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WD 2008/ 006605 PCT/ EP2007/ 006239 1 A novel popul ation
of multipotent cardiac precursor cells derived from
WO honsne6od| ast ocysts derived stemcells Field BETER07/006239
invention 5 The present invention relates to a novel
mul ti potent cardi ac precursor (MCP) cell popul ation
A nolipoptildtiamofriBGitipaité st candiac preburspotelis detiver froaf human

fsd- nmedi cal treatnent,
bla%ﬂ ﬁ%ﬁwggﬂ'tvegﬁerb%ﬁgsdevel opnment, cell therapy and
toxicity testing. Furthernore, the MCP cells have the
. Ga ity ta differentiate into spontaneously 10
F'eléé’ﬁ?ﬁ%meﬁgogardl onyocyte-like cells which make t hem
Theairesemtriveetudruelan&mm anove! multmoteni;taxdnaegxeéursor (MCP) cell

pon G FETRS ok B4S e o5 e SRRy R 598

medidat trbfifhent| fharrmaeeubibaladrog deedldmnertutdli tietapg mnd ttoxicity testing.
so-cal | ed basenent cells derived from 15 hBS cells as
well. Accordingly, the invention also relates to these

Furtherseorenthe dMCP sells”iaaave tha\zapqmtg\kedlffeceriuateoauoawOetanfeously

e I O G S R S S
studiasmf cardidgeahesis ssiclaae eady leOWObdﬂlCZﬁ)@Sdeﬁoecaidlb‘aj or
he heal.th Gare system Cardi ac

reg%qeg%qlvsldgsr?{% rfghn]agog?er I’M>the best treatnent avail abl e

for end-stage heart d| sease. However, besides the high

oo Satd e dtfed BRETAUEN AL EBY BoARRo Tt B o

hBSt dedls as evedif Accundlnms,uqbp nrmm&m glsamelatelsdo thasetbadement cells that

havgégagleﬁ% E%tcé%a% gf‘?'%to'rda teﬁémon hgghg:rerged as a

novel tentative option to 25 stinmul ate myocardi al

Bac&gﬁﬁj}ﬁ({gﬂhgq v@/t educi ng the need for organs,

ased rea mants will be of great inportance to
Cardliovdscelac disegsasmtetrespdmsiblenfor ailatgelamosiof éfaddatiy arbundhthe world

and% %’ g/ C &%@%Lgﬁ kh\régh | .Itﬁ%gﬁ e%f‘e% rb%a a%q{aﬂggg?tatlon is still the

on I ona I ew 0
besqdo&atmanlt atailable fayamdrsiagehbeart dibeddec higaeven besides the higOcosts

for tR@%rttte;v%‘M cyrf %{tn%@ﬂs '&'%%ypirgéec}u%% [’H?th to ﬂﬁa dé"@éé e@e%t%@@rlved from
the assmmftlmnmmawmasmm andm\s livéted adeliahilltjoebbrgaln danerk. Among

oot 8! rairidiphing YWidadPes o300 Lftafite fion o
stlmgw,mygaardgllrpggagatlml By rediucing the negsl for 020083, cellbased
treaﬁnge:f;g% \Zvﬁlb eC@‘: %rgéetri@!ﬁ)?}??ﬁ(cquldoﬂﬁg&?’et gnd tcgt%é ||§§I9 gualé‘s?ﬁenng

i Ssues have been
fronssaveceededensralive 3tseaees sucztta%carwagaﬁmca@re new
cardi onyocytes (e.g. fetal cardionyocytes, skeletal
nmyobl asts, bone-marrow derived stemcells, stemcells
Theitraditianeldview ohtheriisialtiasa pestimitotorEngdiasieep3hallenged during the

pastF%gW )EE?SOQYJ 89&%’?& turnover as well as the presence of stem/progenitor cells
residing in the adult mammalian heart has been described (Urbanek et al PNAS 2003,
100 (18), 10440-45, Laugwitz et al Nature, 2005, 433, 647-653, Messina et al Circ Res
2004, 95, 911-921, Beltrami et al Cell, 2003, 114, 763-776, Cai et al Dev Cell 2003, 5,
877-889). A number of different tissues have been proposed as the source of stem
cells able to generate new cardiomyocytes (e.g. fetal cardiomyocytes, skeletal

myoblasts, bone-marrow derived stem cells, stem cells isolated from umbilical cord
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2 bl ood, adipose tissue derived stemcells, and
enbryonic stemcells). So far only enbryonic stem
wo eelslogedadive been shown in vitro to efficientl| §CT/EP2007/006239
differentiate into spontangously contracting
cardi onyocyte-like cells (Kehat et al J Cin Invest,
bloot( 8dipdé¥/tisshid 4leriz@Ddtemxeelist aad efibryonikestemblls )5 8b-faldhly

emEgyoTes P S B9 S ey YiBola T

spoﬁilehémﬂfﬂy' contrapting cartishiyonytedike celtsmkalbatsét;]ew ihlisvest, 188P407-
t . t
R e P par o
Mur?mbtysettdnmrcmaﬁoryqommat-ml ! Eg@(ﬂj ll-l})\gevérgd\emﬁ'a:jﬂrgbgcti iso:ation
atures of cardisomyo - )
of cafiis S rals S E B RIS bt b hiESr ot s st e dof Ben
pre\hrnum/nd_ e;srcﬂll)?m zNaad:bly,fM_GPtcebf: alp]sihmsalrtztlecRbeeps %gat yad have acquired
ure ssi na .et. S ,
the %%%%%) %’f%u i%%‘#%\%%@é?d‘é%ﬁ‘i‘g- A2). These cells were

cl onogeni c, expressed stem and endothelial cell

on B 065, e85 g e S5 e B e e

heartibiopisies @eldl gopagatedvia. tisSihe sdtutd (Messliret et Cirt dRes\v2004ar e

wogBPTant® ALRFeRREsRF AL ook el Wil oM IG eRbigpocc

stem apd ehdothaliat calemariers (d.@-kih €0:adBaat-1), end ermable to

emryonic stemcel|.s t di.fferenti Nt ..
aneiEREVEALS maCRterolBa ol STBGRT PR celf f yvo. These
isolatbesthbiveeer aradepsmding ed the a@ssibisityrte hamianthiopsisi aatdesurgical
nitor cell population from human

techCardi ic.tgéio&gr va :
QW? Hi'coEtENTVe%el I's. There is a great need for a
sinpl e non-surgical nethod for derivation, isolation,

A e BRI Ble R Rh@E fk PRI B 52 SrbBlonissta cots o

diffdrentiate injo terdtactimg myncytes blitticanepot basipy far ideritiféd and isolated a

i B B B AR oA BT o BB o

celleand the nmnethods for their preparation fromhBS cells.
In addition, it relates to a specific 30 basenent cell
type fromwhich the MCP cells originate. The MCP cells
Thedd istehgrept mesaifor a sinvee hposugical eethed fat derivatibn, iselatiend and
. [ C , {esh
exvion Stoet fg pHoe B GBS ok subpit bt Yod i phafiaciel arug |
develbpuiieht, émdgity itestinggamndhealiusp therameousl y  contracti ng
cardi omyocyte-li ke cells. 35 Accordingly, in one
aspect the invention relates to a cell popul ation
Briefatesedption ofithehimvantiohast ocyst - deri ved st em (hBS)

The%ﬁ%%ﬁﬁ 8@%@@%@%@%&9@8@%@%@9&%9 b?e%u%ro?‘(:ﬂ&?ﬁ) Eel}éQand the

methods for their preparation from hBS cells. In addition, it relates to a specific
basement cell type from which the MCP cells originate. The MCP cells of the present
invention are especially well suited for use in drug discovery, toxicity testing, and
cellular therapies because of their intrinsic capacity of differentiating into spontaneously

contracting cardiomyocyte-like cells.

Accordingly, in one aspect the invention relates to a cell population derived from

human blastocyst-derived stem (hBS) cells comprising multipotent cardiac precursor
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(MCP) cells as well as to the MCP cells as such. MCP
cells are easy to identify based on norphol ogi cal

WO ehngroa@d®r i zati on and furthernore, a cell popRCHEPNGT7/006239
conprising MCP cell have the foll ow ng
characteristics: i) at least 1 %of the cells exhibit

(MCPQ cellﬂf ADREI 8 B8 MO colis RNsucht MOR eelis ar@elsy to identify based
erentl

on i e o RSS! BB e
cell AV theSdliciel Eldracderisticy: at | east 1 % of the cells

exhi bi t f f
our ot 1Etah O Fieioali s Prsr SBerRsionef onf of fete 1
% of inafkeestdr sindikbichtistep rcell aha nﬁﬂ%r@elr@@mo@e@fr@ash@group

of one or f rk |nc d ng

br achmt'ngloﬁggkﬁré)&%grfgi 1% @ 14" d1 4’ t he

el | Satelééttthl% opmetcellsneﬂrwlf 0 pgﬁéle efpriessiss bbonabr mble-df a

( KDR) . {{n%rm)re astc% of the cells exhibit

no prBe¥pHMa ﬁF@glé‘PB’ﬁ WARECEAFore early 15 stage

ﬂl{ir g I glqemrﬂ%bf the cbllgexhitsit protein ahd@br denecdilgresstonNdf,one or
X a- or . _cqnnexin, 43.

Char 2106 DA ootk m SRS TG bpe R DR of dgsmin

NPN- catneastath obthardlls &etibit protin bad/er geneexpregsion 6fi Rtk-1

nor ph as described herein. 20 As will be apparent

from i sclosure herein, MCP cells are derived from
so-cal |l ed basenent ceIIs The basenent cells are

bt ai na ect S cells to a sus ens
FurBRT P ertdre ot o SRl A oleth R e PrgTeney Hore early
stagéi dardiae niariarisach as,.gy isled, OB, oTINT piNkxe2. B, edigtia-MelCy/or
shoré period. Fromthis suspensi on culture, cells are
conngXil &% 25 and proliferated and a monol ayer of basenent
cells appears. After further culturing, clusters of
MCP cel | s appear b Qns. on.a tr|n
An oo e s G g MR 8RR A1R darihe A8 ineSoMEsing ana tat
theyi averaiesry spedcifid morphbldgy aseleseribedterginesent i nventi on
also relates to a cell population conprising basenent
cells 30 as well as to basenent cells as such. In
As itk parapparent freitbe dishlesunehenein OMCPealetls ase deyived from so-called

pas§ o0t @My oo e ek Erle o Plinaplal St dhng 488 cohs W6
suspersitinocu/tarsysres fordesl aggrégation methedycatsrisinga diffedendigtion factor
o g B B g SN S0 e, A B 0 e
andmmqmﬁératedmm a Nonalage’ d baserne MCEl ERRRERTS 082 39rthet culturing,
clusp% %’f k/I‘JC(I!> 99‘?@% bgzglJ a%rba(flgortiglgn EQYr%@t on

As the basement cells are an important intermediate product in order to obtain MCP
cells, the present invention also relates to a cell population comprising basement cells

as well as to basement cells as such.

In separate aspects, the invention relates to cardiomyocyte-like cells derived from MCP
cells and to the use of basement cells, MCP cells and the cardiomyocyte-like cells in
drug discovery, drug screening, medicine etc. Furthermore, the invention relates to

methods for obtaining the cell populations.
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Definitions and abbreviations 5 As used herein, the
term ASA is intended to nean Acetyl Salicylic Acid,

WO Risonee0s t he active substance in aspirin. ABCT/ERZ07/006239
herein, the term "bl astocysga-derived stemcell” is
denoted BS cell, and the human formis terned "hBS

Detaitdd déscriptioni afd¢hetinventiome cells are often referred to
as 10 enbryonic stemcells, and nore specifically
human enbryonic stemcells. As used herein the term

Definibbsand sbbreviatiored t o nmean di net hyl sul f oxi de. As used
herein the term "basenent cells" is intended to nean
the layer of cells from 15 which the MCP cells ari se.

As UBad dewsin, tbeldre ASA i intended tamiean &detyl/ SalimylidAtidgwbizh is the
.char Lstics as well as by specific marker

ac“‘%ﬁw%r%ﬁ%“%i"i%%@i@ As used hergi nl,O the term"MCP" is
i ntended to nmean mnulti potent cardiac progenitor,

As ug?%;! %gféé tﬁ% ge[“?l'nl i ypgogzygpcﬁrwgagﬁ (}fél” Eé d% ? rré\ d ggg%ll, and the

humanrieays. te@ned hBShcadle!. lIn titgpunetthe eglisgre eften se‘etred tcsas

e SR BT o

def i ned by nmor phol ogi cal characteristics as vvel | as

As o TRESH e R RS CT UDPEn SRRy SRt e
GATA-4, and troponin T type 2 (TNNT2). i:urt he'r, , t he
. def | ‘ o car di
ns TGRS B8 RS REBRBAR cpls rom
whicrttie M@IP cekd drisel Basemeéntanells aretforiberdiefioedrbgpmaphgjogical
onagfbysoalol 400l ol i@l odsgggscocy oL her A
regul ated" are intended to nean 30 at |least a 2-fold
|
As (BeAieRdh! R drth AFGH! IO ABRMA I Rotta L BIddEhRet,
whidhnis @ dypeotheteeam gvm pee ta mgn;céufferenyp@btymwﬂah dimemesodermal

ineddh. SFRBEATe) Ao 10 56 hod WAE BRI EL RS RIS bR
shauﬁrme@eturesewnls madyrelmardiemyeaytes. NdCHdelisaterfudherdefined ay
morpﬁgpﬁgée’llschtal-é&’&@h!: as Rell Q? Bg?srPéiﬁcsMSrke?Pﬁad’bEteﬁgﬁésh ch as

I'ssue I ved I nc or €s
genwm@esfbooesw(mm ESZOONOMBEMXZE"& Cis A—#c@nd tmmnm T type 2

(TNW@% rthEPS M%?J éeh@la & G firfd aa%%hacongglr:tkr%g(ﬁ?@aﬁg)%gésors.

roma or reast. The fee
derlved fromcell types pertaining to the group

As L&ggsﬂeﬁélh tHE t%f'mg Et Ilﬁe#c%rgPh ngﬁP cfeilke @Pt%'lntgﬁﬁéd’foerﬁean a

rati nocytes, e ithelra
groupedfiat IeaEkBNmM@f Qﬁllsgﬁe@med to eaeh Iotneypes t hat may be
used for deriving feeder 5 cells include enbryonic

fibroblasts, extraenmbryonic endoderm cells,
As gsed Ia@,rﬁ@rtpgmrms “down regulated” and “up regulated” are intended to mean

at least a 2-fold distinction in regulation compared to undifferentiated cells.

Feeder cells

As used herein feeder cells are intended to mean supporting cell types used alone or in
combination. The cell type may further be of human or other species origin. The tissue
from which the feeder cells may be derived include embryonic, fetal, neonatal, juvenile

or adult tissue, and it further includes tissue derived from skin, including foreskin,
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mesodermcells, fetal fibroblasts and/or fibrocytes,
fetal nuscle cells, fetal skin cells, fetal |ung
WO c@isloge60s et al endot helial cells, fetal epithePCEEP2007/006239
cells, unbilical chord nmesenchymal cells, placental
fibroblasts and/or fibrocytes, placental endotheli al
umtglehl ehord posscieditray, epidhadisii, placebiaptallagias tubed glandula, stroma or

e LRG8O B M T i e P g
cons$istiorgodi| hmstam feomabilasts ffi bbmcmh@st eyocytds,| Keratinocites, erelottel)ial cells

and%l% Ih%,l&i g%l's %ﬁﬂgl%% §§&q‘o t%lo%altﬁgtl rﬁ%* %%g#%c} for deriving feeder

cellsaimdludebmbayonnceﬁbreblaatduéxtrmmnmenmerma:etkn ehirasthbryonic

o G3blE o BRATH AT 5bh RSP S Bl coe

fetadleng celt$, fetairandbBSlia edells fetahepithelial celhs yunidelichl throoth| ast s.

ekt 5 B 5 A ks B

post-eatah f‘bgaskm fioyabldsts and/nt fitrdeytes, postaatabmysaé celise postmatal skin

cellg?.{og{i%?t %&%&%?al@%ﬁ%%c{uﬁt%mn%Ygélgﬁg‘éHé/g @Hogﬁggyaduk nfuscle

cellsyeslot &llopiagitvbengndatisadiat cells, adultoglanddzdriendomet@lieglls, adult

stroﬁ%iéh&e@geggalﬁc%ﬂs ba per n@afég car?&q %rnm\)?]rgélvée %Jd'gﬁt%na&helial

or g an Suc
celle @dut epithetial ¢e|ls er admhkierpmmymsWheAsfemaeﬂsaarei derivedérom

hFF ce nded to nmean human foreskin
hB#‘feeol?st gls @’%“‘Pﬁ“'ﬁ% cells can further be
commercially available or derived as described in the

As %&inﬁ\g&gﬁc’ n ,Hﬁé 'i(lernme‘rhﬁélf' cﬁ |sfuiﬁf%ﬂdg(? {oeﬂng?n Hé’o%ls% %grﬁr%cg\gﬁbroblasts.

brob actor, prere
and/ or reconb|nant origin, and subtypes bel ongi ng

v GBS W oA S UTBHAMED ol B0 R P

lineagesdbeah ftam deesiompentabbiolapy.greoettadémat(giving risthte &.grmmural

tisséﬁ:\/ﬁés?&sesrrgn@vﬁ@%% b, ﬁ%ﬁ ?ﬂﬂ}g aﬁfﬁe I&Qﬂﬁgﬂ b?.l?& Bof ré'n%

endbderno(givingNiz20085 0866(05e FTIMERYQOTY, 3062 39 th@%nub@@m, liver
rej he term "xeno-free" is intended to nean
and?%ng e%ts. circunmvention of direct or in-direct
exposure to non-human ani nal conponents. As used

As lﬁg‘:‘erdq'le'?emtthg té g?Fch%rllg'elg wﬁ?rgc{)e;?ﬂ %ﬁhdrﬁ f'&'@ém%réﬂasts.

| NCr ease achnmen _ el t er to eac
ThethrFeq:elle rcat furthes bemmmlaﬂhevadpplbuqra!er'm @9 degeribed in the

rce. Markers for undifferentiated hBS
Metﬁé fé&ﬁé@’gﬂos SSEA- 4 (stage specific enbryonl c

antl gen 3 and 4), TRA-1-60, TRA-1-81, Cct-4, ALP
As Lgs%ldkt%'réiﬂ,ethg I?&?rp‘%lﬁsfﬁ%ans fibroblast growth factor, preferably of human

and/or recombinant origin, and subtypes belonging thereto are e.g. bFGF (sometimes
also referred to as FGF2) and FGF4.

As used herein, the term “EGF” is intended to mean epithelial growth factor.

The term “BMP2" is intended to mean bone-morphogenic protein-2 which is one
member of the BMP family of growth factors.
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10 Marker for early differentiated hBS cells: SSEA-1
Early markers from a devel opnental biol ogy perspective
WO 2@8/00¢%@5S nesoder m | i neage or gernl ayer are vPGBEP2067/006239

desm n, al pha-sarconeric acgin and marker for 15
mesendodermal cells is Brachyury. Marker for cells of
As et heegimtHe teara deenoMest” iisnintedBdAR td gieaa lcofmiplate kiraumyvention of

anefiy B i arEostr? Lo aat Al Bl PP BdE T st Focyt i

cells of the central nervous systen) 20 Cardl ac stem

cel.l ardi ac 0 r
s By bt g e forka A00 R8T b RleRdRale RaaBicridse
attaclanehtat celi dithes to édaohkather drdo acsarfdd:eahyﬂteydmﬂ;catm’ﬁrdf an external
forc:cTnT (cardiac troponin | and T), a-MC (al pha- 25

?ry05| n- heavy-chai n), connexin-43. As nentioned in the
above, the present invention provides MCP cells as

| LAl &g - .
Markie fo e T S SR S B ok R g gmbrvonic
antigezi 8 and 4),tTRA 1680y TRAgE 61 Qctt4, (ALP (Wﬁllmmblhtspaatase).l as
the basenent cells are novel. Such cells 30 are
advant ageously used for a nmultitude of investigative
Markenfposaty difierenteted 6B§.cell$:r8SEAd di scovery processes,
in drug screening processes, in vitro nodels for
studying drugs wth potential effect on cardiac cell
Early yperkersifionva developrdents! biology pespectiyedar ithe ogesvedsims lineage or
c r S V. r
ger@%ﬁ%ﬁﬁ%g‘ﬁ%& M ca?‘dg) %z%%e%ach% ‘lg\'/ceé“’It | sﬁ%ér 1fopn vitro
meseadoddartnak calistiy Brambyunyg, etc. 35 WO 2008/ 006605
PCT/ EP2007/ 006239 7 Furthernore, the MCP cells, the
i nternmedi ate basenent cells and the derived
Markenfdi cailg of gtiedeink ineagel blestim (ﬁ'd\FhmialgMiU@ﬂy}aCbﬁc progain or
r. [ | es: :
GF/I(J?Lseata{gggtl Igglr&elﬂgg{h% mt@Frﬁé’cﬁglte ffePeﬂréerg & Blﬁglt}glg‘?&érgd’sm Za.gg.éc’%tlc
cellsjefghaeeatralmen@iussastdrrac ti ssue. More specifically such
di sorders include cardiac 5 disorders such as
di sorders related to necrotic, apoptotic, damaged,
Cardiylsfstﬁnccelbmarker arklf @nd caydiph oraggniter mgrketm daletel, Nkx2.5, GATA-
i ncl ude i schem c heart
%pdel&[:ng'reg Q?alrcﬂ g?‘%ﬂ&[ﬁ rheumatic heart disease,
endocardltls aut oi mune car di ac di sease, val vul ar
[
warRgts BERSEe BRI RS (9t a0 15ho 193K fhS(anre
myqe\trehﬂaﬂayfc@layx) qdmeexiet43s, notably the MCP cells and the
10 cardi onyocyte-like cells according to the present

i nvention can be used in nedicine
As mentioned in the above, the present invention provides MCP cells as well as the

intermediate basement cells and differentiated MCP cells into cardiomyocyte-like cells.
It is envisaged that the MCP cells as well as the basement cells are novel. Such cells
are advantageously used for a multitude of investigative purposes such as, e.g., in drug
discovery processes, in drug screening processes, in vitro models for studying drugs
with potential effect on cardiac cell types, in vitro models for studying cardiogenesis
such as early cardiogenesis, in vitro models for studying human cardiodegenerative

disorders, in vitro cardiotoxicity testing, etc.
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and in the preparation of a nedicanent. MCP cells In
the present context MCP cells are intended to nean
wo eeislogeonst h a very specific 15 norphol ogy andP@i/ER2007/006239
speci fic marker characterisfyics. Accordingly, in a
first aspect the invention relates to a cell
Furthernmudrat the MG celise thef intenmbdiatenbdseasint celistandehe dedvest em

cardd Y BE SR b3l b Rt AR I e ron

of patbblogies mpd/(ondiseasex catsed byitissee degemstatibn Buct as,leegcel | s

def IRl Lo iR e Faf ALl N Frber el erdige

disosddre stardad disondetseretatedito nexosticl apopioticn Hakagdd, AysitbEiend)
east % 0

TRA-1-60. - TRA-1-81 and Qct-4, Li t | 1 th
and 0L ielp gty =hadnd oaidiip ke AerEibeloe ghehihear
disease,vardiad infeactionr; rieucdatidihegrt nisshse, emdoCirdfis| autpinahune cardiac
. least 1 % of th ells exhipit,protein d/ or.qe
diseash Nelvulaoheat disease r°°“§%”'P% B%a%g'ssrdﬁéscég@?%%wﬁ%5%8?"9’3'“
cardiarchsufficigndyramditiiel tive. Adcordirigly) tioe celissnotablyithve MaP tedlasind the
% of . the cells exhibi rotei.n and/ or_gene .. -
car éwoggtsel-l C ﬁs pLGOrding ??( pre%egnt inveq %?ﬁrgbq F?ﬁﬂ pﬁréedlcme
and éxtherdresaratioreofra medicathens an excel | ent marker for MCP
cells. 30 Mreover, for MCP cells at least 1 % such
as, e.g., at least 2% at least 5% at |least 10% at
MCPeeltsst 15% at |east 20% at |east 25% at |east 30%

in 13y S8R bod @ MER RSBt Bibtheg B meBR SR o 3op/sPREle
morpleaisdy &iPwith spddific madkbsctmrhc’:tbiiﬂ;t@caoAq:noodliBglm, ima!cfrrsmsb_ect the
el 58 TRES SN 35 Ao RGP gL g0
(hBS/)me;H@@6#n6@ﬁ6@51dﬂ[b‘61€&f?26@!7d®f}|6®390r (B1CR) acedait Trestelltpopulation
popfiaflon F& He A GRaralBleE' 150! o Ton accor di ng P

i) he i aMeadti1&hnottbapellsextgbiMBPantidenexpeesssion df eas or 5@ of

h 0 . 700
gg&) @%Hﬁegsa ga{ Uggﬁ%kgﬁjiggzglﬁtgﬁ%érgﬁxq gg/ eﬁ%}q@g?ﬂe group
| east cBitiog ol SBEARISIEA-ATRRA-126G rendz@etihg
cel | 0PV . '

B o B3 1 B I8 IOS Do BRSS! S more o
Acgognk’:m_gll rylgrka_r ipelubingaestimbr GRARccor ding to the

. S L

0] 5oRiehd 9L 68 ol B R YRl 455
10% wbrd efzsmessdgrmahmarkes scluzidtg brachyusy imemin oratesmin

igf ast 53026t 13} of HathiOfivitbroteitShaBPYBnePbxdr&&idn GFR-1

(KDR).
As it appears from the examples herein, Flk-1 is an excellent marker for MCP cells.

Moreover, for MCP cells at least 1% such as, e.g., at least 2%, at least 5%, at least
10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80%, at least 85%, at least 90% or at least 95% of
the cells exhibit no protein expression of one or more early stage cardiac marker
including islet-1, cTNI, cTNT, Nkx2.5, alpha-MHC or connexin 43.
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10 least 70% at |east 80% at |east 85% at |east 90%
or at least 95% of the cells exhibit protein and/or

WO gensdoepr essi on of Troponin T2. Al so, CD31 hBET/Be2007/006239
shown as an excellent markeg for MCP cells.
Accordingly, a cell population according to the

In coritesetit e.g needibmyocytss, MPP pelissreaon-cdintraeting cdils| Aastdidgly, a

col B3Biatep 3 Ztv By HvepificorseliroPaRle Rak affegp S0 o

such agsd.g. SQP/iisaﬁtGOP/ieaﬁtea%?‘?/%‘Vooaat Iéa;@lf)%':} @g/begat 85%,aattleé§b?¢)%, at
t 9%  a S 9 a eas ( eas

leash Bdecat pct b8 B 4085 b1 bichafth Lo R Rng Bl ©

and/ or gene expression of CD31. 20 In specific

s GlhRpRR e XA Topwth 82 fetd MR e cells
Accaﬁip@w aldelt pbbaaﬁ@smcomg@td the pkésent inlvesticarie aqtdpalatlenl

whefeit Bl B8 {ohishBag k. 0y T a1 558 5% s BASY (ohciionsf 15%,

at leasP2Qis) attieast 25%) at least 30%,| at dsdst 0% atiehsteid%, et tpast 60%, at

| east, 5% at | 10%, at ...
east {0 2005 e | F B 32, AlpesiaRis O oA tpd s S
protéin%andadr geaaekpre88ipn af Ttopaain BD% at | east 70% at
| east 80% at |east 85% at |east 90% or at | east 95%

of the cells exhibit protein and/or gene expression of
AlsdNCIB 15hasriblenrsho@A BA-ah exXcallent srpﬂloérffbrcM@l?bmﬂis vectordindig a cell

popfiglion 25ERAG I BTSSR i & Bop OB iay Bt 3 sucn
as, ab., lat katt 290 %at Ieastl56’asat leHs94 0% atl least 11520t least 2Q% sat least

2o S0 R i S Ao

at leaist 8%% 54t 1845Y00% Matllm95%5% the celteeexhabit proteiinabd/or gene
of ei K / or gene expression of Flk-1 (KDR),
eXPPFPB'BBr? ﬁ?’% CD31, Nkx2.5 and GATA-4, i.e. cells that
are MCP cells. 35 WD 2008/ 006605 PCT/ EP2007/ 006239 9

i sigh B e Rie S e R AT ri she Fndfers SRS Sohe
showu drinthessxaenpies, thad isl esasclanwﬂwea:asé eman t6egMGR cellsoare om%ed

afteéﬁ }lu‘?@g topii%@sej%g/der c%ﬁ% éégé’dg@% lagct%ﬁ ltpgéglt%fi%rgg/océog@ﬁé to the
preéeemmventm%; agiopulation, WBIEreinat ldastitte 86hoasa¢.gl, @hisasb2 at

Ieasgé r{ aé )e%?ts‘fO"IQSa/ol o%stﬁ g% %FIIeLag‘t ﬁf‘ﬁ 5? '|éas§25"? oEﬁ%Qst%qj Qart least

I'on
40% et I&asFﬁ(P%lat(lb’ziRﬁO"/calwlelaSlJO% at |Qast 8evd, st lehattS% eatmast 90%

or ag%lséf % oPth% Jelﬂg gl&%t ?Fg‘?(f? hfahﬁlo?ggr%e{ﬁggsﬁ?n Bmk@gés !arécg/or

I On accor I'mventi on
GATAdst 2% at | east 5% at least 10% at |east 15% at
| east 20% at |east 25% at 10 |east 30% at | east
40% at |east 50% at | east 60% at |east 70% at
In alspasific 80%pdiment,dhg tell population according to the invention has at least 1%

such as, e.g., at least 2%, at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%,
at least 85%, at least 90% or at least 95% of the cells exhibit protein and/or gene
expression of Flk-1 (KDR), Troponin T2, CD31, Nkx2.5 and GATA-4, i.e. cells that are
MCP cells.
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85% at |east 90% or at |east 95% of the cells exhibit
protein and/ or gene expression of two or nore markers
woabospoegeni tor cells Fl k-1 (KDR), Notch-1 or PSLAER2007/006239

i.e. cells that are MCP cebls. 15 Characteristic i)
ensures that the cells in general are differentiated
In anethésspeicifie .entbodiments, thelicéll pomnatldnramotdm toBe prdskat invention

has%ﬁ%?;.t\é{%%ﬂgl% Q?’h e, Lg} @S&ﬂl é"/e tljlegégrﬁ%é? %a%t 10% t)least 15%, at

leastl 20%ocntinhst 58 at idast Betar af Iebstkl@% @tlelast 5% patdedst 6D, iatleast

70%, g feab R o das B81e, PEBREECLR ok B EadTRR % BB opls i
protbiBS‘and&irlgena axpredsive lobpeel of mbre MBRecedfl pogeriitor eallseflk-14KDR)
anddgﬁ\ |e o QI?T&P Ig%a@ﬁycsengxhi bi t no protein expression

he™ o age cardi ac marker such as,
e.g., islet-1, cTNI, cTNT, Nkx2.5, al pha-MHC or

In agtérrt}rng)éhgv ﬁrgggé}i}eﬁgs e(?egl o%g a‘t:%r? 2;@6&38%@ G:grggt?nt invention
has @tlelast I%Bat ledt 586 |alt teast 0%1 atl leagir&t) s ast20% satuedsh 25% at

Ieasxgb‘zo N'a Od/ﬁ\éa?igggh,g&’élsgﬂg st%llg)f’g, %E%%%t ﬂ"/n d%all%atsé %SJ’/ %Ito least
85%, rait least:%%i ioo Ay leaytt 35% ok theael I$ exrijlnit prokesn add/of geremexmessibn of
two %Flg\l?r%lﬁﬁgeg% ﬂ%@é?ﬁ Kor%l iy FlgalV glélﬁ%hHhé{zlnglf \I/ % r(i/e"s that are

MCRleallsact eri sti c nor phol ogy as can be seen using |ight
m croscopy. Furthernore, MCP cells are shown in the
figures herein. In one enbodinent, the invention thus
Charadteristis i)temsaresehtt the pallsinigene ayer diénegtiaiBiPcelts, I.e. thewnare

difrBtTm ﬁﬁacp géglf?‘on‘?p«lh?cﬁ%éey %rreé%'?igec?nd phase- bri ght

s ar in dianmeter and
each cluster is conposed of 2-500 cells. The clusters

crefls e S5 bt B o AL TG4 80 EURERAALS e nygr e
cell® @h8rae6H8 06 iiPiodicERA0DAY tﬁé@é@ha\@onmdeahalwhataﬁéer and
cnaf B0 B Gl HET o5 MBS RERNS dhpesELY et
nonol ayer of basement cells. Mreover, the MCP cells
o5, 84S K B SR ATURIG R SO R T Bt hrp car
stadeucartiec nekar otk s se.0c iskelrip kONL TN Nkeab.aleha-MHeen
conhéﬁﬁhg' WL Shgrac n%g)sﬁré ﬁaNﬁg cgiléjﬁé\%rrﬁ)tsgpﬁﬁéreﬁﬁatﬁd into

[ oOns on a S on a schemn
cardiorlike gell, €e.1tBe cAIda:mecatlﬂ @rqcursqn callsswidfe poteacyion devaieping into

dlffeCrSJ'nt 'ﬁ rﬂ%,p&* lc@ﬁé\ﬂﬁ%‘grs@%ﬁ/ﬂgﬁ ltrfbge)gat%;%%eta/ér@%e w&%%aﬂ dlevelop into
cardubmyocwe -ike cgllewer atheg difterentiatestced yrels, butdbeyialapbiave the ability
of PRV PlscHint 888, 1 ¥ appear a6 | oosely adnerent cel

clunps that, i f grown on basenent cells, overlay a
MCH%% RV a 9éry characteristic morphology as can be seen using light
microscopy. Furthermore, MCP cells are shown in the figures herein. In one
embodiment, the invention thus relates to a cell population comprising MCP cells that
appear as clusters of small, round and phase-bright cells; individual cells are 5-20 pm
in diameter and each cluster is composed of 2-500 cells. The clusters of MCP celis are
either round or elongated in shape, as illustrated in figure 2 panel a, b and c.
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basenent cells, 3. have a relatively high

nucl eus-to-cytoplasma ratio, and/or 15 4. appear as
woRenslooens on a string have all of the foll ow RGT/EP2007/006239

characteristics i) at |eastipl % of the cells exhibit

no anti gen expression of one or nore 20 markers for
Normanl, thetiastersasfadiCR eklls aggear eaidoselylaehagns eéleclumgs thia,if

t he roup .copsisting of SSEA-3, SSEA-4. TRA-1-60
arowrran bR Folk: oVeraY 7 ongBTP L aseman (el RiofEgNpy the MCP
cellhdiieln teldtivelyrrigrenuclieuspioaytoptasntd ratioge.gr 1:26+ £64 of the total

neur e uch as, e.q.. nesti.n Qr GEAP 25 Lii). at
voluft1the S5, gyt heffteBuf g P e feties spe i ioble 2.
namekpthe d8CP Blusferoagpeanias imaticorsfonsa steiag dsrshravn warksohematib

K aé, Eucll y brachyury, vinmentin or desmn, and iv) at
sketcRinbauje d8ut the cells exhibit protein and/or gene
expression of Flk- 1 (KDR). 30 In a specific

embodi ment | east. 1% of the cells exhibit no. I
AcoBRal, i 8 2pe Sl BRSHNeE £ ool pbnifion 2efPPing b inyprfogss o
populatike whensih agleases®%, ofitisé MIGPLcells Tht, CTNT, Nkx2. 5,

al pha- WMHC qgr .connexin 43 (charactersti.c ). 35

Pr ef eP¥ 3 83?%%‘3&“@0%”8? apﬁgﬁ%[)r %rl‘tlcg}{% ave at

| east formvlusters o€ rdundror elvagateideshapé,i that appeahasiboagly adherent

char a8t C0PGES e gsoBtoa O0s AR bulh; o358 Bonsade!of

| N onpasmeadicetat of the invention, at | east 55% such

as,, e, d.,_at_least 60% at, | t %. . ast 70%
at 31 ea&é a/é%'/e“" B’S}f'%régy&%%%o{;'tﬁm%sﬁ%'/gé'gﬂ/?'[' %{t’ 'el east 90%
or 4at apperstas babBorsfort striMEP cel ls ful fil the
requirenents with respect to characteristics i), ii),
iii) 5 and/or iv). As nentioned above, the present

have all ehthedallawisgpchiarbetersticso a cel | popul ati on conpri si ng
MCP cells. Such a cell population fulfils at |east
characteristic i) such as, e.g., at |east
char ait er i at leasti 1% fobtheatells ealsbit navantigerhexpsession efaie or more
three, at |east 1. of .
ment oned TGS g Merdiaied el fie A Going Seected from the
hi ghl y desigraipl contistitgola®bBA-130 SGEA:4, TRA-4160 ARAMER1 and Oct-
cells fromundi fferentiated hBS cells. In one
enbodi nent bf the invention, at |east 2% such as,
e. g., iiat | atleastMp ohithel aelis exhibid 9 peateinexpress®Iof ane or more

| east 20% Bﬁ% n%ﬁ%?%a?lg%sua]i aéeeagc.t neditordrA@ast 40%

at least 5
iii) at least 1% of the cells exhibit protein and/or gene expression of one

or more of a mesodermal marker such as, e.g., brachyury, vimentin
or desmin, and

iv) at least 1% of the cells exhibit protein and/or gene expression of Flk-
1 (KDR).

In a specific embodiment, at least 1% of the cells exhibit no protein expression of one
or more early stage cardiac marker such as, e.g., islet-1, cTNI, cTNT, Nkx2.5, alpha-
MHC or connexin 43 (characterstic v)).

Preferably, at least 50% of the MCP cells have at least two of the four characteristics
such as at least three of the four characteristics or all four characteristics.
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15 at least 60% at |least 70% at |east 80% at |east
85% at |east 90% or at |least 95% of the cells in the
WO eesloogopul at i on conpri sing MCP cel | s exhi bi t PEDEP2007/006239

antigen expression of one gr nore markers for
undi fferentiated cell, the marker being selected from
the group consisting of SSEA-3, SSEA-4, TRA-1-60,

i o eibpBaPRP! ik vboidy YEP SR shln By lr BllekF g, i eas

65%bodtheast@0%e atlenetritG% mdeast 80%) at [&ast356h at amse%%tqr cat lemst

[ iff tiat, to,.ne I

o5 G308 M b BAFLeSobgh 8 bl B By
andioni»nt i on, at |east 2% such as, e.g., at least 5% at

| east 10% at |east 15% at | east 20% at | east 25%

at least 30% at |east 40% at |east 50% at | east
As r6€8tionad abews ttheé7 Pfsentt inVardioh aB0¥elates tb @asll pppuldbén camnprising

t 0.0 % l.s..if _the

A S8R SOPT Yo o BT Akt o BE S D shOFp G oo
charexterieticsi) for ab feashBvoosuchiaseat déashthner) raaleas’aﬁoiaeor alu«z:mhamarkers

t. t
mefpleain L5} Ralie EBor SR ABIED P Pl
distinguist3 thel ME@Ptcetiy foacurediffesemtiated hBS telfls. t wo or t hree of

the markers nentioned in iii) are fulfilled.. In one

enbodi nent of the invention, at |east 2% such as,
In oee gmpodimenéabthe Bigention,| at destst 2%o4uch as, ¢.gast ledSPH%att least

10% %?‘%taslz‘&:‘% tleés‘?%ﬁs eég é%g%%% eeﬁ?%as?Q(%,]%% /e‘laset%i% %Qtl/é?ast 50%,
at lea6Rg0%it atllth 0%5% least 80365t IGBV8TYo, at least 250 0686 ledisttIHeo of

I i ] > | .
the 8é‘1‘|'ﬁ u’?tr{ence'ﬂg)%g‘ﬁﬁu gﬁ’rﬂp é%% gllbg(g : egeg(ﬁfgﬁg@%?&g ﬁlé&g?suon of
onermn@re)fnaakeresmdmdrmrenmtddmellstnemnalser keing selécted frpor the group

2007/ 006239
Con%étm@hrgglr%éc er1 s?%rhv)-rw%sggﬁ 8+IQR ?ﬁ%@ogyt EEensure t hat
the cells not yet have devel oped into early stage
. | :

MorQWe(ij 'oa?ltéljﬁgﬁlq\éég, gﬁee?ée“rj%%ﬂ%)%q@b %Fag g‘s %éastt'ﬂ\ar aC%r](iesrtllc Sn for bot
markems megntioped in iD. This kharactegstit is imporgnt 4o emsuse thaat dfffemmlatlon

into%ﬁ#&?[y?e%ﬂ&%l@@gvc%i@ %.iIN lvn lenwb%iﬁme%mptﬂlem%ti?rﬁ,éttf@ast 2%

i nvention, at leas % such as, e.g., at leas % at

such asst.g.5atllegst b, dtdeast 10%vat laast] 1é§(stat @4 2Q0r, atdaast 225 at

d 4 o At b
oo ko i 3 480500 Bk Bep B0, e d 30, a o
85%, @tlsas 0% or ableasteRidh obtmastls Intthe celepopulatipnt deenpsising MCP
cellé’&gﬁﬂif"“d protdif? @?ﬁr’e%laﬂ OW? GEmbre P nﬁ‘é}ré’ﬂ' SRR, eg.,
and/ or gene one

expressi on or nore early stage
nestimerdBBBP mar ker such as, e.g., islet-1, cTNI, CcTNT,
Nkx2.5, al pha- MVHC or connexi n 43. 10 In specifi c the
cell population has at |east two of the four
Chagaieristic éb) reJates 4o prasknes; obimesadesval charasteristics aed prafierably at

least @ﬁér?gt B&tlcSih fBlshngf or"’\Heefd? Lt'ﬁe ﬁlgﬁ(e?schgﬁh(ﬂédqg iii) BASTUAREY. . 1

t1on accor I nvention
one)egm@dfmqé of the; |@y\eqt|§naa1t Ig@ﬁt@ﬁ{q supb as, e.g., at least 5%, at least 10%,

at least 15%, at least 20%, at least 25%, at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 85%, at least 90% or at least 95% of the
cells in the cell population comprising MCP cells exhibit protein and/or gene expression

of one or more of a mesodermal marker such as, e.g., brachyury, vimentin or desmin.
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15 if used for nedical purposes. The MCP cells

according to the invention are capabl e of maintaining
woRHs®ecds the characteristics i) - v) they eRGTEP2007/006239

during cultivation. In thisicontext the term

"mai ntai ned characteristics"” is intended to nmean
Chasacigristic v) stafiimportgnce to ensureitigeiiee eadisimes yetdrave\develapadinto

earl?g{algﬁg:rgr&fs L%A%Eegls%rﬂg Q{]%lrﬁ%m ntﬁg rch g?%t\ﬁ'ﬁ t}]s%a;{];e%ﬁ@ly at least

charaetesistic wgfoaladleasirmamctm;s e>g3,r2:§55 “pB or Bioéthe rharkers mentioned in

). (bRt (e AP pEba g SO o2 o0 e e o oast

10%y iat feast TZEE%,FaIrIdam A%, af Ieb8IR25%6| dtdeashB0%e at leastetDds, &t éxhst 50%,

at RER R TRAT 72 ol BRSCE o b BERE SRl affhn o o

the talls20 the celipopuBtise nemprisied MCRoalls2Ribiteol rotedt indidrayene

exo s 5H5E B BEARRLLL B R, 5 oy
cTNAablkshbvaiphdrbHG brecditexine®8l. | s can give rise to
basenment cells as well as basenment cells giving rise

to MCP cells, 30 i.e the cells are to be closely
In speaificettie pelkk popdationdes| & least twasofitbe fourphatactsistics stohrasrat

easf R A R 5. Vg Felypgbr ProPer

differentiating into cardiomyocyte-Ii ke cells.
[
The/$5f PoAuBE accofih o R SR IE b b kOt Rl PR ar bavantage
if usedlfiprevedicaltpormise$.er enti ati on by plating and usi ng WO
2008/ 006605 PCT/ EP2007/ 006239 13 a differentiation
mediumfor a tinme period of at |east 5 days and then
TheiMCRaslissacdoedisg toothe inwehtiomeref edpable af gnaihtaining these of tbs
cha?al:te?lgtlé ?ﬂ/g&\eg e%lbﬁ I?i%nﬁ? ujlﬁva%)n' R‘ thlsgcroﬂfe?(r {ﬁeE{Qr‘M orl:walntalned
ene - expressi o one
cha-utelmsms issintpnded taamiegn s;abla/pncmm igeneror aetsgarw eXPFﬁSS|o)1 over a
defiflc bARA ard dhdiysid BEHAS Wrfon"a Bl ArRELHRIA SO infifilio
pressi on ne ore’'nore cardi ac nar ers
hlstcmhgmlstrmm méasudAg Aand  conipading exprepsion (iTeNsites. Ac@meglyna cell

popﬂlgtior{ bér)\%r?stlrg* ﬁl@ cé1s Oé’c&grdH&% ‘ﬁ% ér%s?ﬁ(t%\m‘n'iiorq %a@rrHe' Silred in
expression one or nore ~markers for

vitraundi fferentiated stemcells, the marker being sel ected
fromthe 10 group consisting of SSEA-3, SSEA-4

TRA-1- 60, TRA-1-81 and COct-4. Conparing with the
Furtbermeret MEPtelle carf be he-gktusratas and subsequendiyisalated fromdbe same

Iayerﬁgf Q%S%We%ééel%'. Sh @?rhérﬁﬂ&?&énv@éj r’fd?mehrﬂ@ Y58 tﬁ%sl S

aln t rcara IStICWIt respec
Basemsotieallig@nd MER eelts. bath show peedursar peqrnmtnﬁsmwh asﬂls-é(KDR)

gen{é gg@?ssﬁ Hh bhd sﬁ‘:‘d:és%%hpsi 'ﬁﬁ{eal‘é@;%éx%l?ﬂp%]‘l le)e tHﬁ/E thst tA¢ MCP

aracteristic
cellyearkgive rige 1ot baseaent eells)as well as basement cells gwmg rise to MCP cells,

i.e the cells are to be closely linked precursor cells with some properties in common.

Differentiated MCP cells _
One very important property of the novel MCP cells is their ability of differentiating into
cardiomyocyte-like cells. Accordingly, in one embodiment of the invention, a cell

population according to the invention is subjected to differentiation by plating and using
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speci fic enbodi nent characteristic i) is valid for at

| east 2% such as, e.g., at least 5% at |least 10% at
wOohkem®necd5% at | east 20% at | east 25% at | eRET/EBOH/006239

at | east 40% at |east 50%3 at | east 60% at | east

70% at |least 80% at |east 85% at |east 90% or at
a dlﬁa@ﬁﬁat%%@ilumlh@rkatﬁrlnbliplena%) of\@trlefjsz ;Srdays laad thenI llt has at least one

te-like cells derive rom MCP cel |l s shoul d

°“'1‘F3fg?@°w'5¥55 @F@FF%&% cii) in order to confirmtheir

gar di anigastyitos of Ihle&:eﬂkl éxmb‘t protein ard/ot hene evgpressiqrosfi drievare

cardi ac_markers

i £
car di G6rq esotameL BT S p9vEs - IACARE B Rnor desmin,
Brbodatnteast 1% estheells exHibit brdtelabndi/eagéne:émresslm ofsdriecore

f t | .3, 5
of 1 B PRERE IR RGN e 81 JoS ) AT actpiz SR CINT or
errbodccbmmxmatﬁar acteristic ii) is valid for at |east 2%
DY t 10% at | t
iho, &tepdl.p oo, S St ho ShugT Byl Gione Gfore

I ealst nﬁﬂ%t z;% t;ir dndﬂeterﬁl@%dssaémlc?@théﬁm%kgr bbmlg%iﬁlcteﬂ)%m the
at | eas 9 S
506 ofrupEopbisfa OfSSSEA, SR IR kedaTRAN &1 gndTite
retain their characteristics W|th respect to

i ff | ati.on. after

CoriatirBot ToRE bRt SHERt PRI cplsar B P LB 1k Farsiomyooyte-

like cbliEr darived ifioti theiMCP cklty maiitaih Gaﬂ;rtch%ram@’fstlawltheegpect 7o)
markers

of

mesdiginatimatidiiy otk FRRRcCHa R pe i BE e tsify ey 14 Prprpetpristic
suchts lacatbt (ﬂ%@aﬂeistlask) foetwep. or thteel of #sd mafkersatnehtiareetd in )0 a

st. 15 | east., 20% 5% o
speghg/em§9 ||née£|g hz;‘_ra%en% CI gav id ng%tﬁ%% ‘% u g%% %g% {lefastSA,
at |das3t$0%/8eastti 5%aa$tea8026%aat Ibash 26%3 ableastt 30% cattle D 4O %, at

east _95%.0of . th o
a0 LSS 2 e 0%, afspHiacse I LErR. asentson s =
leasa D6%r ofdhddcelst i on to differentiation has at | east two
or all three characteristics. 5 Basenent cells The

basenment cells are inportant internmediary cells in the
Morboveram'emarmbmme: ke cells dEnegd fiom MCBtcetie shduldbhavehe

cnatiteySi by ehfity! GBK cA AR I £ oy nave
posmae cadiiavghgrketsh ée pthe slfferentiatiem into cardiasdike cellaaresconirnaed. In
asp cgj ﬁ]e?who%gjrﬁ%rg(?ﬁes%e{%lé?@ﬂfart ?ﬁsp opu tg ﬁﬁtu%c%sa'i Te%@f ﬁ\éﬁgn as,

e.g. bas:emeﬁtorﬁeifltlse m*éhers: gientipgelindi).iloa shas:flc Iambbdilmemw ng

chalggr}gér%% ﬁ);%%%h& 1Sor a Ie%gt é%%ﬁ&h és 0/8 $f g{r lggﬂ%ﬁ}?;ﬁ l%%%g%t at least

n gene express ion 0
15% e $gasi 20%00 it |eam 584,18 leevshsmt atdeast dD%, ahlast S5Qfeat least 60%,

at nea’§P58°2,S!aﬂQa& %%I? ?e’as?%%%rﬁéééi 96% J)rrlat least 95% of the cells.

The differentiated cells also retain their characteristics with respect to differentiation,
i.e. the cell population after subjection to differentiation has at least characteristic iii) for
at least 2 such as, e.g., 2, 3, 4 or 5 of the markers mentioned in iii). In a specific
embodiment characteristic iii) is valid for at least 2% such as, e.g., at least 5%, at least
10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80%, at least 85%, at least 90% or at least 95% of

the cells.
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15 iii) at least 1 %of the cells exhibit no protein
expression of vinentin, iv) at least 1 %of the cells

WO @808i0béa0s no prot ei n expressi on of desm n, andPCWEP207/006239
least 1 % of the cells exhift no anti gen expression
of one or nore markers for undifferentiated cell, the
mar ker being selected fromthe group consisting of

ProfGEEY. R R rew Al aa Sihiselon  peusliucrts sy i or o

thregeharagtedistics. prot ein expressi on of a nunber of genes,
such as those listed in table |1, exanple 3.
Accordingly, a cell popul ation according to the

Basemeenhtellosn conpri si ng basenent cells has the foll ow ng

The pdsbehs fels RS ritarbl fferfBalaty S Bl fodafchlorafte cols.

Thepfare tistina foasthe i8Secklls fromawhieh lthey are deplex] 8nhd theg lareaslso

morB AR e A o PR BEb o PP o

relafesdd aicell phfitatiorzderiveddidnubuman dlagtoepstadesived 4te(TZEP®S) cells, the

co BRI R PORE 08 Bl RER

chammnm lin 3 (DSC3), interleukin 6 signal transducer

0 Froey Aoy B oerbels SR Tpro1dh apigREalg AR trathyury
fjor noadeaﬁd@bbbthe(o@lm)axhibin proteimasé/or gem éxpolessiomof alpha-

recep (KDR) ii) at least 1 %of the cells
has d%éz/ﬁ &Sdﬁﬁ "ed gene expression of oct-4 and 35

tipnogatleastd?e df the cefislexHikit Boprai¢ie expidSsios lof simabtin,

2008/ istj

PPt el Rtve: Poeisate seiiot A Prosed sibRsBRAETOb Gy 41 o

at | easleag%% sfible cails exhibjt no antijereexpradssian aftone@asiore

15% 9

157, gl P8l A9 it R o8R8 iy o o
popul ednsisiing of BSE%r&SWl §RAa1f60 arRAy81 and Oct-4.
characteristic norphol ogy as can be seen using |ight

m croscope. Furthernore, basenent cells are shown in
As gdee ffony theesxahplesi rereinnbasemend cblsoéxiniitt generamdianpeoteinon
I nt
epre@F‘?n o?%%;ﬁﬁ%gfe S‘erﬁaesp%] oagsutlh%&% ﬁ& m‘fﬁf)leﬂ, %g%.lﬂp%ei‘fe
Accprdingly, iaveell @ogoldtiomaceadding o thel lh\genape compiising basgmenticells has

the .ogg\gwéﬁﬁg%%%gra%{érgﬁ thelial cell-like shape. The

S are so 10 phase-dark and wel |
demar aticast 1% ottheeeilgl exhibibgenieexpressiamefat iaishoreor more of
cell's) Wb b 3, & ABNCA
ovi gathe the et uf,teE hr‘FYab ol Osc}é@lea?lf&%ﬂ‘ék fg?ﬂ@(ﬁ a(% C1),
speci ﬁes_ahremml(NEN_:T),tfrbeinomalph@ phaie(BEA% anpexn @@I (ANXAS8),
popul ma'tr%l‘éoﬂmtre‘r?(‘M@P), zona pellucida glycoprotein 4 (ZP4),
thrombomodulin (THBD), homeobox B7 (HOXB7), heart and neural crest
derivatives expressed 1 (HAND1), desmocollin 3 (DSC3), interleukin 6
signal transducer (IL6ST), aquaporin 1 (AQP1), Frizzled-related protein
(FRZB), bradykinin receptor B1 (BDKRB1), growth hormone receptor (GHR)
and kinase insert domain receptor (Fik-1) (KDR).
ii) at least 1% of the cells has down regulated gene expression of oct-4 and

nanog compared to undifferentiated hBS cells
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basenent cells, wherein at |east 5% of the basenent

cells that 15 1. have a norphology with simlarities
woresHnéais t i ve endoderm 2. are epithelial |i RET/EB200E0®239

phase-dark and wel| demarcafsed as evi denced by I|ight

m croscopy, and/or 4. have an angul ar shape as
Theehacketesistic listed abbrie fior basehoa gel®lareaoemally VatidSor atneast 5%

the foll ow aracteristiGs | t as %, 0f
such 8%, &8, of PRI 0% 3 BEsPLAR, aiieent no%, oh FaSLastn, diibact 36%. o
leasbd@%urray laais) 5@ of daesdelld irtthefcetl pepulefidrs exhi bit protein
and/ or gene expression of al pha- 25 sarconeric actin,
iii) at least 1 %of the cells exhibit no protein
Basexpntcells baveh vennehracieristictnorphglogy ad earsbe $eéh oding hight
ot e expressi on

: |l i bi ' f.d '
i, FUhelnorfibBeoB! Bt s b gRieE hralt oFione
embobinoere, the invention thus kelatesftoa aell gbpdietientoraprisingieadement eells
v B0 Flor DA, ) SB35 e o B B o0
epitisgiatlike, te ehbpbaveean endatheliabeell-ike%habe I Tree haswaranttells are also
phafictiort AP cfatiem e Raee i eigehlRarbp ShentSd 855 fols gparer
theyanay haye iaaeguar dhapstas evideaeed bylight oticrasEogyi (figure 19).

characteristics. Normally, the characteristics are

valid for at |east 35 10% such as, e.g., at |east 20%
In aabetifasmibddittentithelimesttiod OSlateatto & eals popllétioradonhmrisitg

60%. at |.east 70% | 80% | cast 85% at
bas?’BS@Rce@%%’rb‘?’e'StazPeé)&&?‘%ﬁ@?egﬁaiﬁ%‘g"é gig'l'sst.ﬁg 5008/ 006605
PCHaE®A00GhA6I6gBith Sbnilanities kpmonifiveendddednnent t he

bnventign GATA-1 is an inportant transcription factor.
hé 6%8'%3"513&&0\TA- 1 is specifically notable since

TABfe phasesddrk @nd wegliateneicdted be evidendeddal light microscopy, and/or

{002y8 3B 50l ar ierds MU oMHRRSERY, opose than
GATA-1 can al so provide a biological Iink between

havé 3f lg%?tg}%%eo%itﬁe %ﬂgwﬂg%%%%?érgﬁéss by regulating early

processes dccurring during devel opnent. The
hemangi obl asts, that give rise to vascular cells and

bl Q)Od G Idadt 15 1Ge 9&%%@%%'?&?'& %@?ﬂ%?g‘ﬁ}ﬁe{%ﬁig" of

cardi ac progenitors an SO or
nmesoder rhrachuyhe early enbryo. 10 As nentioned above,

t he,pre | yvent | sQ. F S, I : )
AP 5 e P10 Borf S S Ao v o aona
popul at isarcomaricidctinat | east characteristic i), at

! e%ﬁt t V&?.Ié%st li&}]oeof tfm% Xalsct{lﬂrbﬂ%ﬁfrbl%m regstin\ & ent{'n, and
characteristics preferably being are 1) and 1v), a
| eawt t ratdaast 1% of the cells exhibit no protein expression of desmin
v) at least 1% of the cells exhibit no antigen expression of one or more
markers for undifferentiated cell, the marker being selected from the

group consisting of SSEA-3, SSEA-4, TRA-1-60, TRA-1-81 and Oct-4

In specific embodiments, at least 5% of the basement cells have at least two of the five
characteristics and preferably the two characteristics are i) and iv) or they have at least
three, four or all five characteristics. Normally, the characteristics are valid for at least
10% such as, e.g., at least 20%, at least 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 80%, at least 85%, at least 90% or at least 95% of the cells.
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of the five characteristics, at |east four of the five

characteristics or the cell population 15 has all five
WO eongraederi stics. In general, each of the PCT/EP2007/006239

characteristics i)-v) is valeid for at |east 5% such

as, e.g., at least 10% at |east 15% at |east 20% at

| east 25% at least 30% at |east 40%or at |east 50%

In a%f eé éch%m {)Jg%epg&%lp@gﬁﬁé il'so? oﬂaﬁp %nsgﬁg ozﬂ I%ggr The

role @f GagA-1 sfspeeifitallyomtdtz¢ sinne iGATRe s bas beeh I'tmoeted tobé mvelved

o e BRRER 3oL Al HEOBL 6% 2 4 ERAPESs! b

Immuebl). Herpweaproposecthap GAT ARt c@balba peovidiet a bieldgicahlink bddween

T T —

durmag<Hé\kdlttmnejdnﬁhahdhamgupblaﬁm thalegipe esssfoorasofilaFtdils and blood
oo 1 g A i SR R b bl rnaes o

the mesdderinyin theieartyodrebryoundi f f erenti ated hBS cells, such
as undi fferentiated hBS cell lines. Such material can
be obtained from Cellartis AB and is al so avail abl e
As mmémtiongt abbee, Mid-present inedntion afpogelates to a cell population comprising

s SRS R PR EBRHl, SLAg r v

five shidratteristiosf thBA@GZh@@AGﬁiBti@ prafesablybéiag ahe O @agh iv)hat Ibhdtithree

o RRABRR 5k, b PO BRI PR Il

has Bl fiTér ehaZattedstiossM\gemdtal cedch df ithreechaBd@ersticSA0 25 vahiddacat

oS3 41 S0l B0 ot o

30%SAbRast 435 21 atledstSB4 0f theeelis.so approved for the UK
Stem Cell Bank registry at the MRC (Medical Research
Council). 5 Characteristics of the hBS cells
Therbasemasinabdsl My alsabe obiginedtie xerad-free formhe f ol | owi ng:
positive for al kaline phosphatase, SSEA-3- SSEA-4, TRA
1-60, TRA 1-81, Cct-4, negative for SSEA-1,
Thet udeoofethae Srdividualvtyps of salll op tell pppulatiaryisi deseiibed harein before or
| mas formation in
appgﬁw& @gfélxgbéﬁe{s °&§§§%p%eﬂ%¥%’?‘g use, the hBS cell
lines used as starting material may be derived froma

In alsgcmcpéfﬁeﬁﬁ ﬁ{einglpwesiH\pén‘% i6h ?Qatteg t a(‘cggbéﬁﬁﬁ ?ﬁdr\Z@&rﬁ&Emg

reparati on
basemasttqedlatae@ MGP e&lbam@ewn aﬂe@ﬂé%BShee\rhose ¢ell paputatios (i.e.

baséﬁ’rﬂgntaceﬁéI Qﬁ@ WEelfs'} %Qﬁbﬁ‘@gé’r{e and/or protein expression of Flk-1.

Method for preparation

Starting material

The starting material for the present invention is suitably pluripotent undifferentiated
hBS cells, such as undifferentiated hBS cell lines. Such material can be obtained from
Cellartis AB and is also available through the NIH stem cell registry
http://stemcells.nih.gov/research/registry/. Cellartis AB has two hBS cell lines (SA001
and SA002) and one subclone of SA002 (SA002.5) available through the NIH.

Those hBS cell lines have been frequently used in the present invention.
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nore than 100 straws in one single passage according

to a standardi zed nethod 15 (patent pendi ng,
WOoOMIBM0e098285), see the experinental section RETEPRN0TN006239

The starting material used frerein may furthernore be

conpl etely xeno-free derived whereby conpletely
ThexGallartfsf 't RB zet lines SAQIR SﬂOOQaSAOWeSM kt S12A1sSA181,

SATRTpAT o AR SRRIS AR S, 947, PAREY DML B0z

SAS08(5A62 hand SABAD xare:aiaqnapmmt/ed fdr délexlgK Steinl GelbBahkaepistry at the
er,i aJ used be derived fromor been in
MR@E&'@Q@?J Wster?mghneg%%q "human aninal material. Suitable
conmponents for xeno-free derivation of hBS cells and

o D PR S SRR o o e RO S

posmue For adkalihel phosphatass KSBEAI B ISEHAad 1 BRA 4680 TMRA ©&8100ct-4,

o B SPEATT PSSPkt A phpiehey £ ERRTH ITne taer

showotbgnératdmaxt foematioohdn immaisp-deficientanicher human

reconbi nant enzynes or sterile nechanical tools for

di ssoci ati on and propagation of the cells. 3D culture
Bef@@ ube, tBedBesiidines us¢dias sfahiimmglbrasgterialimaybé Herivees fragh b LAXT

oA TS FERARCI SRR g oo

line® borastihdes by empanstdmaﬂ the bBP cels ingutthre agtdepsulisequént freezing of

P2007 .' i
morsqg?ﬁ)?@(? %?33% gggg ?n(ﬁ?e élgsesgagr%cc ?Iglﬁi)t% %Lgééﬁga'rélgeooﬁ]e%%
(patenthdridinge W 02004098288, sad theiexperirdertakesestion beiegn nmedi um

in a suspension culture of fromabout 1 to about 10

days such as fromabout 1 to about 6 days, ii)
Thetstartis evaterial usdrehereingmay furthesdorediel commpetalycgnoree derived

whe &fyf Arnyg gtre %%'-fﬂe:é ) seﬁme?lf %élf’ o @&Jdg)rﬂnrﬁﬂ?te like cglls m n% be

[
obtaieéd br bytenbalmsellrmgageaeraur/e g;?ilcme frot keyio- freemem\@@om péhBS
ceII%QI‘Ijl idnf 5 (? ﬁw%%r{%rﬁﬁneh ; stc?ldg E%Its'a?lﬁ o"i‘r?‘ rﬂﬁétéﬁ?%sg% 81ay not
be dmwedﬁnm mrddeles in eontact)withpanyorol- lhqmarr enpjm materiad. gpatable)
com&gb&ts f&roxe“?dfté f&rrggédr%ﬁ%§§%ﬂg%%g fértt‘é@ﬁ%r%ﬁé@ Bgsement,
MCRrod |cé|fdmneyucm -dike callsiage weméafrde slgemdetwm@ tirobtastgasuch)as

hunﬁé?}dfopésg%%%réﬁaﬁs déemrﬁrﬂ%%tdr"f%h\%:ﬂ sem:rﬁ 'bH féF? fredium with

asS suspensi on cul tures. S were
recorabinanti gnewthi factors, dlfferentlatlon factors and/or potentlal other additives, and

either human recombinant enzymes or sterile mechanical tools for dissociation and

propagation of the cells.
3D culture

I. Suspension culture

The basement cells as well as the MCP cells are derived from undifferentiated hBS
cells. A cell population comprising basement cells are obtained by a method
comprising the steps of
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suspension for 1-10 days, e.g., 1-8 days or 1-6 days,

and transferred to e.g. gelatin 15 coated di shes,
wol2ewdion®st o adhesi on of cell clusters. Prolif @CatEPRI97/006239

and differentiation are cofginued for about 2-6 days,

e.g., 4 days. A nonol ayer of cells appears from

pl ust edlturingfof oAt los manel pieaseofestiontes drcotomieshef undifferentiated

o scubbsFen i e Aremsatafmegi b A HERPRGRR EuliFi gp rom about 1
fbasenmﬁzfjbdfufthbsiays sumdéshﬁéantdbeuﬂ\m abelut |6 days der |t ved

rom undiffer te ce i 0
Wy 1aRsErBRdS s Soued cafigtog sutre fPess PP i &8
conprpmluf@aﬁdmmtﬂﬁsrenﬁatioh Det achnment and di ssoci ati on
05 t he hBS, ce

25
st Pl Rriuf behrn R AP bercer ey 1 e
c ul t ;mﬁcrpfjcaipe andr’c)rtr_elppént ;naatrlaemd@ftlfleatmmy d!éﬁmlgfllhefm ]E:e
r forced aggregation o e i,ii) culture o
Whus SRETRERIEIR b8 hufap g Besneptals Beni T at | on
wedi uopiionatly, repeatingvategs ifjerimat from about 1 to about
20 days such as fromabout 6 to about 8 days, 30 iv)

optionally, transferring the thus 3D-cultured cells to
UndiffezemtiatedchBe sl wérerrnanntamtedramddarqmaglatédan 386 daysasdch 4-5 days.

Thed%{deEer%nglakﬁ# %eglgl’w&é% gggcte Itgﬁ? e!,éslgly an %n ﬂf‘ﬁ/ Ig?ﬁcgas e@ﬁ%rgntlatton

mediune/ suchraal defiapt betomwkas suspension calalresa Thasetie ivereeghaintained in

ool 098483t LSRR B Sl

coateidagishesi iepdingity adME3ir0 0Bl 6605 s. FTDlfEFRRI00 Ahd @FfBentialidn are

con LB o 6 B RGRT PSR 5o cutrs

of cdilsf dret leaenaenit oallsnazahi henidentified diy usetofielgt lightmointosSopyt (@bl e
dsc (grentb]atlon nedia (e.g. for step i) in the
: é'ﬁ%ep 'ﬁ%’l culture and step iii) in the forced
aggregation nethod) includes but are not limted to
ffer |at|on medi um as described in Exanple 1 5
I th q;ﬂ%%qr?%a & DVEM suppl enented with Gutanmax (e.g. in
Thesbasemeahtelatasovelf asotive 0GP tells drerderiged fiomahdiffggntiated hBS

cellm cg%%?)pwat%n co%pﬁs@S %%%Eﬁttéeﬂga d %lgeg i) %%8 t1

for e nol-~esgent i al
conmmsm\gthestws@NEAA) (e.g. ina concentration fromO0.1

3/0 to f‘)%?a%‘ﬁn?eé‘{ 3!#8 legg%atﬁ)n%’tllel?lﬁi ’CB|||DSeIﬁT%%eS'Ug8%IJI§IOF?and

oncent ration %S
distrinution ofgelsuspensien toea owitswelhtissee celtgre,pldtet al

g)g(ybg\égﬂ%aﬁoﬁfgfygc{estr foal %%aa&%atﬁfggwg%ﬁaf gl to

digs cr ichltude iof thias ampaeces] thametewijcellmlrmarwﬁwemilaabn Bﬂad%m ina

| MDM ﬂﬁ&o well format from about 1 to about 20 days such as from about 6 to
about 8 days,

iv) optionally, transferring the thus 3D-cultured cells to a culture vessel for
continued proliferation and differentiation,

V) optionally, identifying basement cells by morphological criteria in light
microscope and/or relevant marker identification as defined herein,

vi) optionally, isolating the thus obtained basement cells, and

vii) optionally, repeating steps iii) — iv)
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65 % DVEM F12, supplenmented with 1 % PeST and
A utamax and made to a final concentration of 3,5 %
WO B@8/0065086 B- 27, 0.1 mM R-MeCH, 10 ng/m EG-, PROT/E§206¥/006239
bFGF, 4 nM Cardi otrophin-1,41@and 40 nM Thronbi n) or
conbi nations or variations 15 thereof. In those cases,
Step\l) abemalBr stants with sedpetdohg piduesof undifferptiated RBS axll dolomies in a

aiigrggon giegy i W25 8 w5t SRR GIRle e RprabpdRaS Sh. ror
sted i) onthalsaspersiont aultatecarid KBF4ipin thedorce@ @ggregdtidmmethed)

oS5 AR AR IF A BERTER oS aobblnerapor
contphising ﬁO-QMEEM gu1)pIlan;nefml_fqeze!aét/iﬂﬁ@t(::}anm’:amh(_eagri droh Icageame s dors trolimso. 1 to
2 mfiEs o] B Ee st & T SERAERRR0Y B8md. of BEpUE Ry Sdon

as, §lge Odetmdvihenk ceinbee Roreesdeatialtanaing beids GNEAA) (. lih tiur e
confFeify BHEP 0 PR T HELE: T PR EROUS s¥iontaton
from:abrtukt) :Ofug;gago:]nzqgssucb asr e.gd acb:mt T%par;cg(ri}(hasirﬁ;tfmﬁhmsgg.g., fetal
oo Bl (£ H'a e oftol U aRl ST g sBbnRaci . el 25haTr me
CGMfmaiiuma_stdeistr;umiEih @xatipde 6 ¢hdse rlaediurr\icnmpbaedadf 35)|% I&/{Dl\rll and
05 % O PEF AL PRroRieh e AT 1 2 45T o) SiliaiEy o g i@ e
condérﬁnt?a‘en ob8,68b riF:BSg AZfd/GIB—Z?,d).hH_d\H Brve®H, t(DJhg/rnl ﬁéBFf, @0 rigy/rél

or 4 Bl ORI LS B 3 AR 5 g

therBalsenent cells can then be identified norphol ogically
as well as by use of specific mnmarkers as descri bed
herein. 35 Derivation of basenment cells WO 2008/ 006605
In tHRGE /cERE) WhHetD 686 is Attludedpthesseryro nmydie EBE or hamnaosenfm. If
r S Vi
pretit I Boncelratlor Selir 3B ongt B SiEed B 1t Bllonih o
about3@arfrare dboutt 5% ¢o aboutIo8s ovatlout 80%rt  peri od of tine.
Thus, in a specific enbodinent step i) is perforned
for atinme period of fromabout 1 to abut 6 days such
In treesforaedgggragation atethad step ¢ (e dbe ddtadipent) fsrioiateddytenkydatic

t
realfie@ ¥ e TR By raBA A IMa ibSe AR Ruer ¥R v
Theswgspemedtion of thietanzgmearie npinzaliydn amange eantesperding tosed — SO0
; . |
U AR BGREEhY b BB e D 8ty R0
mediurs ldescritfedzablose)sans] dissasiatedibleghanicrdlyclel step éldhe centtifugation is
carrHégm@ EFF‘; L t8f1.0b62( Q’ ﬁ&%ﬁlly a@)ﬁgt 3?0(%?8 'aHmnbﬁnéiﬁ/qgr a Quifzﬂﬁé time

continu
period (e.g. 400 x g in 5 min or equivalents thereof). After centrifugation the cells are

incubated for a time period of 5-10 days, notably 6-8 days. 3D cluster structures are
transferred e.g. to gelatin coated dishes containing culture medium and cultured for 2-6
days, notably 4 days. Medium is normally changed every 1-3 days such as every
second to third day.

Basement cells can then be identified morphologically as well as by use of specific

markers as described herein.

Derivation of basement cells
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proliferate and differentiate. The adherence of the
cells may be directly on plastic, such as tissue

WO euI8f00¢685 pl asti c, protein coating such as | anP@T/EP2007/006239
poly-ornitin, on extracelluwear matrix conmponents such
as Matrigel, or on feeders or, preferably,

In ogler & emablofredtion/efdaskmentlEell§hiee predentinemidrs\hade found that it

s miicol b Y 00 L hgRbf il S Sa a1 ARGy short
periad ef thue.t Bhiseinfapspeacifie anmbadlireentistgp s pefdrmedifier a tireel pariod of

L .C or same type of iumused in step
ron o, 3 B Baeuch Ahe bl oot RS oo he B Bfogyt
to ableag Srdays er fromEataup i do Abaut@ d&E8! medi um  Sui t abl e 20
additives to the nedia used are gromh factors such as
EG- and bFGF and a serine protease such as Thronbin.

In st€pdi) ubtdjblLsuspmysidrlméitned élm)cqjlﬁifmm tH&[ﬂ\Asaembé@i\,EMure EﬂEZpIatgd in
' it %_P
a cff L8R3 of ob P EERERE VAR, Ang el ENEeEEaH AR pRYS
suctdad, exdyl Rukia fofratsgéutiure=dishes’ Basky ett. PriefeEably Athalkklls adhere
to g laPs bR Bsder 5RO g i DEGTE: oot B 8 SRufRG by
prolifgrefe and)differeptiaté.orheeadHenence dfitmecqlismaydbediréatigrongiasiic, such
os s 0P bl SR8 450 S O o B
matﬂncominml,mtﬁsum;as Matrigelpor o feete s dropraaltélably,élgejatjrscoa’mi

Vess:l’llﬁsen basenment cells appear and can be identified as
escri bed herein before. The basenent cells may be

i solated e.g. by mechanical dissection using a sharp

The Th&diGn e%ﬁ:‘?éc}]e'd"’}ﬁ e Fiiy AL oY &:ﬂ?&q‘?ﬁéﬁﬂl. i %er¥ is present, the
enzynat rgestion’usi’ng e.g. a col Fagenase,
sameroppseéniratios$ ag mentibeéchalove agechitatde t€DTde inT$tep ipgsewehtThe

~el | - L)z ks .
medih yony Rt iinRS sRRARR IR ot VB8] o gk Sulghp thethe
inclugel differentiatioh mestiyro |astdesoritesip Exeimple t bed &3 mediune ebditble
i B P fe Py 58 o B IR EREDE Horne
proteasedsfobraspihrpobins Theguedibmdnaneiugthear cdnpisel IVEIN and &MEM:

- - ¢ el ]l sccan
Fr20 gAY SRR PP ST AL IahER B el it
congendration afB.%,% FBS, 21w 827, On1 aiMs B-MeDiEt €& ng/onl &Gfet2ZBag/ml
L . i Q I no b 0 I Si

or 24 B RISRREHL o Mot PR BRI AL o
enrighsetohMCRe¢llss, e.g. steps i) - iii) as defined above

or, alternatively, conprising the use of isolated
Normally, step ii) is performed for a time period of from about 2 to about 20 days such
as e.g. from about 2 to abut 15 days, from about 2 to about 10 days, from about 2 to

about 6 days or from about 2 to about 4 days.

Then basement cells appear and can be identified as described herein before. The
basement cells may be isolated e.g. by mechanical dissection using a sharp micro
capillary or another suitable tool or by enzymatic digestion using e.g. a céllagenase,
trypsin, using a chelator, such as EDTA. The basement cells may be re-plated and
steps ii)-iv) repeated.
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10 or non-isol ated basenent cells and the further

steps of vi) culturing the basenent cells until MCP
woeesiwo@ppear s as evi denced by |ight m crosc80&ERAW/096239

rel evant marker identificatdion as defined herein, vii)

i solating the thus obtained MCP cells. 15 Suitable

Theademehtadell$ becalbdp\mémg cofmpribiag lties basement eéll§cérfbe)stdaa“d e.g.
t o_achi eve (fels ar e e.%. dihgerentlatlonrre b
by igB208RY FRAPIFORIRD RS ARCPRTDep ik INEPEMAIE Nedhin (AR e
use@ i paipbsas Husaribedendiove) or it may serumfree. The
medi um may be switch or it may be the sanme nedium 20
After a time period of fromabout 2 to abut 25 days
Deri&éﬁdﬂofﬂ]rf@l?ic@@s such as, e. g , from about 2 to about 20

sord35t at Bt L B ehn dEuEy g TR oGP cels
Accﬁhmlgly thd mv@b@utals% dites ofd metrmldefgn thg ptépwatm’nsod faf cellMCP
S a ear custscanesoae
popyigtar R MR cs e Zieho EBnng Ses T Sufifing Bsement
cellNke. gilstﬁpb&)” Elwai asbfi rﬁald dtﬁive@lr anerreativglypcdneprisirgethit iusa of isolated
a si.n, using a
or "8%'@0%% ga%%"&‘f{‘ ggﬁ’m&% ﬁ/ﬂ%‘%ls&%{%&js can fgrt her nor e
)3 i SQJII?lhﬂd thenbmtrwmbeltd un‘tmmcellzlapbias efsred)/idehgg@ b Oght
rom t ween..da and

Such tnicrbSihR ahdex pei6valft et o Edtibn asRpe hereh

hasenbchtm@lHahbawbtaamdeﬂCEd:ells’s0 The MCP cells may

further be sub-cultured e.g. for storage, for use for

cardiac differentiation, for characterization, for
Suitalsle metialfor thedtuinang of thef leseteet calls iromider toyadhistel MGP cells are

f e.in regener d|C|ne and/ or .f or i i
o o gifectifproR <P 55 EEN PelEi PLATBIRReteef 8 plhetin may
confal&r (G 665 albive) BPR Otad/ mm&‘@ae The Mediunme mayrbe, switth dviifPnay
b tﬁells nae be subjected to differentiation to provide
© AP T Me-1ike cells by i) plating MCP cells on a
surface in the presence of one or nore differentiation

o R R o a3 oI D BRE AL o

aboaic2 th, abdtif\26ddysy Sroor bbumtddo@bamtd‘lﬁodaylsefﬂomraboum tbaktri0 days,

oA S Bag B ARPEROR T NG o

MCRspkscappede sidese ellisids abobe isafgted e gubptrieshanicaldiisectian using

a stk 6REY hy anBRKL e BBy RO Bk i 2

collagempse,deypainc Bsihg pabeladar such as EDTA.

MCP clusters can furthermore be isolated in sequential rounds, such as from 1 to 20
times, from 5 to 10 times between day 1 and day 20, such as between day 5 and day
10 after that the basement cells have appeared.

The MCP cells may further be sub-cultured e.g. for storage, for use for cardiac
differentiation, for characterization, for use in drug discovery, for use in toxicity testing,

for use in regenerative medicine and/or for obtaining basement cells.

Differentiation of MCP cells
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conprising basenent cells, MCP cells or
cardi onyocyte-like cells derived fromMP cells, ii)
WO 018/006605r0r e nat urati on factors and/ or a nat uPET/EB2N07/006239
culture nmediumdriving the gocardiac differentiation,
and iii) optionally, an instruction for use. The
Furtieinsra} thermCr IctellH @ay bersatjeotedta diffeeertiatien toeprotigem t he

u SI s of VitroHESTM VitroHESTM
car@ }S‘F)Cé(ﬁf’e b?h bFGF, autol oguous pre-conditioned

i) pidig MEES:‘EI% oE@Mmfade imthe pnekenoe lbEone ar moecdiffgrentidtion factors

pre at i fa Iors
suc g oMlin il of PRV Rerg el Fardlies 871 a-a¢e deaoBail
DM®O, teftitbic dbld>ASA-ardlcastebiy/ agid bdd/oemedEMSO retinoic
ascor.bi [ and ASA. The kit may further
oo @Wp‘?'ﬁ%rgnf tSP@'?%Fgfo nmoni toring maturation. Suitable
tools nmay conprise i) PCR primers against at |east
three such as, e.g. at least four or at |east five of

Othehgsp S@nes codi ng for expression markers selected from
Thetiinengjoo afsogelatisto Iarkjﬁ Detaiiaakie particalkars of the aspects described

undi ffer atl d Sc I ls arcorre
avol§ Bpfy TR BYS (R E2rte PROHE puBol RO LSRET Fof the
app&rdedt elalmsTTIThus @aTkitlof tlee MMvighticrday comnprisena 48| papuldtoni )
east three

confbR5iog oo Rt WeB el B ber ey Sk sl s Bhmce

cellg i) bgeosmeed matueatidnrfactotshandjorcaimatoatiinsdultose mediver drétirg the

carc{ﬁ%wggr%g\ %tbq%;%\c@ﬁ‘ligﬁ WallgrBai\ ﬁélm@bnﬁ% 'ye The m&tyl&g,tion culture
medishenaylbe ddladted fro@Afid.gloupcdamisistiog’ Dﬂ’\/lthw \ttoHES™

sun PR Chr: alaBBf e SERRROTR 1BHEEE" e dFedigm, and

othermardaaspecificfcatttermediay andt theiong odnfdre metgration tactars are

soul e b o 98 BEGRIBMP, SUAUBR e,

DMSd)memheicra:td ascdrbicracids andh ASS\ The kit meaﬁytrteo compprise tools for

h | I ustrated
oy Biatalon, SupbERe by Srdtbes and 1 gures.
|) PGqunriers agmbstohtﬂ&ast threg seiah afs,re)m atheast famer ahlgast| feve of the
h Iy 590
gengg rﬁﬁélgg i&%%%g{oﬁgrgasgg %&Eﬁfﬁ% trQ $|%§8 &Og%?]tl \gﬁ&%ﬁﬁers for
undifienethatieted bBS dielis, eleemin, atphags%@Me;lcaaomlayBraahyw Nestin ,

oF R APl E B S R TR LB SR hMBCE s bt 40.0r o 1
i) arttiboties agaipst attl¢ast thrghtsuch elsmgkatrlesﬁmrlqngt keagtiive of the
expé&s%ﬂ rﬂ?rkgrsarﬂ ﬁsc‘s& ctgﬁ?r%ﬁtrﬁg Od éor%%?}{g tof’ arkers fo]{

h
unddieféte:tat%; hBS mgllsh lssmm Iamhaqﬂaecqmrmﬁlog@é;hyum gNestin ,
GFE&?;S@FWNB&J dé BAMRLE ﬁkl”&frﬁr | trylﬁ%: V?Anl'drboﬂheﬂh Live

erm an cel s are

In another embodiment a kit of the invention comprises
i) basement and/or MCP cells
i) optionally, factors for driving differentiation in vitro and or in vivo
iii) tools for administration of the cells to a patient or cells as such in an
administrative form, such as in a ready-to-use syringe.

The invention is further illustrated in the following non-limiting examples and figures.

Specific embodiments appear from the items and claims herein.
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like. I'n addition, individual cells are phase-dark,

wel | demarcated, and usually angular 10 in shape. The
WORDEpNesos| | ustrates cell obtai ned from hBS cePCTIEPR@7/006239

SA002.5, LOTBE002.5, passage 26, maintai ned on MEF

cells. Typical areas of basenment cells are indicated.

B. Shows a nonol ayer of differentiating cells 8 days

after plating, arisen fromadherent clusters of
Figye$ferentiating hBS cell's. The nonol ayer contai ns
Flgdﬂ@SeMBfﬁhoR@MOSbéﬁemqmlceﬂé area is indicat ed) The

A Sggﬁgrgergérlloi%/seir@%gg ?g |ngp%éI gogyigr‘tgrm h& HTE{IF%n rcl)meadherent
clustérs stdifférentdting HBS cdlisi Tieslbasenhdrit celts grow i aamdrdaterfStiotight
netrRISagONED A duerr Wi TARE pise of Brttagd oY 8ad b Histinguisn
usmdlllf;ﬁt&hi%fﬁslcﬁby imca EBG@re of diferevtatingthBShcallsUThe morpHolddyRf the
vasqentogs REaTe simlalBs hih st PHESaTARE e St P
like. ?ﬁ G_ddlﬂbﬂi hndlﬁdoafﬁbﬁ}ls ael dr&slafmm hell destaechted,andrasullly angular
_ [ cl us 0 e
i stiapB s o Blralis o opfiinas i 1B el B Seb25, LqTREp02 S,
paséafgémdﬁ Bairteinkd oh MEF Fﬁl&OZ;éﬁicalla@'d;Eﬁ%sémeraﬁla@ee nggated
i ntai ned on ce i.gur . rphol ogy o

SBovF adnoiaiae of gefnyrfiip eSS s anbr PG Fte S iratiadnerent
clusﬁﬂﬂx diifétentidting, hhsgﬁcéiBly$haﬁioablapéraddntq]nsbasement cells (aftypical

i fferentiate cells, qr r
areedirdicatpd B Pyt TyielsSioel HREER 1™ nBS.Eh R4 Shbess
LO'HBE(T)BQS ﬁtassﬁgamT eiﬁzynﬁm?mtlaﬁm hmalﬂﬂamys? lma\kEFFacdﬂsgh

n s-to0-cytopl asm.tati.o u
 antf . St w8 Bt oiGund ool & Shys 7R Bling! arlgB from
adhé’r}&at me?ed»fldlffdr:emtaﬁhg rt}\BSrt:eG‘.s bberrvgbﬂw ?Iust?mlof(MCP cells appear.
ated in s . val.s indicate
in ol o8 pita fred 18 ek B g )t 3 Bedelft sl marks an
ared withrbasinert|icklld anitEthS/k%BedS pvél@TdBEOQIy;ﬁcal plastageMBF, ce36
ove@gr{]gt:ﬁleg}asgmﬁ# &'Fu L{X?P%a Sétﬁ%%ce uqq ﬁ(ﬁ frgﬁnié?aélﬂine
SAORIS, ngSTlﬂoaLfbobawgeaegmmtanwomwtﬂmgpjlsof i sol at ed
and re-plated non-beating MCP cells A Shows the

nor phol ogy of an isolated MCP cell cluster, 6 days
Figuaé e rl\/lorabd:lagy oerCP&ﬁlltctwste;é ever&yingbasemen cellst ur e di sh

Panslg T ORBHICR I BrDEtR R e BETG & GG B Pl el owing
as oheltdrs ot)hwhall rreuhd raomplhsé.‘e-bagrht dellmbosmyfedlher‘emﬁhe monolayer of
vos 5 s G A R g, BIM e o e
clussdrs esrthe sohirityoto, “baltaons oher stmg_ tTdneatvI@Ewett clusterecah sitherbe
roufbrorEitod bl PR Tl (Ve it enmi e B8R € SricTioures
||Iusft56 cellse obtairedi frond hBSaeil dine SA002.6, KQTBEGO2Edpansagis-E26,

manrﬁt?me oncl‘ﬂlllilisggﬂgs FIal;]l H‘MU&%% %g%hgkaﬁ@slkeia% 81t§ QKMZE’ ugtgl Jmth

ays a er 1'SO
the “balloons on a string” morphology.

Figure 3 Morphology of isolated and re-plated non-beating MCP cells
A. Shows the morphology of an isolated MCP cell cluster, 6 days after isolation,

transferred to a new culture dish in (serum containing) differentiation medium. The
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transferred to a new culture dish in differentiation
medium The figure illustrates cells obtained from
wonBs/woedos | i ne SA121, LOTBD1 21, passage 156 PCT/EP2007/006239
enzymatic di ssociation 10 240 mai ntai ned on HFF cells.
Fi gure 4 Morphol ogy of isolated and re-plated MCP
figuredilustratedsi aelils gbtainedifeen hBSroeWlind S2d6€NtOTRF 464, paskage\22
The figure shows isolated MCP cell's

MCP ¢l u
ma'%ﬁ\"@ﬁ °8ﬁ‘?$eF%'h%| ate to new basement cells, 1 day 15
B. Shbiveithe motpiology of andédidted MCP a¢ll clastee didayswftehueulbticFrBS

W cells . can.he. o SELVE overl ayi t he nent
trana“%rrreﬁp P RaM R sl o BELR) Y F i OSPRET Sers
obtairdd feorn IhBSi cetl diné ISAVTZIRASOTBDN 21, i pass &R0165, + adythdlicHissociation

E‘SE%S S'AEFe%Ryrrati c dissociation 3 nmintained on

&L % AN “CR002. 5, LOTBE0D02. 5, passage 26 on MEF
C. ShelNBShe ﬁﬂrﬁoglgyeaf an I\&maubd IMIg? celf claﬁennamwaaftgr isolation,
ctl n

contr. m MCP.cel The . figur
wangite 4 i s T et ooaif B i irfies tens
obtaidfrom h8BAlel (ide SA123sSQEBBA21, maissdgE THEH+ enzyvidticatiddosiation
A.. Sho t phol ogy of a proliferating and
10@ﬂ8ﬁf%ﬁ§5ﬂ§f§/g§[§ntracti ng MCP cell cluster 8 days
after isolation in di fferenti ation medium 25 B. Shovvs
. th a cel | . .cluster oIatlon
Fiodid g iGPRapSy ek Ense- ARG ATS Sl Tr Tl g s hed”
basdrdentaelis ahd eewiMOP atusters. F. 26 days after isolation.
Q Figure .6 .Dff C
The uts Gy St TSR 6o P oMesdia B ol el pots. 1 cav
aftepisblatiore th differentiediSnceddiumiwithod DBS., Npa $4GR) eelsScan be observed
nz tic dissociatiqn i i ned F
oveNfDMS WaotiraRlEyS Lhaisaa TR SIIEH TRE aBls il Ui
obtdiemifsora hBPpietidine IBNOPROLOTHAL@I2, ipsssagedd NVarzyomticdissociation 3
Jedi itho I r Lsal ati.on.
mai B oS e R Ea g7 b 850058 eS8 e U yEE csls
honogenous nor phol ogy of isolated MCP cells in nedium
Flgl{rsg}\g%rph?l@ﬁ%ér%{)g&a%%rﬁslﬂf f)ﬁtrraét‘?\glcgﬁé r?é} vegfrﬁﬁ?7 ceI IIs
TherfigdrasrBAxbE Mluelratesmﬂsmbtameddwn bBSeell Ius;e)SAﬂOZm.OBALOOZ
passage 34, maintained on MEF cells.
A. Shows the morphology of a proliferating and spontaneously contracting MCP cell
cluster 8 days after isolation in differentiation medium.
B. Shows the same cell cluster 11 days after isolation.
C. 13 days after isolation.
D. 15 days after isolation.
E. 18 days after isolation.
F. 26 days after isolation.

Figure 6 Differentiation of MCP cells in the absence of serum

The figures 6A-6C illustrate cells obtained from hBS cell line AL0O02, passage 55 +
enzymatic dissociation 3 maintained on hFF cells and SA002.5, LOTBEO002.5, passage
26 on MEF cells.

A. Shows a typical morphology of isolated MCP cells in medium without serum, 1 day
after isolation.
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Figure 7 Vinmentin staining of MCP cells directly when
i sol ated using Cytospin Vinentin expression in MCP

WO gesloo@st ers fixed i nredi ately after i sol at PGWEP2007/006239
Nucl ei stained blue with APl and vinentin (nouse
anti-vinmentin anti body, V-6630, Sigma) is visualized

B. Shdws aty‘bi%lalfﬂamoggnmgxatrmip@bgy ofdsidated VELP @ells inadgdium without
{%%Bi%er E§Ot echnol ogy). Cell lines SA002.5,

ser (VP '80e 26 and SA002, LOTAL002 passage 48.

C. Shogsraetygicall Hamdgeabuw moophdidyy of ésldtéed MR eelisan nidium without
ngymogl eoc%%m cal analysis of the differentiated

QY5 ACHSOBNBB2, LOTAL002 passage 48, SA002. 5,

LOTBEOO02.5 15 passage 42 + 4 enzynati c passages,

.S L D121 and

Fio e 2 et Fat i FNIGR T Rus aredll bR ssiateq SRS Bleshin,

Viméntir\kxmeﬂsucm ieX\ICR ssll olostensofiveel |mMGd+aleIma|fttar isolation. bho.dyei

staing 5 B o ety Flswge aflny T & bR 508K sigma) s
visualideid-witrus é’RI‘mEtonjagatebtady nidusetig@t antdoalydShatbeogy ) .

siotpietion] (1 SAt02.% L BIRE00R R athd By SN T ALbo2

passxjel48.di fferentiated 3 days after isolation,

visualized with TRITC conjugated anti-nouse |[gGl

anti body (Sout hern Bi otechnol ogy). Nucl ei stained bl ue
Figune BHIlUs&Rtion 6 thExgsudts Dbtainedf byaihphanohistasheericat aaalysia of the

el FIEw e Bf SADPELETY Bajebie 48 Sifog 3 b TBE0bE s

passagewdd + Aathzyinaitic padshgés, TA 124 nmgaoem bngﬂﬂﬁod}O and 11

oSl ba B Pl RO o T BERR 22 o1 ) M2 S
A. Wfﬁ?éhtlm@tdrsssmrf(hmwatana{venierﬁﬁ al‘mpedyaf\:t -@630, Sidrad ) inMCP cells
cee VI 4
el AR 5 B0 00 b YRR R Bl e 001
antlbafd}n,(ﬁobtrtethlmmnhoalbgahaluyISI staiped bheswitreDAPtel | s A

o, BN GRG0 AR By kbl Reom i P
cellbadiffereptiated S days @ftet isvatien visdiatizedowitt TBrTCpbmwgﬁgedi anti-mouse

196 et TS Ahe AT B aRE b RucB T ART I oM.

C. Bxpressiopad alphadarQhar, aclnﬁ)TrAbosieZantpadsbagarc@ﬁxenaacmAHZ1 72,

s D08 i ShaEbbe R S

conjOgateddgMantibodyu Neiclei staihe bﬂtwg\&iﬂh@APl D. Illustrates

. _ !
0. EGERESRR T Nl sToRENKE K anfifs, Spfi orul? BRiknbioqy) in P
cellgdiffeientiated 1!551asragaﬁelaisoletiorplvéwah@du wnthjarf Alexasns andiciabhit 1gG
antibody.

Figure 9 lllustration of the results obtained by immunohistochemical analysis of
basement cells

A. Shows expression of a-sarcomeric actin (mouse anti-alpha sarcomeric actin, A2172,
Sigma) in basement cells cultivated 36 days after plating in differentiation medium. The
antigen marker is visualized with a FITC-conjugated IgM antibody. Cell line used is
SA002, LOTALOO2, passage 26.

B. DAPI staining of all cell nuclei including the basement cells.
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medi um The antigen marker is visualized wth an
Al exa488 anti-rabbit 1gG anti body. Cell 5 line used is
WO SiB0R6d®5 LOTBEOO02. 5 passage 32. E. DAPI st ai RCHEP2I07/006239
all cell nuclei including tde basenent cells. F.
Overlay of figure 9D and 9E together. The circles in
C. Oviegdy offiduré Al ardi B &dgettan. MCP cel | cl uster overl ayi ng

o eSS b AT B LG b 4y some e

biotémbiggYindbademeat exlls \difivatel| 15 dayk attereplating iB2iferentiation

mecit 6 TGSt A B ey s St BARRE g pRBT 1o Sidgs. cen
line LY&d i SAGHR.5, TOT BEAN2S pessags BBsequent |y mai ntai ned in
2% B27

c BRSSPI B BB PP,
F. Cwvedayl of figuge ODdindBFeyethet.er i sol ati on and pl ati ng.

The%l‘eg?rlm f}gad?’g% @r-l-zllgl%‘iec gegar? W@f cilisqér:qog\(ﬁ;glgyllna 'ecgés%%eq'\tt cells
alsol staiting Ipositioe e Bractyusy.ai ni ng of MCP cells at day 10
after isolation and plating. The figure shows
nor phol ogy, DAPI staining, and staining for brachyury
Figutés ¢ pne 93] Marphblogyrof isbatedcemeplatgdrMERicelts tatused indB27-
enes Sﬁeci fically expressed in basenent cells. Mcro

con ']”2%”‘3 'ém/si s was perforned as described in Exanple 3

MCRedld weregiznieed &wnpr lEBS line1 SA46 € hed blatedsclbsterst werke ttameferred to

i d i . . -axi )

newdfE ilsteke T Tnetfolds Brraffly BeMafeh iy ¢! edicm
conta:]rmpg)z%ihmmmpmm?m. gene exprlessi on |level. Panel A

. 1 : i - . .
o RNHIENGCE LR oF 371154, 7. dnd R e aer st
andqhatiegi 'ﬁ)ép%}al eapa@:al hce of_etbasiemeﬁl cellsrimindicated\at@ay 4z dnand 10, and
o} o kPSR leBti G Sre e gy P Rl B G G sotation
and(pHENB7 T he figuare tshawsl moephalogy; IDAR| stiining, anidvadainieg ferewaetyury
ex rlesé'HANDl)’ 30 desnocollin 3 (DSC3), interleukin 6
PSSR transducer (1L6ST), aquaporin 1 (AQPl). Panel

C shows the values for: Frizzled-related protein
Figyrer2BBend exprgksion fevelscd geoes specificBhk@mirgssegripRpsement cells.
" ho K . .
Mict 24 el SR BegfgrHel o SEted RTBEROETBNA s of
expreisgiod leNels efrasubi-setad thasgenesdigtedur Table Irrediatted. dhe yapis
| = t. \ .= i _la
shog/g Iﬂjl‘e:'n(tjéérglj% ggﬂg g)ﬂﬁﬂ s | Bﬁé%ﬁcpéﬁ%flcha‘?ﬁf l‘ﬂb%@‘\@ @XpRsshiok fevel.

PanehA showy 8, values flos Basonucliaek (BNGH i neivemmstio éNPAT). fiprinogen
alprOG4BhHPE S?Erg%llrﬁkg?&ﬁkggﬁ%?ﬁnx ek é:rbﬂe‘r’rf( 3By, Z58BBellucida
g|yc§§g§§§ Q%Pgi. %\g%eISB %hov?/gl {heI \?arrl}/eqsc oE: ?hrg%rbor?\rodgl?nn(eTSHBD),
homeobox B7 (HOXB7), heart and neural crest derivatives expressed 1 (HAND1),
desmocollin 3 (DSC3), interleukin 6 signal transducer (IL6ST), aquaporin 1 (AQP1).
Panel C shows the values for: Frizzled-related protein (FRZB), bradykinin receptor B1
(BDKRB1), growth hormone receptor (GHR), kinase insert domain receptor (Flk-1)
(KDR). UD = Undifferentiated cells; MC = mixed differentiated cells excluding
basement or MCP cells, BC = basement ceils, CM1 = cardiomyocyte-like cells derived

from hBS cells, CM2 = cardiomyocyte-like cells derived from hBS cells.
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internedi ate I evels in basenent cells Mcro array
anal ysis was perforned as described in Exanple 3 and
WO 2008/00@0® expression | evel s of cardi onmyocyt ePGHEREN7/006239
genes are plotted. The y-axais shows the 5 Intensity
Units which is directly proportional to the gene
FigwapBeSeh@ex;brewbn leMels af cétdajmmytermankar gaesfaxpresspdst n

.. hea ol | phosphol anban (PLN), titin
'”te'("i‘%‘%@t?ﬁ) AT ﬁ%'%ﬁgt tel n 6 (GATA6), GATA bi nding

Micror avtasi ahaWs(sG@é’sﬁderforﬁﬁeb @s descr BEEXBExafﬁplm& afld (h'EBje’h)e

oxofyoR gl B bt TN, LS i e Sl e

Inte(nél' HWNOrids, whinto i direbthyaprpppdiopglap thelgere dxXpréddidri/leyelniyarss!

shoY/ e4n§ueosr§F iw]oscﬁ rée';m E)%Bgﬁeoé gﬂyh%%&ﬁ)&{o\(ﬁ%@ér{ Hﬁr\f} titin

(TTHY, Ghhobinting plot(e'ﬁlKBEATA&)nGAﬁ’Mmdlng prpitein MGMMW-H&X 5

(1o, i 2 ER g St  JRe TRy 5 Bhel o I Bies o

cardi eﬁKINM proteiny (@BRA3), MBponiaTdype/ B ITENNH2)] my(oMﬁCﬂ\dh)/y pBlypeptide 7

(Y PP ERG DR R i Ut pE SRR Fllavis)

mydsmsl@tmeptblyp@tide 7 (BMIL73, teepotiantulio d YTMAD K earkinyssinl éghtved

polsppBRRLEr) BanitCeiorihS AERTH Eit bETieb it S HRS)

mydekhio (MY OZ2)creatindieasel ((2KNM), guyoglabiro{MB Vard ogohesin 1

ovEARDED il el Bl PRyt e bt flone)

basemehtsonMCE cdlis, |Bﬂae| basemehiBells,cCM1 =l candiem$a€yde-likencklls derived

Y e T R

inculture. In one experinment, the cells were

Flgqrgngéfa%qnoq 8FM8:E ceﬁQWﬂH(ﬂA o rﬂ"lé gén &ger whi ch the

I On Was enove n the
Theffiguoe s!smrM@Pmﬂs etamdweth the I\ditoﬂtmré’lﬁreen Pye@d diffesent

con?élrﬁr%'ilogs'5 ar?c! %r y er?ent ltlﬂlfg;;b‘?fogng&ispc%ﬂ% W%ﬁ%derh%ﬁ rfr?nghgé 28y

was var tes
lines 5A0P280e 6«9@02@5 aMataimthHWIueéwrmn@mlahfmal

conl TS 2t T ot B o BN
wergiricghated doren 3Dlandrddsoipntes afier wbichythafoadingsoaition mgsor
rem@{#og ran#i Gidd fd flgpl%sggr?cea\ﬁ§¥8?gge?\'}e% Jt%ﬁffe%nt%’ieeg&ﬁé atft'eF'E

stal ni ng ronger or nore specific
staining. rlea@pﬂi@r temermwlttther@taﬁmng ameml \aried frorm4s trm;:tes;)yp to 19

roul SRS EehBE o PR b B kB P oo
stalrsedawwn ago ﬁmoflttmgme for BarfoaBinutesar éanger speaifioally exhibitad bright
greergftﬁ{oqé(&eﬁgg ta‘ianer 5@int P& ahf{eg begtﬂ\r?ﬁ}rng'fd%ta& gﬁulﬁférf@r an

ern as ta I Nl ng
extelnépd @genifansust@mpg dtdncégebstrqrmes er erpsesnaviicthy lmreash@m

timé.cfg[ ﬁbcun%lati%n RO bggi'gcr%*ﬁaﬁ th@t&tﬁpsc‘tﬁﬂg@ iﬁ%@aﬂéﬁ tifte. &S

s stalned wth t he

treateidrvithe $00 B\ Ntadeor™tereen tiyegeered ﬁtglrﬂmgﬁw &xgenthan 45 minutes,
or tlme% ll’ét?hé’fi)ﬁ uﬁﬂlété, R l0Rd18d to Bkt %Q%aﬂ'gg ;gé; e?rlﬂﬁ? fb¥8taining

uorescence was o serve rect K
wﬂh@QOng of the dye Representative pictures of these experiments are shown in A -

D. A. Shows the light microscope picture of MCP cells stained with 200 nM of the dye
for 45 minutes. B. Shows the corresponding fluorescence picture of MCP cells stained
with 200 nM of the dye for 45 minutes; fluorescence was observed directly after
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WO 2008/ 006605 PCT/ EP2007/ 006239 28 staining. C

Shows the |ight m croscope picture of MCP cells
woomsionedswi t h 100 nM for 19 hours. D. Shows PE®EP2007/006239

correspondi ng fl uorescence #§ croscope picture of MCP

cells stained wwth 100 nMfor 19 hours; fluorescence
staiming. O Srewsettie di'ghtentcPQSCIabé pictusé af MICRocells Atdimagswitin dO@ alefor 19

F 15 Ge essi
nouff R SEpws i SiEsbanding nieSoae TERSeR HERRL Ser peta
staioed wiﬂEFOﬁllsNrfgr 1@aburs| fieorasieRcd/uias obberved distetlysafise staining.

de i ne SA0O02 mai nt ai ned on MEF
A"oc’,"@'fd'cgt? ﬁﬁEclﬁ‘ée@ wer e harvested, by nechani cal

di ssection of Ioosely attached ceII cI usters 9 10 -

.18 f
rionfB 8208 s ek bR B 56 el e B 2 gtppec on
MEH:eyiegseaﬁtumqoqRG:Rl C genes were determ ned usi ng

mch g1 P bitie dETyee BRES SREIE SABBDRENF s Efh Mar cpts. The

MCER eslis werel largextted, by hécHAnicAhdissectisn oﬁleo@ebys attactedarellictusters, 9

- 18355 AR ARG Stheh St et 5RE ¥Rt E i 865
platgsa MheIbRNAjeeds obsfpelcﬁmgjeﬁe@ﬁver@étepﬂmnwnsxgg rr]mm;] RT-PCR.
shoys the

The Bl ES e bEp e RIS gk RDessiOBATIers the fiiferbifated

contthi34 Setgtln ]9 ]EJOAEnI Vl@t i r<te lsgbne clhﬂlmgr\faltleT eneanahtgafdup: ek¢ept de[E/I@P where

valfl $7€ meat ESEHrube el DpSiifatiftsh Pand P SR 8 lgels”

exp[efsbiloene\(édsmﬁ/edt—#rMnngSlom1 ?Slel:ﬂ {I8L€ld aad FllthFKDBD I@ggl B
_ |

shoEfhe horEe il ke B SATA IR E RS2 Go s Hnd

ACTAZE Lt[hji:tundtﬁesgmlamd calin] MCl @MWlfé&remdhaﬂcmxcmblng

re harvested (9 - 18 days after plating of
bangBgﬁ{ 'W%e ormed in 96 well plates). The nRNA | evel s

of 25 speC|f| c genes were determ ned using real -tine

Flgtﬁg 18%%% &%ré\{a%kolﬁe n ¥ &3@{:?%@&& d&rived ﬁl)r%t I%rl:%lsttérted on

expressi on, ere e un erenttat ed con
hFFtu}slrilg)r@a%mé’aﬁé]RA shows the gene expressi on Ievel S

MC|9 &E@gsngﬁlaeé?e‘?p{el}'?r‘oﬁﬁhés chphiffed s(t\'oﬁk n‘amt%[ﬁ%d nkhFJF cells.

ne expr essi on
In thddxfﬂz eyltu@ASYystdm, dnlp posely altachedJVEP, cedirailistels Aere Uavested (9-

10 SRRSO 89 8 Siorky 8 (ol Ot o
speg€itic gsrkesrwénemewhmdsusuﬁg tpal- emERT_ -BERe The yalwies momexpressed as
relak)‘fevgér?e rgs%%nc Whermreliﬁ{d|f%?§}'ﬁﬁtédgbom'8f§g‘§gi tocﬁigl %: Panel A

coara anal'ysi's was ornmed as rrb
shoﬁxmq)gm@emesslgdiéegdaef Oct-4 Nanog, Notch-1, Islet-1 (ISL- 1) and Flk-1
(KDR). Panel B shows the gene expression levels of Nkx2.5, GATA-4, Troponin T2,
CD31, and ACTA2. UD = Undifferentiated cells; MC = mixed differentiated cells
excluding basement or MCP cells.

hFF = human foreskin fibroblasts.

Figure 17. Gene expression levels of hBS cell marker genes in basement cells.

Micro array analysis was performed as described in Example 3 and the gene
expression levels of Oct-4 and Nanog are plotted. The y-axis shows the Intensity Units
which is directly proportional to the gene expression level. UD = Undifferentiated cells;



35 expression levels of Cct-4 and Nanog are plotted.
The y-axis shows the Intensity Units which is
WO d0as8®aedy proportional to the gene expressi onPCEERLIO7/WD239
= Undifferentiated cells; W 2008/ 006605
PCT/ EP2007/ 006239 29 MC = m xed differentiated cells
MC exmikedi diffgrentiatedmetls oxclddify basdrmentBEMCP aslBNBOL= basdment

=_car ocvte-like ce ived f hBS.cel | s
ool L= SRR B CaF B Faf s Gl CHE K GaeSRvodre-
like cellsl derived FroguiBS ¢dls. Mor phol ogy of MCP cell clusters

overl ayi ng basenent cells. Panels Ais fromfigure 2,
but includes a schematic sketch of a MCP cluster with

Figurée8. Mm;bhomg}eofoncra cell tiustgts owsrialing bggemeneetle. 19.

ment _ce t
panglR B e s 2 BUFBRLeS & srimalt S s climerdiiipe
“ballobhé on arstringlima plaglegy. WO 2008/ 006605 PCT/ EP2007/ 006239
30 Methods and naterial Specific details relating to
the materials enployed in the experinental section are

Figuge 18 Moiphologg of bééemém@eﬁsecgi gn A'I:F)he foll owi ng
t t
s sTRAF ot Torand & B8 3hela i Palblook R bl RsiGeiuitn

angigdsidpe. and is a reagent used to visualize cell
nuclei. DMEMis intended to nean the cell culture base
medi um Dul becco's Modified Eagle's Medium 10 FITC is
i ntended to nmean fluorescein isothiocyanate, which is
often used as a conjugation to secondary anti bodi es
for visualizing i muno reactions. d utamax or
(A utamaxTM is intended to nmean a gl utam ne
substitute often used as 15 addition to cell culture
medium IMDMis intended to nmean Iscove's nodified
Dul becco's Medium PEST is intended to nean a m xture
of penicillin and streptonycin used as a anti- 20
bacterial cell culture addition. SCID mce is intended
to mean Severely Conbi ned | mmuno-Deficient mce.
TRITC is intended to nean Tetranet hyl Rhodam ne
| so- Thi ocyanate which is often 25 used as a
conjugation to secondary anti bodies for visualizing
i mmuno reactions. TrypLE Select is intended to nean a
reconbi nant, non-aninmal alternative for the
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enzyme trypsin (often derived in porcine), as sold by
I nvitrogen Corp. 30 Methods Starting nmaterial The
WO 20800660y nat erial for the present invention PET/EP2007/006239
suitably pluripotent undiffsgrentiated hBS cells, such
as undifferentiated hBS cell lines. Such material can
Methedsandimatdriat om Cellartis AB and is al so available

thr ' . NI ceII re stry, 35 . . .
spehfif SBfTs [gd tlsRe iRty ehEBked iind Bragrirpgntalseglipn arg given
in therfollowihg sédfioSt Eme 6HOWinBaabbreVidload G8Y&DbeEsHDGsed

PCT/ EP2007/ 006239 31 Cellartis AB has two hBS cel |

| ines (SA001 and SA002) and one subcl one of SA002
DARI Wﬂéhdﬁ)i tawesah &) b ediaimidinig 2-phibeyliNdble ditvelréahidriettysf@e and is

hes cell ] in SA002, SAD46, SA094, SAL11,

a reaggny i 86 l&‘gi‘?as"zéﬁg@&‘“ CRIA106, SA202, SA218, SA240,

SA348. SA352 SA399, SA461. SA502, 5 SA506, SA521 and

oS Rl RSB b Mo b BB oo
Mediumes have been frequently used in the present
invention. Characteristics of the hBS cells

recomended as starting material are the follow ng:
FITQ @ iptesided teemiean flabreatein isoﬂﬁms/phaueawbi,ch $SeiterBusesSista 4,

conf Gogh B seao Ry aftkoos o e B ERB U5 o and i n

vivo (the Iatter shown by teratomas formation in

BB G 1) 8 L A aRtdg e g o

addﬂ'@hﬂ%%'k@ltﬂwmedwﬂf erent ways of obtaining suitable
starting material are described: 1. hBS cell line
establi shment and LOT preparation 2. Xeno-free

IMDM ispateadechie BearEsegyris Medified Quibecsgededdgncel | s 20 4.
hBS cells transferred to a feeder-free culture system
The xeno-free preparation is especially inportant when

PESThis inferpdecklo meqr @ miuee quenlq"ﬁearab@tﬁnt@nwm peedas azgti-

bacfénal'—rgf dft6Reditiorn and characterization program The
LOT preparation of hBS cell lines constitutes an

expansion of the hBS cells in culture and a
ScIp4hiee %Jlﬁ{btndfa& &SHeDA SaVertly Ebhbml ! IRtmuIbEfidR Mee.

Instant freezing to a crystalline state of nore than
100 straws in one single passage according to a

TRI‘F@@@Q@&%’ea ¢ migah h%@ra éﬁf Rho@é‘rﬂﬂb 'T&)-TH@%%’&Q%E)IS often

The nor phol ogy of the h l'i nes are nonitored
useg)@p @r@nmsathf cppary |aﬁ§jb9§14\%§ fQF S'éuﬁ“ﬁ'r@dm regetions.
passages in
TrypLE Select is intended to mean a recombinant, non-animal alternative for the

enzyme trypsin (often derived in porcine), as sold by Invitrogen Corp.

Methods

Starting material

The starting material for the present invention is suitably pluripotent undifferentiated
hBS cells, such as undifferentiated hBS cell lines. Such material can be obtained from
Cellartis AB and is also available through the NIH stem cell registry
http://stemcells.nih.gov/research/registry/ as well as from the UK Stem Cell Bank.
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the subsequent culturing after thawing of cells from

the LOT. The quality of the LOT freezing is verified
WO pgosance@xam nati on of the thaw ng recovery raP€T/ER2007/006239

safety test concerning m cgpbiol ogi cal safety and

human viruses is then perforned on the cells and the
Cellartidi AB has twiehB8 eskilieesoiSAD0¢ @ant IBA002) amkenes subeidrigeof SA002

are, fr cont am nati on. The
(SA@ﬁ%%’gﬂYaéI?PI?éﬁmb'ﬁﬁ&eogﬁ?im performed includes a broad
TherGeligetisdY hBSwieh tinkss SA00HBA002,SAS, 8ADHErSATi1asSAdR1, SA181,

A B SRa IR W0y B SH386. 5% 5riadl Sae, st

SA506, BA62 t andSANSY0 ace alsd @adcemed by thef K Sterd iCedllBapiktat tHeeMRC
SEA- 3, SSEA-4, TRA-1-60, TRA-1-81,
(Me@?l 'iesaé? %Eﬁg#r\oll perfornmed. The genomc stability of
the cells through out passage and freezi ng-thaw ng

ThoSt B Eel e BVt ehtly el IR SSER P8R Lo

ChaT@dterlsTléﬁtheiBSmllaS'echﬁiReEdéﬁs tatting Thate bl wrée meerImWing:

f ' ' [
posfive I TS Bt oir®, ROE AT SoEbota i Yo' Bir Q6
negative/fov SSEA-f ftelometasetéonwt)bynu pliumﬁpieany at vitonand irhB&o (the latter
cel der i dne l.e
shoigeyTesdithas bSatar A BB Es R mie P Rt ont bRfpols as
previaisty stadwn $teihshetratiWO08955992).her nore be conpl etel y
xeno-free derived whereby conpletely xeno-free MCPs
may be obtained for potential use in regenerative
In theefdllawing fandiffeverstivayssfaf obtairing sietableastantigg hietenial aks dedcribed:
graft rejection and potential transfer of non-hunman
pat hogens. For xeno-free derivation of hBS cells all
e diBScelnohelestatdishmentcandddDE ptepardtieader cel | s and

t er d may not be derived fromor been
?'nr}g%‘ﬁw;& E%ﬁ%ﬁﬂgﬁy non- hurman ani mal materi al .
SuiEralyheticaﬂymaaemgesi riliﬁ callsno- free derivation of hBS

el e xeno-free
g HB% tIall’I I?rgl brob {Wr c%ﬁ h?r\’

erlve hunan suc uman foreskin
fibrobl asts, serun}free or hunman serun1 based cul ture

The&?ﬂbg@e rgg rQH&Pg e%?gggﬁyzlmgha% @Héﬂé%ﬁé@ rc:éﬂ %rgrused for

ron entr al
therauehilttcipmgoseﬁnd ei t her human reconbi nant enzyrres or
sterile mechanical tools for dissociation and
propagation of the cells. In the follow ng suitable
1. L@ Topregaratioroand dbaractdsizatio@pragrarng and cul ture

TotRO e EIRY FBS 1 BSR4 ST, SRR, O 1D i B
cultarfetamd @ whseqe@wtér@n@egtbyafndﬁ@ppn Onvkich fneans irtstant freeting to a

o hE oI Bt ipd Bl Bne WIER Mep b plbaflpic
starﬁiap@zedqmethod (patent pendlng, W02004098285) The morphology of the hBS
cell lines are monitored before and after freezing and also in consecutive passages in
the subsequent culturing after thawing of cells from the LOT. The quality of the LOT
freezing is verified by an examination of the thawing recovery rate. A safety test
concerning microbiological safety and human viruses is then performed on the cells
and the media in the passage of freezing to make sure the cells are free from
contamination. The characterization program performed includes a broad range of

methods to validate the differentiation state the of the hBS cell lines. At first a marker
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nmedia traditionally used in IVF treatnment. The

bl ast ocyst was graded according to Gardner as 4AA and
WO ae8®oneiohg t o W2003055992 as a bl ast ocyst of PGUEPRA0F/00%239

(expanded bl astocyst with ngny distinct tightly packed

ICMcells and a cohesive 30 trophectodermw th many
expfkion)anall/bis df kies¢amiyshly\aesepted atagkkrsfdriundiffeceniigtedd2lls

(sSER SR BREATbI R T30 TR S B AT Bunperormce The

genbmicstaisility tod theesalls ¢hrbbgh zw;aaspegé and fleezgthaavingscyefestisie
inves 88 SrpsH Finyaljh BB i, fh B ase LY i Masured using

f pLes
= TAGTRIGS TENQRAP LR RIS L ARG S g ot are
examinad gn vgmbﬁ@mamtm vig amemdvgoid/pedy steprand theeugh ingivo

A Yol g1 OB RO 5288 3 runc
deficient SE@XMi®. 5 mmol /| R- nercapt oet hanol and 1 %
non-essential amno acids (G bco Invitrogen

Corporation). The blastocyst was then incubated at 37
2. Xenprfreppreparationi r . 50% of the mediumwas changed

The R Pty et oft )l RelHRNR el Tl R feg gores
wh%@t@sq@@letetmnh*é@ed\é@s Mayehe obthined Ex@pterfiahusedniseggnerative
medgﬂgé 2088 % ﬁﬁ.@&htﬁa& e"i‘lsgé @ﬁ&raﬁ ?%éétlo@réﬁdap%t&Hfal

trans r too ave been
trangfep obRerauBAY p@ih\@ge@s e kenrmited de@/a@e@ of bBStCQH?e@H medium and

math® E:Smggﬁ’éhtsl gee({é?%él@ oth8r %g?enaﬁ%eﬁ%éy hbtrk?ebd%?lv@&}r m or

was obt al ne usi ng t proceadure ment 1 oned ove
beenascorfte@ttm@ranyrm@rrgm@ aimel matatiaB Guiiakle ggawponents for xeno-

free'%f%tn@ |dnScWF?'StJ cﬁg afd Wt‘ﬁ?é?ﬁoﬁ%ﬁ%ﬁ—ﬂeé sll@y tHr@%né fed %Enved

I ne as cel FFO03 Human foreskin
maafrelasigrsaich as pumaal fereskip| fibeatiasds. iserusm-&ep|08 hpwByserum

basé& BYItrE AERAUM dth %maff\' @b&ﬁb.%é%t%?mr%&b& Bifer8rfiation factors

circunti sed 8 week oy. Skin explants were placed

and{of ppteatiaintingr aeiditiyas.i Qi‘dtf?'@@[l EUTBQ'P fepogbinand Rezynmeceraiterile

medaflthNBBRForc SRR Snk YRMagZBeh Hithé LBird. ik #898lowidduitable
penicillin-streptonyocin (G bco Invitrogen

ProgesiuRsr e ideRgriogdd  10% of hurmn serum After
approxi mately 10 days, a confluent nonol ayer was

Obt8mimtradifttre Xeme-fel hBs vBIse serially passaged using
TrypLE Sel ect (Invitrogen). After 20 expansion they

Surples bumes teetbrymirom dlinigalda viirofartiézation (Miydreapeeritogsrdonated
afte Wﬁ%@h%@ﬁ?ent a b:)é\;/)? rol)/éwp Jrhéal%g@%thlffg B&&nﬁtte} aQIGy%éé@o?g B
Uniansity2 Th&gdsnated eBdryo was oslturem mabiaﬂacyst ontil the ages df 5 days in
8 Ao SRR AL 80P PoEElloc Y B8 b o
Gargeérias %andzamoedian WQRODE0H892ds mlalastolcustwﬁ qgalitadi n
(exdandBl BRERy L Wit Th bidtiet 8hhtly SHRUEd M cells and a cohesive
trophectoderm with many cells). The blastocyst was treated with acid Tyrode’s solution
(Medicult) solution (ready-to-use concentration) for 15—-30 seconds in room
temperature in order to remove the zona pellucida and parts of the trophectoderm
before placing the inner cell mass cells onto mitomycin-C inactivated xenofree human
foreskin fibroblast feeders in xeno-free serum containing a DMEM with osmolarity of

around 270 mOsm/kg, supplemented with 20% (v/v) human serum, 4 ng/mL human
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room tenperature. Confluent nonol ayers of xenofree
hFFO03 (fifth to eight passage) <cells grown in | MDM
WO 2@8fpérsran ser um and 1% peni cil | i n-strept onyBCTHEPNOI/@06239
then treated with mtonycigy C (Sigma) for 2.5 hours.
Mtonycin-C treated feeders were 30 plated on I VF
recohsthihant OBF@R, afo pratillinstreptonBabinD0% Glatdnsaxpers @nfd® g2

in.a di um ch_ was .based on. \ s .above .
mercapBe ey T fin-e55enar Sne dvids (Glisinvigoga Corporation).
The[gabtedyst was ertarr]\emmml atr87 °C i05% TOR Nmair. ?D% ofrthel n‘\éditam was

3- mer capt.oet han an %,.,non-, essent i am. no_aci
chatGe sy v G o et fhfae BF Fersiieghe dranan Sadieatd to
freshIh&Stfeeyess. Fromi gdssadee? the BS celse(ce!l imesSAGE] )l avabeen
pas RPN ol U e R P EPUBAS Ut AR PR The have been
passayeid appeoKiradtewy drite2DWedkang hdvetseen cirtureth fodMoregtheh 11

human reconbi nant bFGF, 1% penicillin-streptomyocin,
Pas3d%Ao0 2008/ 006605 PCT/ EP2007/ 006239 34 d utamax, 0.5

mmol /1 (3- mer capt oet hanol and 1% non-essential am no

jds (G nvi t en, Corporation). (Same nedium a
TheHEForline S o 1h 4% bR SRR Rraciibee heBneTloyE ofd nas
furtter epdegone maré treaer30pdssages.nedi um 5 Human serum was

obt ai ned from bl ood-sanples fromat |east 15 healthy
i ndi viduals (Bl odcentral en, Sahl grenska University

Estéﬂﬁs@hgﬂﬂ dlf an_maﬂbfomsﬂdn’f@rbb‘lestkﬂ_aedBﬁ CFII] limofsubkpa rcbl_h /i,i'qe hFF003)
b s Ao SR B e B oo
contaﬁtinlﬁgé QHIGeglefm;cgmzeggm} alfq\ei;t;ljjih}dstehe& weélﬂsl'g !?eyf $If:|)tr1 iegflelntg we;e
placBAhside 28Tz RS e ctish AR Mg Bicyoshh Loglafip fuom
medEi;thm émwﬁ:og/emmmpemﬂmnsfrﬁp?ryOQB miib:ndrh\gtldtbgr? Gia'p?ta'rtibh)ée:nd
10% ot irma SarofT e AUl To kv Rdofit MRk f4°'
estdbhﬁidd e's h rc( 323 a:ald}a/\eaertetgmgieﬂmmssage% ufihg thpiheré_;legr( gditmgbs). after
expRiSiorL I kS RO AR pelh BT PRDE S Fisgpigeme.
HIV>of hypef ¥ red 2,BEepatilis of type BrandnByteinkegalovieusSHetdesv@implex Virus
f r di . i bed i
o2 BRSBTS, e o

(Solution A: Sterile filtered 10% Ethyl ene glycol,

0 ' 0-PBS; Solution B: Sterile filtered
Feefrferbigeidtatts!

ose, 20% Ethyl ene glycol, 10% DVSO in
PrioCtoyplatiiBShe Sehefceeeiurnan fibicbmsbtfeetdS, theltissié ndtur&hdells are

coa B BB N oaud 0oL 62) KO 1 S
roort SewperaturesSonflueet mansdlayaxs of BiridfréalhFFEOR (fifth) to elgte pesddge)
cor €y Wb, 18R i P RSO B Eren
treated with mitoByeindC (Sigmbpfoe 8.5 urg Mitonayein-CHesated fendérewesel
plat8@8h IV Qefls {Bectdh GicRiRsSH), 200 000 cells per 2.89 cm? in a medium which
was based on DMEM (as above) supplemented with 10% (v/v) human serum,1%
penicillin-streptomyocin, 1% Glutamax, 0.5 mmol/l B-mercaptoethanol and 1% non-
essential amino acids (Gibco Invitrogen Corporation). Prior to the placing blastocysts
with their inner cell mass cells and cells derived therefrom or hBS cells, the medium
was changed to a DMEM (as above), now instead supplemented with 20% (v/v) human

serum, 10 ng/mL human recombinant bFGF, 1% penicillin-streptomyocin, 1%
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Solution B and incubated for 30 s. The vol une was

about 40-50 pl. The cell pieces were aspirated into a
WO 2008806605 epared for vitrification and the strRBETARRZ07/006239

then closed with 25 a bond.z4The straw was further

plunged into liquid nitrogen. Several days |later
Glutahtaa\e. 5Saomb i mmegca‘plmmo‘aéﬁd 1%veoreedseatisl damiﬁo acids (Gibco

Cc
nvf G BB Sane e gp EnCe i sef bfEe Sppe-ree nes
cellCalyovebDBS. ; Solution D. Sterile flltered 0.1 M
Trehal ose in Cryo-PBS). Solutions C and D 30 and

ated at 37 C. The cl osed straws
Pre@%?'éﬁaﬁ}%%‘g %ta(;?$ Qe”é'Aml were renoved fromthe
Hud\érﬂé’érgmﬂhésr 6&Siﬂe& %Kw blEB&‘«s§r‘nb@§’ff‘bﬂ§at“i€@& 1§thebﬂﬁ‘ﬁ?ndlvnduals
rature s and qui ckly in a 40 C

w'%?’é@'%ﬁ@ht%ﬁ'ﬁ'f?N@%@Wdﬁ?smtawm 09“90%9 \W@sb'%‘i‘ ingpshheparin

coated piatticDagd g?ﬁ’prﬁﬂﬂnié?élﬁg @"bv@#‘ﬁlgﬁﬂ Wé?gb)pﬁ‘ierse?um could be
scissors and the content pushed out fromthe straw

sepaniates fQm the @Jﬂ“@ tnaterigl o hgyﬁertﬁ@ was-fyrthes steriefilfeged pogiadeand
frozeR ﬁuaﬁttasré ;fd?rori!s gPrfbr'tdS‘ uSOtheBlosPvad te@fzedcétmbdehﬁalen Sweden

transferred solution D WD 2008

for tb@?)@ﬁﬂm‘?@%?@’?th%nﬁ Aerliieq bgpaiitish C. # % HTLYJF’PBQ syghilis.)

Theﬁ’ﬁ@dt@fﬁ‘@%ﬂﬁ&%r&ﬁﬁeﬁ% #eflng 2@"/@%2 dﬂﬁ’feethQWbG %bwm toa
ri nsed he xeno-free serum based medi um and_t hen

DMEMéaﬁavaﬁ)éoq,qﬁmw@ @PWQSW&'@%e“'ﬁ@SP@ﬁWWé@ %@Yﬁ’ﬁg and
culttieiepblirethd £esiRrape9bl s i n the serum based nedi um The
ceI I s were then cultured (incubated at 37 C) and the

est ab new col ogll_%s re 5 counted and

[ ity of the hBS
Frogs gt amira el Tg e oriRe MR

The%ﬁ né oé Iﬁ@%@h%ég 1::\&# frﬁé&%rdu@éﬂ@@%@éb é%(%}ﬂ&c eﬁ I 1ine

WORER42828ar TwsolutiniisrAyene Bty preprredt (edutioniAsrbteril filtered 10%
Eth%@ﬁé @k@ol r Ri‘»at{ﬁﬂ’séhﬁbﬂﬁ%ﬁéé?ﬁ&lhgﬂmaé%teﬂ%%ﬁt&&e@ }ﬁélose

Stl| urte roug racteri zation so
20°/pEt’rfylﬂnﬁmivqob 1@&8amssw CryotRRS fSeleated eqjonas a@ln%% g€l lineo

SAéﬁhew%}g%uf:fx Jhe §4me r\% G4 Wﬁ’ér?tﬁe‘@%[l@arfe'c?ﬁ‘?%r r&P epc?ss%e using a

par afr or na subsequent per mabi
sterg 6ak ewtting tos! &s@m% Labsiintgroaticnaly Bﬂldébé‘;weﬂne) déelcell W@pes are

incJFEfél&bf%ﬁIq 50Wrﬁltbriﬂ%§téy (37PEY sANdrPR $r 1|°r¥|f?1réHogtmen %né‘fﬁﬁed to

e prinary I es used were spec for

25 MiFRelgticOB amkincubated faSins and trRArapstened SR to 3 it drop of
Sol oHZB %d’ﬁw@ﬁ@ﬁ@b ﬁi%o SFREFofdni? agétfoly(t:m -50 pl The %eu pieces

www. sout her nbi ot ech. co
were @ﬁpltﬁj@@ B¢p 3 strawpaenaradfarysfi f@ﬁom@ﬂ@thﬁsﬂhﬁw was then closed with

ab t?ﬁéb crhmherps@ee%etnau,atrmb%ﬂ wi th DAPI

Vect as [ eI Vect Laboratori es urlingame, CA
http://ww. vectorl abs.com. The activity of alkaline

SevEhPaRALES %tréﬁg @)nfgﬁﬁnqiﬁ&fénr%mq wéte Qﬁ’é\ﬁ’é&‘%ﬁ&?cnbed

manufacturer’'s protoco Sigma- Aldrich Sto
Twosygietions C and B-wergumierar IdtioincGr. Leifp f"‘?’(@dIQWZMer@Pa'@Sﬁ in
Cry-98%. | Sofuticl rbSStEFn%'ﬁltEFb% 3. heteRabEh e o $HS) 8¥i6fichs C and D

| munohi st ochem cal
and hBS-medium were preheated at 37 °C. The closed straws containing vitrified

SA611 were removed from the liquid nitrogen tank. The straw was keep at room

temperature for 10 s and then quickly thawed in a 40 °C water bath (within seconds).
The straw was cut open in the plugged end using an autoclaved pair of scissors and
the content pushed out from the straw into solution C using a syringe. The hBS cells
were incubated for 1 min in 500 pl! solution C and the transferred to 500 pl solution D
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anal ysis was perforned as outlined above with the
follow ng anti bodi es: For endodermal cells HNF3R
WO e@80e0%r uz Bi ot echnol ogy, Santa Cruz; PCT/EP2007/006239
http://ww. sout her nbi ot ech. gn) was used. Mesoder nal
cells were detected by ASMA (conpany) and ectoder nal
anddet¢ubatedefioe S indentmder edsterpmiGoscdpel the hBS| cefhpleces were quickly

. i - i |
rinsb R (Ru8 eE Benut Babtd Mol AR BBASERAFL it dtugggon on top
of xendfreeihngantfibrotdast feedeu cells i th seromdbasedingediundl The cails were
e BRI B0 % 00 B AR 4k BRSO e
couBeH and pdsisda@cﬂﬁlﬁ,ﬁdet twaerlflyelgamablety o thehttSS celld after vitrification.
desi gnated for genet [ c char acterization were

CthSEtEﬁﬂﬁlfoﬁ l;,gq(ekg ryonl c fibroblasts for two
trans erre ﬁ/htrlgel pl ates (Becton
The&e‘hblfféé@AG ﬁlnébllfIMétHég fsocfé;lﬂ rid! fuﬂderb@he éﬁ? L@’ﬂ ﬂ?@ézﬁbt(oriléhd

ys. The cel cubat e resence
thef@fo relatgd ah?fﬁctﬂflzq{@r'|(%%P%%Fﬂ|9§d @Qﬂver)ubﬁ'bﬁmt'& [Quite Jhogepaby

charwoértzawcsé fae@teﬁsmed .arafésémaé@dn w ﬂaﬂo\ﬁﬁwb @afdgr@fmé
Thea? aci al acetl acid. The C I OnNos

BR 561 Rl ‘HbestW%é'ixﬁd g %mfﬂanmwhménﬁuwesewﬂy
penfnbbmiéiﬁ PEBE eongacﬁﬁaetwééﬂu?goé}&f BIOEKRPstBEd / thE 2B ARG Dated

36 hybridi zati.on | S commey ci al |
W'%‘OSM"HH%”RWWYGM "t“éﬂ"?)?h‘é § %’Fe%”'f‘%'ﬁ’ a’%’h?qj%g%‘?ﬁb‘geffzspec'f'c
for ®8t-4, TRA-180, IRA-£81 2OGEANE SSEA- :@Bﬁ@SSEWE(SSe(r%a angk )

ording to the ma uf cturer' a'ﬂiﬁgrucéjl on

used ac
B'°W?W'?ﬁ%%an é"”ﬁ @é highdwwiyroulljer gteg\g,pgm Y3 n
?J@atd@j\/@cbﬁd’ar?hﬁf Weﬁmﬂelgﬁcﬁéwdtbn alND(EI@ISﬁélzr@tc@unterstamed
0 ied | magin
W't@aﬁéh{\;@c ge@\f\} gaP?f At ‘I""%Qﬁ’ﬂ%gc?%gcorp cgrr)g

httpTh/amh B&ctefabs. d:dnﬁl)e Tﬁé@&ﬂ-wwaﬁ lalukeni&; pisctiphiitee B pAlBRY \@sid d&t8rmined
e 1N

assa h
a°°8'i %@d“%&i‘%‘ﬁ!”ekénp ?Sﬁgs'a?ad@%ﬂbgﬁ"ﬁﬁé‘émbgwﬁﬁ?yotype
httpa!nahwglgﬁ;naaTd}Q;h d@m)yotypefl s 46 X;]( F} SHdanaI ysis on
s.conf| this n

t ed
In R 6 P G SRET 1P 4S8 BTGP AuerSy g ioniskeFhefica
anaBjsisrwippafutetias obliibéd\wdsve With it foYlowiag ta@dbodies/iFor 0 by

endgptial rein At S8 s arin Gitor HRteconSBRE YaabAor by
httpt/fvamfseﬂthbl“rm:otekﬂddxfrﬁ pwanusat MbsbB&nes bénmrerdee@:tédaby ASMA

(coniFegy) Rop OB ATt W e A LSt e BF B ot pfom)

Alk@mbrpmapmasdw@um feaotionaweddbdetatted neitg taccoviirheedERT dhd
en differentiation

f°"‘?$0él§9 mB'é“fFﬁH[?géd’mtﬂ?‘?'ég'gg‘ailﬂegﬁ% KWs of culture, the
Positive @8a@on¥aT endiffrbitiered byloniesmgr® bétetiea HemAISR, rQctid) Tra1-60,

N S

the early endodermal marker HN3beta
hBS cells designated for genetic characterization were retransferred to mouse
embryonic fibroblasts for two passages or transferred to Matrigel plates (Becton
Dickinson) and further cultured for approximately 10 days. The cells were then
incubated in the presence of Calyculin A, collected by centrifugation, lysed by
hypotonic treatment, and fixed using ethanol and glacial acetic acid. The chromosomes

were visualized using trypsin-Giemsa or DAPI staining. For fluorescence in situ
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(sonetines also referred to as Foxal), the ectodernal
mar ker {3-Tubulin and ASMA 20 (al pha-snoot h-nuscl e
WO aeusionge0s 3. Enzymatical | y passaged hBS cel | s PETERR®7/006239
procedure the human fibroblgst feeders need not be
xeno-free. Accordingly, the feeders can be obtained
hybtigizationdFISHoramalysigl Cmdiérd@ly dvaildbie kitsotdrdaining protmes for

di ff t bed d th ||
i SCBIES iz 1oL B2 AT (1B SEREN PRSP 208 S Wirg Used
accérdingué me:madufat:tgr@r 'S |h%tﬂ.lctlbiﬁ with mﬁinér(rjmgdlﬁcdtbus E€The slldes were
condj ti ons esired or. ev eeded.. ture
analjgeith PR TEd e Sio0ns SOPPELALD SoeTRiatettale 4% SBware
(CyteVRidnabbplidtFinsagivty: Saatd @lareCGAf hitpriinhe. apiedicagingge®.com).
Theliis (TS RAGIMAr goreceliTetatiilin ctpatBOsE i o las cell
line Gwepmmat laQtiploidaiosinalkarystgpe amdemonstrated téy karyotype analysis. The
itr o en. co n
arygbig s 401, ERH praltE phasniedt FoRERIber corfyhPa N fieine
Thet@hjotypsasf S A Sagedenroegfingsd norfakekl y) at a split
between 1:2 and 1:8 using Trypsin-EDTA (I nvitrogen).

Confl uent nonol ayer of HFF were treated with
Thel’ﬁllirmwﬁcl]ﬂCS(ASh ywap ififldllygésted frovitr@ bh e@Bertalisviraritie hBS cell

t 0. . Si d . VE dish
o 5 e RbR A B AL S RS,
undmmgi/ngtggtgsicw cfdgprg%sa% I%Igtrlgelb'%d:aatéfd hltatﬂsl (Bettgg DekinsonPon

. act.or.
whid DRy PEERRTowatie SpanPLeRiT Lo el s b megium was
SW|tﬁhé1£®gﬁtréHE?MMdM&8|@ &uhgsbddka, ?\Qéderi)flwm diffetentiation w;s to
nt. fee ration o me can be
be ifdRRer MEH >4 SEERh oL Stk AhERARTS SR prategilE o0 on
lmnﬂhometocﬁemm@m oxfer ttB8entifly Icellst foore they e e dlffpnreopggmlayms

Posil Feisfafo gl Griflied of RBrl i it A HIBR R o °

(sorhettme=sisabdfesbe tb as Hoxa1)rthe teetoderubl a::sarpereﬁf-Tubllslln;anrDASMA

escribhed [Hein Noakssson] and in WO03055992. Pri or
(alpﬁg—smgﬁ‘g% %?If‘l%ﬁ?)s the lines had been maintained in

| VF di shes on mtonycin-C inactivated nEF feeder
ium (Vitrolife AB,
3. é&?ﬁ% g’ﬁ%@é %%@f?ﬁg%ﬂfgﬁg//wm vitrolife.com
In tHisl pq:dcedmttbel humih flbro’mgdslrfeddetsl-'lﬂédmw be xenorfneaaftoordingly, the
sin LEF O il r

reedffh P e Pl ek Eiiopsdls T M BIORA NG eifept ways
are daggrivat iand 1he Wag sotuialy cloosentcae theseebreldte to themeduitaments of

r t - i
the E@ER% F:g (grhos’g 2% )legRoUﬁ eu%ﬁéﬁjo?e 8@@0@& a&?ﬁ%%ﬁt@%?@n‘egded.

Sel ect (I nvi trogen) or Trypsin/ EDTA (Invitrogen) was

en 'ﬂpg gfaw Di shes were incubated at

Cu@?‘t%n Ifrg{oh ou eOAI%{gtgflg%)(?}Js}sof the hBS cell col onies
Comsmardialgl availabteinldFs were obtained from the American Type Culture Collection
(CRL-2429 ATCC, Manassas, VA) and were cultured in Iscove’s DMEM (Gibco
Invitrogen Corporation, Paisley, Scotland; http://www.invitrogen.com), supplemented
with 10% of FBS (Invitrogen) and 1% penicillin-streptomycin. The cells were passaged
regularly (weekly) at a split between 1:2 and 1:8 using Trypsin-EDTA (Invitrogen).
Confluent monolayer of HFF were treated with mitomycin-C (Sigma) (10 ug/ml for 2,5
hrs) and plated on 0.1% gelatin (Sigma) coated IVF dishes at a density of 70000-80000
cells/cm? in VitroHES™ medium supplemented with 4 ng/ml hrbasic fibroblast growth
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up fromthe feeder layer. The cell sheet was then

broken apart to a single cell 20 suspension by
wor@s®adsesl tritruration with a pipette, transfRCT/EH20000@239

centrifuge tube and centrijfuged at 400 g for 5

m nut es. Supernatant was di scarded, the hBS cell
factpe(hrsRGRydsvitrogen) sHRMCER wete fuses bs Tédderseblbempadssageanahd

t he $ ngl e cell suspension was seeded into an |VF
Pasiath %ont aining a dense feeder |ayer of inactivated
hFF. 25 Enzyrrati c propagati on of hBS cells using

PR TAgS pod st A edar T Brep Ao T can Be petprmned

as c&yerﬁt&m urtienXesd-freg pﬁépdﬂﬁibrfaﬁﬁer cells at high density
and Vi tr oHESTM nedi um suppl emented with 4 ng/m
hr bFG-. Enzynatic di ssociation was initiated by
TransferofihBS$ cdife townizyrmetic propagationasiturey t he cul ture
ishes, wth P [,y en).. A.val. of. 0.5 nL of
ne g et mASET abe A 111 EE i fe BolERRL iydkn
http(/Mvat . télgesgonneteadt teeim enﬂ@tﬂudhéd)amicrhardd:tehzedlﬂrs:esnowye
t 37C until of the
desiop 5 G Roartbeot] Antdn WSRBE802 T S hetreop UGBS the ines

hadlbzga rrnalﬂibmedd!h IVFstisieds gvamitbmgoinkC diaetivaigiimEFt foeder Iayers in

Vi Giod rSSiun SRR Ryiison gy SEeh il M ERne colny

supplemeafefelrwmm hg/nd haeFGF ahd get mabwaallghy usigta miang ealpmary as

cutfantyeReie? 199 4 Ersjgt et B AT Boeie Pulif8te e imatic
dnschrbhmi—lEI’fé’MchUltum médiuhswae remdveerarsahe edituratdishes asne

oL AN 3 038 L 20 OB st .

(Invidrogep) ortTryedin/BED THEtnvitengeh) was tteenlada@d to €aeh Mivetish. s[plbtnets

werb il fgf8Fas 3787y Pl i B e 5,651 P €D BREAE founc

up fAdnt dre feederdayert Trancdl greetwge thenheokddSapzed o d single wak

susgfsidy Bireppist i FpdeF Rl p R ndRE: .4 CStugs jpog an

cenBifiigedatiddo gyfor Lgrmlites ISupema’mmwam discardes)) treecieBiS welt pellet was

SIAY S
restspBien hofeSh VI o ot R ey o Sl el SoPoR s soeced
mtocaelIVFIdnsh\e:ontdmn@eldessmwepmeaqedacnwehey MF12 days.

Both |Iine SA0O01 and SA121 have been <cultured for nore
than 20 passages with maintai ned nornmal karyotype and
Enzymlatim/alroplagetmn df hBberellandinglsaseageaas single g/l saspension

ror SUAYGA AALebA KBS Ll ARy 3% 10
conglbtingaafthéiFi fsader@eu@at high geresitycaanid| VitrpdE @Y bdeditmis@pleaidnted
W|thh43r$g/§\§h bF%LFlt @E?ﬁgﬁ\(ﬁégg&%lgﬁq d’b% |f]i t/%%%rb%/frg %an%tﬂ%g@tq;/e
medlmmma@hlngdh@ctultme dshgsrmitAlRBS dhvitreges).sAibslemeait0lSmL of

Try;%i_veE?g ‘S%ﬂec S’gh?trgc_{én)%g Tﬁ&%ld/@D?Emn(/gr%ééM \H%E{Hen aliB&q &SLach
disho Dishab yiere imculdated aTBE Gountitthe/outear iegmas of thedddS ogll eolonies
starfdq6 ir&irﬁi J;Pf'i'ormﬁe' éedgﬁéyéﬁ Qﬂe czIBéﬁeet was then broken apart to a
single cell suspension by repeated tritruration with a pipette. Subsequently the cell
suspension was transferred to a centrifuge tube and centrifuged at 400 g for 5 minutes.
Supernatant was discarded and the hBS cell pellet was resuspended in fresh

VitroHES™ medium. Cells were then seeded into fresh IVF dishes containing a dense
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1-81, SSEA-1, SSEA-3 and SSEA-4 (Santa Cruz
Bi ot echnol ogy, Santa Cruz, CA,
WO hoaspoéaoswwy. sout her nbi ot ech. con). [ ncubati on RETEPEIOTIAH6239
or Cy3-conjugated secondarysg anti bodi es (Jackson
| mmunor eserach Laboratories) was perforned for 60
feeddrnayiee of mhctdAtddThFRCal dplittatibs betweea 1cHand ¢rsODaTmebwer tplit

. ' . _Th i Vi f al kali . h
ratic es 4ot Bt S En e adihsihed! Resfice i BESRACH R Faspeces
in thteteve systiemkAfter recraorecthag Stpassdgesithe hBSatellline Was split at split
ratidg BN et g Chgsiire s g Led FEaB s fjor ot §F-Cana
95% humidity Césertcutiucs mediaprewaBaiplace8AGMDreshd/iSAES™ 5N angan]
B o 22845, 88y )50 A 50 L Bgbl@ e

the vellsewérepalssagedi éveny 61 2iags.cButk ling SA00tand $A121 have been

trypsinize hxed and unt.ed.on, gl ass, sl ides, e
cultiehiBofeeban 2b 585 s TBUBP Blp R AR s G and Hner been
frozen aad gexveratcdadingendondentinapslan-fieevivy treethod<inaseiopermal

equi pped with 30 appropri ilters and software
C”"{”%ﬂ'g g‘is&‘?f’réﬂ}fﬂltefcg ith ﬁgéiaé@,SESanta Clara CA,

htt p: / / ww. appl i edi magi ngcorp.com). For fluorescence

in si.ty hybridizatipn (Fl SH) lysis, comercially
cragerBtiglod o bl Grobaasee B SRS  chr ompsones 12,
hBSL&ll dulturek8yere fixeKined?d pérafemealdestede dorctd minuges3 pemneeabilized for

5 miRR R O G SR SR i AR &gl RadgH G %
FBSUPB® édvibén)aPie ogilsi wedre ifdubatedsvitingrinsartantibedy solution

ovelsig B 426 Lt i R EHUSR HR RS Rt R e JFpiy-o0. TRA-

1-8 heS SEA-dUBBEAeSIanchSEEA-p{SamtenCruzBisteehmdlogy, 1IBanta ChanCAQ

R38R L AT 8oL 8 oconcr

antibodiem{Jacksominiiliroreserachalsabotiatedes )ived peeatiormed fdrigdi minutess at

g AR T e

phosphajasawhy defeanindd wisihgrant diicalike ghhegyphatagesadtigitydete etioer kit

apel! , C.l | . ..
accBTY B3fe ERHRRLTERS ekt ghm& i) Siginingg werg svaluated
andidveumentedwsirg & Nikonfiaipse GE120008) flvesésceanel nticroseops. Both
SAQE Sha SAF3 LSRG hE Bold SRR LA QLERUAS P more than 20
mat oxXylT n and eosi h stai ned paraffin ~sections were
paseagdsuat ed histologically for the presence of
di fferentiated human tissue 10 derived fromall three
enbryonic germlayers e.g., neural ectoderm
For karyotypegmalysisdhg bBS deilk weepintuledted in thelpresehce of caicemid,

S r fi ' t f h.
ryps B OB e ifes, 2E ERI LR it Uishalich by
DARiatainpQ, arsangegdemd dosumented using an inverted microscope equipped with
appropriate filters and software (CytoVision; Applied Imaging; Santa Clara CA,

hitp://www.appliedimagingcorp.com).

For fluorescence in situ hybridization (FISH) analysis, commercially available kits
containing probes for chromosomes 12, 13, 17, 18, 21, X and Y were used according
to the manufacturer’s instruction with minor modifications. The slides were analyzed in

an inverted microscope equipped with appropriate filters and software (CytoVision).
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A xeno-free cell line, such as SA61 1, could of course
be transferred to and subcultured in the enzymatic
WO pesoagiohg systemin a simlar way as descri bRAT/ABY#006239
in this section. 4. hBS cetds previously transferred
to a feeder-free culture system 20 Further exanples of
SATBSeSA R 1 wth shawed Aotnse Rarydtypbs afieretseimy cultuvedin the present

re, hBS cells.. that ha een vi ousl ransf rred
sy Fioet e 20sAsete g I Yer ARn st tertabadaren
pasSag Pluripeedspwak astesskb) by teratomermbtidriBh SEID miceas

destlghiot [Gens sgal ln i yB eGP iR ABCoel ol Rpaiuare 1 v

mecﬂfannﬁni]alitl malzodixsmmmmcesslna Gumyichlly plageasmder the kldney

cap§ 3Bt 58Vele Aabites nEuhh ISR L (SGD) S e Bl BECHER!

Chdbleb (RN/er Exbonitaries). IhekrizeWere $addiced aﬁemweékmmm rs were

s .fro i fferenti at ells us S
oxcB0 alp SRS P spEo T AB L SRR RE g SR pesatt
sec@dﬁ&pﬂ@@ff t@dlubtedm(;ﬁtﬁbgloéﬂy fﬂ)ayhelélprﬁsa'fobe:ﬁ dlf&'ﬁemmetalgﬁnl I an tissue
un erenti a BS cel col oni es r nual |,
deriip kil RlseEriPnOEs gRi e e OB FRWAT Sdafeh £opagesand out
like iepitiBliufrer ent i ati on nedi um ( KO- DVEM suppl emented with 1
mv WO 2008/ 006605 PCT/ EP2007/ 006239 40 d utamax, 0,1
nmM (3- MeCH, 1% NEAA, 1% PeST and 20% FBS) in
All threngsrsi layers ougré vorefsmed e thedketatomas feoridiottt 8A0@H and SA121
and sg&Eegﬁuently transferred

culBigaE IR et svEah A AR BOrS 47 BEEHSREs ) ead ng ¢o
adhesion of the differentiating cell cl ust ers and

GRS, Sl SLEA L AR A R e

in treepgregmatic passdgingsl/sene it a similat eng astdesatibeteabend irathisnggction.
hBS cells. These cells grow in a characteristic tight

network with appearance resenbling a maze whi ch nakes
4. BS:edlisoprevinmsie transferiet! toasfeetler-frée sultagpispstensi ng

FurlpgBBleribE, SPERE Erus ) Fo B Rt o wkRedrVRRIRA by s ens
thatdrelve dean prayiushetrarafertddie.a feaderddiet ¢ultore 9y&tem dWO2D04099394

anag%élgﬂség?ja%ﬁgoghaégégﬁrk, wel | demarcated, and usually

(I'llTustrated in Figure 1) Forced
Aggregati on Baserrent ceI | s can al so be obtained from

oL H{BES B oA FEoRe 008 B e ¥ o B 0RIme. o0
a catiapenasen embrmﬁjccplagwlh/cbr rmechantcalcdnssécpmjayxsmgﬁe afa glass
capjARS G P hEreP ol BAEALANBRs b 16 BleRLifiBa YE dBscrived below

in the Examples part below.

Examples
Example 1

Derivation of basement cells from undifferentiated hBS cells

Suspension culture

Undifferentiated hBS cells were maintained and propagated in vitro. At day 4-5 after
passage undifferentiated hBS cell colonies were manually dissected using a Stem Cell
Cutting Tool and placed in differentiation medium (KO-DMEM supplemented with 1 mM



10

15

20

25

30

35

the feeder |ayer by incubation with coll agenase |V
(200 UmM ), for 10 - 15 mnutes at 37 C. The cell

WO susmes®s on was transferred to a 15 m tube, BETERLMOZN06239
the cells had sedi nented, tdge supernatant was renoved.
The col oni es were resuspended in Knock 20 Qut DVEM

GIuBamwd oTenMeRiMEIGH) 120 UEABS,1%LPE8T and 20% FBS) in suspension
stre % 3 u

| .. 0.5 WA
ot The. ol arh SRR M sfsnshSRU SIS spveans S Rententy
transRrtedfto gelatinicoateddissye cularé eisaels leé)din'gft@ andhexioraofthe
dlﬁ%{ait?qim ct Eglug%?sgaargd %og}ltllpéel nt ger%téqnl rﬁbfgfgetéﬁéﬁs a&é?fq\ﬁighe cells.
Foudi :da{/s aftartptating 2000 pdlayer| df %:elgmppear 3&2\ltbdghdwerebmmslms of
. ) ni ncor pprat e at. .
aitpieing PR S H SRRl Aol i iaracerlog gt ptwark
appm#dnCﬁrekwm_ 'h% laimmd Iﬁnog ?faé“ gr@g d@gs?;gnt cE!Ii_ﬁe@ég)abe
. . then in ate a : S,
disttBfish el Bft R RoprEdriaparefiny of PS¢ Ren ctis Share
simmltieg with pclagﬂ\ecbndibeém ?mm tHeadells age epltbrtetIalehkefeldiaMitlbaarre
- 0 our S asemen
inci 2B s AR i el e Flar B 410 s #Maris s0dhe,
(lubfeBed & FigurdvBdi um was changes every second to third
day. 30 Exanple 2 Characterization of basenent cells

Basenment cells were derived fromundi fferenti ated hBS
ForoaiAggragatdmscri bed above. They were cultured in

W.t h
Basleny (el ) b P FOLN g RERed B o6 Gyt sngiadeifst
appFdaSh o‘eecnbgu heve. ﬂndﬁthentlatédahBS celts weffei meidtatedvard mropagated
. ' i n val .
in vingi B 83 £ 630k rrsiod WAl heios i sisiespse fom
the febdeNagersisoincetatiah wiheliagsriase 20 (Z)0. U/Anl), ifgretd +a5 kemtes at 37
o . | - | |
c. P& Sal EispetRE Vs ek i eldo p2ro AR BE S 4B ie B e
sedmudrted, Amelsufgmraathytuvas emayed T8 cdioniesvereviesespganded miKnock
8 0
OutdEMSypErontod i35 AT 3 Bl 5G], 426 BRAGRE
0.5 rOT@fFddercaptppthanagmd3Bh nofi@sbential smimweadidse(@ll from Invitrogen,
Si.S
carfiind Chiforhfy i isRheibied mddrpBeaty Bl fondBSER Wia - p4qym
usinigrd pipete.fhés miltsuabemmdn was dBtrthutedZ(QONelywell)\,ietora)Q&-well V-
iy o ; ’ : . _
bottﬁ@ dg?tl\é J@B%@lg@%%&?%}éyrg/nlﬁsg X ao%g&fq&\t%aﬁ%[:po? aE;?roxnmately 4 -
6 colonies per well and centrifuged for 5 min at 400 x g. The plate was then incubated
at 37 °C for 6 — 8 days. The 3D structures that formed were then transferred to gelatin
coated dishes containing culture medium (same as above). Four days after plating
basement cells appear from the adherent clusters of differentiating hBS cells. Medium
was changes every second to third day.

Example 2

Characterization of basement cells

Basement cells were derived from undifferentiated hBS cells as described above. They
were cultured in differentiation medium (KO-DMEM supplemented with 1 mM
Glutamax, 0,1 mM B-MeOH, 1% NEAA, 1% PeST and 20% FBS) for up to 37 days.
Cells were fixed at various time points in PFA and evaluated by immunohistochemistry
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endothelial cells. To investigate the possible endothelial relation, basement cells were

forced agg

regati on, exanple

exposed to 1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate (Dil)-
labeled acetylated LDL (Dil-AcLDL). This dye labels both vascular endothelial cells and
macrophages and can be used to specifically identify these cells in mixed cell

populations.

Basement and MCP cells were derived from undifferentiated hBS cells as described
above. The cell line used for derivation was SA002, LOTALQOO2 (passage 27). After 3-
27 days in culture, the cell dishes containing mixed cells, including basement and MCP
cells, were treated with 10 pg/mi Dil-AcLDL (Invitrogen, Carlsbad, CA, USA) in
differentiation medium (KO-DMEM supplemented with 1 mM Glutamax, 0,1 mM -
MeOH, 1 % NEAA, 1 % PeST and 20 % FBS) during 4 hours at 37°C. The cells were
washed three times with warm (37°C) PBS and incorporated staining was examined in
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anatysiser at e biotin-targeted cRNA foll ow ng manufacturer's
specifications. 35 Fifteen mcrogranms of the biotin
| abel ed cRNA was fragnented to strands between 35 and
Sangilés:baset Undiffexenfidted ABS wely (pgssage 38, 36h3 % 189nasd 40)
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st ai ned %.iCadiGmyecyte ke rell 2i{phissagess&éii bn 450.
Scanning was carried out wth the GeneChip(r) Scanner

3000 and image anal ysis was perforned using 5
RNASentzgttiop (any ntiprer ataynexpr8oinenks e.  Swegene MARC

Tou PR S BB L 78 UKo gt s
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1 SERE S PR ML S8 BI3.6R, DR Bl 378 llr. e
RNA samnplegayase @yiplified using two-cyale in-vitng ransthiption (153 Rivh quality
andd8RcémrtBR W ahEssurddPlsiAg dh Wgfdit!2100 bioanalyzer and Nanodrop
ND-1000 respectively. Total RNA was processed following the GeneChip® Expression
3'-Amplification Reagents Two-cycle cDNA synthesis kit** instructions (Affymetrix Inc,
Santa Clara, CA, USA) to produce double-stranded cDNA. This was used as a
template to generate biotin-targeted cRNA following manufacturer’s specifications.
Fifteen micrograms of the biotin labeled cRNA was fragmented to strands between 35
and 200 bases in length, 10 micrograms of which was hybridised onto the GeneChip®



10

15

20

25

30

35

10 conparison purposes two sanpl es representing

spont aneously contracting cardionyocyte-like cells
woaersiowedsf rom undi fferenti ated hBS cel | s wer e PAT&®2007/006239

anal yzed by mcro arrays. 4fese sanples are denoted

CML and CWM2 respectively. Data analysis 15 In order to
Huredaf iGeaoiedl 138nPILy 2df (Adfgmetrixt Ihet Santa Clgra r @4UUSA Eolvermight in the

T R R T e
wasdhesamdrithert stainedadrs &fﬁdmeﬂ]hﬂi@Hluid&sr@isti?m:go.\&f::eniagIr\APeascbarried
out i35 Ghe el eaet 30hd AR, Fragetrdlbeis S asorieh Poing
Gem@pd;%?)phﬁatﬁ?&oﬂfraw@eﬁ? MARC?d ﬁs Absgnt . t Fi2r st
(e il S BaeE FCrofal e Bt Snd {3 Sy cBftros, e
RNAidroeassidgfand e hﬂ)rhﬂa’ﬂaﬁ?z ?f ?ﬁﬁ%ayfj 'l]r:]et il;mn;ilgs represemging
ondHERERIAIGH iR, REpSlaldouy diki e PobiRtchs o Bierantitea nes
cellbm”eftfricﬁmldlte ﬂfe_nglrrr]amst The atrags w&'re(mg il 'dﬁ;bl'e:stast thts miﬁtitir?gal
conisgPhyBS85 4B reroae g MPo el GfLAY
carcﬂiolfrdecga-rﬁgeﬁéllji(mfriw?d gam?ﬁﬁregﬁt@h%bemmrbai)tmgglﬁtlfed by
mich arrdi e MBS LR ST P resneiiet o nes
cells and wundifferentiated hBS cells (FCMC) 30 3) FC
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undifferentiated hBS cells (FCgc)
2) FCin gene expression between the mixed differentiated hBS cells and

undifferentiated hBS cells (FCyc)
3) FC in gene expression between cardiomyocyte-like cells and

undifferentiated hBS cells (FCcpn). The average of the two preparations

of cardiomyocyte-like cells was used in the calculation.

Subsequently the following strategy was used to sort out only genes that were
specifically up-regulated in the basement cells:
1) Genes with expression values <100 in the basement cells were removed
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265.8 74.2 3.7 Hs.487027 RGS1 830.2 26.7 94.1 31.1
8.8 Hs.468058 IFIT1 541.3 14.3 55.1 37.9 9.8
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Hs 279746 THBD 246.5 28.7 27.2 7.8 7.7
TABLE Il. Summary of genes that are specifically up-regulated in the basement cells.

All FC values in the table are, as indicated above, calculated in relation to
undifferentiated hBS cells. The genes are sorted in descending order based on the

FCgc value.

UniGene ID | Gene Symbol FCgc FCmc FCcm FCpc /FCyc | FCpc /FCcm |
Hs.136241 | BNC1 5362.8 205.3 1082.4 26.1 5.0
Hs.435635 | NPNT 2697.9 108.9 712.8 24.8 3.8
Hs.534052 | FMO1 1504.7 9.7 331.6 155.7 4.5
Hs.492974 | FGA 1283.7 7.7 114.6 178.5 11.9
Hs.591641 | ANXA8 1070.6 25.4 80.2 42.1 13.3
Hs.306051 | MGP 983.0 13.3 265.8 74.2 3.7
Hs.487027 | RGS1 830.2 26.7 94.1 31.1 8.8
Hs.468058 | IFIT1 541.3 14.3 55.1 37.9 9.8
Hs.470277 | WISP1 472.4 62.5 87.0 7.6 5.4
Hs.270279 | MAB21L2 465.2 31.7 108.4 14.3 4.2
Hs.591338 | GUCY1A3 292.4 30.9 88.1 9.5 3.3
Hs.389669 | SH3RF2 282.7 28.9 47.8 9.8 59
Hs.386215 | ZP4 257.0 2.7 3.6 96.4 71.7




Hs. 2030 SYNPO2 244.5 8.7 46.1 26.4 5.0 Hs.490454 | G-2
214.6 2.0 54.7 107.3 3.9 Hs.591706 PPBP 200.2 1.8 9.9
WO 200B/086689. 3 Hs. 9730 CRI SPLD2 197.2 10.9 53. SPCYER2®7/806239
Hs. 508958 EPAS1 191.9 17.2 5.4 11.2 3.5 Hs. 480615
TYRP1 182.7 5.1 17.8 35.8 10.3 Hs. 253495 DCN 178.0

UniGéniDSKGénelSyrmbbal. 4 FEsd2 {9 /BCROSITNFELY . 2 [ BBad RCc 0| FCgc/FCecm
Hs.2700463. ATHBE . 487200 ReA®I5 163. B8.7. 9| 72 24. 7 47.8 7.7
Hs.2630 396[/SWNP@S1 153 32449 30. 8.52. ) X6l Hs. 148690/ 5.0
Hs. 49048/ [1F23 16.8 26. 91466 4 [5. 2.0 Hs| 52285 |SLN1488. 5 B. 3 3.9
Hs.580706 3[1IPBBRB. 4 Hs.|37208BH (¢DHA.8132] 3 99. 8 |31. 11926 4| 2 20.3
Hs. 948047 3[/CRISEYDB 127. 01¥.8 26. 80.83. 7 438 Hs.458.1CHROL2 3.7
Hs.8D89%8 8. BPAS1 7 11.8 41%91.9HS. 500761 HASE 94.8 4.9 9. 4 3.5
Hs.4p0676 10TYRPHs . 6041[16183EME 8%.U 9] 9 168 8 |9, 7 3.8/ 10.3
[ Hs.293495080PCMDAMIS6 79, 57816 5 2216 5|1 B8 |Hs, 4463728 44
[ Hs 527978 |APOSTNg 1 1 [171&.%80 252 RB14 |00 8AD 74 34
Hs.48720013 RG84 7 5 1 | HERR4629 7ENTNAPAB3A) 71 6 211 9 4.7
Hs.306783 of HASHs 1438713 NS} 40 2% 7| 1807 194 2 52§ 5.0
Hs. 1489074 41sH9XB¥p7zo 59 414083 5 (221685 B 269 Hs 478402 5.2
Hs.528280r SIS 3 4 & 1l 36,5 3 & 4 Lb,_ﬂslzga_aséi@m7 34
Hs.570836; Ll g 19, 3597866188 03p 5U.73 3. 3 698 13 4.2
Hs.4f 3621 ksc‘zé%')e Dsqa 40 1 0% 7 o2 3 teibosg 2
Hs459c o EGHRDLZ 4 4 1y P85, § 283 Ugidy Aumpibeg b 45
Hs.000£67, [HANDT ", "' 048 - 1r-48 - -84 49 fc . 2 b 10.1
Hs.6D4116 [ GREM2 , E,VQB‘S%“?“; 99 - I B& | 4, 97 onokban 57
Hs.29 y TSP o~ loc 1950 7 °? g'sdz'a ;4%;;“ 51g 1ol o 33
Hs.443728 | QOLZ‘lA‘IAﬁ’;,;’-,?"%.g»g‘é;‘ ac g o F Jre 17,7680 "7 44
Hssb\flt | I €OLm “40V00V MY ’ |10 ’-l-\J304 9. M 313J1 1L4.79 \J|8U’ 51
Hs.334629 | CNTNAP4 70.7 6.5 12.9 10.9 5.5
Hs.143873 | ARSI 69.4 5.7 12.3 12.2 5.6
Hs.444834 | COPZ2 69.4 10.6 225 6.6 3.1
Hs.476402 | ADAMTS9 66.3 45 14.7 15.2 5.9
Hs.435291 | RSPO2 59.7 1.5 5.7 38.6 10.5
Hs.507866 | RGC32 59.3 3.3 6.3 18.0 9.5
Hs.386726 | DSC3 59.0 1.9 9.7 32.4 6.3
Hs.75256 | IL6ST 57.4 4.4 114 13.7 4.7
Hs.485729 | AKR1B10 56.2 2.9 11.6 19.2 4.8
Hs.592097 | SLIT3 55.5 7.8 18.2 7.2 3.0
Hs.190544 | ALOX15 48.2 3.8 5.1 12.5 9.4
Hs.368542 | AQP1 46.2 1.7 8.3 25.3 5.3
Hs.2164 MME 46.0 2.9 12.2 15.7 3.8
Hs.468675 | HOXB6 45.6 35 9.1 12.9 5.0
Hs.498252 | SLC40A1 43.5 25 14.5 17.3 3.0
Hs.553497 | COBLL1 42.9 3.2 6.5 13.4 6.5
Hs.405156 | GRM? 42.1 0.4 4.3 98.3 9.8
Hs.37044 | SLC5A12 41.9 1.4 3.3 30.7 12.8
Hs.136348 | CNTN6 40.1 5.0 7.8 8.0 5.1
Hs.589848 | FRZB 39.8 1.6 4.0 27.9 10.0
Hs.631510 | ATP7B 39.7 2.6 6.6 15.5 6.0
Hs.9315 OLFML1 39.1 2.8 12.3 13.8 3.2
Hs.503500 | SLIT2 39.0 5.1 7.2 7.7 5.4
Hs.518921 | PRPH 38.5 2.3 10.0 16.9 3.9
Hs.132441 | GAS7 34.4 6.1 9.9 5.6 3.4
Hs.307734 | SMOC?2 34.0 5.1 11.1 6.6 3.1
Hs.365706 | BDKRB1 33.7 1.2 5.6 27.9 6.0
Hs.584852 | GHR 32.1 2.1 10.0 15.2 3.2
Hs.480938 | TMEMS8 30.4 2.2 3.1 13.7 10.0
Hs.475353 | COP1 29.8 0.1 7.1 268.1 4.2
Hs.485581 | LMCD1 21.9 4.1 6.2 5.3 35
Hs.107740 | IL6R 21.1 0.9 3.4 23.5 6.1
Hs.479756 | KDR 20.9 0.7 4.2 29.3 5.0
Hs.182265 | TNFAIP3 20.7 2.6 4.9 8.4 4.6




Hs. 498252 SLCA0Al1 43.5 2.5 14.5 17.3 3.0 Hs. 553497
42.9 3.2 6.5 13.4 6.5 Hs.405156 GRW 42.1 0.4
WO 2008/09803 9.8 Hs. 37044 SLCS5A12 41.9 1.4 3.3 BOI/EP20R7/806239

COBLLI

Hs. 136348 CNTN6 40.1 5.0 7.4 8.0 5.1

Hs. 589848 FRZB

39.8 1.6 4.0 27.9 10.0 Hs. 631510 ATP7B 39.7 2.6 6.6

UniGEmHDQI. Gene Syntibl5 |OLFOAL 39.FCye. O] LECay 1q. BCa /¥ Cuc | FCoc / FCom
Hs.5320820 350EBRILI 12 39. 01021 [.212 7 b. 455H5.|518988 PRA 35
Hs.598492 2| ARHOEKB 16. 9 3189 H$. 133441 GART 34.4 606 9. 9 4.6
Hs. 29365 3. |4S108813B07734 SNBB? B4. @.75. 1] 1133 6.|6 3.6.9 5.6
Hs. 438836 5/ABPBDKRB1 33. 7188. 2|5.8.827.P 6508 Hs. 582852 GHR 3.5
Hs.558244 2|. GPRO5® 15. 4 3127 Hs. 42@038] TMEMBS8 |30.48.2.2 3.1 5.3
Hs.578977 1l0TAC3 Hs. 4753531CT@P1 12918 0.1 71.3 2d8. 1 18.22 13.3
Hs.436 13I8 55ARHGARTD1 21. 91431 6.22% 3 B. 539Hs./107780 | LGR 4.5
Hs.98428 (. $.C364323 5 (6. 16.3Hs 479856 KDR4.20.9 0.788. 2 29.3 40
Hs.524688 H<SLG9ABRE TNHAI P8720)7 2.16 4,9 814 4.6 W1 7.7
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Hs.98206 3 |PRARYB; o s 148378 Ad®4 18 333 5|5 3 68 4 g 42
Hs.30332 5 WNToBoosc 17 433 gl 22 705 40 d 57529 Tads 33
Hs.57960p 4] GALNTIA1g o 1131381 4 48191l ApfPapd 17889 313 g 33
Hs.136250, T/ TGAY 98428 SL';:,{.gAS '15‘1:5*1 428 glg 4 88 4.9
Hs.446438,° AB3Z, consnnd 18329 21797, L .33 E IL|,-.1§Lf1")|:'31 4.2
Hs. 128453, J FOSBC r ~ 4 2123, 1 1:Ziackh Pdbur laa 98757 o 855
HS_1224.\ 'J_. :IE '_.fBzJ ~J \vJ 1. u1z-.3u rlo.2.43-rgu fﬂl\u - T U5‘3.. — . J 5.7
Hs.533683" ' [TGABRA2 11.3 1.3 3.2 8.8 3.5
Hs.351593 | SLC2A1 111 1.8 1.9 6.1 5.8
Hs.590958 | SLC18A3 11.0 11 0.9 10.0 12.0
Hs.523329 | OGFRL1 11.0 1.9 3.3 5.7 3.3
Hs.468410 | HPCAL4 9.9 0.6 15 15.9 6.7
Hs.41690 | SOCS3 95 0.8 26 12.4 37
Hs.156316 | GALNT13 9.1 0.9 15 10.9 6.5
Hs.95120 | TSPAN5 8.9 15 1.7 6.1 5.4
Hs.27475 | ANKS1B 8.7 0.3 1.1 249 8.2
Hs.513779 | TRPV2 8.6 1.2 2.7 7.4 3.2
Hs.461389 | OLFML3 8.6 0.6 2.4 15.0 35
Hs.387300 | KLF2 8.5 0.8 16 10.2 5.3
Hs.47629 | CYB5D1 8.4 0.9 1.0 9.1 8.3
Hs.353001 | PLD5 8.4 0.3 1.0 28.8 8.6
Hs.470457 | WASPIP 7.7 1.3 1.7 59 45
Hs.408434 | ZNF395 7.6 1.3 23 6.0 3.3
Hs.62192 BMPER 7.4 1.1 2.3 6.7 3.2
Hs.436657 | RIMS1 7.4 1.1 1.7 6.7 45
Hs.432379 | LRRCH1 7.3 1.1 23 6.5 3.2
Hs.89605 FGFR2 7.2 0.8 0.9 9.2 7.9
Hs.440829 | SFTPD 71 0.2 18 35.9 39
Hs.348365 | SEZ6L2 7.0 0.9 2.1 7.9 33
Hs.130306 | PIGH 7.0 1.2 16 5.7 43
Hs.46348 | C3HC4 7.0 0.4 1.4 19.9 5.0
Hs.209226 | F3 6.9 11 2.2 6.4 3.2
Hs.459153 | ZFP36 6.6 0.8 15 8.0 44
Hs.291196 | STXBP6 6.6 1.0 16 6.7 4.0
Hs.492280 | TPK1 6.2 1.0 1.7 5.9 3.6
Hs.591252 | CLU 6.0 0.5 15 15.0 4.0
Hs.73809 | SLC4A8 5.4 0.8 0.7 6.5 7.9
Hs.315369 | PDPN 4.8 0.6 0.8 8.7 6.4
Hs.76152 KRT19 47 0.8 13 5.6 35
Hs.618240 | TMEM23 46 0.4 1.2 1.7 37
Hs.506458 | PARD6B 4.0 0.4 1.3 9.8 3.1
Hs.116724 | GFPT2 35 0.3 0.9 13.0 4.1
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Hs. 125180 CHRNA3 14.2 2.4 4.3 5.8 3.3 Hs. 462214 ATP1

Bl 14.1 1.9 4.2 7.3 3.4 Hs.98206 PPAP2B 14.0 2.0 3.3
WO @008/046685 Hs. 30332 WNT5B 13.3 2.2 4.0 5.9 3. 3PCT/EP2007/006239

Hs. 570608 GALNT14 13.1 0.1 4 0 87.9 3.3 Hs. 116250

I TGAV 13.1 1.5 2.6 8.8 4.9 Hs. 446438 RAB37 12.9 0.7
UniGene IDJ] Gerle Symbhtl. 120403 FOSF Gy 3] 1 FCch)- J PCY /FCTw | FCoc ! FCom
Hs. 476604 2AVIEPHBZ 12. 3 2.832. 1 504 5. 619. 536837.6A 4.7

C2éo 11. T 18 1.9 3.6

Hs. 4822 1] (RBA 2 8.8 3.5 3.81S. 3519%3 I
6.1 5.8 Hs.590958 SLCISAS 11.0 1
Hs. 523329 OGFRL]1 11,0 1.9 3.3 5.

1UQlUUlZU
3.3 Hs.468

The,gang exPEES§IoN REOHles0fa supsst of thp@eag%@OT%gr@algo @logted in
Flglﬂ'e6|21ﬁi‘hé~l énd exﬁ@sé&ﬁﬁ%ﬁle@%&é\gﬂ&a&eﬁz& Qyé{&v Ende r§ssnon in

OTS

27475 ANKS1

the gﬁqlffgregthteq hBo gallg an tm%mgfgmgulqap@\,gf @fferentiateg hﬁSpeﬂs The
gend- e&gréﬂ&oﬂ@ﬁﬁ@ﬂ |rQh5Ma%eﬁleﬁt kI8 aAd4t bw |i3te5meé1§te38\7é3991 the

KLF 1.6 10,2 Hs. 4762

9 CYB5D1 8.4

cargjoyecyie- Illquc%llgggmrapsp_% Tge ge@esgprfsgntgg igFigues 12 are
BasHﬁuAmOﬁ(@ucy’ASRéﬁuranJcnﬂa (ﬁPNTZ f@nﬁo%rﬁalph@cﬁ‘é}ﬁgﬁéA)zuﬁﬁ%n A8

(ANW) m&tr'ﬁﬁ%%gfptw I(M@P? zpng pellyciga glygoprotein 46ZR4) 379
throhl%%@i'odﬁlu@(ﬁHBD)? hdnfeobox3B2 HU$(83 %Ert'%@ﬁﬁﬁ%ﬂal%r&t 8efvatives

440829 SETPD

eXpF?s*S%gfééUéN%ZGq_GE”‘PCS"'G 3dD§%) 7'“@"‘3“'9" G%WBEQWUW@WGST)
aquép&inl1 (?A@Pﬁi) FriZzI4d-Pelated- M&&ﬁ&F@B%rgdﬁmﬁn feckptorB3. 9

209226 F3 6.9 1.1 2.

6.4 3.
(BD?(R%” growth hormone receptor (GHR), klnase msert domain receptor (Flk-1)

(KDR).

Furthermore, genes indicative of onset of the early cardiomyogenic program were

identified in the basement cells and the expression levels of these genes are shown in

Figure 13. The genes presented are: myosin heavy polypeptide 6 (MYHG),
phospholamban (PLN), titin (TTN), GATA binding protein 6 (GATAG), GATA binding
protein 4 (GATAA4), T-box 5 (TBX5), T-box 2 (TBX2), actinin alpha 2 (ACTN2), cardiac
LIM protein (CSRP3), troponin T type 2 (TNNT2), myosin heavy polypeptide 7 (MHY7),
myosin binding protein C (MYBPC3), myosin light polypeptide 4 (MYL4), myosin light
polypeptide 7 (MYL7), tropomodulin 1 (TMOD1), myosin light polypeptide 3 (MYL3),
LIM domain binding 3 (LDB3), myozenin 2 (MYOZ2), creatine kinase (CKM), myoglobin

(MB), and myomesin 1 (MYOM1).

Notably, these genes are expressed at low levels in the undifferentiated hBS cells and

in the mixed population of differentiated hBS cells. However, they are expressed at

intermediate levels in the basement cells and they are highly expressed in the

cardiomyocyte-like cell preparations (CM1 and CM2). Taken together, these data

demonstrate that the basement cells have, despite an immature phenotype, initiated

molecular processes that indicate an ability to differentiate towards the cardiomyocyte

lineage.

Example 4. Promoter analysis of genes up-regulated in basement cells.
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Hs. 459153 ZFP36 6.6 0.8 1.5 8.0 4.4 Hs. 291196 STXBP6
6.6 1.0 1.6 6.7 4.0 Hs.492280 TPK1 6.2 1.0 1.7 5.9

WO 300B/006695 591252 CLU 6.0 0.5 1.5 15.0 4.0 Hs. PG8EP2007/006239
SLC4A8 5.4 0.8 0.7 6.5 7.9 4d1s. 315369 PDPN 4.8 0.6 0.8

8.7 6.4 Hs.76152 KRT19 4.7 0.8 1.3 5.6 3.5 Hs. 618240
In OTAEENE Riehtify ddnvindn Rxgiilataty Blemerits fob BiGheBABIBAEN Zabled the

prodfs PR Sk EB60rBURSSUI S, TR aIectPs e ahscrit

ider@ifiet) worre ROV theéCgdmdsGRére/ coREifed BABGséd &Emigut to the tool
47OVI 3 0.4.0.7 7.5.4 91 .LRB

Projséf i/, Sodlaguclpibnloser Bpoul yning oL enpge el e
al. NudisieAcinfs Rdsc2093n8$:3554-3859)eAldroraoter a¢qenpé d00@tsb uprstreams

and SO0 ool LSO e S L Ll i SEeifga auainy crera

wawpmhsfhleatoemdmaat fed 14@BBacsdripts. Ahedsd premuitetseqpenmelsatdreiscarined
f f at 5 [ [
for B R i RS BEadiiac e 2 Tow co'i nt er modi at e
(http: yvsg 3;49 109 he:8080/dieedyrytet/pwhick és @adigneprte find &rahsariptional
{ [ . .
o T SRR e e PR A By Acs

Res( Z0BA) 32:3WHBH208)AB0 furthkiXitgpstigatd if the d@ineamen ototifsridéMIBRY by this

o BRIt B dei A RR Bk e
motife identified/msWeedexperessead-hed (ddaNBithe Tiassfacs® Hatabase using the

int d | L6ST
tOOISanDS(a%S%M {Mfegcg ot( ein (%:RZB)

bin/bul/drdaramsipatebiit/patct. 84i) witBEsdeB")threghaldiskt tocd0nanmallowed

ms{rﬁ%&f%&&tg Q%%i%mg{r?ﬁﬁé%gtg% Iro Fn tﬂg rﬁggn{gln @gﬁgﬁteg%esr F/Ollé?légred
andtreporéet inyl abler it Wiy alyerinvespgatgd ametier the binkda'ng isitesendentlfled

throyt TPARPAER Rl S8R BYBEMRS R 5L Sl hBREing
factareolumyomlTrablaemvy pol ypept| de 6 (l\/h(H6) phosphol amban

(PLN), titin (TTN), GATA binding protein 6 (GATAG6),

ot Bl B LBl Y e o 20 Lim

140prometen r¢gi8rRA8gre axtrapiedicorr@spangingo tABETRSS, listadoisiTrable II. Five

ol BENRERAE AL s BP0 A L FIRS o

eachinggtif in these 140 promoters was calculated for 85% matches and 90% matches

respectively. These motifs were searched against Transfac and matching human motifs
identifiers are listed in column “Motif Identifier”. These motifs were also investigated for

known binding factors reported in Transfac and these are listed in column “Binding
factor”.

Y
tif.Seque

i
102 | HS$GPC 02 85.71 | GATA-1 TATCCGGT(+)

HS$EGFR_16 80 Not reported TCCGCT(+)

R RO DRI PR e Ak = e I RN s PR R ORI R
ARCGCTCT 140 117 65 | HS$RNU2 04 80 Sp1 ACGCCC(+)
HS$APOB_11 80 LF-A1(HNF-2) GAGCCT(-)
— HS$CYP24 02 80 VDR CGCCCT(+)

R R R R AR I e B
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pol ypeptide 7 (MyYL7), troponodulin 1 (TMOD1), nyosin
i ght polypeptide 3 (MYL3), LIMdomain binding 3

WO 20iBB8g605 myozeni n 2 (MYQZ2), creatine ki nase PCREP2007/006239
nyogl obin (MB), and nyomesih 1 (MYOML). 25 Notably,
these genes are expressed at low levels in the

undifferentidted hBS cells and 1 h the moeasd.
MJ—LQO.“.14W '4'557lf1a" é?‘z' $ o 38!?08. LE.QHZf\mr, thTATCTC(+)

are ekpressed at | nt er msicedsetsl eyel & i1 Eﬁzhe basenHerTG(ﬂ

wcells|land thdy ard:hi ghfw=8xpressed: | pihes- T e

CC&QCG\&“ Jnyocyloe-l '2&6 CQEJ M$$‘§§b6atl JnSBO( Cl\/q‘loialtpun d ) GGAAAT("')
: o lakenr agetl ngr, - these:.daka . denbngtrare jtnat -t ne: R

Am%gcsemmt cgwl s gavel, zgsesms&%ugr& maé ure§ 4henotype,ACGCCC(+)

rimrtrat CU oSUhoTreciur af FruttsosStt o nat 11 ual c all

ability to dilffferenti ate Hseam@Bds 1 hesocall giF-eﬂWezvt g _GAGCCT()

| i neage. Exanple 4. Pronoter analysis of genes
Takep ~togajlnératmde‘su1tsmsgaﬂrlhatdb¢ transcfifti@O281d09 6A0A\-1, Sp1, LF-A1,

T O N N AT TR

the ghees lntethint &@ble IEhgThermlaxbf Ghﬁ&é i epexsfioatly potable since GATA-1

[ T f.
v b s W A o RGBT e g 2on
1998nd0(@3% ¢a3-469,i Seyoin Imouniol. Herel we Propoedsthat GAT_A-1 can also provide
a ORI 1RO oS OBAGR. BRERBASIooARON Y !B Bl B eiar
pro@dss8s bdeBHaPYuring gevelopneEnt skrguemangloblHxds thatgivet nisedos
VaS?lﬂ? fé‘%ﬁ%@d { ol c%'ilg Bmlcﬁ) érﬁgl p%tmglﬁtht&%lac gr%emtors

€ speci |e%l Ity crirteri’a was
and: alseatigivates from tmdmetspdam mi the ®arlyr eebeyopr onot er
sequences were scanned for common notifs using the
Weeder al gorithm
Exe(mlollepb'//159 149. 109. 16: 8080/ weeder Wb/) which is
Eféé%r;?ﬁ JrPofbéELrﬁ%rﬁ'&‘ﬁE' ptional 10 binding sites in

sequences Trom co-regul ated genes (Pavesi et
Bawmenl\lgellssiemlvm!: frden urweﬁ;ereml@ﬂed RES weroarrlisplatedyf mechagical

disélelrafgr?‘hﬁ tv?su%f%ﬁs%?va?ﬁm}q bg% F)éla{e%"?ﬁ‘t{o! sfngéflgr Qéstgl:g Wwith an
gor i t m mat c experlnenta y veritie I ndi ng
enzyineesudhras ¢odapenase, diepases Or tryrsin and cryspiedenved usied elifher

standeF 8 Elow iR &5 @G@Et‘gﬁ@?%s%@htﬂﬁéanbﬂ fr dIbSRPLARHS B304 S8s)

usi ng the

(http / I ww. gene-regul ati on.com cgi 15

ggh b/ progr ans/ pat ch/ bi n/ patch.cgi) with "score"
reshold set to 80 and "allowed m smatch" set to 1.

DeriyationmeftMEP eglladranm untiftarentiated hiihcelimone were
UndifREIBhELRES B RBAs MERARLRTLINY %ﬁ%r‘égéééted WEVif 98 day 4-5 after

[ nvestlf?at e er t bl n es | dent
passageuih elream@e%@ﬁ)cehaqlom%wergmaat dipgpctadasingya Stem Cell

Cutﬁ?_ﬁg@?@él%d% Eﬁ%?éﬁt:?fbn ﬁ'eH@H‘@((% b%ﬁ%l\ﬁr esu{aM@H edWith 1 mM

le 111 Sunmmar rom
Glutamax Bili mNbQTMepﬁ 1% NEAA, 1% PeST and 20% FBS) in suspension

cultures. The cells were maintained in suspension for 1-6 days and subsequently
transferred to gelatin-coated tissue culture dishes leading to adhesion of the
differentiating cell clusters and continued proliferation and differentiation of the cells.
Four days after plating a monolayer of cells appear arising from the adherent clusters
of differentiating hBS cells. These cells grow in a characteristic tight network with
appearance resembling a maze which makes areas of basement cells easy to

distinguish using light microscopy. The morphology of the basement cells share
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140 pronoter regions were extracted corresponding to
the genes listed in Table Il. Five notifs were
WO 2ei8nécds ed usi ng the Weeder al gorithm and t hBCHERREF/006239
of occurrences of each notgg in these 140 pronoters
was cal cul ated for 85% mat ches and 90% mat ches 25
similaitige mn'h\minytnveTér&meennbhﬂ thevesils ase apithedidl-likgainnesddition,

iR AT e R TR s SR i B8, From
thosd Isasenent séllsgab stersfob MCFk neilsradmeadadn@hé MaPR cellsraarp oisibtel using
ion} Bieroft35Y Ao T e isrernl oL by PdreS Biaions
appéatirg &s mosdly adhéot éelldlurmpBsovertayir@dPe nonolalybt offbasement cells

(PRl 1T R Mo aekopia o Biist Bofirg gpne

clustiSs @PBeGimikrity o ‘Gallobons oha SEGGT(he) MCASRECRRtS c80 elllndr be

oo ERATIIG) cAOFE oy S SR 5

48, WLBH)ZS&DDZ\@FE.QIEECIUQ(&OWWMMQ%EDSO) SA121,

(T AR R e s b 1 L BT 8 YR L OT a1

(paﬁ@:@@'zz( 33) AGEAGBYTpdssag@388. 132 HS$I NS_05 80 Not
reported GGAAAT(+) ACG C 140 961 285 HS$RNU2 04 80 S
P1 ACGCCC(+) | HS$APOB 11 80 LF-Al HNF-2 GAGCCT(-)

MCRaietisicaroglet Iberobtdimed frens wintliffesanfjgtesithBSheslistusing another

apolefiBp st M ers VG ge Rl Pog Rl wels, feiiainey earpropagates
in vitnop Abday 4)-15 affer pasasige sptifiefentiated hiiShedl dalatiexivere dedidhed from

the EEFRF%?’EF ﬁyg@cgﬁat@mhjcoué%eﬁﬁ%%'lv (:E(% U%"\‘)gg‘t’ﬁaﬂi €18 Mfes at 37

€en reporte 0 be
°C. Asnerdimgdo éwiced @@gregaitldm dewtribed jn (e*dutxde 1atie celirsusied BN was

tran t&%?ﬂ 5179 rubéc'eénonafl QAD%aa'a'%e an%?]té) Eﬁ%?t?petrnﬁgnt was

-1 can al so prov
remosedli Tohgadmiies were rlasmmeoped ms}{rmohputég\dﬂilutsupgleewnltqd with

209 BB A e MRS ARROERULYH Scthd 5% ARYS] ORIRMprockfsol ang

0] vasc
1% h)br)@dsemlal amirohenids (alttrehblpmﬁngem Gaaishad\Galifernia) ead di ac

disddlc Q{Jvnearfn.ca%?rbrﬁ@ gm%@%s&{ré &gﬁ‘ LR el AUBirlg S pFERE M Lel

suspension was dlstrlbuted (200 pl/well) into a 96-well v-bottom plate (Corning

incorporated, NY, USA) at a concentration of approximately 4 — 6 colonies per well and
centrifuged for 5 min at 400 x g. The plate was then incubated at 37 °C for 6 — 8 days.
The 3D structures that formed were then transferred to gelatin coated dishes
containing culture medium (same as above). Four days after plating basement cells
appear from the adherent clusters of differentiating hBS cells and from those basement
cells clusters of MCP cells appeared. Medium was changes every second to third day.

MCP cells could be generated from different hBS cell lines (e.g., SA002, SA002.5,
SA461, SA121) and also from hBS cells maintained in various culture conditions (e.g.,
cultured on MEF or hFF).

Enrichment of MCP cells can be achieved by changing the differentiation medium to
CGM-medium (Base medium composed of 35 % IMDM and 65 % DMEM: F12,
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Cryopreservati on of basenent cells Basenent cells
derived fromundifferentiated hBS cells and isol ated
WO Rgospeiiani cal 15 di ssection under visual obBETAER2I0DN6239
can be dissociated into smakier clusters with an
enzyme, such as col | agenase, dispase, or trypsin and
suppbﬂtqnneliswnrve% Mﬁgn@ﬁidtamax ahd intaiedo sl fivat Eoreeniratpn of 3,5 %

FB9 o d0voan3auy B-UeRk e g Cer CRAMAFGE T cardaropnin

1, ahd G nh | hfdrMu&hBymhagtahBa@ 1;heIrhcsndlslrysi(r]I of mSen”cenat:elbh ihBSs
{
mediiy' g {EBe LR TR i Fe sPenr Rtfieia sbntlaid iegd P Rbuaton

medieme nanual |y di ssected using a Stem Cel I Cutting
Tool and placed in differentiation nmedi um (KO DVEM
suppl emented with 1 nM dutanmax, 0,1 MM R MeOH, 1 %

Exaxaple,7 1 % PeST and 20% FBS) in suspension 25 cul tures.

isoliin iR SIS gRLEY Boy Bitede BB i ot o 11 2sue

ThecMCPuwedls dppdered Iaszlmhsety adbneemﬂn esli clostefs dvedlaying a basement cell

ol BEER KRR dinerubBicEh 2125 6700 R8 %Eiated by mesppica
dlsmyen asibgn Smdaratoeilgpmtlmg)mod)laymddufonceﬂ Jasioap pmarpoits somg

IargeF %%@@QS %F g@éggaﬁtraﬁe%usi)h(g Fotgrle t' nrﬁi&ﬂylng cell layer

andrtbesmwkrewebbwewd apibe Hoatimgen tmaanture nngdlarmmsaalsblpohsmle to

oo R PEIE O R Moty S P 0eilp

by melihg MWawa@lﬂOBBSO&&SWESW EFE&NE’H]@GQISQanﬂOand one wash

wnthsf%%glrli:délr@ fz é\'iédill?)l %tt%%ger%ﬂﬁg gg&gp @sn %II ct, nq[q(f eéélﬁ é‘n%r 5 Used
werp Iﬁf@@th@EALQ@a’z 4 padsage 3ht42048)aAA002.6al OYBEROGRE apassage 26, 42

+ EB'&‘ P&aifh %%T%B?iﬁ@%%gr%% £ebg 1%!6“3%55?) é’rfdé’l?f Ty

s appear e |'sarée Visi using
LOTBMGGs(pa@agam 8Bey grow as clusters of snall, round
and phase-bright cells 5 appearing as |oosely adherent
cell clunps overlaying the nonol ayer of basenent cells
Examplgd e 2). They have a hi gh nucl eus-to-cytopl asm

proggﬁ%ﬁ%?ﬁw;)gé\!) ‘Fﬁﬂégegcg gthe clusters is the

I 'oons on a sting". The MCP cell
MCPBIcelis wees derivediant dgolated as desctibed abowe (fatced aggregiatipr). and

subfgivenhy DL Bf it gl g LR ERT Ty it e o
co- GuItE@lﬂostensMp[opagatmmwpgglﬁemggtggeofimted Brigenitadells. To
obtﬁ%&@n&éﬁesen@%b e@édd%é% d—ﬁ'? @ w‘h? g\%géﬁan%‘?’d&sy
expfantsmdmurlcwlm)mre@uéweu mac@nsw Qfsmor@oanecﬂerm@n in culture
mecﬂ@rﬂrc%ﬁfarh ﬁil ME A\Wﬁéh? 6peSHd ﬁﬁ\f%@ﬂéhé& & q§§%fg§l Yhese

mal nt pag at e
cellsnase rgfaread tpﬁﬁgbammsemcéwm cd&eﬁhmwsmre p@esagﬂd@

appP8XiRatdft B AEDNRLEBY by means of 0.25 % Trypsin/EDTA treatment.

END2 cells were cultured in medium containing DMEM/F12, 1 % PeST, 1 % NEAA, 1
mM glutamax and 7.5 % FBS. The cells were dissociated with 0.25 % Trypsin/EDTA
when approaching 100 % confluency and generally split 1:6 - 1:8 every third to fourth
day.
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the feeder |ayer by incubation with coll agenase |V
(200 UmM ), for 10 - 15 mnutes at 37 C. According to
WO R@8®e@0aggr egat i on, described in exanple 1, PEBEERI0OF/006239
suspension was transferredsjo a 15 m tube, and after
the cells had sedi nented, the supernatant was
in orderiv stbp CEH @ivisidrg ma&ﬁameeemmmpeélldeddimm oells vtk treated
emented with 2 0% FBS, 1 %

wit Rl SAEAB BB 2 3 TP LEICARAIN 9 40 4T during
approXimaaps a@@:’eamé céll@dfveré \A%’Sﬁ@@ tHRES BiMks Wlthd’BS‘QndiﬁHeﬁS

c(all froml bad Cal i fornia)
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the PeshebiNe mmrbgmadptrp@id §eed'5t'llo‘h pl&dtic, fob BMNDRNSHIIS BoH@8 with 0.1 %
dlstrlbutedofq ﬁl/vve into,a 96-well v-bottom

gelafin, pka deRstyidhg Y™y, UsA) at a

concentration of approximately 4 - 6 col onies per wel |
nd 25 centrifuyged for 5 mn The at e was
MC?H}@HS WeEe gerived lfg)(n gryd) %er]eapatgd ﬂh§ %,gng Ispjal dg,Ey mechanical
dlsééfct"(gtfhslhgé sg&gméuaam@ medslest&eeantserdaétﬁfl ; ver TieslcéiNine used for
elatin coate she ulture sane
derlgtidthessentelays sadE \BiTABH Thassaas b Soui) Yoolateo
MCRRR® %rulslfer Wegdﬁ?aedh? drhks gdltﬁfﬂllﬁfrffycﬁf C ltﬂﬂle%fe@fcﬁﬁ(?lb@?deﬁgnchymal
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coul 3t Panir a9 iR PRTerats SriTiate ARFR e foyEre e csisfiec or
othérdineagsy. cells in this mediumthe nunber of MCP cells

is increased conpared to the standard differentiation

5 nmedium Exanple 7 Isolation of MCP cells derived

Exafmplmalll fferentiated hBS ceI I s The MCP cells appeared
adher ter erI a%

|
de e andlerieneiagoh oE iR Solidhatier by The
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der | el.l and these were recovered while
order%ggveﬁggaqﬁ‘friaﬁr St%'f] lﬂagemedl um It is also possible to

MCP cells were derived from undifferentiated hBS cells as described above, forced
aggregation, example 1. The cell lines used for derivation were SA002, LOTAL002
(passage 21, 23 and 31) and SA002.5, LOTBEO002.5 (passage 44). After 9 - 20 days in
culture, the medium in the culture dishes was removed and prewarmed (37°C) growth
medium (DMEM/Glutamax, 0,1 mM B-MeOH, 1 % NEAA, 1 % PeST and 20 % FBS)
containing the MitoFluor™ probe at a final concentration of 50 - 200 nM was added. In
one experiment, cells were incubated for 15, 30 or 45 minutes under normal growth
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recover the MCP cells using mld enzymatic treatnent.

The MCP cells were collected 15 by pooling two washes
wOorbaslodBs, one wash with O0.5nmM EDTA (1-2m n), PEREPIOR006239
wash wth Trypsin-EDTA (2-ggnmn) at room tenperature

under visual control. Cell lines used were SA002,
condiibAd afer wiiets rrgeadidg sdidtior®as répfiied. by, frdsOPEWAhed medium

o REBRHBnE] o vl b ke i LS
micB:%l):?pe ;a\l/t[):dFi)Eemlnpﬂirae $oiﬁt53¢tfm&ta|Mﬁg ca‘lloMBJa taegyé t@ﬂcd‘u&&{l&bté for
. . erive e as e 1
aiigi\ing Pl o sephinrent Ae Seie Bn watyatan s
minatesagr tdi1@thores amtiyorascenet Was enorftdiEd aftdrleach nm@rpdmt to

Mltcgﬁrh?)?ér?aeﬁtlyléﬁ cgﬂs CUI t r e S tlﬁ%&&ﬂmc{) C%Br gf?rtéon gs /sgécn"cally

exhtblitbdlbngmagrdemﬂudreméyiFfEr;tIy(hﬁelr sta@lﬂmg (ﬁghré MamThis staining did

not Gt SHATRES Rhre SHERT 09 heregoie Meddna (pr BFeurpligin. neither by
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e S
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dye\mcempm&s argenﬂeato é@ntameengqiaetbA : ;nt 8V staimind w&n czszo B of the

rea
ayen B S0V G 0% SN B e e st AR kst eher excan! B die
Iong’(?s?/ekﬁ%ﬁre/?jccurﬂ\dlag;louthS y _Tl_aésé résolte/indidate thaieMCPl detls ver Be

. t % Tr I r
distgHRBEA BRFY it Gt et e et Por HBREerIBRE. 55, AR e
canttel usgdtto |dwufyt6%n§éc95%€lafé Mmgém&rﬁ(hfiﬁétﬁcell pop;latlons oIrr1l

r.der sto i Visi
pariCgiAs A OB RE Re o Bty CRl e pukia™ A WER e st
Mitofilodr ™"@rtien @yeont ai ning Mtonycin C at a final
concentration of 10 .tg/m during approxinmately 3

hours. The cells were washed three tines with PBS and
Exanmale 10di ssoci ated with 0.25 % Trypsi n/ EDTA. After

[ (.0 e.pellet was dissolved in 5 the
Re- ﬁ?aglrr |§§ItateLﬂ1Qn8?;cef]r§di um and seeded on plastic, for
IsolEINB’:M@E Icklis, eidhéreabpivateld dd nMarifallygdissedted, watre sradsfesed Yo néw

tesgo e PifBr o RE S MR erd i B e S il g o

ceIIsﬂ%le(wmhomnuss n@r;ahdﬁtgws &l be ﬁbnarveugfrd'm«ﬂhffeamtmoms lFeigure

o) §90% EslRF ol rbe 4 Bt ontofls gbbRl, ng

carcﬂdmyodym}lllea mdrdbﬁl%gml Notablys sems clusters plsatcnfmbremlale ghihe cell

typ%n%t{i n?@%lgl F&@E%rﬂﬁlgrﬁ%%ﬂlc K?ﬁ éréc? @I@Pl g‘ellg were

ongmatlyatsbbdect (Wll‘i‘um b fé\eddES inl cajteres new MCP cells can be observed
overlaying the basement cells (Figure 4). This indicates that, at least a subfraction of

the MCP cells can differentiate into the basement cell type which subsequently gives

rise to new MCP cells. Cell lines used were SA002, LOTALOO2 (passage 34, 48, 55 +
ED3), SA002.5, LOTBE002.5 (passage 26, 42 + ED4), SA121, LOTBD121 (passage

156 + ED10, 156 + ED11) and SA461, LOTBF461 (passage 22, 33).

Example 11
Differentiation of MCP cells
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and remai ned attached for a couple of days. Conpared
to gelatin coated controls wthout feeder cells, the
WO RADB/0a@05 s renai ned attached without fl atteni ROT/BR2007/006239
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cells were derived fromundifferentiated hBS cells as
descri bed above, forced aggregation, exanple 1. The
To stmhulatei difésentiatidn fod MGRecellsad ispecificeced tH02,9. cORtAAdHng
assage 21 nd 31 A0
car{ MYQCVEES, ¥4 lousA?@gI:e céor?dltyasa:gg}g %%sﬁécéa% ﬁy%ugtfza For example,
the sedacenon Whlt:h the MICPUcad dlistérs arevasedednande either po:e-w&fdiﬂed

s ind OLY or BB Uil el arPup Rl et

conidanefls{e.g] Matrigdiefilrbnectini laadinio ocudiegér, @td. pim aafditod, eordpéhents
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factift e 8T aBira v THE PO AN G S aeoxifidine. oo,
retiidiciacidsasendic acid, aigsABARd using a fl uorescence

m croscope at different tinme points after staining,

allowing the dye to accunulate for different tine
Examepled@s. | n anot her experinent the staining tinme was

s and

cul e FUEINT BTARIPP IRk B 0
UndifferentiatertinBa cet cordfies ¢tdlidinstSA46d d ohBFHE P0ere vhedhantcally
tran@é‘f‘refd% Fﬁ%}%@@@'ﬂ(@@h r"Z g‘ﬁ%l'én'tlgﬁtgerlr %g lg?srﬂécﬁ'lté % gp k?{nogbéut
DMEM) 1 nTMl@U@nmanngan mMemH 1@’enonsiessmgletammoramrcks 1% PEST,

0 i R ' t I
207 BB, Aér 0 e MEZTBrliba i po LR es WBte BB eng
maipfained ICYF-gishes it @ﬂemntlatlon(mediumll\)leﬂmnoéhame? M@redone every

sec%ﬁ%gfﬁqﬁﬂ%ﬁﬁﬂt 5‘!’ thd n(e%ur% QBRfte \LMpf}a%eMHth&h ndium. At

day 9 after plating the areas of basement cells were observed and at day 12 MCP were

apparent and overlaid the basement cells. At day 19 MCP clusters were mechanically
isolated and transferred to a new IVF-dish in serum-free medium supplemented with
B27 (Knockout DMEM, 1 mM Glutamax, 0,1 mM B-MeOH, 1% non-essential amino
acids, 1% PEST, 2% B27). The cells were maintained in this medium for 10 days and
medium changes were performed every second day by replacing half of the volume
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dye accunul ate, in order to exhibit the same pattern
as for staining wwth 200 nMof the dye. Wth 50 nM of
WO 2618/08¢685 ni ng dye, cells were only weakly st aP€®@P2007/006239
except for the |ongest expgsure/ accumul ation timnes.
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Wil | 5§F‘§@fﬁg%ﬁgﬁ?%y as depicted in Figure 6. Cell

i nes used were SA002,
Example 14

Time-laps analysis of live cultures of MCP cells

Basement cells and MCP cells derived from undifferentiated hBS cells (described
above) were followed by time-lapse photography. Cells were cultured in differentiation
medium for 15 days and before the time-lapse study started, it was replaced by CGM
medium. In this example cell line BE002.5 passage 26 was used. The culture was put
in a culture chamber (37°C, 5% CO2 and 95% humidity) and photos were taken every
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10 LOTALOO2 (passage 55 + ED3), SA002.5, LOTBEOO2.5
(passage 26) and SA461, LOTBF461 (passage 33). To
WO gensmdeas e differentiation of MCP cells to spRCT/EP207/006239
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the areas of basenent cells were observed and at day

12 MCP were apparent and overlaid the basenment cells.
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Notably, the lack of nestin expression distinguishes these cells from previously
described neurospheres.

Table IV summarizes the results from IHC analysis of isolated MCP cells.

TABLE IV

Antigen marker Result Antibody info




Exanpl e 13 10 Cardiac differentiation of MCP cells
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Example 16

Characterization of MCP cells by real-time RT PCR

5  MCP cells were derived from undifferentiated hBS cells as described above, forced
aggregation, example 1. MCP cell clusters were harvested 9 - 18 days after plating
either by mechanical dissection of loosely attached cell clusters using a Stem Cell
Cutting Tool or by aspiration of freely floating clusters. These two types of cell clusters
could theoretically represent different developmental stages of the MCP cells. The

10  MCP cell cells were transferred to tubes, around 50 - 200 cells in each tube, and
washed with ice cold PBS. The cells were centrifuged at 400 x g for 10 minutes. The

supernatant was removed and the cell pellet was frozen in liquid nitrogen. The cells
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Exanpl e 15 Characterization of MCP cells MCP cells

were derived as described above fromdifferentiating
wOoh@B/0oedobs. | solated 10 MCP cell clusters wePET/EP2007/006239

harvested and i medi ately cggl ected and fi xed usi ng
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SSEA-4, TRA1-60, TRA-1-81, 20 and Cct-4) and the early
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TheemRNS expRessiorgevelef hoihvctivbarsbNameg was high-r8 undifierebtiated cells,

but Yy |é\5g|'ﬂf§/§cf|§£eq|§tais%e‘?ldaszr%&gﬁ diffedHitdted s BF REEFRIIRI%A and
16A). The lack of detectable RNA levels in MCP cells of these two genes indicates that
the MCP cells from both mEF and hFF culture systems are clearly distinguished from
undifferentiated hBS cells.

FIk-1 mRNA is highly expressed specifically in MCP cells compared to both
undifferentiated cells and mixed differentiated cells or hFF (Figures 15B and 16B). This
suggests that Flk-1 (KDR) could be used as a specific marker to selectively identify
and/or isolate MCP cells. Notch-1 gene expression levels were also higher in MCP
cells compared to undifferentiated cells, hFF, and mixed differentiated cells but the
differences were not as striking as for Flk-1 (Figures 15A and 16A). Notch-1 is involved
in many different signaling pathways and general expression of this gene could
therefore be expected in various types of differentiated cells. Gene expression levels of
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Example 17

Characterization of cells differentiated from MCP cells

MCP cells were derived as described above from undifferentiated hBS cells. The MCP
cell clusters were isolated and transferred to new culture dishes. Subsequently, MCP
cells were maintained in culture for up to 16 days in differentiation medium. Cells were
fixed at various time points and evaluated using immunohistochemistry (Noaksson et al
Stem Cells 2005). Cell lines used were SA002, LOTALO02 (passage 48), SA002.5,
LOTBEOQ02.5 (passage 42 + ED4), SA121, LOTBD121 (passage 156 + ED10, 156 +
ED11) and SA461, LOTBF461 (passage 22).

Table V summarizes the experiments and the results obtained.
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Example 20

Separation techniques
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Use of MCP and basement cells in regenerative medicine

Owing to their multipotentiality and capacity to differentiate into spontaneously
contracting cardiomyocyte-like cells, both MCP cells and basement cells could prove
extremely useful in regenerative medicine. Specifically, the use of MCP cells for
treatment of cardiac related diseases can be envisioned. In order to restore function in
a heart which have suffered from cardiac infarction it is necessary to replace cardiac
myocytes as well as new blood vessels. When clinically compliant hBS cell lines are
available it is possible to use these cells for the derivation of MCP cells or basement
cells that later can be transplanted and evaluated for the potential use in humans. In
the meantime proof-of-principle experimentation can be performed in animal models.
Standard models for induction of cardiac infarction in SCID mice can be employed (eg.
cryo-damage or LAD ligation) and MCP cells or basement cells injected at the site of
injury. The mice are subsequently monitored for shorter (up to 2-3 weeks) or longer (>3
weeks) time periods and cardiac improvements are measured using standard
techniques. At the end of the experiments the mice are sacrificed and the hearts
collected for subsequent histological evaluation. The engraftment of human cells in the
mouse hearts can be measured using antibodies or probes directed against human
specific antigens or DNA.

Example 22
Use of MCP cells and basement cells in regenerative medicine, cell therapy
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catheter-based approach after opening up the chest cavity or entry through any
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weight, age, physiological status, medical history, infarct size and elapsed time
following onset of ischemia. The administration of MCP cells and/or basement cells
preferably comprises treating the subject with an immunosuppressive regimen,

preferably prior to such administration, so as to inhibit such rejection.

Example 23

Use of MCP cells and basement cells in drug discovery

The use of MCP cells or basement cells in drug discovery applications can be
extensive and is based on the features of the cells. Here an application for discovering
compounds with a potential effect on cardiac regeneration is described. MCP cells or
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Example 25
Use of MCP cells and basement cells in studies of the molecular mechanisms

regulating cardiogenesis



10

15

20

25

30

35

35 Exanple 22 Use of MCP cells and basenent cells in
regenerative nedicine, cell therapy WO 2008/ 006605

WO RP@B/0B48R907/ 006239 63 The MCP cells and basePR€WMEPZOI/DE239
may further be used for tregging disorders associated
with, for exanple, necrotic, apoptotic, damaged,

Thealysdf ofrboth MCH calls andﬂnapembngctellahri yasad:)rusearmh dayitmeaaxmbnsive and

. d
s ool RA PR b/ &ne Bls MEBRint i Es i,
sponeebusly selatmz:,tmg cekscsimdart tlo&,arcﬁoragadmytefmﬁneexmnmle ACP cells are

i di |
derfybd &R Goitéd B al A i rars P ek R WG drmat cuture
disr:tess Thé icelisscamybe mbmtdifidy ?eilflfeggaﬁlgjgbmmc I Smbns eir:;/g\rl:;mmgtime
. I | a .
poing@ "5 plEhH eftEcts kh S RideneRE 2afi e o R red Y Hagifing the
différentiationf proiifetation andriundtioaality béihegMGlIcells ancﬁouothefbasahent
I nto car

colfovneifiiplld ofeP BieaBbifh abfhesl hrEhGabyd el SBdsfifh! dines

typicallyl assamdtfedrmtbt d'ardms‘gbtg%r?ﬁ rrd:am be n'(e:ysmrlagz1 I:afadd&nonbreporter gene

congifiss e oo Hestca Bk 8 5 Bblduind " For A MpR{Tupgpsgent 1abeted

reppnter\mmtelnsglrcaﬂdmo@c siBhracmnstracisad relatesicdresfiection ¢sahinblogigs

can RSB S R b B B far et b T e b PRl
cardiac 15 disorders characterized by abnor nmal

iac rhythm such as, for exanple, cardiac
Re%?érrﬂdf?hm a. The treatnent is preferably perforned by

adniHeins Ne Englgnd MC@y Sipblotr Cadt by Defil/atiini, cleardotedzatioh, ahe

cell.s to.the art of .the.supject e I nn.

"oy WeieBie PR Fiimen gmonia b s, STEMCRNS gz pore.

dosldubes and mmmel $(11(f2|§:i1(03-609 Seﬂnlgeﬂ%ﬁh ghmuaolbgﬁgf Ib ci al

or s 0 .clipni e ose, cou e

R tab Sy ATneRed Sor the B5tebiisnirt OF & BRERG N Fiamen

| nJ lﬂéitb@%t-ﬁéﬂvé@ﬁst&dmeniIiﬁéﬁ(L‘élﬁrtisMB’ various regions of
\yaz% dependi nge on the tﬁpe of cardiac tissue

r'ep PACRE/BadCryPREPSSAVAtIAD of am%ﬁ'aﬁwmétmrceuﬁ%use of a

usi fi8sed stlsh@ttifiéatioasestheppr oach after opening up the

chest cavity or entry through ane/tr sui tabl e bl ood

9598200403939 Amsthed tasthe %ﬁf ciepl trapsfegof Bumpp dlagtasyst-
f acddrved stesh calls flom %é&i&rsuﬁﬁﬁed%)é%e@ﬁ%é@éulﬁﬁ@&ﬁem

medi cal history, infarct_size and el apsed tine

£ ol Netisaen Bngeic Nr Zeng: X eRaa MSriklyllagrmd, |$|e§tbrlat Kigista M, paptipy

cel p memdring dirp& RGN Sfalhurﬁan BBhRNRMtYMCRIP LSRG Feal-time
treati ng t he suk.z)Jgect Wi th an i mminosuppressi ve

red? %n tenheelse 298P Nopyriesi2H H0)\A6R-a &miRi2oPP AuBdh, so
3s N&str@r‘ﬁw'ﬂke%&hKrﬁér%‘éFéoﬁﬁr I-@ﬁ?d@?é@r 12 Bj5tQuikss, @ffrth:P

cells and basenent cells in dlscove#
P Molecular and pharmacological prope les of human embryonlc stem cell-

derived cardiomyocytes.” Exp Biol Med (Maywood). 2006 Dec;231(11):1753-62.
e Sjogren-Jansson E, Zetterstrom M, Moya K, Lindqvist J, Strehl R, Eriksson PS.
Large-scale propagation of four undifferentiated human embryonic stem cell
lines in a feeder-free culture system, Dev Dyn. 2005 Aug;233(4):1304-14.
e Reynolds BA, Weiss S (1992) Generation of neurons and astrocytes from
isolated cells of the adult mammalian central nervous system. Science 255:
1707-1710.
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The use of MCP cells or basenment cells in drug
di scovery applications can be extensive and is based

WO eon8tohes0f eat ures of the cells. Here an appl i cRET/BR2009006239

di scovering conpounds withg@ potential effect on
cardi ac regeneration is described. MCP cells or WO
2009/0206K,051 aPdHte A$R2 Y3 ERE fotidtio fromacspdiad btegretdlls imheman

derived and iso] a I 1 can be
tra??gg'éf’%&e’?@p%wﬁ‘é %@ﬁ hﬁam@( @ﬁ‘ﬁfgﬁe di shes (e.g.
?ﬁ Lalg (ﬁt&gat tuepdt)sﬁnétat iS4} .cafiomRsts eftef fmed&;e'rérhga&%cV al(r]I e
en e (0] e ce sence o a eril ne
edrSPTRPer 8 arRacs Notuse 25, 180 P47 B6he "cel | 5 can be

RBi Mbsdine st amsdlmncarﬁﬁ@@@ﬁs.eﬁ of Q@m@maé Btsn EAIs from human
vari ous tine and in different concentrations.

ThePBbMEHRe 5?£%pf’6&e§ 29P4¢9% 9 d¥8dunds can be

RONBEIRARHOM A@ﬁﬁ%ﬁfdlé@stém%eqé Efeerh@mﬁabt@ht é’rﬂ:i support myocardial
proliferation and functionalit he cel

Spefeneneralion, Celh 2983k Ht £83i74R anal ysi's can be used and
CXPESSH aPRIOHARRES: aY&bEBHg\émt@rﬁfo%Gl b thatt Igf'cthferates rior to

car di onyogensi s can be neasur ed agdl tio er
gendiffersptiationans coatiibytessr maiosity wfrr@tls i thewear fev Cell 2003, 5,
nmong#gsdg of for exanple fluorescent |abeled 10
reporter proteins. Exanple 24 Use of MCP cells and
paskehaiet aldiiurgan ambagenia stgmiaglis Faydifferengatel igtoamybcytes with
ba I S r
by e SndloFafiFoby L bl CRiBMYgEftey 5 O Ass A dor-
spo‘h‘t“aﬁ@@bsl y contracting cardiomyocyte-like cells
i t bow .
PR ELaI el el ol liBirhéll of Lol defiyds b
varhuman emhp'ouw@emrceltm@m Rebs91 80115680202 i ned by

d ,
Pncingt e ShEREAR den el delche iR HpR hes of cardac
Ext mma'ltew Balionf wcéeluilqb olnaa'acteatailooaﬁlro Reded2132+3% 20031 ng

Ror el S DA RHGR 5 AR ety FohTodiRas "

possar@ohybg‘/yte?o rele wd godadture mttmtnecaal evelodenms-likenegllst Sirnulation,

eff stances. A further inprovenent of
W??ﬁg?&@@ﬁ?d be to seed the cells directly in

bo \9’6)2@95:1019515& AE TH ODRORITHECISOLA TIQBItAND EXPANSION OF

( I with the main
a53%%$§ng9§$E3§¥EEE§ET%ﬁ?gm§E§% mul ti pl e sanpl es

si NMYIC2006/062935, CARBIACUSTERICELYS | cation for

eval uation of the effect of various chemcals or
conmpounds on devel opnent can be envisioned usi ng MCP
cells. For exanple, during the differentiation of MCP
cell s towards spontaneously contracting cells

(cardi onyocyte- like cells) conpounds to be tested can
be added to the cultures. The effect of the 30
conmpounds can be determ ned using a nunber of

di fferent read-outs such as changes
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in gene- and protein expression as wells as |oss of
capacity to differentiate into contracting cells.
WO Bsopéces 25 35 Use of MCP cells and basenent BETIEB2G07/006239
studi es of the nol ecul ar neghani sns regul ating
car di ogenesi s WD 2008/ 006605 PCT/ EP2007/ 006239 65 The
Itemse of both MCP cells and basenent cells in basic
research can be extensive and is based on the
mul ti potentiality of the cells and their intrinsic
MCPamdisity to form spontaneously contracting cells

i di tes., Far e l e, MCP g are ..
1. A ey Rt A NI ool PR €S s Tofhprising
multipatesf eardiad prexunsdr {MORIcEllf. or mat cul ture 5 di shes. The

cells can be maintained in different culture
conditions for various tine points. The potenti al
2. ketélepamilation @acadimgyto gtemet ivehetein theecetigpuiputationl hby at least one of
' differentiation, proliferation and
the?ﬁ%@{iﬂ%ﬂ%r%@n%@éthe MCP cel |l s and/or the basenent
del | s.at Baet1%iaf thd gellsgxhibitavopantigen exprassibry sf ecnecarmaore

used essj. f n typical l.y associ,at ed
wen CESTbeR e O e iEibeite SERERR T he aroup
r epor tecensigtingeof SEEABs88HALL TERAMI1460, TRAA-&Handh Sict-4) | ow
2asy i d of r le flugrescent .| abel ed
TE oo PR Pasf 16 oo exRRTB fotble S Bar D8 Hige of 2
r el at egutal emsskercucivasteghnestogira3FARan be used to

udy & [ ' .
oY ghisBsCle i Gns eRhiboPor Ao Beh Buprassign of one or
Engl umtbr&160a nBjsoldemnal Grarkeraduch Bsy €.gatbraohyury, vimentin or desmin,
char a h rization, and differentiation of human
enbryonrc stemcells. STEM CELLS 2004; 22: 367- 76.
Wiber ahleastzth of guBcells @kRipit hoPrdteid, exPeassioaraf ona or more early

| mun V. h f oL t ' t

of a1 csrdE e 3Bon £ 1Eh. B BT ETT (g S iR o

| i ne, oCebmrexin 43.AB 20 W2004098285, Cryopreservation

of human bl astocyst stemcells by use of a closed

straws vitrification method W®R2004099394, A nethod
3. A egll papulagipn actardingtte demfieor 2)fwhereinthebdellsiopoiatipn comprises

- . a

MCPal oy pLATAE Lt ey SR, ISR TRERNGR oo, zeng

X, Rao M5, Hyllner J, Senb H, Kubista M Sartipy 25

< I Sl 6 BB Oy OGO RA B
roungoernepngatedinshapgub 2005 Aug 4. Norstrom A, Akesson
K, Hardarson T, Hanberger L, Bjorquist P, Sartipy

P. " Mol ecul ar and pharmacol ogi cal properties of human
5. Aecmyrgp@nla@jorgamr@ieg [to item 3 or 4, wherein the clusters of MCP cells appear

as loosely adherent cell clumps that, if grown on basement cells, overlay a monolayer

of basement cells.

6. A cell population according to any of the preceding items, wherein the MCP cells
have a relatively high nucleus-to-cytoplasma ratio.

7. A cell population according to any of the preceding items, wherein the MCP cells
appear as balloons on a string.
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deri ved cardi onyocytes." Exp Biol Md (Maywood). 2006
Dec; 231(11):1753-62. 30 Sjogren-Jansson E,

WO Zaistoess®s rom M Moya K, Lindqvist J, Strehl RPCHEPX®Z00:239
PS. Large-scal e propagati ogg of four undi fferenti at ed
human enbryonic stemcell lines in a feeder-free

8. Kol Mm:leﬁi}oataenmrdlhg\»to Ay of $e(iredadgZifist whbséld al least 50 % of

the(ﬁ%{ao @i Weiss S (1992) Generation of neurons and

tg 8% rom isolated cells of the adult mammalian

dengroad asnelustensof syrall croundané phase2biight catfs 1707 1710 WO

00 /OO PCT/ ERP2007/ 006

e BROAURRS 9 P PR EngRe? ABapedpedrbost e oBaey atherent cell
hunelomps thal, ibgrower baseptent BRSO a hORblbyds of basement
1044 45 Laugwm tz et at Postnatal isl1+ cardioblasts
ent‘é Sful | y differentiated cardionyocyte |ineages.
Nat have, a &ldively4dgh niiclelsttoytoplddessiatia, aid/at | sol ati on
%nd ex anS|bo|r£ of adult. cardiac stemcells from human

A CPRRSET 8 DRIREE o 4 iR 2004, 95, 911-921 Beltrani
et al Adult cardiac stemcells are nultipotent and

i.al . Cell, 2003, 114,
ha@%@?@%ﬁﬁé?""@r’"'}iﬁ% é’ﬁﬁtt'jicglnes a cardiac

progeni tor popul ation that proliferates prior to 10

the ndort G sBL o osaacols h ) +8,BbSk silSupr & or bimore

Human enbr ywarkersSoreundiftdremstiatedhcalisf fhe mearkerbeing sélected from

myocytes wiith struct.ural I

car di orryocﬁeegrouﬂ oks ﬁt"] ?;ai%’& %O%ékgdg TFQ)‘IE%% tB% IgI and
Xu et al Cf@utalct erization and enri chrrent of

g:lr :jls(ﬁ : %&fesasfj S"% o\fglzﬁceglggxhggémg pr |n xpé?ss'gun;g?ne or more
enbr yoni c sif ameodd! hearkkr\satlops,i e1g.0 nastin pr§APypes of

CO.a: g' @és nég?%%g%é@?‘f%%ls%ﬁﬂ&@el&an roarcgteﬁcra Ieﬁgrtesglgn of one
Di f f erent i @r nwme of a mesaderardd meavkercush as) &gl, bsachgurgOvimentin
car di omyocyt 0 of coculture with visceral

endoder nt | ?Gkgg%rg{ ESdCI rcul ation, 107: 2733-2740,

2003 W20 IcasRt%®f theEdahSlexmOR nd FoteBGINATIr@¥nAN®pression of

102006/ 052598, BRERFALY bk Feetianalgtt Sherfat! e.q. iiet1, T

CcTNT, Nkx2.5, alpha-MHC or connexin 43.

9 A cell population according to item 8, wherein at least 50% of the MCP cells have at
least two of the four characteristics.

10. A cell population according to item 8 or 9 wherein at least 50% of the MCP cells
have at least three of the four characteristics.

11. A cell population according to any of items 8-10, wherein at least 50% of the MCP

cells have all four characteristics.

12. A cell population according to any of items 8-11, wherein characteristics i), ii), iii)
and/or iv) are valid for at least 55% such as, e.g., at least 60%, at least 65%., at least
70%, at least 75%, at least 80%, at least 85%, at least 90% or at least 95% of the cells.
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30 35 WO 2008/ 006605 PCT/ EP2007/006239 67 Itens MCP
cells 1. A cell population derived from human

WO RVBID@Oy St - deri ved stem (hBS) cel |l s conpri si RGT/EB2007/006239
mul ti potent cardiac precursey (MCP) cells. 2. A cell
popul ati on according to item1, wherein the cell
popul ation has at | east one of the follow ng

h cteri.stics i) at _lea % of the cells .exhibit
13 2B GlBh o fertbodh apY 85 hesCelnen ¥ies” fnefeis 14 &3
poputedioh has @hteiaat ediractétistictijne mar ker bei ng sel ected from

the group consisting of SSEA-3, SSEA-4, TRA-1-60,
TRA-1-81 and Cct-4, ii) at least 1 %of the cells
14. éxdallipapulatiop aot@rdingda png stiheprededongetenrs, nuveeeio theacell

pory@of heS 38 6BS: A auPTwcf ot ST 0 i 28l gpighied or at st
foueofihe swrkars ofentinredin iL5 nore of a nesodermal marker
such as, e.g., brachyury, vinentin or desmin, and iv)

at least 1 %of the cells exhibit no protein
15. éxgallgepulation iccordingrto itemel 4e avhkesein thieag# populdtiare hasatdeast

chafdtidiste i B g'h@?h%%g@feil‘}&mie@"p'i)pCTNT’ Nkx2. 5, al pha- MHC

opul ation according to
item1 or 2, wherein the cell population conprises

I . I r f s | ...round an
16. SR EpBIRT AhahBY  nfot B Bl dERs, wes BT g
poputatdion Bas ahkeael chardadenidtiosi) for othf mdskErscrabhtioneddn @).t her
25 round or elongated in shape. 5. A cell population
according to item3 or 4, wherein the clusters of MP

17. detdllpopplatian acewdingds ahy ohhﬂb@rmedingeitelmslc Wihepsn tHeadell | f
porlH 88 LRRELBAp R BV BT BhprHhmiopea

iii).any of the preceding itens, wherein the MCP cells
have a rel atively high nucl eus-to-cytoplasna ratio. 7.
A cell popul ation according to any of the preceding
18. iA eaitepopulatior apcartieg MTBNy: ef the pr&edingptears, adebah theoredl on

pop%la?i[)ﬁ ihgg at least characteristic iv) for at least 2 such as, e.g., 2, 3, 4, 5 or 6 of the

markers mentioned in iv).

19. A cell population according to any of the preceding items, wherein the cell
population has at least two of the four characteristics.

20. A cell population according to any of the preceding items, wherein the cell
population has at least three of the four characteristics.

21. A cell population according to any of the preceding items, wherein the cell
population has all four characteristics.

22. A cell population according to any of the preceding items, wherein characteristic i)
is valid for at least 2% such as, e.g., at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%,
at least 80%, at least 85%, at least 90% or at least 95% of the cells.
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WD 2008/ 006605 PCT/ EP2007/ 006239 68 8. A cell
popul ation according to any of the preceding itens,

WO 2081064605 at | east 50 % of the MCP cel |l s t hat PQT/E§209W006239
as clusters of small, roundzend phase-bright cells, 2.
formclusters of round or el ongated shape, that appear

23. #Fscéliqmpelayiondbearding tc ahy of theqrecguling itembs, wHerein chsraoteristic ii)

s VA [ 0lsabinh Sug ¥ < 8 oegSavh it itnst o BE%RGH 53 at e
20% patilegst 26%), at leadt 304p patdeash d0%a bt leasts5096) & lestst 601y, dl0east 70%,
at iR ot BaS Pl Ko P Rl S Rh G =11
expression of one or nore narkers for
20 B GHBORABA R ) o BB LS R Bbletc
is valhfot aBlbastr2to slith E6te.d., at lepstdi% | atdedst 10% of leastel 50 |dt teast
20F it RRfac B RaflboB IGRT 0%, Bl pH b ATRsR) 5. Gyeast 0%,
at e 80%, U lebstt 8586, lidast 8% dridt Igasb98%rof theddadis. gene
expression of one or nore of a nesodermal marker such

as, e.g., brachyury, vinentin 20 or desmn, and iv)
25. & cdllgmpulatiofmodording ta ahy ef thelprécadingateoms) wkiereia obldracteristic iv)

. [ | Qn.,ofL_ one_gor rl Jage _car.diac
s T oo B BaST A ooy 67 aflepdtEh Afast 1 iRl 56 Bt east
20%) gtheast/BR0 at leastr3O ratddast 26%9 atieastl H0% @b ldaat 6@, at least 70%,
[ ' y, el t t .50% of the MCP
at 5T R0%, B01gb s B el B Y oot 827 MR &b 1t 1o,
10. A cell population according to item8 or 9 wherein
t 9 , I , | th fo. .
26. 2 ooiplB ooy NG 1 T 6ty Brack Bime. SARtai ot
i), incarat/dfi in)gs valichioy ableast 22%suéh ag),e.ghetleast 584, dt dsast 160 %at least
f_,t v, u raet eni sti
15% 3t A5t I pf B 200, s oy At 80, 3L G0, dfeadton,
at ledrsd 7 8%on atleastde rat dtast 85%) at least,o0% o) at 184st 86 afithe ¢lls.
are valid for at |east 55% such as, e.g., at |east
60% at |least 65%, at least 70% at |east 75% at
27. |AecailtpopORaiomactasding t@BAY obthe |peeredingUténs, thet cdllqmpulatiefdeing
xenifrdche cells. WO 2008/ 006605 PCT/ EP2007/ 006239

Differentiated MCP cells
28. A cell population according to any of the preceding items having at least one of the
following characteristics after being subjected to differentiation by plating and using a
differentiation medium for a time period of at least 5 days
i) at least 1% of the cells exhibit protein and/or gene expression of one ore
more mesodermal markers such as, e.g., brachyury, vimentin or desmin,
i) at least 1% of the cells exhibit protein and/or gene expression of one ore
more cardiac markers such as, e.g., islet-1, GATA-4, Nkx2.5, cTNI, cTNT or
connexin 43,
iii) at least 1% of the cells exhibit no antigen expression of one or more
markers for undifferentiated stem cells, the marker being selected from the
group consisting of SSEA-3, SSEA-4, TRA-1-60, TRA-1-81 and Oct-4.
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69 13. A cell popul ation according to any of the
preceding itens, wherein the cell population has at

WO Reggeeohar acteristic i). 5 14. A cell popul aPCHEP2007/006239
according to any of the pregeding itens, wherein the
cell population has at |east characteristic i) for at

29. |Accedlt paputatisn @bcardingtto items 28 Whereinothe &kl bepusiatiorf after sabjection

o difa i s F BoR AR Atk in (he cetl popul ati on has

at least 10 characteristic i) for all rrarkers

€ell dﬁ)%ﬁ%gbn Iag%draaﬁg do ft?@?gé or%%p yvb?}#rf %ghbgor% Ster
subgmqnum & dlfferelmaatmt hdseatd¢ast bbaractedsticsy for two pr fhoee bfdthé markers

rkers.mentioned in ii). 15 17. A cell popul ation
me?ﬁon%?df?ag to any of the preceding itens, wherein the

cell population has at | east characteristic iii) for

1. g5 Bl TN e S50 g e

subjdoction fo diffeneetiatudrhmscailléaszehm'egnlwsﬂq i0 morraisheast 2lsaels ts, e.g., 2,

3, 42?,30%% ‘?rié %'%H&ehé mengé)'{(eer S "bwgﬁtsit oﬁezuicﬂ Ia\s/) . elg , Azé:elsl,
popul ati on according to any of the preceding itens,

32. %;(géélledaguhngn Sg&irgmg % 35@558%%%9% gfilt wllxergﬁmlttg%\@glll] Sgpﬁlgheon after

aracterrs
subgection th differeatiation s atrmqa cearackerigfid i )fosat leasstrasuchtasee.g., 2,

3, 4C(Erléoft g%,@rg%@ﬁge% IL)east three of the four

char ac erlstlcs popul ati on according to
any of the preceding itens, wherein the cell 30

ol & f C Hsti . [ ).
55 BB Bl oR B9y PAELE 2 8 oo e
sumorelmdlﬁhr@nhaitmrh@tatdaeas) twa of thalthree tbaraateristisst 2%

such as, e.g., at least 5% at |east 10% at | east

15% at least 20% at |east 25% at |east 30% at

34. AcceditpopOiatiomacdasding t® a0y okitenh28:-83 0PHéremtthe eals popldshon after

sefbadh bl B s 7

PCT/ EP2007/ 006239 70 23. A cell popul ation according

35. 9\ eﬂ%gﬂfatn{;#gc&rgﬁg% ?lgy ii ?éﬁ/% 23’\,@2 r\ﬁﬁé}eﬁ:\% ?&tt%[ﬁltuég % valid

such’
for aoma%ttZ% sught asl @%., attleast 8%, al BHst ‘sﬁ%JaimSt 12%9/@ ebst 20%, at

o35 0 4 0 0 i 0 e
80% 58 jeast 85%ast le9s19303s onat |B%Qi§5‘%9@%1©t:elt$1e cel | s.

36. A cell population according to any of items 28-35, wherein characteristic ii) is valid
for at least 2% such as, e.g., at least 5%, at least 10%, at least 15%, at least 20%, at
least 25%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least
80%, at least 85%, at least 90% or at least 95% of the cells.

37. A cell population according to any of items 28-36, wherein characteristic iii) is valid
for at least 2% such as, e.g., at least 5%, at least 10%, at least 15%, at least 20%, at
least 25%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least
80%, at least 85%, at least 90% or at least 95% of the cells.
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24. A cell popul ation according to any of the
preceding itens, wherein characteristic iii) 1is valid

WO 2@8/086605 east 2% such as, e.g., at |east 5% BCTERAOT/006239

10% at |east 15% at |east7220% at |east 25% at
| east 30% at |east 40% at | east 50% at | east 60%
38. 3 cdligapulaliffraccatingdaahy 80ma2813Z awher8mlohaddctéristist), ii)

oo B T 8 5 Ao ot 1

at wm 26 atleasta&ﬁ%e ratdgéast 30%) at leastAdl%, cat least 80%)| etdeastBU%b, at

a3 198t . Bpn o allerthalf bt peklastha fRgers.

Ieast 40% at |east 50% at |east 60% at |east 70%
80% at |east 85% at |east 90% or at | east
Baqua/e é'i%e cells. 15 26. A cell population according
39. trocadlrpopafatibh depvesicfesth m\gmahd:ﬁstooyeeumvedcstmn HuB Ry ¢elis | the cell
nd/ or is valid for at |east 2%

popéﬁtﬁélﬁngg%pgsnag)oag?m?rét cse{' 5% at | east 10% at | east

15% at | east 20% at |east 25% at |east 30% at

40,2 &iipopliEliof bobFaR 12 el whERHL 08 tel poBliplig Reed0ast one

oft%&ﬂloWunglwamltérsthO 27. A cell population according

Bei ng = RBenb R Gt RaplErBeincratas S BEF15a o 8 arachury
dgl | yamsabat%cmtm«:mmdaixhgnttpootem)andfortghae pxeressiongf alpha-

Items ) east one of the follow ng
char ag?%}[’fn%?'lcc?gt' fter being subjected to

d) f f eraéeastt %o theycqlls axhiby narpoted exprassion of vimentin, and

P b1 8 S BBl B o B BEISR Y B °

anhd/ oat pasi1% b theseslis rexbibit oneantigen exmesswresﬁm‘mmmhore

30 11 yrefelf dalonfr el SLHE antt BRS PPl BT roue
gene emmmﬁmgmﬁSScEA -8n8SbAd, TRAe1-6ar TRAC -Srhahe Ost-4uch
as, e.g., islet-1, GATA-4, Nkx2.5, cTN, cTNT or

connexin 43, iii) at least 1 %of the cells exhibit no
41. Angsligopulatipn escrirding ¢é iteme9ar 40pwbereirathkdraseient cells have

mo#ﬂﬁ{#& ﬁfétﬁ %%i?atéi?ig% ?c} Srrﬂw?% ﬁdo&ebv? a@@éﬁg §elgséég%pﬁﬁélﬁ? l?e

consi S
TRA-1-60, TRA-1-81 and Cct-4. WD 2008/ 006605

42. ?%I%Pﬁglgégrq Q%ﬁ):l)’g ng Yol ?ﬁ)? of én‘?se.jié 4% C(JVF‘rQr@In' tﬁé1 P§§é:r9£rqiégﬁs are

opul ati on
phaseisiascandwell demaicafesk asevidericed blyl ashtamcrqsaspy.
characteristic i). 30. A cell population according to
item 28 or 29, wherein the cell population after
43. A cell population according to any of items 39-42, wherein the basement cells have

an angular shape as evidenced by light microscopy.

44. A cell population according to any of items 39-43, wherein at least 5% of the
basement cells that
1. have a morphology with similarities to primitive endoderm,
2. are epithelial like,
3. are phase-dark and well demarcated as evidenced by light microscopy,
and/or

4. have an angular shape as evidenced by light microscopy



10

15

20

25

30

35

5 subjection to differentiation has at | east

characteristic i) for two or three of the markers
wonpenstopegaged in i). 31. A cell popul ati on accor BCTHEP207/006239

any of itens 28-30, whereinyghe cell population after

subjection to differentiation has at | east

characteristic ii) for at least 2 such as, e.g., 2,

10 4.5 f . the markers nmentioned inii). 32. A
navgitfeashseg afthe o Rt atee iRy of i tems 2831,

wherein the cell population after subjection to

differentjiatiqg has at |egst. characteristic iii).for

at 'B eastatéegﬂg °8€1,?'eé:.655. exiyoit pretein andioggene ‘f”f?ée#é%%frs

ment i onebrachuryi i ). 15 33. A cell popul ation according

to any of, it 28-32, wherejn the cell popul ation

At capadieR b caly PaGherola 8 RLaSi Sritston gfiohe-

of the tsdareemeh@aectit eri stics. 34. A cell popul ation

accoyding to.ap i tens  28- 33 erein the cell .

poptl at | Sredbtial ofbe SiPuiRl nprlFaERrBstAR o fmsntn.ane

al liv} hr est lelstrigc bethe seilsexhitibno proteth exprepsibabf désmin

accqrdin '

t it 8: 34, wh ,
Cheact anedstd% oftbe B Buict o aniseRiaRbtossion af ape gy more
e. g., atmbaesd fobUndifferentiatet! cé%he atarkeraringlselécted from the

L i S S8l e

80% at |east 85% at |east 90% or at | east 95% of the

ells. 36.. A cell. | atj,on, accordin of itens
45. 3egesorRot pfcoryind I8 e day Rp8(ERT bt Tedq 506 of e ppsenerlBans
haveexd $dasPibcsefcthe fige cleargcteristics| east 5% at | east 10% at
| east 15% at |east 20% at |east 25% at | east 30%
at least 40% at |east 50% at |east 60% at | east
46. P08l pmpulatiars Bec@DdiBG %6 iterh d5cabere@dbiite tab charesteri8ies are ixdnd iv).
| east 95% of the cells. 37. A cell population
according to any of itens 28-36, wherein
47. ¢dherllgopelatist accarding to anyof itetiins 44646 avhdreinsdt Iefst SUCH tiaes

vospyfhos off o083t BLt P AGS e Bliabud 51, P02,
at least 50% at |east 60% at |east 7|O% at |least 35
09 9 0% %,0 e
8. A5 Bhyefa3 beriiba s piilaniod s FhoBern R et St e
baspoeot cdlisdraveat eadi fogr ofdhafive ofiaratterigtic28- 37, wherei n
characteristic i), ii) and/or iii) is valid for at

| east 2% such as, e.g., at |least 5% at |east 10% at
49. IAeceditpopBRation accdrding to 20¢6f itemd 4448, \Piereinat ldastsS% F0be

basgb%lanﬁﬁfslhégg ,,@g%)&ﬁ%?gﬁeﬁg%s_ at |east 60% at | east

east 85% at | east 90% or at
| east 95% of the cells. 5 Basenent cells 39. A cell

opul at i ' t t-deri
50. &%g)p%%gﬁpgr?ggioi&g%ﬁ QW Qﬂm J?A-ﬁé, v&?éfglh tﬁig chgrggteﬁgt?c@are
valid for at least 10% such as, e.g., at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least 85%, at least 90% or at least
95% of the cells.

51. A cell population according to any of items 39-50, wherein the cell population has at

least characteristic i).
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popul ati on conpri sing basenent cells. 10 40. A cell
popul ation according to item 39, wherein the cell

WO pesWbels on has at | east one of the foll ow nBCT/EP2007/006239
characteristics i) at least74 % of the cells exhibit
protein and/ or gene expression of brachury ii) at

52.1Aecedit pabuttioh at:bm'dmgltb angphitdms 3501 whereamttic aell gepdlation has at

of a sarconeric actin, 15 iii) at
Ieafetég(gtc’?%eo(}nvgfc %’bﬁ“F% exhi bit no protein expression
of vinmentin, and | v) at least 1% of the cells exhibit

53 e rdteReSlktef EBREORa P uehn S5 el b e BRBisfiT e Mo )

markers for undifferentiated cell, the marker being

e h r,ou f S 3, . SS
54.%‘?@0 glatl c<tio §T8 atl?] aﬁbgf |?eﬁs g% SE%R%egmngA cSrJ)Bﬂ? |o(5'hhas at
leastdbreedif thee five ¢haeant@stios. 40, wherein the basenment cells

have norphology with simlarities to primtive

endoderm and the cells are epithelial-like. 42. A cell
55. pogalll priputatioaa@ccordingdo tioy afifernad 39-564ehé&Bindthe calhpogulation has at

eat Mo TR ool oy [ign m croscopy. 43. A

cell popul ation according to any of iterrs 39-42,

s J AU R 5 Y S 58RO B B0 B8 s
all fpemhaedctaristiexcor ding to any of itens 39-43, wherein at
| east 5% of the basenent cells that 1. have a

nor phol ogy with simlarities to primtive endoderm
57. A cairpepelatiomatcatiingitécany 8f itamse3$>ﬁa,swheiainkcrmmbtmsltib i) is valid

for Qﬁg%t%a}o Sg%haés e aqjdé‘ﬂ&é}ﬁq 16?% k%ﬁ%t {E°%{/aﬁ?e Yoo, %aeaat'%5% at

Ieash@f’/osa(thaytW%ZO@@BV%@'G&H%OP(D‘EMEH’QOO?/ 006239 73 have
at | east one of the followi ng characteristics i) at
| east 1% of the cells exhibit protein and/or gene
58. éxqallepopulationBecdidibg de hoy vf itan)s 39-57 ewlsareih tacdcteristic ii) is valid
t el 6 ) 0
for Qﬁleési nsg/f?%éi éﬁ i ﬁ;o & Igzisz?q?/ at BE8C159, p#t?{’%('tﬁ@ Ly %t BLA R, at
Ieasiﬂ@%;lalt least m%toenahleeswtl%gftm aefls.vi mrentin, and iv) at
least 1 % of the cells exhibit no protein expression

of desm n
59. A cell population according to any of items 39-58, wherein characteristic iii) is valid

for at least 5% such as, e.g., at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 40% or at least 50% of the cells.

60. A cell population according to any of items 39-59, wherein characteristic iv) is valid
for at least 5% such as, e.g., at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 40% or at least 50% of the cells.

61. A cell population according to any of items 39-60, wherein characteristic v is valid
for at least 5% such as, e.g., at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 40% or at least 50% of the cells.
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10 v) at least 1 %of the cells exhibit no antigen
expression of one or nore markers for
wo pongiohdees ent i at ed cell, the marker bei ng sel eBCEEPLAODNI6239
the group consisting of SSk#-3, SSEA-4, TRA-1-60,
TRA-1-81 and Cct-4 45. A cell population according to
62.1A esh pbpulatibe ecording tb @aap bf Mo B896hewberetneharactexidtis i), B iii),

. haye at. | t fofhe five ch rac j,St]cCS. A
W) BB BB HRI oA TRRT GO PG 7% o Gt 10e PRt tidedhipast
20% hatrleast 26%s tit leaste309%, 9t Ieastl 40%) or at feast 0% alf khepegiis) at i on
according to any of itens 44-46, wherein at |east 5%
of the 20 basenent calls have at | east three of the
63.1A oel pipatatioh eccatiingto ad of ieroe B9-6@0thelcatl populatiarobelhg geno-
to any of itens 44-47, wherein at |east 5% of the
%asenent calls have at | east four of the five
characteristics. 25 49. A cell population according to

o4 F1Ré o1 PPy rch ol Bo br AR baee mbPeing WP cots

cel | popul ation accordl ng to any of itens 44- 49

r8 a Stj.cs_ar |dfa at
65.%0 g?ﬁ%f"%» Sé g& qegagfa% Bf)he é;[receéjggg( ey )or g§e |n a drug
dis¢oe/asjtpréﬁ%s at least 30 50% at |east 60% at | east
70% at |east 80% at |east 85% at | east 90% or at
| east 95% of the cells. 51. A cell popul ation
66. dtseaf di aedl populatign as defirexsn a8y bDiterad €168iin irt Wzo aeddels for

st hs e BP0 GROBAAS & L) T

popul ati on according to any of itenms 39-51, wherein

I f | V
o7 A1 851 PEPa S0t el G0t Y9558 L Ut
studyirgreddioganesisisoch be, &. g/oeamhacaidtogenems cs are i) and
iv). 5 54. A cell population according to any of

items 39-53, wherein the cell population has at | east
68. tUsead agkll phpulbiioreas tefinedtie anyg bf itsns 553 ikircelrd models for

' ' t 39-54, wh [
st IR BaREBbAENLEReR, | 2ot Four of the five

characteristics. 56. A cell population according to

j , ] at.io .
6. Y of o ceh BBt ool nb BERSHS 1o BH Bt hrdfifoniciy
ms@ﬁnording to any of it ems 39-56, wherein
characteristic i) is valid for at |east 5% such as,
g., at least 10% at |east 15% at |east 20% at
70. |U§asqf azeiipontlatidreassdef@@din any bkitanns #-0%in regenetatisg mesisive.
of the cells.

fre

71. Use of a cell population as defined in any of items 1-63 in medicine.

72. Use of a cell population as defined in any of items 1-63, for the manufacture of a
medicinal product for the prevention and/or treatment of pathologies and/or diseases
caused by tissue degeneration, such as, e.g., the degeneration of cardiac tissue.

73. Use of a cell population as defined in any of items 1-63 for the manufacture of a
medicinal product for the treatment of cardiac disorders.
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58. A cell popul ation according to any of itenms 39-57,
wherein characteristic ii) is valid 20 for at | east

WO 30890605 as, e.g., at |east 10% at |east 15%PCHEP20A8G6239

20% at |least 25% at |eastg30% at |east 40% or at
| east 50% of the cells. 59. A cell population
74. Alseaf di oed) populamyn a$ defiredsin Ay bBiterd) @463i for the manufacture of a
har st 5%
meeparirblibife biyenligh #aliatiraaientir caflEs aBgiRrEFuchas
disdrdastre@id toatecralio, apuptdtic3 04Mmagéd, ldgsisihctithil o matphblgiially
50% f the.cells. 60. A cell population according to

abngﬁryaomy%aé%mw 59, wherein characteristic iv) is
valld for at |east 5% such as, e.g., at Ieast 10% at

159%, east % t 25% .at 0%
<3751 gl poBlish S ae pefhe 18 fmy SFRmeE T PLine i aci o a
medieinbl gropudtasn the traatvaerd iang/ot prweytlcm‘ ofidiszases SudiDas ischemic
eri.sti for _a

n ch ract.e | east 59%.
neal{{ 6458, CHBERTWELA 1Betme; N diosrsd’ oBpcaliiiy alimmune
cardﬁ@%jlsetasé aabulaP heart disease xohg i) hedrt disasiersd @&ndidc raythm
dis ‘éﬁ‘ 8% of .the c I ls. WD 2008/ 006605

P 857%8'@5@” 'FENEY - A cel popul ati on accordi ng
to any of itens 39 61 vvherein characteristic i), ii),
an / al | or & 5%,su
76. dsgor opp b rREg o8l o, el Bopdlaud) aCherr B aRy e 16 or
obthipingtcaBkbémyaxtytd- hi@sctell@O% at | east 40% or at | east 50%
of the cells. 5 63. A cell population according to any
of itenms 39-62, the cell popul ation being xeno- free.
77. 8¢ dilsee of mare edlls fropalcatl populationdeasf defediimaayitera$ 1-63 for

sudfaieih bl BB IRMRRRS (0. cost o °
items for use in a drug discovery process. 66. Use of

78. % rﬁg htocrj ggrﬁsg: déaqtn'm a §§m§$ fﬂﬁpcé@}oﬁg@l% t?ﬂc@otcgwppgpg exposing

cellefrbmca cgjhpamxla:lloacasccmlﬁhed ineey.itehs 683 tdke cm?nm:undl and

detehG W gfheP LIS BB b4 163 Tn T vitro
node or

yi'ng car di I"ogenesr’s, such as, e.g.,
early cardi ogenesis. 68. Use of a ceII popul ation as

7o SSHAEA bl bR 21 B BBkl
function, edmprisig éxposingl cetls fmmaesceile;fqpmllauon as aefined ini anyrof items 1-

esétﬁéc&ﬂf:?u% &bferrrﬁngrﬁf%ﬂféj'@ﬁ:oﬁ}g or rﬁ&ébéll&%haﬁg f?wth%%glls that

a ce popula I'n an
resylhfrore gentactivitly thermodipoiund. andmo.rrell@egdlﬂe eharggel with an ability to

modRAY\AldictigRr Abgied 1N any of items 1-631n
nmedai Ci ne.

Method basement cells and MCP cells
80. A method for the preparation of a cell population as defined in any of items 39-63
comprising the steps of
i) culturing of one or more pieces of colonies or colonies of undifferentiated
hBS cell in a differentiation medium in a suspension culture of from about 1
to about 10 days such as from about 1 to about 6 days,
ii) transferring the thus cultured cells to a culture vessel for continued

proliferation and differentiation,
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72. Use of a cell population as defined in any of
itenms 1-63, for the manufacture of a 30 nedicinal

WO pes@oeds f or the prevention and/ or treatnment BET/EP2007/006239
pat hol ogi es and/ or di seasesy7ycaused by tissue
degeneration, such as, e.g., the degeneration of
Gigr di aderttifygrsyibasenient cels of marpheldgicabgritedd indighticroscope

def i ne e nufacture of a

rect o 68 SR ks RernERion FrdeiPad PRt o

ah')sor dxptlenaI@Susﬁ@tlﬁ@O&ItﬁﬂﬁG&Elrﬁﬁfb’aEBﬁ@@t?de(l]@,@ﬁB 76 74.
e of ?oCﬁ'l fﬁ@ 84]“ attl on.as. defined in any of itens
1763 BrotHe: 7K YEPRT VA nedi ci nal product for

the prevention and/or treatnment of cardi ac disorders

1. 3R )RRkl 2 sBREF 8 LEmeRRER o fiams 100
conprsoy slepsni) —E'm)‘ds deffised of itean 8@ lahd mmoﬁwhaén stepsasf def i ned

Ml oienforng B arsmen e P TR SR SnkeRier a5 Pudanpenday ont
of f di a;alamsso;mm‘rd/asrlelwantenamg igggﬁ;ftgaﬁldgf‘g%ggrr noﬁd?‘lreglfecap
of Crﬁ%aﬁgg té%ﬁm g’t‘ﬂ?% g‘ré'% %1 vul ar heart di sease,
c_ongenl t al hea/rt di sor ders, C&;?I ac rhythm 710 f
Qr. C insufficienc . :
o2. 3} 80P ek BlrefrE i Bhel R SRl rine Rtre NER Tt

e.g aoy stotages fol uSE fcircnardla:dadﬂemnngtlamfoilcbamte;llzehdri @r use in drug
cis T 13 iy ishunS T Big MPpderea B i P8 offlay g

obtammlrtm’semanitaﬁua.r ds cardi omyocyte-like cells. 78. A
nmet hod for screening a conpound for cardiocellular
toxicity, conprising exposing cells froma cell
83. popethatiascordimgdefitemedl! furthengomprésitg de 6@&/otisolatin of MCP cells.
compound, and 20 determ ni ng whether the conpound is
toxic to the cell. 79. A nmethod for screening a
84. donpihod @ctardingtts aapiof itergs B0-83pwhereirestepi)ds perdrinddarsing
: [ e cells froma cell
piecsd AT M BterFAERG s RS 571 e 1 63 to the
conmpound, determ ning any phenotyp| c or netabolic
r C it .
85. F11A008E o lrtifG 3k 31 et p0 34’ Fiblely HRSIERRIE L sten
is Pa@ﬂmetd)ﬂntserurmreunh as EBSMdjumeISIequmr functl on. Met hod
basenent cells and MCP cells 80. A nethod for the

preparation of a cell population as defined in any of
86. Atreetiod @cegdingo dempis, m’hn@im the coneentratibniof senuint israt fegst 2%

sucﬂ 0«?? é?f‘gm@%ot%eg%eﬁea%oﬁ 368! #h&Do8l 5% % 3BLED5% or about 20%.

87. A method according to any of items 80-86, wherein step i) is performed for a time
period of from about 1 to abut 6 days such as, e.g., from about 1 to about 4 days, from
about 1 to about 3 days or from about 1 to about 2 days.

88. A method according to any of items 80-87, wherein step ii) is performed in the

same or in a different medium.

89. A method according to item 88, wherein the medium contains serum such as FBS

or human serum or it is a serum-free medium.
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hBS cell in a differentiation nmediumin a suspension

culture of fromabout 1 to about 10 days such as from
WO at80p6685t 0 about 6 days, ii) transferring theBCTHRBI07/006239

cultured cells to a cultureygessel for continued 35

proliferation and differentiation, WO 2008/ 006605

PCT/ EP2007/ 006239 77 iii) identifying basenent cells

rphol ogi cal .crigeria i.n light mcroscope and/or ., .
90. X rgleR e irito B AT Moo e Eihoali el a8t A Bregint. s a
least@% saeh &y/,e.9.sdratabogt 2% do tboigt 30%, franedbdust S dbout 25% or
bci%; and v) optionally, repeating steps ii) - iv) 5
ab} <R et hod for the preparation of a cell population
as defined in any of itens 1-39 conprising steps i) -

idji).,as defined in item$8 d the.further steps .
914 el AfFp o gy oL BFFER BoR pbSin Heb ks sRLEREedby plating
the aptedirectia onavsutiane efitheycultlghessal ot rodsaxtracel et ntatrix

rel evant nmarker identification as defined herein, 10
comcfn)en sol at i ng the thus obtained MCP cells. 82. A

nmet hod according to item 81 further conprising

bcul ing. of, th I .g. for . :
52 BG4 T By PR P me
periodrof frem aboutl 2 Wg abolit20aiays suclh as elgs éomnationk 2 ¢o aput 15 days,

testi for i n.regenerativ i, Ci ne .and/ or [

rorh S8, et 1 Bt TP ETLL 2 g 8o H ias BB Ao aBout 4

dayst em 81 further conprising de novo isolation of MCP
cells. 84. A nethod according to any of itens 80-83,
wherein step i) is perfornmed using 20 pi eces of

93. Wiethibd raendndimigetd aop bbiteras 80f92h BBeri $tep VB Gs pekfammield dor a time

C in fod tenms -84 erein
perB T ol 0 2 70¥p 25 AR B 28" o AL 8% oo 29 avs.
frors @abbutestoRBOUbLTS Hays froseahout 226 aB6t 10 dayst frord aboab2 th atgput 5
[ [ concentration of serumis at
day%é&gir%)ﬁ@%fo%%a\gggé@trﬁe&%g; from about 2% to about 30%
from about 5% to about 25% or about 20% 87. A nethod

94'%‘2@8&%1?%@&?@? of itens 80-86, wherein step i) is

or e time period of fromabout 1 to abut 6
i) platiys MO tellaon asyfacefim e mbsericebf mdiffdrentiatidn daoter, arfd/arm
me@gmabout 1 to about 3 day_s or from abou_t 1 to about 2
ays. 88. A nethod according to any of itens 80-87,
to ohtein differentiatediNiGPicsliperformed in the sane or in a
different nmedium 35 89. A nethod according to item
88, wherein the nedium contains serumsuch as FBS or
Kit human serumor it is a serumfree nmedi um

95. A kit comprising i) a cell population as defined in any of items 1-63, ii) one or more
maturation factors and/or a maturation culture medium, and iii) optionally, an instruction

for use.

96. A kit according to item 95, wherein the maturation culture medium is selected from
the group consisting of VitroHES™, VitroHES™ supplemented with bFGF, autologuous
pre-conditioned VitroHES™, CGM medium, and other cardiac specific culture media.

97. A kit according to item 95 or 96, wherein the one or more maturation factors are
selected from the group consisting of FGF, such as bFGF, BMP, 5-aza deoxycytidine,
DMSO, retinoic acid, ascorbic acid, and ASA
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WO 2008/ 006605 PCT/ EP2007/ 006239 78 90. A nethod
according to item 89, wherein the concentration of

WO gemsng60s f present, is at |east 2% such as, BCHEP2007/60m239
about 2% to about 30% fromyabout 5% to about 25% or
about 20% 5 91. A nethod according to any of itens
80- 90, vvherein step ii) is perfornmed by plating the

e | essel
98. S PLEF a0 o 2 Suherenié 1o Vi Hidinfhe
matuatondi ng to any of itens 80 91, wherein step ii) is
performed for a tine period of fromabout 2 to about
20 days such as e.g. fromabout 2 to abut 15 days,

99.1A kihaadoading B iteon 88 owherdh ttiaycmls for omanitbrng m2turaticbaomprises

) PR s Al S, 8o 8 0 R

genesrcodingdar é>@ressian markepsesealexded fromrtbergedupudongisting efraéirkers for

unfiesERRaE POsTans i I, @CoHho PG R
GFARyls|etiy Hkx260BATA-4, 0TaboTibT, 5-Miiy andcohnexin-4Boartd 2 t 0

s. 20 94. A nethod conprising i) plating
")a%%%%m ng'%gn a surface in the presence of a

differentiation factor and/or nediumto obtain

100d IIlteJc%P dlrﬁ)t%dﬁngt If (l;t%r%lalsg% g\évgé}eln Iiﬁ)}oA%lklfCF nﬁ(ﬁg Oillnélgng

maiurz;tloom@rrmnses)re mat uration factors and/or a

: t] dj and iji iely
) ol dcbhef el bt BB i Ras" B ol bR R8T e
expggssionhparkenantigensgelectdi foom thel grou conesikitingn of masleére édred
A : [ St TM
unchfpBhahielGy HES 315 YRl diheltarctrhb R Beah bt el
GFAP IsleHESYA2. SABA TR, afml, aball, o-MelC, canddécanesipetS, Aind
ii)a\?\#ew dia. 97. Akit according to item95 or 96,
erein thée one or nore maturation factors are 35
selected fromthe group consisti ng of FGF, such as

1°125@85’?'552?3%%#%8%%%DS’SE“@/ 006605 o C et
PCT/ EPasomenGoRsg MGR calls A kit accor di ng to any of
lif €M oBforiafly, fablord YoF afARY birkldMalidPhSith®End BN id Qld N9
iii) tools for administration of the cells to a patient or cells in an administrative
form, such as in a ready-to-use syringe.
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maturation. 5 99. A kit according to item 98, wherein
the tools for nonitoring maturation conprises i) PCR
WO poGsHBeds agai nst at | east three, such as, e.gPCHEP2OZ806239
four or at least five of thgg genes coding for
expression markers selected fromthe group consisting
Claithsmar kers for undifferetnatiated hBS cells, desm n,
al pha-sarconeric actin, Brachyury, Nestin , GFAP,
Islet-1, Nkx2.5, GATA-4, cTnl, c¢TnT, a-MHC, and
MCeaseliexi n-43, and 10 ii) a user's manual. 100. A kit

rdi ng. to_an f itens 98 or -wher ei e tools . .

1. G Hih eV fom A e P der el pigSfed Sofpriing
multigatenstardibic lpestaitsor (MEP) celisch as, e.g. at |east four or

at least five of the 15 expression marker antigens

sel ected fromthe group consisting of markers for
2. Aicdli fdpatatibnatcartiind th BRim dl, hereirethwi o)l papulbtiers Bacibedsliowing
tirpgicgirachyury, Nestin , GFAP, Islet-1, Nkx2.5,
1 cTnl, cTnT, a-MHC, and connexin-43, and ii) a
ilser ' at reastith.of B delis .exfibitinb antigen exrassian bvene@dheorene

CorP BG4 BARSOBI ol e e b b e crove
Vi t 0 cansisting 6fISSEAB, SSEA-4, T6l45 160y TRA-81 ahd @ct-an of
T .
2008/ 0eoRD brarKET itdREINOY heIiIn2BGFA® C ainms MCP cel l s 1.

B ot 68 BEBLTR o B A5 kBl BkstE BN o prresgion gf one or
nmul t i pudre of a ceesddennal nesrkersocludivCByachglidy svim2ntidoc éédmin

a3t |83 RAST e s Rl RIS nPE B hviBediy oL

| east (ADRg.of the cells exhibit no anti gen expression
of one or nore 10 markers for undifferentiated cell,
t he marker being selected fromthe group consisting
3. AoteligsipalaBipn 88EAding td RAY bf 6&im TRA-2L wBéreimdt I€ast-¥s sudch as, e.g.,
a ORof .t b I o in o
at et 282 3 hsl3R ot 15 B, 3¢ BOLIV, et BLR By toast 25%, ateast
30%.rat lleast AQ%natieast 56%, @ fdast 60%, at least 70%, at least 80%, at least 85%,

at least 90% or at least 95% of the cells exhibit no protein expression of one or more

cha

early stage cardiac marker including islet-1, cTNI, cTNT, Nkx2.5, alpha-MHC or

connexin 43.

4. A cell population according to any of the preceding claims, wherein at least 50% of
such as, e.g., at least 60%, at least 70%, at least 80%, at least 85%, at least 90%, at

least 95%, at least 99% or all the cells are non-contracting cells.

5. A cell population according to any of the preceding claims, wherein at least 1% such
as, e.g., at least 2%, at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%,
at least 85%, at least 90% or at least 95% of the cells exhibit protein and/or gene
expression of Troponin T2.
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iii) at least 1 %of the cells exhibit protein and/or
gene expression of one or 15 nore of a nesoder nal

WO pen8lessos ncl udi ng brachyury, vinmentin or desnPET/EPAU)N7/806239
least 1 % of the cells exhipit protein and/or gene
expression of Flk-1 (KDR). 3. A cell population

6. Aacejbpaﬁuiajion @ceordingfto -haiofnh]a precedingiiaires, whatein etlststll Bsuch

as, S 35t 220 padP5L ol 188911075t Aol 735 a8y B0, SFRbs

25%w9east30%, aalea’stemb at0egst 50%], eﬂeastﬁm% aledse#B%, Sﬂéfast 80%,

I 709 % I
at Gy, 88 7% 2t Ergtadh ot BRpe e line B3 Bl brosBhasBET ere
expeegsiorsfi@310f one or nore early stage cardi ac marker
including islet-1, cTNI, cTNT, Nkx2.5, al pha-MHC or

connexin 43. 25 4. A cell population according to any
7. Aotelt fopujatieo adbmrgingl taiamg of thiequrecadirgt CH!IB‘ES tvhBfido of Ieastuk"/h such

as. B st 24, ot ERBL o oot 10 L AR ot R 207 gt

S%ratadaast B80%, atlebst 40%, atdaast 6001 at:least@oe’eldt kaasBDO% atAeast 80%,

o 5 aROB LB 0 P SESATRE 5 BRI o BT e

expﬁé&smtofNaQtSa?WoraGATMst 10% at | east 15% at | east
20% at least 25% at |least 30% at |east 40% at
| east 50% at |east 60% at |east 70% at | east 80%

8. Aantell popsitati® b Hccartingda sny 90 terecedingeciaimsO dvbiersin ateast 1% such

as. § 36 25, b gl 0 Lo A oo e 1B e 206 apest
25%.. atAeast BD%pepl_elastt4Q%1 al teast 80%gat least®P %o fat tdast PO%catdeass 80%,
o146, oD o of 835 55k W s ShuigBin ShobEdlle
exppagjonaif Alled$KDR)5Propertin T@aCD3 B,0%x24 andGAT, AA:Q% at

| east 50% at |east 60% at |east 70% at | east 80%

at least 85% at |east 90% or at | east 95% of the
9. Acedlll popeldticbiaccqrding dd anwntithe pregeding=clarsy whsieimatdéast 1% such

C | at, C ' ¢ h
o, 60t oy 1S L 1 0 S BLBOD A0 5
25%tatlleast BO%Yat laast| 40%s tat st 50%| atdgast 0%, ahtealstEd%®, aiaéast 80%,

at I%& hg‘%sg Iégss/t‘;go%gﬂ 5‘6‘?5?‘ gg)g%féﬁ%/c&?saé{h gé)/r‘bt?g'g /g%zslséene

eXPresatﬂn Qﬁ@% ot nose mMaskers oBpgeaitoricelsEIkOI0UAOR) and IBkelst
95% of the cells exhibit protein and/ or gene
expression of Nkx2.5 and/or GATA-4. 8. A cell

10. Mﬁjlp@pul@ﬁoma@wdihggo any efithe pfecedingmiaime divheretrl atileast 1%

sucrm\’fé‘érgb ﬂeag R, aﬂe{é% 9 By Ie]%%t &1%t0/e§stt 166254 e%g%%/?%a at least

east Iéas
25% ., dgast 30% at least 40%, at Ieast 50%, at least 60%, at least 70%, at least 80%,

at least 85%, at least 90% or at least 95% of the cells exhibit protein and/or gene
expression of two or more markers of progenitor cells Flk-1 (KDR), Notch-1 or ISL-1.

11. A cell population according to any of the preceding claims, wherein the cell
population has at least two of the following characteristics
i) at least 25% of the cells exhibit no antigen expression of one or more
markers for undifferentiated cell, the marker being selected from the group
consisting of SSEA-3, SSEA-4, TRA-1-60, TRA-1-81 and Oct-4,
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15 25% at |least 30% at |east 40% at |east 50% at
| east 60% at |east 70% at |east 80% at | east 85%

WO a008l0e@9s 90% or at | east 95% of the cells exRCBHBEP2007/006239
protein and/ or gene expresgpon of Flk-1 (KDR),
Troponin T2, CD31, Nkx2.5 and GATA-4. 9. A cell
fippul at least 25% a@f thencells @xbibit nofprd;thm gxpesssidnig ook @r more of a
wher ei st 19 osuch 2 at | east 2% at
| east "Ew%t‘ "{a E34F f&oﬁg f‘e?g’ath '%‘L?/o at | east 20% at
IuE)ast at 2%t 2586 of ﬁmd:ell@@%lbabrdtea%dm%nabxﬁreasbn bOége or

Iea | east , 80

250, - o BB ket s oR Bt btV meiR op dpsmin
pr)ot eiahleanti25% of theccellsephibit pratein @hdion gene erpressiomokElk s

of prgQgﬁ'tor cells FIk-1 (KDR) and ISL-1. 25 10. A

cel | ‘ation according to any of the preceding
cl ai ms, wherein at Ieast 1 % such as e.g., at |east

o 0% _at %
12.%%%"% tohfégéﬁ taéc%%@é to ?@%ﬁ Aitw %ﬂ% Lgé‘? 84{ C%l'l% exhlbut no
protefraeiprégign aftorieeashors @yly atagle&:aailac?m%(qkeasud:reaﬂite @ 0i%tet-1,

t / st 90% or ,at | east 95% of the
CT'\ﬂeﬁ@ﬁZ\ilﬁ(g %’pﬂ%o'\f‘e. nrgﬂg'?'%)?n ne expression of two or

nor e rrarkers of progenitor ceIIs FI k-1 (KDR), Notch-1

o el e ptond o B ARIR TEES, ol e co
appleasastiubteesof snvad, ufunﬁrwdfabiabmbrlglg celisriadividoalsells ard §-20 pm
in d?atmétglaac’rjid R Qlstd g c&‘;ﬁl %eoe ﬁ[raﬂr E%(# gé]goant i gen

EXPT €sSion of one or
undi fferenti at ed ceII, t he marker being selected from

10 RS0 5 3, e TR S oo
roud® orf elpngeted ma&hap%és ibstrdted incfiguse 2 pbndélid, bramdpr. ot ei n
expression of one or nore of a neural marker such as,

.g., nestin or GFAP iii) at least 25%of the cells
15. éo«mllmopulptlm atcordind toclaipe @ oetprwdsseionhetiustees off MCRmeds

app\%rné’sn @P%&g H@Jenp@é’lli%?tgnﬁy%lg AI?E rafeddn E% / aér:;?e%/r]qlg %FP%C

desm n east
exhi bit protein and/ or gene expression of Flk-1

16. \(aq@'ﬁ)gog&l% |0|‘|.A‘a8 réna@&pé’#?{)f hE g?%%girng c%ﬁmg owl%rg‘nrﬂw&?MCP cells

brt no " prote
have ayetadivély highfnustesisdo-ciiopisaarratio, st ade2 e drGh afdherm’tale;olume of
the%?l?h as, e.g., islet-1, 10 cTNI, cTNT, Nkx2.5,
pha- MHC or connexin 43. 13. A cell popul ati on
according to any of the preceding clains, wherein the

17. %@a:ég %%Eblﬁtl%r'ﬁg ?{m&fh Qlja\}‘(\?/flttﬁ% gré?:fgg E?Iélms r\gﬁ%mﬁﬂg MCP cells

app@ﬁh@ﬁeb@boaﬁ 6n @ings ke sleseritied in ﬁgquesﬂéds@fenxati'scs@etcbl | s
15

18. A cell population according to any of the preceding claims, wherein at least 25% of
the cells exhibit gene expression of Troponin T2.

19. A cell population according to any of the preceding claims, wherein at least 25% of
the cells exhibit gene expression of CD31.

20. A cell population according to any of the preceding claims, wherein at least 25% of
the cells exhibit gene expression of Nkx2.5 and/or GATA-4.



10

15

20

25

30

35

14. A cell population according to claim13, wherein

the clusters of MCP cells are either round or
woebsrigeved i n shape, as illustrated in figurePQT/E&RIOI/006239

a, b and c. 15. A cell popuggtion according to claim

13 or 14, wherein the clusters of MCP cells 20 appear

as |l oosely adherent cell clunps, as illustrated in

fl e 2 panel a . b.and c, . 16. A cell .populatio
21,4 Rl e RigtR0 Bardfuind 6 ABY Bt e s da Bl WhAls Rt jeast 25% of
thedells extibisgeranpression aftHIk-a|(KDR),dfroponin T2, CD31, Nkx2.5 and
GAtrllggaeus-to- cytoplasma ratio, e.g. 1:2 - 1:64 of the
| volume of the cell. 25 17. A cell popul ation
according to any of the preceding clains, wherein the

cells . appear. as ballpons on a str.ing, as.
22 fceliapuirtioR BRRgHingta 47 ob R ero oty whginetiesst 25% o
thepefisibxtiibiDgeracexprelsit dfonery ntdre niaekers oF pabigegitar! call$TB k-1
Kdgé}er eig alt | east 25% of 30 the cells exhibit gene
( pﬁnéjg I"on of Troponin T2. 19. A cell popul ation
according to any of the preceding clains, wherein at

least 25%.0f the cells exhibit gene expression qf o
23. &8l pogiialin astring T 5B Pliteare el ERaHG: RS rast pa% of
the ek extitipgeriecdxpeessidnasféivo oamore aritkerd &6 progeiitoe celtd Fik-1

hi,bit Qe expression of Nkx2.5 and/or GATA-4. WO
(Kol Sh T EP2007/ 006230 B3 21 A cel

popul ati on according to any of the preceding clains,

east e cell

24. 59 GlobuBlion BERArang 1§ Roee! 0% sy S hadSiatlons s0 % o
e i r &) i . | pobuy at] on accor o0 0 2oy

061 10 5ufh 8 sk & S el haih 0BRSS e s are

of pr Ge2Mpimon dietdter drideath CUSBR)is aordposiicof 2-50D &dis A

L2 TSR B LrASGRL 6 oo PtNarg) il SoReet 58 fodiy aherent

gelne egtbclesmsdnatds illuatratart]i imﬁig(rarelrmépl_éc? a,ngnﬁcoglelni tor

S - . . - -1. .
oo it heva talahictihion Mok elsdo-BitopRmd radi. 5.\ °Er 1j64.0f the
wher eitotabtolureasf the@eymofl/or 15 the MCP cells that 1.
| ) - i ah )
JLr¥s BPpars EBoRY of Atrno, B MISEARS i PRTRE 1R dHbhati sketcn

each areisorecomtaactiogposed of 2-500 cells 2. form

clusters of round or el ongated shape, that appear as

| oosel y adherent <cell clunps that as illustrated in
haveityei faoRingaoheractgrisicsaand ¢

i) at least 1% of the cells exhibit no antigen expression of one or more
markers for undifferentiated cells, the marker being selected from
the group consisting of SSEA-3, SSEA-4, TRA-1-60, TRA-1-81 and
Oct-4,

i) at least 1% of the cells exhibit no protein expression of one or more
of a neural marker such as, e.g., nestin or GFAP

iii) at least 1% of the cells exhibit protein and/or gene expression of one
or more of a mesodermal marker such as, e.g., brachyury, vimentin

or desmin,
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20 3. have a relatively high nucl eus-to-cytopl asma
ratio, e.g. 1:2 - 1:64 of the total volune of the

WO eell8loognsl/ or 4. appear as bal |l oons on a stri nBCT/&82007/006239
illustrated in figure 18, sghematic sketch 5. are
non-contracting 25 have the foll ow ng characteristics
i) at N)eastat]f.%soﬂ‘Vdcbfehe:eélls%xeibﬁtidnd)tteimdmngeylerexpression of Flk-
expr essi on 10{5‘%@(3 nore markers for
undi fferenti cells, the marker being selected from
the group consisting of SSEA—3 SSEA- 4, TRA-l 60,
TRA;,1- O xt-4 9

25. é\x?ﬁ"kﬂc{puﬁgoﬁrafi%o dwg&ﬁ‘agg 3 ﬁ%rfel eﬁieaélt 1/‘3 f tF\e 8f3|?s eXthIt no

proteeimemresmrkefroramhnm eaely%tagermsduammrkeeﬁg/’éh as,ie.g.aislet-1,
0/ :
cTI\g gmssﬂfﬁgcg Taﬁpg'%elﬁﬁb OSW%)F('BEIDS'%’ p:rgtsgldgrﬁgl ?nrarggpesuch
as, e.g., brachyury, vinentin 35 or desm n,

008/ 0 P '
R R o) i lr
arehald fot af €BBY) 55"/25ucb(\asd §., polpastaiograt asbb o gt teast? G nat
eafi rooh 1R o0 p ARG sbomet sk S B tLedl br B el

mar ker such as, e.g., islet-1, cTN, cTNT, Nkx2.5,

273 B0, SOOI i 268 PO 4 puition

at l¢as} pharact)erlamujll) mr at iepst voesuchlaischt feast thted ercattiedsh ¥ous wf the

t. lieast 60% at |east 65%, at |east 70%
marg(?rs ’ﬁﬁ'gﬁ‘“e”aegt'“ 5% at | east 80% at | east 85% at | east
90% or at | east 95% of the cells. 27. A cel |

opuwl at i i . ere n
28.?}{2& %%P%ggﬁ‘é?&{rlgl'gﬁg%gguﬁ% \%er {n%gg? éu??téot 3t least
charanterigtic li)dasall makessmientioneagtinli)east t hree or at | east

four of the markers nmentioned in i). 15 28. A cell
popul ati on according to claim 27, wherein the cell

29. pogalil ppulatiom ascaading éas by otdlaimec24e28, sthecein the cell dpulation has

| | ati
at R EFARCRRYS 6 b rfabrerE Mo BCE 7 e cel
popul ati on has 20 at |east characteristic ii) for

0 i L Qe Lk 0 I on.
0. 00 P53 RIS oy Bt s 220 M5 1RORU Bl Mo s
at leasp aharatteristivail) foatwd erdbreecdfdhenmaersmeotiondd)infigr t wo
or three of the markers nmentioned in iii).
31. A cell population according to claim 25, wherein the cell population has at least the
characteristic for at least 2 such as, e.g., 2, 3, 4, 5 or 6 of the markers mentioned in iv).

32. A cell population according to any of the preceding claims, wherein characteristic i)
is valid for at least 2% such as, e.g., at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%,
at least 80%, at least 85%, at least 90% or at least 95% of the cells.

33. A cell population according to any of the preceding claims, wherein characteristic ii)
is valid for at least 2% such as, e.g., at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at ieast 40%, at least 50%, at least 60%, at least 70%,
at least 80%, at least 85%, at least 90% or at least 95% of the cells.



10

16

20

25

30

35

25 31. A cell population according to claim 25,
wherein the cell popul ation has at |east the

WO comsroaeveri stic for at | east 2 such as, e.g., PQI/EB200%/006239
5 or 6 of the markers nmentigged iniv). 32. A cell
popul ati on according to any of the preceding clains,
wherein characteristic i) 1is vaI i d for at least 2%

u as . 0. st 5 10% at | east -
34 680 &b aooting 35 Bhy 3 heThecsi oL uBbresbirasteristi
iii) is valid fot @¥east 2% sasi a§Q¢’Jg at lebst=6%, a&ﬂk%st a0%|, ebletst7A®%, at least

20 G eale abieRst 3883 SeRiup % gl BRShacHh 4 BesT g B ost 70%.

at lealgt 80%, hieaplr 85% catnepst BDaYoer, at Wast 85% of ltreer eediser i sti c

ii) is valid for at |east 2% such as, e.g., at |east

5% at |east 10% at |east 15% at |east 35 20% at
35.|Acedlt paphitdtionactarding t3 Ak obthel pracading0Shinat whe@ért cHedagteristic

St 00/ tleast 70% {0 east %, at, |
v) Bald R ot Ragh 2B 3800 81 A1 lopStashe 7 10%, f 156SE%. at east
209204184 45D @6 %5 abPIeastE3tP0,0at &30 20%, aBleafb0%A at éddst 60%, at least 70%,

ot 8 P, 2fRaP Gk 4 Mt Sof T Rlea B RATRE Il et 256

such as, e.g., at least 5% at |east 10% at Ieast
o6 3288 B st 8ok SRR b b gt .

ii), |B) ard/brawsis valfor at lebsic®% s@89@s,ad.g.| ebleastTIpatieast 10%aat least

G805, SPb AR, T s ALPAR o, R St e o

at least 7D%, atileast §036, atiedst85%, abteastd0%a6r atdeast 95% ofl thaselis.
5% at |least 10% at |east 15% at |east 20% at
| east 25% at |east 30% at |east 40% at |east 50%
37. & cdllqmpulafon@acerrding ds any 0£6laid 24-36,edwreiB 08¢ cell pdpeitetion has
| east 95% of the cells. 36. A
at Igagﬁ(%‘géfptlhg?(?tlirézﬁgr%génsgéng to any of the preceding
cl ai ms, wherein characteristic i), i), 1ii) and/or

i) i ; 0 ) . .
38.@};" E{:?)p}ﬁ%gér? &%{%mﬂé#) SR bt éa/l‘il@o%ﬁ%ﬁqhgg% g B Adtidtion has
at l¢ash Hre@ 6ithedour ahasactgBligs.at | east 40% at | east 50%

at least 60% 15 at least 70% at |east 80% at | east

85% at |east 90% or at |east 95% of the cells. 37. A
39. detdll popplatian aceordiog ée dinngf ¢laimsrid4-33, wdieagindhe2delG®pulation has

el | popul ation has at least two of the
all oﬁérﬁé%;bt%{}g'fgrl stics. 20 38. A cell population
according to any of clains 24-37, wherein the cell
ol at.i it u : :
U Rplilof BScorting 163 of e BEec@iorts Waiki3 fhs cgll popyigton being
xengtfieeof cl ai ns 24- 38, wherein the cell popul ation has

all four characteristics. 25 40. A cell popul ation

according to any of the preceding clains, the cell
Differgptiated IMPP bellisng  xeno-free. Differenti ated MCP cells

41. A differentiated cell population obtained by subjecting a cell population comprising
MCP cells as defined in any of the preceding claims to differentiation by plating and
using a differentiation medium for a time period of at least 5 days, wherein the
differentiated cell population has the following characteristics
i) at least 1% of the cells exhibit protein and/or gene expression of one
ore more mesodermal markers such as, e.g., brachyury, vimentin or

desmin,
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30 41. A differentiated cell popul ation obtained by
subjecting a cell population conprising MCP cells as

WO desgioneds i n any of the preceding clains to  PCT/EP2007/006239
differentiation by plating ggd using a
differentiation nediumfor a tinme period of at |east 5
days, iiWher aitiedshé% dfithd eslsrdxhivitgdoteidl andogpel expressionas one

the followi ng characteristics i) at |east 9 t
ol 15 exhi 51 M6 PAEIFCIRAE yoheBosgradey b EhPAgnies,
35 ore nor eTiM,seTdNT oradonmexikelds such as, e.g.,
brachyyry, vinmentin. or sm.n,.. WO 2008/ 006605
et Elob7 A SeH o Bhe pslR3HRh By nelanTge priRsiga pf ene or more
exhi bi t pr obakersdodurgiifferentiqied stemoselief the mearker eimgpsetected
cardi ac markers such as. .e.d. . .sl.ef- TA- 4,
Moo, 5. o el BSnsisTidior SSTA%S §95AS, TRARkp0.TRA-1-61
of the cel landeddtidit no anti gen expression of one or
nore 5 markers for undifferentiated stemcells, the
mar ker being selected fromthe group consisting of

42. 3StiffergntiSE el popiRAtioh-daBordirigtoleldih 41actnpgosingicondracting cells.
differentiated cell population according to claim4l

conprising contracting cells. 10 43. A differentiated
43. dediffenpofiated telbpoputatimndicegrdirg tol ciaim 422 whetedn #Hencdniracting cells

' I th h i sti defined i
eVt 5 etea S Refinod B B cd col | popul ation
according to any of clainms 41-43, wherein the 15
oo AR ELEToR P BB AT Bprbf 2P vapon e
differentiated eell popuilgtion4tas abledist Erearacternisticefoc avd omthped aftthe@markers

IRg to any of clains 41-44, wherein the
me@%&gémﬁti ated cell popul ation has at | east

characteristic ii) for at least 2 such as, e.g., 2,

0, , i d,in,i). 4 A
45. BiflerefiiatSa 861 Sorf et ARG & JIFaf AN 4} A4 phersfitne
differentiated _deJL gidpulatioahas _rat tda_et cttﬁrécfteqisﬂiotiib &ire\gﬂlea_et 2 such as, e.g., 2,
3, PIRWSY U mARER Bt RE QY Lo 4 Frerentiation has at

east characteristic 1i1)”"for at |east 2 such as,

e.g., 2, 3, 4 or 5 o0of the markers nentioned in iii).

5. ' ' I i rdi .t

10 Ryfedontdh ELFRLBHa55Ho BN RLGR: 3758 fhde' e
differantiaded cell papulatiapafteesshjediiondo difergntiation hasasttledstcharacteristic
% | eqs 159 | 9 st 25%
i) fof @ibast 2 Yoo 78r 2.2 7 dha %‘Ferﬁa;'g%'t%q‘a{%’a}gﬁ“g{’ it

60% at least 70% at |east 80% at | east 85% at
47. hefifdre B PEePpop RARh a2edhufMlg thGy ©Bbihfins 41-46, wherein
characteristic i) is valid for at least 2% such as, e.g., at least 5%, at least 10%, at least
15%, at least 20%, at least 25%, at least 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 80%, at least 85%, at least 90% or at least 95% of the cells.

48. A differentiated cell population according to any of claims 41-47, wherein
characteristic ii) is valid for at least 2% such as, e.g., at least 5%, at least 10%, at least
15%, at least 20%, at least 25%, at least 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 80%, at least 85%, at least 90% or at least 95% of the cells.
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30 48. A differentiated cell population according to
any of clains 41-47, wherein characteristic ii) is
WO easiodesddr at | east 2% such as, e.g., at | easPCB¥P2r/006239
| east 10% at |least 15% a7l east 20% at |east 25%
at least 30% at |least 40% at |east 50% at |east
49.@08ifferentiated zsl pé’ﬁ).%tlcat adceeditg 80y ditcldimadt -485%herin

chas S8Rl ot B980P A 8 6 s gt 30k, BNt 1006 oot et

15% et legmd @0%a it least2T6) atilewst Bo%aayleait 40%,i avteatl 58%, at least 60%,

at Ié\gﬁrﬁb % at %gg{%éeartlléatdsl §5é§b/a Igi?gtl Qg)?gi{)g itgg/ést%%lr gfgtint? c%lo(g.

15% at | east 20% at Ieast 25% at Ieast 30% at

50. A Birefiateg 3o bERRRON adeoflind B4l o Pidigs AL AL R RprelT,

chadacdteridtictifp &) ared/drgii) iS valll foAatlieb$ted%k sucraas @. g:ehtl Ieast 5%, at least

0 [ Ny =of Ia| 0A1-49
10ReA et 18 B ERECL0, 31 Feib s, afie Bl Toog it fepsy 4PL G Bast s0%,
at leasi 0% 4 least 7096, atdeapt B0%, at leastt8588at dast 80%tor al RX4st 95% of
thelc? st 15% at |east 20% at |east 25% at |east 30%

at T'east 40% at |least 50% at | east 60% at | east

70% at |east 80% at |east 85% at |east 90% or at
Baée ﬂt ?I?s% of 10 the cells. Basenent cells 51. A cell

popu iI"on derived from human bl ast ocyst-derived stem
51. (A&:B)papelation dehmdcfatm hupapdiastocyst-darivedissem ghid&seatienthe cell

pop\%ﬁt:oﬁ 00&}?’5'?%8 bFFg Jﬁtquﬁgul ation according to claim 47,

erein ion has at |east the
fol |l owi ng characterlstlcs i) at least 1 % of the cells

52. ??‘%‘Qu&{oﬁopggg{a SLoby AR ORaRT7, SRELRIRE 28y §§Ruqat% HHoYal seast the
foII%n@cbetrpcbsisﬁiasn of al pha- 20 sarconeri c actin, iii) at

he as_t al Ieoé%ﬂ %tcj? ?190&%} ﬁ?ﬁp' Pit ln%&dgci:r %%ﬁ% 'ex élkégglgﬁ %h B%CPUFY

i mentin,
nb pr at ast b%mf Hescalln eahlbdepmtem anp/arigehe agpressivh of alpha-
cel | Sg Fgfg agﬁ anti gen expression of one or nore
mar kers 1O GRdi T'f erent i at ed cell, the marker being
dig| ectattgabt thndf the @pﬂewphibnﬁoc;mmirs&ﬁpm}swn @@ Sifdergin, and

§§EA %t 158 % o@g'\c? Jd6 e;(h‘%ﬁ n%%q%t%tex%gefg%n d?d%ng

pul ation accor Wherern he
&)al | pbleashatYomh tffeu¢€tllh exhiblae antiger expressiomof one or more

char a?’r‘ia‘?kéétfé)ﬁﬁ\differentiated cell, the marker being selected from the group
consisting of SSEA-3, SSEA-4, TRA-1-60, TRA-1-81 and Oct-4.

53. A cell popuiation according to claim 51 or 52, wherein the cell population further
has the following characteristics
vi) at least 1% of the cells exhibit gene expression of at least one or more of

the genes listed in table ll, example 3, such as Basonuclin 1 (BNC1),
nephronectin (NPNT), fibrinogen alpha chain (FGA), annexin A8 (ANXAS),
matrix Gla protein (MGP), zona pellucida glycoprotein 4 (ZP4),
thrombomodulin (THBD), homeobox B7 (HOXB7), heart and neural crest
derivatives expressed 1 (HAND1), desmocollin 3 (DSC3), interleukin 6
signal transducer (IL6ST), aquaporin 1 (AQP1), Frizzled-related protein
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vi) at least 1 %of the cells exhibit gene expression
of at least one or nore of 30 the genes listed in

woesloesds , exanple 3, such as Basonuclin 1 ( BRCLEP2007/006239

nephronectin (NPNT), fibringgen al pha chain (FGA),
annexin A8 (ANXA8), matrix (G a protein (M3&), zona
pel | ugFRZBY Ibyadykinit miceptbr 82 PBDKRBI1Ngrolbrindtmbne receptor (GHR)

Ger i v 0 REE e bat T raaRlan s A N4&AB Lol 1 m 3 (DSC)

ivrII er lat ldasm % a3 thescalisdlastdoamsdygaiated(deh6 8Xkpressigh apoct-hand

Frizzl t 2008/ 006605
PCT / Eﬁb@gpé@éé@%%ggdﬁg%%e%ﬁ% Pnin receptor Bl
(BDKRB1), growt h hornone receptor (GHR) and ki nase

4. G RopuielBh PeSEBBR Y PLGRIMA LS guine el salaci GRTop i varo

for atleagt mducmaen@@ patrraasted%t @t lﬂadi 5% atnéasaletw, BBBast 25%, at

lal ighfatich gg@/c‘:e'w%‘ﬁpidf‘ BT C 1) 1S valia for

at | east 5% such as, at least 10% at | east 15%

st 25 30%,
55 5 SRR PR e e STE by AL bl 21 BRSnalo  Shed ok cots
haveamuéradothmtialastidikdishgpé 0 any of clainms 51-54, wherein
t he basenent cells have an endothelial cell-Ilike
shape 56. A cell popul ation according to any of clains
56. Aledlipopulatior ancdriiieg @ aryrehtlaioel 31555 vehergih dtseebakenieraedils are

ohalff-degt SR MR B P ARI B oo T st i e

51-56, wherein the basenent ceIIs have an angul ar

I
s7. Y efPlatitn SEAEEa TS ety Byl e e Wbcefing bepitd isgte
havefancérmutas sbdpdds evidemazidrbydight mésdscoply,cds itlietratetDin figure 19.
basenment cells that 1. a norphology with simlarities

to primtive endoderm 2. have an endot heli al
58. deddll-dopliatisiapenrdiag taary phelsiesdilr-§7, aviereie lat ledsh®o e thed

bas%?ne%%&ﬁr{ﬁ&d by light mcroscopy, and/or 25 4. have
an angular shape as evidenced by |ight mcroscopy as

i |1 ustarmonptiology with gimitariti®s tdhprireititdendaalermayni ng
g;‘ﬁ?.gi%%% bﬁtehéiéthél? by F?eu e lig@pt 1 %of the cells

rotern an gene "expressi on of
3. are phase dark and well demarcated as evidenced by light microscopy,

and/or
4. have an angular shape as evidenced by light microscopy as illustrated in
figure 19,

have the following characteristics

i) at least 1% of the cells exhibit protein and/or gene expression of
brachury
ii) at least 1% of the cells exhibit protein and/or gene expression of alpha-

sarcomeric actin,
iii)) at least 1% of the cells exhibit no protein expression of vimentin, and

iv) at least 1% of the cells exhibit no protein expression of desmin
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brachury ii) at least 1 %of the cells exhibit protein
and/ or gene expression of al pha- sarconeric actin,

WO RG80@0s | east 1 % of the cells exhibit no prBCEER2007/006239
expression of vinentin, andgg35 iv) at |east 1 % of
the cells exhibit no protein expression of desmn WO
2009/ OOGEOEaQCﬂ’/B BERRE@éNHeABPno 8Rtigen expréssitof bn&oodmore

mar kers. BTt HraRefaRaaTaRe Pt belfaeaed KGR the

sel ect edgfoupohistingdsf BFEA-GNSSEALS) T RN-1-88FARA,1 %Eﬁd Dct-4.
TRA- 1- 60, TRA-1-81 and Cct-4. 5 59. A cell popul ation
according to claim58, wherein the basenent cells

59. fﬁucetlli‘mpulaaue acd:dldlngmtb tlaivh 58, wheremcthe basérm et cells jurther have
cell's exhibit gene expression of at

thef@@vtlngoﬂbar%c}tensﬁlﬁe of the genes listed in table |1,
exanplvd 3, atlezst 8% cBalse)aeuslexhnblt gehamﬂr)e,ssubﬁ@hauemtdne or

NPNT), fibri e el
UAncal - i Bt s sl e T gt AT i Ssonuciin 1
g1 YCOpr Ot ei(BNE 1) 2@$hroneblro(NRNDY TbirmgR i cHh0EE )y

(E:)Zpr él;g )e<5 7)ff (‘E&ﬁ%‘%‘)@\%@r{g@{w%lﬂ p@t% R ) | Yoha pellucida
i nt er | euki rglEopiayeinla (TZP&IJSlduaﬂbbn(oldhﬁﬁ(ﬂ)HBD)aqdmpobdm'A

ocep or | pAPPRE R SRR st HRE ks RS fHAND1),

and ki nase desmeoltm dQDSCB),rueteﬂ@,ﬁm 6 Gighlst tiansHEE)(ILEGTI))

axpr oesi on HSelT HAGRY® FRde ek PRle P R285 Baayini

undi f f er entrecdpdor BTBéBD}GRIBS) gtk Bornforearecetop(GHR) ad kinase

according to any of c erein the

charact eri <158 aloé?aén r?f;a?lp{rg (E% Bi%(D&gast 10% such as,

e.g., vay | &niHaszG%ofMe te&lasms%%w ragulhtedsjené@%rea‘swn of oct-4
| east 50%__at | east 60% % east 80%

e st oaolnanSs Bhmpais B lna iRl et e §7°1 | °

cells. 25 61 A cel l popul ation according to any of

| ai = r ic.) .is valid, far

60. g\cae%llgﬁg)g?l]ag&? &ﬂg Eg t@gr‘%gfr ce}%bw% 51 é# V\{ﬁbgln gtine %éaégiterisg% are
validfforl a $estst 20%suah ab,eagt, aPle¥st 20%, dtdeast 36%Yat labstl 4086 tat least

(" Q 0 %/
S0t et B BE8Rrt 0%, % R, Cpartie d £ Bt appacupleast
95%bfathacneé$| sticii) isvalid 30 for at |east 5% such

as, e.g., at least 10% at |east 15% at |east 20% at

| east 25% at |east 30% at |east 40%or at |east 50%
61. &f cellipopulatidrs according to any of claims 51-60, wherein characteristic i) is valid

for at least 5% such as, e.g., at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 40% or at least 50% of the cells.

62. A cell population according to any of claims 51-61, wherein characteristic ii) is valid
for at least 5% such as, e.g., at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 40% or at least 50% of the cells.

63. A cell population according to any of claims 51-62, wherein characteristic iii) is valid
for at least 5% such as, e.g., at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 40% or at least 50% of the cells.
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63. A cell popul ation according to any of clains
51-62, wherein characteristic iii) is valid for at
WO Reson6d83 such as, e.g., at |east 10% at | eaBCT/EB2407/806239
| east 20% at |east 25% atgp35 |east 30% at |east
40% or at | east 50% of the cells. WD 2008/ 006605
64. AC3eIEFepRTioN 62S8ing 0 ahiy of daioed 51-68wherbin@haretRistc Wy is valid

to any..of clains 51-63 erejn acteri stjc jVv) |
for GEERRS R 58S, ot 1695t AN, 2Ll Lk SiEds SR ab ehst Zove, at
leabte3D84, al I¥dst 40%| o @t 1ea080% af tHeaadls. 25% at | east 30%

at | east 40% or at | east 50% of the cells. 5 65. A

cell popul ation according to any of clains 51-64,
65.hesligiaputatian actardingitd any bf ¢laimsad 1-64, whereiatchbhetdrisbow) is valid

such e.g., at |east %_, at t_,15% | east
for $H§ P pletPis. s, atiBae ok ot Biged P ardnst 2Bt B 25%. o
lea$te3084, 2 (PAasbA0% e at Elakis50% @f thé eetis! popul ation

according to any of clainms 53-65, wherein

characteristic vi) is valid 10 for at |east 5% such

66. #scellpopulatiah abemding 10 %ny of clhiems33-85%hentinlchagicte?igtic vidis valid

| east % .at | east 30%. at.|ea 40%, or | east 500
for gF1B5N1 % brttas. o8- A e o5 ot B8 o cploisu . BE A 2%, o
leastf3084, @t lemsb30% ®r atleases0% ohtheasslleri stic vii) is valid

for at |east 5% such as, e.g., at least 10% at | east

15% at least 20% at least 15 25% at |east 30% at
67.|AeceditpoplPdtion aatortingdd abyp &b caintshES-6& wrereif 8havacteeistic vii) is

eleJolV] i according to an cl ai 93-67, el
B R BoCRER L B9, SR 0. o f gl rheas
25% at)leass 30%l, mtllebsir4084 of atdeastBW/sofcthe aslls.e. g., at | east
10% at least 15% at |east 20% at |east 25% at

| east 30% at |east 40% or at | east 50% of the cells.
68. Z0ceiopAlatieh beqging & aoy obaaiorsdi3G)7, twheaein chéractegistisi), ii), ii),

. - ~cell . | OR./bej xeno-_. fr of 0., Us o
), 9 Sl p Bl g BB e G €t S b 1988 e, o
lea$t@0% rabigadt 2550 MitFeastI30%, aPleagi40%oeabibast 5084 bf the cells.

popul ation as defined in any of the preceding clains

for use in a drug discovery process. 72. Use of a
69. detdll popplatian aocordisg debinyneficlaimsdity6®) fthe teall papulatiéd being xeno-
fre/itro nmodels for 30 studying drugs with potenti al
effect on cardiac cell types. 73. Use of a cell

popul ation as defined in any of clains 1-69 in in

r [ S 1,

70. Ysb'o? a8 BBl a S hefei T oBEbEL AREIEERS for BHERT MCP colls

popul ation as defined in any of clains 1-69 in in

71 o BBl S I TR RO AT a2 oo

discovery process.

72. Use of a cell population as defined in any of claims 1-69 in in vitro models for
studying drugs with potential effect on cardiac cell types.

73. Use of a cell population as defined in any of claims 1-69 in in vitro models for
studying cardiogenesis, such as, e.g., early cardiogenesis.

74. Use of a cell population as defined in any of claims 1-69 in in vitro models for
studying human cardiodegenerative disorders.



10

15

20

25

30

35

91 75. Use of a cell population as defined in any of
clains 1-69 for in vitro cardiotoxicity testing. 5

WO 2@8/0uUs85 of a cell popul ation as defined in aRgT/@&P2007/006239
clainms 1-69 in regenerativegqredicine. 77. Use of a
cell population as defined in any of clainms 1-69 in
medi cine. 78. Use of a cell population as defined in

f clainms 1-69, .for the mapufact of.a. 10 . . .

75 3% DoPRiation =4 gefiadkd gL LHeR =AM dp Vtrorsielapioty
testirig. pat hol ogi es and/ or di seases caused by tissue

degeneration, such as, e.g., the degeneration of

cardiac tissue. 79. Use of a cell population as
76.duski ol actell popuatiot as Hefinerl id-a69 of claimishb68hmnedgenénatiee afeditine.

medi ci nal product for the treatnment of cardiac

di sorders. 15 80. Use of a cell population as defined
77.iUsearfiya call popalatien s 66firfearin ahe ofrelainisat-6Q iremetiicine.

medi ci nal product for the prevention and/or treatnent

of cardiac disorders such as disorders related to
78. ruserabtai ae)l papolptiant ag defitedagady oflglainsnt69 doatheananufacture of a

mr phol ogi.cal abnor nal ocar di 0,81. Use of a
mefiB BT aR i R T Rt Y BEFROhtPoafidiles oo gpdhses
causbe byrtissifeaddgeneratibn asuchredi eighahe pegahecdtioh@f chttac tissue.

treatnment and/or prevention of di seases such as

i schem ¢ heart disease, cardiac infarction, rheumatic
79. userdf adiet papdatiemaodefirdidtin any afitlaimem+6@ fordhe diamafacture of a

me b g G Rt et b 388 FiordREr e, oo or

cardi ac insufficiency. 82. Use of one or nore cells

. £i B . '
o0. 588 B B pop gL At oSy 2B b Rarisel PR 0SB ein fadtigrora
mediniealqrroduat éordbé peevention and/ed treghmpol aftcacdiaadisorebrsnadhias

T T T TR —

abnoonglouyatafdiumcar di ocel | ul ar toxicity, conprising
exposing cells froma cell population as defined in
any clainms 1-69 to the conpound, and 35 determ ning

81. Wsetoh arcetl pepdatipoasmdefinedtinany ot daintse! -62 [ for. thédhanufacture of a

) P / 85. . o .
0 0408 T SRR LABRF e B A0 dhcnomi
heactadlighiase e¢drdipainfarction trheumatioimgart diseayecamiearndtisc alfogmmune
corhEFste S VoIAPHLAH U388 ORISR AR5 00 ELl i
disqrdersband/er eandiag suffisienby cells that result from

contact with the conpound, and correl ating the change
with an ability to
82. Use of one or more cells from a cell population as defined in any claims 1-69 for

obtaining cardiomyocyte-like cells.

83. Use of one or more cells from a cell population as defined in any claims 1-69 for
studying maturation towards cardiomyocyte-like cells.

84. A method for screening a compound for cardiocellular toxicity, comprising exposing
cells from a cell population as defined in any claims 1-69 to the compound, and
determining whether the compound is toxic to the cell.
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5 nodul ate cardi ocel lul ar function. Method basenent
cells and MCP cells 86. A nethod for the preparation
W0 008800685 | popul ati on as defined in any of cl BCTHEP2002/006239
or 51-69 conprising the stegps of 10 i) culturing of
one or nore pieces of colonies or colonies of
85.umhiefHodrfenddredren & BeGmpelhd fon ita adilifyf te heodulaé icardicteililam
' sus&ension . C ure o out

funé?wg cQmptising e;qo&mgg(%e IalrfroT %8&5 gtam%{ quog qfl |9\e$l fbr}o éﬁy o]f%laims 1-
69 to'thesbmpdumg deteemirding acy plhierotypicert mstabonca:(:jtmnﬂg‘esl irethe cells that
vessel for.c i nued 1 roliferati,on an . .
resif 3%, confcL it e siipoud, P soreata BR chngae it aa apilyto
modabhiescadpgioomlufiniregoc.al criteria in |light mcroscope
and/or relevant marker identification as defined
herein, iv) optionally, isolating the thus obtained
Methad dizsementatdils andMCP 28llsv) optional |y, repeating steps

id ) o iv)...87. A nethaod f t he.. ti f el l
A e - P

- | -

e R Ry G b bR B ' ©

m croscope Lmdiﬂemntia&iddmllbelhiarMﬁetbdﬁngbhfrh%camr:hmma&&spension

defined h [ ti t he.thus obtai ne

cel1 5o, HHESEn B TnB P iof aFod ol

| ati absuti@tiaysed | [ 51-

ggﬁ;rﬁt: (rjlg h: stt_\m :‘ni anée? c% alntmsa d dissociatipon

o PR AT B dabSreitdhiRe Fuf diERAENST s sifita Vedse forRopfitued

of cell _ _suspmiiﬁen:atimn and differdntiatiove | I tissue culture

Pt oy, BB s oBs PN B Ol

enhanced 3Dgbi mtascepe aadi/bsreileva;';nt ohiafiee identificHtibo as defined

medi um i n %eF@.irf?ro well format from about 1 to about 20

as f’

days such rom about 6 to about 8 days, WO
2008/ 0660 »phaTEIEHRGIBERDDEABGs oStdined bas@hentinall$,yand

ool by AR A e oot O @ el e
differentiation, v) optionally, identifying basenent
87. 3k tholYor TR BRSPaPoh 3l a®eli b3plidtidMas defined in any of claims 1-40
comprising steps i) — iii) as defined in claim 86 and the further steps of
vi) culturing the basement cells until MCP cells appears as evidenced
by light microscope and/or relevant marker identification as defined
herein,

vii) isolating the thus obtained MCP cells.

88. A method for the preparation of a cell population as defined in any of claims 51-69
comprising the steps of
i) detachment and dissociation of the hBS cells in to a suspension and
distribution of cell suspension to a multi-well tissue culture plate,
ii) application of a centrifugal force for forced aggregation of the cells,
iii) culture of thus enhanced 3D-clustered cells in a differentiation
medium in a micro well format from about 1 to about 20 days such
as from about 6 to about 8 days,
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i ght m croscope and/or relevant marker identification

as defined 5 herein, vi) optionally, isolating the
wOoRmsYoeos ai ned basenment cells, and vii) opti BABEP07/006239

repeating steps iii) - iv) §9. A nmethod for the

preparation of a cell population as defined in any of

cl ai |m$v)1- 4Q>pti&agalryﬁﬁawgsifedriﬂg ttsd NS 3D}c%uituréd) (;eﬂls tclﬂefchmﬁé vessel

in claim88 and, the, fur f _steps, of viii) culturing

the. basener?’ GRUMUSLRIIeter B ALTEHAEPS such as

evi denged lyptibhally} identifying Gapemantddells by edaplRdIbgita Ickiisria in

identificati .as defin her ei 1,X) . Lonally,

S0l at i ng. dBBlpisdEscBBe ANFEErIBNL berHe ieRkhEgen 28 definec

met hod as dweféined in claim89, step ix) were thus

obt ai ned MCP .cells. are stained . by M t oFl uor TM 3 een

Dye anll « naPUSTAYcisBREnd UGS goahed cbspmenti: sy

met hodiiis uc loptiasally Mepeatdty Siéps ) vdhod according to

clainms 86-90 further conprising subculturing of the

MCP cells e.g. for storage, for use for cardiac
89. (N inkthod ibr thie ippepardtion of Riadell opulat@t a9 defirfedrin @A of Blaims 1-40

drug di.scovery, for use in toxici testin for use
comirihagaifies N Deas HRIngS M Atrnd b fudisratehs g

bas enwiii) Ceiultsrjngaﬁeg%serﬁemaieln@?inmmP @bITQaﬁpba@? i&hdn &l

further conprjsin ovo isolation o C S. e L

03 A et haUSBRT BY ey RcraRgRs: ri o mle VAR e Rex Rap cgtion

step i) is asalefinedraereirsi ng pi eces of undifferentiated

col oni.es of hBS cells,. 3 4. net ccording to

any oi”ScI ai® o%%'y9§?lamﬁ'§i9tﬁu§ ﬁ%ta@ﬁggg%é%'%'cul ture in

step i) is perfornmed in serumsuch as FBS or human

eru 95. t hod ardi. to.claim94 rein the.
0. 3hiltke PRielne i el i len i FyerB bl Soffatnin MEE ool s Maineo
by 4 MitoFlabd YtGraenh Dye aind thers Ger isolatadaiyoasuitfifid sortilsg ettRfauch
as |%Cgbout 20% 35 WD 2008/ 006605 PCT/ EP2007/ 006239 94

A met hod according to any of clains 86-95, wherein
step i) is perforned for a tinme period of from about

o1. h b B8 patnhBIS oS of 3o i coipPoB 3PBuuhd oF e Hoor

cells e.gabwstordgel dgsuseSFobdardiac rdiffenertiation, doxdcheagadterizatipn ofbr use in

o BT o Bee HAGFIYIprBE o RRher@fE el gy ror

obtaioing Ibasem®mt cellber ei n t he nedi um cont ai ns serum such as
FBS

92. A method according to claim 91 further comprising de novo isolation of MCP cells.

93. A method according to any of claims 86-92, wherein step i) is performed using
pieces of undifferentiated colonies of hBS cells.

94. A method according to any of claims 86-93, wherein the suspension culture in step
i) is performed in serum such as FBS or human serum.

95. A method according to claim 94, wherein the concentration of serum is at least 2%
such as, e.g., from about 2% to about 30%, from about 5% to about 25% or about 20%.
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or human serumor it is a serumfree nedium 10 99. A
nmet hod according to claim98, wherein the
WO cans®esss at i on of serum if present, is at | BEBEPANG/006239
such as, e.g., from about 2%gto about 30% from about
5% to about 25% or about 20% 15 100. A nethod
96.a¢cmetr1rbhrag;cbmrtg’ty) amfy of tlaims 8685 9Wheraimestep 1) isperforimel forsa time

the ells direct| a,surface
perBp g oM ehail 1 48 pBULE e ¥l B B ok BT el TPyl 4 8653, rom
abaub o aboits3 day8lor frannabdurd taaboutd dayst o any of cl ai ns
86- 100, wherein step ii) is perforned for a 20 tine
period of from about 2 to about 20 days such as e.g.
97. fAr mmmbmborﬂlrtgdoainytof thinks§6-96, Wherginastepli) i@ pedomistlih the
o ff ogw gout 2 to about 6 days or from about 2
Sa"t)% ”B ' %fren 'gﬁ WM 02. A nmethod accordi ng to any of

claims 86-101, mhereln step iv) is perfornmed for a 25

ty e riod of m ut 2.tp abut 25 days such as
o8 [BrBfaciiria 1b &2 bar Beeuh oA S% s Fes
or haloaart setbmamytds afsecum-dieemediurho abut 10 days, from

about 2 to about 5 days or from about 2 to about 4

days. 103. A nethod for the preparation of
99. &\ rhémodracbmi'e@ tMEI%imeQSI whemeirdthiei coaderitratian yf sérum3@ present, is

at l%aesl"ilkgs%l.hcjhaass Srgf AT Oén? Q?gef gq,n%éogﬁ gggo r);glp Ib%tu ggo t'g%%out 25% or

abadit 20%r enti ati on factor and/or nmediumto obtain
differentiated MCP cells. 35 104. A nethod for
propagating MCP cells as defined in any of claim1-40,

100 Aemetbbd adcordingpo sy ngclaimsc&ﬂ 98 rwhegeiviSkepciglis perfortried by

e BB B BB Ao i llor v

comgomenissi ng i) a cell population as defined in any of
claims 1-69 ii) one or nore nmaturation factors and/or
a maturation culture medium and iii) optionally, an
1015 Aimsthod atcardingdo anyg ef claigt. 86A100, iwhecaio sthiprii) i perédraiedhfor a

. . i I

imd B 5H) Bt AOPA YU A o 5B P

frors applitehierabedt 1 daysh FGR abauli2dd aodsdgyser frondattaud 2¢d about 4
Ni troHESTM CGM nedi um and other cardiac specific 10

day, culture nedia. 107. A kit according to claim 105 or
106, wherein the one or nore maturation factors

102. A method according to any of claims 86-101, wherein step iv) is performed for a
time period of from about 2 to abut 25 days such as, e.g., from about 2 to about 20
days, from about 2 to about 15 days, from about 2 to abut 10 days, from about 2 to
about 5 days or from about 2 to about 4 days.

103. A method for the preparation of differentiated MCP cells as defined in any of
claims 41-50, the method comprising

i) plating MCP cells on a surface in the presence of a differentiation factor and/or
medium

to obtain differentiated MCP cells.

104. A method for propagating MCP cells as defined in any of claim 1-40, the method
comprising co-culturing MCP cells with cardiac mesenchymal cells such as END2 cells.
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are selected fromthe group consisting of FG-, such as

bFGF, BMP, 5-aza deoxycytidine, DVBO retinoic acid,
WO 208004508 aci d, and ASA 15 108. A kit accor di ROT/EB207)06239
of clainms 105-107, further genprising tools for
nmonitoring maturation. 109. A kit according to claim
108, wherein the tools for nonitoring maturation 20
Kitc:orrprises i) PCR primers against at |east three, such

as, e.g. at least four or at least five of the genes
105 édkitnagpniprisingX pa eelt populationkas definet écamdoffalaims t1H&9 ijramepor

ers f undifferetnatia

mofe AP ctors e maPlaiat SR RGP L ) g (Praty. an
instNuslbmforuseGFAP Islet-1, Nkx2.5, GATA-4, cTnl, cTnT,

a- VHC, and connexin-43, and 25 ii) a user's manual .

110. A kit according to any of clains 108 or 109,
106MAeKitsaacotdirg toatdim O, whmerein thel maturatiah cutidreonediamyis salested

frorp Ind ol BoheicnrBtt VIRGHES T, RGeS SEapBhEieupthior
autolaglass medcogditisneskVieoHES ™, rG@Mtrhedigmpand omescmﬁlangpeélf ic
Cultgrelro'lﬁgag for wundifferetnatiated hBS cells, desni n,

Sarconeric actin, Brachyury, I\Iestin, GFAP,
Islet-1, Nkx2.5, GATA-4, cTnI cTnT, a-MHC, and

o BB ol o & BT bbb ocrs

are B@&@Zﬂﬁﬂtr@)ﬁm@ corgdisting dﬁzEﬁﬁmnth eebFSGFaBM&ebiazad i n

PR LR g, 2 e

dri vi ng differentiatl_on invitro and or in vivo iii)
108, Q]q{ '[SaCC8IrdI @&_&m g rrg%) :?9% f1 Ogr\‘ﬁrtﬁglj éoﬁu)g%mg t8<§\£ \‘cﬁ'%oncftrorlng

matueation- to use syringe.

109. A kit according to claim 108, wherein the tools for monitoring maturation
comprises

i) PCR primers against at least three, such as, e.g. at least four or at least five of the
genes coding for expression markers selected from the group consisting of markers for
undifferetnatiated hBS cells, desmin, alpha-sarcomeric actin, Brachyury, Nestin ,
GFAP, Islet-1, Nkx2.5, GATA-4, cTnl, cTnT, a-MHC, and connexin-43, and

ii} a user's manual.

110. A kit according to any of claims 108 or 109, wherein the tools for monitoring
maturation comprises

i) antibodies against at least three, such as, e.g. at least four or at least five of the
expression marker antigens selected from the group consisting of markers for
undifferetnatiated hBS cells, desmin, alpha-sarcomeric actin, Brachyury, Nestin ,
GFAP, Islet-1, Nkx2.5, GATA-4, cTnl, ¢TnT, a-MHC, and connexin-43, and

ii) a user's manual.

111. A kit for regenerative medicine comprising
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i) basement cells as defined in any of claims 51-69 and/or MCP cells as
defined in any of claims 1-40,
ii) optionally, factors for driving differentiation in vitro and or in vivo

iii) tools for administration of the cells to a patient or cells in an administrative

form, such as in a ready-to-use syringe.



