/a n/a n/a
Lineage/differ] GATA4/MyHC 18561.2 9809.7 7098.8
entiation Nkx2.5/Actin n/a n/a n/a
Nkx2.5/MyHC 93.70 72.00 11.31
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Table 11: Gene expression in expanded hCTC

House-keeping GAPDH 16.51 18.85 17.79
lineage GATAd 24 4 2354 37.71
Cardiac spedific commitment No_<2.5 34.78 2381 Undetectable
Differentiation actin 1 n/a n/a n/a
WHC 33.67 16.89 34.69
Multipotent c-kit 25.86 2077 27.95
Stemcell marker | Cell division Telomerase | Undetectable| Undetectable 36.34
embryonic Islet-1 Undetectable | Undetectable | Undetectable
GATA4/Actin n/a n/a n/a
Lineage/differentia] GATAMHC 52276 0.0 0.12
tion N2 .5Actin n/a n/a n/a
Nk 5/MyHC 0.46 0.0 0.00

Fibroblast;: NHDF
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Table 12: rCTC gene expression

r CPC vs

28 Vehicle -6 5 -15 4 0. 201

House-keeping GAPDH 18.89 16.2
lineage GATA4 28.32
Cardiac specific commitment Nk>.<2.5 27.93 27.61
Differentiation actin 1 33.78 26.65
MyHC 374 20.36
Multipotent c-kit 34.85 27.95
Stem cell marker Cell division Telomerase 30.06 30.73
embryonic Islet-1 26.93 30.87
GATA4/Actin 44.02
Lineage/differential| GATA4/MyHC 541.19
tion Nkx2.5/Actin 57.68 0.51
Nkx2.5/MyHC 709.18 0.01

*- rHeart: Rat heart
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Table 13:

2N _ 1141 <« N NnNN1T N EN?2 N N10 N RR2? N N22 22 1a0R e

Mouse GFP-CTC gene expression
e ek
House- GAPDH 19.07 19.41
keeping

lieage GATA4 24.64 25.38
Cardiac commitment Nkx2.5 30.48 26.71
specific . . actin 1 33.78 18.01
Differentiation MyHC 3805 19.59
Stem cell Multipqtgnt c-kit 34.74 32.31
marker Cell division Telomerase 26.58 30.04
embryonic Islet-1 33.52 38.78
GATA4/Actin 564 0.006
Lineage/differ] GATA4/MyHC 10884 0.02
entiation Nkx2.5/Actin 9.9 0.002
Nkx2.5/MyHC 190 0.007
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Table 14: Gene expression in pCTC

28.54 23.86
undetectable 22.21
undetectable undetectable
15.25 15.07
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Table 15: Regional Wall Motion Score Definition

Score Wall motion Definition

1 Normal Normal inward motion and
thickening

2 Hypokinesis Reduced wall motion and
thickening

3 Akinesis Absence of motion or thickening

4 Dyskinesis Outward motion “bulging”
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Table 16:

Summary of the observed mortality rate
Group Morta lity

Vehicle 6.7% (1/15)

rCPC 1e6 13.3% (2/195)

hCPC 1e4 13.3% (2/15)

hCPC 1e5 26.7%(4/195)

hCPC 1e6 20% (3/15)
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Table 17: Cardiac function Summary
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Table 18: Statistic analysis of absolute change of fractional shortening

95%
Percent Confidence Standar
Stud DifferencStandar  Interval Point d Point Standard
y Comparison e d (Lower Estimate Error of Estimate Error of
Day [ (A vs. B) Estimate Error Upper) P-value of A A of B B
rCPC vs
5 Vehicle -15 6 -26 -3 Q.18 18.6 0.9 21.9 1.0
le4 vs.
5 Vehicle -4 7 -17 10 0.538 21.0 1.1 21.9 1.0
le5 vs.
5 Vehicle -3 7 -16 11 0.650 21.2 1.1 21.9 1.0
1e6 vs.
5 Vehicle -17 6 -28 -4 $.010 18.1 1.0 21.9 1.0
rCPC vs
28 Vehicle 8 7 -5 24 0.242 22.3 1.1 20.6 1.0
le4 vs.
28 Vehicle 47 10 28 69 « 0.0801  30.3 1.6 20.6 1.0
le5 vs.
28 Vehicle 53 11 33 76 < .01 31.5 1.6 20.6 1.0
1e6 vs.
28 Vehicle 62 12 41 87 < .41 33,5 1.8 20.6 1.0
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Table 19: Statistic analysis of absolute change of regional wall motion score
95%
Percent Confidence
Stud Differenc Standar Interval Point Standard Point
y Comparison e d (Lower Estimate Error of Estimate Standard
Day (A vs. B) Estimate Error Upper) P-value of A A of B Error of B
rCPC vs
5 Vehicle 1 3 -4 7 0.616 25 1 25 1
le4 vs.
5 Vehicle -2 3 -8 4 0.530 24 1 25 1
le5 vs.
5 Vehicle 3 3 -3 9 0.363 26 1 25 1
leb vs.
5 Vehicle 4 3 -2 11 0.199 26 1 25 1
rCPC vs
28 Vehicle -9 3 -14 -4 Q.001 24 0 26 1
le4 vs.
28 Vehicle -19 2 -24 -15 < £.001 21 0 26 1
le5 vs.
28 Vehicle -20 2 -24 -15 « 8.0481 21 0 26 1
leb vs.
28 Vehicle -24 2 -28 -19 < {3041 20 0 26 1
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Table 20: Statistic analysis of absolute change of LVEDD

95%
Percent Confidence
Stud Differenc Standar Interval Point Standard Point
y Comparison e d (Lower Estimate Error of Estimate Standard
Day (Avs. B) Estimate Error Upper) P-value of A A of B Error of B
rCPC vs
5 Vehicle -7 3 -14 0 3.047% 0.690 0.018 0.743 0.019
le4 vs.
5 Vehicle -5 4 -12 3 0.199 0.707 0.020 0.743 0.019
le5 vs.
5 Vehicle -1 4 -9 6 0.716 0.733 0.020 0.743 0.01%
le6 vs.
5 Vehicle 2 4 -5 10 0.565 0.760 0.022 0.743 0.019
rCPC vs
28 Vehicle -4 4 -11 3 0.294 0.796 0.021 0.828 0.021
le4 vs.
28 Vehicle -7 4 -14 1 0.069 0.772 0.022 0.828 0.021
le5 vs.
28 Vehicle -11 3 -17 -4 000 0.740 0.021 0.828 0.021
1eb vs.
28 Vehicle -14 3 -20 -7 < G001 0.712 0.021 0.828 0.021

88


ip-temp
Rectangle


pg/nmL 13 13 Gutathione S-TrE ng/nm. 0.14 0.14 IL-13 pg/nL 7.0 7.6 SGOT
ug/ mL 1.

EGFpg/ m
nmyocyt e:
Table 21: Statistic analysis of relative change of LVEDD
Simple 95% Individual 95%
Difference Standard Confidence Point Standard Confidence
Comparison| Estimate  Error Interval P-value[|Group Estimate Error Intervals
\r/i';iccl‘f' -0.0018 0.0466 -0.0952 0.0916 0.969 [FCPC  0.1083 0.0330 0.0423 0.1743
\Vehicle 0.1101 0.0330 0.0441 0.1761
ol v, -0.0260 0.0485 -0.1232 0.0712 0.594 [le4  0.0841 0.0356 0.0128 0.1554
Vehicle 0.1101 0.0330 0.0441 0.1761
oS v, 0.1170 0.0485 -0.2142 -0.0199 0.01G [tes  -0.0069 0.0356 -0.0782 0.0644
Vehicle 0.1101 0.0330 0.0441 0.1761
\1/2?1.Z|Se -0.1561  0.0497 -0.2556 -0.0565 .003 [le6  -0.0459 0.0372 -0.1204 0.0285
\Vehicle 0.1101 0.0330 0.0441 0.1761
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Table 22: Statistic analysis of absolute change of LVESD

95%
Percent Confidence Point Point
Study| Comparison Difference Standard Interval Estimate Standard Estimate Standard
Day | (Avs.B) Estimate FError (Lower Upper) P-value of A ErmrorofA ofB  ErrorofB
1CPC vs
5 Vehicle -3 5 -12 7 0517 0.559 0.020 0.577 0.021
5 |le4 vs. Vehicle -4 5 -13 7 0.483 0.556 0.021 0.577 0.021
5 |1e5 vs. Vehicle 0 5 -10 11 0.982 0.576 0.022 0.577 0.021
5 |1e6 vs. Vehicle 7 6 -4 19 0.222 0.616 0.025 0.577 0.021
1CPC vs
28 Vehicle -6 5 -15 4 0201 0.611 0.022 0.652 0.023
28 |le4 vs. Vehicle  -17 4 -26 -8 < O.431 0.538 0.021 0.652 0.023
28 |[le5vs. Vehicle  -23 4 -30 -14 <3031 0.503 0.019 0.652 0.023
28 |le6 vs. Vehicle  -28 4 -35 20 <8000 0468 0.019 0.652 0.023
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Table 23: Rat CTC isolation from different part of heart

AN=7ITNANT -

o B T |

11 AN"7TNAN"7 -

1368858 at Ugt8 1'

™I 1.1 - ANT7ITNIrrN=7

1369015 at Nosl

Date of
isolation Atria Apex Remainnig Ventricle
Yield Viability Yield Viability Yield Viability
71706 2.70E+06 | 81.10% | 4.90E+05 | 72.70% | 5.20E+06 | 77.90%
72406 6.00E+06 | 68.70% [ 1.20E+06 | 55.90% | 5.60E+06 | 55.70%
80206 4.00E+06 89% 1.02E+06 | 73.50% | 4.80E+06 | 78.60%
Average 4.23E+06 | 79.6% | 9.03E+05 | 67.4% | 5.20E+06 | 70.7%
S.D. 1.66E+06 10.2% | 3.69E+05 9.9% 4.00E+05 | 13.0%
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Table 24: Cytokine secretion from hCTC

Cytokine Unit | hCTC conditioned medium | Blank medium
Pierce Searchlight
hTIMP1 pg/ml 120000.0 225.6
hKGF pg/ml 118.8 212
hL-Selectin pg/mi 1086.8 329.0
hHGF pg/ml 787.4 259.6
hVCAM pg/ml 1458.6 548.0
hHB-EGF pg/ml 169.6 63.8
hiICAM1 pg/ml 116.6 44 8
hVEGF-RI pg/ml 95.8 412
hANG2 pg/ml 549.0 240.6
hE-Selectin pg/mi 238.4 108.2
hPDGF-BB pg/ml 41.2 232
hVEGF pg/ml 1170.0 700.8
hE Cadherin pg/mi 175.4 116.8
hP-selectin pg/mi 4433.8 3040.0
hFGFb pg/ml 8.6 6.2
hTPO pg/ml 1119.8 892.6
hVEGF-RII pg/ml 11.6 15.6
Rules-Based Medicine
PAI-1 ng/mL 68 <LOW>
TIMP-1 ng/mL 58 <LOW>
IL-6 pg/mL 736 <LOW>
VEGF pg/mL 346 <LOW>
MCP-1 pg/mL 623 <LOW>
IL-8 pg/mL 54 1.5
MIP-1alpha pg/mL 8.1 0.73
Cancer Antigen 1 U/mL 0.35 <LOW>
FGF basic pg/mL 107 <LOW>
Endothelin-1 pg/mL 7.1 <LOW>
Eotaxin pg/mL 26 <LOW>
ICAM-1 ng/mL 0.13 0.044
Alpha-Fetoprotein ng/mL 0.12 0.065
IL-1beta pg/mL 0.16 0.098
IL-10 pg/mL 0.36 0.32
IL-12p70 pa/mL 7.4 7.1
Cancer Antigen 1 U/mL 0.86 <LOW>
IL-7 pg/mL 13 13
Glutathione S-Tr3 ng/mL 0.14 0.14
IL-13 pg/mL 7.0 7.6
SGOT ug/mL 1.5 17
MMP-2 ng/mL 20 <LOW>
IFN-gamma pg/mL 0.59 <LOW>
EGF pg/mL 0.86 <LOW>
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Table 25: Ratio of proliferating myocytes in total myocytes at border zone
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Table 26: Myocyte density (mm?)

~AA~AA~AA~AAAa

group vehicle hCTC hCTC hCTC
10000 100000 1000000
mean 1813 2210 2220 2113
std 205 555 455 456
SEM 84 227 186 186
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Table 27: Differentially Expressed Genes In Treatment Groups Over Vehicle Group

IAccession ID Gene Symbol Regulation
1368674 _at Pygl {
1368858 _at Ugts )
1369015 _at Nos 1 {
1369653 _at Tgfbr2 {
1370225 _at Cited4 )
1370297 _at Plk1 t
1370597 _at Stx17 t
1371457 _at )
1373799 _at t
1373896 _at Syt1 t
1374356_at )
1376856 _at RGD1310414 t
1377059 _at Mapk10 {
1377073 _at )
1378206_a_at t
1378647 _at t
1378834 _at Xrce5 t
1378867 _at t
1379930 _at t
1380586_at Ggps1 {
1380727 _at t
1381588 _at RGD1310623 t
1382433 at Sorcs1_predicted l
1383656 _at t
1383736 _at Elavi2 t
1387415_a_at Stxbp5 )
1387445 _at Phkg1 t
1387492 _at Slco2a1 t
1389240 _at )
1389948 _at t
1391144 _at t
1391331 _at )
1392688 at Rassf1 T
1392727 _at RGD1307365 t
1393261 _at )
1393526 _at t
1393812_at Plac9_predicted T
1394401 _at Elovle )
1394603 _at {
1394641 _at {
1395227 _at {
1395415 _at t
1397577 _at t
1397911 _at )
1398686 _at ac t



ip-temp
Rectangle


Donor (Im‘\ Ane (eAnder Caillse of

Neat h Cardi ac

rel at ed di

annnsi & Medi cal

hi st ory
2 (lot
Table 28: hCTC Donor information
Donor | Age | Gender | Cause | Cardiac related Medical Others
(lot) of diagnosis history
Death
1 49 Female ICH None Hypertension Transplant-
(lot 1) grade
2 65 Female ICH None Hypertension
(lot 2)
3 65 Male ICH Dilated Hypertension
(lot 3) CardioMyopathy;
Coronary Artery
Disease
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Table 29: Mortality in multiple-lot and long-term efficacy study

Group Mortality
Vehicle 40% (4/10)
hCTC lot 1 20% (2/10)
hCTC lot 2 20% (2/10)
hCTC lot 3 40% (4/10)
hFibroblast 40% (4/10)
pCTC 10% (1/10)
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col | agen re heart
is used aim 1,
wherein t mer ase
express WisE TORBRET 9.7458-D%G8512 9, CD81,
CD34, an e18n'®t h@é6501 ogbtai rmogoes Waeysei re.otbe (29.F7d| a€602

tissue-d RS0 do 2R%: | OBNP MO0YIR AANF A OOSABL P85 axchiles at | east
one of t £6|%§rs1sj§’D| ,0%1900& 8) A%D‘b@zmﬁmiéé agﬁ?sbsl- 1. 8. A
met hod t d%nWocaﬁﬁl 06150 20.0pA¢ | @18138 C opsrd ? t herostleps of :

a. Obta |, of (G ioBLC1 A5 le] GeREvAd g 1T naf 2ol ot
express t Aol Adf¥ NI St | NGrERE 0BBBUl @hisoN Bts car &k ac
tissue-d o21tshe pamlem%&mn(@ﬂnawmmns 9u&$acu@m¢ toosbrieat the
damaged i@? négﬁojégﬁ%chgggi38;@@e9%§m5tQ§1adn1%?stration of
t he cardi TS CRld2S [Tos71¥ T ob.08dsF EGlash Mo@sesd PI1T21 Mt U7 1shre| damaged
nyocar di -thod ohzulammxs mhez=wmm5h®oadn reb.st r at.$4on| of the
cardiac tE Ligeides 108438 ;097525 °98p°t nt @ t he'®pPela of the
hear t |nned|ately surroundlng the damaged nyocardlun1 11. A nethod to

repair danmaged myocardiumin a patient conprising the steps of:
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a. Obtaining a population of cardiac tissue-derived cells that do not

expr eSS b Al mman s A A~ —_ Al I~ ANl Al A d mia i e . P PRy _~emamaal Al A A -~ L PR -
tissue-( he
damaged ion
of the «

damaged nyocardium 13. The nethod of claim 11, wherein the adm nistration
of the cardiac tissue-derived cells is via direct injection into the area
of the h rg.%ﬂgediately surroundi ng the danmaged myocardium 14. A purified
popul at i SMebE FiWED Scar di ac tissue-derived cells that do not express

tel omerase express, that express at |east one of the foll ow ng markers:

CD49e, CD1Q5, AGRRRod 0dduceloddiacaidudirived cdfs thAr @HidtfexprtsPRRithaideon of
human cardi ac tissue-derived cells that do not express tel omerase express,

that do not esqmresdngtheis@aselone of the fol l owing markers: MDR, CD19, CD16,
CD46, CD106 and Is1-1.

a. Obtaining heart tissue,
b. Dissociating the heart tissue,
c. Digesting the heart tissue to release cells,
d. Removing cardiomyocytes from the released cells, and
¢. Culturing the remaining cells.
2. The method of claim 1, wherein the heart tissue is dissociated manually.
3. The method of claim 1, wherein the heart tissue is dissociated mechanically.

4. The method of claim 1, wherein the heart tissue is digested with at least one

enzyme selected from the group consisting of collagenase and dispase.

5. The method of claim 1, wherein an entire heart is used as the source for the

cardiac tissue.

6. The method of claim 1, wherein the cardiac tissue-derived cells that do not
express telomerase express at least one of the following markers: CD49e, CD105,

CD59, CD81, CD34, and CD117.

7. The method of claim 1, wherein the cardiac tissue-derived cells that do not
express telomerase do not express at least one of the following markers: MDR,

CD19, CD16, CD46, CD106 and Isl-1.

8. A method to treat damaged myocardium in a patient comprising the steps of:
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10.

11.

12.

13.

14.

15.

a. Obtaining a population of cardiac tissue-derived cells that do not express

telomerase, and

b. Administering the population of cardiac tissue-derived cells to the patient

in an amount sufficient to treat the damaged myocardium.

The method of claim 8, wherein the administration of the cardiac tissue-derived

cells is via direct injection into the damaged myocardium.

The method of claim 8, wherein the administration of the cardiac tissue-derived
cells is via direct injection into the area of the heart immediately surrounding the

damaged myocardium.
A method to repair damaged myocardium in a patient comprising the steps of:

a. Obtaining a population of cardiac tissue-derived cells that do not express

telomerase, and

b. Administering the population of cardiac tissue-derived cells to the patient

in an amount sufficient to repair the damaged myocardium.

The method of claim 11, wherein the administration of the cardiac tissue-derived

cells is via direct injection into the damaged myocardium.

The method of claim 11, wherein the administration of the cardiac tissue-derived
cells is via direct injection into the area of the heart immediately surrounding the

damaged myocardium.

A purified population of human cardiac tissue-derived cells that do not express
telomerase express, that express at least one of the following markers: CD49e,

CD105, CD59, CD81, CD34, and CD117.

A purified population of human cardiac tissue-derived cells that do not express
telomerase express, that do not express at least one of the following markers:

MDR, CD19, CD16, CD46, CD106 and Isl-1.
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