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Novel nmesenchymal progenitor cells derived from human
bl ast ocyst -deri ved stem cel|ls Background of the
wWOi2008a188980n The successful isolation of human echmpPeINBO00190
stem (hES) cells, or as useqg herein, hBS cells (human
bl ast ocyst-derived stemcells, (Thonson et al., 1998)
No\aatl andsetchymaypfogenitod celle dedveh fronthivan trastedyst-derived
{)ﬁ?Ct ations that hBS cells may provide a uni que
Ge of functional human cells for future cell
therapy and tissue engineering as well as for

i he d di f
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I.rect eriv
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to difaTertefy bl Seriva AR ol e syl 661 Ui (Bufibelrt they
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such rastobajmsm;mqytesnheuraPhelant:);tes ocmdnecmeftnsswaéll%(gtoumée ﬁtsal.,

t t . evel.o n | .e.,.
200;f e BN R CHBYEYS faiBh VRSP ke nbafiandiidt®
fungtiongiyndiffenentiated sellsafvarn anBSaqmls stilypdses aseHallemgenawbtheenid a
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sigicant i e e dAnadiheb AR BT 8 Sl b8yt Fimor

forngatiom in theeretipientsior e | i neage restricted progeny
(mulitpotency). Froma safety aspect the application
of progenitor cells instead of undifferentiated hBS

Progenitos célier arelirmmapeatcelts |pmnpomeeediatefmgﬂ clldeselopmest, i.be

venliben SRS S g RN sl Pk FER P ProeiEl B 58 o
capaeitifoeself-fenewabaricedifierneotidtioppbuttthede properties egembtedimited i.e.

pro&é’rlit%%&% HalVvE aerﬁgr%cﬁn‘ﬁg Ii?e%pgﬁ ah® 51‘% %Isg% § n%?g Iiﬁgac‘gieerrestt}igted

progeny (mulitpotency).

From a safety aspect the application of progenitor cells instead of undifferentiated hBS
cells for therapeutic purposes is favorabie since the differentiation pathway is already
partly determined and the risk of tumor formation should therefore be reduced. From a
technical point of view progenitor cultures are expected to be more stable and easier to
scale up in vitro than undifferentiated hBS cells which would provide an advantage for
bulk production of cells for therapy as well as provide large amounts of homogeneous
cells for assay applications.

Research to develop germ layer specific progenitor cells from hBS cells has been
reported before. With respect to the mesoderm, progenitor cell lines have been derived
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scale up in vitro than undifferentiated hBS cells

whi ch woul d provi de an advantage for bul k production
woahosassyss for therapy as well as provide | ar geCaEPANIBH00190

of honobgeneous cells for assay applications. Research

to devel op germ |l ayer specific progenitor cells from
fronnBBSwells by trassfeeton of epirycidi bdmm‘ deriyed delhwitle bpman telomerase

rovdief 19T P eI R HF 0] 5 Earsal LB s BR st g

al., 8e0s)yieydflurescenoe Bbtiﬂaltardacelltwhmge(Lmseat abyv2006e or by manual

oSOl o 82 ettt v 1

fluorescence activated cell sorting (Lian et al.

We fw%?e(m Q%\%Fﬁyaeﬁmﬁlfmesgﬁﬁﬂabg%\g%l}oc@l\/‘%@?ngg}é)?wpﬁ% cells, the

hB3iMPaand poteselstallawimg\sihpleesdmeprpdediblp rdegeationaf sGbiPhBS-MP

cell‘l"ﬁ+4 frts%%%g e t'ggﬁg‘%lﬁé%&é{hg%&@%gﬁf@ﬁ%{%&%g&gééﬂ contrast

to ohﬁSnM?\a:tsL thel protesolf poenentedi Here de mbt eeqeiie kBBryoed bedyby

o B BRI S0 b B R B 0 o
certaimeyl (byrﬂasbtmyatte]mmahaltynnvcdehg farirestarioec step of wsual inspection
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Selrection 6 Cettarm ¢
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withgéé@?géliﬁwa{gﬁ? H%ﬁ%h@)?gy%%/tg P?t%ﬁfm§ HQ/qug & Qgﬁ%ttes f the

I'n "add ehrenpresetd
parawil npabodenne i vilrg and i Viva IWe peasent larein BSanvrersalyl applicedde and

repthgglbI@ n@ﬁ?@@%@ﬁvm?ﬂ[ﬁgﬁé ﬁ%g I\/ﬂggel mselsg%trﬁmgn?ldlf}e?ent

rise to der par axi meso
parantalrr(BSamjl Ilnns‘and@hoWthermtlmhéhalderuaatM| arer gdtureyof hBS-MP

can %%p;{ért%ﬂ%c{fl g%eﬁg rﬁ%@%%h& i ?ﬁérn %Cg(eng Jre%eﬁdrgﬁt?phBS cell line

I nes romma
(Ellepatr@nteaal OS¢ Nith respest taﬂdur@lwwcalcﬂultahlhtyfwe show thathBS-MP

cellég SIS‘?&W iV tr lt'étFoWa% qev@l@& r{\(g sg aP@orﬂgEt\grt ges in
e A A ¢ e i

ree t|on roma’ xen parent
VIVOhB$ d;erh¢t gl\{eﬂ@e(tEltd%remar omet al., 2005) W t h respect
to future clinical suitability we show that hBS- MP
cells consistently survive transpl antati on and devel op
Moreoves, theceliapresentad hereie ate suitable alse for ino/itrappligationst such as

in dﬁﬁg)’e%t Eajss;aS/stf&' Je%(%‘hg%fi Mﬁe%gff tokfdfty G Blsfopﬁsec' E\Ré’g‘aifferent

rern sult V|troa l1Tca
stageg i deug discayefyf andedrug develgpmentr TQMVetbenemye subigtances known to

dlsp'?ﬂﬁfé'f %g?«: %@&lﬁgﬂ h¥efB5k fat f:%'r th réffEerof ?T%é;gjtr?d t‘ﬁazr%%vere

es scovery an
maltonaa@rarle hgm@gs ke tos ekaope 1t3ecis ret|n0|c acid (Isotretmonn) that is used

in the treatment of acne (Accutane, Roche) and was not detected by toxicological tests
based on mice (Anon et al,1987; Hendrickx et al, 1998). One other substance with
documented interspecies differences is thalidomide which caused severe
malformations of new born children in the 1960s. Accordingly, human relevant
developmental toxicity tests need to be established enabling the detection of so far
unknown toxic substances as well as for obtaining more comprehensive data on
substances with for instance known embryotoxic effects. Of great importance for
enabling the development of such human relevant developmental toxicity tests, is the
access to human relevant cell types that can be cultured under standard culture
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di splay inter-species differences and that can bring
the effect of leading to severe nmalformations in
WORws8398i ke for exanple 13-cis retinoic aci dPCT/EP2008/000190
(I'sotretinoin) that is usedsin the treatnent of acne
(Accut ane, Roche) and was not detected by
conditishs vl lagee atalé edth sefradecible nesulte @and Asvo bateh/Ilativad®bhs and that

Hendri gkx et .1998) . ot he ubst ance wit .
canghireriebd Tendiep of ek ek BRles3or R0 Risvdiph auatvsis. The
hBSWWiRCtells prsszthtesictvereia pravidethess characietistitaw born chil dren

in the 1960s. Accordingly, human rel evant

devel opnental toxicity tests need to be established
Suranaey ofithd ineentidrect i on of so far unknown toxic

onpr ehensi v

subst.ances as ll, as for .obtaini re c
Ong seb i PrabpslipaRlat s Pencntimvanies telde® ke e VR My BENTR
hunedrf groyenitod{ hBB-84R) detipopilatimreddrived doabhuman blastocyst-derived
devel.o nt_.of such human rel evant devel opnent.al e
ster Y55 BB deud bro2 B 3R UL Bingh K o BRI Eratpristies:
types that i}aat lbast@OP4 ofrsaitl celdpuktian aiedative for at least two
cultureconditions in | arger, scale w.th roduci bl e
results and I@Wqﬁﬁ Wfﬁ'ﬁw%??ﬁb?rsmatgﬁhESWg S:can be
pl at ed andiihaaidéast 80% ofidaid cegddpulation isr reegatiad 28 at least one
hi gh t hroughput .anal ysis. .The hBS-\P cells presented
herei n provi drga[ﬁ%geeavcﬁﬂ%yvggFg‘o?gway@pe%ry of the
i nvent i on @)eatdpastisOcoferaiabeblimmipllation isheegaties fontat least one
invention relates to novel enchymal hunan
pr ogeni tor (h@éﬁﬁ%fea&gw Wﬁﬁﬁﬂﬁ(ﬁr ﬁp%&a??/’ed from human
bl ast ocyst ivjeati lvasi 39¥%coh SaitB@I popllation wapaditive doyeatildéast one
cell populatign having the follow ng.characteristjcs: .
'Y at ) east s0aaT reatfind Wl ribsefinti ik 4 85 aid being
for at |east selectedframrdmertacdnddesmin.h
undi fferentiated hBS cells; ii) at |east 80% of said
cell population is negative for at |east one marker
In addition thegheseintpresentettinuentionirelategdo aimethodito dltamta ROPaT

i8R0 54 e BN o e LSS R
popB@tionfsaghmethod|dompoigingat i on is positive for at | east

mar ker bot g Bl RRUHHE bol ARAE sBRECS
addi ti on t ke iheubstion pf ttegiated celisstorallowrifferémtiationt o a
met hod to %’t@r%ﬂm%tigﬁmging to a new surface;
iv) repeating of step (iii) until a homogenously mesenchymal
morphology is obtained;

v) (optional) culture of obtained hBS-MP cells.

Detailed description of the Invention
Definitions and abbreviations

“Assay” or “assays” are intended to describe in vitro tests performed to measure
cytotoxicity and/or developmental toxicity on e.g. genetic, protein or functional level.

As used herein the term “marker” is used for markers for gene and/or protein
expression, such as e.g. antibodies for use in for example immunocytochemistry, as
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bl ast ocyst-derived stemcell derived nesenchynal
progenitor (hBS-MP) cell popul ation, said nethod
wocorsmsssing; i) plating of undifferentiated hBETAEERI08/000190
onto a surface; ii) incubatijon of the plated cells to
allow differentiation; iii) enzymatic passaging to a
disclkesedin ekaople 4 hgreingpefat examplée gettPER( whatpverhudt be relevant in
th hom)?enously nmesenchymal norphol ogy i s obtai ned; v)
€8P onal ) culture of obtained hBS-MP cells. Detailed
description of the Invention Definitions and

abbrevi atjons ' Assaj-.h "assays, are,intended to
As e aTaiE “prSRYIE" BEAL" ar BRYHR of% inoidef]fican Sxamples of
markgtsokrawinctb ryact mdthdhe detodéropairesalt irleagexi city on e. g.
genetic, protein or functional level. As used herein
the term"marker" is used for markers for gene and/ or
As psent lereingthertesss i astocystHerdedestem caliitis Henlbted BiSocellused the
for. exanpl e i acytaocheni str asdi scl.osed. in
huragrL RN FRIEH RS cale 1 DM E ohls SBGYERRlsEg 49
embysiic sten e¢lsy and mone spexifaly kurhan Ambogmit stemeadelis. The
“bet a-tubulin", " P' and "nestin" . are intended to
plughlestati Spisusse S sl inAter s Baighirpsiae sto cets
prepared drermiblstoeydts, lasrdeagribedAn eus SO D3/0£I5092 ahe W@12007/042225,
"bl ast ocyst -der.i t cel | is,denoted.B ell. .and
or terke RGNy BV s HEF & abings HEWETeR i a8y b
that drey lamhdrsplarigoterttstem icell ean bel used iaghe ptasgotingergioanincluding
ccell n ecifically h n_.enbr.yani tem
arigides 8 FREH B Gk oERalRn BT L P elie B4 BE e
treating edult oelisomith ¢drtain transenibtigrofaciors; tsach ag DIGT 4p SEE; BANOG,
for | ast S, ClLi in e.g. WO 03/055992
a“da'ﬂ@%%sg’%ﬁ%%i%’h%%’%&dﬁgeetSgﬁ#’é’pu ally available hBS
cells or cell lines. However, it is further envisaged
t . pluki S C ed.in.
As (R Pt B, e b ilon IS Fded 1ot e eserlpy o 2
celloeblcell WWpedh caneert iafir @ tpsamiffederitiatgal siatepot ent cel | s by
e.g. the treating adult cells with certain

transcription factors, such as OCT4, SOX2, NANOG and
As Lsedd@reip the terine SIS MPs) wn hBByMAUCellet arel inten@@d . mean the

mesenchymal progenitor cell population derived from hBS cells.

As used herein, the terms “E-cadherin” and “pan-cytokeratin” are intended to mean

examples of markers reacting with epithelial cells.

By the terms "feeder cells" or "feeders" are intended to mean cells of one type that are
co-cultured with cells of another type, to provide an environment in which the cells of
the second type can grow. The feeder cells may optionally be from a different species
as the cells they are supporting. The feeder cells may typically be inactivated when
being co-cultured with other cells by irradiation or treatment with an anti-mitotic agent
such as mitomycin ¢, to prevent them from outgrowing the cells they are supporting.
Without limiting the foregoing, one specific such feeder cell type may be a human
feeder, such as a human skin fibroblast, here denoted as hFF. Another feeder cell type
may be mouse embryonic fibroblasts (mEF).
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As used herein, the term"de-differentiation" is

i ntended to describe the potential of a cell or a cell
woRyg@ssas7convert into a less differentiated sPaTAEP2048/000190

used herein the ternms "hBS- EPS" or "hBS-MP cells" are

i ntended to nean the nesenchymal progenitor cell

As pseEdheréinQhe dﬁfmis\?HNlFBlfma ka8 “AEP! are idenUSE D Me&® Markersiknown
an-cyt okeratin" are intended

terns "E-ca
to reget i the g eé%‘a'o?eﬂﬁjﬁ?ﬂi $s reacting with epithelial
cells. By the terms "feeder ceIIs" or "feeders" are
nt en n.cells of o t that are. .
The B8 fuehs Kelunios &1 8 rpseaheeeR Tot BE coftsnation aka tee
substamice thatwsalds ité) 504 ddath bitested lcelloh vithe second type can
grow. The feeder cells may optionally be froma
different species as the cells they are supporting.
TheThtersﬁreeiﬁeﬁ ot thel termrtyubktapceas hyt ihendeaed be ivnized whthsrapeutic

- d h h ||
ageAfa At RERnAlhetEER A AderfR). (i meg s yithdock ik e Bl acts
such astrreumtwmmephmnokmemamut of mmmgpbnbﬁc célls| myblorinsar e
tin
car§iaiaTe| {ehdaadls Biasinsudphe Bombrsep ds Rl dhoahe e dem

substanbesaimag flrthenbe chiemidal boropdsitins shet as dgriailtechl @serichls, e.g.

Angt hgr feeder cell t0¥5e nﬁé be nmouse errbryom C i
Pesficiiys NRIGISS: [RERYZeRy, Of 83 4ol OF SOMPPAEME LSRE TN ¢aEeligy o

and "AFP" are intended to nean narkers knovvn to react

w th the endoder.mal S
s Yadheraf AEERAR “BRgeffortonbRERAf  fisle” pfR.ery S8l derived form
hBZ cellseat anp degmreealf diffetatibticubsativaac ¢the Inadiffdrertited hBS @8t and a

L es

runf i idaPaied 880, 8crk SamEnddtyy he plhashii il Slstr i hedh 85
progératoa pelLwitic megemthym@abfeapoé and iaatortiinglyapfentddo ag @BSsMP (hBS
ool e P BicBatiny hef BroORRIS T L el 8 el i e
presarit Icentenlyﬂ‘tectnrméprogmltolr smge’hmeamemnmgem‘swhelre thexelfssare in a
prolf el pfde B s e Eble BB <obHBn o B e aipronvate
to sagerabypeudftrnesdncbireat aeeﬂlty_tpese. g. pesticides,

fungicides, fertilizers, or as well be conmponents used

in cosnetics. As used herein the terns "progenitor" or
“Efflcjanogeori“efficieo®] if notygleerwiseadefingd, ceé in therconteat 6fcamadsB$p herein

efifen P hafiRby P38 aRE R O MY 4 ho LRt e

humaﬂ and/dvidhat the bmid ¢mbhtyatiqnhesth@ge!he tQﬁO iligs areflyzedeare
closteptdqﬁo‘\a’/&r{hdrﬁar?in vivo data than in methods or assays described in the prior
art, such as assays based on mouse embryonic stem cells or mouse carcinoma cells.

As used herein “mesenchymal” is intended to mean belonging to the mesenchyme, the
loose connective tissue of the developing organism which is of mesodermal origin.

As used herein the surface markers “CD105”, “CD166”, “CD10”, “CD13”, and “Stro-1"
are intended to mean examples of markers for mesenchymal stem cells.

As used herein the surface markers “CD117” and “CD133" are intended to mean

examples of markers for progenitor cells.
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progenitor cell with nesenchynal feature and

accordingly referred to as hBS-MP (hBS cel |l -derived
woreesaisgdsynal progenitor) cell or hBS-MP cel | sPCH/EP2008/000190

plural. Thus, in the presenfg context, the term

"progeni tor stage" nmeans the interval where the cells

are in a proliferati ng phase as illustrated in figure

u e Lo dif.f g
As Geerl P SSER S SRERD: o T TPy R0 QR i el e
intended &f Mmiean exmhples bf matkend krsown teaedetfwithadhdifferentiated IhBS cells.
context of an assay herein intended to nean that said

assay is nore likely to detect substances being toxic
As usechherein, tedémns ‘tviragntinhand tdesmirc amdeASMAY"i(om'ajphat&AYsare

ntepPg \opa BralfPeR O AT B buBSE valrdos PR Rep R oddh
prior art, such as assays based on nouse enbryonip
s Sty e P R B U ERRRAIE i ot RS Eecty or
mdmaﬁlgmhtpnal oftnbe Huoeheardroalnigin, sach as selts, tésuebeand/or body

anl m whi ch is of nesodermal origin. As
ﬂu"% 'béﬁéehvg %reg rface markers "CD105", "CD166",

“cpbiot, CD13" and "Stro-1" are |ntended to rrean

o SARPERufle. TR B8 el ALY BBy 5054 g s

(hB&) eeli-dérived eviesenchypaal pe«gaambeeellsf(hmm csllsi) and one or more

pop?ﬁﬁqgﬁggf) uchfp%%% tp%céh% ?2{' ﬁ§§ g?gﬁaﬁat ?g'%tfeast one, such

as atri¢axt tleal at ieasea,ratdae@trploémedbllomng eharaktnosﬁcst o0 react
with undifferentiated hBS cells. As used herein, the
ternms "vinmentin" and "desm n" and "ASMA" (or
"al phar SVA'a) least80%; suthes at teaskabocf aaidlcedl populatorkie megative

k [

norein ¢ he @ igtst Brd MRS REEHE i, LAARGen (R ABS cons:
exposéf toat tﬂasb%ﬂ%yswh asradlieast 0% ,of saideeill pbpdation is negative
non- human_ 30 f1lacObhhian VALAG WER S sl fneage:

and/ or body erlv es théreo
expl aiined abmast SQ%esuphweaweash%%tqf saidrcell popglatian is negative

human bl astQoysl fghd %%ﬁ(q“r&{?z ﬁ@gﬁbpfﬁ@ﬁ'npg?é &t fhea e
mesenchymal ~progenitor and on
nore popul at leant3@h, sucblasmt tapsh#@%rof saidicell popdatiBSs M@smve
cell popul %1 h
o e Mo 7 ARG 0 BSp Bl e o e
char act er i snarker:being saledtechsomadoentavarid wmm | east 90%
of said cell population is negative
By the term "at least X% of said cell population”, wherein X can be any percentage
including 0 and 100, is referred to the percentage of a given cell type within a cell
population consisting of two or more cell types. The cell population as described in the
present invention consists of a close to 100% pure population, though it may under
certain circumstances consist of a mixed population of cell types such as mesenchymal
human progenitor cells, human blastocyst-derived stem cells or cell types from the
other germ layers. For example, in the above the wording "A novel mesenchymal
human progenitor (hBS- MP) cell population derived from human blastocyst-derived
stem (hBS) cells, wherein: at least 80% of said cell population is negative for at least

two markers reacting with undifferentiated hBS cells" is meant the percentage of
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for at least two markers reacting with
undi fferentiated hBS cells; ii) at |east 80% such as
woanosiszst 90% of said cell popul ation i s negaPCVEPR@B/000190
at | east one marker reacting with the ectodernal
lineage; iii) at |least 80% such as at |east 90% of
mesaictiymmel hunparppriogeniton cels indlyateélvgoputatioatcohsisidig afreemixed
rker reactin ith the endodernmal |ineage: iV t
porlB4F oL e foc A inb{neB A0S webBRRE Epe i Alman
blagtogyst-deriven stemmeds.tif sce irf ihe ghtenl exasipleoatdeans BRE of the cells in the
oder mal Ii.goar\ge and t he marker

lreaclt'k.n wth the ne |
cellSBPH L PR KT SRR AL PoosMiP @8l n. By the term

"at least X% of said cell population”, wherein X can
The He R RERTGR PG it 6 A1Ears A el bomulign o BRfef ol ast
80%spch as aivast@0%s ot the HBSEMPwell populatien is dlebativefesat Idast 3, such
as @ B g 81 B3 T8 i BTyl e Bovibi W Bt Pptated
hBS3reglistB8EA-T; SSEA-4, Trian B0 Bt=1r8®E Oat-dnand Nandg.a m xed

popul ati on of cell types such as nesenchymal human

progenitor cells, human bl astocyst-derived stemcells
In farther @spedty,[ibs pfasen inbentioh helategdo an IhBBekP. ceFpopelatiom mdherein

at gy 8% SR <R b Bk Bt o ST el 0 GaF PYBIRteR g coative for
at Ieltfxat,1s|tmnt7c>,kssiuoa/lsIa?)ayle_bstctlane{eyefothe1ij@|aIaswi(rhyrEI"‘c‘siaarslfeﬁieﬂegtctiinvgewi]lctrgirh&;l t at
ectcfogeiri]?l I{ g%’a%i%k@”ﬁﬁa%’t:'gﬁga rseﬁ?'ﬁ'ndi ffe?enti ated hBS
cells" is nmeant the percentage of mesenchymal human
L i e A
leadt BOtns yhaapeaatiléast 90%l drsat foast Hohowh saidzst poydatiateis inegative for at
e, g o, 1ok g 550 A b Bl B
linehgerdtNiE3-betaranddkFRRel | s. The present invention further
relates to an hBS-MP cell popul ation, wherein at | east

80% such as at | east 90% of the hBS-MP cell popul ation
In furthemagpedts,¢hé presant ineardion 3elatea dh an b BS:MPaal podylatiin, wherein

0 I f o) QM k oL |
ot 80l 8150 Boff. o 85! RbA AL BB G 305 07 oo
95% pbdaid O¢ll forulat®n,is Positive, foanke diamomf thenfollowingenarkers reacting
: : e [ 12 [ elates to an hBS-MWP
Wmﬁ@?ﬁﬁp%gﬁ{ng%i"g%{;gse\hﬁr%@ée@ﬁ%étb #g’é‘i’}' 80% such as at | east
90% or at |east 95%of said cell populationis
Alth%gﬁk'sm gl% is a mesodermal marker, the cell population according to the
invention may in specific embodiments be an hBS-MP cell population, wherein less
than 20%, such as less than 10% of said cell population is positive for the mesodermal

marker ASMA.

In still further aspects, the present invention relates to an hBS-MP cell population,
wherein less than 10%, such as less than 5% of said cell population is positive for the
mesodermal marker ASMA.

As demonstrated in the examples herein, the cell population has a potential for
increasing the percentage of positive reaction for the mesodermal ASMA marker.
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at least two, such as at |east three, of the follow ng

mar kers reacting with the ectodernal |ineage;
wobRedsassasbul i n, GFAP, and nestin..In further a®O®EP208/000190

the present invention relatgs an hBS-M cell

popul ati on, wherein at |east 80% such as at |east 90%

or at least 95% of said cell popul ation is negative

eas h as,at st t f 1he .
i shBfurBiy repecis T oS el drRRISaRIER lortRaSag: figh pouiation
whdreinet tgast 80863sunttas atnehsfBO% df saidwell ipepulatiprestrisgativeefor at
i nvent.ion.rel %els t%ISan hBS- MP cel |

Iea%%?}gﬁg%r\‘?f re%:ﬁ'@?é‘f' 50% such as, at | east

60% at |east 70% at Ieast 80% at | east 90% or at

in <fF e gPeise MR SR iy RRER LT e RSN B pifistR
whereis atl gast80%)] Mm at\ease QO%r‘ofaaldl adfl popolatidh tshmgghveﬂtswm
ati on

ermal nmarker he opul
eas] 88 ol e oo B Frecuo ith P pLediBrE Bt spstaa-
cytdkeratin. NBS- MP cel | popul ati on, wherein |less than 20%
such as | ess than 10% of said cel | popul ation is
positive for the nmesodernmal marker ASMA. In still
In stilufurther ampsctrm prbhmtm\es&am relatyetut a?mn%Mateusmmam
on, where

hBS: VP N
navigdad ppRlialoh SReuBeuS Bartossis el npPiftdrs Whsdre bt BoF R0,
suchlae al’rf‘easd%%n_f saiﬁ;ﬂx@gerﬁﬁ%pomaﬁtfﬂv positied forl at Ite:Bi{'tWO such as
es, herejin e ce as, a
at 5T e pBE s Mnd PReei e BB Wt (B etpBTbERes: Yrgntin,
destriire amex8MAMal ASMA marker.In still further aspects,
the present invention relates to an hBS-MP cell

popul ati on, wherein at |east 80% such as at |east 90%
Furiher araélyisis:ei the m@@aMﬁ?tdedj ipopslatierglay flave cftometry aheasns ame

cosf it ERE I et R AP oo Rhisiinaterf avlbk Frapegior cete
(CDMBB- ©P183) dndibe me(SEnmymavatenecdlsaCDhéé,s@D%E/qCBm: iCDAs, Stro-
t ast 9006 of id, . l.ati j
1 S Rlowiddhee ORa"E Mok RBM 0 k8Puedorl FRkleoridleo nes
cellépes ¢mlld bé maelel s; E- cadherin and pancytokeratin. In
still further aspects, the present invention relates

to an hBS-MP cell popul ation, having the potential to
Thugiiv e furtree asped opthegeventios) the pogsehtinventionwhlatesi to adiBS-MP cell

such as at |east 90% of said progeny cell
p°phggé+ﬁg%'"us positive for at |east two, such as

at least 80% of said cell population express the mesenchymal stem
cell markers CD166 and CD105,

ii) at least 60% of said cell population express the mesenchymal stem
cell markers CD10, CD13 and Stro-1, and/or

iii) less than 10% of said cell population express the stem cell markers
CD133 and CD117.

In a specific embodiment the present invention relates to an hBS-MP cell population,
wherein at least 90% such as at least 95% or at least 99% of said cell population
express the mesenchymal stem cell markers CD166 and CD105.
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at least three of the followi ng markers reacting with
the nmesodernal |ineage; vinentin, desmn, and ASNA.
WORstdsza87anal ysi s of the hBS-MP cell popul at i @eaTEP2608000190
cytonetry analysis, as descikibed in Exanple 10 herein,
for a set of accepted markers e.g. the progenitor
In anetHes spéditic dnibodiiidgai3the ansbehhdvemparrelaesab anthB8-MH dell

PORAIpR S gTa SIS 1 RSS2 AL REST 0% STa] 16FCapoR P cel

poputatioh legpress trai mdsdridbymal steini dedt snarkers COvO, ODAS. antSteo-i N
a further aspect of the invention, the present
invention relates to a hBS-MP cell popul ation, wherein
Ina étilldmnﬂse@mboa&%mﬂhspﬂedemewenﬂolp tdiates uﬂaﬁetheﬂB celhpopulation,
nesenchymal_ st em ¢ 6 105, ii t
whTERIT R 57 R A<Crs (DS eI oA Sxp Padalinasxerdss e
prog&senataykers CR18tandlCD e ker s CD10, CD13 and Stro-1 ,
and/or iii) less than 10% of said cell popul ation
express the stemcell markers CD133 and CD1 17. In a
In stipbeeiher as;mctmdiermtemthmqmneus eoidtes t/amhBSMP eEipesulation,

wn e T, OB B Yyl ) O 00 oo

saip cglupapiulation ehpweﬂ&a fbhmzvlngsbmbtyenaﬂlcssa eypicat fibrobtaskkkes
6 and 10 ot her cifi.c enbodi nent, .t he
mofgRaBaN 4 AlPDRe R Bl e SR opsI W Fanening
psendepodid (tennponah;epmuettuams)laadsan elliphic puclbuss at | east 80%
or at least 90% of said cell population express the
mesenchymal stem cell markers CD10, CD13 and Stro-1.
Thd preaerﬁﬁrhuelntitbmhtédditioaatmﬂiemsn’elatdseto mnetrBSqMH celigopulation further

hBS- | ] ion rein.less
na e B td s okl o S0 BhtedpeseBr o s iR Senaer
tisseepderbedtfiom mesemanytrat tismxeklewmoﬁliﬁ iravido.CD1 17. In
still further aspects, the present invention rel ates
to an hBS-MP cell popul ation, wherein at |east 50%

Thesahility abthathBS:6&t ceii® ¥ foamn tiseaast undé¥ihred dinssarston@Degltued

900 [ I ' ||
conliEFL P B8 0487 bl R L0 AR BLRH g I L0 AR Gan e
obtained behshgdtcentrifygatioh etepang sdbsauenhautiohs Incays pensidn culture
for Qéei%'ﬂé 8%ount of days. The formed aggregates may then be examined
macroscopically and further embedded in paraffin, cross-sectioned and stained for

histology. Microscopic evaluation of obtained sections may then show homogenous
tissue with spindle-shaped cells embedded in a large quantity of diffuse extracellular
matrix (ECM) within the tissue sphere and a thin layer of elongated cells at the surface
of the sphere. In general is expected to find that the tissue exhibit a high ECM to cell
ratio, which is typical for the mesenchymal cell lineage.

The present invention in additional aspects relates to an hBS-MP cell population having
the potential to form structures that resemble any of the following: connective tissue,
cartilage, tendon or smooth muscle.

The present invention further relates to an hBS-MP cell population, wherein said cell
population does not de-differentiate, a characteristic that for instance may be tested by
transfering the hBS-MP cells back to a system for culturing undifferentiated hBS cells.
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pseudopodi a (tenporary projections) and an elliptic

nucl eus. The present invention in additional aspects
wonedsaises7t o an hBS- MP cel | popul ation furt her POaXEP2@8/000190

the potential to formstrucisres of one or nore

mesenchymal tissues and/or tissues derived from

mesenchymal tissue in vitro and/or in vivo. The

il i 0 hBS-MWP cells to formtissues under
in PAitih e RS s PedliateRaceriial P g pressth i yasiaR fraygnot give
risel to HBScditypredtiteratargs formatiens i.ef witrBﬂ‘n_el\tH’re@egdrmlaygfﬁ srés@@/when
oo S0 B B PP S b o P Shgienarated uncer
the kitdnkeqlchpsuigrolen SCID (skaprely dorabihed meduag gefisit pRouse/ The
n.be ex Crosco ic%II and further enbedded
Shestosrme!

then b i ned
tergIgmR 4PsHE TAY S0 Rt otained for

hi stol ogy. Mcroscopic eval uation of obtained sections
R AR RS e Hhert Bev S GatbaReor e
preeeﬁtnraeatri]q)mb?bulrméd ?ﬂth?lﬁmc{eﬁﬂgéﬁﬁ m?d \lvm:du'tt &Gmtﬂtimeﬁ@dit;m

and a thin layer of. el ongated cells e e 0
prefiit Bngspecits Stperumant PEReFresrbiredion e RSM Fal
poduiaii_suﬁsl ﬁ;{im'retd direztiiniog bldﬁﬁh{l slluah @e :tiblsqeaditjlmre m@#}teh piastic. One

i ca r senc cell .lineage. e _present. .

forth st e A S AR URipnt their b e paisefiabpit raios
of betldenphpandtl: 100, bash agbétiveepaisearid BP0 tsuch@sm:10.

structures that resenble any of the follow ng:

connective tissue, cartilage, tendon or snooth nuscle.
Ond bmbpdiemahthus nglatesitoa rhethbd eherein thiea |l popalatitrB&arivbe

| 1 l.ati. wh [ [ [l Lat .
pasiaves RrLilidi e nelr FAadtedt, 8 of ARPIFRISPLERE oo
may be tested by transfering the hBS-MP cells back to

T ENerien iR ErPoRsal ie S aEDeSangel sopugion
being meenefficianten detactingigr meés\gingdhe toxi éffech&S substance than
mafife HirbBh (s ol ES T OB iy it 140 8 e, o as a
leastr2ntimes mefed efficient indeteeting 6r mheasuring tthetaicteffestof a substance
tha'io L?rftfig%lb ger the ki dney capsule of a SCID (severely

I Re ino deficient) nouse. The teratoma tissue
may i nstead be purely nesodermal. The cell popul ation

B A B30k SRR, Y b RGP, gpcin

resent ven
megduring the fosieddfecttafld substeshcad t hout condi ti oned nedi um
present. In one specific enbodi nent of the present
i nvention, the hBS-M cell
In one additional embodiment, the hBS-MP cells may be as efficient as undifferentiated

hBS cells in detecting the toxic effect of a substance. In one specific embodiment of
the present invention the hBS-MP cells may be as efficient as initially undifferentiated
hBS cells in detecting the toxic effect of all-trans-retinoic acid.

In one embodiment the hBS-MP cell population may therefore be used in detecting or
measuring the toxic effect of a substance when said substance is all-trans-retinoic-acid.

In one embodiment of the present invention, the hBS-MP cells may be xeno-free.
Examples of procedures for establishment of a xeno-free hBS-MP cell population are
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popul ation is cultured directly on plastic, such as

tissue culture treated plastic. One further aspect of
wothes/dsB87MP cel | popul ation is their ability ®POTH®2008/000190

passaged in split ratios ofypetween 1:2 and 1:100,

such as between 1:5 and 1:20, such as 1:10. One
presemtedibelewt XehodreecHBS-MP delis aaswélhagithettlBcalistused durl dbtaining

the RBENBcoE. 168 Yol B RERG Ip Biafis 30 Nop5 L hichTH A FRembrane
boqﬁggsﬁgc mbl:e?zmetAalegat_w,e rbsulgjn&hiek@dblgl?!bb_seeltw at antindieation that
- VK _GE opul atl on el n nore ert| en | N
no QEEcL it infifess eXReeld fop-Biind s’ mitesiel hET Oetuliofls  ance
than mature fibroblast cells. The hBS-MP cells may be
i mes,. such

in s LEE} pmBPaREN i et VP SIS HUBR Fhogfith ntf sepERE genes
beirgf éi&tetngmﬁc_:kadSm btskmmﬁeds-bf\l/gm rrrlartker @erfe{ th‘tfddb Iirﬁménce'gbfLESsuiiable
i men -MP. ce u ion nma u
profffes SR AbP e behnieali i e BRR ol pife TRk 19 he R e
cells obstahBS-MP pelzria theladtualpradenitobstdgerent , t he hBS- WP
cells may be as efficient as undifferentiated hBS

cells in detecting the toxic effect of a substance. In
Metboeé specific enbodi nent of the present invention the

in (1R P o BlestBLYafcr Bl Eimb Mg abiing human
blastbcfyeth:-tjen_hfl\e/zgedtérr\ltcemgeﬂ\lredg:rrg?rf:rgmitalﬂ)rogé?n;tonewbaswmu gm_laﬂt
porlyifiafls e s mB RS Al T8y sUgh B3} RaBly i ast &rugh as
5 stepe ninsariecspeaifis earbodinent af thetpresesit msentioi, theamethod Ito obtai an
no gty EBRoRE AR b0t om N 1B I el
est abl)i shmphatingfof andiferenfiatea hIBBSeMPourrteleiI TLptapej ation
S: WP cells as

arepresente o no-free a I

her hERn o iftuBRttfor BEWRRD 2T e, R Rpsof D0 bl o
further be atlesddfdkrérdiatiGr;al i c acid Neu Gc which is a
menbrane b u tive result in
this ?‘gst %ﬁ%ﬂ’a&%égﬁhg‘?%ﬁe@&ﬁg 'fon that no

di reciv)or iremhatieg bf step ¢is)Lurdil &8 homoge hawrshinmasennhlymal

material h , : till further enbodi nents,
the cells ﬁgo);%@g e'gg’tbliécl:a 'y nodified, with specific

genes vpei nfomionak culkure ok ebtained hBSKMBaelsl- out . A mar ker
gene under influence of a suitable pronoter may then
be transfected into either the hBS cells giving rise

In one entbodnB3it EBcardingdo the inverdion B $tRfacelin stepri) arndéorestepiii)lis a

tisstd &glﬁfr]é ‘rgéteﬁtp@sﬁc or is a surface coated with a substance selected from
mixed ECM extracts such as gelatin, Matrigel™, human placental matrix, or
purified/synthetic ECM compounds, such as collagen, heparin sulfate, laminin,
fibronectin, or combinations thereof.

By the term "enzymatic passaging" means passaging of cells by enzymatic treatment,
such as with trypsin, TrypLE™ select, accutase alone or in combination with Ca-
chelator eg. EDTA, where the cells are dissociated to single cells as well as clusters of
varying size.
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Method In further aspects of the present invention
relates to a nethod to obtain a human
wohkbh@nisssyst - deri ved stem cel |l derived nmesenchpgrIEP2008/000190
progeni tor (hBS-MP) cell population. The nmethod may
conprise at |least 2, such as at |least 3, at |east 4,
Accdrdihglpsin Dne eribedingnt ﬁmapresﬁﬂiirwemimgm@tbmmeofodmrein the
resent .inyention, t t t o obt ain,.an hBS-M_cel Ltu
endJBiER aes TR i Ak eoiind Temdhe bfuB tons i priRsi TRELE™
seleotdidchiase atanetoe th bddtbinglidrswitnCa-chelatorf suph; asieg. EDTA.
i ncubation for between 2 and 2 1 days, such as for 3
to 10 days, to allow differentiation; iii) enzymatic
Thepiasszegion @ step &ii)meay ke pace untivutgreptiat of mgterbgerteeps cell types

Lii) upnti hanmogenousl y nmesenchymal norphol ogy is
occ&binéhQgi’iec{ﬁeql(cgﬁmegnal) cul ture of obtained hBS-MP
cells. In one enbodi nent according to the invention
the surface in step i d/or step..i).is tissu
A nbiiopsieo B eseBarratoreRgpey b s vl intisd bateinet
maj%dfy&ifmeellseiaeéfiFtbbfdsOﬁth,ﬁ.K.eélo@%é| cewil:idie-tsaaﬁeu:tellaﬁorphology
.gelatin. Mtrigel uman acent trix, . or
witfraPehiB piShdondiie tesaras e ied s e BEbd M,
heparin sulfate, lamnin, fibronectin, or conbinations
thereof.. By the te "enz tic. passaging’ ,neans
in Gog B8R gbpant & B iR TRvp iy R Hea |LBaRM.a numan
blastbtyst-tienyesi stem Tell peijddheseichgmal mrogenits ¢hBS-MR) cell population
conbination wth Cachel ator eg. EDTA, where the cells
COMBE®Yi ssociated to si ngle cells as well as clusters of
varyi ng si ie. plating di urglifierentiatezhieB & nelsdonte atgeldtie coated
present inveniion relates to nmethod wherein the

enzynmes used P ascteép iii) are selected fromthe group
consi sti ngiipf intulyad®nrof ther plptel (celty for §db Zatays aotilbatgmowths of

alone or inc ihatio it -chel ator, such as eg.
EDTA. The incﬁ%gfolggﬁe?% %gt"e%oeg?qc)%nﬁay take place until
out gr owm hs iigf ensyetiogegéocsl suspéndigmeasssagingito amewhgelatin

pl ated cell cyl.t . honbgeneous nesenchynal
nor phol ogy | n%sattg%giﬁfa ®is intended to nean that a

iv) repeating of step (iii) until a homogenously mesenchymal
morphology is obtained;
v) (optional) further culture of obtained hBS-MP cell population.

In one embodiment according to the invention the plated cells in step ii) are incubated
for at least 5 days, such as e.g. 5-9 days or e.g. 7 days to allow differentiation until
outgrowths of heterogeneous cell types occur.

In another embodiment according to the invention the plated cells in step ii) are
incubated for 5 to 7 days, such as e.g. 7 days until outgrowths of heterogeneous cell

types occur.

One additional feature of the herein presented invention is that no selection of cells is
necessarily done in steps (iii) and (iv). The herein presented method provides a
significantly facilitated approach compared to previous presented methods in obtaining
homogenous mesenchymal cells from differentiating hBS cells, since the herein
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majority of the cells have fibroblast like, i.e.
el ongat ed spi ndl e-shaped cell norphol ogy with
wobkne/ssisng pseudopodi a (tenporary projecti onspPCami2@a8/000190
el liptic nucleus. In one spegific enbodi nent of the
present invention, the nethod to obtain a hunman
claibled hethys tlimieaiegde aéahvios-tultderng, \cel soring oy Iselection of
rfogeﬂ t or EthS— I\/P?a ceI"I Bopug %{ti on conprises; i)
sPeg'I 'GEFhYPE? QLR PPR AR 25F R8BS ¥B 1 s onto a gelatin
coated surface; ii) incubation of the plated cells for
to 7 days, .until outgrowhs of heterogeneous cell .
FurhglBirtofifere Brgsenfis ARhbt <an Ry pETeEN P B ERRaG f single
cellp.eRas3gging ahd saediagofjsihgieicellc inateadesthefrap@duciiity of the method
repeating of ste L) o.until a honpgenousl
and A1BERIGH SarRarS bEfsRD e bt IBERs SR e ey oan actually
be dauntdteandcmbtelgxacbhurabérgiseeded&w/dfusedl | popul ation. In
one enbodi nent according to the invention the plated

cells in step ii) are incubated for at |east 5 days,

Thwsyibloresenebaliménthée present ineergion alsbargiatdsoa alekttma, wherein the

IIdi ferenti ?tlont un iIt out %%ﬁ%ﬁ hs of .hetFrOﬂenem{ﬁ gel I ¢
celly eSBYTGNC UPRIMGIL ITHEF °8 SRATCAUBB BII'MGTT & ‘PpEem ot a
singlecelhsuspensioe, g3l dis@dsedfurther belesvep ii) are incubated

for 5 to 7 days, such as e.g. 7 days until outgrow hs

of heterogeneous cell types occur. One additional
Thef tearh Uerezyofatit Bimglecsadli paspaghsgnised hereire nieans ensynidtigicell @assage

it S s kBt T b B B bbb
witrsCarichélatoniey! EDTAcwheredhe delsppe dissbeisieda medtly single cells,
o EHE AR LB R PR B BRIDIRRHS. 10,00

4 calsnce the hereinclainmed nethod elimnates the need of
co-culturing, cell sorting, manual selection of
specific cell types at passage as well as

As stading fneatériiad s obtBin iBR-MPocalls cahdehseditraditiveallyrduétdre hBS cells

on BREEENS ot 2BE T e e e P AR PSS ol S oren
coatimgponaiuaihbr feetgr il typas, methhasihuman feeders. The cells may be
detached mechanically or detached and dissociated enzymatically prior to the plating in
step (i) above. In a specific embodiment of the present invention, hBS cells were
detached mechanically from mEF by use of a sharp microcapillary and transferred to
gelatin coated tissue culture plates.

In one embodiment of the present invention the culture medium used in the herein
presented method is chosen from a group comprising, but not limited to, Vitrohes™,
Vitrohes™ with bFGF and hBS-MP cell medium. hBS-MP medium typically contains a
base medium, such as DMEM (Dulbecco’s Modifeid Eagle’s Medium), supplemented
with between 1% (v/v) and 20% (v/v) FBS, and with between 1 ng/ml and 100 ng/ml|
bFGF. In one specific embodiment of the present invention the hBS-MP medium
contains DMEM with high glucose and without pyruvate, 10% (v/v) FBS, 10 ng/ml
bFGF (all from Invitrogen).
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and all ows | ow spreads between individual culture
vessel s, since the cells can actually be counted and

wonors®sssact nunbers seeded and/ or used. Thus, PCI/ERPR2®8/000190

enbodi ment the present inve;ui on also relates a
met hod, wherein the cells arter enzymatic treatnment in
Oné bmbedimentibf thepashton tereforireldtgs @rEmethodivherein thedtulre

{ | [ [ . d further.b .
medBsBis ho R & hin i o shretadte flr SR R aporor
prolifeetisn h mBBIhT ¢hymeat progpageragts %Iédft;aafro&ﬂii groapooatprigimg, but not

S r cut ase al.one

e t | '

iR WkongaTAls Viro R Tak BB B afometieeoma Pt Pos ane

hBSUMP céismediuat, adnarmmaitiar tell ciltogd mediai suchtasaMgiv, IDMEM,

oN 4P ES LGBl ) B bt pen orum.
naterial to obtain hBS—NP cells can be useq

By BBV For Rl Sy se P ey i et S RAS B RS gt A mpmimgtan

cellﬁfuﬂhﬁi rpedigmtsjuﬂg _?ﬁHMDIW?,fEIMIEM, Dmd Ft1 Emh&odmmpetﬁm \@iuﬂlﬂIl:GS or

unan ede cells ac ani.ca

ot e bRt g amesgor 3t B3 -afS pa SR e EF P icas o0

4-10 Ingtmirgghdi ABSS inethe fangeaza9%, slioh & &9edDfa0%.enbodi nent of
the present invention, hBS cells were detached

mechani cally from nEF by use of a sharp microcapillary
Anathel émbodirhentraf thd inveationtthos @iséeth 4 methodd whertinrtee

I . mbodi of , [ [
ool ohBEEE T FOBE Foo R ren i BF B inoke Aok 188 ol
suchlassR0 nfmdnswchgrscelg. dol@prg/ml.ng, but not limted to,

Vitrohes(tnm), Vitrohes(tm w th bFGF and hBS- MP cel |

medi um hBS-MP nmediumtypically contains a base
A furtheér empodioent akthBlitsien(i@utHuscelates tdadnétbod whadirethe

Vedi : plenent ed w t.h between 1%.(v{y) and 20%
corgEAtohiosPERI PR ket s SR B0 Do

bFGF. I n one specific enbodi nent of the present

dpyenti on the. hBS- Lu nt.ai ns Mw. th hiagh
Usip NS St oo el B ARE S Freun o Pesdtebife M hgle oot
suspé&@or{salndef thenddseribéd cgretition©mepreddiitaly reeintb thé dédvation of

' [ f I . t i e
molef Bl aR oG eBLE nBE-h R el st P ARl
undiffeperdiated hBS celisf withie 8t3 passeges EeaFiguranj/Tiwe plated hBS cells
A ' ' | .Dro ' . cell I
mﬂu?lﬁygéé\)igergsrggg %'?Télg%gp %éﬁ%&ﬁ%’cﬁﬁ){ar@%ﬁ &ﬁ@ﬂe‘uﬁétm‘é Jell%ypse% (S&é El‘aure
1a). Each consecutive passage decreased the amount of contaminating cell types and
the cultures became increasingly homogeneous (Figure 1B, C). The hBS-MP cells
phenotypically resemble mesenchymal cells, i.e. having an elongated spindle-shaped
cell morphology with branching pseudopodia (or temporary projections) and an elliptic

nucleus.

The method developed derives hBS-MP cell lines from undifferentiated hBS cell lines
due to a selection pressure which favors fast growing cells with an ability to attach and
proliferate in feeder-free monolayer culture. The consecutive passaging provide a
growth advantage for hBS-MP cells while slow-growing differentiated cell types as well
as undifferentiated hBS cells are eliminated. The protocol eliminates the need for
embryoid body formation, cell transfection, co-cuiture, cell sorting or subjective manual
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limted to, VitrohesTM VitrohesTMw th bFGF, human

reconbi nant FG, FBS and hBS-MP cell nedium a
wonersrmasdsan cell cul ture nmedi um such as | MDM BPVEMP2008/000190

DVEM F12 in conbi nation vvitpsserum such as fetal

bovi ne serum or human serum By the above term "hBS- MP
selgttidh bfitertain b@lbtypes) thee Rittarmaeraiadly 8ivolvihgdbr idstaabealstepnof visual

Gl A PITFTa) TiocDRess G P D Uica R TR ECoes Tl ypes

to deeigehBS-MP telsl00 ng/ M, such as 2-0 ng/m, such as
e.g. 4-10 ng/m and FBS in the range 1-40% such as
e.g. 10-20% Another enbodi nent of the invention thus

Thuseh ahe enibodimeriohthé preseneinvehiitn, aonetod sairbdtedivhbied
oo B Bek Rt Bt b Aef 5l Sy o Etons
whithi alidve theesdistivereatvivaf andgroliferatiohiod RBSHIBs tcﬁrlnatn&ﬁn abeady
ne erein t concentration of EBS |.Ss.in the
foreg HES WG GolR @ mesierBRl SR A dsieRl g nlidionabove
descri bed nethod of consecutive enzymati c passagi ng as
sipngle cell suspensions,under the scribed, conditions
in SPefie SrbPmeY BHRE 3ot e Tien: PoIFERS heraresoghet 0
seldution pesssoresapgphed Bbide bdditionat selbction of WBSKMPcell$ in step iii) and/or
ste;glgliri potent undifferentiated hBS cells wthin 2-3

sages (see Figure 1). The plated hBS cells
initially gave rise to a m xed popul ati on of various

oy AR s T RSE L S S o
protednmarkersy suctgas ahtibddigse EAGE_d niaE; :etinébdadsese_ll_imbﬁ IBbg_genetic
malgs ST} A oAIrtRr 9 Pl el ElieE TR srion Bane Deflap i

defined,i asgsedettieh and aiautesamoedif pusshisp@-MRsepd putatiop$ bl trggyculture
' - anchi DS ia (or tenporary projections)
met\éﬁﬂélpeaqgﬁ@]%l &p?&éyoﬁ%g?eggé}%%he met hod devel oped derives

hBS- MP cel | i nes from undi ffe_renti ated hBS cel |l | | nes
m sy iSRS 6 RSATo SIS 3ol it ano

culttiredcazcordingeto roremioefyeer protacolwith oy eermfree cynthetic or human
ecHSPEN P RENG 18 0 R OGS %y BB Giefon o
an RES-iicd!f papeiatioat thd hBSS etidine froar whieh the MB$-MP cdllsare to be
deriWES 5@8 %lee&‘é {O"Bé")?ér%?fréé? n Q&&ﬁiorf, Me individual components of the
system, need to be exchanged to components being either synthetic, human
recombinant or otherwise xeno-free, exemplified by, but not limited to, exchanging FBS
to human serum, and exchanging bovine gelatin to recombinant gelatin for protein
coating of culture vessels. Xeno-free derivation and culture of a xeno-free hBS-MP cell
population may also be performed by applying a completely defined culture medium

with recombinant or synthetic culture components added in known amounts.

Thus, embodiment according to the present invention relates to a method wherein all
reagents, such as e.g. media, growth factors, feeder cells, and other materials used are
xeno-free in order to obtain xeno-free hBS-MP cells.
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enbryoi d body formation, cell transfection,
co-culture, cell sorting or subjective manual sel ecti on
woahosxssdsai n cel | types, the latter nornally i RCOIRPRIVE/000190
for instance a step of visug inspection and directed
nmechani cal and/or enzymatic detachnent of desired cell
In sthflftlﬂhet aspets, e rhmpcélleldsSNellTMe ixene-ree SIBISOsHIIg ey

resent..inv on ne d i rovi ded
acoRieB bt FErsAubIRTRY c&isel B RreuclhR i 2o TG e
prodwdtloﬁ@ﬂ hBSINIP lceleawd/@'ddlmd?ﬁdftwsenshh@b?aIThe\Netehte described
ctive suryvival and proli - \Ps t o
e T o {RP Ryt FHEFLHRS UPERLITS AP oM FGeis fdhen
permrrhé@ uhderi CﬁMPfandamcGMFP teriditidnsad pavidel dlinzay Agplicable cell lines
odi. nent of the present invention, a nethod is

and SVPWES wherein the sel ection pressure applied avoids
addi tional selection of hBS-MP cells in step iii)

d/ h b t
Furfhaate; B PrpentinyRiicrmire och Belg o Girres SRBrenyating the
hBPMPt eslis tareor lirstancesbiore rﬂ@tuﬁmhemrmst cdlii¢fes. Dngraltaltle method
L N T N ——
be tblf1@au’erthe néllsson tmss@haé :culfm‘e vasse$ &ir@qirbl@ng@dltﬁnmmt)m%e

. u ati o
and RpyBi B i 1 aon R A uSPuRile otiRe feerbatfar sU Sikigzen can be
to letthocelisediffereftictdm theie Seditmediveriy penforring I6RSrdddenemedium

and cultured according to a xeno-free

are IV
ChaB?%stg’%? Iﬁ{r onIy xeno-free, synthetic or human

r econbi nant conponents bei ng used in the different
st eps.. For xeno- ivati on an hBS- VP ce
et 3he TP SR AFRS Rk Fiv e SRIeBR Hind Bevelpuiture
systeaisl for bulke cUImrbeTrtbepnevaﬁedlbem/aneedad icoltibationanethbde for hBS-MP
the i

oo 88 bl B9het A ARG oG RO P Usdion, S e R and can
thersfané be tautomdiedreSuitablecobots zotid e baisbe XS dispensingdesads
sucf{ KRy B Manais a8 which Bl Bog PG ARy B8 el
vessalg Abomatiin gredidaltarnativelytreothasied oncaatobntic afm ahichumienics the
mo%@ﬁ%ﬁ (lrgf’eae%%ﬂ%1 %ﬁg dIg'(ﬁ'['%opu go?&%??ééjp'kfgg% h%@dl@gr fornmed

by applying a conpletely defined culture mediumwt h
Furt'bgpé)c!g?é Q@Q hé’é Nﬁy Héﬂ%‘i@% gﬁélil lrc#élmr géW?% ggﬂg\?’eoa?)ﬂ@wg ds8 of
blorpa@srsanfmﬁetmnpwrflblr@ r@cMS,tnerfaserbtdaotd)rs./\bestmmd rabdtors. Such
bioreactors should maintain environmental parameters such as e.g. temperature,
nutrient supply, pH, pressure, shear forces, oxygen within optimal limits and can be
driven in batch, fed batch or continuous operation. The hBS-MP cells may then be
grown on for instance hollow fibre capillary membranes or as attached to microcarriers.
This system would enable growth of the cells into larger cell masses between the
capillaries, and provide an optimized, natural environment by the perfusion of culture
medium and gases like oxygen. The closed bioreactor systems may be developed to
produce larger amount of cells, and to support the potential maintenance of functional
properties of the cells. Cell isolation via enzyme perfusion would then allow scale-up in
closed GMP systems. Cell purification could then be performed using e.g. FAC sorting
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reagents, such as e.g. nedia, growh factors, feeder
cells, and other materials used are xeno-free in order
WOt20080188287n xeno-free hBS-MP cells.In still fuPChgP2008/000190
aspects, the hBS-MP cells agywell as the xeno-free hBS
cells may according to the present invention be used
baskedron@\p pembiantiantigers exgresstorcdn usirgpdenSivP g radieht aiedénarmd
hES—%YP cells and/or differentiated cells thereof. The
Cenﬁr P24 descri bed method for xeno-free derivation and
culture of hBS cells and hBS-MP cells is then
useperformed under GVP and/or cQGVP conditions to provide

al licable cell Iipes and derivat
in sl foeF s B sl emtonelifssoh e i tihe pES M oRa
popafatib ratshiéﬂnéh héreinefor Ly |hﬂl§1e the di d@‘élvié@tp?@dzdss %qfthfa%ffor studying
nst nce ure nes ce ypes e

drug%yv{ Blpé’tegg‘fiﬁ?f%%% gp "ﬁ?@ﬂc qga?%wp?%ltl on is presented

in the exanples beI ow, but a general approach can be

t e n th sanme cul t vessel
The o S Selsrd 1 e s ep et A% e it ssidot srudiing Senesis o
mes$enchpabitizsuss duthinad 5. gl bavly éarlagel df tdrmealivestistle.

approach can be to let the cells differentiate in

their "old" medium by performng | ess frequent nmedi um

TheCHiWcélB df ltree mbémrmmntuadnmaprmdmmhﬁér apdcts be used for
uI ati,on of hBS.cells may be scal ed up using novel

stuq%pg( u‘ﬂ'Ba%Q%Q%}?éa“fVS IS Scul ture. The present ed

derivation and cultivation rret hods for hBS-MP cells do

i s§PhocSbnete Me PR o518 s eehertidiesiion by S spdiprdn
vitre tmlxmttg tesoug dAdsaydmseiticto theXoélls dla;'mel’lﬁeﬂgar@ exéiaplifiedbypbut not
il TG Arpr B Ve R g dhe SelRiihand e PegerotEiy e
hunadrt speciEsi wlaéqelrbtee hmﬁ‘ﬂdbal ns@ammesmoaeraﬁmﬁ?g d\ftegm for a

suob{RfcBRSTPT o7 lir Bnt) B3ttt feohy et ottt sseays or

assdy&y hasztli coradaitdhuendnt cell égpesasuiteblaetd poiras inoguchletonisity a§say
act. f used

maPhERERRl iR S BraBBA AT BB RRab B B
measmreThents obgena anthprotei ex@ressiet. én additior) ths esdmints chosen may
ve SETBEE B, AW e BB Pl L EEAE A O e
visuahzebaptatoxiciteid th atemsurerthe mﬁtalmllo astiviyef atlisy) Bxenhpified by but not
imE57 MR BB S S ld B RSt o

m crocarriers.
To perform the assay, the cells may be dissociated into small cell aggregates, or
preferably, single cells and seeded into multi-well-format plates, such as 96-well plates
in suitable volumes of a test medium. After a couple of hours or days, the cytotoxicity
test may be started by adding the toxicity solution to the test wells. Toxicity medium
may thereafter be changed frequently throughout the assay and the plates finally
analyzed by measuring different endpoints for e.g. cytotoxicity, such as metabolic
assays for ATP content, Resazurin conversion and/or MTT salt content. If then
comparing obtained IC50 values for certain substances on different cell types, such as
hBS cells undifferentiated from start, hBS-MP cells and for instance a fibroblast cell
type may then show which cell type is more sensitive or efficient in detecting or
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This system woul d enable growth of the cells into

| arger cell nasses between the capillaries, and
wopneisss7an opti m zed, natural environnent byPCH&EP2008/000190

perfusion of culture nediumg@nd gases |ike oxygen. The

cl osed bioreactor systens may be devel oped to produce
measuripgra tario @ffectadf tlmea*slhbsxarmadﬂb@hls ppits and hBS M4 eeltsi may be

ol TR0 AR SGIA-BIRRTE i WABHER e spoenir

cells hehee mayirepresert @te Ghdre LasityeruitureGiBS pell type easbling larger scale

ul erfornmed using.e. g. FAC sortjnghased on
curReuity EEMAE Aot waus Paltifnd s ol 3B IS
subgtamdesnt nedi a and centrifugation. Use In still
further aspects the present invention relates to the

use of the hBS-MP cell popul ation as defined herein
In & fortherseambaditnbet, d'reugeslérﬁmweetiqn mialesat:sus%ofdlhe hBSiNIP cell

por i P 0 Bl BB B R BB o
a medicires progutt foethe peevention anddetreajrr@ehefspeﬁhmjégles a?d/or diseases
catggg ﬁg??l 1 e e'géﬁ gigﬁﬁu%Hﬁg ﬁ/ptrg ??%en%?art&oﬁ ﬁ{ 'ggﬁﬁ/ma?{lssue.
In aneverther@spectythempraesant inveotidnretatesstpdioe ssdef the dBSHAP cells for

, : T .
the i fAcite 8 BRpRctE BFadlct (8 L FRLATIN anoPs ealrhgnt o

conneotevettissue deyrdees.used for in vitro toxicity testing.
Assays in which the cells may be used are exenplified
by, but not Iimted to, assays for in vitro toxicity

In stiﬂ)furtrheashnola: ttfn&)preaemi/imenﬁore okilaies tnusx ofttbe hBStMPicalls foe

oot SREEH ool ifBeSiiont DEd BUNMI AL, BRTRYIGREPICS

chondrogytekf myocamsl pndesteotges evw/or foy studpipg meaturtation towards

meflSArRH ) (AR Tor s AROMS naRRSH AR don IO EEU cos.
be embryo toxic and exanples of suitable enbryo

Thé r?é% ‘Mr—‘ Yel E”H&%n@éﬁpéfﬁ uﬁ%gléﬂtéﬁgég?&‘bﬁs"éeug &0%h r‘P' by marker

n-express € end 0|n
analmys ami egtardiogly cnategiving 'rissgtoetumbors Inwa'eustlllrhylngséble to

profgf%t % !ahé ¥t||lvhqavm§eé gotgﬁﬁ‘éll?o dﬁ@ |ﬂt§oﬁ\é\/§rlé1”qn'e§§n%hyma# cell

oXI Clt measur e t I C act
typeﬁeﬂinwdlwmmldrdqym dngd dennective t||5$wn calld), ey mamblerfor treating

T - by S " o
e SR BL B8 ME e RREY 4,50, STELSTD Blonipo e
da%ﬁgﬁsom ated into small cell aggregates, or

The hBS-MP cells may be used for treating disorders associated with, for example,
necrotic, apoptotic, damaged, dysfunctional or morphologically abnormal connective

tissue.

In addition the cells may be used for reconstructive medicine and cell replacement
therapy concerning fat, bone, muscle, tendon, and cartilage or for degenerative
diseases, acute injuries and plastic surgery.

The hBS-MP cells may for instance be used for restoring joint function and replacing
articular cartilage, which has a limited potential to repair. Unsatisfactory results with
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preferably, single cells and seeded into
multi-well-format plates, such as 96-well plates in
wo008tspIse vol unes of a test nedium After a c®UPIEP2@R/000190
hours or days, the cytotoxigyty test may be started by
adding the toxicity solution to the test wells.
curremk treatmentrecdthods ifey. détescrmintie ablegedfitangrélthg dsreqicmﬁltdcwrlng)

hasé@r %é[ga uqt q]egvh Sezﬁ éﬁﬁg\/g ﬁa%%gﬁtrggtsrga‘ng% ?egclhln% ugg %cYudlng
autclgauisocslicrangplastatibn adthmedsehohyntal 3tepagellsf @rchdidtocytes. The

BRI Rl o Fer R PR o RN ARl g By py B g an
horsedesicaos amterial flomfaer @nimited land idgfiesd scamc mOg&S hBS-MP cells
an

di ff. ' f B
may RE ok 0 def 53 PR arg i oo TeR B o Ao
pres@itéd hyreth ard fucther egasdéd sed subjedtito differdntiatiordieivacds thg

cosfrar Hra TaiseoyBeliefel e e e MRS P G without

a samrdrtaigs@tfblslt an@ efesbdmerm'aﬂ origin bfsthameeS fu'rheobiaas:t themTpessible
forgr i he cgl T a eema 2% S esdeBE? av a SH%C cell
o ER 1“ B eHEBIA ef V§eH % 8 S

with enzymatic passagi ng while maintaining a higher

n 37 RElel Erels e B RERET HBTRE Tansaftey Kbyfomas preatment

or it tres fnddfte b‘Pplaetl:d orpepmdmbm surgerggneier&ﬁly vemprsdisdreating the
and/ re o

suefRf b s G ess e e Blait B PRt IO e B Tgfgton. <o

as tofintgbit bathogjeetiomnd/ or di seases caused by tissue
degeneration, such as, e.g., the degeneration of
mesenchymal tissue. In one further aspect, the present

The cellemayoforther et mdtfor (2])] prsdua;ﬂontdﬁ gemBed/Rumah lextraceilular

| r
mafs SoIRPHERS i Ry bidlFalkait MR (NS el cyfolligs whicn
proohogotissee sepdim gedwth fadterst Veecinas patises andpropeies ent
invention relates to use of the hBS-MP cells for

obt ai ni ng nesodermal cell types froma group
ThecB$MR celly, orisetis derivedifron thereod maytfomiuerdewsed for treating
: y. . S
dlsc%g?l%ra;s?§%%@pgv\;\tgr gﬁ%%(rtng%eﬁggét?cr a{:i%tf)ﬁé "é‘g}ﬂ g dysfunctlonal or
morphaldgically akrtanmat mgocardiver. Ssclt disordets rmelutjesm ere:mtllmnted to,

|schg?rﬁf H§§1 MD ﬁggé lc%rdleQ: Lea?(?l%ﬂr {ﬂ%ﬁh’n‘ggc HQ%"tE sSE?&gh%fa%M? S

ht
autmmmtglanan@w dseasen valymiao heart dlseaseo cosgenital rmmgscauers

carég rhfdfsro e‘?s %c’%‘r&.&é in Qﬁlblggc potential to
dr't 0

e|n several nesenchymal cell

The cells, no longer being undifferentiated hBS cells as shown by marker analysis and,
accordingly, not giving rise to tumour formations in vivo, being able to proliferate and
having a potential to differentiate into also cardiac cell types (including cardiomyocytes,
endothelial cells and smooth muscle cells), may therefore be suitable for treating the
majority of cardiac disorders and diseases by reversing, inhibiting or preventing cardiac
damage caused by ischemia resulting from myocardial infarction.

In still further aspects the hBS-MP cells and cells derived thereof can be used to treat
cardiac disorders characterized by abnormal cardiac rhythm, such as, for example,
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types (including chondrocytes and connective tissue

cells), my be suitable for treating the majority of
woahesassksr s and di seases by reversing, inhibitPQE/EPR008/000190

preventing tissue damage. Thg hBS-MP cells may be used

for treating disorders assocliated with, for exanple,
cardiac I’aﬁhymmmrf@mtttﬁdtmentdﬁmadbly(beﬁfbun@d by administering a

thelpaPlR SlrRgiveoRs ShiiF isu TS Heatt of Ineds et e tombly by

injeigtieh mtmmeaiedrtca|theraﬁ@it@é$}1€ffdct|v&1&dsmy abGmecMN soffjcieat to
ndon

b , l.e,

oohEa ruatEve) o EBLSLueRt Rt 4 Fat® el pe agminitered in one
or rﬁdﬁe@&ﬂnynlsthte:risBﬁaé/lﬁjéwbh sanby aﬂﬂimstemﬁamoa/_aheuwe@tbrfsmf the

3o RE A bR AE 93 Tt S kP b eyeroton
be bbmmwftsmgm;" yatlaete::#bhsetdmﬂrfn@auhra‘fﬁet oFfrﬁﬂ@ Opfiie ¢chedshoalsty or

. t aut o ri I N

enthTpfyeR 3y GFi Al PRoag VBt iechie desrcd siiesan b bresg o
factbaer $L'ldh€®61vd§|glstt agatﬂmmotogmbmtthesmemchluﬂstagl mfdrof sigoard

ol Yobsd Skt fdeceisre TR G i PESCHE Gl

prefaratiy dempri\&sﬂtﬂdtmgﬂda subjmalthh Iaanmmunbyumrewl\d! regindgn,
froman un and,.defi ned

0 enegus nateria
prelf A ENE 4% A ThalR ofs € THIB BERGBREUEE Linder
GWP conditions and according to xeno-free protocols as
nted h urt her expanded a subj ct.to
in < FFERE RSpetid B NSRRI R B RRA IS e g o Shyule8
medidmi for sigr edltuoe obdindifferectidteéd hBa yellshamasieegpardetis faedueh t h
or W ut. a, su ort| caf f ol The soder nal
cufifesy o 067CripRa T BRI 12, 755 ohk die SVnlHRE 2L PO fesers that
poteatially icmgd oelwierlvemﬁromahembme iBSue)! lineiab tlkees uldifferdntiaied 0BS
S dcardacclls tilla further aspect
ool R ad wRPTI LS Lok BroPatieriskite Sret ARG e hes-
MPs ceabe®htentain advdaritagd foanee a$ tgggad feateorellseexampleudt | ve
surgery, preferably conprises treating the subject
wi th an i mmunosuppressive regi nen, preferably prior to
TheshidB-Miticelisi rsay @ irstgncs deasset dori rastobing joint dimatien eod iremacmg

artlgLngr C%?tlllg e, W@Lﬁjﬁest {'Fﬁé 'é e(f P&?ﬁﬁal fto elpl(at’i)}(/PLéR#ggté%Lotrg Pesﬁ és with

curtantrﬁeatmeol ogthods $e.gnosteochondsaliatitogsafts, qjllmgycbrokncwérsactunng)
hasvméié}eg Eh%'@év%loéﬁe%‘t’ Bf h&h @é rrtllaggrrgé%gtlgr??ec?\hﬁmél %%ﬁfd%%s

Ses
autologous cell transplantatlon wnth mesenchymal stem cells or chondrocytes. The

hBS-MP cells can in this context provide one such additional therapy from a defined
source and with reproducible characteristics.

Finally, the present invention relates to a kit for deriving and/or culturing hBS-MP cells,
said kit comprising:
i) undifferentiated hBS cells;
if) one or more culture media, chosen from a group comprising, but not
limited to, Vitrohes™, Vitrohes™ with bFGF, hBS-MP cell medium;
iii) one or more suitable enzymes, and

iii) optionally, an instruction for use.
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The hBS-MP cells or cells derived fromthereof may
further be used for treating disorders associ ated
wOowasig3d8or exanpl e, necrotic, apoptotic, danag€a/EP2008/000190
dysfunctional or norphol ogigplly abnormal nyocardi um
Such di sorders include, but are not limted to,
Oné 6diesRAt kit epetof thesprasent inantbm felates & & kit (ot reddrRiieibedicine
heart di sease, endocarditis, autoimmune cardiac
comprS$t¥se, val vul ar heart di sease, congenital heart
disordenﬁBsandbmg rhythm di sorders, and cardiac

i nsuf f l
undi {1 cPARIPAG IS g Ryug TBRTREY rrR 2pdiahin Y4

and, acmprodl(@)gbyadmmtstrgtm Ofthe icelits fota patiedtior dells imbm ons
in vivo, bein % é¥ égol i ferate and having a
pot ent i AIMNGUALYS tormngYehas in A rge Eoouiea?ytﬁ'f’g?: cel |

types (i ncluding cardlonyocytes endot helial cells and
snmoot h nuscl e cel | fore be suitable
A UTEGREMRIR B s or Iy (e PLrRAE Ve gy Reoganor-cl based ki
for détee@REBxiblyy ingiuaias, Bgid kittbimpritingg or preventing
cargbgg'gﬁnaﬁg caused by ischema resulting from
arction. In still further aspects the

hBSr)Ix/Eptmbb@oamde aed thadi%icwmﬁoltshestenées;an be used to

t cardiac disorders racteri zed by abnornal
car o SR PodsTtn s deteEihd BdhtPEsithg IO
ar riky(dptidmal) dihdstructidhifemnise. s preferably performed by
adm nistering a therapeutically effective dose of the
cells to the heart of the subject, preferably by
injection into the heart. A therapeutically effective
dose is an anount sufficient to generate a beneficial
or desired clinical result, which dose could be
adm nistered in one or nore adm nistrations. The
i njection can be adm nistered into various regions of
the heart, depending on the type of cardiac tissue
repair required. The adm nistration may be perforned
usi ng a cat heter-based approach after opening up the
chest cavity or entry through any suitable bl ood
vessel . The effective dose of cells can be based on
factors such as wei ght, age, physiological status,
nmedi cal history, infarct size and el apsed tine
foll owi ng onset of ischem a. The adm nistration of
hBS- MP cel | s preferably conprises treating the subject
wi th an i mmunosuppressive regi nen, preferably prior to
such adm nistration, so as to inhibit such rejection.
In still further aspects the hBS-MP cells may be used
for conditioning of culture mediumfor e.g. culture of
undi fferentiated hBS cells or as feeder cells for such
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cultures, as described in exanple 12. This gives the
advant age of having feeders that potentially could be
wOoaers/ose7f rom t he sane hBS cell |ine as the PCT/EP2008/000190
undi fferentiated hBS cells gyl tured, which lowers the
contam nation risk etc. Specifically transfected
RefeB&iddes can be of certain advantage for use as tagged

f eed I 3. ~&h - |1ls . f .
ThorREPIR, A8l SO bRt SPital TIREH ErtianOReat ! ines
deriveplfrdm mgmaw blastolcpsts.Coaidrideai98;28Ri1dM5Hd47a i mi t ed

potential to repair. Unsatisfactory results with
current treatment nethods (e.g. osteochondral

Sottleto Mevdnd. Vv, Ckéuluhd? 0g (2003)FeFfhéteElred b%b/aﬂ@ﬁoﬂr@bﬂ&ﬁéed
t he devel opnent of new cartil age restor

funetigns 4 HedepRereidegsauBriagali&edy Phys ﬁ‘éb?%r?togﬁv“éﬁ

1;91¢5):056802c By 7803 guiean. cel | s or chondrocytes. The
hBS-MP cells can in this context provide one such

addi tional therapy froma defined source and with
Xu ORI Uiy .ﬁaﬁjléaS@ﬁﬂ@VirghieCMc ViFhin i, 1ebkdvasmn@r$eer®arpenter

Me(ﬁ?pﬁ{; 2ﬁ§4)h E@%}g&glgt@& Fa broygﬁ 8&7 ge&%éﬁ d/ (I)-{ru;wan Embryonic

SternQefs Suippokt O BerbRfatéd Ces Growth, Sieen oéllsrrmcm;wbm_igso
nmedi a, chosen froma group conprising, but not limted

to, Vitrohes(tn), Vitrohes(tm wth bFGF, hBS-M cell
Luanmvlz'mm Lyd Ellaspieo WengBueas, KiiaWs BivEiERs, SafsiTélldz)Manuel,

O LM A AT, Yo A S U
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r I‘ | erentl a n.1ln

DingfagleRirian ESES: Stgm ool 20b5ar pErerci g th1 12088 on

of the cells to a patient or cells |n an
oG R Covaiplnea sigiart Bebacar: PrBRsKi i Brpsiong Ly,
Evans €eeimthe,iIMyEOEH Allsons SeaghiapdRoth tsxbjkaab IMibgrag d2008) f A
G ER e SRR Sl s Lo SRR i gt

HummemEntbrycnidSteanCels, Stem Cells 2005;23:306-314

Oliver Emmanuel, Rybicki Anne C., Bouhassira Eric E., (2006) Differentiation of Human
Embryonic Stem Cells into Bipotent Mesenchymal Stem Cells, Stem Cells
2006;24:1914-1922

Ellerstrom Catharina, Strehl Raimund, Moya Karina, Andersson Katarina, Bergh
Christina, Lundin Kersti, Hyllner Johan, Semb Henrik, Derivation of a xeno-free human
ES cell line, Stem cells express 2006;doi: 10.1634/stemcells.2006-0130
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iii) one or nore reagents for detecting and/or

measuring cytotoxcity; iv) (optional) an instruction
woOf2008/083%87 Ref er ences Thonson JAl |t skovit z- El deCT&P2008/000190

Shapiro SS et.al. (1998) Enpyyonic stemcell |ines

derived from human bl astocysts. Science 1998; 282:1
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M Cai sander G Enmanuel sson K, Hanson C Senb H
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Figfir, 2 SPOwS ftsF bisi SiaoShital IS 45 %&Qa' o A e
het&b@éhélﬁﬁhu&dreRAﬁéﬁ éubBle&mmpSsé%géﬂﬁi@f@t ttoranig sdllsBecome

un
doriBedy L8 MBS P el BiR B A EsfEbufne WA Ll gf hBs-MPs
frorh IhBSadell dine lsmoozﬁsggn»nﬂ degb%%emd én hngStdensuse(h B8. rw?\l;e
el Birks déﬁm seao 7 ome ROl hamd 230 <rem

cell Iine, CeI I artis AB WO20050591 16: Met hods for
. clopal derivation of b| ast ocyst - der St
Fights £ Shofaenis BroBeattBel 3l Besages alsrelabie e Siom nes
cellfliag SAG1OAND pasean? (BYin pabiayetk (St®pxargplas.one cel |
type in a heterogeneous culture. After subsequent
passage the fast growing cells beconme dom nant, i.e.
FigoBRs3 bhbwetHechBS-MFA callgsthifed \ﬁ)h Esb!phbirmhrmmucwh dntibody proving

f hB li SA002.5. (A
the Blielicfion) SRR (098 GRIRREN Ly (150,000 celi/cnd) .
(B in passage 2, and (O in passage 7. (See exanpl el
. and ,2 Fi f irst .
FioRBE St Lo bRl AR PR bEE e L
con(iﬁc)odsmtmamga@ecxﬁﬁd%)aftermmﬁeresmgnen4D F_()S(&e@xtagmlleﬂ and 5.) (A),
t he cells ai
and (et Sw AeaM Tl 4t GRrEhihafonB, RBrenD MariaShh- gi o
of the cells. (See exanple 2.) Fi gu[je.4 sggvvswp O
h K . - e
Fight 3patt PN FRen RN RS R Goi i Bal dragdnafiimal
derdaﬁ\fesrpeeﬂermTrmrsu(d)thhe déGelepeniiimspeé és dllomsmaﬁer)co(ntk)a:ecﬂtmdhe
. d 1 .
size e B (it B it PR heiGh i af VDS M, st BT o
transplah28oVRAQ eaititagel (B) confiynaties ehcarikmgk byaldairabluean Giessen,
f I
(©) S flion Shiearede pf seiialfn BpSs Meitlad 1P Bl Fuftogima
struchules; abitifagel inmatede smoothimucld, loosh BShttive tifsuea{E)dmmature
tendon and (F) for comparison, teratoma developed from undifferentiated hBS cells

with the three germ layers represented. (See example 7.)

Figure 6 shows a schematic figure of the progenitor stage; whilst maturing cells can be
said to pass the progenitor stage, a stage occurring for a longer or shorter time
depending on cell type. When cultured as described here, the hBS-MP cells stay in the
progenitor stage, as a cell type still with potential to mature into more specific tissues in
vivo, though with lost capability to form structures from all germ layers, referred herein
to as teratomas.

Figure 7 (A) shows the dose-response curve for 13-cis-retinoic-acid (13CRA) in hBS
cells, hBS-MP cells and hFF. The hBS cells and the progenitor cells show a higher
sensitivity to the toxic substance than the hFF. The IC50 ratios between hBS and
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transplantation. (A) cartilage, (B) confirmation of

cartilage by alcain blue/van G essen, (C confirmation
woahosomsdsi7| age by safranin orange staining (D) Pairse008/000190

nmesoder mal structures, cartid age, inmmature snooth

nmuscl e, | oose connective tissue, (E) immture tendon
progértltof Eglisfard WBSPEllsi N FR grieatt 9 BRd daoetedpectivelyoThe data were

undi, f f erent i.at cells with the three ger Ia ers
obtiigsg biBierati &8 ATE e be wellahil g GogTatieddo
unt@abeystiivent f:d)rgtdl §ByEhdwstherdoge-nespdinse ta@e ;fovdik-trais-retinoic-acid

(TR B c&fl pBcflR, 8s R Pk ey e R AR et ets

shoWep Rigeengersnivitetd the Yees sd%ﬁhc@lﬂlhénJﬁhedwF?ES THe gatal erd obtained

here, the - VP C in the tor stage,
by gagriog e AJ BeoBient oy aouanboaies? g BuFegsoivent
confrol. ¢Sepexdniple ot)i ssues in vivo, though with | ost
capability to formstructures fromall germlayers,
referred herein to as teratonmas. Figure 7 (A) shows
Figubes8 mﬁmea&mwmv@ytbmtrimna]s,&mbfmssemnwugaad Iuddlfferentiated

NESS B S0 Ve i (SAPU.S) M Sosbt i TpigeE for ster et

(CDs1ems CDN 88 ) ahd raesdrehymxl stemiLdaiis MID’EOEI, IcD166heDh6FCDT8EStro-1).

CreyTiabag HER 4 BoIR: Ml Wb nBlecs ot S reea e

fluonescencdingnsityl chnsiderad as pﬂgtl\td‘lﬁgthBbwrddeffﬂm sdtypsedontrols).
and was normalized to the untreated/sol vent control.
(B) shows the dose-response curve for

Figalé 9 {A-@) ShoeskihBS-NPaaisdeddsST BAl)s. hBShiBﬁ»hnelSlmoszEiﬁitM%d on

and F. e S and t 0 itor cel
e Rl as P Rop neln SR 55002 m e sds YeRls ke SEavaticaty
disddemtdt-e. sindie celstfar W@ censebuthieredshyesreasuri ng t he ATP
content per well and was normalized to the
untreated/ sol vent control. (See exanple 9.) Figure 8

F:gBaqof@eﬂeﬁto ahmwseoétbg:amc:wffemlamm @ SyBliPs. Bialldrip3niiRe Blue

stafiiof pBRMD SR e 25 et B m ok BLe PRl T weeks
Thecsﬁianhmg(sﬁ%ed?argéiﬁdﬂ@)a taretl areae (indigarad withemoeal) terresponding

to stz SaRe sy 0 Tl qxcilipll 1 DO @oddnie FrElerleid RE8HE S

cells, line; fluorescence intensity considered as

Figfel] GRS LA TabAPhERR SEBH0L Bl e
fluocasicent proteirGA86 2xamplel 13y M exhstectiorBS- MNBSMRs. i ved fr om hBS
cell-line SA002 in passage 5. The cells were

enzymatical ly
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di ssociated to single cells for 10 consecutive
passages. Figure 10 (A-C) shows ostogenic
woabdsiessmsnt i ati on of hBS-MPs. Mallory Aniline BCWA&P2008/000190
stai ning of hBS-MP cell ling 2.5 cultured in
b-trical ci um phosphate ceramc for 6 weeks. The
Exa#rhplesi ng showed | arge orange to red areas (indicated
Wi Ihf(lrroms) corresponding to mneralized bone tissue,
Examplel anpl e’ 11 Osteogenic differentiation nodel |
Starig matdrialshows transfected hBS-MPs with stable

The dai TifuAi 1S 5 pEasBn CRveinr SisbbhE e RaGerntated
hB&xalsp bechlasShradifféragtiated BBS&bII Tﬁhes Ssuel tnar@alrambe abtairned from

Ce'[?:%@ﬁ '&%g Hﬁ?'la‘?\égar}{?é%%tq ﬁﬁﬂXtﬁg‘ 'IJE ent i at ed

httd:VE&meéll_s.duh.ﬁ@sﬂres@ﬁ@h/ré@ktﬁ/l eéllamnABeua@ e hB8 el lines (SA001
andé?/é%t@:na oﬁg&agapg}e ofrjl éﬁﬁ’oi" 8’5%03@) avaJ%bP rouglﬂeth H_ILI All the

hBtélplinessisedaed hprovdd gnyragiterad btieeldKBtém/Cell Bank Steering

o Aol b S0BY i Buss0bTErd ek ahaorsd BUGEXT

(Japdre. NNH. Al the hBS cell |ines used are approved and
regi stered by the UK Stem Cell Bank Steering Commttee
and SA001 , SA002, SA002.5 and SA61 1 are as well

ThospBo/adll lings HE»)@'béel’&fDerentlif b@@cﬁlnhﬁéipfssleht ihvergisnhave

been fre n esent t.i.on. L
ohgpavicsH BH s §FR eS8 e S SPhing MRt he following:
posttivafor alikalina trosetatayes SSEA-3,SSEAMNTRA 1680, t’nRﬁe1-f80rOct-
neg%&igeill‘olr %%g?{]iﬁgﬁgtbeg%%%ésﬁag%@in%Atetngy 5‘5&’%?8‘9 in vivo (the latter
shoamtbyvtiata}omalfmimltlum inpiatreureydeficient tice).gMbthods\d@ndprétobels as

|.atter, shown.by ter tion in immuno-deficient
pfe}‘ﬁ"dsé¥ Sh?%\lmed%%etaaﬁ’d\ﬁ&)%p&%r@z;s previ ously shown,

Hei ns et aI V\02003055992 ) For the derivation of

BS- VP dlffer | ines were
ror B4R 5h kbS5 B el A Al S0 55 Inds R e s
celldihes had beerz establish€e lahd charactéBzedCat (De!tamsr,gB SBettienburd ISsveden.

ara (izati

e ARRhRREE Sore(Rg o BanéBler SMont Rl i A EhyfDe BPhas
cell$AeH3AB01,ABR, SBAL2.5, ASGH, BA125ASAB6AI8A-ALST Irdb1 had
been carried out as described previously (Heins et al., 2004; Heins et al., 2005;
WO003055992, WO2005059116). The xeno-free hBS cell line SA611 had been
established, expanded and characterized as recently described (Ellerstrom et. al.
2006).

Example 2

Derivation of hBS-MP cell lines and subsequent culture of the hBS-MP cell lines
Undifferentiated hBS cells were removed from the supporting feeder layer,
enzymatically dissociated and plated onto 0.1% porcine gelatin coated cell culture
dishes (BD Biosciences, Bedford, MA, USA) at 1.5 x 10° cells per cm? in hBS-MP
medium consisting of DMEM (high glucose with glutamax, without pyruvate) + 10%
fetal bovine serum (FBS) + 10 ng/ml human recombinant basic fibroblast growth factor
(hrbFGF) (all from Gibco/Invitrogen). The plated hBS cells were left to differentiate, i.e.
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been carried out as described previously (Heins et
al ., 2004; Heins et al., 2005; WX03055992, W20050591
WO2608/08J482 xeno-free hBS cell line SA61 1 had BEEMP2008/000190
est abl i shed, expanded and chpracterized as recently
described (Ellerstr met. al. 2006). Exanple 2
no Mediurathamges br h&abﬂﬂgaﬁ kcklld torfiesh @olture .ensieonmerits fat 7 dags in a

e Bhae 95 eiato R ST i neub a3 GrayiyofBterSgencous
celiaypsnio iirdtdte ngdaszauombfeth&MP cdlisttiesl hBStoellOwaes then passaged
encdRafed ) (BRReG0AP Thasd shoe Lol stiielon P Tigb iR SEgt oo,
Invntregén)m) oewsgedﬂtlnm@atfd di]lt‘En;d c(nktlne;hlrgthlswmen il fdllogling @assage or
10% fet a
narfigrifets AR LT st el Penpel F IS sl sl s
pro¢dutuné-Giay réddted evary @dagsbhm\thé celgmp)ﬂat’tﬁh deparat ddmogeneous
or SRR Uy g B2 8L S e Gy BT ol nes-wes
weremmltumgmmm;sue Mure?ﬂefka‘y&amra BDuBib ektit\r:aﬁd) ?11 ebspilidified at
in ro ,

et ot AL e B CosEen bR e T st

(Gilmdo, hiB&rdgenevdryg 7tdags hBSspiéiratio ofelr €0.t hen passaged
enzymatically (passage 1, pl) as a single cell

suspensi on using TrypLE Select (G bco, Invitrogen) to
Regawmg theaderivatoaotnBS-MRsumarediusbessfully beehicarriedut on issue

cuItB l l Oa}"%;@llaﬁ@iﬁ&%‘?yr%he tp ea?@s % \5@2%? §§ \I/e&rﬁ’lg%teclroggetsd.fpg&ﬁggéata not

sho%ts procedure was repeated every 7 days until the
cell popul ati on becane honogeneous for hBS-M
nmor phol ogy (at p2-p3). Following the initial
Thedahvianeed metheodeps devetofdeBIo s veBS-MR celllired fram tindifferentiated

hB%B'éI litfe ? |sf !agsselﬁsn%\gtgg eaﬁgpc:attlggygb %Ef‘@%@%@ﬁ% which favors fast
growmngynﬂs withlahabjlistezdiadh and Iprofifeyptielin Seldecfre¢ Gidmotayer culture.
We Q%Vé ?%fﬁ%%‘%% eé’oﬁm@?ﬁo\ﬁ/g ?cl?‘ vk %@Wd\fﬁﬂ{é 8 gﬁ{: %ée§ ﬁbuﬁus while

slovbemwmgldtffemnewd aeht typesasefveikas undcffetrerﬁat%ﬂh% aslis are

, t / |
P35 R8s U e Tor St A, o
trangtectibm pectultored eell sartingser subjentive rﬂannesee‘lecmmw of certain cell types,

a .
the MY hoRfaBIENA: BFTiskFlos & A aLlLal ARpRkiRp drdirepteg,
mechanical and/or enzymatic detachment of desired cell types to derive hBS-MP cells.

Consecutive enzymatic passaging as single cell suspensions under the described
conditions reproducibly led to the derivation of morphologically homogeneous hBS-MP
cell lines from cultures of pluripotent undifferentiated hBS cells within 2-3 passages
(Figure 1). The plated hBS cells initially gave rise to a mixed population of various
differentiating cell types (Figure 1a). Each consecutive passage decreased the amount
of contaminating cell types and the cultures became increasingly homogeneous (Figure
1B, C). The hBS-MP cells phenotypically resemble mesenchymal cells, i.e. having an
elongated spindle-shaped cell morphology with branching pseudopodia (or temporary
projections) and an elliptic nucleus. To allow bulk production the hBS-MP cells were
cultured in flasks and were passaged every 7 days at a split ratio of 1:10. At high
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gromng cells with an ability to attach and

proliferate in feeder-free nonol ayer culture. W have
woRoesrd398hese conditions to provide a growt h a#tCamPa®s/000190

for hBS-MP cells while slowgrow ng differentiated

cell types as well as undifferentiated hBS cells are
densltiesiwhanh diae cﬂltwespwer(eaeadjy for ipassEgeecthetHBS-NPecklIs showed a more

elo mt)% oL hé)?o%&e(f: uge élngell'ngjb(jgag&sz{ssgé%g\m?l, the hBS-MP cell
InnesebeldtbeoaxpahdemmasslvelyejrhGtZQO;msagésebéfextetaedecleasaaihl y
| vin | nst ance a step of visual inspection and

proliggl)r/agg?g %HSﬁ? CaPPRAG br enzymati c detachnent of

desired cell types to derive hBS-M cells. Consecutive

TerBlegBls . BERRRIER o BRSVE B fifes sRYPPERR BN it elciiny
anddebustaésso MuttfpletnB S ogl liresl r;avh berog sncszssfuth3deriviédcarid|

corsh GRSt 585 2o Ak SABDE Y F S5 £TASBAT Sprzn
SATEBSSadbl and meho-frke BAGAYe rise to a m xed popul ati on of
various differentiating cell types (Figure la). Each

consecutive passage decreased the anmount of
Duetorthemanpidlogy ared the tfysi @expamsibrt dfehe hBSWIE&ehewaﬂrﬁtially

consBE(oE Rk By SRERPTLY Peon L ERL aiphano o igTitps may

actimdly begnauseadnabrgertie broplastl tbalsﬂmpmﬂ beeh grawth4irraxitivatgd

st ARG RAGUNRR8I BTG Y BT 14 At

poskiBBtyhie petfd)mamanmwwlstamuaag;b Wwith an astitodgrsgevific for hbasmagediei
on r?é’é’ M’eZelp L%(t\ége%mg% e'to#aﬁwm ?aél caéﬁr@n%ld é@%ﬂ fll cgps were human
(Flgyss&a'@mleﬂhe hBS- MP cel | s shovved a nore el ongated
nor phol ogy (Figure 1D). Using this 7 day passage
interval, the hBS-MP cell lines could be expanded
Exampleidvel y for 16-20 passages before a decrease in

ol RS 0P RSP BRT  noNe B 6

In thexxarioHfeget variept ofdbe iphitbéaly FBSdvasabplatewith hivimahisptuen (HS) in

- I f ,
ine S sy i B BEE rOMREES hto oiklher
(Ellegslndrn et SARIDGS, Hmmco&hmm ge&atir6(Fibregert Samrfttancisco, CA)
a1 58 SPOY dondlFh e L BRE BB il o
tisspeheultuseriasksyare iubed farexpansiont With sibdler efﬁdencast gr owi ng

cell populations may actually be nouse enbryonic

fibroblasts that had not been growth-inactivated
To derive hBS-MP cells from a xeno-free hBS cell line without contaminating the cell

cultures with animal-protein all animal derived components were replaced with human
derived or recombinant components. Human serum was used in the culture medium
instead of FBS and human recombinant gelatin was used instead of porcine gelatin to
coat culture dishes. Using these modified protocols a xeno-free hBS-MP cell line was
derived from the xeno-free hBS cell line SA611 (Ellerstrom et al., 2006). Upon removal
from the supporting human foreskin fibroblast (hFF) feeder layer and transfer to
cultures in high density (around 150.00 cells seeded per cm?), the xeno-free hBS cells
initially showed an outgrowth pattern with less distinct three dimensional structures. But
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sufficiently and had been transferred fromthe feeder
| ayer by accident. To rule out that possibility we
wopersiossgsed i nmunost ai ni ngs with an anti body speTIEPR@S8/000190
for human nuclei on hBS-MP gg£l|l cultures. These
stainings clearly confirmed that all cells were human
alref(aEW ggeretwa,pa%'%des the arlﬁhgb‘@lhcefrae KBScMP eellsrmdniefmommbmgncauy
. for rjivati ansi BS- MP, c
incip iguaabisTost herPuRila poieRBngt apbeane TeBdneR e 2
repl aced wth human serum (HS) in the hBS-MP nedi um
rﬁarh serum was prepared and tested as descri bed
Pi%r (Ellerstr met. al. 2006). Human reconbi nant
In mbahamctﬁiiatmgmy iniaonécytochemistryCA) was used to coat
ul ture S_inste of, por¢in latin.
celfect fised Def's Bristo bkttt BSLfem Br1B hliBs at eomemperature
permeebildamrwumm&WESTmnn-\M 100 Nommbetﬁf otihding eas blocked dkéthi10e FBS

. - || f |
in PRSI sclBriatOne Rutilies beipredhp e aitpciEs B o, were
incublatedofor 2@t attes 1Q. evbgmn@omrulswwmclueeﬂ moﬂdcmﬁerprlmmn

n ser.um

a0 P fynEl T S o oA et e delp PSR win the

sanmpbesoioh | aot atgebmttemperasura sSBouble kbe ke e»fpepn”fetltsn\eere carried out

oy YR8 e Sahet pobRatoRT PRy PipoREs sl e BY Fon-
crodsrreattivieessexemndary aptbduiss. UebiffefdnmeteSNEB dell6 End elifferentiagdd hBS

006 val fromth ortin hurran
ool el G 1 PRPE] e fpiRe) polnar S RoRPdeM e or 1o
cultures in high density (around 150 00 cells seeded
per cn?), the xeno-free hBS cells initially showed an
outgrom h pattern with less distinct three dinensional
Tabde 1uAntibedies But aI ready after tvvo passages the arising

(a) Primary Antlbodres

Epitope Clone Dilation Description Source Staining

alp 58S (G bco/l nvit r109en) for '

fetoprateidr y anti bodi es, tabllgG2a, wer ldmgtubat ed for 20h

(Angi ;rrgr;)c. Negative controls were included in which the

alpha- - 1:250 Mouse IgG1  Chemicon Human specific

human

nuclei

alpha- ASM-1 1:200 Mouse Chemicon Mesodermal

smooth IgG2a

muscle

actin

(alpha-

SMA)

B-1I-Tubulin  SDL.3D10 1:100 Mouse Sigma- Ectodermal;
IgG2b Aldrich neuronal precursor

marker, also mature




anti bodies were omtted. The secondary anti bodi es,

table 1b, were incubated with the sanples for 1 hour
wOoabosyossasrt enper at ure. Doubl e | abel i ng experi meaTEPBH00190

carried out by incubating cghls in suitable

conbi nations of primary antibodies, followed by

noncr oss reactive secondary anti bodi €s. neurons
Undifferentiated hES cells and differentiated
PANel | s wek® used i12%hr al Mers&9Glqathemisar post {YW%Oéﬁmthe"a
cytol@atin ve controls. Table 1: Antibodi esneurons. PAN Lu5
1: 200 Mouse 1gd@ Chemcon Al types of epithelia
desé‘?)f‘okeraﬁh desnih18G1- Moy nbuskhemishn conMesodermal
I\/lesodernvso1145014 | 9G K Egeagherin HECD-1 1:500 I\/buse
Zynmed Hupan e |theI|a AP - 1:500 Rabbjt Ig
ECB%'P@W\IeurEQE)rBder 0 asMpuis /o H¥rged MZOH!mBO@p'the"a
GFfpat 1 gG Santa Oﬁsocﬁndoriswrﬂbenanggxo 1: 500NEGRECto8EIMAl;
R & D Undifferentiated cells nestin 25 1: 200 Muse
| gd BD Neuroect oder mal Bi osci ences precur sofsttasyles

HN@ 4 C fuBol: 200 11\9@659 Sephaglr uz Sagtafdraz enthddRemal
b cells SSEA-1 480 1; 200 Mouse_| M Santa Cruz

neng |y 111 eronti A cel eadaba 4 BEDTO 1: JH0ueEstated
| g& Santa Cruz Undifferentiated cells TRA- 1c&8Q
TRA-1-60_1: 200 Muse | gM Sant a Cruz Undi fferenti ated

nestig| | s vi#Rntin vd49%00 Neus&!9 G BBneni con Neuroectodermal

Mesoder nal ; Biosciences precursor cells
Oct-4 C-10 1:200 Mouse Santa Cruz  Undifferentiated
IgG2b cells

SSEA-1 480 1:200 Mouse IgM  Santa Cruz  Early differentiated
cells

SSEA-4 813-70 1:200 Mouse IgG3 Santa Cruz  Undifferentiated
cells

TRA-1-60 TRA-1-60 1:200 Mouse IgM  Santa Cruz  Undifferentiated
cells

vimentin V9 1:300 Mouse IgG1  Chemicon Mesodermal;

mesenchymal cells,
also in early
differentiation

Table 2: Secondary antibodies
(b) Secondary Antibodies

Dilution Source
1:1000 Molecular Probes

Name

Goat anti mouse 1gG Alexa Fluor,gs

Goat anti mouse IgG -FITC 1:1560 Jackson ImmunoResearch
Goat anti mouse 1gGy, 1:200 Southern Biotech
Goat anti mouse IgM-FITC 1:150 Jackson ImmunoResearch

Donkey anti mouse IgG Alexa Fluorsgs  1:500 Molecular Probes

Donkey anti rabbit igG-FITC 1:500 Jackson ImmunoResearch
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mesenchymal cells, also in early differentiation Table
2 . Secondary antibodies (b) Secondary Anti bodi es Nane
wWOoDR0ssBwM Sour ce Goat anti nouse |1 gG Al exa FI ROTAP2008/000190
1: 1000 Mol ecul ar Probes Goaj; anti nouse 1gG -FITC
1: 150 Jackson I munoResearch Goat anti nouse | g&b
As deQﬂBedSaUdi\ibeme hBSomeadell (iaés caund be muimannbg vt & hibBlylprafferative

s 5750 S RSB b o EBS S 3 fntaton
and @rowth drtest cb0I8 béandued i mrurwawemhg fshBS- P cé!Et_dJltures to a
sor RO e el Gt PSR b PR LR tctors
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nmuscl e actin (ASMA) was expressed in
Marker expression in the proliferative state as well as in the differentiated state was
analyzed by immunocytochemistry. To evaluate the differentiation status of the cell
lines, a set of markers commonly used in characterization of undifferentiated cells, was
used. Furthermore a set of early markers for each germ layer (endoderm, mesoderm
and ectoderm) were applied. Immunocytochemistry of hBS-MP cultures in the
proliferative state and in the differentiated state (Table 1) showed complete absence of
undifferentiated stem cell markers as well as ectodermal and endodermal markers
while only mesodermal markers could be detected. Furthermore no epithelial markers
were expressed.

Table 3: Immonocytochemistry results

Immunocytochemical Marker Proliferative State Differentiated state

Undifferentiated hES cells
SSEA-1 Negative Negative
SSEA-3 Negative Negative

SSEA-4 Negative Negative
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individual cells in the proliferative state (Figure 4
A-C). Marker expression in the proliferative state as
wowedsioszs7i n the differentiated state was anal PZEEPRYNS/000190
i mmunocyt ochem stry. To evajuate the differentiation
status of the cell lines, a set of narkers comonly

TRAISE8D I N characteri zat1 orNgfativéldl T T er eniNeghtve cel I s,

s used. Furthernore a set of early ker.s for each
TRGdr 1 ayer (endoderm mﬁ?ﬂi’é’?’ﬁ’n and ec?ﬁ?@? € were
Octappl i ed. | nmunocyt ochemnipdgativef hBS- MPNedhtivg es in th

roliferative state and in the differenti a%ed state
Narogapl e 1) showed conpl ethe9@¥&nce of uMNgORHS enti at ed
stemcell markers as well as ectodernmal and endoder
rkers while only nmesodernmal markers coul d be
ECtgg?EEt ed. Furthernmore no epithelial narkers were
Butas@inessed. Table 3: | mungpyit@chem st rwegatd ts
'Ibgnunocyt ochem cal Mar k?hﬁ Proliferative State
CF¥fferentiated state UndY§9aliYenti ated N8R | s SSEA-BL
Nedi@gat i ve Negative SSEA- Ndyeiaé i ve NegahNeyativeSEA- 4
Negati ve Negati veTRA-1-60 Negative Negative TRA-1-81
Negative Negative COct-4 Negative Negative Nanog
Enddfrin ve Negative Ectoderm bin tubulin Negative

ative GFAP Negative ative Nestin tive
Hng'gat i ve Endoder m HNF3- 'k\ﬁ ive Negaf\léggﬁ"e
alpted-ficprbteiropire) ei n ( AFP) Néagaité ve Negat Negafiesoder m

Mesoderm

Vimentin 100% 100%
Desmin >95% 100%
alpha-smooth muscle actin (ASMA) <5% >90%
Epithelial

E-cadherin Negative Negative
Pan-cytokeratin Negative Negative

Human specific
alpha-human nuclei 100% 100%

Example 5

Differentiation and tissue formation in vitro

To remove mitotic growth factors in order to allow in vitro differentiation of hBS-MPs in
monolayer culture, bFGF was withdrawn from the hBS-MP culture medium and FBS
was replaced by SR (Serum replacement, Gibco, Invitrogen). The celis were then left to
differentiate for 14 days in a humidified atmosphere at 37°C and 5% CO,. Culture
medium was renewed every 2-3 days.
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Human specific al pha-human ficl ei 100% 100% Exanpl e 5
Differentiation and tissue formation in vitro To
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emipextiiedrim a@lwge goentédyl oédléfuge exttacdiyar. malkiz ( BEM) piithin the tissue
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tusspdaeatbbltec(a;bfgh)EQMttowl taticoher ent and coul d be handl ed
with forceps w thout being damaged. The spheres were
enbedded in paraffin, cross-sectioned and stained for

Followigditfergntiatiooimsitrophe hBS MR atliuwes weret dgairs eedluatad using the

aboé@ %\Q%‘%lb%drb%ﬁg '?r?é?ﬁegs! §ﬁ1t’n¢? é@&r?ssﬁcﬁ# mhg téé?%coggo (Terh]lag?nd

arge quanti sé extrace
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e e DA Al ol o AR LB Ao bBo TPREIE: pl P e
interestingly ASMA expression had increased significantly so that now almost all cells

were also ASMA positive (Figure 4 D-F).

Example 6

Dedifferentiation of hBS-MP cells

hBS-MP cells were enzymatically removed from the culture dishes using TrypLE Select
and seeded onto a growth-inactivated mouse embryonic fibroblast (mEF) feeder cell
layer in VitroHES™ medium (Vitrolife AB, Kungsbacka, Sweden) supplemented with 4
ng/ml hbFGF. The co-cultures were incubated for 10 days in a humidified atmosphere
at 37°C and 5% CO,. Culture medium was renewed every 2-3 days.

To evaluate whether hBS-MP cells could be steered back to a less differentiated state
by the same signals that maintain pluripotency in hBS cells, proliferating hBS-MP celis
were transferred to the traditional mEF feeder layer supported growth conditions for
undifferentiated hBS cells.

Even under these conditions no evidence of de-differentiation could be found. The
hBS-MP cells rapidly formed a confluent monolayer while maintaining a mesenchymal
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Following differentiation in vitro the hBS-MP cul tures

wer e agai n eval uated using the above descri bed panel
woabosmesdsars. Still no expression of the teste®#CI/EP2008/000190

ect oder mal and endodermal ng kers coul d be detected.
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6 Dedifferentiation of hBS-MP cells hBS-MP cells were
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histolpgicanamtlgsiswi t h 4 ng/m hbFGF. The co-cultures were
i ncubat e
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erentia s e .
pla e Dfticklly SiaeRd EmrE e ey caP B pER G S BéverBiqombined
immunoldefieieat inivg (CHS1KRcrCelScid, Bhagles Rives Laboratbries, Géenany). The
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cargreklabaratompbniorgidiol ogy. No cells with undifferenti ated
hBS cel | norphol ogy coul d be detected and
I mmunocyt ochem cal analysis with the undifferentiated
ThettBBSue shinpleaveee fixédtin-4Y psEidkmaldehpde %IAHdn fob 24 urs and
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sarkhfy 450t 0, 55 SR ERALRY B8 bl ARSI ncer
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(SpQ&tﬁjér? ﬁeg néjoeerleot Q?al lﬁhﬂ\%ﬁ%eﬁgg%‘cuﬂ)ﬁAOVys?s Yéﬁ‘:ebéwﬁér% Gsr%verf USA)

was used to exclusively label human cell nuclei as described previously (Gertow et
al.,2004).

;-um

To examine the differentiation potential of the hBS-MPs in-vivo and to assess the risk
of tumor formation after transplantation, clusters of hBS-MP cells were injected under
the kidney capsule of SCID (severe combined immunodeficiency) mice. After 8 weeks
the mice were sacrificed and the kidneys were surgically removed. In each case the
injected hBS-MP celis had given rise to 1-2 mm oval tissue structures with sharp
boundaries under the kidney capsule. The tissue formed by the hBS-MP celis was
macroscopically clearly visible, but very small compared to the massive teratoma which
develop after transplantation of small numbers of undifferentiated hES cells (Heins et
al., 2004; Heins et al., 2005) and reach an average size of 1-2 cm within 8 weeks.
Obviously growth of hBS-MP cells after transplantation is very limited. The samples
were embedded, cross-sectioned and stained for further analysis. Histological
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I mmuno-deficient mce (C.B-17/lcrCrl-Scid, Charles

Ri ver Laboratories, Germany). The mce were sacrificed
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replg[:grﬁgﬁctﬁerggy EgﬁéeirJ'niﬁg ?at,shs)c?ncei, Hu%clg%m and cartilage or for

degenerative diseases, acute injuries and plastic surgery.

Example 9

Use of hBS-MP cells for measuring cytotoxicity

hBS cells were dissociated into small cell aggregates and seeded into 96-well plates
(Nunc, Kamstrupvej, Denmark) in 1004l Test medium containing Knock Out DMEM
supplemented with 20% Foetal bovine Serum (FBS), 1% penicillin-streptomycin, 1%
Glutamax, 0.5 mmol/l B-mercaptoethanol and 1% non-essential amino acids (all
Invitrogen). hBS-MP cells and hFF cells were dissociated into single cells and seeded
into 96-well plates in 100ul test medium.
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confirmed by Alcian Blue/ Van G esson and
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dilutions were then given to the test medium to obtain the final test concentrations. The
DMSO concentration was for all tested concentrations 0.1%.

The IC50 values were obtained by fitting the four-parametric hill function to the data.

All cell types showed a toxic reaction to 5-FU and no toxic reaction to saccharin (data
not shown).

Comparisons of the IC50 values showed that the hBS cells and hBS-MP cells are
much more sensitive towards the substances 5-FU, ATRA and 13CRA than the hFF
cells, figure 7. The progenitor cells hence may represent one more easily cultured hBS
cell type enabling larger scale culture with enzymatic passaging while maintaining a
higher sensitivity to toxic substances.
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ED%nTmﬁeMawem]stamdmh GP105-BE ArcalloBawart, MN)o £9166-F5C
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Dickiggass, GRb¥EOPE (Bssztoa DigRono PR - 6PﬁwBaﬁ9n rl;bcltlr@@nb and Stro-
1-PE8&hth Thus BicternBRGY NS4 CRUA TA)SROYESt 10.000 events were

acquired for each sample using the FACS Aria flow cytometer and the FACSDiVa
software (Becton Dickinson). The 488 nm argon ion laser was used to excite samples,
with emission being measured using appropriate band pass filters. The cells were
acquired and gated by forward (FSC) and side scatter (SSC) to exclude debris and cell
aggregates. Dead cells were excluded by gating on FSC and SSC. To calculate the
percentages of cells staining positive for each marker, a maximum of 2% positive cells
stained with isotype control antibody was allowed.

Results of Flow cytometry analysis
The hBS-MP cells lines consisted of a homogenous cell population were <99% of the
cells expressed the mesenchymal stem cell markers CD166 and CD105 (Fig 8 A, B). In
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e Scatter exc r-s an

cultured in DMEM-LG, 10% FCS, 80-uM ascorbic acid-2-phosphate (Wako Chemicals,
USA) and 100-nM dexamethasone (Sigma-Aldrich). On Day 11, the osteogenic
medium was further augmented with 2 mM R-glycerol phosphate (Sigma-Aldrich). After
6 weeks of differentiation, the ceramic cubes were fixed in Histofix™ (Histolab products
AB, Gothenburg, Sweden), dehydrated with increasing concentrations of EtOH,
decalcified, and embedded in paraffin. Five-micrometer sections were cut and placed
onto silane-coated glass slides (Superfrost Plus, Menzel-Glaser, Germany). The
sections were stained with Mallory Aniline Blue and Alcian Blue van Gieson stainings

and were then observed with a light microscope (Nikon).

Results
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aggregates. Dead cells were excluded by gating on FSC

and SSC. To cal cul ate the percentages of cells
WO20@/08398¢ positive for each marker, a maxi mumPOT/EP2608/000190

positive cells stained wthygsotype control antibody

was al |l owed. Results of Flow cytonetry analysis The

Exdnidbatidn of skettionsiofidse kBBIMP tedingf 2.8 stamsageitroMallag |Aniline Blue
% 0 xpr.essed t

stafRB B R o8 lnceds 1] kb pTessat B s Bl poge gssue.
Thele dgas hatctbetsamsthistdlogicanabpebeaneatas atabdcui&are! dtaihed edth

i splayed a si.gnificantly. .l ower ressiop o ese
ey Bofée Buip 3o, a8 sebue Rt Rl e fvelonltigiBiue van
Giedbtre staBiidyBemehstratingdie fack ohsulphatdd prdteaycanp chaaictenistic for

g<751‘¥{)FJ of ,CD10, CD13, and Stro-1 , while the
Canljﬂ%ﬁ' g?eem'i ated hBS cells had a significantly | ower
expression (25% of these surface markers (Fig 8 CGE).

E Onll}é smal | popul ati on of hES-MP cells were positive
X3apet e progeni tor markers CD133 and CD1 17 (2.2% and
Meseriéhyraalpmoigeniton ¢elishdériveal framdeBS pelbsitamn beruset dslfeeders for
hB%dhfferenti ated hBS cells were positive for these
PKers (70.3% and 60. 2% respectively) (Fig 8 F, §.
hBEkBsph paddagest ambavove Hdive beer mdsted foo thenatldy tdCsuppertdiBS cells.

CoffiAlE os i RTIE 1ARLEHS RSl R 3B s s
treatedwitie MiterraroincC thu2thcandlintdreer tdiprevént the clis frameudidres
olffio B0 i LghaEE TR 5 A0 e PP 20 e
disheamb @ctel deysityyfran 01000 eslls percmids 140 0RO caNmpérromf ThehBS-
' [ it 30- .
P} AR er R A o S S il b R ol Bl gecaing
100%aclthenngestiem atas depleced witte WittohES midiomepltis N0 siginitbF&F.t 0
A T T A
258k egBFR T 108 R B PR e LB ASAEL Tp6sRRGGene
were_@dihert reeq:tmnmwaﬁs_ageansﬂiesqmed to singjéml_dﬁ émplboyingenaymes
sl S EDEBeE EREHBXSIL Ble il Boh AL Y o o
mech@ppatipasshged gmeloyinguie seltoar Redensgfigurs 9s PeatiB8 delESretdined

o0 2 & A9RGB

as d.g0c¢rfectin coating, facilitating exit of air bubbles
to increase infiltration of cells into the cubes. The

cel |l | oaded
Example 13

Transfection of hBS-MPs

hBS cell cultures were enzymatically dissociated into single-cell suspension using
TrypLE select (Gibco, Invitrogen). The cells were transfected using a transfection
device giving stable integrated clones. The cells were counted and pelleted for 5
minutes, 400xg, 20°C in a 15 ml centrifuge tube following re-suspension of 5x10° cells
in 10 ul resuspension buffer R (Digital Bio Technology) or 2x10° cells in 110 pl kitV
solution (AMAXA Biosystems). 2 ug plasmid DNA was added and the cell-DNA mix
aspirated into a 10ul MicroPorator pipette tip or transferred into a certified cuvette. The
MicroPorator pipette was inserted into the MicroPorator pipette station and
electroporated using 1350V, 30ms, 1 pulse parameters.



ceram ¢ cubes was placed into an incubator at 37C for
2h and were then cultured in DVEM LG 10% FCS, 80-nmM
wOoas@swskise aci d- 2- phosphat e (Wako Chemi cal s, UBEGY/ER2@8/000190
100- nM dexanet hasone (Si gmagg\l drich). On Day 11, the
ost eogeni ¢ nmedi um was further augnmented with 2 nv
Aftdr-té polee odellp vespyerttly t(dpistomedAhtdr0. T porohid gslatin vetdd celf

culf < PR BT ploP Rl BRSRb T U Ee T il o mpre-

warbveetieBs-MRImlediimat@disting lof DMEN gignglucestcwith glatantaxs without

Et OH, lcified, and din paraffin. . .
Py TR 1 Bfedrel R Pl BB SR gh icBimoinanyoasic
fibreblastrgewihefbetdr (NraRGF s(all flem Gibaptmvitragshn).Pl us,

Menzel - d aser, Germany). The sections were stained

with Mallory Aniline Blue and Al cian Blue van G eson
Figetead Inshogs HBBIMRBarexptdssimgabs @uoredcenit ploteinlaftghtransfection.

m croscope (N kon). ResultsExam nation of sections of

the hBS-MP cell line 2.5 stained with Mallory Aniline

Bl ue staining showed | arge orange to red areas

corresponding to mneralized bone tissue. These areas

had the sanme histol ogi cal appearance as trabecul ar
bone stained wth Mallory Aniline Blue staining. These
sections were further negative for Alcian Blue van

G eson staining, denonstrating the |ack of sul phated

pr ot eogl ycans characteristic for cartilage, figure 11.

Exanpl e 12 Mesenthymal progenitor cells derived from

hBS cells can be used as feeders for hBS cells hBS-MPs

i n passage 4 and above have been tested for the

ability to support hBS cells. Confluent or close to

confluence T-25 or T-75 flasks containing hBS- MPs
cells was treated with Mtonycin C for 2 hours in
order to prevent the cells fromfurther proliferation.

The cells were dissociated and seeded into gelatin

coated dishes, e.g. IVF dishes at a cell density from

70 000 cells per cn2 to 140 000 cells per cnR. The

hBSMPs cells were seeded in standard hBS- MPs medi um

and 24 hours after seeding 100% of the nedi um was

replaced with VitroHES nedi um plus 10 ng/m bFGF. 2-5

days after seeding the hBS cells were transferred to

t he di shes. The hBS cells
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wer e either mechani cal passaged or dissociated to
single cells enploying enzynmes such as e.g. TrypLE
wO03eisas3987 The hBS cell s were then consecuti vel PCEIEPR@B/000190
enzymatic or mechani cal pasgpged enploying MP cells as
feeders, figure 9. The hBS cells retained their
Item®r phol ogi cal characteristics and expressed the
1 S5PE e LR TR sSosthEr o S0) oIS rom
hurearz brla’a?bysﬂdléyve:ﬂl stemn(zg_sgedelisnfvae@':mgl e- cel IThsusplelnsi on
using TrypLE sel ect co Vi gen) . e ce
were transf ec?@aa{}éor{bogsﬁq 8%@90@8[5%8‘3' Realxe E‘if\ﬂ‘f? sttwo
st abl e i nt egr miaekére fezatisg willh endifféleatiaved @BSaeans,ed and
pelleted far 5 m es,. 400xq, 20C.in.a 15 ni
centrifuge "5 u tele?%ﬁt()({?s/\f’fn '&%‘grs‘f??b@ﬁ'gp Shnesiatiig forgd least one
E:I_el Ihs : n 1;) nha;mu&mg 'ngiwlilh tlhnlé?idermaq Eh:?i\gbal Bit 0
echnol ogy)...or, 2x cells i m . Kki solution
(avma B ou)ogtfast 0% fsaif stlhobbiaeih imaconibR et ah Fstene
cel | -DNA m X mapker adating with the BEddbddvihnal lirézigaf or
pi pette tip.or, tr ferred into a certified guvette.
The M or opofattdrasiiomet Pleiuedl dredieffa s pestiveriel &t 1edst one
M cr oPor at or piapetr reactihgwiththeamdsederoial inageainedhe sianker
1350V, 30ns, pul se raneters.After the pulse, cells
were gently t FiepERrBE R UTshuaeREPEimE: Dol at i n

coated cell culture di Islhes (BD Bi osci ences, BSdLord,
: 104, . ng i BS:
2. oot o] botlatbmaeSoi et Byt LB Ca Huch f anfest
QO%Vio}f knjdlﬁzlpy%pwatog)is iihegﬂ%affevt alledfs{t)sirohsaehowmg Fr&ﬁ)er: (l;?zﬁbting
wint hfacss e 85 28 SHm Sorerod el Argtpd Q-4 RBidancs.
hBS- MPs expressing red fluorescent protein after
R R s e P
80% suenahbtieasiOPsd eftkaid velhbaputating BBgatied s at idast twofmf the
. % . t or .
ordid 5300erE ety b bR B REREL BB L st

hBS cells; ii) at |east 80% of said cell population is

4. " egﬁgél}'ﬁ%éu?{tioﬂtaclcgr%ﬂg {3 %%y%?m%eﬂreéeeo%é iité}gs,\%htepeiﬁ E? least 80%
. ectoder I'neage;
such as at least 90% of said cell population is negative for at least one of the following

markers reacting with the endodermal lineage; HNF3-beta and AFP.

5. A cell population according to any of the preceding items, wherein at least 90%
of said cell population is positive for at least one of the following markers reacting with
the mesodermal lineage; vimentin and desmin.

6. A cell population according to any of the preceding items, wherein less than
20% of said cell population is positive for the mesodermal marker ASMA.

7. A cell population according to item 6, wherein less than 10% of said cell
population is positive for the mesodermal marker ASMA.
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iii) at least 80% of said cell population is negative
for at | east one nmarker reacting with the endoder nal
WOolRhoseagpsy iv) at | east 30% of said cell popul 8CTaR2008/000190
positive for at |east one ker reacting with the
mesodermal |inage and the marker being selected from
8. Vi neiell poputstiochescbriingto ahy@tte grepeding itens agveneidian als080%

ofseld i popi B0 et 2 o Egarramn B Becinudn oetpigate.

followi ng markers reacting with undlfferentlated hBS

cel]s,; , SSEA- 4, Tral-60 Tra o
9. Narfge!! BOPUBHE S itele Aiasr b pasbof ul an g bt 90%
of sialuecell rpeggldn?rg,sl r’cegafﬂveI fldnet lebst ate df@l@éfoll&ﬁ)ﬁfy mh?res*.eadtmg with

1 east 90% of  sai e tlonls negative for at
epnt}ngl}igel%,\é)qﬁdh{a% ap P?B\RI)BWE Pkers reacting with the

ect oder mal |ineage; beta-tubulin, GFAP, and nestin.

s R AR WA 5 ATl BTG e

to gﬁwl ribectolal progeny dﬁlli(;)@pulaﬁomel@ﬁreln at feast 83% loesait pﬁdgéancell
i rkers reactin

t foll ow n nd
poauraﬁsagsewﬁwmﬁ%?rb D8, b e =8 St RaitIntebas T KRG markers
reactingovith thg niesodeymalflinedige; pinssrgiel] desnhih cars] ASKAr ei n at

| east 90% of said cell population is positive for at

| east one of the follow ng markers reacting with the
11. mesddelt paguldtionergerding towmlyioh thenste ckedimg item$ . whisreialdt least 80%

of sBRAAIPRPABUET SRS B Bl o TiracipfoBLs fibiel fobBSbrie
monphellogy wahfemhgtateel smﬁnniemndd gatl Nk phA&dPwitHY brahchiag |
ording to item6, wherein |l ess than 10%

Pseﬁag@ adar& ?ne@wﬁjn 6n is positive for the mesoder nal

mar ker ASMA. 8. A cell popul ation according to any of

the cedi i tens ere at_le t 00/
12. .0 A BE St st dRingl 1B ERY ob 1! nrg Etig R FruafStHé Sofental o
form staundtuney ofohé oemiotdieserchyrial Bssus aﬁd/oetlisupaxwk/ed from
| east 80/ such as at

meﬁaecgﬁw%lggs%? n Vté?%na’c?‘gf’me"g‘g"'u?a? |ton is negative for at
| east one of tlhe foll ow ng markers reactgﬂgr\é\nttﬂ
13. 2P A PP adbiihiaBroiEd0 8in, s MR SR i eteme®

conne@wetlsmau ng the potential to give rise to a progeny
cell popul ation, wherein at |east 80% of said progeny

cel |
14. A cell population according to item 12, wherein said structures resembles

cartilage, tendon and/or smooth muscle.

15. A cell population according to any of the preceding items, wherein said cell
population does not de-differentiate.

16. A cell population according to any of the preceding items, wherein said cell
population does not give rise to teratoma formation with all three germ layers present.

17. A cell population according to any of the preceding items, wherein said cell
population can be cultured without any feeder cells or conditioned medium present.
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popul ation is positive for at |east two, such as at
| east three of the followi ng markers reacting with the
wonesadasmal | i neage; vinmentin, desm n, and ASRBI/EP2008/00190
cell popul ation according tgany of the preceding
items, wherein at | east 80% of said cell population
18.shoAsell h@ptﬂalidnmdcugiutgmrmtoetﬁaﬁrbcednag itgrps,crtierein said cell
fibrohl ast - ol o wi t h el ongat ed
porylitht et BR bl PPN Dy "wit h br anchi ng
pseudopodi a and an elliptic nucleus. 12. A cell
pop Lon ccordln Q any t he edin
10 prR 681 bR BEPicEpfhd § Pt e difedhCions et i
poplmtailen«:bgtﬂalpab!;agﬁdeﬂ aasptif ratio bf $90e deri ved from
mesenchymal tissue in vitro and/or in vivo. 13. A cell
popul ation according to item 12, wherein said
20.st rA:célUpmJlatemmfobm@tbrwwtdfm grecedig itdvs, wheteihlsaid cell

porlidh L r8 GGl Beebing brlbasrrlli Pk AR i msionce

thamnmulurefbﬂrﬂ)last\celsll popul ati on according to any of the
preceding itens, wherein said cell population does not
de-differentiate. 16. A cell population according to
21.anyA céll pd:m:laptioacasdbndfg\g toétem 20ivereesin saidicdll pepllation is at least 2
0 t L& L oterato formati.on
g P TOEN S B8R Fiafs 1R ol Eaeidhied Than, BefFe BRoblast
cellpopul ati on according to any of the preceding itens,
wherein said cell population can be cultured w thout
any feeder cells or conditioned nedium present.18. A
22.celA cglbmpwatiooracacndmgdbrag\ytobtrwgrecﬁdlmgwimms,ewrtedélngald cell
e ed
porlefl i3 4 G ARauloiRABHR S5 FA Biefetubyiigee
effet:bofamwhstartclae precedi ng itens, wher ein said cell
popul ati on can be passaged at a split ratio of 1:10.
20. A cell popul ation according to any of the
24. pr ek eell pepulatemsaccoldingdiitessl2] wherdin paidsubstance issallrteams-
retirﬁébg’bem in detecting or neasuring the toxic effect
8°'Substance than mature fibroblast cells. 2 1. A
cell population according to item 20, wherein said
col . e .
25. Ger's PP AP BER hobSrof b BRTbr e BRI o 18
fi brobl ast

26. A method to obtain a human blastocyst-derived stem cell derived mesenchymal
progenitor (hBS-MP) cell population, said method comprising;
i) plating of undifferentiated hBS cells onto a surface;
ii) incubation of the plated cells for between 2 and 21 days, such as for 3 to 10
days, to allow differentiation;
iii) enzymatic passaging to a new surface;
iv) repeating of step (iii) until a homogenously mesenchymal morphology is
obtained;
v) optionally, culturing the obtained hBS-MP cells obtained.

27. A method, according to item 26, to obtain a human blastocyst-derived stem cell
derived mesenchymal progenitor (hBS-MP) cells, said method comprising;
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cells. 22. A cell population according to any of the

preceding itens, wherein said cell population is as
woehdsissmnt as initially undifferentiated hBS eelr/E®2008/000190

detecting the toxic effect a substance. 24. A cell

popul ati on according to item 22, wherein said

subst ance iis plhting 61861&Iymbiid‘,wiy;d1'ssﬁeibthd Lﬁﬂéﬁeﬁerﬁ'&iéd hBS cells

opul ation accgrding to any of the preceding itens

ge?ng xeno-fr%@?az%e.qa%?f’@f $rte5eobt ai n a human

bl ast ocyst -ijleincutealiontot thecibleddens foedt I@ast?déwah Iozlallow
progeni tor (hBS-MP). cell popul ation aid net ho ]
Conmr1si ng: |1 TRieaietaR unt g B e Eioag RS el es ocour
onto a sur figcenzymaticisimgiededli uBpeisidrhpagshging do adlesgdiatin
between 2 and_2,1 days, such as for 3 to 10 days, to
al | ow di f f er ef38tEY %l%a’ce-r ii) enzymatic passaging to a
new surfacle\z) iep)aaﬁr&jh)@fwl?mgn)@fnglsef E@né@édoﬁgméelnglﬁym?l
honbgenousl y nesen mal _norphol ogy 1s obtained; v
optional |y, cWPfﬁ\‘%ﬁ’é 't plya Bai ned hBS-MP cel |'s
obt ai ned. 2Y. ogtiomaly)darthea ¢Qkuird ion gbtamed thB8-MI, cdlls.
obtai n a human bl astocyst-derived stemcell derived
mesenchymal progenitor (hBS-MP) cells, said nethod

28. commeshatbadchrdimgatol itegn 26 oe Pz ywiredreinalol selabitiss ot tellsasldone in

tor) iffgr?nti ated hBS cells onto a gelatin coated

Se%ﬁ'll faé'g Vi ) incubation of the plated cells for at

| east 5 days to allow differentiation until outgrow hs

of het erogeneous cel| t S, OCGIAr,. Aol 1) enzymat.ic .
20.0; ATt Feea it ey oS Ja st 8 whell b Gtife medium
used datieabes tiiaa groupvonmpeisiat batchodfimitee: o, Mitrahes ih Mitrohes™ with

no enchymal nor phol o I S obtained; v)
oF Gl T P R TR et o o of b

op cul ture of obtained hBS- MP cel | s.
28. A nethod according to item26 or 27, wherein no
30. SelE %e't?%li é)cfco&:%d  itetn 98 RSt o'bpaining hBS-MP cells, said method further

eliminating the need of co-culture steps, cell sorting, manual selection, or transfections.
31. A method according to any one of items 26 to 30, being xeno-free.

32. Use of the cell population as defined in any one of items 1 to 25 and/or obtained
in item 26 to 31 for use in the drug discovery process.

33. Use of the cell population as defined in any one of items 1 to 25 and/or obtained
as defined in any one of items 26 to 31 for studying drugs with potential effect on
mesenchymal cell types.

34. Use of the cell population as defined in any one of items 1 to 25 and/or obtained
as defined in any one of items 26 to 31 in in vitro models for studying genesis of
mesenchymal tissues, such as, e.g., early cartilage or connective tissue.

35. Use of the cell population as defined in any one of items 1 to 25 and/or obtained
in item 26 to 31 for studying human degenerative disorders.
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step (iii) and (iv). 29. A nethod according to any one
of items 26 to 28, wherin the culture nediumused is
wocehas#ssesfi r om a group conprising, but not |in PEew/EPRI08/000190
Vitrohes(tn), Vitrohes(tm xth bFG-, and hBS-MP cell
medi um 30. A nethod according to item 29 for
36.0bt @sebhie chﬂSEMRJIat&iri asf defined u}"mﬂi)h@da dfuteirizer tc»I 2|5 and/or obtained
m.nating t nee co-cul ture steps, ce
as@e(f Pﬁbanwg?\%gfet &:P or transfections. 3 1. A
for Bt xRitg tstinglg t o any one of itenms 26 to 30, being
xeno-free. 32. Use of the cell popul ation as defined
in any one of itenms 1 to 25 and/or obtained in item 26
37.t 0 Gsdof the culb populatidneasidefiped iirsamyerie/ofifeatet 2533nd/d1l8<§bta|ned

. .of | |, | at.j d
m i§m 3955 BB Ra S RAPRane PrP Rl TR o i e
hur@4n tpec&slwherelﬁmudgsbagenhmnwd hetp@ticﬁfttflt@lhc@ffbeia:ettJmnance
t opul ati on
and B e etk el RaRiy Shinestel 15 perBamaR arsh oty
based onefduédman cehyypese of itens 26 to 3 1 in in vitro
nodel s for studying genesis of nesenchymal tissues,

such as, e.g., early cartilage or connective tissue.

38.35. Usisim af intvite togicity asxaylagtordingas itdef 3miadn vitroaowiciyressays,
nd/ or obtained in item?26 to 3 1 for

hof. [ ensdl.to 2§

w eg?'lrfotb?ﬁﬁ BRI YR & Ker at i ve disorders. 36. Use of the
cell population as defined in any one of itens 1 to 25
and/ or. obt ai as. def

0.3 T e o eBRE Fesv ey ing R 43 L bngiet e Bk 2

visyatiped by resazarin chelfverséah.i n any one of itens 1 to 25
and/or obtained in item26 to 3 1 inin vitro toxicity

for the detection and/or prediction of toxicity in the
40. huntese mpEeCinedro tokieityeassaly laecardg\to dtamlid 8 svhemirethe toxicity is

icity for a substance and/or nore
V'su%‘f &f’%gﬁlf’ﬁaée{‘ﬁ%?%!y%‘%x. city conpared to non-hunan
assays or assays based on adult human cell types. 38.

UseUéé]ofa\ CQI éé)(élfl;ﬁ othogg eﬂhéd * \A%rgy%nlaeﬁ Cf?t{egr{snp%)p%i éﬁc%n o?bzalned

inTh VI CT Y HsSa e en
as definet oxamy. orﬁgof itgses 261toeB1l inmegererative axedicing. assay

according to item 38, wherein the toxicity is
42. Use of the cell population as defined in any one of items 1 to 25 and/or obtained

as defined in any one of items 26 to 31 in medicine.

43. Use of the cell population as defined in any one of items 1 to 25 and/or obtained
in any one of items 26 to 31, 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 mesenchymal tissue.

44, Use of the cell population as defined in any one of items 1 to 25 and/or obtained
as defined in any one of items 26 to 31 for the manufacture of a medicinal product for
the treatment of connective tissue disorders.
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vi sual i zed by resazurin conversion. 40. Use in an in
vitro toxicity assay according to item 38, wherein the
WOR0s/8898y i s vi sualized by ATP content anal ysiPST/ER2#08/000190

Use of the cell population defined in any one of
items 1 to 25 and/or obtained as defined in any one of
45.1 t ese @ftht @eBpdpulatidnegedefinad iirvitenTa do @6 d/of Dbtdilsd @f defined

. the cel| population.as defined ip any.one of it 1

in ay 00§ o4 e Lo45 LATLRS menutatTireal's Frelihab R el of Biso

predéntion add/or treatmeht of 6ennedtive tissae disordees.cel | popul ati on
as defined in any one of itens 1 to 25 and/or obtained
in any one of itenms 26 to 3 1, for the manufacture of

46.a Mgsk 6f thalcel popliationf ¥ défined i &vieorie offitensd! ©r 25 and/or obtained

a5 GHEHI BeOTRb IO 20 A ORI MorRE aAlaTeRY o 2

groQp compaIed W hot linsitadeto, vbndkdegtesf mybeytess lahd psteokyes.on
as defined in any one of itens 1 to 25 and/or obtai ned
as defined in any one of itens 26 to 3 1 for the

4a7. nr?nluéeast thté eedpopul i 43 mingpnroai%cbne‘ @fﬁteh?ﬂt tﬁfﬁér:iflﬂﬂt obtained
.cQnnhectli ve I.] SsSuU 1 SO e . . e.o e.ce .
as GHi0EA N1 ononeoflsrra2a 8 31 %l SRiing imase St e Canegtive

tissaé cdf.i ned in any one of itens 26 to 3 1 for the
manuf acture of a nmedicinal product for the prevention
and/or treatnent of connective tissue disorders. 46.
48.UseUsd oft the cekpbpuiatiun i dedinedn aief drveesf ilemsanio ZBandiér obtained

oo 45HE 3 oo Se B T SR otle? o
froma group conprising, but not limted to,
h ) t . tes,. . .47.. Us f
a0 SR e A S RS PSR B
to %rufﬂd(lm %bhﬂ@d\ﬁldéf‘tmedeh'ﬁ :anyedrt\é of iaag}s 26 f ctx?mﬁm : @26 to 3
1 for studyi, ur on,t.owards connective tissue
s ligegpedy BBsdde

cells. Is’popul ation as defined in
any oneiipbne vremerelcuitore2Mmediadétrsen iffoai @ grbupscotiedrisimgobutmot

any one.of ite SRR f aw  obtalni L
car di on;vg'&tﬁ?i%.r{ﬁtﬂé].es#l}ﬁq&}e r ‘H@? F’@PEg@%‘M%F‘B" medium;
cul turi iig on85r Mere slitableasnayefesnantd i n any one of itens

1 to 25.and/.or obtai ned . a efined in any one of itens
26 to 3" oeﬁ?ﬁ)aﬂly’s?r]w'&sﬁ'i‘st'oﬁﬁ%ﬁ‘fsPerenti ated hBS cells;

50. A kit for regenerative medicine:
i) hBS-MP cells as defined in any one of items 1 to 25 and/or obtained as
defined in any one of items 26-31;
ii) optionally, factors for driving differentiation in vitro and/or in vivo;
i) tools for administration of the cells to a patient or cells in an form
suitable for administration such as in a ready-to-use syringe.

51. A progenitor-cell based kit for detecting toxicity in human, said kit comprising:
i) hBS-MP cells as defined in any one of items 1 to 25 and/or obtained as
defined in any one of items 26-31;

ii) (optional) positive and negative control substances;
iii) one or ore reagents for detecting and/or measuring cytotoxcity;

iv) (optional) an instruction for use.
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ii) one or nore culture nmedia, chosen froma group
conprising, but not limted to, Vitrohes(tm,
WOVhas/osbasg(tm) with bFG-, hBS-MP cel |l medi un PCIT)EPRID8/000190
or nore suitable enzynes, agg iii) optionally, an
instruction for use. 50. A kit for regenerative
Claimsgli cine: i) hBS-MP cells as defined in any one of

1. H: o%%fng?%?\cﬁxnrﬁél f %%ﬁpi%)&%?to? g'@%gih@ ec%]lipgpﬁ@?{wgggriv%fd from
hur?hrf blagtepys:talb'rimq $ten1\/(€BtS¢carsd)|0vbereim Vi voi i it) t ool IsI
or admnistrat,io e.cells a patient or
0 an for s Rt R Etb TSR i e B B dle B of gk Pwo
][eadé- : 0- ::J_SG srtﬁrk'e!ng_Eegacﬁr_wglwith\updiﬁgrenﬁadteﬂ _htBSI d(;allkx?_sednki t
or detecti, 0Xi n. hunan id.Ki i ;
1y nBs v a8 pLsR ek of id Pl ey kA i qef AR £ e ¥tne
and/ or obt ai nedrias reteting edthiectodesma ieeade; i tlerrs 26- 31;
i tional i oAl : t V. t
Lot S LA, 1883 o PS8 ROl ot one
fand{ or {rpaswfr inlag<ea:yeamtiogWithyfndgdem(abfndageal ) an I
instruction for _use,. s, 1. novel . nesenc
hurmn.pr ogo¥i SUPAE% 8g8a de doelBED it RENG I Plgpst one
from human bl matket yedctidg witlh @absetemnd| liikge ared the,marker being

wherein: i) at a 80% of,.sai d.cel.l population is
negati ve for %‘%‘é‘ﬁ%‘ﬁ’f’"}meﬂ%@ ﬁ%‘fgesir%'g'ct ing with
undi fferentiated hBS cells; ii) at |east 80% of said
cel ton is negative for at |ea ne rker.

2. r ea)étc ?‘ﬁgg‘%ﬁt}?%ea&" §r82r}£§ldq"i%n1e§@8?e'ri' he)r%értkg{sergg?n%\%rbf
undifterehtiaédd hip® pellsaihistap i) arerssdsdted/feorh dine gtoup eassistingeof SSEA-3,
rker o L Nen WD roal |ineage; iv) at |east
SS -00'gk“s%?ﬁ%@ﬁ?'%%p%%ﬁ?ﬁ%%o 5 positive for at |east
one marker reacting with nesodermal |inage and the

3. marK Ghin Bgﬂtﬁ]ﬁioﬁeécgg;dﬂ% tforc?amn\ﬁl, W@Féiﬁ‘aégﬁegﬁ%w Such as at least
90% of said cell population is negative for at least 3 of said five markers according to

claim 2.

4, A cell population according to any of the preceding claims, wherein the markers
reacting with the ectodermal lineage in step ii) are selected from the group consisting of
beta-tubulin, GFAP, and nestin.

5. A cell population according to claim 4, wherein as at least 80% such as at least
90% of said cell population is negative for at least two of said three markers according
to claim 4. '

6. A cell population according to any of the preceding claims, wherein the markers
reacting with the endodermal lineage in step iii) are selected from the group consisting
of HNF3-beta and AFP.

7. A cell population according to claim 6, wherein at least 80% such as at least
90% of said cell population is negative for at least one of said two markers according to

claim 6.
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2. A cell population according to claim1, wherein the

markers reacting with undifferentiated hBS cells in
wWOg0esss987ar e sel ected fromthe group consi sti RGTAEP2008/000190

SSEA-3, SSEA-4, Tral-60, Tragd-80, COct-4, and Nanog. 3.

A cell popul ation according to claim2, wherein as at

| east 80% such as at | east 90% of said cell population

is pegative for_ at | east f said five markers
8. pochenl RoPTaic agdhids Sty of e prBpiiphictimEricee attegt 90% of
said oelbpoputdtion iepgsitbeddr atgeadtaine®f thatfellawing triaekerardazting with the
[re ctiﬂ with.the ectpodermal |ineage in step ii) are
me§%q%é@?eg‘eﬁg%‘rﬁ"f'ﬁ%t"b?%cﬁgeswﬂsi sting of beta-tubulin,
GFAP, and nestin. 5. A cell population according to
claymg rein as.at, | east ,80% such as. at .| east 90% .
9. o1 “ARpfioadiPRtcRiARsit o 78 o dkcreoesiog RineS. FullBY cpgigeterized

of sgid three markers according to claim4. 6. A cell

popul ation accajdi ng t of the precedi ng clains
nelern B T 8P Bl HlatkR s RETERTIoh e afhePasma
| i neage teactiigpith the)masclesrmbidinbgel. from t he group

consi sting of HNF3-beta and AFP. 7. A cell popul ation
according to claim6, wherein at |east 80% such as at

10.1 eaAtelDpépuddtiohaactomiiid topxgiml Hwherein fessdlgat 10% of saidatll

o 5h BB 50 e B A S FaRE 0 Bl et
claims, wherein at |east 90% of said cell population
1115 RBE b ol B R AT ] bbb L A BB
by;desmin. 9. A cell population according to any of the
di I8, th j : | :
P A Son B o8 B0 855 Bt s R o
mar ker AS8Néast eae markenreadtinghvathntbe edithetial linageage. 10. A
cell population according to claim9, wherein |ess

than 10% of said cell population is positive for the
12. mar Ak eell pgibatiopaaccomingiotdaimhie, whemirethearharkersagactingwithAhe

epitﬁgliél H@?ﬁj%r?:sig%%te%ﬁfgoﬁé ?ié;%o}z’é 88R§fst|(?1fg otf %@cﬂh%ﬁg g'ng %an-

er ¢
cytokeratin.

13. A cell population according to any of the preceding claims, having the potential
to give rise to a progeny cell population, wherein at least 80% of said progeny cell
population is positive for at least two, such as at least three of the following markers
reacting with the mesodermal lineage; vimentin, desmin, and ASMA.

14, A cell population according to any of the preceding claims, wherein

i) at least 80% of said cell population express the mesenchymal stem
cell markers CD166 and CD105,

i) at least 60% of said cell population express the mesenchymal stem
cell markers CD10, CD13 and Stro-1, and/or

iii)) less than 10% of said cell population express the stem cell markers

CD133 and CD117.
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by; vi) at |east 80% such as at |east 90% of said cell
popul ation is negative for at |east one marker
wonremsdssasg with the epithelial linage. 12. A ceCI/EP2008/000190
popul ation according to clajgn 11, wherein the markers
reacting with the epithelial linage are selected from
15.1 heA gelbpgputativsi atbmg\g)tb diaimata embreuaademm% sliahr & atneast

3. cel oouI.ti ordln
os7h P etlafilg oef QTSR HERRAIABh S pket d Bbsisnyobsipmael
makkefs OD ¢6g and: CD1pSpul atl on, wherein at |east 80% of
sai d progeny cell popul ati on is positive for at | east
two, such as at |least three of the follow ng markers
16.r ea/&télngo;vulatl‘ontdwommd&ﬂamb 1l4iam66ﬂ®ewhélielifeattléast 75% such as

desnip, and A 4.. A atlo accor di
at 5] B il st ob i eaf RepuBih e nd eReatt i giom el
markkrss@b d0,a&D13 papBtratli. on express the nesenchymal stem

cell markers CDl1 66 and CD1 05, ii) at |east 60% of

said cell population express the nmesenchymal stem cell

17.mar K eéwp@ﬂﬁlon@htard&@toﬁrﬂy(bf fhe r&edéd)rﬁg tlaims, Weereih htieast 80%

of Sﬁgi:/o Epg%@'@&j Iléc%éo %% ol%y}lr%{_-:cr?ax ((r’ttgl%ﬁ lcpggm?ctgf fp%rﬁglalst-like
mo@homgyl Wity elcmgetail gpiridle-shdyridedell nadrphsiogy witl Boasichingas at
§ 950/ ﬁ@ I eas t 99% of said cell population
psed %?Oedéasa? B‘é%%‘h%/%ﬁ stemcell nmarkers CD166 and
CD105. 16. A cell population according to clainms 14
and

8.5 1 bl eSS G B oy B ifr S barBaR e Botentia
to fmandwFlef ehecon roetel mmlaa’dclagn;ra1ICI:IBtEgesaﬁiliaﬂ(grf taa{sg: Serivedlfrom
or di
me engcgalgﬁbss%‘?gpmg%mﬁé Yot | gast 80?32) of said cell
popul ati on shows the foI I ovm ng characteri Isti C; taOI
I e
19. 1 Ph EBLec HIBR FE RSB SR, WA L st Soemore

conpeetuvddlpsmh a and an elliptic nucleus. 18. A cell
popul ati on according to any of the preceding clains
having the potential to formstructures of one or nore
20. me sk nelhgomilationssoerslingrid/ctaimt 1i9s whereitesaid stludturesresembles

cartilage, tendon and/or smooth muscle.

21. A cell population according to any of the preceding claims, wherein said cell
population does not de-differentiate when transferring the hBS-MP cells back to a
system for culturing undifferentiated hBS cells.

22. A cell population according to any of the preceding claims, wherein said cell
population does not give rise to teratoma formation with all three germ layers present,
when being engrafted into an immuno-deficient mouse.

23. A cell population according to any of the preceding claims, for use in detecting
or measuring the toxic effect of a substance.

24, A cell population according to claim 23, wherein said substance is all-trans-

retinoic-acid.
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mesenchymal tissue in vitro and/or in vivo. 19. A cell
popul ation according to claim 18, wherein said
wWO2008(88987 es resenbl e connective tissue. 20. APCE/HP2008/000190
popul ation according to claggn 19, wherein said
structures resenbles cartil age, tendon and/or snooth
muscle. 2 1. A cell population according to any of the
e

25 R 58 B PRt R kBB b RSee
cells back to a systemfor culturing undifferentiated
hBS I 2

26 peh Frethitioptein an pes-TBRe IS 4 f5ERR bt progenior

(hB¢$GMh R) Oeltpcgju%mohjwdh@tﬁwwrmﬁgornatl on w ]tc? 3II t
three germ | a afted into
Bn i 'ng’éf’F@ﬁ%rﬁg{' EQESC\% Eﬁb?g 'ﬁ%‘%m ation

dxcor thoudatieh alithie pfatédeelis fecsdveen 2 laad 128 daly9rsuds @sifer 3 to 10
detect, n the toxic effect of a

subst é’ﬁxg tofﬂowa%%é?rﬁ'gﬂ%ul ation according to claim
an, V\Aeatyahancsraasdaguubs@ anreecondssurlacef r ansr et i noi c-

d f t ,
Mece drngtos of wePulah e dhatepgaitBes s ditdmotioay s
obt ai rmbta‘ndeS— der| ved stemcell derived nesenchynal
LI . t id met hod
D Bobby SR PR E B B 2 S el 1
onto t he surface i) |ncubation of the plated cells
for bet

d ) 0 .
7t o AR ERoPLTAIc RS, e e lale B aianeig ep
a tlshBUS&Il‘.lﬂlMé tEBlﬂ'(édiﬂestld of)is aspedate capted with ersugststlanﬁe smed:tbd from
) 0, enc 0
mi R ERAT AR s M AT h 3 pcRpeihpf o)
puriﬁied/bmthammm cognponinds aduch 26 colldyanehepdrinesutfatef Boeninn
/or is a tissue culture treated

fibr rl'eacgf”l c&m '%at'8n§ﬁfef%%fe coated with a substance

selected fromm xed ECM extracts such as gel atin,
28. Mit,& 'rr%?rluéot Q@dor&#%nclgm%%%ﬁlwh@éiﬁ itﬁ(ef plg{ed cells in step ii) are
incubated for at least 5 days, such as e.g. 5-9 days or e.g. 7 days to allow
differentiation until outgrowths of heterogeneous cell types occur.

29. A method according to claims 26-28, wherein the plated cells in step ii) are
incubated for 5 to 7 days, such as e.g. 7 days until outgrowths of heterogeneous cell
types occur.

30. A method according to claims 26-29, wherein the cells after enzymatic
treatment in the enzymatic passaging step ii) are in the form of a single cell suspension

31. A method according to claims 26-30, wherein steps ii) and iii) lead to conditions
which allow the selective survival and proliferation of hBS-MPs to maintain already
formed hBS-MP cells to proliferate, without significant differentiation.

32. A method according to claim 31, wherein the selection pressure applied avoids
additional selection of hBS-MP cells in step iii) and/or step iv).
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purified/ synthetic ECM conpounds, such as coll agen,

heparin sulfate, lamnin, fibronectin, or conbinations
worheywssds7 28. A nethod according to cl ai ns 26P2T/EP2008/000190

wherein the plated cells inggtep ii) are incubated for

at |l east 5 days, such as e.g. 5-9 days or e.g. 7 days

to allow differentiation until outgrowths of

het er ogeneous cel | t S. 0GLU 9. .A,.net hod accordi
33,15 Aol S30sb ln AR . A Bt 0 AT &b Bt i 58 i
areaekectetcitdmatredgrbop condisting of &ryssin SIrgpLEY , @elpct, dcclatyse alone or
ountil .out s.qf heteroge cell types occur.
in 3binaiR S RiRer AJOT 6 BR anL 6. 20, whorern the

cells after enzymatic treatnent in the enzymatic

passaqi step.ii) are in the f of . a sipale . cell
34.2 0 oB aufch S&coheihdylo A ote SriHima R whereln i Sbymedium
usedtie tkbsendtoppa groyp eombrisirig) bltesd limited ¢o) Aitror@a®”, WhtraHes ™ with

lL.ow the se|ecti surVvi an |iLferation of .
oF G BoSTRIRDLT G 2k BS: BnBS e bRbRetRhy G rpammatan
cellputilirief reediti@, sush tab GMMDM; iDIVIE (1] DMEM/E1N 2 frecambbinationomith Sstum,
mjt hf@ according,to claim3 1, wherein the selection

sucﬁraé SigH RoVING $qTUTR AWMAD STHUTt i onal sel ection of hBS- VP

cells in step iii) and/or step iv).33. A nethod

accprding. to a | gi.ms, 26-32,. erein the e
35 used Msh %°p°°f‘£'¥9 Foaé}%'"%%‘ﬁ dergn Weo?ﬂ"tcﬁa"g%‘&g BFEF or human
recorabinast FGE isoih the sapgiernf 0r y1PQ B sychsesl BO11, nghal; suelsas e.g.
4 @I gpel or in conbination with Ca-chel ator, such as eg.
EBYA" 34. A nmethod accor di ng to any one of clains

26-33, wherein the culture nmediumused is chosen from

ag c rising, out not limted.t Vitrohes(t .
36.; A BRI R s fiing 347 uhBleih fhe ok PR dfes is in
the FBige BALhBRN\AS &gl 10f8O%.um a mammalian cell culture

medi um such as | MDM DVEM DMEM F12 in conbi nati on

wth serum such as fetal bovine serum or human serum

37.35.A maﬂmmmtoaﬁr@mchnyg)fnlm pleaeding 4l,aimd_’1 avherein tslaiel_ cell population
cangL AU B0y RbHer (s B BRTd AR Pt ° suich

as e.g. 4-10 ng/nl. 36. A nethod according to clains
38. rsg’n@%iﬁoib@%%%@%%@ioféﬁ@ﬁ%@é{@é 'cl%nnso, fwh@?’e%n 'sid' c%lltp%Sulation

can be cultured directly on plastic.

39. A method according to any of the preceding claims, wherein said cell population
can be passaged at a split ratio in step v) of claim 26 between 1:5 and 1:40, such as a
split ratio of 1:10.

40. A method according to any of the preceding claims, wherein all reagents, such
as e.g. media, growth factors, feeder cells, and other materials used are xeno-free in
order to obtain xeno-free hBS-MP cells.

41, Use of the cell population as defined in any one of claims 1 to 25 and/or
obtained in claim 26 to 40 for use in the drug discovery process.
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37. A nethod according to any of the preceding clains,

wherein said cell population can be cultured w thout
woangs/isemsder cells or conditioned nmedi um pr eseRCI/EP2008/H00190

met hod according to any of &he preceding clains,

wherein said cell population can be cultured directly
42.0n pseast the ceBPopuiativet dvodefimed ot amyond of chaims df tot2eand/or

recedi.ng cl.ains, wherein | d 1, popul ation.can be
obtBhET 58 4R BB prt BT EBIrGs 26lCeSr 5 GRS dRldsygottonta
effdeeomemsedcHynahdellltyd®s. such as a split ratio of 1:10.
40. A nethod according to any of the precedi ng clains,
wherein all reagents, such as e.g. nedia, growh
43.f actss of the eell popuiatidnsas defitiedirhany ored efrdlaiins 1Us &% amdéor
xeno-free in o r to_obtain no-free hBS-MP cells. 4
Obti'.ne eCI%'fn %Qt@ {dgfl%f uﬁ%ﬁﬂ%ﬁ%ﬂ)ﬁégs defined in any one of
claims 1 to 25 and/or obtained in claim26 to 40 for
use i n e dru i scovery. process. 42, e qf. the cell
44.p5 otpet R o5l Bl dshoRl FEAL ot i Hios sl
obtained as defirieal inady ase détlaimesi26 to 40ip o wigroahoddisforstud§ingo

40. f or_studying.drugs w,th potential .effect oan . ..
geroSio e Ry RAF IR G e, GOl P RoriPastiooBRaivadiene:

as defined in any one of clains 1 to 25 and/or

obtained,in claim.26 to 40 for use as feeder l1ls
45.5.. Oo B Cof pBbioh s ostitel 3T il SSnels AR o 28 Priies
obtaihed inaclaimn 26 tood@for studyiog habtaaidegdnerativiedisorddrs. N any

one of clains 26 to 40 in in vitro nodels for studying

genesi s of nesenchymal tissues, such as, e.g., early
46.carlse aftbe oell poputatcini assddfined ireanyldne diomimg 1tth@5eeidior

oorgiBY § e el RO EF a8 (S i Sl s e
degenerative disorders. 46. Use of the cell / popul ation

o755, OFL )R8 PRl oo B 825 g

obtained int claimt 26<iocdQt ip in edrbitoxgcity4ar thelsietastion hed/oepiediction of toxicity

PR LA E1 B o0 00E e URLE A befior
subktance hed/detmecs efficieathddetectp texikitytcompacdd tomoneiuman assajeor

Cl es, rej e assay enabl es novel
assgg{%e?j%ﬁ% thgﬁlt%?l ((ed)uq}{é)ér%'a subst ance and/ or nore
efficiently detects toxicity conpared to non-hunan
48.2593¢inYn in vitro toxicity assay according to claim 47 in in vitro toxicity assays,

wherein the endpoint is cytotoxic.

49, Use in an in vitro toxicity assay according to claim 48, wherein the toxicity is

visualized by resazurin conversion.

50. Use in an in vitro toxicity assay according to claim 49, wherein the toxicity is
visualized by ATP content analysis.

51.  Use of the cell population as defined in any one of claims 1 to 25 and/or
obtained as defined in any one of claims 26 to 40 in regenerative medicine.
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assays based on adult human cell types. 48. Use in an
in vitro toxicity assay according to claim47 in in
WORDe083980xi ci ty assays, wherein the endpoi nt PET/EP2008/000190
cytotoxic. 49. Use in an insyitro toxicity assay
according to claim48, wherein the toxicity is
52.vi suse ofzted cbly pomdation asndefined &t an'rpasne SQlaitdsel tor2Seeamdiot

°b‘?'ﬂt8‘§ Ba YR o SRS PROE A D008 efBh el yei . 5

Use of the cell population as defined in any one of
ed as _defined i

ot U prant et Bafligtc o SRR e R ettt it e 2Bl o
obtalhed credmy gexficiine 26ds 40ebr ﬂrednarrufacnyrecaiea roédicihall preduct for

to 25.and/ obt.ai n a ef.in a one of, cl al ns
the b BB gTS0dor SRHBEREST Bnoieaitd GhubriuciheR B i sHe
degeserktibn redhias, @gy tlendegenecdtiah w6 meseocHymah tisfuer

obtained in any one of clains 26 to 40, for the

manuf acture of a nedicinal product for the prevention
54. andUse oft the atlirpogulationpast defined iresnyesrd afrclaiins elats @5 arallged

enerati e.qg.. the -
ontiied o e pBk of Bryte PR iof e fBgturg of g gedicina
prodedt forpbe treatmemt obsorthetiivedissue deogdensie of clainms 1 to
25 and/ or obtained as defined in any one of clains 26
to 40 for the manufacture of a nedicinal product for
55.1 heUse efaheenll pofulatomrescddfined in daine1 ¢b 2D and/osobtained ds @efined

m o hEBr S5 FER'UERER ARTEELETH feStPelidetd Gibe,
previéhtibo rantfoe treatmend of cormeofiveatissae disorders.pr oduct for the
prevention and/or treatnent of connective tissue

di sorders. 56. Use of the cell population as defined
56.1 n Wse/ofdhe cell popukation ds defin@d irsany/ @re aftlainaddo 26 and/or

| 2 .fo i ni
onsi5kd BE el BG 8L B FBrodt Lol Bl e
fronh mrgrowricaroprisingy bdt natfimited tonohondresytes, milyarytespapd esteocytes.
57. Use of the cell population as defined in any one
of clains 1 to 25 and/ or obtained as defined in any

57. oneUss ofdhaicetbp@Bulaton4s defined truatyi ot ofertaimattitor25tamviéords
obtﬁﬂg@ﬁgﬁiéf\’rﬁedtih %az?ng %’f l:l§|m35§6 togﬁ)efop%tuagﬁ? ﬁ%tl.ira{lon ?gvards
populatron as

hed one o
conapectivertissue cells.

58. Use of the cell population as defined in any one of claims 1 to 25 and/or
obtained as defined in any one of claims 26 to 40 for obtaining cardiomyocytes.

59. A kit for deriving and/or culturing hBS-MP cells as defined in any one of claims
1 to 25 and/or obtained as defined in any one of claims 26 to 40 comprising:
i) undifferentiated hBS cells;
if) one or more culture media, chosen from a group comprising, but not
limited to, Vitrohes™, Vitrohes™ with bFGF, hBS-MP cell medium;
iii) one or more suitable enzymes, and

iii) optionally, an instruction for use.

60. A kit for regenerative medicine:
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obtai ned as defined in any one of clains 26 to 40 for
obt ai ni ng cardi onyocytes. 59. A kit for deriving

woan/8s9scul t uri ng hBS-MP cel s as defined i n 20Y/EP2@8060190

61

clainme 1 to 25 and/or obtaigged as defined in any one

of clains 26 to 40 conprising: i) undifferentiated hBS
cell's; i)ihBSeMP cells a®defiradl ih ahg oRedf SlainDREZ6 amdion ébtained
group comprising, but net |im | to, Vitrohes(tm,

Vit rohe@{rﬁﬁfi”%'ﬁﬁ“)SEE?PPﬂ%g!W‘g& | medium iii) one

or nor eii)aptivadllyefastory ferriviag difidréntiation inovitd bd/oain vivo;

redi oi b PP BedRRisLRlen Quapllos nafeRryy IS en form
cl ai ms duitadbleXor advdlinistration aiicresk ias @aby-fedsé syrmgg. one

of clainms 34-42; ii) optionally, factors for driving
differentiation in vitro and/or in vivo; iii) tools
. or Apesgenitert-celitbased @ft farfuetentihg soxidity in Pahae Haidkit cothprising:

in . itable f dm ni str.ati h

- oapBSIEcate oF Ferfec Ry She b ot T 2t St dndu s

f or defieled i hmlg?m@uﬂddaih%s.:i%mynan, sai d kift lco_rrpri ii ?g:
hBS- VP as _defined i n _any,one of clains o]

2% Wi nalpeafid ind Bobdie colrratndiiedte of ol ai s

345 M{Zoné or)oré ogdgentsafo) detestirig amj/@md?arse?ag icgte:cﬁ@itm_t; r ol
stances;:. ii on I Qre reagents for detectin

2ﬁd/ oﬂvqnénggﬂ?q%%f WF'&&@QS rt@/i,e [ 8) (optional) an )

i nstruction for use



