1 METHOD OF DERI VI NG PROGENI TOR CELL LI NE FI ELD
The present invention relates to the fields of
devel opnent, cell biology, nolecular biology and
genetics. Mire particularly, (the invention relates to
a method of deriving progenitor cells from enbryonic
stem cel | s. BACKGROUND Stemcells, unlike
differentiated cells have the capacity to divide and
ei t her sMETHODEOF ODERIVINGEROGENITOR CELL LINE
phenotypically and functionally different daughter
cells (Keller, Genes Dcv. 2005;19:1129-1155; Wbus and
FieGehel er, Physiol Rev. 2005; 85:635-678; W/ es, Mthods
~1n Enzynol ogy. 1993; 225:900-918; Choi eta!, Methods
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bioldgy fimd pendtias. Miort partiellagly f thenmednitionhelaéesgerméthyé o deriving
pro%ﬂhgg‘cam&g@n%&{)ﬁl@s&%lc-llsan | deal source of cells
or regenerative erapy tor many di seases and tissue
injuries (Keller, Genes Dev. 2005;19:1129-1155;  Wbus
BA &gl er, Physiol Rev. 2005; 85: 635-678). However,
y property of enmbryonic stemcells al so poses
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2005 TSGR 1 or ont ot on of enbryon c. stem cel |

towards. specific.lineages and/ qQr enki speci fig.
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differertiale hetb exlig Goeaoald thaed peimo frylead inakes driiatyonicgiémizells an ideal

tunprigepic (Keller,, Genes Dev. 2005;19:1129-1155;
sourgg T e B b AR e T broag Y Soipmes s BENsTE s (Keller
Genes Dev. 2005;19:1129-1155; Wobus and Boheler, Physiol Rev. 2005;85:635-678).
However, this very property of embryonic stem cells also poses a unique challenge, i.e.
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This invention seeks to solve this and other problens

with nethods in the art. SUVMARY According to a

| aspect of the present invention, we provide a nethod

of deriving a nmesenchymal progenitor cell line froman

enbryonic stem (ES) cell, the nesenchymal progenitor

cell line conprising nmescnchymal stemcells (MSC), the

nmet hod conprising: (a) providing a cell obtained by

di spersing a enbryonic stem (ES) cell colony with

trypsin, or a descendent of such a cell; (b) culturing
genarhleng rherappnopgiase eell typick fonthe rgatansnd o @ spécifie dikensadedr igjured
tisse T SRR R A An AR R RS uREIALI Sircacy. and inhibiting
the ganewttionaaf qthopaldypesrthaf meyrbayoaidelesrmms céletson the)tissue repair and
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onpat ed t e parenta ryoni c_ s
GenegeDey. 2005;19:The9-d hdTyWebus andBobeler, PcklryswgB@hcl‘Q}]%$5:635-678)-
progenitor cell line may be a manmmalian, such as nouse
or Thusriryenbombpsekaite selve thig and oder precideimh il methods in the art.
progenitor cell line. The nmethod nay sel ect agai nst
somatic cells based on their inability to self-renew.
SUMMERY e| f - r enewal - pronmoting condi tions may conprise any

one or nore of: (a) growth in rich nmedia, (b) grow ng
celAsotding e a dBaepee o6thd prEsent ¢veneivh abve pasddge soctisat 6f deriving

o mRp T R AR TR Sy s S, B mesenchymal
progeaitpr cdbliac straprisihg exgsoschygndl secne obllyS€) she metledd cdroprising:
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and atatelyordirseay zegsth orgprapagation ywdicchbvpatyic wivine bellsayd setocting cells
i B RE S SR ARSI ARGt By ST e e
whidr saibrancef intthe abancowf rgndhanaiodne in sthidsthe (mdscnshymal progenitor
cell AT PHNELROLERL A CNBIKORAL BN ool e Eaeuged

expressi on Of or does not subStantia express-erther
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manaroaipar, sdch as sxousarbr yonar, esbeyoxielstent celinonhieséndhtymiad progenitor

Cc“ﬂﬁgived, the pluripotency marker such as selected from
€ group consisting of: Nanog, BMP4, EGF5, Cct4,
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for ‘greater 't
\‘7’#(E[%e%]t*—r%%%aﬁfn%%o?i&ﬁﬁ{%mt 0&? errq yogﬁéﬁﬁ%::g{gfor%gmﬁ&e of: (a)

n nmal ntarned in ' '
growtbnerethiroedia, (0 grovmgacls irs therabiserideyofdilEb(@ sgaalepassages, such as

, r i ttern fromgeneration to generation; and
at ]c?{lt)pl %Z‘gpﬁ%%%%&

ubstantially induce formation of
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followed by removing the cells from differentiation enhancing-conditions after
pluripotency is lost, such as by disaggregating an embryoid body which have for example

been grown from between about 3 to 6 days.



The nethod may further conprise the step of (e)
deriving a differentiated cell fromthe nesenchynal

progenitor cell |ine, which has for exanple been
propagated for at |east 5 gederations prior to
differentiation. There is provided, according

to a 2nd aspect of the present invention, a nethod as

descrl bed above for generatl ng a di fferentiated cell _
f orlhexmessneh wRalepregemEricsll lmeimay,displayes e myopgiof dkg following

chafbeRs@s: & 1§ﬁb %(PLYﬂi;ﬁ)t@t{t oSt "’eﬁrc fH)CHEb #&duced expression of or
enbry gnlc S accordi ng

does BPSUBH AN oD 6T qltﬂfsr BF btk AGTEARS elrkahaé RBespbatags activity;

(c) HEBtredited %RF%&@MB@ lof Ul lPEdibmdy Iﬂgrk‘%}( B6@partcdno @h embryomc stem cell
dothel’ial markers of a cell or f0O

C
frona&«?whr eaweﬁg %@m@g@r:@w warker snehoay selggted from the ¢ group

conspJ;tm PONNGY, BRIPYEFE N Re1£Ydk-2 and Utfl; &g @n{’atnl&aﬁﬁe%% cell
Bh resent i nvent i on, Eéhel‘e i S provi met hod

cultge fPagW?remwg (genggaliAnse ¢ &85 8 sa?stmttﬂ%lm ﬁtﬁde sRyotype or
chrdnﬁﬁsal’rdﬂ ﬁl@‘nlﬁcﬁ*hﬁhdrﬁrﬂ@ﬂﬂim@d il f @l mné Fetdt densefo geﬁé@t%ns (f) has a
cel | met hod conpri sin erforming a neth
subskeftigl s ﬁ%l? BCnEr KRS SRR T e eratie taraég@w%@no@ndam) docs
not ﬁfb@dihﬂaﬂﬁ aﬂ'ﬂﬂc@‘f@ﬂn‘ﬁattlo&mf té‘l@&(ﬁﬁMeE @raﬂ@plﬁfnfc&% atr&ﬂf)ﬁ:ﬁﬂammal
he net ho ur rise the s
such e AL T DRI BB BSTR PR g e i Weclk or afef 2 0 9
montlesenchynmal progenitor cell line or differentiated
cell for the treatnent of, or the preparation of a

phamaﬁ@sdzhtnﬁhalcmp@ﬁtdrlcen Ifn@miyeorhpast AFERESS.E 1 28H line.
one of the follow ng: a disease treatable by

r edéranathios metmmwcompmh the sf@l dfuepderddng grmffé@miated cell from
ki n a urn ener at,i ye di sea
the G SRR Ena HgRe Lo AN e, MoRTh g g ek b le et Ragaegted for at least

5 gederacianepaodtocdiffemntiatidn.(a) deriving a mesenchymal
progenitor cell line fromthe enbryonic stemcell by a

netlhete Bproeised) Ledidifblo 2VpREttiolithd fresé SenelivABA method as

desclop apeis loaeeraling S gRep eSS iR SR Pl5 tfethslial el or o

mesedhlymal oell suddRisEn dAS6HRIEdH aNosEodE, fERRAMhNGThrybaidrséem (ES) cell.
1. Derivation of E-RoSH cell |ines.

We provide, according to a 3" aspect of the present invention, a method as set out
above for up-regulating expression of mesenchymal or endothelial markers of a cell or for

down-regulating expression of stem cell or pluripotency markers of a cell.

As a 4" aspect of the present invention, there is provided a method of identifying
an agent capable of promoting or retarding self-renewal or differcntiation of a stem cell,
the method comprising performing a method according to any preceding claim in the

presence of a candidate molecule, and determining an effect thercon.

The method may further comprise the step of preparing a pharmaceutical
composition comprising the mcsenchymél progenitor cell linc or differentiated cell for the
treatment of, or the preparation of a pharmaceutical composition for the treatment of, any
onc of the following: a discase treatable by rcgenerative therapy, cardiac failure, bone
marrow disease, skin disease, burns, degenerative disease such as diabetes, Alzheimer’s

disease, Parkinson’s disease and cancer.

We provide, according to a 5t aspect of the present invention, a method of

generating a differentiated cell from an embryonic stem (ES) cell, the method comprising:



Figure 1A. Enbryonic stemcells are plated singly on
nmet hycel | ul ose based nedia to form enbryoi d bodi es
(EBs). At day 3-6, enbryoid bodies are harvested,
di ssoci ated by col | agenase add cul tured as a nonol ayer
on gelatinized feeder plate. RoSH i ke colonies with
adherent fibroblast-like cells and ring-Ilike
structures are sel ected and propagated on gel ati ni zed
(a) ctqr'mir&sa msgm{gml rezcrysHeal] lipe frem themetiryomictskum cell by a method

os AERREED) P fpdealie B IEtinPhy | OGS e, P M eriving o
differcrtiged keld oo detmedensinodalqubgemtg ceflReSH 2. 1, 2. 2,
2.3. .. etc. Figure 1B. A putative RoSH i ke

col ony consisting of adherent short fibroblast-Iike
cells wth characteristic ring-like cells (inset)

expandi ng over tine. Figure I C. Morphol ogi ca
simlarity between E-RoSH2.1 and RoSH2 cells in

sub- confl uent cul tures; Figure ID. Al kaline
phosphat ase staining of E-RoSH2.1 and its parental El14
enbryoni c stem cells; Figure 1E. Average

chronosone nunber from 20 net aphase nuclei in
E-RoSH2. 1 and 3.2 lines at passage 3 and 13;

Figure 2. Rel ative gene expression analysis by
gquantitative RT-PCR anal ysis. The expression |evel is
normal i zed agai nst that of enbryonic stemcells and
expressed as a logarithmc function. Figure 2A. Cene
expression profile of E-RoSH2.1 cells at three

di fferent passages; 6 Fi gure 2B. Conparative
gene expression profiles in E-RoSH2.1, E-RoSH3.2 and
RoSH2 cel | s; Figure 2C and Figure 2D Rel ative

expressi on of genes associated with pluripotency and
endothelial potential in the parental E 14 enbryonic
stemcells and ERoSH2.1 cells as neasured by
quantitative RT-PCR anal ysis.



Figure 3. Characterization of E-RoSH cells.

Figure 3A. In vitro differentiation of RoSH2.1 cells
on matrigel coated plate. In two weeks, RoSH2.1 cells
differentiate to forma netwsrk of tubular structures
that covered the surface of the entire tissue dish;
Figure 3B. E-RoSH derived tubul ar structures have

pat ent | unens and endocyt osed acetylated LDL. The
structures are | abeled with CFDA, a cytoplasm c green
fluorescent dye (Ml ecul ar Probe, Eugene, OR) and
propi di um i odi de, and vi ewed by confocal m croscopy

BRIEF JYHSCRAPEIDN OFTHI¢E DIRMWINGSst r uct ures are i ncubat ed
with acetylated red fluoresecent dil-|abelled LDL

( Mrtiggatd BIDARvaBen oFIIRBSH )lidegr 24 hours and
counterstained with SYTOX G eenTM a green fl uorescent

nudfi 1gafe Y eEbblopteibtam ddlighe: platgiesisgly @R)mbﬂhfy Oct’lﬁllosc based media

o ISR EBRLALEPIRE YRR ANRYGR6 SRmpic et ibar B dinsocimed by

collagenaRo &P cul tuled Iayemdnmﬂ)ayeabn%tctaumnzwdswmqﬂalm RoSH-like colonies

wit HeRa gt ks SRR ThE PR ES oB) TS anpropagatcd on

gelatinizedyiyes tegdienmt (EXRbBH 1,2,3.. Eﬁblgufﬂleﬁﬁlltume then plated at a

o GRESH S0 B AEn e P SH 8 5l RPSITIRS et Siegare picked t0
estabhstiedsiublin&elEaRb8SH 22 eX pr esm on is normalized

against that at tinme O and expressed as a logarithmc
f uri?:ig'uﬂmlB FA gutaivdRoShidike rslomy cwubisting of adhaertrsyiortiftbroblast-

e R ok TG sdblaton qum BRI LIRS, b,
ST R PR OSSR 8 e

conflecre cakpresssi on i s nornmalized agai nst that of
enbryonic stern cells at tine 0 and expressed as a
| ogagutehhid cAtkahat ipbosphiataya sy of i-RoSH2.1 and its parental E14
embq,g&glgrgge% ” on. 1x105E-RoSH cells | abeled with Qdote
nocrysta s'(655 ni n em ssion) are injected into a

enblfé}éﬁm (&, SA\?clrn ccghro r | nggm%bec{' l%%)?n g rﬁcr%%‘ghegsg nuagl ﬁlelg-ROSHz.l

T ee e mce
andéul hned a;tqmssﬂgd 3t dral tlerr s are

Figure 2. Relative genc expression analysis by quantitative RT-PCR analysis. The
expression level is normalized against that of embryonic stem cells and expressed as a

logarithmic function.

Figure 2A. Gene expression profile of E-RoSH2.1 cells at three different passages;



7 renoved. The tunors are fixed in 4% paraf or mal dehyde
and cryosectioned at 20 umthickness. The sections are
assayed for pecamt 1l i mmunoreactivity using rat

ani t-pecam followed by FITC conjugated rabbit

anti-rat antibody, and countgrstained with DAPI. The
sections are viewed by |ight m croscopy and then
confocal m croscopy. Fi gure 4. Characterization of

HuESg E1l cells. gure 4A. ES9_col r

m t offigvas 25 Gomeargtiye gmpgea%l%aﬁe& § Hb?‘iﬁﬂsg%r &@%‘%’? and
HdSMokdsti c stromal cells (arrow). Figure 4B. A
representative confluent culture of HUES9. E1 MSC-1i ke

Cel | %‘1 ngzé%&’ﬁf dureeH N&Qﬁve expressiof bIENEs AbocidibtERih a

onli ¢ stemce

enbryon
Bi’tuéi?ortFD&Ié PR ?r}dﬁ@ehﬂ@e?@tl@%ﬂwﬁieet# ﬁ‘b‘} 88?%8?“3 QTSR %ﬁrbch
BHIER91 sk areaaigd il quahtitatieeR T-PCRBGybiske cells are
stai ned for the presence of al kaline phosphatase

acti \@1% e 3. Characté: izgﬁgneof@RogﬂFe&% and HUES9. E1 MsC-1i ke
cel | re tested for the expression of Pou5f1 by

t L at |
ggﬁgf gl{arp gés{{wlg {/Cél?laty(ﬁll cﬁi&%%bﬁ c-gﬂg %ﬁ;{%{r )gef’gdg{ég e. In
el weekg RodH2Zlecklls dlffgr@hate to formpj rggzngk @Etu dahgrciuresthe

ARBlY SheSsub ke SR BhiRSEREESE, human-specific Alu repeat
sequence and nouse- SpeCIfI C C-nios repeat sequences in

HUES E ggcg tﬂoﬁz{té gllvlg‘ %bﬁfagﬁﬁ%ﬁéﬁa%ﬁﬁ% Ylﬂﬁer@ r&ﬁh Xﬁdo%ytosed

of H

alﬁyld@rd)lt]])LeT}@fstrggmtfea@@ ld;ﬂng@ﬂ‘scm F@'\@@Pﬁ"ﬁ;&}l? g]l'egn Huorescent
@%%%1&%1& ldbs, Bigend, @H)Q@ld wpldlmmeeam vivwéd/byagataest

R Sicat e PD o Bt S e R a0 P i scopared ed.
finsteseséne dilylstedled CORf(MotaetlatRieBe Hapence ORg foir2d hourstagh ed

Lunihanda ik Q{YtF@‘*@Gféﬁlqﬂwaa GREn HisteseRthuRhoyR MPRil&ular Probe,
oSt eogenesi s. cells that are induced to

Eh&?@?g%Rb‘Eﬁf‘b‘ﬁéﬂﬁﬁl%bya‘i"é‘ Q?%’:ﬁl’r‘fbodc?pé’r oi | droplets by
oil red and anal yzed for the expression of PPARy by
quant Figatei 3k IRfuR@Rctiviepfop AWl 9n peraffia- epwgéctedtSﬁCétonaP%E

?Hﬁ § Céleh@ed%ﬂﬁﬁﬁ&%u@t%ﬁe@ QEARES] HRIab@e§ Heedil shaém. Brown
crum

p@ppttﬁtgs @E@P@?QFIHHQI g?ml&gn Seirﬁl@%t i gre 8%&151%& %\Fg I\%Q}aek‘ é’ﬁ&gatoxyhn

phosphat ase, ALP by quantitative RT-PCR (bot
panel Figure 3D. Gene expression during endothelial dlfferentlatlon of E-RoSH2.1 cells

as measured by quantitative RT-PCR analysis. Relative gene expression is normalized
against that at time 0 and expressed as a logarithmic function.

Figure 3E. Suspension cultures of embryonic stem cells and E-RoSH at day 7

Figure 3F. Quantitative RT-PCR profiling of gene expression by embryonic stem
cells and E-RoSH?2.1 cells when cultured in suspension cultures for 0, 2, 3 and 7days.
Relative gene expression is normalized against that of embryonic stem cells at time 0 and

expressed as a logarithmic function.

Figure 3G. In vivo differentiation. 1x1 0° E-RoSH cells labeled with Qdot®
nanocrystals (655 nm emission) are injected into a embryonic stem cell-derived teratoma
that is induced in SCID mice. Three days later, the mice are euthanized and the tumors are



8 DETAI LED DESCRI PTI ON W denonstrate that it is

possible to derive progenitor cell lines from

enbryonic stemcells (ES), based on the ability of

progenitor cells to self-renew. Unlike termnally

differentiating cells, putatiye progenitor cells with

sel f-renewi ng properties can be sel ected and

propagated wi t hout transformation. Qur met hods

therefo e ener al | nvol ve deriving progenitor cel

I"PiRE¥Edofhg fUOrsAe § g?Jéﬁt4/%1Par?fPHﬂ*} %f%gey@m Fyespione¢ ) 204im

bilyickneiss. (The ngptivirearp baseyeddoeptartdl idnuindreditiviey usthBirst anit-pecam]
l@rﬁ}lrcﬁsolyte}g?C%Hﬁgétk@%P&ft afti-P Q983 %%'hd %@lrltefr 1%1@% ith DAPL The

% tricte erentiation poten

dretions aisrviesred i Lighi nicreseonyrand dhea cRnfgpalynietossophied

popul ation of a specific cell type with reduced or
abol i $ihgk 4. (Chardcgeinatonpd HRESP &l .cells. We therefore
use this property of self-renewal of progenitor cells

as thej Péiﬁ‘l | ArhERD Mdn@%&%rtﬁ%rgﬁlgéﬁ;égg% ?rt%gt?\‘?egﬂéllgps gt?%oggded by
g’?@%’%{‘r‘ﬂﬁ @%rﬁt’?%g?%?lﬂa Ce§ @19%hsence of Co-Culture

In preferred enbodi nents, however, the nethod further
i ncl udéared tAreprasentatisielconfluent eriaie of R SO MB Ceilsteells and

BNMwehvafMBcegeni tor cells, and optionally retard or
prevent growth or propagation of enmbryonic stern

ceIIs ferr di nent
o G @éﬁ%v eh%mu{l}% gHb %:S[Egt Iéltce@ gm% ﬁge hiPoT° “embryonic
é@lﬂl eelljley mausg wﬁmlﬁbr@bia&t Gy and Bl R Fomedeashsmad tem cell

i(MSd)eikabeleneestaihed R BRIPpré&ehdesof alkind HoBphatBe Sdiivityir e
refers to a mxture of two or nore different klndS of

cells r Hpget f

feedeﬁég@%?ﬁ I%ﬁgg\r?@ ?éﬁv{s elﬁ(reéxgi(saarnlg gfement S fg{lplessmn of
tlea /by Hyaditeedy T-Bel aﬁ@lV%s u&lmﬁequMang%mmergt@wﬁetrqngcnpt level
aif HuB8Y huth&derhbrybhie stehsenaemedlizéEedae. cells to

establish a progenitor cell line. Biasing
Diffe | ' t
et ol 2 Ao LRGP S STOOFHIRDL gl i epa

SPGB g MUEE- FPqC}fWé?s’71@9ffeB€}9é%€iQfl¢I@e$ ind3EipOFE [PVECelilegisiel}s.
further conprises a first step of biasing

di f f eFigutd 48 Karyotfpe andlysyosf HuESOaih 4 @hdsaged Daval hssage 8.
specific desired |ineage or Iineage of interest. Qur

met hoggFBNG &8lrsle %Pm?fabéﬁut%e [ei%{s%f Hﬁggg’ﬁﬁ QNG

sel f enemal of ,putat.ive r S an
e St G g e BB T i O ‘ﬁ%}%%ﬁéi@%f‘ i GRYS.
Figure 4H. Differentiation of HUES9.E1 into adipocytes and osteocytes. Confluent
HuES9.E1 cells are cultured in standard culture media for inducing adiogenesis or
osteogenesis. After 12 days, cells that are induced to undergo adiogenesis are stained for
oil droplets by oil red and analyzed for the expression of PPARy by quantitative RT-PCR
(top panel) while those that are induced to undergo osteogenesis are stained for calcium
deposits by von Kossa staining and analyzed for the expression of bone-specific alkaline
phosphatase, ALP by quantitative RT-PCR (bottom panel).



The first step may conprise pronoting the growh or
propagati on of a specific |lineage of interest.
Different progenitor cell |ines of specific |ineages
of interest may be 9 nade by exposing the cells to
conditions that pronote the differentiation of those
i neages of interest. For exanple, the enbryonic stem
cells may be exposed to growh factors or snal
nol ecul es such as |igands that pronote or enable

IPBION Thus, the methods descri bed
here for establishing enbryonic stemcell-derived cel
| i nesWefdempastiafe thatlit i @ag;&ﬂe fordefies pobgnitoncdlligies frost epbryonic
%{Em%gl: ﬁ%@;{irﬁgse@ Jf tﬁ t;y 21% 19{01 @Hﬁrté{ Qélf Fen@&/e(gﬁlﬂé%lterﬁunally

refera
ditfereatigingicalls. @Htaamarﬁ&%t@r Wlﬁheeléé?rw&é Rfaleef?%?rcaabe selected
pidesiepaghtet Retlomearanefdrmadtioni me. Thus, preferably, the
enbryonic stemcells or their descendants are

tr ansb%étﬁoc@s’iﬂ&@ﬁ% eﬂeﬁll{r fn%Bﬁz@Hbt?&tlh@Bro?Em@F 6d1NBhes of limited

envi r onnent choli »
BOIRRHE TR SHTOTFANISTIFG el pr Eiinins Braren Caléi)’é%f'%ﬁ 1s
bi®les ecixparsionalfla plrcbgeﬂmecekbﬁmﬁhratlmgkfkystestfrmted\dﬁﬁfartntlatlom potential

91%&5' gnddlEQTCELQ%%C%l1&%&1?1?1%%' tl’ﬁévaf (?led g«gﬁ:l&%ﬁ%@g specific cell type

var | ous
ﬁ@bﬁ%ﬂ@ﬁhmﬁ@ﬁ1%ﬁ9“ﬁ@”w§@@P9@Puﬂlfferent cells.

Endoderni al Progenitor Cells Where it is desired
t 0 bi W& théréfoereathiapiopertyodf selfienzenl of wogemiteradellsas the underlying

gﬁ%@'@g ?egfjsglfegfsl&?ng? rg%xﬁ:?aft gflmgdgé ?ééﬁ?btedfﬁﬁg&ﬁafm:'lﬁmes from

di saggregated (see
P@@@P?ms¢ﬁemgﬁsaggregated enbry0|d bodi es may be
exposed to growh factors or drugs or conbinations
t her edbsettvadf Gondwoee endoder nal di fferenti ati on.
Exanpl es of such growth factors and drugs include
act i vimpréferred@mbodimsatseohvastbe method dwihes insluges enlture of cells in

Yﬁ?t]&]d?l@ A8 bfo%o@@&o@ﬂg@ﬂ?%ehﬁer RNOgRM bﬁtﬁfna@i‘felta?d or prevent growth

ere it is desired to bias

ar Pﬁoé’i‘géﬂ?‘i" %{e{"&ﬁ'y%‘c SAB§hi ¢ stern cell's towards
hemat opoi eti c or endothelial |ineages, the
d i sagfhegatEghlp ptefysidenthedinestsneyr mrshass payebie cuuriteomtaiive
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Biasing Differentiation

In preferred embodiments, the method for generating embryonic stem cell-derived
progenitor cell lines of specific lineages preferably further comprises a first step of biasing
differentiation of embryonic stem cells towards a specific desired lineage or lineage of
interest. Our methods may also comprise a second step of encouraging self-renewal of

putative progenitor cells and discouraging the propagation of embryonic stem cells.

The first step may comprise promoting the growth or propagation of a specific
lineage of interest. Different progenitor cell lines of specific lineages of interest may be
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Cardiac Mesoderm and Skeletal Myoblast Progenitor Cells

On the other hand, where it is desired to bias differentiation of embryonic stem
cells towards cardiac mesoderm or skeletal myoblast lineages, the disaggregated embryoid
bodies may be exposed to growth factors or drugs or combinations thereof that induce
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Rich Media

Alternatively, or in addition, such conditions comprise plating in rich media. The

term “rich media” as used in this document is intended to refer to media which is nutrient
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Progenitor cells made by the methods described here are preferably non-
tumorigenic. Preferably, the progenitor cells when implanted into an immune
compromised or immunodeficient host animal do not result in tumours, compared to
implantation of parental embryonic stem cells which results in tumour formation.
Preferably, the immune compromised or immunodeficient host animal is a SCID mouse or



Regul ators of Self-Renewal and Differentiation
Qur nethods may al so be used to identify putative
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The methods described here enable the production of progenitor cells and
progenitor cell lines as well as differentiated cells, which comprise clonal descendants of
progenitor cells. The term “clonal descendant” of a cell refers to descendants of the cells
which have not undergone substantially any transforming treatment or genetic alteration.
Such clonal descendants have not undergone substantial genomic changes are substantially

genetically identical to the parent cell, or an ancestor, preferably, the embryonic stem cell
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PROGENITOR CELLS AND STEM CELLS

The methods described here are capable of producing progenitor cells, and cell

lines thereof.

When embryonic stem cells differentiate, they generally recapitulate the
complexity of early mammalian development where embryonic stem cells transit through

a series of lineage restriction to generate progenitor cells of decreasing lineage potential
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Thus, hematopoietic progenitor cells may be used for bone marrow replacement,
while cardiac progenitor cells may be used for cardiac failure patients. Skin progenitor
cells may be employed for growing skin grafts for patients and endothelial progenitor cells

for endothelization of artificial prosthetics such as stents or artificial hearts.



17 iii) chondrocyte: the functional cell type
that nmakes cartilage for joints, ear canals, trachea,
epiglottis, larynx, the discs between vertebrae and
the ends of ribs iv) fibroblast: a connective or
support cell found within nosl tissues of the body.

Fi brobl asts provide an instructive support scaffold to
hel p the functional cell types of a specific organ
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optionally deriving a differentiated cell from the progenitor cell line; and () administering

the progenitor cell line or the differentiated cell into a patient.

DIFFERENTIATED CELLS

Differentiated cells, such as terminally differentiated cells, may be derived from
the progenitor cells or cell lines made according to the methods described. We therefore
disclose methods for generating differentiated cells, the methods comprising generating
progenitor cells or cell lines as described, and deriving diffe&ntiated cells from these.

Differentiated cells which may be made according to the methods described here

may include any or all of the following:

i) adipocyte: the functional cell type of fat, or adipose tissue, that is found
throughout the body, particularly under the skin. Adipocytes store and synthesize fat for

energy, thermal regulation and cushioning against mechanical shock

ii) cardiomyocytes: the functional muscle cell type of the heart that allows it to

beat continuously and rhythmically



For exanpl e, populations of undifferentiated cells may
be used to prepare anti bodies and cDNA |ibraries that
are specific for the differentiated phenotype. Genera
techni ques used in raising, purifying and nodifying
anti bodi es, and their use injigmmunoassays and

I mmunoi sol ati on net hods are described in Handbook of
Experinental | munol ogy (Weir & Blackwell, eds.);

CUrrent Protocol n | et al.,. 18
O e el L o B B tims e canas,
(1%!&5,6535@&1@11%@0{ theafis:s betWermnieeichnae WtHhvendsaafsib&nbH) .
General techniques involved in preparation of nmRNA and

Egglér Nt) BHRHIES a%ﬁhe risBSfdrd 211 B Wihli}pfxil@ktnglﬁ‘é of the body.

I d I sol atio ter t|o
Eﬂerotéastsm.{saw?ﬂn R e é%agfo?%é@cfp the Bilioih pelfypes of a
Fpeaifizangam pefome borratlAust i n, eds., Humana Press); and
Functional Genomics (Hunt & Livesey, eds., 2000).

Rel at .{/)/ll%lp)(totquﬂ@ﬁﬁ@&b%ap&'lﬂtyw AP gt @él&:s enzymes for
Bart|cu ar

sui ted . f sC ni n
Ao PetabalfvsRs ar ioutte Fed SloSd el BRI e R squstituents,
ahd e egehdstsarf poadihs for Hedlampldinfaf er enti ated cells are
described in further detail below, and el sewhere in

t h' S d %bﬁﬂ@tﬁf)me‘c—ﬂ'&llpﬂi@g@{EhBM cﬂBﬁybe {Hafhﬁﬁke'ﬂf[bﬂbod Hematopoietic

t t b d f
(G b A B T A er Sl
Ifcuw)dtwrﬂmt thefiveti, spemmeborBuadirosk adaypparejssewssprpealing the fe tus in

dSeass treatable by regenerative therapy, including
cardiac failure, bone narrow di sease, skin disease,

bur ns ener t|ve di abet es,

AlzhelﬁgWg y%-g ugﬁgﬁafﬁggﬁfgu | Gease, etc and

cancer. Drug Screenlng Progenitor cell lines and

di f f evénpupedhe Bptiongherd tmer;qfrﬂeﬁgm@mtﬂaﬁtfweﬁé@%w%k}ctmg

Gapwesi tions described here may al so be used to screen

for factors (such as solvents, small nol ecul e drugs,

pepti

enviro §mw %%g%ﬁgﬁ@ﬁ%%g&:tﬁ%ﬂeg@ﬁgheﬁﬁ%g%@n g??lons

or nanlpulatlon) t hat affe t the characteri st, .

G 1 £ ool sl dherunq B el SF b sl M P dorSecreting

piisag e gl iogois @hdtrih hinbsoneatatatinf Tepethat, itlesethotehles regnlgte a number

%?gpoc%sgessiﬁglﬁ(ﬁﬂéfcﬂ% dPard %ﬁl ﬂﬁ&g%thgmn%yﬁ glubsye le\}%l's and acid
rati n and mai nt enancé of Such cells in

wemgmv@mﬁ98wwﬁwm@h For exanpl e, candidate maturation

factors or growh factors are tested by adding themto

[i'seg ©R IPROGESHIORICEIILS AND DerrmRENaIAGHD €ELLS i n di f ferent

wel I's, and then determ ning any phenotypi c change that

r eﬂjl PPog e%@&‘%ﬁ 'llﬂé’s atng dﬁ?e?érﬁﬁﬁh%elglhécﬁrdc@orﬁﬁg té thetnlk@ods and
cu ur.e an

ecse@pesgg?wefﬁr%ﬁ@ Rerm s Sreigans vie PR g
dedehieh ahidgnastedackethérapevtiy phiposesed to i dentify
receptors, transcription factors, and signaling

rm: ec ll“{o?é(ahﬁfl’é p LﬁatiUﬁ's Gpﬁlcﬁﬁera{tﬁmd%eﬁlﬁﬁye%@ééd kdpleps e
ce 1 0Nl

olbytahd ol le%g%@aéﬁteospgm g R e e e General
aehniRjugaased hgraisblge purifemg laatymbélfws@mtibodmdtud Htedr use in

qlnﬁrfu%%%@%’s ghtlfl aﬁnmS&a{t IH%§ af%fdepcrrf%gg fH LI db66 bf Experimental
[T’ nes an | erenti ate
Immunology (Weir & Blackwell, eds. ) Current P1otocols in Immunology (Coligan et al.,




Met hods i n Pharmaceutical Research", Academ c Press,
1997, and U. S. Pat. No. 5,030,015), as well as the
general description of drug screens el sewhere in this
docunent. Assessnent of the activity of candi date
phar maceuti cal conpounds genggal |y invol ves conbi ni ng
the differentiated cells wth the candi date conpound,
determ ning any change in the nnrphology, mar ker

phen r tabo |c actlvr of t el
Go0r Vs ot Shals Rl Pabging veH
Velldgs Ganblge K]eﬁerhhérﬂh&}ﬂley\int/bﬂvednnl p‘n@atatlon OP IR anceliNA

} Er%ﬂes 2 ﬁ?%jﬁﬁécﬁg I%I\h@ l\fefdﬂoﬁgltogﬁg A E?Do(f'ﬁgxg%{g&je %46 islalattlplq and

creeni ng
Siaaﬁﬁprezatlen fffﬁ%’ Fguelhf\vadenie Peanﬁ8a$?ddP§Ao[é§ﬁa@h%raf°€ds (Cowell
Banestia, @kRg Heeh gk pdnddhuhetidnabBernatitsaiHunte|Livdsyyp eds., 2000).

BB aoy AR B ABRARE Fat Ry RUBHIRARE n s srcniv
mehem@pe@eaednmbemrested in conbination (by conblnlng

wth the cells either sinultaneously or sequentially),
t 0 deThst apdsthelilses mtfrpu@enddsmgllihnemdccmﬁfcnenttata‘de:eﬂsare Hescribed
? frg?thgipd% atllcb%de? ARd elgwgéégqlﬁl ?{;&1111%9{ 96 %H} Ellﬁgdi I8t llXes and

oten
diffpraptipted HUABIS PRHCHRED NS E&rut}éea?rerr?&@aroé A) pharmaceutica

é@aﬁ@mcﬁl fo¥ 18 $reatilrﬁ9t7df dgs@b{sfem@h:cd?eﬁsy negrtobprisked disedseaehtable by
e t \Y y
éﬁegergtéve thh I hncfu%urf card¥a(§ fhfurg bogg Blarqgw%‘lede%lse él&phlﬁéatsé/ burns,

degeneirtivadipdass Sich aediabniesy élﬁplneﬁzylweese Rarkipganes ¢igeage, ete and
dsdeer. on chronosonal DNA can be determ ned by neasuring
DNA synthesis or repair. [3H thym dine or BrduU
|ncorgpga&bQQM1espeC|ally at unscheduled tines in the

cy e 0 above the | evel requi red for cel

r epI ' Flaogleﬁﬁ? cbiF1iEQRR4 § %tlg\ﬂefl PelR ritlde g.ccﬁ)fl(ﬁlﬁg fo the methods and

Unwan ts can al so i1 nclude unusu a a
SPIEPRSItIGHR rlesfrabrcahf‘é@(eﬁ& Algebe wet & ?ﬁ“ﬁ’éé%f;“ﬁ@t SHsRas éolvents small
&wl@alé drﬂ@%@pd’p@ldéb? polysucledtiaes; el thelllée) oVBmKEﬁlﬁle(lﬂRPcondltlons (such

g\’\,s culture (hon,laltl &érp 1'n£r{1 r eszﬂgﬁﬁég)@ ﬁ? gr 1&;?911 differentiated cells.

a enlc
eIaboratlon Ti ssue Regeneratlon or cel
i nes Iiepecppheationt, progeritos eelf Uinssand d*éf@mtlaﬁgﬁ gelisc?r% frgd to

@ﬁé&@@&toﬁﬁﬁat(p@dms fatpatnd@geombe grdliferatiorpandahantetrmce of such
ﬁg'l?s n lonr§t t%m? ?LHSJI(! FoP %&Hg)‘ieu Eér@ghaﬁ’eamatﬁﬁﬁpr? fa%{o'rso& ér@wﬁ factors are

n nee
mwnrbygﬂ@rlé alermtoanrw&ﬁnerceklhatdlﬁeﬁmar@ quem c{lffer@wawal% gd then

del@rlhlﬁhl@Qﬁ? gh&ioﬁﬁﬁtﬁzhﬁmée&hz& Rebults @odvsdihg tot desidable criteria for further
1 @. it antlonally deficient area. For
gﬁﬁﬁe U6 "Wethdsds and conpositions descri bed here

nay be used to nodulate the differentjation of ste

cel | sFughesgers gwne cxpession mellingrf pmeenisrest! fpgied diffgrantiated
¥BlYs By beswdd toideitifp de%)t&ﬂ@,gﬂra’m@@[pnﬁg facsois; ndsighdingtndecules that

g{e?qt/rmlécﬁgﬁ)(r{l rg? ryo%pﬁeﬁ%dhliﬂﬁ§ ﬂf ﬁpeglﬁ%ﬁ%@g@ ﬁg}aﬁﬁndlecule inhibitors or

activiatdre faa theoreepmtrss, transcrigerefactorsrantl @mllgimﬂmtil@snaywdﬁed to

oS8 Wiferendfion and prop&rtid M HEFenRHEN Res 4HRAWi Férentiated cells.
progenltor cells are transplanted directly into

E:{ \e/g 1¥1§€1§E %:Eﬁelngfgégél d;%ﬁgns rgl ﬁeqo th%ftesthgg of @Q\Sﬂlﬂeutlcal compounds
tin dag echearch.gfhegealeris d@fﬁ@emwglbs fortht etardard teﬁh’@@‘é Ha8verp
or small aggregates at a density of 25, 000-500, 000
cells per Ill, (US Pat. No. 5,6968,829). The efficacy
of neural cell transplants can be assessed in a rat
nodel for acutely injured spinal cord as described by
McDonald et al. (Nat. Med. 5:1410, 1999. A successful
transplant will show transpl ant-derived cells present
in the lesion 2-5 weeks later, differentiated into
astrocytes, oligodendrocites, and/or neurons, and
nrgratlng anng t he cord fron1the Iesroned end and an

T . o L, .



staining for liver cell markers, mcroscopic

determ nation of whether canalicular structures form
in growing tissue, and the ability of the treatnment to
restore synthesis of liver-specific proteins. Liver
cells can be used in therapy by direct adm nistration,
or as part of a bioassist device that provides
tenporary liver function while the subject's |iver

ti ssue regenerate |tself f ol | owi_ng fuln1nagi eg iC
Mathags in BhArmaccatietl RareprctaAPRIEn E RIE oK) G ObS bR ed
ameoow)n@ well 4shihe paretnd dsscdgbaraf dag sheers eisgwhbe in this document.

|
B B AT L i G ORI S i
combieetee Garentigtederdls Wlﬁlaﬁﬁanfhfi@fatcﬁ@mw | fetegminipg any change
A e m-Bthoazfgy, Dbk plﬁﬂotfjﬁe‘} or th9QABolicIRK aity @ﬂthtﬁd:ells that i attributable

é)a{f)a C%{}%%Uéld q§dl}%aredl\i%h L}r%geafeg ﬁgg)aol c%is t?e!ate’d fyl%x?&nmound),
wnd thep eqtrrlwing ke effesbolghe edmepospdpith rtherﬁbtselye%?hange

expansi on, and i nprove heart function as determ ned by
Syst oThescretnagtnady e, doagdoidsumplpeathepbezsssertie cofgrodhds designed

atvEX p%%‘flag!ﬂ%?lcp efﬂ&%% c%galg% lﬂg/p%; 1?15@391!156 Zd%gfn?)guxﬁiodegloned to

ortiron o nteri or
a@vaf@éf?aﬁs slfewhere pypy hyve uninended sidg pifectedwo or mpe grughgan be tested
F(el 203190| inatRA 8y contitdniag Wit ake/cetlf eittee sitrubiateonsn obsequentially), to
va um i,St Ql n rdi
A BRI 9%{15"‘1“5;,%@%%‘?03‘@&%% e ﬁ@&“‘%h""mamyn?s gre
sergense rnatld yofar mtaﬁlam@ut@ (Gastelltet alatbpi HEut 10 léu"hh‘tl ro Methods in

@’ﬁﬁﬂia@&uiﬁ:b{@éséd?& '(Nca%em?cﬁlt’ress’\@975 (3'1(901614?}' @inthe\@termined in the
L n

g'%t 15 aélﬁ&% li))é?qa aﬁg el%lggﬁ %g s%rﬁlva [ %?Phglogg,n 31% e@Bt%ssmn or
cdeqsosf Qm@msn@tésre;m@@d)rh@reazm Bifediseic drog on pleromosomal DNA
"051?94 &%1&@ W@ﬁ%@lﬁ ing DNA syﬁlfﬁ’eﬁ.,lstcﬁ "réﬁé Hﬂlﬁﬁl‘udnénﬂ BrdU

cancer.o r ef cr
R L
thyr cah repliobtanets condisterg vothtadrugstiaep |Lb@vaofed@ﬁn@e pan gigsl indude
Bithsudf Gteb' BF s&étlﬁf@h&(ﬁgatfd%xcﬁﬁég | iBRMRined U}nﬂl@fapﬁar s bhrasd. qﬂ@reader is

sarconm, . an rti X "
oedsin Aeé\/ﬁ@@F%(Llj)lPr?’c?IS 48 i dn aﬁgﬁ\é’efé&? in Elppmiecutica escarch,
HAraldmic Bhdss,|1097) foafucther, elavorational | cel | | ung cancer,
gastric cancer, pancreatic cancer, glial cell tunors

such %s@ke%@k@éﬁ&ﬁa and neur of i br omat osi s, cervical
cancer, ovarian cancer, |iver cancer, bladder cancer,

hepat Pf@emﬁfr e Im&;@l‘ﬂ@ %[fferéh@iht@&' c@lﬁﬂﬁeﬁfe acéRdiap esthe |methods and

cancer, do carci var

CA BT CererBHbbetE mag ao BF e (S igiedeori Bl prregencration in.

hamae patientiinvebd twreoé The tceigsram aingiaisteerd, in hepanerghat permits them to

%"prﬂﬁ'ﬂlﬁ)é ‘iﬁteﬁ&‘éﬂi ¥Rhd Q4Sinl Y&@ﬁ’stﬂfte beRgeRAE MRE GlhcE A9 deficient
urther exanples are solid tumor cancer including

@?on cancer, breast cancer, lung cancer and prostrate

cancer, henatop0|et|c nallgnan0|es i ncl udi ng | eukem as

and I ynm«anmhe thelonkgkads'asd chnsaBions destaisidihereananbeysed to

Fu d L?eatﬁg fofe?érﬂlﬁgtfl%fl ste%{ celid! @}Qgﬁggﬂkﬁuﬁ%é’ ﬁRlsdlﬁfm entlated cells may
Y& 6‘6?‘*&@?1%55“"‘0?1%%5@ he 6}5‘3’&@% tll?: &Pvt %églgl %@ﬁoﬁs g/fogyétlon of stem

reeld piffasameiatidn &y benese Fa sishiodngingereayflagifivial oppans oetissies, or for
&%%Hkﬁ&ﬁ&ﬁh%X@&h@n neopl asns, prostatic neopl asns,

I'n'nedpl asns, testicular neoplasns, neopl asns, bone
neoplasns, trophobl asti c neopl asns, fallopian tube
neopl asns, rectal neopl asns, col onic neopl asns, ki dney
neopl asns, stomach neopl asns, and parat hyroid
neopl asns. Breast cancer, prostate cancer, pancreatic
cancer, colorectal cancer, |ung cancer, malignant
nmel anonma, | eukaem a, |ynpyhoma, ovarian cancer,
cervical cancer and biliary tract
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differentiated cells made according to the nethods and
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Totipotent Stem Cel | s The term "totipotent" cel
refers to a cell which has the potential to becone any
cell type in the adult body, or any cell of the
extraenbryoni c nmenbranes (e.g., placenta). Thus, the
only totipotent cells are theifertilized egg and the
first 4 or so cells produced by its cleavage.
Pluripotent Stein Cells “"Pluripotent stemcells”

are true stemcells, with the potenti t
G B3 oSl OF EseREBa (RAIRER 4 G EERRnt
mm,ﬁbbm gnd efficaiof gedthentext baenhraygdriiythisteogy anlgsrdiac
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Bty o RUEIYE b A e DRAIR Ry PUEhTe ERE ol
SncimaCiapicient cardig Pngiom (U SPat No( E3)9-44 414 WeyP 975,
isolated fromthe inner cell mass (I CM of the
bl ast gagyst, which is the stage of enbryonic
devel opnent when inplantation occurs. Enbryonic Germ
Cel | sProgenitor Estblinesand diferemtifteells adds byrthe rhethodsahdt ed
E&ﬁﬁé@sﬁ%ﬁs BELHHE PR e ﬁl&%@f?’seg QraiStrdaAn@l of toderd et uses.
(EO) sl s mmy borsal at od £ om torar ocar ci nomms. 3

L 5 , ) ocar ¢i nQnmas, a
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e 1solated fromenbryonic or fetal tissue and
¢AKEBE- grown in culture. Methods are known in the art
whi ch prevent these pluripotent cells from
di f f eMen¢ paticula. exawples oBtuelrradetts snclude squamous cell cancer, small-cell

lung cancer, non-small cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors
such as glioblastoma and neurofibromatosis, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial
carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head and neck cancer.
Further examples are solid tumor cancer including colon cancer, breast cancer, lung cancer
and prostrate cancer, hematopoietic malignancies including leukemias and lymphomas,
Hodgkin’s disease, aplastic anemia, skin cancer and familiar adenomatous polyposis.
Further examples include brain neoplasms, colorectal neoplasms, breast neoplasms, cervix
neoplasms, eye neoplasms, liver neoplasms, lung neoplasms, pancreatic neoplasms,
ovarian neoplasms, prostatic neoplasms, skin neoplasms, testicular neoplasms, neoplasms,
bone neoplasms, trophoblastic neoplasms, fallopian tube neoplasms, rectal neoplasims,
colonic neoplasms, kidney neoplasms, stomach neoplasms, and parathyroid neoplasms.
Breast cancer, prostate cancer, pancreatic cancer, colorectal cancer, lung cancer, malignant
melanoma, leukaemia, lympyhoma, ovarian cancer, cervical cancer and biliary tract

carcinoma are also included.

In preferred embodiments, the progenitor cell lines and differentiated cells made
according to the methods and compositions described here are used to treat T cell

lymphoma, melanoma or lung cancer.



Adult stein cells conprise a wde variety of types

i ncl udi ng neuronal, skin and the blood form ng stein
cells which are the active conponent in bone marrow
transplantation. These latter stemcell types are also
the principal feature of unbighical cord-derived stein
cells. Adult stern cells can mature both in the

| aboratory and in the body into functional, 24 nore
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deseidhgd here for produci ng progenitor cells,
progenitor cell |ines and differentlated cells.
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25 ol i godendrocyte-astrocyte precursors, and

i neage-restricted neuronal precursors. U S. Pat. No.
5,968,829 reports neural stern cells obtained from
enbryonic forebrain and cultured with a nedi um
conprising glucose, transfermsn, insulin, selenium
progest erone, and several other growh factors.
Primary liver cell cultures can be obtained from human
bi opsy or surgically excised tissue, b rfusion wt
an ap%ﬁeﬁlpfreﬁ%lﬁserege&?ﬁ?(%’&ttﬁ‘é ﬁoﬁ?neeblln%ﬁ]éﬁ’gg g"t‘é’ﬁﬁm Rt
binaiboenirstciasals, Aldimpultipdtenteteyn ce? 0 953 633 Al reports
isolating liver cells by preparing m nced human |iver
ti ssue,il.asHsReNtE/Rg concentrated tissue cells in a
grow h di um and expanding the cells in culture. The
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epithglitu nd al.so precursor cells (referred to as
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hunanﬁﬁéﬁ%%gﬁgggﬁgagendritic cells. U S. Pat.
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primary cultures or established |lines of enbryonic
stem cel | s.



Medi a and Feeder Cells Media for isolating and
propagati ng pPS cells can have any of severa

different formulas, as long as the cells obtained have
the desired characteristics, and can be propagated
further. Suitable sources aregas follows: Dul becco's
nodi fi ed Eagl es nedium (DVEM, G bco#11965-092;
Knockout Dul becco's nodified Eagl es medium (1(0 DVEM,

G bco#10829-018; 2 ut ani ne, bco#1503 27
o wedwlied sl aﬁwgt%aﬁ%%% %faai igber of ‘I?H&Yﬁ 18416113@8‘? the type
bedtéem el epémoet hanol , Si gma#M’522; human reconbi nant
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Briefly, human bl astocysts are obtained from human in
vivo preinplantation enbryos. Alternatively, in vitro
fertilized (I1VF) enbryos can be used, or one cel

human enbryos can be expanded to the bl astocyst stage
(Bongso et al., Hum Reprod 455706, 1989). Human

enbryos are cultured to the b?astocyst stage in GL. 2

and &Q.2 nmedium (Gardner et al., Fertil. Steri

69: 84, 1998). Bl astocysts that develop are selected
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SELF- RENEWAL AND DI FFERENTI ATI ON Sel f - Renewa
Stemcells which are self-renewi ng may be identified
by various neans known in the art, for exanple,
nmor phol ogy, i munohi stochem stry, nol ecul ar bi ol ogy,
et c. Such stern cells pgeferably display
i ncreased expression of Cct4 and/or SSEA-1.
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Tie-2 and c-kit is decreased. Stemcell s which
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is avail able commercially for research purposes.
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Differentiating stein cells, i.e., cells which have
started to, or are commtted to a pathway of
differentiation can be characterized according to a
nunber of phenotypic criteria, including in particular
transcript changes. The criteria include but are not
limted to characterization of norphol ogical features,
detection or quantitation of expressed cell markers
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32 can be obtained from public databases such as
GenBank CURL www. ncbi . nl m ni h. gov: 80/ entrez). EXAMPLES
Exanpl e 1. Methods: Derivation of E-RoSH Cell Lines
Enmbryonic stern cells (ESCs) are induced to
differentiate to form enbryobhg bodies (Ebs) using the
net hycel | ul ose- based approach described in Limet al,
Bhgod. é997;90:1291-1299) Day 3 to day 6

enbryoi d bodi es are harvested, dissocjated | si.ngl e
gréit pvesy) s3avRekd P gl t%*lnlagalftawoairg&P@gw?'ﬁegégr( E t
EaloiubEP uendiRim Merwii 2mM EDTA)| aessurd o tyRobvecdllagemage] ,

. Teratocargi . : ' lS a8
Rl IR RGS 3 AP By SR S8 AN\ ORI Sy sferofipete. Clump
sig@pf Fhout $0 Y0 Hifteedp ateontial- at a density of
1-5x105cells per 10 cm feeder plate. After about a
week, ExbgosielGesm@etki f erated and differentiated into a
conpl ex m xture of cell types. Col oni es of
rapi difymel Eindiyogicd@dring hEE ¥ eatls lcambe megnrstofreln prignelimtasn cells
ﬁxgls%}g frﬁ{ I Jg’tfgtléﬁg?‘r@f\}gltiﬁéﬁlﬁgf{ﬁ @-lsle\ﬂéélﬁf]&ﬂtei’l‘ k}%eylait @hestrual period.

- te, - , B- a .
S prPeBIon NG ot deberie g SEeoitahy g Nethdgad Sei. UsA
b5 RoBI81 1998, and U.S. Bt N16,098GRRNCe i n which each cul ture
i s established. Each of these cell cultures are

t hen Bﬁ@lﬁ%@rﬁtaﬂidéé@'ai‘eor@ls&ﬂwﬁtﬁ i RniclfeMtRinall&ed into 0.1 mL

Col . h | d I [

G054 msintst mbt b E0 Thcrsbion ERALR spbfuh 2L AR cfdhus. The
Gsshe is&hBQ@?ﬁtteg,ﬂubu?h a 10BuL €p co fuFther disaggregeae the cells. It is incubated
o I es . i

ét:ﬁ egacle&é Eeé} Fﬁm{f g é'llrug, t%%lg%ﬂg)gﬁ%g%Lo@G #gcivftg}l%ﬁﬁ@fs' aAlled. EG

Atcdedh 'mq:éiuphi@ QMEM& géoqa@g/&,)}?-gmgseﬁa@%dgggy@\dgg@ﬁgBicarbonate;
RE9 RIS RIERSRANTE fefal EORNEN@RICOD n(M gieanina (BRL); 1
SHE RN L T W ————
paceori(blFs Cgnaesdy i-Beg/m| Roben rasombingbasy fibmblgigraws factor
(gj,féﬁn@??%ﬁﬂﬁlt 1 %ﬁgg&ﬂh’ﬂﬁ%ﬂl BRABIVEON IR alefRfivE®ipkoach, EG
cells are isolated using hyaluronidase/collagenase/DNAse. Gonadal anlagen or genital
ridges with mesenteries are dissected from fetal material, the genital ridges are rinsed in
PBS, then placed in 0.1 ml HCD digestion solution (0.01% hyaluronidase type V, 0.002%
DNAse I, 0.1% collagenase type IV, all from Sigma prepared in EG growth medium).
Tissue is minced and incubated 1 h or overnight at 37 degrees C., resuspended in 1-3 mL

of EG growth medium, and plated onto a feeder layer.

Ninety-six well tissue culture plates are prepared with a sub-confluent layer of
feeder cells cultured for 3 days in modified EG growth medium free of LIF, bFGF or
forskolin, inactivated with 5000 rad y-irradiation. Suitable feeders are STO cells (ATCC
Accession No. CRL 1503). 0.2 mL of primary germ cell (PGC) suspension is added to
each of the wells. The first passage is conducted after 7-10 days in EG growth medium,
transferring each well to one well of a 24-well culture dish previously prepared with
irradjated STO mouse fibroblasts. The cells are cultured with daily replacement of
medium until cell morphology consistent with EG cells are observed, typically after 7-30

days or 1-4 passages.



HUES9 cells are cultured as previously described in
Cowan et al, N Engl J Med. 2004; 350:1353-1356. 33

To derive HUES9.E MSC-|ike cells, HUES9 cells are
split 1:4 onto gel atinized feeder-free plates in using
HUES9 culture nmedia. Confluenp cultures are
trypsinized and split 1:4. Differentiation into

adi pocytes, and osteocytes is perforned as previously
descri bed (Barberi et al, PLoS Med. 2005; 2:el61).
BMLIVBESEWAE ANP EPERISBENEM T vi ous| y descri bed in
Pittenger et al, Science. 1999; 284: 143- 147.
Genontdf-R&Rwnbr nouse- and human-specific repeat
sequences are performed as previously described in Que
et al Stehrcells tvhizh@ed delfDenevBi®inay\bé itentfpddy4eriqus3ndang known in

R kog gﬁam}?{ﬁgﬂg'?ﬁélo@Tilﬁﬁ;&m%&i{l&try, molecul 2tHblogNbecl S

prepér us ~standdrd protocols and are quantified
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(PMfélebluJ_ cxpreRyiobekany pug gn@pre@f &oh)Tie-2 and c-kihindrcreagad; Fm
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ty, ) . anpl e 4.

I osystens, Foster Met hods: In
\?Elﬂsr‘ﬁhléhﬂ_ﬁtnﬂ%qefféfmﬁ‘ﬁ'er entiation Endot hel i al
differentiation of E-RoSH cells and acetylated LDL
upt ak Eobyraniple; sy tba by adiggnEoReSE stefiard MHERsIRICBARE JURan
RE®WoRISen S88 ‘Eﬁs‘gﬁ?q’liéll\ﬂlﬁleﬁﬂ;’cy@dplasﬁﬁd Rtibomchepladdvfandimage,
Vasc, Bi ol . %004' 47 691- 9%) . . : o
prominent nucleoli, and compact colony formation with poorly discemable cell junctions.
Cell lines can be karyotyped using a standard G-banding technique (available at many
clinical diagnostics labs that provides routine karyotyping services, such as the

Cytogenetics Lab at Oakland Calif.) and compared to published human karyotypes.

Human embryonic stem and human embryonic germ cells may also be
characterized by expressed cell markers. In general, the tissue-specific markers discussed
in this disclosure can be detected using a suitable immunological technique--such as flow
cytometry for membrane-bound markers, immunohistochemistry for intracellular markers,
and enzyme-linked immunoassay, for markers secreted into the medium. The expression
of protein markers can also be detected at the mRNA level by reverse transcriptase-PCR
using marker-specific primers. See U.S. Pat. No. 5,843,780 for further details.

Stage-specific embryonic antigens (SSEA) are characteristic of certain embryonic
cell types. Antibodies for SSEA markers are available from the Developmental Studies
Hybridoma Bank (Bethesda Md.). Other useful markers are detectable using antibodies
designated Tra-1-60 and Tra-1-81 (Andrews et al., Cell Linestrom Human Gern Cell
Tumors, in E. J. Robertson, 1987, supra). Human embryonic stem cells are typically
SSEA-1 negative and SSEA-4 positive. hEG cells are typically SSEA-1 positive.
Differentiation of pPS cells in vitro results in the loss of SSEA-4, Tra-1-60, and Tra-1-81
expression and increased expression of SSEA-1. pPS cells can also be characterized by the
presence of alkaline phosphatase activity, which can be detected by fixing the cells with
4% paraformaldehyde, and then developing with Vector Red as a substrate, as described

by the manufacturer (Vector Laboratories, Burlingame Calif.).



In vitro differentiated E-RoSH vascul ar structures are
fixed in formalin, enbedded in paraffin, sectioned at

4 jIlmand stained for vW using pol ycl onal,

rabbi t - generated anti body and Envi si on+

Syst em per oxi dase (DakoCytomgpi on, Gostrup, Denmark).

The sections are counterstained with Mayer's
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Differentiation 1 x106 enbryonic stem cell re,.
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The cultures are then screened for RoSH|ike colonies

of rapidly dividing cells with [arge nucleus to
cytoplasmratio and ring-like cells that are

I mmunor eactive for von Wl Il ebrand Factor (or vW) (Yin
et al, Arterioscler Thromb Vgse Biol. 2004;24:691-696)
(Figure 1B). 35 Only col onies that naintai ned a
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surface markers, immunohistochemistry (for example, of fixed cells or tissue sections) for
intracellular or cell-surface markers, Western blot analysis of cellular extracts, and
enzyme-linked immunoassay, for cellular extracts or products secreted into the medium.
The expression of tissue-specific gene products can also be detected at the mRNA level by
Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase initiated
polymerase chain reaction (RT-PCR) using sequence-specific primers in standard
amplification methods. Sequence data for the particular markers listed in this disclosure



Gene expression in E-RoSH2.1 is nonitored by
guantitative RT-PCR anal ysis of 15 genes and shown to
be stable at different passages (Figure 2A). In
addition, this gene expression profile is simlar to
that in other independently derived E-RoSH |ines as
wel | as the nouse enbryo-derived RoSH |ines (Figure
2B) . Subcut aneous transpl antation of E-RoSH
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the parental enbryonic stemcells will invariably
generate a 2 cmteratoma within three weeks,

Fgggeﬁgg ng a loss of pluripotency in E-RoSH cells

not shown). Thi s | oss of pluripotency is
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Eéi’f&gﬁa‘s&%g‘é‘f @eW ur| po )éd’ﬁ{"e TOS such as BI\/P4

FGF5, COct4, Sox- 2 and

Ot AL (B0 B S
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ﬁg 7793(8115? 3 166- 185; Rao M Dev Biol. 2004;
e In contrast, a set of genes
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ICP‘RBIWHP’éwfe Of,fl P&hdot hel i al potential . Exanple 8.

Differentiation of E-RoSH Cells Into Endotheljal_ Cells
' vi Cobnissal fopidly disimg cURTPeRRINgEMOTENRR R ROSH cels afe

PRIEN L BdxpakcRosideelilySo an e wellalae 2a+wdngilite geivell plate and then a
10 cm plate. The culture from each colony is named E-RoSH1, 2, 3...in the sequence in

which each culture is established.

Each of these cell cultures are then replated at 10-100 cells per 10 cm plate.
Colonies are then selected and expanded to establish sublines that are named based on
their parental lines e.g. E-RoSHI1.1, 1.2, 1.3, etc. For suspension cultures, 1x10° cells are

plated on 10 cm bacterial Petri dishes that are placed on an orbital shaker.

Alkaline phosphatase assay, and MTT assays are performed using assay kits from
Chemicon (Temecula, California) and Bioassay Systems (Hayward, California).

Chromosomes counting is performed as previously described (Robertson, supra).

Example 2. Methods: Derivation of HuES9.E Mesenchymal Stem Cell (MSC)-like
Cell Lines

HuES9 cells are cultured as previously described in Cowan et al, N Engl J Med.
2004;350:1353-1356.



Wthin two weeks, the cells forned a network of

vascul ar-1i ke tubules that covered the entire tissue
culture dish (Figure 3A). These tubul es are patent and
cells lining the lunmen endocytosed acetyl ated LDL
(Figure 3B) and are imunoreggtive for VWF (Figure
3C). Expression of endothelial genes such as Tie-2 is
al so increased (Fi gure 3D) When grown in
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shown). Exanple 9. Derivation of Lineage-Restricted
Progenitor Cell Lines from Human Enbryonic Stem ( hES)
Cell Lines To illustrate the general
applicability of our approach, we derived MSC-|ike

i nes fromhuES9 a human enbgyonic stemcells |line
(Cowan et al, N Engl J Med. 2004; 350: 1353- 1356) .

W observed that in nost human enbryonic stei n cell
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enous culture of fibroblast-Ilike

F}@I“In yfﬁﬁ:hycgi;‘ ﬁ’ﬁ’&‘f °Bgically sinmilar to bone marrow
derived MsC (BMMsC) cultures is generated (Fig
Egymple 6. Der rvmorp@ﬂ LigezaeaRespicted] Enlodhebirlihrggpite} Gelid ines from

W@Eﬁﬁ)m%n@stmmﬂﬁmtg generated. Unlike its
parental huES9 cells, huES9.El did not have detectable
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| 2004;
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ibipstporH sand FpRY emmlanwww%'mm%  steichgehfor Rl tgave rise to

R R PaEnabi @Ns.dekiféeg time is 4-5 days, and in medi a
supplenmented with 10% fetal calf serum the popul ation

doubl |3 96 Idgy gig%ﬂlbr)%% Q@&féssare generated using a semi-solid, methycellulose-
based media (Lim et al, Blood. 1997;90:1291-1299), dissociated into cell suspensions by
collagenase digestion to disrupt the differentiating microenvironment of the embryoid
bodies, and plated on gelatinized tissue culture plate at a density of 1-5x10° cells per 10
cm plate in embryonic stem (ES) media without LIF supplementation to discourage

propagation of mouse embryonic stem cells (Figure 1A).

Propagation of dissociated cells is enhanced if they are plated on embryonic
fibroblast feeder as previously noted for the derivation of RoSH progenitor cells (Yin et al,
Arterioscler Thromb Vasc Biol. 2004;24:691-696) but this tended to encourage growth of
embryonic stem cells. After about a week, most of the cells differentiated into a

heterogenous cell culture.

The cultures are then screened for RoSH-like colonies of rapidly dividing cells
with large nucleus to cytoplasm ratio and ring-like cells that are immunoreactive for von
Willebrand Factor (or vWF) (Yin et al, Arterioscler Thromb Vasc Biol. 2004;24:691-696)

(Figure 1B).



Based on the cl ose resenbl ance of huES9. El and

huES9. E3 to BMMSC, we further approxi mated the

l'i neage potential of huES9.El by conparing its surface
antigen profile to that of BM MSCs. These cells

exhi bited typical MSC surfacgs markers, CD29+, CD44+,
CD105+ and CD166+ (Barry and Murphy, Int J Bi ochem
Cell Biol. 2004 36 568 584) and did not express CD34

and CD45 (Fig HUESS. E1 can t?eo
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do not have detectable alkaline phosphatase activity (Figure 1D).

Population doubling time is estimated be ~15 hours by MTT assay (data not
shown). E-RoSH cells have been maintained in continuous culture for >40 generations by

passaging every two days at 1:4 to 1:5 split (data not shown).

The karyotype of E-RoSH 2.1 and 3.2 as monitored by chromosome number, is
stable for at least 10 passages with a normal mean chromosome number of 40 (Figure 1E).

Gene expression in E-RoSH2.1 is monitored by quantitative RT-PCR analysis of
15 genes and shown to be stable at different passages (Figure 2A). In addition, this gene
expression profile is similar to that in other independently derived E-RoSH lines as well as

the mouse embryo-derived RoSH lines (Figure 2B).

Subcutaneous transplantation of E-RoSH cells into SCID or Ragl -/-
immunodeficient mice did not induce teratoma formation during a two to nine-months’
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To confirm their endothelial potential, E-RoSH cells are plated on matrigel.

Within two weeks, the cells formed a network of vascular-like tubules that covered
the entire tissue culture dish (Figure 3A). These tubules are patent and cells lining the

lumen endocytosed acetylated LDL (Figure 3B) and are immunoreactive for vWF (Figure
3C).

Expression of endothelial genes such as Tie-2 is also increased (Figure 3D).

When grown in suspension, E-RoSH cells, like embryonic stem cells, formed
spherical bodies. However, unlike the tightly packed embryonic stem cell-derived
embryoid bodies, E-RoSH-derived bodies are morphologically distinct with a hollow
center (Figure 3E), providing another distinguishing difference between embryonic stem
cells and E-RoSH cells.

Genes whose expressions are associated with early lineage commitment during
embryonic development, are significantly reduced during formation of E-RoSH-derived
bodies in comparison to that during embryoid body formation. These genes include
cerberus (cer-I) which is expressed during early gastrulation (De Robertis et al, Int J Dev



11. De Robertis EM Wssely 0, Cel geschlager M
Brizuela B, Pera E, Larrain J, Abreu J, Bachiller D
Mol ecul ar mechani snms of cell-cell signaling by the
SpemannMangol d organi zer. Int J Dev Biol. 2001,
45:189- 197 12. Hart AHgzyHartley L, Sourris K,
Stadler ES, Li R Stanley EG Tam PP, Elefanty AG
Robb L. Mx11 is required for axial mesendoderm

gg{}g}%gﬁgﬁ%;ﬁg%ﬁg@?gt@%gggéi?xggiggnttfgreaxia rf%gequgﬁ%%m@ﬁ%g?nesis

W pelte aSnd W art\d& bl) D el opridas. 20021 2B 97SHH08; MohbetcH dpevaByn.

@@%@6%59?1{& BEsE WEl%{l &l xé%s e@i’rgﬁéuéc-ﬁdocﬁﬁfé‘?i@swsadah etal,
se _xgeels actlvate arﬁy durin )

e Ferleqnnpbd povisat 1-E29: Beaiamest ot abeRree Ned AsHbSsitiS es

eosloges 3p4LI368Y CagedBi)yos. Dev Dyn. 2003; 226: 446- 459
14. Seidah NG Marcinkiewicz M Benjannet S, Gaspar L,

Beau b‘l‘ﬁ@wﬁé‘gv@'{?tl&? ie);}!\[&siolnqg\}é[s%f es@%x‘é@ﬁ(re M)nsg?érﬁ ti@NhdMeduced

G oning a i mary seguence 0 use candj date .
PPN BO%lgmﬁérStl%ét tﬂ@ﬁ-ﬂ@% F%igdﬁslm%%?f }cl%‘,'f,dlﬁﬁpﬁﬂt,y of
aRBrykandtentiéddls td giffeAfiATREO MR rogaoirz of tadintypasdrom all three
ms_ss%n%er RNA distribution in brain and pituitary
EBPE&YEd to PC2. Ml Endocrinol. 1991;5:111-122

15. Benjannet S, Rqndeau N,

: Day R. Chreti| : Sei dah .
NG PELCORRBPtPCN 4718 T eRet BYBY FRREGHOBPL %&dlgﬁigkg{l&me%“g‘r as kit
glh@ L NFigrospl oupgésahaici-RoSHat!lcbreferentsllypdiffersnigdte into

asi.c . .resi S Sci _ )
BRGSO o 55y G e B i et
Mot hginthg geng exgresgomof prépllgﬁugﬁagégat }ﬁ,}’?%fhﬁle goten’ual to
M?ﬂférﬁgia%t_omémtatvpeie&:?lceuﬁpweh@eaot béeh able tOhdu@embysit i on
enbryoni.c. s ce in . 3 :

R
@Gekyey RM Salto-Tellez M Wng N, de Kleijn DP, Teh
M RetnamL, Lim SK. Generation of hybrid cell |ines
W th eygattrbSHIceloire tibklad whih @traqker b devecersn, feeldipemeable

ult bon Lrow.cel | F ' L Lderiv
e S D Vv
4dratoma that Wil pragagerasuftable mrwirgmem&%@ﬁﬁmtmg EcfeSH cells,
C]%kl)ﬁ{tc@lllé: RIS f(_ﬁﬁld Q@Iﬁé in6ekhbiafed i12p theltapill@gipledus in the teratoma and are
ShoL5E Sy iy SSE DD L Sy 08 g
Sheotdparated inDbe tunmrivgwubturqgﬂemppi@u@morqgg@@{@hmm-l (data not

%%H)r?sorlglf rom human enbryonic stemcells. PLoS Med.
;2. e

Example 9. Derivation of Lineage-Restricted Progenitor Cell Lines from Human
Embryonic Stem (hES) Cell Lines

To illustrate the general applicability of our approach, we derived MSC-like lines
from huES9 a human embryonic stem cells line (Cowan et al, N Engl J Med.
2004;350:1353-1356).

We observed that in most human embryonic stem cell cultures, human embryonic
stem cell colonies grow in a state of equilibrium with proliferating stromal fibroblastic
cells (Figure 4A) suggesting that they are human embryonic stem cell-derived progenitor
cells. To encourage the propagation of these cells and discourage that of human embryonic
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Based on the close resemblance of huES9.E1 and huES9.E3 to BM-MSC, we
further approximated the lineage potential of huES9.E1 by comparing its surface antigen
profile to that of BM-MSCs. These cells exhibited typical MSC surface markers, CD29+,
CD44+, CD105+ and CD166+ (Barry and Murphy, Int J Biochem Cell Biol. 2004;36:568-
584) and did not express CD34 and CD45 (Figure 4F).

HuES9.E1 cells can be induced to differentiate into adipocytes and osteocytes
using standard differentiation conditions (Barberi T et al, PLoS Med. 2005;2:e161).
Adipocytic differentiation is confirmed by the presence of oil droplets in the differentiated
cells and expression of PPARy mRNA (Figure 4G) while osteogenesis is deternmined by
von Kossa staining for calcium deposits in the matrix and expression of bone-specific

alkaline phosphatase, 4lpI(Figure 4H).
Example 9. Discusssion

In summary, our study provides proof that lineage-restricted embryonic stem cell-
derived progenitor cell lines can be established using the principle that progenitor cells
with their unique ability to self-renew, can be propagated without transformation. They
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t he
(¢) selecting cells which self-renew; and

(d) establishing a mesenchymal progenitor cell line from the cells which self-renew in

the absence of transformation;

in which the mesenchymal progenitor cell line is lineage restricted compared to the

parental embryonic stem cell.

2. A method according to Claim 1, in which the embryonic stem cell or mesenchymal
progenitor cell line is a mammalian, preferably mouse or human, embryonic stem cell or

mesenchymal progenitor cell line.

3. A method according to Claim 1 or 2, which selects against somatic cells based on their

inability to self-renew.

4. A method according to Claim 1, 2 or 3, in which the self-renewal-promoting
conditions comprise any one or more of: (a) growth in rich media, (b) growing cells in the

absence of LIF; (c) serial passages, such as at least 12 serial passages.

5. A method according to any preceding claim, in which the step of deriving the
mesenchymal progenitor cell line comprises a step of exposing the embryonic stem cell to
conditions that enhance differentiation to a specific lineage, preferably by generating an
embryoid body from the embryonic stem cell, optionally followed by removing the cells from
differentiation enhancing-conditions after pluripotency is lost, preferably by disaggregating an

embryoid body which have preferably been grown from between about 3 to 6 days.
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nmet hod conprising: (a) deriving a nesenchynal

progenitor cell line fromthe enbryonic stemcell by a
nmet hod according to any of Clains 1 to 7; (b)
propagati ng the nesenchymal progenitor cell |ine; and
(c) deriving a differentiated*tell fromthe
mesenchymal progenitor cell line.
6. A method according to any preceding claim, in which the mesenchymal progenitor cell

line displays one or more of the following characteristics:

(a) is non-pluripotent or non-tumorigenic;

(b) has reduced expression of or does not substantially express either or both of OCT4

and alkaline phosphatase activity;

(c) has reduced expression of a pluripotency marker compared to an embryonic stem
cell from which it is derived, the pluripotency marker preferably selected from the

group consisting of: Nanog, BMP4, FGF3, Oct4, Sox-2 and Utfl:
(d) is maintainable in cell culture for greater than 40 generations;

(e) has a substantially stable karyotype or chromosome number when maintained in

cell culture for at least 10 generations;

(f) has a substantially stable gene expression pattern from generation to generation;

and

(h) does not substantially induce formation of teratoma when transplanted to a
recipient animal, preferably an immune compromised recipient animal, preferably after

3 weeks, more preferably after 2 to 9 months.

7. A method according to any preceding claim, in which the mesenchymal progenitor cell

line comprises an huES9.E1 cell line.

8. A method according to any preceding claim, further comprising the step of (e) deriving
a differentiated cell from the fnesenchymal progenitor cell line, which has preferably been

propagated for at least 5 generations prior to differentiation.

9. A method according to Claim 8 for generating a differentiated cell, preferably an
endothelial cell or a mesenchymal cell such as an adipocyte or an osteocyte, from an

embryonic stem (ES) cell.

10. A method according to any preceding claim for up-regulating expression of
mesenchymal or endothelial markers of a cell or for down-regulating expression of stem cell

or pluripotency markers of a cell.
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11. A method of identifying an agent capable of promoting or retarding self-renewal or
differentiation of a stem cell, the method comprising performing a method according to any

preceding claim in the presence of a candidate molecule, and determining an effect thereon.

12. A method according to any of Claims 1 to 9, further comprising the step of preparing a
pharmaceutical composition comprising the mesenchymal progenitor cell line or differentiated
cell for the treatment of, or the preparation of a pharmaceutical composition for the treatment
of, any one of the following: a disease treatable by regenerative therapy, cardiac failure, bone
marrow disease, skin disease, burns, degenerative disease such as diabetes, Alzheimer’s

disease, Parkinson’s disease and cancer.

13. A method of generating a differentiated cell from an embryonic stem (ES) cell, the
method comprising: (a) deriving a mesenchymal progenitor cell line from the embryonic stem
cell by a method according to any of Claims 1 to 7; (b) propagating the mesenchymal
progenitor cell line; and (c) deriving a differentiated cell from the mesenchymal progenitor

cell line.



