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cul ture vessel, such as a Petri dish. The vessel nmay

be pre-treated. In preferred enbodi nents, the cells
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exposing cells to a reporter, such as a |abelled

anti body, which binds to and | abels antigens expressed
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| abel 'ing thereof to formreporters are known in the

art, and described for exanple in Harlow and Lane. The

cells are then passed through a FACS nachi ne, which

sorts the cells fromeach other based on the

| abel i ng. W have realised that while a nunber of

candi date surface antigens known to be associated wth

I\/IS(Fsglae ¢B. CotaBraticpEene eirEsion praigs indpRo§H2. pBaR 3.2 and

f the MSC associ ated surface antigens e.g. CD29
and 19e are al so highly expressed in ES cells such

as hESCs and heir ession are rified b A
o dgur e S L GRS ives S of Sehesiaiaeliled (i,
pluﬂ&@éndyamd reﬁtlothehaﬂs pbu‘enﬁalen thet mremial |5 1dyentrgorsia siegesellagnd E-

an fomES cell's
RO@E%EC @ ‘?’?E‘%@ uf&cé)g nﬁ ea%{?;e Se%ﬁ on or sorting
step preferably enpl oys antl gens which are
di f¥ignuer ChpragtesizpitansyfditRo8HhvesBh MSCs and ES cel | s. The
sel ection or sorting step of our nmethod may positively

sel gghref3X. Iﬁﬁ'ﬁﬁﬂ&ﬁh&f&haﬁdrﬁ@ﬁ et 51 bassesh matrigebcoated plate. In

expr, e h ant i ge
twq Wesksi ﬁq)gng feﬂq: éﬁf@ iﬁtﬁl% orgb%eag' ﬂbof{rtﬁlgulgr structures that
unexﬂnﬁssnﬁmepfdﬁmma&nmﬁuhﬁﬁﬁs and hESCMBCs as descrlbed
in the Exanples. In particular embodinents, the

sel ﬁé Oﬁ?f Y_RISAL eﬁ%@%u%? g?ﬁ&ﬁ&?h 1M§ﬁ1s%ﬁd @ﬁ(‘locytosed

gens snown 1 n pi@(; el ow.
acepﬂ@ﬁ@LD@d Tb%@l@ﬂtwéﬁ w1 lahaled wigh £6D% R caﬂ;o PHE grgeR iﬂélﬁrescent
&H&uliﬁirbﬁ’éj LY @il)tahﬁ pkapidiameelidt amdriseaty cmifocal

¥n
em C he expression of ge
LR
flu®Bsdeentaiil-ladeldedclDB $MoESChar Pﬂ'dhasEume,s(hB)\forQﬁ holes and

oo L 5 PEORTIRG AL S sl e,

EugdriegOR® bafyye armlysisHerqopfasal @@f@&@@PﬁEx anpl es de m) n st r at e
that both CD73 and CDI 05 are highly expressed surface

ant FERRS3E NnlYRbor@RdvaRy foraWRen @g&ﬂ@fﬁ@mE&id&ﬂgb&ty)m of E-

RofERG Gerr g ol Stugiss e it HE PR AR SRl Y, Bfbum

precl@fes (Riichopbiitiasstaaingc Tabieldiardeuinédwith Iater'y bevBosylin.
will be equally effective in sorting for putative MSCs

g en iﬁa}#?e ?Dbém?éhégp%s 1%5'(1%1&1@ gmﬂ)@l%l:ﬁl dtﬂ"etre@ﬁﬁﬁéﬁ YEEWROS2.1 cells

lon"or sarting

as e gt Alel quADEIbTe RaTgBCR@mab(ﬁlﬁ Relpidverirse 86X S foqopmalized

It {andle@plab@hlay agxpr@saRduAGIonUr f ace antigen
ag%ﬁ&é%?@%%??asnt eempce I'ls (aEasghcel I s) such as hESCs, and

Q?t gqﬁtsrt;e gc h%xgsse%szgrgéng‘&ggsl emg}(,%nc %elarcg&? %ndsﬁ-lfo%&i chhay 7
|dent|f|ed hESCspeci fi c surface antigens such as M BP,
CR1BR3 3ANQuRORXiva R T-ROR ©DEUNg TheenBeapisbsen B eWbERAIC stem
cel&'}%ﬁ n%gka E@C}S w@]&%ﬂe{ﬂﬁltﬁ gifdR ?dn%hlt%es@&zé, 29'3 AMEFGays.

herefore, be, used
Relrsiyatgeveexmtssion ipnowralized pgavest that R’éﬁm PRISSITH "‘?alfss?a‘l time 0 and

Eall ‘ffﬂﬂhfél’fﬁﬁdt% with CD105 as a positive
ex@‘@%‘se&ié&agl 8ganar ker for isolating putative MsCs from

dlfferentla n ul .t ur a

mes ey e Iy dmiarPapE Gojos Eg S Biiettd fith Qdor®
naf&drfstile (E3salm wirlidsinml atehiejected tntp ereprttrydie Stem cell-derived teratoma

tr.ansf or nmat nd the are
gty SRS G o Eafren s BB Riciniof 3R tanized and the tumors

immortalised cells such as tunour cells or tunour cel

lines, viral infection of a cell line with tranform ng

viruses such as Sv40, EBV, HBV or HTLV-1, transfection

with specially adapted vectors, such as the Sv40

vector conpr|3|ng a sequence of the Iarge T antigen
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Mb7683, MB4607, BC053036), Oct4 (GenBank Accession
nos: NM 013633, X52437, M34381, BC068268), Runxl
W@ 3enBamk7 Accessi on nos: NM 009821, D26532, BCOBOP2G2006/000233
AKO051758), Soxl 7 (GenBank Accession nos: NWJ)1 1441,
D49474, L29085, AK004781), Sox2 (GenBank Accession
nos: NM 01 1443, U31967, AB168673), Brachyuiy
(NM 009309, X51683), TDGFl (GenBank Accession nos:
NM 01 1562, MB7321) and Tie-2 (GenBanlc Accession nos:
NMJ) 1 3690, X67553, X71426, D13738, BC050824). The
remgydsh d8e deBess arselixdddn & Ve pasbfosmeldehyste sad sriogertiohed at 20 pm

thﬁl%ﬁe%ﬁ‘ CIHeRbticis QR £84yed f8Speheinl 1 ﬁﬁmgﬁérfefd’[ﬁ/ﬂ? l&hgYat anit-pecam1
descen ants o

I h s cl onal

fOﬁr% %Cﬁ%i}bﬂlﬁ C%thlééH) ?fje‘i Qit antirgat et e dye prshequniraypiapd apb-DAPL The
seatfona acevibwedbelightimictesasrhdihen @nfédaméabledpphi ch

have not undergone substantially any transform ng

L e3hRRY. ChadERRld N LRI Ruch clonal

descendant s have fot undergone Substantial genom c

changes are_substantially genetically identical to the

par éngure dAy. Hus9 galony ceasyoen mijosealyabpstivetMEF e susrapoded by

profiferniag fibrdbasiEstivintdd célgdagsd) pot ency) . The term
‘mesenchymal stemcells” should al so preferably be

t ak n lin erived

st erhiRLp AE" A R sCifinva roR{ et SupR e bE Sh T QB Cetts anc
Iﬂﬂkbdvméwﬁgh DERI VATI ON OF PROGENI TOR CELLS In

preferred enbodi nents, the nethods described here may

enp |F‘i’g’uré l4Ct PRESS! agfé],ﬁ?ﬁlpelﬁﬁjgﬁﬁ% sy ST BRVENL mo%%akembryomc

ymal ‘stem er stéps may

sto5) SR PR BmpRenst Hbeblau METDERS HIBYS.E | meseatinses stom cel

(VBOHiletRNS are®taigdd ff tHehRs&ensd SMdkalihb @hbdphhiagy ao'iltvﬁ? S
may be in fact be conducted independently, and

e A T PR MR B0 I TG PO oo

Pogpddtyopentiatizg RErPER ianadysie tisiog TedMde®iprinmgs. Resé fictmnsedipt level
provi di ng an
ulﬂhﬁ??%ﬁf%ﬁg%gﬁ?¥ﬂ?§gggf Jﬁfg) é%%abllshlng a

pro enitor éell line fr?n1the enbryonic_stemcel|; in
PR 8L pisRRmic SR fralysiy for the pesenreel unaawseifl lordlu repoat
seqtteﬁcéizhhd hbyset PeSi6il = nNepeat HeNEs in PEROFINIS C-Hikecells.
net hods are conduct ed together Thus, for exanple, our

pr oge%& f g? y%% &{JB} : %gasl}qs?r om ?%Seé) fé ﬁ_%fé}g%a?g% at%lellrﬂséésg’%ie 8.

prior to, during, or after the dispersal step or the
pr opagyae +GnPrtideof stinfage antigsnsiby RAE Srramlysisr HoRS9p eells are

tes&RBF 11§1%uﬁ’&%§dtﬂﬁt9ggﬁnm sl c$4189) eBhk6 %@9 alYCD45.

provi ding a cel tained By dispersing a € ryonlc

ste ES) Ll. colon escendent ther ,
der ?e;élﬁ g Bt Skt et %@39&& fogAdROCH s apiaeﬁ?qyw- Confluent
HuESOIE aelhle are aubtmtrdd"lﬁ seufrbairyl@:nltﬁre&h@iia ﬁ:ﬁlnhdL&Er@ adiogenesis or

05@5?691@&?5&1@(9 1&2&1&1 ls ﬂlgt ér ?nc?u%@% Cg;“elnéﬁlilsn%e 'Bhidkd for

oilslrejetn by otl red hid ana&n@eqﬂ §or§b¢ eq:trezsld@azfdboﬁiy tiyt quaatifative RT-PCR
(tob Pas@} fi1€ ﬂﬁ)‘% tlﬁf a1te hEau¥ed ttpﬁincg%) ocs?éo?‘éﬁes?sga% F‘t?fned for calcmm

sonaglc cel based on their
depgsity gy HOn KHSS& samg ppd anadrasddpiba PXplleﬁféOIbﬁaf)@%ﬁrsﬂ?é‘idﬁc alkaline

phésphhtabd, AE Pt @rAtiMbde RT-FCR @dticepshel)n the absence of
co-culture, preferably in the absence of feeder cells.

Preferably, the absence of co-culture selects against
enbryonic stemcells. In preferred enbodi nents, the
progenitor cell line is established w thout
transformati on. The progenitor cell |ine may be

est abl i shed by exposing enbryonic stemcells or their
descendants to conditions which pronote self-renewal
of putative progenitor cells. Preferably, the

sel f-renewal - pronoti ng conditi ons di scourage the
propagatlon of enbryonlc sten1ce||s The

o o T e o,



Preferably, the progenitor cell line is propagated for
at least 5 generations prior to differentiation. W
w@ewviozglasa nmet hod of generating a differenti atrc/ee006/000233

froman enbiyonic stem (ES) cell, the method
conprising: (a) deriving a progenitor cell line from
the enbryonic stemcell; (bg propagating the
progenitor cell line; and (c) deriving a
differentiated cell fromthe progenitor cell line.

There is provided a nethod conprising: (a) providing
DEasn entIBSORIRTI8Kem (ES) cell; (b) deriving a progenitor
cell fromthe enbryonic stemcell; and (c)

est ghl cie%ﬁn@lgatl@ lt}Pd‘t age g%si}{lqe ffddrivk !p[’t%eﬁft@ﬁdle'ﬂhﬁles from embryonic

progenitor cell, in. whi rogenitor cells are .. .
ste P lotit BASLan Gif THEP P BEPTEY tehs BeFTR B "Hfderminally
diffeednfieghgels spestie ragdnytobeclisseith febf-regewimgatropegties can be selected

i fferenti.at [l T an enbryonic stem (ES) cell

ancgi’rglf’ae%ag IVY/I%K{%ggg%lH??%arug’nm iated cell is an endotheli al

cell or a mesenchymal cell. Mre preferably, the o

di f Per wathiods therefetel generalin iyalvsoteyiy magrogamitos edbléges of limited
pot¥idI HOW HBbJoRIREMN LRy RIthrihd DR PASHaR CeldyindimB g

according to a receding aspect, of the invention. The .
enablasHreraRtioR eﬁ% BT SR 1&}8@Yﬁ8ﬁ18°tﬁ%§lf§fﬁl§°&laaon potential
thaf, wipbh @iffeeaifatiosevillgehbiate shighly ewticledd pepplatipn of hepecific cell type

factors or. characteri st.i ...such MSCs for selection
Wlt%rreél‘,c?cigh?lﬁ)glsg? %&%{géléfééeﬁ{glalu fferentiation In
preferred enbodi ments, the nethod for generating .
enbWeothersfare eiae this propesty ofeglipersye of Brogewitqr cellpasthe finderlying
priﬁagﬁ'offbaf-kéle_&ﬁﬁ%r g&ﬁteﬁfn?@in}éage%itﬂ%crir%@csgémt@e@llaﬂes %
step, of bi alielsng differentiation of enbryonic stem
emPBIopis tFHAF a specific desired |ineage or |ineage of
interest. Qur nethods nay al so conprise a second step
of dncmue afCog 18@kd - renewal of putative progenitor
cell's and di scouragi ng the propagati on of enbryonic
stem E@fdrﬁed et dihéms, hetvepernthy noohgl fusthepmohides aigturdef cells in

.OWM r__propagat j, 0 . it I . .
cofluf B SRIFB D Bl SO b ER%ER Rk o ppret v
or piopegagies of tmbriostcegem galys.be made by exposing the cells
to conditions that pronote the differentiation of

thoggud i eRABSRferlcRleRIBainenkO buekaifBliginvblie cartiyDpitstive
stem cel |l s may. be exgose to growt h fact o.ri or, sm

Progspider fels insihe gbssace phemeldtues aﬁq‘qﬂ%ﬂygr o in h%ﬂ:rsgnce of feeder
celth. frhe teemt icatdutttre” TolS, to hheixtieé bbwks cascieidiffelehidiiads aficells that

est abl i shi ng. enbryqni ¢ st el | ndef I .ngs of
e e e
embofiarenisnaf thé frethodntiestibethhat, therbnpryionts sene geldsedre ultured in the

AT ' rably, the

ab%@}@?éﬂ%ﬁ{l#?%lﬂ%@%ﬁ ang% %begtagg’ricgﬂ ?gal?ri ed out for a

predeterm ned perjod of tinme. Thus, preferably, the

enmb B Diteser€éPls or their descendants are

transiently exposed to_ differentiationenhancing .

envilk piekesad embasinenss.dhe BethoRdonganRBHnE PRI oBY-derived
pr&eafbin@ldinkt ef ﬁi&:if@t1hﬁﬁgwfﬁréfeﬁ68)€fﬁﬁhmoiﬂmisspzeﬁrsft step of biasing

gcell i ne? e of interest | OF@M‘II ch .jﬁt LS e](azsller ed HQeace of
diffiTgRtiRian 5F BHERoRl e CPL VRS gsPERific driet diiorst rithens
intarekt, Giuk nelimdaneayelwf confyeise aseand steptadf edsounkgingsaiyenpwal of

ed for diff ! S - '
PulEF gl ity oS AL SR By R B or SRRRRL G Sft St
enbryoni c stemcells _towards endodernmal types, of .
ti sSihedirstistan BRAHMBLISCaHONY BRI G ved or@yonsgatiQy pgspecific
lifdhh SHisRear st 161@%@11{0%@[ lines UF@petiGanapgabLidterest may be
enbryoi d bodi es may be exposed to growth factors or
drugs or conbi nations thereof that induce endoder nal
di fferentiation. Exanples of such growmh factors and
drugs include activin A, FG4, dexanethasone and
retinoic aci d. Hemat opoi eti ¢ and Endot helial Progenitor

- o,



In preferred enbodi nents, the
di fferentiation-enhancing step is foll owed by exposing
walpdof7eeanti ating cells to conditions whi ch encer/agm06/000233
sel f-renewal of putative progenitor cells and
di scourage the propagati on of enbryonic stem cells.
Such conditions may preferalply conprise culture in the
absence of co-culture or feeder cells (see above).
Rich Media Alternatively, or in addition, such
condi tions conmprise plating in rich nedla The t
madg byexpesitisahe eedlsiie eenditionsihal payaiisdhe dﬁ%rqnﬁ%%e’fathf)%ﬁ lineages

of 15%@&& Fo? eﬁﬁﬁlf)l@ i 'eﬁﬂBr}}o%J‘éﬂ%Iﬁ |c|@1'IH mhy B& exﬂ?j's@ci & @‘b{)vgh ’gactors or
ri ses ‘essentja s required for
sl BTl Stip TR agiE: RaPPls (seBrF ABTyEntafat | cn

nmedi a contain serum More preferably, it conprises
subFhew theahétpodd destritedrhete foe m;tablrshqlg emdn“ycbruc steoctell-derived cell
lind o?‘r's?%t%hﬁ t%lg@g LR Yncl&rc%% il #}' eﬂﬁ &?feféﬂﬂﬁﬁ&l of

encour ages rel evant cel

em nyomcgmny C‘Fﬂséf)é’ﬁlidé(ﬂhaé ﬁmaﬁmwge Rrplgraby, él?ﬁa‘iliffek?éﬂﬁuqns

enh%nfﬁ'hg gRpiid &[mg@ bt f@f a ﬁreﬁb‘t‘éﬁﬁﬂn\é@ p&ﬁ&ﬁ@ﬂthﬁ@ THe) ﬁreﬂfably, the
I nteres arllc

emprygnicRipm C@lsgqu}@%&escwaﬁism‘ﬁwbew Fﬁp%ﬁ% g{fgre“@&}l?n'
enl®atiuMenvigshregsent i al am no acids, L-glutam ne and

b- mer capt oet hanol . I n preferred embodi ment S, such rich

medi i

or ll,l]“g? grrlgoﬁg% thﬁ ?n%'ﬁ}%{d cﬁ%nﬁgrg% &%Sl%rn&%ﬁ%gﬁg% ghpﬁe%end on
theespieifio a¢lt lineagmo€ intgrest f@whlcbst ip destiefita PNﬁlﬁP%PItOBPWOT cells. The
pergé'ﬂ: b8fied il the art'%‘lH QF QA dAhSHaEtbuS HRAH ¥R Sh m&pBE ubddefdr

ropagation will selectively enrich for progenitor

diffeggnt §8khi ch can t hen be cl oned. Long- Term Mai nt enance

in Culture Preferably, the nethods described here

i nv@hniedazulat Bragagitérh@elanbi yoni c stemcells or their

descendants for nore than one generation. Preferably,

t he Wigdrt & iadesiredhd bine diffepentiatioe of érabrybnicsteme cellsanwas

1
en@%len%q%petshgﬁls%g efﬁ% : eQ};ﬁQ n{})gﬁ;o%d Egé’ﬁ@% ﬁé}; bgg&%letd%ﬁ
disnggragal@D(scorbta). (Thadis2o@egrted embivail BElesgRasbs exnopethto growth
fac%}g 09 Qfﬁgﬁ gI #cﬁﬂﬁmaﬁcﬁls Qﬁér&éﬁﬁ%t%%uc% RedsRkhal diffefenf@yor Bxamples

1 512,
of 119;11 g{g\mhl@ctogﬁndgugsggclu e-)actlgygl A4%GF2G1€X?]§G‘8111%16 a?ééetmom
acid00 or nore generations. Cells in culture wll
gener aI l'y continue growing until confluence, when

cont | nh| bWé{éf/e?zglsPico%%ﬁz%l'@é?IgOf ce! | division

and i ssoci ated from
the

o it o .
celfyr mgmrdstmmaocqjohmcrmynddthﬂmﬂ tneagbs tm@sm@atqﬁrens ¢igl bodies
rnag' egigosceldl t%{'oth%&{)& *LZ? %P géfmﬁllhgtl&rgl thdret th 1h§ﬁdeo

nore pref er%ﬁ ¥
hematpoietiaor andorhadtel Aier eﬂﬁa ¥n Faemplesiof fugheEropie aﬁ?%%:fé@sdlugs
1ncﬁ SGRE- CPQ Ghedridarg PRGR L BYelytRbpdeted) Aildo®dpoéitinl INEo and
a_cell 11ne, |n|noculat|ng|ntofresh medi um and

Hm@mMﬁHthlng the line until confluence or saturation

i s obtained. The progenitor cells derived according to

t he awtihedgesddsaar imbskeleale\yayash Oneseaitob€elini nt ai ned

for a | arge nunber of generations, based on their

capasi the otleer $ehd, -vﬂﬁfteit\hs Rirtd® wiahdifferearidtion of dnalsyligie stem

st abl | shed t hat
ceﬁ%maﬂ(is)caé pg g’le%ﬁp{} ggalaql?té r{lm}dl?,skl mlea%qsc’ t0¢ i H%Qg;%'n gdated embryoid
botiiet niayrterdxabsedito guvth fachons ds drugsoh c@nbmam@sdbm'p@f thahigduce
alimted life span in culture (they are nortal). They
will not continue growing indefinitely, but wll
ultimately lose the ability to proliferate or divide
after a certain nunber of generations. On reaching a
"crisis phase" such cells die after about 50
generatlons Thus such somati c ceIIs may onIy be

o o .__.L__ R Y o T



fromgeneration to generation. By this we nean that
the expression |levels one or nore, preferably

waospzmsial ly all, of a chosen set of genes dPEESGLNG/000233
vary significantly between a progenitor cell in one
generation and a progenitor cell in the next

generation. Preferably, the pet of genes conprises one
or nore, a subset, or all of, the follow ng: cerberus
(GenBank Accession nos: NM 009887, AF031896,

FO03557 P nBank Accession nos: NM Q07980,
ce%ogéws 355(?%?,([3 we%@e&@?f%rep%@ %@@ﬁegﬁ re?ﬂ&i&gwwacwrs
and dﬁugs ML Q4 Bin e REL3 /inh1bl0AQST)PP ABat ardlie{tEsterBaskr its analogs.
Accession nos: NM 008089, X15763, BC052653), Gata-4

O N N T L

sumr@wm@ntsm@n@ed Tuapazation aidd seledivply auRich for(regmBatak cells
WHICESShaMbd@shedIM 008261, D29015, BC039220), c-kit
(GenBank Accession nos: NM 021099, Y00864, AY536430,
BCO7 716,. AKE4 8’@/ d%ZG?lS BC052457, AK046795),
r@é’”f’ HeyE8! %83, MB4607, BC053036), Cct4
Bank Ac Si on NM 013633, X52437, M34381
b B %8S em%ailmen@éﬁeéﬁ# IR B SICINF g3 formation of
1rlB2ﬁﬁc$Bod1B§Iﬁ6&%90ryAKﬂ5&ﬂ15c&lls Saktydid(KeelidSamk Aeithedsiod making
19474, L2908 004781) .. Sox2 . . .
e A e for SR BBt PR 38 boneRR Gatomis soen in
cuBma(pmqqycyd bNMeQOOBHIoT exBAGBEY steMDEHs in @spdwitin. Embryoid bodies
ard SGREEH Q81 E}%%s aMe]dlgtﬁgg’ng(oM@%ﬂﬁqglﬂ eﬁp%e%aﬁéé%f%ﬁ@éﬁﬁc cell

ACCGSSIOH

tynsegsuepandsindhahobprued witkimrthe eabwer Bredgialy <he ﬁ@brymd bodies are
geﬂﬁﬁ dd & Ipwﬂlngfoupélﬁﬂl@ﬁhifc Gfent eéllsson@d'lﬂanﬁf%ﬁ& Mihddd, peeedably

as, di f.f tiated
b5 e e A R3] SRl Fao S PR bRty
the' erhlonyaild wdssandbattviernd taab dafslold.ef ers t o descendants of
the cells which have not undergone substantially any

tra
gy Fl?(%lr@lﬁ%d drglﬁl? @EmQ{%rot i€ aRh S REALONe. %ﬂ)‘éﬁl‘ang the

cl onal descen ave under gone subsft ant
cogpApt €eliniion eacthptlers aigs bxsel I%GIH?/SCngﬁ’é/PF@éIePWCm in order to
reth6@Ntht ¢allls frOmtieagatarittisithlomoding@BndifleRst Or ,

preferably, the enbryonlc stem cel | (save mrth reduced

pot The te cell

P e 2 o ek BEOMTRIenortes F gL ofuesBa smpigtive
prqgeogenicildor theldesired specific pineaggeniThochoveing nhdytessondnded based on
mcﬁ)?@ g}gé@ﬁe cEE QY g%?%%sﬁgn é%&kﬁi%”& erfé' Egig CFssion profiling or

atidn al so
annmrpﬁyngama&ﬁlso de rlé@iﬂoarth@%e S@Pmﬁé rvfugreerﬁ@mlls yhich are of a

de8liddf lﬁfeﬁg’@ TRk 'cﬁébeg-ﬁglﬁitﬁgbft%@ﬁlt“cdrrb\éﬂ |f€fileth§ ﬁ@ﬁfé@:sb&ﬁﬁé lhlﬁeage may
escyi bed for. production rogenitor ce
thq e gt FEE Aioa B SEBY Fu el iosence. and

absence of a candidate nolecule, and identifying if
t he Ippefercembodihentsghe diffeeeﬂmaeomagduaeﬁmgetepdm fallvaved by
e o a TR oo TR ot e 3B AL Sphife
proggyiteyecelis and discerrpassibe piapagaiipnl cdeabrmisienaeintSuah copditions
mdyQYre@}t a‘b‘F}V &ﬁ‘ﬁ]br‘i@'c)dltﬁ‘& iRhe 4H3éRE P Eo-‘%ﬁlt@r@ lof: tde@BeNlk Xsee above).
nverse y, a nolecule which retards the process can
ﬁBqELF red an inhibitor of differentiation or a
pro 1§ ¥ self-renewal . In preferred enbodlnents we
al so provjde a cell,.preferab ro enr . :
sel cutearn Ve b dgiich e candot e S e iRt Ratpdie. The
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used for, or for the preparation of a pharnmaceutica
conposition for, the treatnent of a disease. Such
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regenerative therapy, includingcardiac failure, bone
marrow di sease, skin disease, burns, degenerative
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descri bed here are simlar or identical (preferably
honogenous) in nature. That is to say, nesenchynal
war@mozast (MSC) cl ones isolated by the protocedT/SGzne/600233
hi gh degree of simlarity or identity with each other,
whet her phenotypically or otherwise.. Simlarity or
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neasured by one or nore characteristics. In a
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identical in gene expression. Preferably, the method
have 8 lsnitsd lifh apandnyultvis (Biey e morias ek Wﬂlﬂ%t%ﬂé@ grogving

mdéfﬁhégl %ﬁt 1 dihgareB) 10ed aRdbiIRY to fyﬂebttﬁetraetot alvide dfele Iatcbﬂa’tih

gene expr.ession . rof|
nun@tﬁﬁrﬁf Aener %H’n?.wa‘t F?é&i“t}% At PHSH Blt‘asﬁ ef‘tbc? 085%518@88 Q%Oﬁlgx? he
genk@¥iBhs. Mhuvsueihsdnetle cllenpy phBssamhssapedh dinstedyumber of times.
subst ant ially all of the mesenchymal stemcells

I S of nﬁ 1%1106%{&%@1% érgbiallé th ﬁ%ﬂ{télﬁ%%;lf QUnchalli@but the

pressi enei t gene .
reqwmgﬁ§®ﬁmmﬁwmb’@om§"é1§arf@ﬁew ﬂmmy@,tra@f OFdlffgigeatments suc

as fokigh W1ﬁ?tﬂnor%@%ﬂé"59&1 geng obf 8dlislor Aemb e enmae tvaxdl infection
usin or exa o .arra
o NG i e .

witB %ﬁéc@eﬁly@ﬁla@tﬁ@i veaoNesicRds et SV 4DMAforwhinphising arsghudnde sbthe large

t
T SRR i TR ESA A 00 B0 o 1
et.aAr Saync;eo(rr@%)szé@ INCHP- e foer epder csémrmgeDNaemé@nces of the
hunqgr{]gaaa‘ﬂtl&g U% wal l(]i\!cP Bay78GUey, '11%?611u9€61?§f ¥ @d)rhﬂﬁhtecﬁlcogene or

curate on. an on a Nat i .onal

by matatien an)‘iheBifo? aehisarssinthe @Fﬁ?&fl? 8??%@&%%@ IREkIng, g

progehitRen &hey s. Gene expressi on between sanples is then
corrpared u3| ng anal ysis software. In a preferred

I’Tb |
e RN A A
cellsnn@ulﬁtuom’p@tnda&thcmt hiagtforeatios |feit inore theeP§ Eevesgfions. In preferred
emgg&yyﬁﬁ% {h\é%é(z%%ﬂﬁbtec%llh Bgdgqﬁtﬁépa%aﬁﬂ glliﬂe@li%%l?%nafwnhout

ern of e expresss o
trantformafionsa pplzesitorcsHvises éihg pregepyoy s et Riqggptor cell Tines are

pre?éf'-t%lgl 'li(ﬁ:e@g%trfﬁﬁ%%? @meéﬁ@d Wﬂ%%r?ﬁrdnﬂﬂi emblymicasttowelle @m paticular,
of simlari et ween atte X
they arg pet capadlg Ving rlsm(tﬁz %gfl'&%eageir a¥ﬁg§/ 916 211 1 ﬁr{?ge?%g
TRt e‘&nst’?“ﬁtﬁi?“iﬁ?‘”f ptamritibartiisitritls
[ ity bi [ [ [
backgr o r 1 ata anal ysis. Correl ation
t est%g’ ATHS kﬁlcwp%g%’ﬁ%ma(?etlﬂand include a T-test and
earson’ es Ktiated
L ev\;i% R{eferf_;:d e(%&@iieﬁ%?g{ tn%?gmto? C%}E&r aﬁﬁi [m n%s tirlthe differchtiate

celipistrived fioonthemBlansodisplayaneset mex, o pl@BtﬁﬂSﬁ(@sOif@é%WlC stem
celﬁﬁé)ﬁ(’?ﬁ %ﬂéﬁfcharaét@ﬁstw@ 20083 ex%fe@ﬁbﬁ QNile LAY psid 4 alkaline

phpgnhatasg Wltgt%{pgeﬁ%(y,ggwqog;ql% GVEFET, g)kaBthRel em,l?ﬁd) expression of
onEef ﬁlb@é]&ﬁrdc&rﬁﬂd enatleeribbplatpebnest Sath plafip&endy markers are

SRR TRIBT S8, ph AL 8y 8 s it

correlation coefficient (1 CC) may al so be copducted,
as desgmitbecklismadediyabe wisthets é‘tscrlb%bhﬁe aferPrEEEFODY RAY
tuﬁagg&hméi%mb%f ﬁﬁa}fréébrl‘nt%l Eé?f%twﬂeﬁ 11@1?[11@&%1&% eirﬂngﬁdﬁ%r ate

on"s cofrel.atton coe L‘ED A corr 1on  edio
cogpedhised @lntinlwlloﬂe’@wew&w@mfé@a PR u‘BSWé P
1111%1‘&1%&%%%‘0@ E:Baﬂ%ﬁtal @mﬁryohffc stenp t&lfsexliiel resnboihi trewoty farmetion.

N e S L

500x. Preferably, the data is extracted, normali sed
and anal ysed using Illum na BeadStudio (I [lum na, Inc,
San Diego, CA USA). It will be clear to the reader
however that any suitable chip and scanni ng hardware
and softvvare (whi ch out puts a correl at| on rreasurerrent)

a o o o o o o



cell formation fromenbryonic stemcells. The nethods
i nvol ve conducting the nethods described for

w@e@doztison of mesenchymal stemcells in the pPEFsGLIN6/000233
and absence of a candi date nol ecul e, and identifying
if the presence of the nolecule has any effect on the
process. For exanple, a nolecule which accel erates the
producti on of nmesenchynmal stemcells nmay be used as a
positive regul ator of nesenchymal stemcell formation.
Conversel y,a nol ecul e which retards the rocess can be
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the preparation of a pharmaceutical conposition for
the treatnent of, any one of the follow ng: a disease
W e@anzhife by regenerative therapy, cardiac fardT/8€2006/000233
bone marrow di sease, skin disease, burns, degenerative
di sease such as di abetes, Al zheiner's disease,
Par ki nson' s di sease and canggr. We al so provide a
differentiated cell produced by a nethod according to
any precedi ng aspect of the invention. DI FFERENTI ATED
CELLS Differentiated cells, such as termnally
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further culture and use of the cells. Furthernore,
gene expression profiling of mesenchymal stemcells
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celgur vi val , nor phol ogy, and expression or rel ease of
certain rrarkers receptors or enzynes. Effects of a

dr u% O Pﬁhr Og?%qoﬁgaccl&'%‘ng ﬁf%ﬁe‘i’ﬁ&agrd@d?ﬁo@d ¥ TBABY Lk &Bfor a

or repalr i ne or Br
vaiiieig of p@nmrsrcml,y m@pé@mtabf’r@?mbt lamh@mﬂéher@p%é PFpOBgse These

usecseah% %&%Hlfg'wéﬂ KRRAVE th8rt | 1RY Qlill bedecrBed bREflEkdrk.

catl IS conS|stent mnth a drug effect.
Unmanted effects n al so Iude nusual r at of, ..
i oF6F CEAmRI T B RANRISe R e BT B B OBe i A pgBWations for

1eg%ﬁé1@ﬂde thTEfa@" reagetitoir Selisaﬁejr baedlad@byﬁex Wye kepamsipRRr directly
adlﬁélggglregﬁ o2 R@garghi %eyF;Fl\{Eei ngcg ﬁg B%d%?fg{hg?g ?Pgﬁl&%n of damaged tissue

foldajvabgltlau]lnan Tl SSUE REGENERATI ON Mesenchymal stem
ceI s and differentiated cells nmade according to the

Ig@;@ lﬁﬂﬁt ?r&ée‘ﬂﬂ@r a8 %dybﬁ%s%f& bIBY Rk W ﬂéplacement
use Cc

onstitution or, ener atjon
wlﬁ]lg:rmfd1§5:am1pgqﬂ1t0} ﬁe llsdaay e psed Ser caggiac %ﬂp{espaglleléts Skif progemtor
ceﬂﬁﬂﬁh{ﬂ bé Eﬁbfb@ed forgrowmingekint drafts foe patidnss dddemddtheljalairogangtor cells

for igaHBH N & U Ly B B o et

exanpl e, the nethods and conp03|t|ons descri bed here
may be used to nodul ate the differentiation of stem
cells. Mesenchymal stemcells and differentiated

cell smay be used for tissue engineering, such as for
the growi ng of skin grafts. Modul ati on of stem cel
differentiation nay be used for the bioengi neering of
artificial organs or tissues, or for prosthetics, such
as stents. CANCER NEsenchynaI stemcells and

I L Y O T



(see WD 94/07913, for exanple). A "chenotherapeutic

agent" is a chem cal conpound useful in the treatnent
w@boocarmer . Exanpl es of chenot herapeuti c agent BCT/6G1006/€00233

Adri amyci n, Doxorubicin, 5-Fluorouracil (5-FU)

Cyt osi ne arabi noside (Ara-C), Cycl ophospham de,

Thi ot epa, Busul fan, Cytoxin,jgTaxol, Methotrexate,

Ci splatin, Ml phalan, Vinblasti ne, Bl eonyci n,

Et oposi de, |fosfam de, Mtonycin C, Nltoxantrone,

Vincristine, VP-1 6, Vinorelbine, Carboplatin,

TenEp%bé&’QiléC Stﬁ)alfﬁﬂwltd iheir dayuei Siﬂﬂry@l deriy, ?ﬁdﬁﬁﬁéb‘? psed as sources

g&mfb@ 'EM‘H o 11 thAtH &t BS de%h@x‘ah{/@ éﬁbéilés sd%ﬁ@lg Hﬂl{lﬁb{éb JW8lzheimer’s
an, and .ot her

dis @F&Paé@nﬁ% S bisetvere e ko SamBE AL oE %S Slroes of
progsnicdts &3 NIK et Hyrdsiticl dobs for dhmubEBErapy domoantenwhichiRkbgenitors
t t t
maf B RS PG an U RARRH IR e BRLPRAGEDL TS, S0
cell" refers to a cell that on division faces two

dev & viflrherfvidenbibet e smethads agd agmpesitiens described h@ée enable the
1ddﬁ3.{@t'i6ri &@ro t&itbheelRr Wﬁicﬁ@ﬂlaﬁﬁ" coufse Bk ﬁﬂa@@ @d\@ﬂffer&ﬁlafehﬁihg

RN SR NG e A R

prdgémmi(mﬂ!; fug witieh they atelveturcpat hway (a further pat hway
exi sts in which one of each cell type can be forned).
St e t
E‘l %Htgr %il? Pléc?lgl%?c{ l%{‘@g (I:I?éﬂjl S‘QHH 85?1@5561‘[15]1% deacrlbed here may be
usqdeﬂor,sn & the heparajipeef a gn?éma@@tncgl eenposttion @@ thegrgagment of a

disbA¥e SSEPCH TR mﬁ?kﬁoﬁ?ﬁée@ﬁséa@é rBahsIB by SRALGAYE ﬁ):erapy, including
lurl otent stemc mul ti potent ste

carhs B oS RE PESS B, Wpeio T QAP A Esease such as
diabetes,r/slzh@mer’s diseasshPakinkas's tiyeaseptennd edncto become any
cell type in the adult body, or any cell of the
ext [ r
onl R’@e? {E?,{e\fgljtg é:l%fé}goe rﬂ&ﬁg‘d &ftﬁ&m?]eﬁ)[ 0%% ge coﬁwﬁ dngtt E@ providing
an f:mlbg}{onxp s@qem EBS kel éb)ms’@blygb@@g @)prqg@@tor cell 11ne rom the embryonic

steﬁi &@1‘4@9@11&9&'1@@%@[1&01%@[111@% Seectdd BHsbPOE @ bbliﬁk}ﬁﬂ@ self-renew (d)

are trye stem th the po tial
op&w e e Geann et sell fom PoashtRgsLvar: anér@;ﬁ%ammsteﬂng
theqﬁﬁ to€ 6411 lihdooH the Hiffer@Kkiated celéntextpadiembr yoni ¢
ranes which are derived fromthe trophobl ast.

pl uri potent stemcells have been
leﬁg}\jﬁ%ﬁ‘ ‘Ef‘%’oé]g]hg Stem Cel | s Enbryonic St em (ES) cells
may be i sol ated fromthe inner cell mass (I CM of the
b Bl Ferpatiatoshpplisheuch a6 emiralgeliGerensigind orliscmay be derived from
the%?ﬁ?én@t@?@é’ﬁs IMREN LihBPhady &tcbﬂﬁthféQHé fhetedb HYRAbEd. @é [Herefore

onic Germ C be_.i sol at ed

disploge 5165&9?% rge%rat%d'éfgh%&&@ oSS b i B PR g ping SeRerating
prdg@hitytaseile offed]Climg e deetibed, Brt dydving diEsraiticstece{lEGpm these.

cells may be isol ated from terat ocar i nomas, a tunor

t ha

1&&%?&%‘[8@ @él[sywlg)gﬁ H’{a§ b'gurllna %%2@%% Ito th ﬁ%?ds #@éﬂﬂ‘eﬁ here

ma(yfm«tlh@fs@mqméls)f@lﬁe HQWIHF&N ent stemcells can only be

i solated fromenbryonic or fetal tissue and can be

gr owhdifd 'Z%él fﬂérfﬁnctl\ﬁlﬁm&yﬁé &F ) QWAdibHsel theue fllat Woehd

prevent ur i otent cel)s fromdiffere
tfgghon e Bt et ek PSRN POB Sh, GibeSiE: at for
endt@ay,i théiyhad fegujapien ahd chahdbrming neisonrthantdal shakd t he
bl ood form ng stemcells which are the active

¢ ogﬁ? @%’& ontl)z/l) 2@:@ ethm Q%A1 'fi]lﬁﬂt?l@lc@p tt}g}el o??he NS Hat MHWEit to

so t eat ure of
be@tmbnummrsly@@ﬂdhﬂbmw@m stem ceI |'s. Adult stemcells
can mature both in the [aboratory and in the body into
functional, nore specialised cell types although the
exact nunber of cell types is limted by the type of
stemcell chosen. Multipotent Stem Cells Miltipotent
stemcells are true stem cel | s but can onl y
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with a nmedium conprising glucose, transferrin,

insulin, selenium progesterone, and several other
wQ@e@mtrifactors. Primary liver cell cul tures ce@I/B&2006/000233

obt ai ned from human bi opsy or surgically excised

ti ssue by perfusion with an appropriate conbi nati on of

col | agenase and hyal uroni dage. Alternatively, EP 0 953

633 Al reports isolating liver cells by preparing

m nced human liver tissue, resuspending concentrated

tissue cells in a growth nmedi um and_ expandin

cel 11D chendsotstteirtee fppdonpl evlt fyperhnt m@ke&ﬁ?ﬁtita% r g‘Plt}ESo%@é canals,

trad 38 Lgpll%]@ttl% Nansk ehe dikcs BdweERrtedid AndithOskiistdf sidtie
extracts that allow the hepatocytes to grow wi t hout

mal | nsf or t ion. The c

ol Loy R s oS daraeb o f5raef e boay.
Fibpetlastcirpile anéhdtaictivaipfpbert scaffdld fo lsdl thediudetional cell types of a

0 e duct epithelium and al so
Spe%ﬁ%cc%pﬁloée%& nl%gr(ipﬂe# erred to as "hepatobl asts" or
"oval cells") that have the ca aci_ty to differentiate

i nt®) mwcwtﬁt thedungiioarlgellitag Jrthelivirdhaf neahies rrpvimes Lor

detb@ifYifig tletabblic R@gﬂeedesttéﬁhF Jed blBad bedls.and 215 80ng 4RH EondMtuents,

|oI 10: 710, 1998; Lazaro
amﬁltheatvnthesé%frrﬁiﬁetéggfj"f%’é%’f&lp 1998). U S. Pat. No.

5,192,553 reports nethods for isolating hunan neonat al
or Vdthamateprtio pell:ghé turstieml oell o dlentinades blob stergatgpoietic
celraatre fcMﬂd vﬁihh?r}%e%ﬁe L ERRMW S dAMIRAn ﬁ%’@ft@ﬂ%n%tbﬁbt&ﬁ] defls are

P03|t|ve progenjtors, {
fwgldowthn ﬂ@dtvgr,tse CRBRIE ML VY FShSUPROL) tlﬁﬁuss Slttrcemdtma%tt e fe tus in
theNGomB., 635, 387 reports a net hod and device for

cul turing human henmat opoietic cells and their

precursors 6, 0 4 describes a nethod

of VEE%%%@“?B%?ﬁﬁmﬁﬂﬁﬁgq'9@%8% Sand dendritic cells.

U S. Pat. No. 5,486,359 reports hono '%gneous o _

popuiidtnears: ti fhuotienalmsl dyrshyfithe brsinetheicisispecialivag iz egnducting
imBikderentiate into cells of nore than one connective

I'ssue type, such as bone, cartilage, tendon,

i gament, and derm s. They are obtained frontbone

e POVRISPEES ASGUBEP Ay PR T P S A e

condi tions used to expand nesenchymal stemcells. WD

99/ &} islet Bell:epofinstibuatrell vEte pahyosl thatie mspetdilse for secreting

insil]f {?,lhgeit&c‘feo%ail%goag%r eglr S g{lc statﬁhoﬁg%g{._er tﬁgé&il%gghé%%@ﬁ%%dnumber
of pE3FOBCchdp dasbdiiiyatssand el metabolisms flaas) glecagpdevels and acid
thoubstaptially free of adi pocytes and red

Se%é*%EQI hese ceﬁfs reportedly can be expanded and

cul tured to(gé&duce hornmones and conditioned culture
Uskg 9F & ROGENH Qe {-EELHAND (NFRERENLINTEDEL K Sc i es can be

used. Included are stemcells fromhumans; as well as

nonPlnogmttomeillrtatee and diffeesttiatedanilsmiade adcovdisg tocthe neetltbds and

ot her. nonhire ¢
CO%IPgSI{I%DCPCS i {&Ale L ﬁe ﬁ %tto@%v%rgegfgf ?C‘ mlﬂhlgzgallly r%ﬁl §rtan
lesemmhrdlagmsm,@néKhmeel‘ﬂppwltppﬁﬁﬁt ent stem (pPS) cells

derived fromtissue forned after gestation, such as a

bl agipeNahple q{opﬁ@tt@hs S RIS YR delllS SHS Heaiéedltcﬁiﬂf

d Non- I.j.mi.t
o8, SR OEL 0 L0 L0 SRS @smtgpe Gener
te@ﬁlﬁfﬁw@ﬂeﬁsn raViihl ﬁmﬁﬁiﬁnf EdDRRd L Sniiidiies, fuad thesalsatd ng

imgngftj}ggr cﬂ%‘? 11nngdnt81s¥”alt188§ne[t‘ﬁod§ ?ﬁnae%ajﬂge%l g‘i‘—fhﬁ@%ﬁ @fr]?'xp%flmental

Imobinal agg dWeavds Bliekvedls edsed C@hantatbp@ﬁpls tin bmuaplggy: Spoligan et al.,
propagated further. Suitable sources are as foll ows:
Dul becco's nodi fi ed Eagl es nmedi um (DMEM), G bco#l
1965- 092; Knockout Dul becco's nodified Eagl es nedi um
(KO DVEM), G bco# 10829-0 18; 200 ni M L-gl ut am ne,
G bco#l 5039-027; non-essential am no acid solution,
G bco 11140- 050 beta ner capt oet hanol Sl gma#l\/l7522
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(Gardner et al., Fertil. Steril. 69:84, 1998).
Bl astocysts that devel op are selected for enbryonic
w@e@mozabkt i sol ati on. The zona pellucida is ren@i/g62006/000233
from bl astocysts by brief exposure to pronase (Signa).
The inner cell masses are isolated by inmuno surgery,
in which blastocysts are expgsed to a 1:50 dilution of
rabbit anti-human spleen cell antiserumfor 30
m nutes, then washed for 5 mnutes three tines in
DMVEM and exposed to a 1:5 dilution of Cuinea
edsQoas! Metheds 0 lbméylolpgipalgamﬁlm@éa%@@@f a8]-1 &ls- elahelm VCH

Veﬁigs,ﬁlgPﬁv\;GeléP&?@ec bes 1545&;75% 115&2&ﬁ2é%(?13(59engmﬁ &id é]%??é
lbraare derty BR Bhk PSR P R &5 PORLS CCIdap 5p ioh ond

ChgeatetigatiohfBt Ei Rgrellaadadengic PEdk pl 588 e DNA fftﬁEa}fyd%rdmcols (Cowell
& %ﬁs%ﬁ%r ?S)ds #&mg%ng%g%%&%%d%{ﬁég 1ona[]a§ﬁdrﬁ%g &H{ﬁ?ﬁ% L‘ii\?e{)éfyy %gs 2000).
Re]@mmls hpmwogencons mlhpnpaiaﬂlonagn@e@rtmaﬂy@@ned for use in drug screening
andPRes| 5\?&0 tpgﬂ&{te{ngd saline (PBS) with 1 nM EDTA, by

expo ure di spase or trypsin, or by mechani caI

di ssoci ation with m cro hen r ted on

R T hire g SRR P s BL g s b fgfeaaBed &g cBfribed
in fikthed Mﬁbelbﬁyﬁf&dsawhfefeaahhle ratbewyimemit CT st lﬁﬂge(ﬂﬂS) cetbtngsmnd

dif%g%%iﬁg ?%rgﬁ? Pi'la,y uhaar? ular] nfl,?sre?’?%r B0 Preﬁ?&aﬁgﬁ §Pa gharmaceutlcal
compatitidrdivateytreaghend toé dlea}Ben$lthb$e@&€t may cmmm disgasg treatable by

1eggféeﬁ?t]‘i\% tﬁélﬁg}/ E&lﬁdﬁk @5%?&0 failde FRRk %a%%w §13B1s¥ O£ di8¢RB burns,

ol ogy .1Is C aracterl ﬁ
dogsBPigiil e disise KU eﬁ\{@quy Alghgrnes § %@‘é}%ﬂ i’ar%‘waﬁl disggpe, et and

cardcat.i 0 and prom nent nucleoli. Resulting enbryonic stem
cells are then routinely split every 1-2 weeks by
br| t%{ﬁ Xp5| ni zation, exposure to Dul becco's PBS
%’%?’ A7'¢F um or magnesi um and with 2 nM EDTA),

exp gc;'lgreﬁpctno lﬁg\eg %]%d[ cg #el(')e% ?ﬁ% Is\e?llls dlal (il?e acct r%ﬁ)n%t%/tg}methods and
compmmxmsmbsdrd)ed(ﬂemmassalzcebe ofeddd @cm:ersf@r tf@tcmrs)osucb lab solwgrds, small
moﬁ&lkzg?h%s A EP@%%%O@D%BMl&%L?%f {HITRE) mrvﬁgﬂhgnt%ddﬁﬂltlons (such

e pre ar e rom rlnDr i al
as Gxdure Cqucatianttor FeFNAION EehRtios hordharacieaite oiterentafed cells.

1 weeks after the | ast nmenstrual period. Suitable
D r epRgcthd Qpblmmdﬁrogérﬁto@ eslt lihdremdidiff&batditdtdlsake @ded to

1
serpitFeigh g GG oM 3 OB PR e At gy of such
cellsi ih horgsetra rultuteuF freaxamiples pamplidateethaiundtenOadtors dr ghowkofactors are

te&e@t&%@ﬁé&ﬁﬁé %&%Qﬁﬂﬁp elPiT& cﬁﬁ%ﬂéﬁﬁ&@ &gﬁl‘l}l dmelg%ells and then

I Ssue 1S pl
detetminingany phengtpic chgngedhat mwﬁeraca@réa)@g@ éigafaévlet ¢fgeria for further

cultfb bsd udd ofithe ESlUbat ed at 37 degrees C. for about 5
mn, then about 3.5 nL EG growth nmediumis added. EG

rowth nediumis DI\/E 450 L.uco 220 :
o ElndTrione g piesion iaon by e i f G indiid dffrbntiate
celtpuahy bd Gﬂ:dft&ﬁﬁltlﬁ}adeéemm’suml(saﬁb@on f2ctoly) andutigmalimg molecules that

are un?ﬁ e or%n%%%%ﬁng{é@%l gér’%aégﬁls E}Sﬁ%kl)ﬁtc 1‘#89‘? ég-{ﬁgﬁ Yé@ule inhibitors or

actGatrry f)the tecgptatyl mnsnum@n faetormsidrrignalipg sodequ 6@ ri’éib’l begysed to
mogl'hfa‘ﬁé dﬁﬁfe?e@lh%or( Qﬁcﬁo AT Y MRdger@BHcel Dlinavaha rdiiﬂf&lnht[hte(d dlls.

'n an al ternative approach EG cells are

|so at ed usi ng .h roni dase/ col | agenase
%alaacug@ﬁrsgagﬁn% bflfortol g e e SregRRp e issl gpgpounds

in diﬂugs ertel. Thoraflatiatefereddegenalally tdéhe geanidaml textboge dn aiteo

rinsed in PBS, then placed in 0.1 ml HCD digestion

solution (0.01% hyal uroni dase type V, 0.002% DNAse 1,

0.1% col | agenase type IV, all from Sigma prepared in

EG growt h nmediun). Tissue is mnced and incubated 1 h

or overnight at 37 degrees C, resuspended in 1-3 nL

of EG grovvth rredl um and pI at ed onto a feeder Iayer
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presence of al kali ne phosphatase activity, which can
be detected by fixing the cells wth 4%

w@anabzisel dehyde, and then devel opi ng wi th VerdDsGR6000233
as a substrate, as described by the manufacturer
(Vector Laboratories, Burlingane Calif.). Enbryonic
stemcells are also typicallyg tel omerase positive and
OCT-4 positive. Telonmerase activity can be determ ned
using TRAP activity assay (Kimet al., Science 266:201
1, 1997 using a conner0|ally avai | abl e kit

MeflraeDlarmmpsutixal Rescaivh, dsadmpicdeessolON: end Bat. Pas N7,
5, Obﬁb?f WEOWER as 11 eﬁ@l@ﬁ&esf}hﬁﬁon dirdraz_g?i&é@ﬁ%e\%%re in this document.

el oner

ASW%‘H’&@? ﬂ@sactwmPéwals@{are@harrmeewaiﬁﬁmeew@@ee%rﬁﬂ% nyglves
coﬂ@Bmﬁl‘gahéIaif&@erﬁlhteﬂhelmﬁﬂ%tﬂlﬁaﬁ&dme dalnpBGRI, dBteemining any change

in theg'{h 1]%?%%%/; 11’%:12 lﬂ:? Eﬁ% % Ql%tgg-rh qé%%%tg fog\?/}%t eﬁg Iﬁ't s attributable
to tho wompaoirsl chmpmed rveﬁletaﬁmhteé @clﬁﬂmwllurgﬁammhlamnmompound)
ancgh]fe% €62l ’ﬂu%t ﬂfhg Qe8! dfShe g&gﬂdﬁﬁﬂ RGthTRS §PCEIBhagL M

S an erenti ate I's derived fromthese
referably displ enhanced dephosphoryl ati on
QE_ B scaﬁ%m;g Jéllgy gg Rpne, é‘ﬁ(aﬁp&p p| c%’llsg B}e&g)mpound is designed
to IH86 hhaeeh oo kil @$ sifent oafcefiih 4eldngeqror S&Eﬁsé a compound designed to

havlpefr gﬁe {5 gﬁsg&@e exgerlyeﬁasvleﬁlgl}ngggcﬁ g ¥1d%? gf]cgt% a"E\}% br %ore!: éhlﬁgé ¢an be tested
in afmtamtionr(by oomhimieg with BreaxeHy glrtlyer smﬁﬂtannfwdy W @qﬂerﬁuﬂﬂ to

{

B S0 6 t A o SR s
scr@gx@ ém@ :gqr@g epgalstpélmtﬁ é(pqsgelmlabhppaﬁg 7#dP in 'In V1t1o Methods in
Ph?mﬁaﬁﬁdtﬁﬁmﬁgrch@A(faaélﬂm Prads, MDA €FroeRidity,cah be dete@ifinkd in the

ic are co
T T A N
releusarbBeertain mhekeod, ygieptocy drtearymes. Effetts dif agrigompamromosimal DNA
ol IREGIFL SRS PO CHIOEH .00 e pg
incgeoemionopsperialiviaitiseadulsd tiatesdn Preccstleacleedy abpue Kisrlgvel required

fordRfl rEIENIGRT, '1§ccﬁféfste\ﬁ't Wﬂl AORNC R OSSR afctts e also include
detern1n?t|on

nct i onal erties of th
S e 3 ORI e AR R O R oSt b Thg reader s
refedréd tohﬁ&V‘ﬁchﬂe (PP 3MHAe0 ire'dh witesMethotlh & Rledrinateupiealiésedrch,”

Acydeghi® ey lopP P hes bl For "l o, 11 he

target ceII type is a nuscle cell, a stemcell which
i s iUfssehBegenesemy of differenti ati ng to such a cell
wi |l have for exanple a feature of nyosin expression.

I'n Bmg;enlt@sq@ﬁdtmﬁ andhéiffstantieted chlds wrde aacpeding 10 the gyséheds and
cofﬂg sSRt&ik h'éﬁeemgy 51%@ beRleahs tnﬁuék%ﬁhé%ﬁhtllon &Wégéﬁeratlon ina

escr|P I on various ce ypes is ovi d
huisen gotieniHt Redhes ol Fﬂl@ pelstarg %ﬁrm]éﬂsf‘ﬁfr%‘il ba mapae ot b them to
grah fofted Bidnidad tibgieRRYBA recehstiutt BEtegeeritetied fupuliomllkldeficient
or neurofilanment, characteristic of neurons; glial
A% prillary acidic protein (GFAP), present in
astrocytes; gal actocerebroside (Gl C) or nyelin basic
pr ofFer exafiyBR)the tiethods ted canpasitivhs dbjegibdé helie arapt kesysed to
mogﬁgl’t é'the 9@@1@1&&&1 F%t%mocf,ell%‘ nstbEd o Bl BARINA Wi entiated cells may
oni ¢ stem cel nestin, characteristic of neura
be yp@c‘t{}f HeRu8 eaginee e puc(lfxeqs [fer thggmwgg]g i raadis gModulation of stem
celt BFfedHiatibis Iﬂa9 vefus€l forkhaiogRRictOhS o E BRGNS or tissues, or for
({) %en t@ rgspectwel y. Cells can also be tested
PresHietcs SR FHEY char act eristic bi ol ogi cal Iy active
subst ances. For exanpl e, GABA-secreting neurons can be
identified by production of glutamc acid
decar boxyl ase or GABA. Dopam nergi ¢ neurons can be
identified by production of dopa decarboxyl ase,
dopam ne, or tyrosine hydroxyl ase. Markers of interest
for d| fferentl ated or d| fferentl atl ng I |ver ceI I S
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Sorting for CD105+ and CD24- is performed one week
after hESCs have been trypsinized. The differentiating
WO EBCe2AFE trypsinized for 3 mins, neutrali zedPCT/SG2006/000233
centrifuged, resuspended in the culture nedia and then
pl ated on bacterial culture dish. After 2 hours at
370C in CO incubator, the cephls are harvested, washed
with PBS and i ncubated with CD24- PE and CD105-FI TC
(Phar M ngen, San Diego, California) for 90 mns at
roomtenperature. The cells are then washed with PBS
andinswpthed example,ma@s! praganitasicalis madsnmlenicd diresibiriato BD
par&lc gﬁhﬁ%ﬁﬁmﬁ%‘l BT Mhe RATal AR s§dm, E&‘bi’zﬁ%to&h@ disease
are previ ously descrjbed 26. The ﬁ?
be1%1r@qj?cg &hpﬁ %Hﬁﬁg élﬁlg]ﬁtCég Sy§PeRsion or sma aggregates at a density

of mnocsdd 0Tsdelle Pélqm/(ms Pl Nbaﬂpaseszsnomhesﬁ'mty @il nearul bell

wer P R PR AR YOOt T PR R gta 28 Rescribed by
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tissue culture plates in the absence of feeder, and in
serumfree nedia that is supplenented with serum
wOo eplazasent nedia, FGF2 and optional |y PDG- ABCT/8G2006/000233
culture of fibroblastlike cells which is simlar or
i dentical (preferably honogenous) to each other is
generated wthin two weeks. oThe cultures have a
fibroblastic cellular norphol ogy that resenbl ed
BM MSCs (Figure I A). Dispersing hESC col oni es by
col |l agenase is not efficient in generating these
distal portibh afthell¢fi anterpy @escawgmewcawanah@mt ﬁhx%%ﬂ Transplant.
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R SERR T ul MRRLE) QGAGL o B>y
comppsipiatiasseibad hergimay erisgdifar thoyreatwsnt W aness. par ent al

HUES9 cells, renal subcapsul ar transplantation of 1

106THuER s E&arfé@ﬂ”'a%dl“eaﬂc%umeref@m@bpdesaﬁsb SelpBystbgicdi d
not mducetEeformatl a teratom

cort DAL SRS v DA esge et G e ek gty Examples
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Cﬁ‘f hESC- MSC cul tures (Figure 2A). To
Ca@B}?B}f'raéef"m UYt%Sce antigen profile of these cells to
that of BM MSCs, HUES9. El, HUES9.E3 and H . El are
gr ovin piaferréreersbarkmants MBCP R Rt s eHdiapnans i frrentipied gells made
f hPdes S Ag8Eed eSRI Tevell
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lyrgpizpIA, MERNGERAEY IHBB BRNCE" be CDRO+, CD44+, CD49a+,
CD105+, CD166+ and CD34-, CD45- (Figure 2B; data not
shown for H. El ) and are largely simlar to that of
BM MSCs. An exception is CD49a which had a nuch | ower
expression in BM MSCs. These data indicated that the
hESC- M5Cs exhi bited characteristic BM MSC surface
antigen profiles that are stable and are not
significantly influenced by changes in their
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sanpl es and three adi pose derived (ad)-MC sanpl es

reveal ed that the gene expression profile of hESC
wO/Bg/02a5nore closely related to that of adul tPCT/SG2006/000233

ti ssue-derived MSCs, nanely BM MsSC and ad-MSC than to

their parent hESCs (Figure 4A). Interestingly, MSCs

clustered according to theimnstissue of origin, and

this can be further demarcated into adult versus

enbryoni c tissue as suggested by the clustering of ad-

M5Cs and BMMSCs _as a distinct group from hESC MSCs.
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Steivospntdhesi s of secretory products that require

ext ensi ve post-transl ational nodifications e.g.
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klnase/c Jun Ntern1na| k|nase (JNK) and p38 klnase,
are associated with proliferation, differentiation,
devel opnent, regul ation of responses to cellular
stresses, cell cycle, death and survival 18 2 1
Further analysis of the gene expression profiles of
hESC- MSC and BM MSC reveal ed that 1142 and 1134 genes
are expressed at >2.0 fold in hESC- MSC and BMMSC
respectlvely Cf these 738 and 880 ‘genes
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expressed hESC-specific genes, | TG 1BP3 and PCODXL22

and CD 24 whose expression has not been associ ated
WwWOoRM/EESCs. W confirmed that CD24 is highly PXps@E®e0i00233

in hESC vs hESC- MSC (Figure 5A). Exanple 6. Deriving a

Honogenous hESC- MSC Popul ation W next tested the

utility of these markers toognhance the honogeneity of

hESCMSCs. One week after trypsinization and culture in

medi a suppl emented with serumrepl acenent nedia, FG-2

and optionally PDGF AB, the cells in the culture is

sor Sieth tpyls BACSetrest todmilgs daevaneng aias dncl@oatipgipnictem selis,
plugg?t%nt s‘f&hlcéllsc‘afi@mlﬂﬁgo%}'n sRm’eePk. the cul ture (Figure

5B). Sorted Cells are plated onto 10x96 well plates at

1 cell/well 1%;ébmell plate at 100 cells/wel'l and 3x6

wel Otﬁf"é‘f’@&egf 0 cel I s/well. O these, only five of

t he_ei ght een, 1000 /wells
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parental HUES9.El hESC line is a low 0.55 (Figure 5D).
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5 de be eriments to anal yse the proteone of
rrsﬁﬁf&% IR veCs (hESC- MBCs). In these
experl nment s, chem cal Ilﬁadefl ned serumfree cu
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86- 88% of these gene products have detectable
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amoni um chloride in a 5% ACN and 0.1% FA) in first

di mensi on. The peptides eluted from SCX colum are
w@oemcertisat ed and desalted in a Zorbax pepti dePCT/862006/000233

(Agilent, Pola Alto, CA USA). The second di nensiona

chr omat ogr aphi ¢ separation is carried out wwth a

home- packed nanobored C 8 eglum (75umi.d x 10cm

5mm particles) directly into a pico-frit nanospray tip

(New Cbj ective, Wibrun, MA, USA), operating at a flow

rate of 200 nL/min with a 120 mn gradient. The LTQ
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gene frequency (p<0.05) are assuned to be

ul ated by the secretion of MSC
Sog}ﬁ%_%égk{sigya Elgqﬁi is extracted from HUESO. El cells
with Trizol Reagent (G hco-BRL) d purified ovel a.
spi PtaplcelgriNuOrs HHpT, VIRImpy l@ﬁgﬁéh*ﬁ {Ok}ﬁzévﬁ%%%%ﬁ {\E%E}g
%H?‘Q@a v bdlide@n tHeGhEBHY) and%@ﬁfpdslﬁgnst desttileed here for producing
manufacturers' is converted
ProgFnEpig ]\%nl?lﬁg‘?né Hﬁ?llfﬁ??srﬁ?g@ng‘ﬁe Qﬂ%di ?%NAr eaction vol une

using a H gh Capacity cDNA Archive Kit (Applied
Bi 0dY.St RatsNoFR85 ER3 Dreipyrts MAJLiOSA) nevFhlestermivelly ebtaingd,frem brain
‘ussuet EJ $'Psatt I $ %é@@rleg&tsﬂmg@ﬁ 1e‘21ffob]rzgs@s ffl)m ne%vb@in éc¥ebral

or ‘each’ eC|

RTo
heﬁ!ns;ﬂlpte@ rUBCRa tAg}ogy%@égh%}?earﬂrSr Sﬁsrrég%r,t it Wlse @é}g)ammahan neural
crét Q@fnddeﬂg W, phe N'@SEG ohag B(le%g)r@ up‘hﬁb %@@ératldih@f diffateatiated

used for the a i s.are
nepFng oy HIturgsp %%W@E%) muNF@Q%gg? @ﬁﬁ % ggpég% and
WA 9@91159atpord geneﬁéﬂdn&ﬁﬂ)lsoldtmfnl ﬁnmm’oem;heﬁyk scbckm 1relds

Receptors PCR Array (cat. no. APH 011), Common

Cytokine PCR Array (cat. no. APH 021), JAK / STAT

Si gnal i ng Pathway PCR Array (cat. no. APH 039).

Exanpl e 8. Analysis of Proteonme of Human ESC-derived

M5Cs ( hESC- I\/SCs) Pr epar at| on of Condi ti oned |\/de a

A 17K A — o 1. i
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2 precursor ; 75. 1PI002 16604 Splice |Isoform

Cugﬁgﬁﬂ%?%roblast growt h factor receptor 2 precursor

| PI 00034099 Hypothetical protein FLJ21918; 77.
IPI00333541 Filamn-A; 78. 1PI00302592 Filam n A,
al pha; 79. 1PI100339227 Hypot heti cal protein DKFZp68601
166; 80. I PI004 14283 Fi bronectin precursor (FN)
(Col d-insoluble globulin) (CG. Splice isoform3; 81
| PI 00339225 Splice Isoform5 of Fibronectin precursor;
82. 1 PI00339319 Splice Isoform 11 of Fibronectin
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C-endopepti dase enhancer 1 precursor; 135. |PI 00015902

Beta platel et-derived gromh factor receptor precursor
W0 20362715P1 00216691 Profilin-1; 137. | Pl 00169383I/SG2006/000233

Phosphogl ycerate kinase 1; 138. |PI 00219568

Phosphogl ycerate ki nase, testis specific; 139.

| PI 00296180 Ur oki nase-type pkasm nogen activator

precursor; 140. [PI002 15943 Splice |Isoform 3 of

Plectin 1; 141. 1PI 00215942 Splice Isoform 2 of

Plectin 1; 142. |1PI 00014898 Splice Isoform 1 of
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protei n DKFZp686K0O8 164; 196. |PI 00719088 col | agen,
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PDGFRB; TUBA3; COL12Al1l; GALNT5; PFN; TUBA6; COL16A1,

GLRX; PG&KI; TXN, COLI Al ; GOLPH2; PGK2; TXNRDI; COL1AZ2;
wW@3N7/0PUAU, UBE2l; COL3Al; GSTPI; PLEC ; UCHLIPCTISE2084/000233
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proteins: |Pl00642991 Hypothetical protein
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are smal |l nol ecul es and are not detectabl e during

conventional LC M5/ MS analysis. The lists of 132 and
wQ@ 200g@2mE5products identified by LC M5/ M5 and aPtT/bBGg6/000233

array anal ysis respectively have 3 comobn genes,

namely | GFBP2, TIMPI and TIMP2. Therefore in the fina

tally, a total of 201 uniqueggene products are

identified (Table E2 bel ow). Tabl e E2. Al phabetica
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Genes Dev. 2005;19:1 129-1 155; Wbus and Bohel er,
Physi ol Rev. 2005; 85:635-678). However, this very
w@e@peetly’ of enbryonic stemcells al so poses aPCmBER®6/000233
chal I enge, i.e.generating the appropriate cell types
for the treatnent of a specific diseased or injured
tissue in sufficient quantity and honbgeneity to
ensure therapeutic efficacy, and inhibiting the
generation of other cell types that may have a
del eterious effect on the tissue repair and
SErreBeENEwaLA0WD. DIAFERENKRSMION pr ot ocol s t hat either
enhance differentiation of enbryonic stemcells
tomgﬁﬁﬁm&ﬁggific | i neages and/or enrich for specific
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preferred enbodi nents, the progenitor cell line

di spl ays reduced expression of or does not

substantlally express elther or both of CCT4 and
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differentiated cell for the treatnment of, or the
preparati on of a pharmaceutical conposition for the

wao e@avemst of, any one of the followi ng: a di SPEE8G2006/000233
treatabl e by regenerative therapy, cardiac failure,
bone marrow di sease, skin disease, burns, degenerative
di sease such as di abetes, Ahghei nmer's disease,
Par ki nson' s di sease and cancer. In a 7th aspect of the
present invention, there is provided a progenitor cel
l'i ne produced by a nethod according to any precedi ng
as pembryohict shen iceNesae alsn typiesdlorteipmgrase pegitit #andQpdct pesitive.
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expgssieye 3 and 13; Figure 2. Relative gene expression
anal ysi s by quantitative RT-PCR analysis. The
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E-RoSH2.1 cells at three different passages; Figure 2B
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surface of the entire tissue dish; Figure 3B. E-RoSH
derlved tubular structures have patent Iunens and
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in HUES9 human enbryonic stemcell normalized to one.

Figure 4E. Genomic PCR analysis for the presence of
woeovan2dpeci fic Alu repeat sequence and nouse- BEESGI006/000233

Cc-nos repeat sequences in HUES9. El MSC-1ike cells.

Fi gure 4F. Karyotype anal ysis of HUES9. El at passage 4

and passage 8. Figure 4G Pgpfile of surface antigens

by FACS anal ysis. HUES9.El cells are tested for

I mmunor eactivity agai nst CD29, CD44, CD105, CD166,

CD34 and CD45. Figure 4H Differentiation of HUES9. El
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184 so conprise a second step of encouraging
sel f - renemal of putative progenitor cells and
di scouragi ng the propagation of enbryonic stem cells.
The first step may conprise pronoting the growmh or
propagati on of a specific |ineage of interest.
Different progenitor cell |ines of specific |ineages
of |nterest may benade by exp03|ng t he ceIIs to
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In sone enbodi nents, the differentiation-enhancing

step conprises formation of enbryoid bodies from
wepdrpenst stem cells. Enbryoid bodies, and nepdiDs620060000233

maki ng them are known in the art. The term "enbryoid

body" refers to spheroid colonies seen in culture

produced by the growth of egpryonic stemcells in

suspensi on. Enbryoi d bodies are of mxed cell types,

and the distribution and timng of the appearance of

specific cell pes corresponds to that observed
can\hetolbtannetdrfeoreﬂmbgfodat@r@éﬁeﬂrua py Genpenkedd¥ly 0i d bodi es are

wwaene: at; y%bﬁg@@ﬁﬁg out enmbryonic stemcells onto
sem - so dia, preferably nethylcellul ose nedia as
descrlbed in Limet al, Blood. 1997;90: 1291-1299.
Preferably t he enbryoid bodi es are between 3 to 6

EXAMULES)| d. " I n such enmbodi nents, the enbryoid body is
di saggregated, i.e., separating the conponent cells

Exdmpla le Ad¢thodh derivatign of B RoSH GeJbhines or trypsin
treatnent, in order to renove the cells fromlineage
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et CD Gg 30 gaéy el%g%oﬁ)cp b(ﬁcﬁ&f ehL: h&@e&%d %%%b&&é&d ﬁ’ﬁtS Mgl 11

suswmsmns dyeobigeaageligestian KRmea@@n Eirr%nblbr@siéw%ﬂa% C\?B Tines. In:
Rop RIEHIL A T@ﬁkc&cafc@ﬁmﬁe@%n@%ﬁﬂfrﬁﬂu@ﬁ&%‘ il eﬂprél&ﬂﬂﬁapﬁ‘é’ach
en _be’ cultured, or further cthoosin & gs qpp%u&; q

0quxéfwreswmx@ﬂew8e7dﬂeHo?aaméfm ot g density of 1-5x1("cells per 10
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dlfferent%ég Q% cells to conditions which encour age
corgplex MHXWERY CHfYRSSt at i ve progenitor cells and

di scourage the propagati on of enbryonic stemcells.
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Factor (LIF). According to such enbodi nents, continued

pr 0@ﬁ€£ﬁ§9 &ns Wel dultaRldes retgduslyedystbedfiaICawangeal, NoEng] J Med.

I an then be cloned. Long- Ter m Mai nt enance
zopﬁﬁéﬁﬂ§§$i %ieferably, t he nmet hods descri bed here

i nvolve culturing the enbryonic stemcells or their
descendants for nore than one generation. Preferably,
the cells are cultured for nore than 5, nopre than 10,
nmore than 15, nore than 20, nore than 25, nore than
50, nore than 40, nore than 45, nore than 50, npre
t han 100, nore than 200, nore than 500 or nore than
800 generations. In particular, the cell lines may be
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cells derived fromthem do not display one or nore

characteristics of enbryonic stemcells. Preferred
w@amh/ozhar act eri stics i ncl ude expressi on of theCTET206/000233

gene and al kal i ne phosphat ase activity. Preferably,

the progenitor cell Iine exhibits reduced expression

of one or nore characteristgg markers of pluripotency.

Such pluripotency narkers are described in further

detai|l bel ow, but include Nanog, BWMP4, FG-5, Cct4,

Sox-2 and Utfl. Progenitor cells made by th nethP S,

de ke dasive Hidis® B MS Grlike eelisn FERS sellmase spién: % onto gelatmized
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e li8scfib @E@ﬁge@ prasiagte.
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preferably greater than 2 weeks, nore preferably
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t he net hods descri bed here are al so preferably dlsplay
Exaiple®. MathedofRTHRECR dlnlatysisng char acteri stics. They

have a substantially stable karyotype as assessed by
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pre er tial gg t

Dok P bRl binf O Ak et pS e
Fodter Citye Cgener ati on and a progenitor cell in the next

generation. Preferably, the set of genes conprises one
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d1ff&@§}t1a{‘dM_E1R@9H6;eIIXXQ%ﬂprlhchdmﬁkvlo@y destrib@bBarek al, Arterioscler
Ac 5763, BC052653), CGata-4
Th@%ﬁ?‘%ﬂg?@%%ﬂﬁgg@g? NM 008092, AF179424, UB5046,
MP8339, AB075549), Hesx| (GenBank Accessjon n&
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sec? DE Bed oML Rith Vhie8SheM4oQih. BC053036), COct4
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Laft %0@1% @uan-'tﬁ'lﬁ D’Eﬁtd‘lﬁﬁ Haleaed, l(b@)l’arb @fjectedlnd thetenebryonic stem
f ciion of progenitor cells and progenitor cel
cellidga¥ederafin- as differentiated cells, which conprise
cl onal descendants of progenitor cell's. The term
"clonal descendant” of a cell refers to descendants of
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transform ng treatnent or genetic alteration. Such
cl onal descendants have not undergone substantia
genom ¢ changes are substantially genetically
|dent|cal to the parent cell, or an ancestor
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Progenitor or precursor cells in foetal or adult

tissues are partly differentiated cells that divide
waea7g2Me7 rise to differentiated cells. Such cRCT/SGEN€000233

usually regarded as "commtted" to differentiating

along a particular cellular devel opnment pathway,

Progenitor cells are therefgpe sonmetines referred to

as "commtted stemcells". Qur nethods are capabl e of

producing of progenitor cells and cell |ines of

various types. For exanple, we disclose a nethod of

makTlrge gesisilphe ke misegerieyshangzedi wish areyardosepgpeysthesia and the
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are pnalgesdi Hyaroafocahnieodoper mal progeni tor cells.
Progenitor cells nmade according to the nethods

Exglgﬁ]f}eed }iﬁegwaﬁ'bﬁ o?inltl&%t li?e%ﬂ'lét Eﬂd\‘ﬁfe‘hﬁi Prd¥enitor Cell Lines from

di agnostic, and

Mauive Eagunipnis ﬁé@m&ﬁll@ mE‘ﬁ@‘ée uses are general ly wel |
known in the art, but wll be described briefly here.
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Ne\
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Roggﬁﬁé |veéxﬁa$ﬁ%§&%ggd as sources of progenltor cells
for the treatnent of degeneratlve di seases s
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usi ng net hods known in the art. Thus, any uses of
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herafes@aselltcubrateabl e by regenerative therapy, |nclud|ng
cardi ac failure, bone marrow di sease, skin disease,
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g%%% ) establlshlng a progenitor cell line
(Frepgmihe enbryonlc stemcell in which the progenitor
cell line is selected based on its ability to
self-renew, (d) optionally deriving a differenti ated
cell fromthe progenitor cell line; and (e)
adm ni stering the progenitor cell line or the

differentiated cell |nto a patlent DIFFERENTIATED
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techni ques used in raising, purifying and nodifying
anti bodi es, and their use in i Mmunoassays and
WO pevanzilsol at i on nmet hods are descri bed i n HandbODRGZN6/000233
Experimental | mmunol ogy (Wir & Blackwell, eds.);
Current Protocols in Immunology (Coligan et al.,eds.);
and Met hods of | nmmunol ogi caks Anal ysis (Masseyeff et
al ., eds., Winheim VCH Verlags GmH). Genera
techni ques involved in preparation of mMRNA and cDNA
l'ibraries are described in RNA Methodol ogies: A
L alonlzicolopiesitiat maimaingd o teadiorateoforoifsraion g 24tabln
mo%ﬁ%logy aﬂ%%fe@ﬂeh 'wkéﬁ?ﬁég%gqh%)ﬂ 8%8e oFIIRN; ceHONA lekparaley on either
r ot 0co %B

] s ( Il & Austin, eds., Humana.Pre :
exyonie FOTRHASCRAGH & S Ehrsomes plavsda et nes oy SaT 2. e
Rel atively honogeneous cell popul ations are _
parktdctwif aidsy lises it debnfsabelosel bynplatingths celéseatiarigwalsdsity of 10-100
t herapeutic applicat T : : S
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Exgiple Opafipp s & S ERGRRq PrdeRgrce
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differentiation and properties of progenitor_cell )
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according to the nmethods described here may al so be
appropriate for treating dysnyelinating disorders,
w@wh/0zas5Pel | zaeus- Mer zbacher di sease, nul ti pl BCT/SG2006/000233
sclerosis, |eukodystrophies, neuritis and
neur opat hi es. Appropriate for these purposes are cel
cultures enriched in oligodeggdrocytes or
ol i godendrocyte precursors to pronote renyelination.
Hepat ocyt es and hepatocyte precursors prepared using
our nethods can be assessed in animal nodels faor )
obsgniatipe penies wWhpasimilar irapspipafasige of threraseid cabirie steg cells will
inv ﬁ@eﬂé@é’l@ 89 dayteratbmaRattit Snealedks] Rebésting @floss of pluripotency
i D-g% c Oiin]n% %Dabeva et al., Am J . Pathol.
in BRP: s (43089t sShePR).cacy of treatment can be
determ ned by i nmmunohi stochem cal staining for |iver
cel Thisdodserf pluripotmoy sofpitherckeidennddizt iedncedfexpressine pf several
gen%g Q?:Jo%ﬁ%é'd%ﬂﬁghﬂp&ﬂéﬁte&11E QLR dsTBIGPRVIBE5 LDSF Won- PR UHE
abiTity of t treatnent to restore synthesis of
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,Q|o S S| Eﬁge%gge that provides tenmporary liver
Big bR Ar489)t he subject's |liver tissue regenerates
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62: §38.ihdiA8Ee oBRRhticHs dBnonstthal BRGEH ceddlade eBbRGhR,stem
1999, "Sakal et a or ac
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et SSERR Al S Ros T CE fugh Bty JARCRNEP: Ao and invivo
ortion of the left anterior descendi ng a%%gr .
( VatTerrenéra thei endofhefialipodensisl &nRoSH coBpare %f;/ on gafigel.
efficacy of treatnent can be eval uated by histol ogy
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be used in thera tor at.e
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3d ines and differentiated cells nade by the nethods and
ebnpositions descri bed here may be used for the
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" cadieression of endatheligl geneg sucyaspdeLrgalspinaressedfigyre 3D).
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Furt her exanpl es include brain neoplasns, col orectal



or they may be the progenitors of nore specialised
cell types (differentiation). The stemcell is
wo b@retTase capabl e of adopting one or other papdmag2006/000233
further pathway exists in which one of each cell type
can be forned). Stemcells are therefore cells which
are not termnally differenghbated and are able to
produce cells of other types.Stemcells as referred to
in this docunent may include totipotent stemcells,

pluripotent stemcells, and nultipotent stemcells. .
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and c&{u@ﬁﬁn g{eﬁ‘t &l 'Dé%lo%&ehﬁ%obmz@%@ﬁ%@ M&ntacaprmvanyn

or an
20085326; %9,3 ﬁpé Pﬁlé’%g rvgﬂgtgls(%p@ssedﬁ ﬁgtgﬂ?%ocrl%ﬂgsuq {,§é31dah et al,
Mo@Eh&odrfhbl novestl 1|G|€1|22$Balg@nﬁdg etbeﬂgel_ht)b [I\Ialzlefkicarelgf@;t ansl At he
i .ce produced by its cl eavage.

19%’ # %rr?tgﬁértg%eég M's "Pluripotent stem cells" are

true stem cells, with the {)otentlal to make, an¥
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U S. Pat. No. 5,192,553 reports nmethods for isolating
human neonatal or fetal hematopoietic stem or
w@e@geritsor cells. U S. Pat. No. 5,716, 827 r epP€T/SG2006/000233
human hemat opoi etic cells that are Thy-1 positive
progenitors, and appropriate gromh nedia to
regenerate themin vitro. U Pat. No. 5,635,387
reports a nmethod and device for culturing human
hemat opoi etic cells and their precursors. U S. Pat.
No. 6,015,554 describes a nethod of reconstituti ngI;
stenheetnhuESHtedls dreaewdtucrshandipebsagedin the alserce gizfeedegoA homogenous
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10% FBS (Hycl one#3 0071-03), and 2 mM gl utam ne. nEFs

are propagated in Tl 50 flasks (Com ng#430825),

splitting the cells 1:2 every other day with trypsin,

keeping the cells subconfluent. To prepare the feeder
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cytoplasmratio and prom nent nucleoli. Resulting

enbryonic stemcells are then routinelysplit every 1-2
woe®@r®2ty7 brief trypsinization, exposure to DuPGESGH06/000233

PBS (wi t hout cal ci um or nmagnesium and with 2 mM EDTA),

exposure to type |V coll agenase (.about.200 U ni;

G bco) or by selection of individual colonies by

m cropi pette. Cunp sizes of about 50 to 100 cells are

optimal . Enbryonic Germ Cells Human Enbryonic Germ

(hEG cells can be prepared fromprinordial germcells
canfhealssinguishechfipmriemeipally differentiaiing cells Ry &Wﬁte%ﬂ&te eks
proffek&lontWhdu@8éneB®mss.r ual period. Suitable preparation

net hods are described in Shanblott et al., Proc. Natl.

Acad. Sci .. USA 95:1372 1998 and U. S  Pat. .
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hu ' i ket iR b oRr YmbREAK oflaldeRy era |
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of B b dm Gl Ao - Ft e TR 220 CBgRIBRa A5 opmen of
mod&hyryshit steh belld i sukure LM ethods MaiMisl. 20€5;p0Ep29-868
with a sub-confluent |ayer of feeder cells cultured
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nucl ear/cytoplasmc ratios in the plane of the image,
prom nent nucleoli, and conpact colony formation with



stemcells which are not self-renew ng.
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wG@r@rverdsto, or are commtted to a pat hway of PCT/SG2006/000233

differentiation can be characterized according to a

nunber of phenotypic criteria, including in particular

transcri pt changes. The critgria include but are not

limted to characterization of norphol ogi cal features,

detection or quantitation of expressed cell markers

and enzypatjc act|V|t(%/1 gene expres
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split 1:4. Differentiation into adi pocytes, and
osteocytes is perforned as previously descri bed

w@ Barrbozms7 et al, PLoS Med. 2005; 2: el 61). BM NMIEST/86H06/000233
prepared as previously described in Pittenger et al,
Sci ence. 1999; 284: 143-147. CGenom c PCR for nouse- and
human- speci fi c repeat sequenges are perforned as
previously described in Que et al, In Vitro Cell Dev
Bi ol Anim 2004;40: 143-149. Exanple 3. thhods
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6 days old enbryoid bodies that are
ﬂﬁvghggWEWFgﬁp’nﬁﬂ%Iogous to 5.5 dpc del ayed

bl ast ocysts and early post-inplantation enbryos, wll
be enriched for cells that gave rise to RoSH
progenitor cells. Therefore, 3 to 6 day old enbryoid
bodi es are generated using a sem -solid,

nmet hycel | ul osebased nedia (Limet al, Blood. 1997;

90: 1291-1299), dissociated into cell suspensions by
col | agenase digestion to disrupt the differentiating
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passagi ng every two days at 1:4 to 1:5 split (data not
shown). The karyotype of E-RoSH 2.1 and 3.2 as
woreeozned by chronosome nunber, i s stabl e forrP@r/S¢CEas00233
10 passages with a normal nean chronosone nunber of 40
(Figure 1E). Cene expression in E-RoSH2.1 is nonitored
by quantitative RT-PCR anal y$é1s 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
C2BMs Subcut aneous transplantation of E-RoSH cells into
SCI D or Ragl -/- i mmunodeficient mce did not induce
1.t er gt ARmh U HRkisRfE: during a two to
ni ne- nont hs' o se ation period while simlar
transpl antati on of the paren emyryonic stemcells
Wi | R%I H%QW?%“}PIW%?%F@ SG?Hata@Flat oma within three
weeks, suggesting a |loss of pluripotency in E-RoSH
cel I(B) dsteblishingta pednitdr cellHirg ftaas sheafmphonic petedetly | S
further evidenced by reduced expression of severa

gen i t : P
e T
L|n CS, Bollman B, Bestor TH. Dnnt 3L and the
2. est dbmictiodeseorgingiadaimnl . veelosalests agsiishsanatisisHs based on their
indbelity So sdRRed3: 166- 185, Rao M Dev Biol. 2004;
275 269-286). In contrast, a set of genes consi sting

runx-l .. flk Ra T| .
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2005; 49: 269-277), is highly expressed (Figure 2D)
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Gpled s 'PMendot hel i al potential, E-RoSH
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t ubul es are patent [T ning the |unen
Pr@ﬁafs@9%6@@&%8@?%%‘{@&05@@( rﬁﬂ&u r e 3B) and are
i mmunor eactive for VWF (Figure 3C). Expression of
7.endot hethodlacgatig t6 Wihings, i ndich the séf-smewabp@aseig conditions
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(Figure 3E), prOV|d|ng anot her di sti ngui shing

5. col HEmBonascified LIPRLEa i Mo hcAdacial esaviAmotng
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are significantly reduced during formation of

E- RoS (1 ' .
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(De Robertis et al, Int J DevBiol. 2001;45:189-197),
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226: 446- 459) and PCSKI WhICh IS expressed in

neur oendocrine tissues (Seidah et al, Ml Endocrinol.
1991;5:1 11-122; Benjannet et al, Proc Natl Acad Sci U
S A 1991; 88: 3564-3568) (Figure 3F). The relatively
Iom1expre33|on Ievels of t hese genes are conS|stent
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The cells have 46, XX, chronosones |like its parental
huES9 line (Cowan et al, N Engl J Med. 2004;
w@a®703887 1356) (Figure 4F). Wien grown in nmedP@r/SG2006/000233
suppl enented with serumrepl acenent nedia, the
popul ati on doubling tine is 4-5 days, and in nedia
supplemented with 10% fetal £nlf serum the popul ation
doubling is about 36 hours. Based on the cl ose
resenbl ance of huES9. El and huES9. E3 to BM MSC, we
further approximated the |jneage potential of huES9, El
12py  domstiorageqrinsdo prnpieceding ¢laim. p siiqhehe graggitorgell line has

recBivbMRSiential RemPaatd hetriirbdiesteinyeilical MSC surface
mar kers, CD29+, CD44+, CD105+ and CD166+ (Barry and
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differentiated cell for the treatnment of, or the
preparati on of a pharmaceutical conposition for the
treatnment of, any one of the follow ng: a disease
treatabl e by regenerative therapy, cardiac failure,
bone marrow di sease, skin disease, burns, degenerative
di sease such as di abetes, Al zheiner's disease,

Par ki nson' s di sease and cancer. 36. A progenitor cel
line produced by a nmethod according to any of Clains 1
to 26. 37. A differentiated cell produced by a nethod
according to any of Clainms 27 to 3 1. 38. A nethod of
generating a differentiated cell froman enbryonic
stem (ES) cell, the nethod conprising: (a) deriving a
progenitor cell line fromthe enbryonic stemcell; (b)
propagati ng the progenitor cell line; .and (c)
deriving a differentiated cell fromthe progenitor

cell line. 39. A nethod conprising: (a) providing an
enbryonic stem (ES) cell; (b) deriving a progenitor
cell fromthe enbryonic stemcell; and (c)
establishing a progenitor cell line fromthe
progenltor ceII |n mhlch progenltor ceIIs are
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