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MAI NTENANCE FACTOR AND USES THERECK, | he present invention relates to a

bi ¢l ogically active factor) and mor e partlcul arly to a factor capabl e of

i nfluenci ng NAPEMYtiation, proliferation and/or 5 mai nt enanBET/AL99/00265

pl'uripotent cells including enbryonic stem (ES) cells. The present -
i ention also relates to nethods of using-the biologically active factor

to pr OdUCG) from pl uCEKK P’FTERMAM@N]WEBAMGMNPMMS"ENMCE
properties) nore particularly EPL ¢ a% ds_of producing
partially or termnally di fferﬁwgé@m égd?ﬁéﬂ q;furl potent cells. The
present invention also relates to 10 pluripotent cells and partially or
termnally di ffer enti at ed cells, and their uses, I ni & i al devel oprrer'll)dal

r, and more

events within t hefhea Wﬂﬁﬁ%@'ﬁ'ﬁ?lotﬂe ivlogically activerfacto
t b t
Extra-enbrygy @8{% C{g%%ﬁf,cﬁ bleCot! Hﬂubﬁgﬁ%:%maéﬁﬁét&hofﬁmw?ﬂﬁwaﬁ

whi ch corrprl Ses rimtive en ur i pot ent

cells) the mamtenmﬁemdsmunﬁpawmmnsl meluyimgﬂemuywimpiemnt(E&)musuué’be presente
|1 f the | bt ast d | f t t pSi

i 1 £ or ent | acPURPUoRtAIRR S5iged ombhodilot i yhe BlciboiRaty BBV fasisy R BRGEe

ect oderm 'WGWM heonee! p nabtémecbw Pﬁ%ig t Githerent fﬁb@bﬁbdsapln%né

‘around the tinme ast ocyst |rrpl antation. The resulting pturipotent cell

nmass expandspamldaMGEBLaSO&:oanﬂc‘Qam t%@ﬁ@@ﬂn&aﬂ'@ydob @mnﬁiy

I nner cells |

cavity. The %?%ﬁ%@%%ﬁw ear y pr| 'ﬁs&gﬁ&%n % |n
cf@ pr ol i 1@r giaripatentoells. éhcﬁpﬁ:dupoctammmwrdrﬁemnatmteaﬂb-andmnrfuseé
eptthelial layer of pluripoient cells, termed the primtive or enbryonic
ectoderm The primtive ectodermgives rise to the germcells and, during

gastrul ati on act dnitial dwdmaﬂal fewentshevithimethet innamohaliare embryer >engmi nlhES
| ft d t h t nb [ d Th

of " devel opreSESTRHIR &it Para-aRtbrype Sl iragdRs ¥R sl Tl dommaidi ot

di stinct poghastetysi) W%ﬁpﬁ‘s@h'ﬁoﬂn&d‘b@eme Wﬁﬁdddéhhoﬁnc@(fdblfﬁs

i dentified two distinct populatlon of plu Mzé)tent ceIIs) the | CM an
prlmtlve edRigERatant cglls, dhe,imng o(bé [ast)n p A% e

Lg\rlﬁglrgd ¥he eéé Ppsfﬁ?rteﬁ% 1r| pi urlpot nt cellaggitfg'?é%gg;?a and !hgf&d@'n
det em nat i ordifiéreptiation and reo@nm axdhey deveiop ¢6 form the tive rectoderm.
Genc. oxpr essiahe Trdlse, dPeisle 2 Bk K LESH ECH AR P, ot el 8 o™
theI }Orl m ti vislastotys | ﬁgﬁoﬂl PThe resolting phlrmbltmneel anﬁsslﬁ?nmdmdnahe
Che utZ'r.Zﬁ)et%% ool D b HeweRn -8’ o5 5By e Fmer e 41 Sigo gpiblas
ﬁrrpr ehegpgi V&cﬂi‘?«% }g&b@&is B mmmeea&oasﬁhionermssme o&bwrsmwy csad |6y

n be isol ated rel npl antati on npuse enbryo as enbryonl ¢ stem

(ES) cells. emycgrimitive mwmmmwtp prefiferate apd\by6. Chsﬁ dnq;dwmfoaapn

| at t
Gontri bt e th %H:&&g"?%ﬁ*l%s ; BeD U1 BbibBicht lnIS vepiral e Brmible "
cel ls, thereémquiceeaode Iprinﬂmecmmndgi\msahbettbeMQmscdbaand
o o Sk :S@E S8Rk SILSHER IR 476 SRREFRUOR Pl anG, PdaDH Ger |
Sys
bi ol ogy 280 GibrsUt 4 & Spwéwaadtthee&%%smnwmw as providing

opportunities”for enbryo I pul ation and reésul tant commerci al nedi cal
and agricultural applications. O her pluripotent cells and cell lines wll

'share sone or al 'THf ahdlPsi8 ot 'deReidpnféntalpotential and differentially expressed genes
of temporally distinct pools of pluripotent celis within the pre-gastrulation embryo
has identified two distinct populations of pluripotent cells, the ICM and primitive
ectoderm. Cells within each population appear homogenous as revealed by

30 wansplantation studies and the analysis of gene expression markers. The
establishment of pluripotent cell heterogeneity and the determination of sub-
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applications The successful. isolation) tong term clonal naintenance)

genetic mani pul ation and gens-line transm ssion of pluripotent cellhsq fOrCJmZ[m2
speci es other 20 than rodents has generally been difficult to date and the
reasons for this are unknown. International patent application W97132033
and US Pat enw9983821357 descri be pluripotent cells including ®PETVAUY00265
speci es other than rodents, and primary pl@ripotent cells have been - .
described in International patent application W98J43679 and W96J23362 and
in US Pat entpdpufietibnéS@f pluspotent cellsvwithin 2heb primitide. | ectdderimg s as pdefingubt byt
cells could tra,nfforrred into,&lpubiS oten;cells W th d'f.ferﬁ%t .
properties. 1Bt gaNG iXPression cBPi begn, dggumentrd, in embryos piiog, to

the cyt oki ngghf Bt the Phgﬁ%géggﬁeﬁﬁﬁi 65 é,g,'cf)A %@_cg% ngetﬁﬂiécgﬁia?‘ﬂ%i aricfthe

whi ch pronote selfrenewa revent differentiati stem cel|'s.
However, wi tsmalhsizex copiplexitysand frelative inaaceasibility bf theogmbayo mithin the: uterine

can induce the.differepntjation, of E | ~ 9 2002 " wo_ ~~azi .
r cr ~au~r obz LIvgonmert bé%?’é {‘SI an yﬁss ,CEP'H‘ RS ﬁs@ﬂ%ﬁra BVortd i@e&swe
LIF) are CurdrﬁWdiyoP?iﬁi‘ermideuiﬁrogfb@mr@Ct of the present invention to

overcone, or at” feast alleviate, one - or nore of the difficulties or

deficiencies associated with the prior art. Applicant has identified a

bi ol ogi cal l'y act iHﬁﬁW'&e}ﬁ'bﬁﬁ beSis6RbPremthepreithplafftioRimouse embryo as
differentiation) proliferation and/or _mai ntenance of pluripotent cells

i ncl udi ng ESmienyonic istem (ES)i cellml | £S wells ean ove | mainipinsde indeliniely @§ e

transition | POJ e C | cull '

suspensi on gﬂﬁ"ﬁ#éhfgéﬁ I%’Pﬁ[%io@n?‘ %‘:ﬁe}ﬁ Eﬁ?ﬂa%'g rﬁﬁ‘%@ %tro oépje";.f_tlé“lrt ?5‘& gn%*sg’
ci fi cHd | ycanagontributeniot aly adelt tisseesrof tHeembobise incleding. thédenni celis. | EStdells,

col |5 i n'vi dheretore, s2iaen e sblin;naeseandia BF Mg, soals e auiats morial puee

cells in vi hdd g

derived f . h : . e " . :

not wi sh 1o YIpme, S8, bolomly iplestt 1| BRI Thotbt SR 0 e

an fn vitro immaﬁgatientofahecﬁmipm underiying phripotert cellddelogy randadifierentiation
enbryo prior,. 6 d C. rly. pLls tiVv r r gl Lt
shoul d be urmgﬁgtgg% Pﬁgy teﬁéb'ggrn#E%chqﬁ ?rsﬁéﬁﬁsgb%&gueﬁégdgﬁq\%ﬁbm%m
pluri potmdn mahib&lanl bnth andl aesuliaintr cominercisl, anédbaebm\agﬂcaguug appliaatl iolnls.
mai nt ai ne cel|ls, that, expres .4 a Fg 15 y: (a e biol ogi ca
active fact T W%@é ?’F@Egﬁia'ﬂ?ﬁﬁfi%éel%ﬂ'ﬂﬁ%@("l%\}}‘ﬁfﬁ@éﬂ '%/@r\%t
conmponent tfyj,'p?eém 20 (b) a conditioned nmedium according to the present

i nvention; o c) an extracellular matrix in the presence or absence of the

| ow nol ecul ar wei ght conponent according to the present invention. The

pluripotent cell snjd ogaBessiul hisdidtionS ©libisg MmMRe dGhalY Shaenasce)ut j

not restricted to ES cells, in vitro or in vivo derived | CM epiblast) in
vitro or i n manipulationcand cgerm-liing ttransmission of rpluripetent celis i friResieecies other

cells, ' | I riRQt I [ y

ol 11 /20 aph ToadRISTHES benerally Woar® ARl 14 Ao ST 16€ rbasCiit PN ot

t r ansf er .unkRbwre| intemmajionakpatent dpplicationWQ87432033 andiU8 Eatent 5,458,857
dedi fferenti atiqQpn. FEur.t her gor th PL cell,s may be capabl e of but are npt

estri ot ed dpeFBbe REROa casil, Inedig chlie Eord speies Aifst T spdpets. aptf

the presencerphate pidlipbtentael8ildve been described in Intemational patent applications

WO0908/43679 and W096/23362 and in US Patent 5,843,780. However, it would

25 Dbe useful if these pluripotent cells could be transformed into pluripotent cells with

ditferent properties.

The differentiation of ES cells can be regulated in vitro by the cytokine
leukaemia inhibitory factor (LIF) and other gp130 agonists which promote self-
renewal and prevent differentiation of the stem cells. However, with the exception

30 of retinoic acid, biological molecules that can induce the differentiation of ES cells



The biologically active factor preferably includes two conponents) a | ow
nol ecul ar wei ght conponent aril a |arge nol ecul ar wei ght corrponeF:gg OET TR082
| ow nol ecul ar wei ght conponent nmay be an amino acid or functionally active
anal ogue thereof or a peptide or functionally active fragment or anal ogue
10 thereof. PVOP¥BIy the tow nol ecul ar wei ght conponent is R@VAURS/083653
functionally alive anal ogue thereof or a pe'-‘pt I de including proline or a -
functional ly active fragment or anal ogue thereof. Even nore preferably the
| ow nol ecul apmmgﬁfwm%ﬂmwm the preseace o absence opt-IRi @re curmentiy ynknown.
L-praline. The peptide preferably has a nol ecul ar wei ght of |ess than
approximately 5 kD, nore 15 preferably |l ess than approximately 3 kD.
Alternatively or Risan®hjectof the presgntinkentiopiterayercome,soratdeast alleviate, one

ppr oxi mat ol 7 1ot ot R Buflc ss BPugnlphiies BB ieled Wi HRBAORAEL L2 el 11 om -
ahe_ g;gupz)ch]si_ s';i ?g of : Pr~o; al_ a 20 Al a- pro_AI g: Z~9_1Yr (F))HC)a‘i- O—I— p(r)? :3;{0 ?'g{y

Vel 51 o pro-ol v sGPBIGT-Hal Becttedl 3 ickogiBly sivk NhPisy’ whBE: i cepaF, o
acid ~ 8 Uihﬂneﬂ%é difterentiation] pioMetalish Ghtlér Maintenance of pluripoclnent cells

(arg-Pro-~,ys-Pro n- & n- Phe- Phe-gl y-Leu- net OH) Protease digeste

(i ncl udi ng cincluding EScellsyMorispeaiicalyethe: fagipris capablgoficausingthettransition

active frag : i {

her owi th {op BLspBirl SNERLE; E BBk adalP LAl Bhd I SibesEb iture) 10
meant that t phiripotentecelisorhaviag odjitferernt  propesties, omoref specifically early primitive
differentiatio rqlif tion, and/ ot. mapntengnce of plurjpojent. cel.ls

e uding ES b Hip ) ot Ackftmaig 56 1560 % senablebg! Faainiaiing and
pol ypept ige 8ipporihgiproliférafien H? thesbcdis! BEvitidl CRUARD AV thé GSHIBTIGH tarfths
a nol ecul ar weight of 10 greater than approximately i 0 kD, nore preferably
bet ween appr Bl@inigpance QDE%W'RIQGWGQW%B@FQ’HMM Brvive primitive estogdama vy

100- 500 kD. The | arge nol ecul ar wei ght component may be in solution or
contained in an extracetlular matrix. ' In a preferred formof this aspect

of the invention Whilst applicant dages aet wishge: be sesiveiedriytheary, ivds hought that

ext raceaul ar tr) I, 0r . fanchional t [V r r u

t hereof, for Eﬁa%ﬁeﬁsﬁ%n@%t'}l’n%@ Pg?n&ﬁ?e?i’?oéf MW%(/) ?@??{’;gg SOSt
fragment or anplantationtemibryofpridrio 6.Qdip.c.cor earlyyprimitive rectotiérar.m t he | ar ge
nol ecul ar wei ght conponents is a celluar fibronectin. The cellular
fibronectin may have a nol ecul ar wei ght of approximtely 210 to 250 kD, as
nmeasur ed16n a 106Aecordigly.iihshaldd beumdeystooidithat thederrddERL celish refefsita telis

eopect ! P5oRG R hOGHRobd S5 o o RIS Rede
pl uri potent pfgiintainedcds celRthabesgpress)OadiahdcPgBLy: t i on i ncluding a

bi ol ogically active factor and/or a | ow nol ecul ar wei ght component and/or a
| ar ge nol ecul ar wei ght 25 conponent as herei nbetore described) together

ws) h an adj uggnt , théi biodotdically aétived fictor bf the QPresbiinventién iorSthedlkingé dFtiowe
I'Sol ated froma nedium condjtioned by cultured ceps. Alternatively the
conponents of t hemelesulay waiohl cemppnenttherest; eay be purified from ot her
sources, synthesised or reconbinantly produced. ~ g uc~r zoo2 ' WO

99/ 5321 PCF/ AU991 00265 6 Accordingly, in a further aspect of the present

i nvent i 080t hitMe i a cppdiioped medivmaraegasding tedhe present investion; ohf | uenci ng
differentiation) protiferation and/or

(c) an extraceliular matrix in the presence or absence of the low molecular
weight component according to the present invention.

The pluripotent cells from which the EPL cells may be derived may be but

are not restricted to ES cells, in vitro or in vivo derived ICM/epiblast, in vitro or in

25 vivo derived primitive ecloderm, teratocarcinoma cells, EC cells, primordial germ
cells, EG cells and pluripotent cells derived by dedifferentiation or by nuclear



mai nt enance of pluripotent cells) or a fraction thereof including nedium
conponents bel ow approxi mately 5 kDa, and/or a fraction thereof ingl3ddbg 2802
medi um conponent s above approxi mately 10 kDa. Preferably the conditioned

medi um i ncl udes a biologically active factor as herei nbefore described or

the tow or | ¥Qe¥sWRkcul ar wei ght conponent thereof. PreferablRCI/NE99/00265
condi tioned nediumis prepared by a nethod4as hereinafter described. t 0
Preferably the conditioned nediumis prepared using a hepatic or hepatonma

cell or cel |transfer.nor ERYs ec@lisaiinay a alsonsbe haprived c fiom adiffereptiataeh eells by
| i ne such as é@f} %hs (ATCC HB-8065) or Hepa-'1 cl c-7 cells (ATCC
CRL202s}) pr? 9 hic nouse liver cells, primary adult nouse |iver
cells) or primary chicken hover cells) or an extraenbryoni c endodernal cell
or cell line such.l he ,ce in END- 2 and PYS- 2 wever), the .

bi ol ogi cal |y act Edrthdinde: Hﬁif%ﬁ'— lle ThaY e BRpabiR. A1 sl B ahbt 53%‘3"1%5’ to
liver or ot heversdn to BES el by e remobvall 6 &)S)asy) (chieths Prosenceohla gm 30
avian. Alternativety, the activity may also tie derived by contributions
fromtwo ®r 28Ul fferent conditioned nedia fromcells which express one

or the other of the conmponents. 20 Accordingly in a further aspect of the
present invention_ there is provided a nethod for Preparing a conditioned

medi um capabl e of Thehiolegisally agtive dacier iprefesably pnsludes: twe somprnents, a low

acol | cul t eyl BoRfborinon 318 £ 7k Wilec Bt WeidHh lrBBoRLS: T or 2

time sufficient to produce the conditioned nmedium and separating the cells

f th | t ' ' i dj .

7y 00/ 8.1 <21 por/ TR e R Wit BEmpBRont il be B ele pck o fintuoAdiy

Prﬂ‘ elr_abl y tdntive emsafiagaelllbmbhf or wp@iﬂn orr&énr;tiohallvﬁwﬁvédmgmenbprmm :

ce in re prefer t re selecte romthe group consisting of a
hunan heﬁ%t %@W‘& arsﬁé}gé/%nﬁgci‘w m"'ﬁ"ri‘?’%‘gg{ FRInpeReRt rfﬁ_u?éoif’?%g‘?' a

cel I's) primginictichilly JBINeCahalsgle Bitrest od pBbﬁH@'ichlﬁdiﬁg' fifle lor iurictibhally

Most preferably a human hepatocetlutar carcinoma cell e such as Hep &

cel | s (ATCC aqtive thereot; c|Bven mree pRferabiys the Jows mﬁeoular

t Qs
Al t ti Y A d | A . | i
ol fur oy oWl compdnditis \CpRing-BF I pebib Sihelliifg [ -Braikt 7he, fhkae
lsLinSZbF:ad[i)?rta ej Y?glsi afarati Onlaglnigeighiayofgéesnséghlage\?ﬂ):'%w T i.sd:a';{:?ﬂgms)re
The oo 15 rptirabiyess then Bppiaximaten Suth - AREaRIY. or b agdiion. Be Periie
may be ser Urﬁréfé?ﬂblg@\&?"a §iz6 ¥t apprdamately ﬁ?ﬂpﬁia?étpﬁ'efétﬁblyaﬁf%&%ﬁ'ﬂaihiy 1-7

transferrin and sodi umsel enite nmay be added to |rrprover§ro of the cells
e

from whi ch tmestcpreierably, appraximatehbi-4 amiaqtacids| IMest preferably tae peplide is
deri ved. ASMWWP%W%Q&D a person skied in the art, the
S 1t be de

growt h enhancing conponen pendent upon the cell types cultured,
ot her growth factRrosalaresent, attachment factors and amounts of serum

' sent e cells n@p\‘ be cultured for a tinme sufficient to establish the

cells i 0 cul t fM8 By this we nean a tine when the cells equilibrate in
the cul ture medi Yy pfrably the cells are cultured for approximately 3-5

days. The cell culture necum may be any cell culture medium appropriate to
sustain the cell Pe'ﬁp@HyE@ Where the cells are a liver cell or liver cell
Nne, the culture %ym is preferably DMEM contai ni ng hi gh gl ucose,

suppl emrented with 0% FCS, 40 y~glm gentanycin, 1 nM L-glutamne) 37C
5% C02. Separ at i dilyegrot he cell culture nediumfromthe cells nmay be

achi eved, by any i tabl e techni que) such as decanting the nediumfromthe
cells. PRRferabl M&é?l culture nediumis clarified by centrifugation or

filtration (e.g. @ Haprg- 22 uMotter) to renove excess cells and
cel lular debris. er known neans of
Gly-pro-arg-pro
Gly-pro-gly-gly
Val-ala-pro-gly
30 Substance P frag. 1-4 (Arg-pro-lys-pro)

Substance P free acid



30 separating the cells fromthe nmedi um nay be enpl oyed providing the
separation ~ 9 OCT 2002 ' WD 99/536QlL PCl'/AU99/00265 8 _ ma;;‘ cU@erQ[)Z
not -renmove the growth conponents fromthe nmedium In a still further aspect
of the present invention there is provided a substantially or partially
.purred ext r WO9EBRE natri x capabl e of influencing different iPEIYARPP/00265
proliferation and/or maintenance of pluri |§0| ent cells. 5 Preferably the-
extracel lutar matrix includes a biglogically active factar as hereinbefore
described or the |ar g@a@tﬁ@dmsa’?%@ﬁg n’t?(mp%h‘ﬁ;ﬁfy LewrmetOH) pr ef er any t he

i)éf:(r)?gflnlgrlyarl nmag; er aspe@ﬁcWhe pp@ﬁ%ﬁd@ggﬁ? M‘sfanere |s pI’OVI ded

a 10 net hod for andri&ncﬁmaﬂy mtweatragimms andt analoguesa thereof, amd | moleciubes
differentiat] pn oI | rat| géi/ or | ntenance of pluripotent cells,
'sai d met hodWhich emn %t!Y B¥ort substrate, and t5 a cel |
cul ture nmedi um culturl ng the cell |n the cell culture nmediumin the
presence_of the supggrt substrate for _a time sufficient to produce. the

extracelPul ar maByit “Bnetionalhaclives is aneantshat the-fragment er anaiegHe isom

th t
be of ny SERAIP, o, bR GyfefiiBtion? Biohibrglion Tahier shaidhaiice Cof 7Y

or a hepat i pluripotemp zelisinchading ESeellslbre preferably they are selected from
the group consisting of a human hepat ocel | ul ar carcinona cell line, primry

enbryoni c nouse liver cells) primary adult nouse liver cells and primary

chicken fiver ceThe. lammqhmﬂarm@taodlmrerihepaydmeal mmpemma:ioncpmtaim I

15 ) e b o S i e e
pre

feraphy greatér Whah @pbm:adtwtwtmrmcwabiabl r béeenl | ﬁim‘étews
the endodermat cell tines END-2 and PYS-2 2002 WO 99/53021
PCT/ AU99/ oci%OQO kDyh anest| pre W%Mem%ﬂprﬁ&mﬂeucé%@ﬁd@ wi tihe Harge

condltlons 0,
the matri x- assom at glgkgﬁt | Vli{ Yyl nvoﬂ/gjg g’e;g)@lr'%?r?%ﬁ%o héeﬁné%l cgﬁ%”etﬁér

medi um and mpgrbapriate cells or cell lines fromthe ECM and support
substratum This may involve washing the matrix with 5 a suitable buffer.
Preferably cells are cultured in 0.26 azide, 0.1 mM PVMSF in phosphate

buf f ered sal i nesin@ptdfefred 16 8f this aspect dfithé invedtide the large Inhalecular weight:d

15 component may be an extraceliular matrix protein or functionally active fragment
or analogue thereof, for example a fibronectin or laminin or functionally active
fragment or analogue thereof. In a particularly preferred form the large molecular
weight component is a celiular fibronectin. The cellular fibronectin may have a
molecular weight of approximately 210 to 250 kD, as measured on a 10%

“c) 20 reducing/denaturing polyacrylamide gel.

In a further aspect of the present invention there is provided a composition
capable of influencing differentiation, proliferation and/or maintenance of
pluripotent cells including ES cells, said composition including a biologically active
tactor and/or a low molecular weight component and/or a large molecular weight

25 component as hereinbefore described, together with an adjuvant, diluent or
carrier.

The biologically active factor may be isolated from a medium conditioned by
cultured cells. Altematively, the componenis of the biologically active factor may
be purified from other sources, synthesised or recombinantly produced.



in 0.5 mM EGTA for 15 mnutes to detach cells, with cells and debris .
renmoved by further washes with PBS. Alternatively, an extracell uL‘aB HE{rZUJJZ
capabl e of influencing differentiation, 10 proliferation and/or mai ntenance
of pluripotent cells nmay be prepared from ani mal sources such as visceral)
parietal or WoiMSss®ve endoderm or fromanimal cells and ti sSPEHAU/Y265

pl acenta. An extracellular matrix may al s® be prepared by artificial means

such as drying down purified or sem purified extracellular matrix
cormponents on ti dcaerdingly.ine furthesaspest obilie preseohinvestiopdhere isaprovided a

cel | Tino, EPRuRpYSd YRS SRR VihieBoRol LA e NIRRT CBroieBlich “pier ™
cel I's and phmdintenanbé C st npluripotent ctélis,alo? @2 pivddtionoftherddfughéivdihg medium
differentiation proliferation and/ or maintenance of npuse ES cells. Thus,

whi | st appl FeEwongptss belaw vepproximalelyr §skbast aud/py a Hsastion i therggfe including t
the factar | | | | j es. The conponents of the
bi ol ogi C§| I M@P\?ﬁw hn%?@%éb%g’rx?ﬁé 1§?(ﬁ\sdubst antially purified.

Purification of the conponents may be carried out by renoval of the cells

fol |l oned by techpi | : d | C
I nteraction chroﬁggggg’ H@?cgﬁpﬁﬁhggc aHgg?ggﬁgﬁgg%g?éggé%ﬁggaﬁ@éﬁﬁgﬁnpgé'
af finity chherekiseforsptgscribedcordiie lowiontargemoletoiar ayeight compohent thereéafn
nor mal phase chromat ography and/ or reverse phase chromatography.
Preferably) purification of the conponents is canted out using FPLC and
HPLC chr omat ogr apPreferably the cowditioned medigrhdspréparedbyt method asdwreinhftehe
i nvention, the tow nol ecul ar wei ght 30 conponent may be purified by a
conbi nat i on98%e ronal fractionation eg. ~ 9 OCT 2002 " WD 99153021 1D
1AU99106Z65 ' wultrafiltration gel filtration chromatography (preferably

n S 0 I l,.ph hr. t, h d | filt N
chr onat 8 aphy ( BTIPEB| oo, roRdERnERa IS iae Pieparen wslhe on Mopali or
and pr ef er ahbjyatoftt/el bRLEY Iiné, mbfe ?_ie’z'éﬂwhobﬂfmaﬁ QRSCHIRE Y carkifdmy 88Nt

i nvention provides a nmethod for partially ‘or substan |all¥ purifying a | ow

nol ecul ar wingisuch@sbiepnE2ells (ATTC JIB=B065) 0t Hepaflodcol aelisalA ECGCRL-

i nfl uenci ng,dhgf L, aLl | feratio '

ol ur i pot ent 2020k P SermBRiork Fhoes! Bhds” Bl Hithaab 13BGE0 fiver spts, o
t ow rmlt ecul primawi ghickew livemnecelis anahi e)ﬁtaem!brybit\icténdodm rwnmd rqlgglhuﬂyf o tsm'fh
suppor a nor.nma ase r gnmat qar.aphy, suppor nd a secon iltration
chr orat 88 aBh a6k Be ERDHS 200 RS -HoWaVes the Bidlodonly, SFHYE fastey may ke
conponent  Wsbiateéd $rdrh a5 meditim snditidriddby Wef BF VRé 086N febra P hbprdpriate
produce a first fraction; contacting said first fraction with t'he nornal
phase chr onfiPegiespprplerablyomammalian, o @vian. s Alemativels  thenactivity may: alsei be;
sai d secondgbhasd | tiUtibRs L g ' t
to produce the parb?irbmy or sgﬁgﬁgﬂgg’?%ﬁ%tﬁﬁ%éﬁ%@éﬁ@@#&?‘%@ﬁéﬁ?%t
conponent . Whigheexpress oné er the oiher ohtheucempohentsur t her step of subjecting
% source of said | ow nol ecul ar wei ght conponent to a fractionation step,

. ultrafiltration to obtain a fraction containing conponents with a
mol ecul 20 wei ght Acéortlingly, il arfusther aspeat tof tipe présant inviEntiom, dhére ishprovided a
preferred formof,this aspect of.the jnvention EE arge npl ecyl ar ] ght
conponent n&¥ Iﬂfr?'ﬂ)@ i m#awgﬂ”m‘aéﬁk’ °J0Wﬂgﬁﬁf’ﬂ9r gﬁwm&&»
(preferably tion 8RR/ MRSIRteRRhCE iof PhTPORERIIE 28 ImBtHbcludifgar | N
sephar ose -6B columm), ani on exchange chromat ography (e.g. using a
Resource Q ani onP@¥#iiRthge col urm) and gel filtration chromatography
(preferably 30 on a S*g%rgﬁg 6 gel filtration colum); and preferably

stated or

sequentially in the der. ~ 9 OCT 2002 " . wp 99/I
PCT/ AU92600265 11 Aca oellicolire rhédiupt;esent i nvention provides a nethod for

partially or substaniiglly purifying a |large | ecul ar, wei ght ., conponent of
a biologically aﬁ‘l"&!mgf Et@ﬁs&'& ?%' G?H‘i"ﬁfmﬁgﬁ&iﬁf%?'ﬂ%?gaﬁﬂﬁit@rﬂm uce
proliferati %W% of pluripotent cells said nmethod including
5 providing a source of sald large nol ecul ar wei ght component, a heparin

af finity chromat separpting she melis)fram thei cultunec mediemcor praatidg rthehgosditipned |,
and a get fjltgation chromatography support; 10 contacting the source of

said | arge Wt ar wei ght conponent with the heparin affinity
chr omat ogr aphy support to produce a first fraction;



contacting said first fraction with the ani on exchange chromat ogr&?g;c/ 2002
support to produce a second fraction; and contacting said second qu(In :
with the gel filtration chronmatography i 5 support to produce the partially
or _substanti al | pur| fied large nol ecul ar wei ght conmponent. Alternatively
the | arge no {5821 wei ght conponent nay be purified by a conBEHALP0265
optional fractionation eg ultrafi Itrat|0n7(e g. using a Amcon DiaFlo YM 10 -
menbr ane), anion exchange chromat ography (e.g. using a Sepharose Q 20 anion

exchange col umm) Jheealisgnsyibe ohary sutable WO@WM gells agg; hepatic or
h | h
Phr ot ooy aglepafort HeBR 6P BChebitk! 6f Hepduifia €8 indoRIr BletbiBbl they are
hepa][ i In seprsatecmli fibnﬁ&e;gdwp}"oomlrgﬁng&if d hbtrratf Tuepatbeeﬁulansammnswrmm 6
et filtration co and prefera euentla in t estat
%\ccor di ngl y PAMan @é@up eHse @lﬁe'p¥@f€ﬁ 'X’bﬂ“?‘{ie B‘%’t‘? (gP"ma’Y
subst ant igl 'cﬁ;cﬂ&ﬁ vl RS LiabsiCpreferd apabﬁlﬁhﬁhﬁeﬁiﬁgamﬁa? cﬂfclﬁoma cell line

bi ol ogically active - ~ ~ ~ factor enci n

di f f er ent i atsuich asgrep G2 cells WTGEHBr806R) rardiepa-d cotc-gl QﬂlisdétT@(B GRIL12026)

Component . st oARGTRERY bR el ey Be s iollophBl Potd HEBisitianioifahy'

99133621 PChbr Auftlifed 6traémbiyonic] cessobicelli ey sGéh @8 tHy endbaemialinsell lines

support, a heparin affinity chromatography support, and a gel filtration
chr omat ogra;ﬁﬂ‘f})}W S-2ont act | ng the source of said | arge nol ecul ar

wei ght conponent with the 5 ani on exchange chromat ography support to
produce a first fraction; contactlmg said first fraction with the

hydrophdl ¢ i nt eFhetqeds raav&mu@n ryndarpeenditiens suiiablecfar heirpreliferation
\k ction; d i ' t
chr omat ogra%ﬂy supp g’r‘ﬁ ucﬁéﬁ{% Bgeyrtggtﬁéﬁ;&gﬁbhg '@%ﬁ#'ﬂbt%ﬁﬁl ‘s’%“d
third fract iserumi ard ﬁww@elseiurhtolamemne&lmwagrh@memumreet Othpr giowth
the partially, or substantlall urified Ia . ecul ht, cqnpone
Preferably, e¥-H é&'&?ﬁe‘* Y'&PP'Pre @é"’bﬁ"@ﬁﬁ?@e epﬁg 'E’GM%%
of said hi gadoed Q@Uirﬂirowlmw%llé (frdtnfivﬁi&nl ﬂi&itddmmmﬁ) nfedium or
ultrafiltration to obtain a fractl on contal ni conmponents with a nol ecul ar

wei ght d gpm wawamam HﬁYr 0 be readiht appatent e a pegson

nol ecul ar |
chr omat ogr\g%hy pre era gei at n seﬁhgose a |"r?1%tv€/m§1é; gﬁg%ﬁé%errgpmn the

optionally tel lypascbthgareﬂ edtbel gmedactdrmpfgseMMaBMBent factersranchamounts
provi des a rTFthod for ﬁgrtially or 20 substantially purifying a | arge

nmol ecul ar nt of a biologically active factor ruble of

I nfluencing differentiation) proliferation and/ or mai nt enance of

pl uri potent cell sali h i ' p.vi | pa..a,sourc f id Large
nol ecul ar wei ghtﬁc'grécgl%e E’ 8% %&éléﬁl*g? na uﬁe g%@ﬂ?o&afﬁé@ﬁ'ﬂ? uﬁﬁ'g‘r%'
and a di20 ysulurey By mlss wm??lmﬂnb%mh the cells eﬁaihsrdtermhmbmrddﬂredimht
onent el a af finity chromatography_support to produce a
st fract P(S& '%Mg&ﬁltf&mrﬁj' Rueg W?PEP*'W%& %55’@)’81 al ysis to produce
the partial y or 30 substantially purified | arge nol ecul ar wei ght

conponent . ~ OCT 2002
cell culture medium may be any cell culture medium appropriate to

sustain the cells employed. Where the cells are a liver cell or liver cell line, the
culture medium is preferably DMEM containing high glucose, supplemented with
25 10% FCS, 40 pg/ml gentamycin, 1 mM L-glutamine, 37°C, 5% CO..

Separation of the cell culture medium from the cells may be achieved by
any suitable technique, such as decanting the medium from the cells. Preferably
the cell culture medium is clarified by centrifugation or filtration (e.g. through a
0.22 pM filter) to remove excess cells and cellular debris. Other known means of

30 separating the cells from the medium may be employed providing the separation



WO 9915321 PGI/ AU99/ 00265 13 Preferably, the methods for purification of
the | arge nol ecul ar wei ght conponent include the further step of s;gb'@ﬁt Nﬂg
the source of said | arge nol ecul ar wei ght conponent to a fractior‘a [

step, e.g. ultrafiltration to obtain a fraction containing conponents '
with a nol ecHO/541ght of greater than 5 approximately 10 kDPTTBﬁMU?%
may be included at any appropriate point i® the purificaiion procedure. -
Preferably the source of the large or | ow nol ecul ar wei ght conmponent is a
partial |y ponetbedisiegsnptaramevetbe syewth comporenisdramiberaedivBescri bed, a
condi ti oned nmedi um as herei nbefore described or an extracellular matrix as
her ei nbefore 10 descri bed. A conditioned nmedi um as herei nbefore descri bed

may be used to déri@estithduphentaspech of thetrresent invention theregissmrovidedsaor
t he medi um CLi O t m&b Laloal I Lvegf ;
conponent s tgﬁéﬁ%o {’tha%ﬁa?“%esg edd%*%‘r?gh 1c’)rglri ﬁl'aggknbﬁa lon%{ oﬁ’gli"ﬁé‘r:'%
medi a t o pr diffe¥entiation; prolifecatiore ahtl/or hiaintenané®bf phiripotenticellsg and

mai ntai ni ng medium Alternatively) partially or substantially purified or
synthetic or reconbinent forfrs of the biologically active factor or

conponents t her e@refeiablycthed éxtia¢siviarmmatibe thotudeo aebidlogitallyoattiveafacior ke
provide a pluripotent cell (e.qg. EPL cell) derivi n(% and nmai nt ai ni ng nmedi um

The conditi M&"mﬁ?ﬁﬁvbﬁ‘é%%%m‘&@ﬂab‘ﬂemh gopqnengtherepl ox. 20 i

0-80"i). Wien the | ow nol ecul ar wei ght conponent is proline) its
concentration in_the cell nmaintainipng nediumis preferably in the range of
appr oxi mat el y 40 Prplesrbly the: extracglivlarmatrixis prepared: by & mathes @sc

is cellul achti nits concentration in the cell maintaining nediumis
preferably in the range of 25 approximtely 2 ug/m or greater.
Exfracellular matrix fromrelevant cells and cell lines or extracellutar

matri x prepared AbhidiyarR! ﬁhatég‘?&ﬁ Welen :

nmol ecul ar wei ght con;p%ﬁ%'gi h%?rfta e bro ogidgg'ﬁélggétkfé\ﬁt??&@ﬁgﬂggh%fét;ﬁ?ngda
medi um 1Dacmethod forpreparinganextraceliyiar matnibp capablet dfdnfleénciny differentiatians ed
to coat cul tur l.ates t rovide fhe desire | gl ogj,cal _activity. .3 he
bi ol ogi cal | ?" ¢ N MPPOM P & tp"%&’gg?rﬁoﬁggﬁ' Fﬁlﬁfﬁvﬂhoﬁr "Icg g _
9 COCT 2002 Wfdvidihg30Z1 PCF/ AU99/ 00265 14 _ nol ecul ar wei ght conponents

t hereof may be used to produce pluripotent cells including EPL cells) not
only from rodent celi,ut ado from other nore commerci al |l y i nmportant species

I ncl udi ng humans s%ggﬁdé,ﬁggé%t i gt further aspect of the present invention
there is provi deg a nmet ho o?' produci ng and/ or maintaining early
primtiwe ect odeamellicutiyemediom;| s) said nmet hod incl uding providing

pl uri patent cell | | a{%}g | . r waccar di

present inventi oﬁu"%'?'lbdﬂ? ?'é@le%{t%a %Xﬁ?@@ﬁ&?@r%&%ﬁ%@%gﬁgm"

t hereof ; or sabsteatéifor aniene sotficientao prodicedthecextiztellulas emdtrikardht i on) or an

ectracellular matrix gccording to the present invention and optionally the
| ow nol ecul ar wePBPR® Eﬁﬁﬁe?ﬁ‘somé Rae Sulyre megiyrp TEem;the suppoR; %\'%%Ta}{? e

r-esent inv P&ah"@é‘ihé’?ﬂrﬂerblﬁw b1g the pluripotent cells with the

&;I ogically active ftactor or @%‘e’b{]arge or tow nol ecul ar wei ght conponent
thereof, or the conditioned nedium or the extracetlutar matrix) to produce
or mai ntpgi N the &ﬂ;%l T RIT E;Pgl I ;
group ctggsi sti ng% e r?g i%@gg)ear ( %E: I é,pﬁaﬁ%tﬁbﬁg \%F??%ngér iB\?/ed
| CM epi bl ashepatoma \aellsror @ bepatic rar bepatoma pell linel v Maeret prderably they age al

ger m CEL =) ki i b BHREEAHR8Y G5 AT SBiendpY cBiiiAR S .
al so be der prifsary lembriohicchtisechived opils priraangdadul fracesy livér edlls and primary
chicken liver cells. Most preferably a human hepatocellular carcinoma cell line
25 such as Hep G2 cells (ATCC HB-8065) or Hepa-1c-1c-7 celis (ATCC CRL-2026)
is used. Ahematively the cells may be endodermal cells, more preferably primary
or cultured extraembryonic cells or cell lines such as the endodermal cell lines

END-2 and PYS-2.



The biologically active factor or the large or |ow nol ecul ar wei ght 25
conponents thereof or the conditioned mediumor the extracellular mgt 6Ck 2002
optionally plus | ow nol ecul ar wei ght conponent nay be used for the

i solation, proliferation or maintenance of EPL cells in vitro. EPL cells

may be genermf’?w*adherent culture or as_cell aggregates i nPCUABEWNRE

culture. The bioiogically active factor or9corrponent S of t he bi ol ogi cal Iy
active factor or e conditi oned 30 dium or the extr ellular matri x
optionally plus I-@Tﬂ reli A be gty Eﬁd‘b(ﬁ?&m&m ‘éﬂ"& éoﬂgg'ﬂnﬁl nged;

conbi nat i on sy gféﬁ?ﬁg n lo? <o ,og,gf, ?&bﬁ{ €}soldtich &f the? lﬁﬂ%yggm

PCT/ AU99f 001. 6 erentlat t1ssues or organs by techniques
to those skikivaives sepamation of theccell Ciliurermediumi and| apprdpnateedeﬂs oncéblines

fle!s!sﬁengxdbgpéiﬁg b&@l i 0 conco d%éwagr xeﬂ?.transpl a tatloF. ce thﬁ,{xg%?’

formof i @ Ssilé tﬁfﬂérhe Preferably Golls (d16 dulturéd i OIE%W mYmM?PMSF in

cont act ed W|th the biologically actlve factor or the large or tow nol ecul ar

wei ght conppheaphatedbuliereg: saline (PBK)ifor Gﬁ@dhmngmlband ﬂetamwlmncmmred

0p130 agoni I Ot I EEETACH. B BFHAGH 1 Befich CeMRT R Eips Bl fogis i¥fiRivect by

pref erably &irtserowasisss withirRBSof t O greater than approximately t 00
units/m and nore preferably greater than approximately 1000 units/m .

Oncostatin M CNTF) CT1 or IL6 with the soluble 1L6 receptor, and IL11 and

ot her Q130 agoni Aiensativelyi amlextracéliulart mamx capableb6t irfiéncing tilerentistion, he
pIurlpotent cells my b ES cells or I derv dfrom15 | 'uri potent ceps

of. 1 oM 39 bPEGteRHioBAnd/oL mantepanes of p RhHPS ArepasdlEgmanimal
it ve S SbOR"SLH aY Ifsce taFor B ﬁuoderrﬁ.%ﬁ ot afithar¢eland

vitro of ES cells as enbryoid bodies or ce ar aggr égat es.
speci es pl ulispuesre. gcplaqenw.y ﬁaeemwwrfmatweqw\@lsmbte pmnaremhyowmgnal

2l spoct es TRADS U B0 BB $obm BRR. st sfini oo Blpcilbel hie

t er at ocar ci aomnehtseddissuenum,wment cells may be derived by
dedifferentiation (e.g. by reversing differentiated cells to a pluripotent
state)) or by application of nuclear transfer techniques, (e.g. when the

nucl eus 16f a di chanmwlfwhdnhat bmldgvcaliyfziotweﬁactarseﬁrepdréd iusirig @ itinean ed
I nto an ooc Ie or S‘r%y enbr on%&h ';Ie’lhé The ur g&ggﬁﬁgehlyle?ép gr?mza?y
fromany ve Qﬁ!F’ﬁQ;;FI’u

caprine) eq d’mﬂ( m%mﬂ
to the ' sk?PPséﬁag%&ggggga |§n8mé'gr é?ﬁrmofa%ﬁ#s% pect of

i nventi on, ﬂﬂbmmm,mrolmn anrd/primainienancp affmoase Efecells.y iThwisi mehilsbL

cells 0] v f

oi ur i pot ent 2PBIGH doas-FOLI 1 Hs [StAAld o iblv, I prplas g BheIidof s

genes (2BA biclogicallyactivenacross species.ace nmar kers)) cep nmor phol ogy) cyt oki ne

\r-@ponsiveness and/or by differentiation in vitro or in vivo. Marker genes
ch may be used to assess the conversion of pluripatent 5 cells to EPL

cel I's include knThe componenteics! the RicldobicElly Sactivet dactbk ahapebphpariallyase,

?KZ”FL&L:]?OP‘;&@'M Puting HEUHAEN 3T the GEPPYMRNIE. B8 b GAIRLPHPY ny
transition émevaS o1C/the t&:ﬁ%&ﬁé@ by C tetHhidiius! éuaw 7aé‘”§a?&?39and

K7 are up regul at ed durlng..thls transition. PI uripotent cell markers Cct4
10 Al kat e pgmmsan ydvephnbic | interastion picheareatograpivs, h anion: clexchamge

i 11 or o8P aenprptoBrant. HebarttatinORIEhORRe Rl o ZE RFDRRN iR RbaBrr

-as AFP, H79ultrafiftiation] brmmalir yphase nothioxpaiograpilyi N andforES ievefsd- cphase

Cyt oki nes an rowth factaors % ac d|ffer on EPL and Qt her 15

pl uri pot eM %!ﬁ'&é? oPuiificatioprof &}“P@"%P ts s gamedqut 1eng

‘FGF4) whi ch gipp r Qﬁw{% %ﬂnu@@ s but not ES cells) and the

TGH(3 fam |y, ?}Jﬁﬁd‘iﬁﬁécﬁ% | I nduce ﬁfferentiation of EPL but not
ES cells. In addition EPL cells are maintained in culture by | evel s of LtF

el 6 fTer ont i ol B PreAGIHEL 2Bt GECHLRG of She Fyehfoh, B0 RTAKGRy wlihY

30 component may be purified by a combination of optional fractionation eg.



cells by the rates and proportions of structures and differentiated_c hl[ 002
types such as primtive ectoderm visceral endodern) nascent meso&elgrrﬁ 200
cardi ac nuscl e, nmacrophages and neurons forned within cell aggregates or
enbryoi d bodi es. When conpared to ES cells EPL cells undergo accel erated
formati on ofWOPEIMY prinmtive ectoderm ?écel erated and i ncraEAl99/00265
formati on of nascent nesoderm beating cardi ocytes and macrophages, and-
decreased or absent formation of visceral endoderm and neurons. EPL cells

do not cont MtiRIERtoR, cgel Jirationc cHpmRatooraphb PrRiermbly : ey 3t Sepharese G310

devel opmont PRI, ool Priste_ehrbmatddiaphy Snd ) el CkialiBH, foHrBriByigdhy
cells do. (preferably( aiD0a \ShpefdéxdiptideT/ dalodilteaticss dolunifi)p &htd @relesablyy

be maintained in.a pluripotent state by culture in the presence of the
bi ot ogi cal Eyegent ﬁ%é’i‘%?‘ag?éeﬁ%onents t hereof or the conditioned nedium -

or the extracellular matrix optionally plus | ow nol ecul ar wei ght conponent)
in the presence or absence of additignal 130 Sgoni st until further 5

di fferenBiati on Asacringlyy the Rresent (!’BYﬁﬂtl%?‘oﬁém@ racoathed for ipartially of

Accordi ngly : : r Rﬁfﬂﬁd thekra. hded
a net hod of spro ﬂf:%aga m?ﬁ?w [ er!aér?t‘?gpgfjcgn /or n?&fé‘%@f:?&aﬂ?%ﬁ@
di f f er ent i atantiorc eapablesef ihfimenting dittetandiationp prolifeiatignlangionringintenance dfs)
and a bi ot ogj cal active.factor ,according to the present invention, or the
| ar ge or Ioa}‘WBP € 'svﬁ'ﬁméﬁ‘aﬂmgt hereof, or a conditioned nmedi um
according to thepfjvihiggt invention, or an extracellular matrix according to
the present invention and 15 optionally the | ow nol ecul ar wei ght conponent

,oj>ut he BPol ogi cal |y aBtSouEce efsaid iy malectiacweight catnpanest; contacting the
plauripotent cells wt ' ' ﬁ@‘* ?ﬁﬁ&rt or the large or |ow
nol ecul ar wei ght conp%r?g%fge?ﬁg‘]rag%r?’t% cg'ﬁ{:hL 'oned nmedium or the
extracel l ul ar matri x, ainonnakbplasesehromalograpby suppoft, addi t i onal gp130

agoni st, to 20 produce earl LM L.ive ectoderm|like ~EPL) cells; and

mani pul ati ng the envi ?Mﬁ“’%@%ﬁhf%@?@’%ﬁ the partially
differentiated apgnattingiie Sairce dfisaiiow rdlédfacweight cOithoheHt! With g first

cells may be selected fromthe group consisting of enbryonic slam (ES)

cel I s, i1® voeldisatiomchiomalogmphysyupporlteradues a first fiactiorer in vitro 25

derived primti v&ﬁﬁhﬁ ' a‘yna\l""

terat ocarci noma cells g@e’?ﬁs@and p ﬂﬁ%@@%ﬁ%@%ﬁﬁﬁ@ﬁ%@g%@hy support
dedi f f er ent toaprotiucera sgcondfraction; andsfer. EPL cells may al so be derived
fromdifferentiated cells by,dedifferentiation..In preferred fqr f . .this
nspect of the. | GOMBFIRO L Ak RECOMfier fogron @it the | Seqas b aefe nilaias e
by mai nt enaghontitopRiphiisupport e produee 6% |parfidihya®ri gebstantiany Opurified low
conponents thereof or_ the conditioned nmediumor the extracellular matrix,

in the @OesEmiecular weighheemppnene or nore differentiation agents) e.g.  ~,
9 OCT 2002

@ Preferably, the method includes the further step of subjecting the source of
said low molecular weight component to a fractionation step, e.g. ultrafiltration to
obtain a fraction containing components with a molecular weight of less than
approximately 3 kD.

25 In a turther preferred form of this aspect of the invention, the large
molecular weight component may be purified by a combination of affinity
chromatography (preferably heparin sepharose affinity chromatography, e.g on a
heparin sepharose CL-6B column), anion exchange chromatography (e.g. using a
Resource Q anion exchange column) and gel fikration chromatography (preferably

30 on a Superose 6 gel fitration column); and preferably sequentially in the stated
order.



WO 99/ 53e21 PGI/ AU99/ 0265 18 growth factors. For exanple, maintaining
contact of EPL cells with the conditioned nmediunm biologically act im& OCT 2002
factor, or conponents thereof, preferably in cel! aggregates grown in
suspension, preferably in the presence of a growth factor fromthe FG-

fam | y. such WOP@E®2! may be used to produce an at feast 5 par PCHAUY9/00265
differentiated cell type equivalent to enHyoni Cc neurectoderm which carmr
differentiate further to a range of neural cell types. The neurectodermis

derived via a celAccordiagiyqgihe apresent dnvenliofoirevides oae methaei for pagtially or

differentiate [t r W .
absence of HBL%“&'F% P&W %@% é};‘?%%p%( ,ﬁééﬁgg%gﬁﬁs 1’{ he@%gx %e
preferably {adtbe capablkener influencimgnditferaritiation, ipEblifbrationy and/orhmaintefirice af
growt h factor fromthq? TGE-B f MI,'{@N&X be added to EPL cells to produce an
at | east papPlunpotentgaiscsaidmelhed iNelvdingy e equival ent to enbryoni ¢ nascent -
rresodern’s whi ch ﬁ%}éferentiate further to a range of nesodernal cell
types. In a further preferred formof this aspect of the invention enbryoid
bodi es or t 5 aggregatesouices obshid large pholecylar svaigltaidrepomentye presence of
condi ti oned nedi um or biologigally active factor r conmponents thereof,
may be di saggregat ed ?J‘%P%éﬁ'@&céwm@ V(ﬁ‘ﬂpb&ﬁen reaggregated in the
absence of conditioneqn@ggwacmgbimmhf@@hggbb?snjaﬁaor) or conponents
of

thereof) preferably in the presence of a nenber he FGF famly (eg FG-4)
these cells different Rgetfit@tionchsomatoaraphy suppertt | east partially

differentd ated c | y.ani W&; |
can di fP renti at g%ﬁ%ﬁ@ﬁ?%i%eéﬁ %éo@girér?ng@?#gypes m%:}?lu’)g‘lﬂlr'lgne
blood and mhephsnaffirtysisomatagraphy sppperhto prdducermfirdbdractionrt ed fromt he
grpup consi sting of epbryonic,s ES) cell in vivo.or in vitro.deriyved
| OM epi bl ast in M@%&Wi?'ﬁi%ﬁ@r P@E‘d*@?i?ﬁ??v@x@ﬁ’lﬂf‘er‘%ﬁmﬁﬂm ¥
germcel | s) sﬁgg@ﬂ%gmdmmm,@ghhs) EC cells) and pluripotent
cells derived by dedifferentiation or by nuclear transfer. EPL cells maK
y

al so be derived tootactingfsaidnsecanst feagtiop wjthd dhie 1 gelr &ltration shromatoegrap!

further ,pref 0, tLS W ' C .
differ eH i afﬁéﬁg'.qs‘t’aé%%ﬁ%f%ﬁg%%é%%‘hﬂ!w@% E;@mﬁm%r ‘(‘:’SH"[‘M e
of EPL 30 cebhsponesit.t hen further culturing the cells in the presence of
menbers of the FGF ~ g OCT 2002 °~ WO 9915321 PCT/ AU99/00265 'I9 famly
or TGFB famly Cells derived by this process are differentiated Celts with

di stinctive nor piAtenwitively, e tdrgermoleculayrweight coripdiient anay begpusfied &y an
2ot ve.f act GPHas B pekral Tagtenaionsed g Te oo et phmiaR DEFS
fornmed i n adtMiG MHembrediié) ) BRnNO8xshange' chrohkitogiaphy(e.dg.eusing’ &8 'Sephardbse Q of

these cells in the absence of cell types, such as visceral endoderm which
are kno@@ t @niory pxehanoe; galumn); byd Icointeractipn  Grsemategaphys(e-g. vsipg a

enbryo. Agg dé?ha t Spghd ti haa ot hi er ﬁ;én e!

l.eyel s of n?sce t nmeso (ﬁth’garégﬁ&gg fﬁttsﬂaedrtmgi ffc(:or'@pp'at eﬁ to"Porgn!iﬁ“ity
ting , ~ chromatigraphyd (lelgobeparih sepbardses affinityo throrsatigraphy @gd. gusing a

in a further preferred for thi s aspect t he inventi.on) the nethqod

ol udes. t nbePARDREPhEss G- Sl be iivetfn @/d b3jng)a Elnelkss Bie!

di f ferenti afifrhtion ddiuri); Rindoseferably seetieAtiaty inthe statedPerdiear kers and gene

expressi on markers) norphology and™'f 5 diffeerentiation potential. Marker

genes which nay be used to assess the conversion of pluripotent cells to

neunect gger m cel !ﬁ&céﬂihgﬁu'iﬁé prodeAd Shverition' fioliBe¥nanéRbd ToIC paitialiydor)

Soxl) Sox2, nestin, N n"} Ccf4, Fgf5 and brachyur Mar kers down regul at ed

during the tsubstantialy,partyinga dnrgpcmeleputaé|weighbc¢m>§beenb§éarbipmi@w agtive

{(~ 20 and F . ed: ' hi Ml ' )
Sox7) so_y Tnclof ERPEER WP ik dteHerkRibohy prolBRRHY BRE/A aiEngRte ot
i ncl ude W Mpliripotgeteelisyéaid methpdimciuding t 0 assess the conversion of

pl uri potent ceps to .nesoderm and derivatives include known markers such as
Qcf4, Fgf5 and 29" yury and Nkx 2.5 Markers down regul ated during the
transiti from pluri gadcRmé t [ Hldt?orﬁgb' d FgfS. Markers
up regulszg]ed during t%i S trea%fsaﬁiidéﬂr I nclu gmtgrvg%hyury nﬁeﬁgs t he nmesoderm
di fferenti ates into mapcniomexchangs chromatography suppont,



Mesoder m and ect oderm germ | ayer cells can be distinguished on the basis

~ g UUT 200Z WD 991530Z1 PCTI AU99/ 00265 20 of their differentiafi §nQCT 2002
potential in vitro. Mesodermgermlayer can differentiate into nmuscle and

bl ood |ineages but not neurectoderm or neural |ineages. Ectoderm gens |ayer
can differerwoat/sseent o neurect oderm and neural |ineages but retT/aussgozésand
bl ood lineages. 5 in a further aspect of $&e present invention there is-
pr.ovi ded a nethod for produci ng predom nantly ectodernal germ | ayer cells,

for produci ng from t hahydrophabicimtéraction chrarhatpgaphyesepportit ed ect oder nmal

and neurectodennat cells, and,al.so for produgin redom,nantly termnally

di fferentiated ect ode® hﬁpat’@lal uy, ‘HHPmﬂqﬂg?BﬁYSﬂBBOﬁeEWi cted to dermal

cells) and also for p 'rﬁgoﬁrcﬁ?&ﬁg' i5raphly Suppdrem nal |y differentiated
pégda ded a ngrt{%ocﬁk

neuronal cells There | SO provi ] or produci ng predom nantly
nmesoder mal ger meonacting: kive soiree pf sait large fmoleculas weightl sempaneny with the

b edon rint 3708 XARAADS SrRFREREER. Sbpo LML B AR E3RRT Dy but ot
restricted to blesymacing s siid biwst i nfraciord osittdli abigl ehydrapiobid!r tikteractigrect
of the present invention there is provided an_eatodermal germlayer cue) a

neur ect oder¢hPMatography sipppeg to praduse asecond f@ctieRoder mal cel | or

partially differﬁm‘%a C )yh@n s e

differentiated ecto e?ﬁ#?é%&éﬁﬁagkg ?e‘i‘r%? Q%ﬁﬁﬁadrﬁ!@ {cé;onq\%%:'qr?))hy

di f f er ent i asupportorproduce @ third@rastiodyand by t he nmet hod of the present

invention. In a further aspect t.he pt nt inyention there is provided a

nmesoder f&l germ "I%F?i% '&"ﬂ?ﬁ?‘m @“5%?&!%&3%%@5%@9 cSyRport, g
term nal lyp gibGi:és e pahRily &P S0BEStHNG bhﬁe&lﬂ??e?ﬁoléc@h?%’ | dontpshent.
cle cell produced by the” nethod of t'ﬁg present invention. % in a

further aspect of the present invention there is provided a cultured EPI.

cel . Alternati vajefarabRf th&'méiRblSnétbded thé fiter o ©f Babjetihg the sotrey o

of the conditioned nedi'um or biologically active factor,” or Conponents

t her eof i n %aid high-mpleaiapweighl,companent ¢ a fragtivnatiopasiep,1e.g. pheafitrationoto o
30 i F X ; i
o oat or or SREHCE St oGl Boinginenfy S £ IndipEtiar wiidhnt 8 bleler Ban,

by reest&blapproximately HbkDel | gene expression) cytokine responsiveness,

nor hol ogy and differentiation potential, both in vivo and in vitro. 5 This
provi des neans for generating ES cells by reversion or dedifferentiation of
primtive ectodeilternativély thel lasoé rmolecujardweight ccamponest, meayd bea purified dy v
from speci es ere ES.cel | s have not, been gvail abl e pr.evi ous|y. Accorgdi.ngly
in a furtheqe%gbec?ﬁ&f'yth MWMenPr%ﬁ%ergeg "praﬁp&ié@sg et of
produci ng Eshrémiatagra "domrmrfawb @iakpsier ovi di ng pluripotent cells) a
bi ol ogically active ngt or or Targe or ?ow nol ecul ar wei ght conponent
thereof accordingly to the present invention, or a conditioned medium
according to thed ) NiheO IpréSeritn imemmepwmemrmetworbdlgsmaﬂytbﬁ
Aventi on and optj onal the tow nol ecul ar wei ght conponent of the

| ogi €1l |Substantially ing aclasae mejecylar weight componentofia biplogisallyagiiveso

agonist; c td é’%§ . S0 ; Lol aaeall v |
factor or ? Eg%?ar ge gg%cf)lr%vlgw no &ﬁfgﬁ'ﬁe%h{g“ﬂ%%gﬁﬁm grﬁ%’(ﬁérn\étghg'
condi t i onedplusipiient celis, isaid methodinichuding natrix and in the presence or

absence of additio‘r"i?,hpgpl?@ agoni st to produce EPL cells; and contacting
the EPL cells wiRf gpl130 agoni st in the absence of the biologically

active factor or the d gageedt saidiaige Proledlilarweiht computemtl thereof, 25 or
the conditioned nedium or the extracel lular matrix; to enable the EPL

cells t&revert to ES gelatip affinity ghromategmphy stpportyaddbe of any suitable

type) as hereinbefor : d The nethod may include the further step of
differentiating the %9@3&.&5?{%.3% produce partially or termnally

differentiated conactag the souivel of saitklarge molecular weightCtoipdnent with the
gelatin atfinity chromatography support to produce a first fraction; and
subjecting said first fraction to dialysis to produce the partially or
30 substantially purified large molecular weight component.



wo ~l~02~ 22 PCTI AU99~265 Preferably the gpl30 agonist is Leukaem a

I nhibitory factor (LIF). However, other gpl30 agonists such as Oncogt@ET n2002
M CNTF, CT1l, or I1L6 with sol ubl e 1L6 receptor at levels required

mai ntai ning pluripotent ES cells in vitro) may al so be used. 5 1In a further
aspect of tWO@#Y/E¥_ht invention, there |S£rovi ded a et hod @CTAUNRI6R]
genetically nodified ES cells, said neth i ncludi ng: providing pluripotent -
cells, a biologically active factor or e or | ow nol ecul ar wei ght 10
conponent t her eoPrefetabivii e t methedsp Q!sah icatiomafothe darge snteculan weight

the | nvent | EPRAReL neweS) ¥ | BRnef a6 siBRfand, e Whirkd 833 1k0d ©
bi ol ogi cal | poleduilarcweight womn!ltoga fractionatiohestep| etgnwmﬁmatloramlobfam a

gp130 agoni st ; contactln the | uripotent cells with the biolo IIy
active fact BREin ¢ seNtaN e‘EﬂTaF RolgRular , weight t°ft %é?%

abecnce Bf PR gp?‘%B“Z‘g'f;n 7y S uce%EEahZWWnﬁﬂﬁ@y%"%ne

or nore genpurificatiohgréeedure.| s; and contacting the genetically nodified EPL
cells with the gpl130 agonist in the absence of the biologically active
factor or the large or | ow nol ecul ar wei ght conponent thereof, or the

condi ti oned nedi Preferabiythe sourcecol tlieaiargaaor low maleetulabm:grh&oyupmemasla/

nodi fi ed EPL s t.g reyert.t et deI dE 25.cel | s.
pl uri pot entP %&MWZ’M%&F M
't shoul d bgeaRirkda h%mww&tecdehwwbtlm eiﬁaeehular TRMtrix &8 W&eﬁ%ﬁ?d

according to this rret hod, where the reverted ES cells, and not the EPL
II's, 4Pe desarbedtical |y nodified. ~ g OCT 2DOZ. WD 991 53021
P / AU99/ 00265 23 The met hod may include the further step of

differentiating the genetl cally nodified ES cells to produce genetically
nodi fied partialh m&‘ynuaqs thereinbelere dessribed ypayde,yged e derive

ner ei nbef or g ,gﬁ,d AR o PRl EPEPbafe! 0 10 ek Hia(eloe

genetically rmd y or erm nalfy drf ated ce

produced byfractlumiwdl mmeld thes bialegicallyoactilien (o or [pomptnents thereof, which
bi ologically active,f or or.lar | ecul.ar. wei ght 1 canmponent
Pher oot - accihe e agded Slatie BF inGiriinalion fo oifier 5pedia'ta Froile @ pHBHBRDL AEM
accor di g tegt hegppvesi Q&Mﬁ? and emlainiaifing. Inedited. " | Anéﬁfalhdpﬁgﬂélﬁaﬂi'eor
I nvention and optionall y t he Tow nol ecul ar wei ght conponent o

bi ol ogi cal | jukramialy; puified g sypihells rorecRiRetlorms Ricthe: Biplogically active
gp’ 130 agonizer or components thereof may be added to other media alone or in

combination to provide a pluripotent cell, (e.g. EPL cell) deriving and maintaining
medium. The conditioned medium may be used undiluted or diluted (e.9. approx.
20 10-80%).

When the low molecular weight component is proline, its concentration in
the cell maintaining medium is preferably in the range of approximately 40 uM or
greaier. When the large molecular weight component is cellular fibronectin its
concentration in the cell maintaining medium is preferably in the range of

25 approximately 2 pg/mi or greater. Exdracellular matrix from relevant cells and cell
lines or extracellular matrix prepared artificially may also be used to provide the
large molecular weight component of the biological aclivity. The conditioned
medium, factor or large molecular weight component thereof may also be used to
coat culture plates to provide the desired biological aclivity.

30 The biologically active factor of the presemt invention or the high or low



contacting the pluripotent cells wth the biologically active factor or_the
| arge or tow nol ecul ar wei ght conponent thereof) or the conditi oneggrr@m uzwz
or the extracellular matrix; in the presence or absence of additional gpl30
agoni st to produce EPL cells; 20 nodifying one or nore genes in the EPL
cells; and dWOPMAY | ating the genetically nodified EPL cel | PAIABIEES

the genetically nodified partially or ter{ﬂnal ly differentiated cells. -
Aliternatively partially or termnally differentiated cells nmay be produced
as her ei nbemaiecularsweight camponents thereof inpay be uses to qrodece piuripetenp 6ellat
cells my b . uj I S i SGE. T t

I nvention a%%ﬁéﬂe@%?r@f Wp@ggucr %g{a é%%g{%aﬁwpﬁ%gﬁ%@sﬂy
cel I's, whi clmpandampesivs.ificindingomrt: 30 pluripotent cells) and ~ 9 CCT
2002 WO 99/ 53A21 PGI/ AU9910CGZ65 24 a biologically active factor or |arge
or | ow nol ecul ar wei ght conponent thereof according to the present
invention, or a Assoidirighyad aRithenaspect of the presémanvention tiere i8'provided a
extracel lLular matrix according to the inventjon_and optignal I%et he 5 taow

mol ecul aP RERsinGing gndfarmaintaiaigo ary prmtivecetedern-ike &Rl repliso

eb
t he present iJ \"ﬁﬂhhg i fying one or nore genes in the pluripotent cells;
and cont actlsél'g e gene p‘é‘fgyl y nodified pluripotent cells with the

bi ol ogi cal | y actprowidwagtor or the |arge or tow nol ecul ar wei ght conponent
t hereof, or the 10 condi.tioned &pdi um or the extracellular matrix; in the
presence or absence JPUBRAIEMGRlS. #F 1 30 agonist to produce the

genetically nodified &l Ry aéiie Rlctér fcictdihgslthe pra¥eReirWentib, or the
suitabl e type, as hereinbefore described. Alternatively EPL cells may be

ﬁéoducedoas her darge-eoiow melegulayaveighticomponentthgeediofcal | y nodified The

nmgt hod may include t EHQﬁl‘QﬁEd?ﬂ&? (Pe [ | )4 tieally

nodi fied EPL cells tgggro uce gene ?@aﬁ%@%ﬁé@%ﬁ%ﬁ%ﬁ gﬁe&%grﬁ’ Pgr mnally
differentiated cell. a texiradelhalary mgdiet accardimgniali thiee pré&séntc dhwentiond/and ES
cells may be 20 produced by dedifferentiatin enetically nodjfi.e .
partially or ter&ﬂmd@ﬂmmﬁ‘ﬁ% “@égmsg%@pﬁnﬁ%‘t Htéx?ngplﬂﬂ'?é'y active
provrdi ng parti ajaboret the prasemt invehtibheasdt i ated cells-; and a biol ogically
active factor or large or |ow nol ecul ar wei ght 25 conponent t hereof

accordi A§ to t hecontaeling thenpluripoient cells with dhe bidlegiealhactiventagtarerithedarae

the inventi I | r.dj - r
I nvention aﬁgbggh%‘?ﬁ/ @W#@%@%ﬁ%%’q@g%ﬁéﬁﬁ%‘? "g&g'pg'f’o%ﬁ g%ﬁ |y
active fact extracetiolas matrikpto preduce onmamtairsthenBBL tglis\g one or nore genes in
the partially or termnally dififerentiated L g~~ " 2002 WO 99!5302Z
PCTI AU99100z265 25 ' cells; and

The phripotent cells may be selected from the group consisting of

embryonic stem (ES) cells, in vivo or in vitro derived ICM/epiblast, in vivo or in
20 vitro derived primitive ectoderm, primordial germ cells, EG cells, teratocarcinoma

@ cells, EC cells, and piuripotent cells derived by dedifferentiation or by nuclear
transfer. EPL cells may also be derived from differentiated cells by
dedifferentiation.

The biologically active factor or the large or low molecular weight

25 components thereof or the conditioned medium or the extraceliular matrix
optionally plus low molecular weight component may be used for the isolation,
proliferation or maintenance of EPL cells in vitro. EPL cells may be generated in
adherent cullure or as cell aggregates in suspension culture. The biologically
active factor or components of the biologically active factor or the conditioned

30 medium or the extraceliular matrix optionally plus low molecular weight component
may also be used alone or in combination with other factors to generate



dedifferentiating the genetically nodified partially or termnally
differentiated cells, by nethods that include contacting the geneti gabu‘/ 2002
nodi fied dedifferentiated cell with the biologically active factor  or the

| arge or | ow nol ecul ar wei ght 5 conponent thereof) or the conditioned

medi um or tWe¥&®hcel lular matrix; in the presence or abserRS/AP99/00265

addi tional gpl30 agonist to produce the d@net ically nodified EPL cells. -The
genetically nodified EPL cells so forned can he reverted to genetjcall

modi i ed ESiflepantiated cells tgsues ariorgans by teehniaues kppwa 1o, thase skiled in the

partially of,l er g N (i eqt i [ a rel r sarihed.
In one aspeé?' gt?{% hc?ﬁgi@ﬁéﬁ;{i%%egi, "Igeg‘%eplé@qeﬁr&nﬁdlé iLea:épi)\gr ﬁ%f)?é/gogs%rﬁi r?gi Y
di ff er ent i a¢entordantsorcendiransplantation sel thtrapy, tissoerard opgari aegafentation bpr m
genetically nodified dedifferentiated pluripotent cells. The

‘dedi f f er ent feplacement; ApeeRe thePYso fornmed can be used to produce
genetically nodified ES cells 15 and EPL cells by nethods that include
contact with a bhiologically active factor or |large or |ow nol ecular wei ght

conmponen® t her edn aeedPENQ this @sRed) ekthe inveption, the Riuripotesth Gells dnay be
medi um accokgi Owiht rtﬁélﬁﬁfca' ' I e
accordi ng t%&?ﬁgepresgﬁ?gi nvent i M&gﬂ% ;Hp%\?’glr:’]% y%%ﬁyﬁnﬁ'ggﬁfagr%v@wght
conponent o¢ompanenidherad! oy the conditidnad mediurs or the @xtracelhdar madrix ioptionally he

S and. £t @R FeWatoBorRe tweidH DRt s idanfs S5 e el aohi ch &5
o 11 00 pael ki 18ukeBig! bbby SO (EIF orepbrbiyiat %5 dSicnbagon o

described. ModiTication of the genes of these cells may be conducted by any

@ins k h8wnoreatarn dhar i aprrgxipatelyn 1081 units/ml| abds moner areterablye grealesothan
Vool 11 oot cPRipRPRdten” 3006 RaHHE ORBSstEA I IONIE, &1 for I 3nCfhe Solubie

the cell thib6aegeptosuand g1 and @theray 1300agorists @t lequivdlent lavels mayhalso be
original cell. ~ g OCT 2002 WD 991530zI 26 PCT/ AU99l 0A265 Accordi ngly,

this method'$fi%vi des a pluripotent cell or gentically rmodified pluripotent
cell which has been maintained in its pluripotent state or a gentically

dified partially.diff i ated cel ich h i nt aj inJ
par a1y ai 1 1 eroieameteS e Dipoan eH e 8 LS ph e erbieeom
ani mal S15”%I§ri¢6!é&$%Coﬁ'ld':w&ﬁblahﬂ@fL@hb@o%hbﬁ‘t’&eﬁluﬁf“ﬁﬁ@?@ktb# @mbrgaid

transfer. In a further aspect of the present invention there are provided

ES cel |'s, deerdiesken pymitiveiectadenmgierpreddioneitheeembryes ok from difierepliation in
modi 11 ed pattoalh ooy ool o8 Shpficid sl bF RMARF effiobdiel, 1 tPer (fhcces
met hods of pisdpptest eelisi maynbeoderived! ifrona équivaient xeliesourdes: lat e stages
ot hod { nel (VA 3P AR Risdied, e Sowte A-papiee Jalls, FEm F) Shetas B
pl uri pokentinglide celiedetived from tpriardizg @ermidolle Uriteratoddftinomas. In addition
% pluripolent cells may be derived by dedifferentiation (e.g. by reverling
difierentiated cells to a pluripotent state), or by application of nuclear transfer
techniques, (e.g. when the nucleus of a differentiated or partially differentiated cell
is transferred into an oocyte or early embryonic celf). The pluripotent cells may be
25 #irom any veriebrae including murine, human, bovine, ovine, porcine, caprine,
equine and chicken. The cells may be isolated by any method known to the

skilled addressee.

In a preferred form of this aspect of the invention, the method includes the
further step of:

30 identifying the EPL celis.



15 a pregastrul ation enbryo; . introducing the pluripotent cell or
genetically nodified pluripotent cell into the pregastrul ation QnﬂrQBI QW&
nonitoring chimera formng ability. Accordingly, in a still further aspect

of the present invention there is 20 provided a chinmaeric or transgenic
ani mal ) i ncI'OPH§%hi mal s derived by nucli r transfer, produ %ﬂ’ﬁ’
cell or genetically nodified cell accordi g to the present invention The

bi.oi ogically actjve factor, co nents thereof) ndi i oned nedi u

xtr acel ul ar a6 CorerTion ot PhEat Gais e’ EFLo cals ok b credrased oby
number of 2gxs1BBLibR 6! Phdrkel yened TANRN YrdrRCHOIY BAd ¢l suaeeCatkers), cell
cytoplasts or karyoplasts in nuclear transplant. For exanple: EPL cells of
any ori gi n)mamhalegy, cytoking sesponsiveressand/er bydifieeentiatiopantvitap py in vivo.
differentiated cells, termnally differentiated cells) may be ~, g uCT

2002 WD 99153021 PCfI AUQ9/ ar 165 27 used as cytoplasts or karyoplasts in
nucl ear transf erMark@srgenesawhichnmayfbe wsed tocissess dbaaanyersion migploripetenL

Codi 1) edbt Pl EPtyellS, inhluae, RROW!Inatiels' 556 ds, ek, Jidis 336 GRate
kar yopl ast Zpt%éﬁréﬁsé [NVSThGIulin, APP, 3919,SEVRT, braghpiryd aptfievel thaier Genes,
ifferentiated cells I

partially or termnally differentiated cells may be

used as solideatifigd byctheainventess, suchogsnkitl.cBscl rand #h.. Masker: geaes own

115, b i S Pl P BT R
t Iran;[ ZPF | ﬁ%ﬁoﬁkgﬂ?ﬁggﬁggﬁmmu{;ﬁ ed plur Iﬂ”&g;pﬁﬂg%:ll ?ﬂea?mﬁ;
difTer i Maﬁ%pbe,spmﬁgm M@ﬂ?aﬁ’@@%ﬁo by ota ES el e EPng
Sytopl asts 8RR KiGls 0N BNec hAT A1 bxlieSBad v patially G Frosmecer

cel | s obt ai difarentistachambsyonic or @xtrapmitnyoniol lipeapes isudh fascAER iM% Evit apuhy
obt ai ned by, proar r.dir W T nii,ation may be used in

unnodi fi ed ?W@%Mﬁxg}ﬁﬁ&aﬁgﬁ%ﬂg%é# rred node of use is to use
aut ol ogousl y-derived EPL cells and their progeny. - Cells progranmed to
form ectodermal Al S n S r e r o ur

nel udi ng but  ndoPEBES; adcomMHC e vt Ber AREIRY BROEEL % otmer
pr ocedui®s. pitrsstenxosiiy inclirle mehttiers of the FGFOfamily (B.g VEFG#, bRER and FGF4)
PCTI AU991 002265 28 wusing neuronal cells can be used to treat Parkinson's

di sease. - “hichdngyes ditferentiation ptE5ecplis but Mot &3 cells, apd the d GEP tamily,

col 1 Fher st AEBvn 0 Wechingbed pttdrBRianet B S RTINS el JlRECH?

mar r ow r esckRlL celis are cakinjainediinicuitufPbyclevels obLii appraximately éhfold lower
ot ai ned byPaP RSB 5 B3 68 ERIRARPPLr ont i ati on my be. used for human’
gene t herapy.

Q 20 EPL cell differentiation can be distinguished from that of other pluripotent
cells by the rates and proportions of structures and differentiated cell types such
as primitive ectodern, visceral endoderm, nascent mesoderm, cardiac muscle,
macrophages and neurons formed within cell aggregates or embryoid bodies.
When compared to ES cells EPL cells undergo accelerated formation of late

25 primitive ectoderm, accelerated and increased formation of nascent mesoderm,
beating cardiocytes and macrophages, and decreased or absent formation of
visceral endoderm and neurons. EPL cells do not contribute io embryo
development following blastocyst injection, whereas ES cells and EG cells do.
EPL cells do not contribute to embryo development following blastocyst injection,

30 whereas ES cells and EG cells do.



10 Such gene therapy would preferably be conducted using
aut ot ogousl y-derived EPL cells or their differentiated progeny. \ ; ﬂ@g
of genetic diseases that could be treated include but are not reStricted to
haenmophi | i a) di abetes type 1, Ducheynne's and ot her muscul ar dystrophies,
Gauche' s di We931d ot her 15 nucopol ysacchari de di seases, cPETAYIMESsi s.
EPL cells obtained fromany source, and np%ferably their differentiated-
pr.ogeny obt ai ned byEProgranned or directed differentiation my be

geneti cal |y nodifheERLocelis:may brcmainiaingdJnta ipiupatant Me@yemqsg igethet i c

mani pul ati ﬁ?&aﬂ%i@u‘@ Eé)w 4N g

resi stance to méé)é{lon upaé\ﬁnr%%sfa B‘r%ﬁ ?'8@ aln frot}r?qég%&ms@brdgg

gnd pr eL e(r]I a?édiutrhf eor the fextearteb Halard mamlequptloban)]! nplgusbyowlr cmolel oghd

irecte [ erentlatl e genetica jfied to ow t he

act as 25 mqm in e pedascer o absecia, bt AAMonaL opL0,a90bish %ﬂhgww -

as cyto n Oésd I %ﬁt}nent of

_cancersksan gmggéges B??a&é%ﬁd@gdrm lég%)%mg U99/ Ga265 29
Unnodi fi ed or genet ically nodifi ed EPL cells obtained fromany source,

and preferably tlokd r r

di rected di fferentlat'ﬁgyﬁ fﬁ%e use &%ewn%?’g%%rgﬁaﬁﬁdﬂ?@ %‘ﬁz}?\e a

conponent s méthodgdnplddumng aaapiliyrﬂrﬂefan'!hted) radéort termiratlyi d)ﬁemllhted)mﬂs:

nore fully descried,w HFS feference to the acconpanyi ng exanpl es and

drawi ngs. | rstood however, that the description follow ng

Is illustrative d shoul d not be taken In any way as a restriction on

the generality of the I nvention described above. In the figures and tables:
0 Figue 1. MEDI | efpharinatenteells; andi tion of ES cells to EPL cells. ES

]Eils grown in nediu H‘gﬁ' 0
additives (C) after ?W cu ur'e.H% cef@ cultpérd'ég I?i%‘Ytéta}{hﬁir}'(ésence of
MEDI | show a chéargetmlowtmolwnlavhﬁngbtycmpmenﬂttbdremnwthe formation of EPL
cells. The bar indicates 50 N ES ceI e seede a denS| ty of
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t 5 between 3.5 d.p.c. and 5.5 d.p.c.. PE - primtive ectoderm PC -
proami oni ¢ cavity; VE - visceral endoderm Figure 6. hLIF is r egud r @CT 1262
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hLI F (1000 growthf fagtoesad eﬁur~gpzanm amamalmng(comwlgloft)EPlAf cells Swithy shén

of' E‘S[ecé’??”i oo et ”ﬁa'@es'ee&‘” Sl gk, oF SR AaRAIS hefRcl<bfeipiabily
det d. P fdrewh f t
s (50% MEDY| T2 SHOL0RIEs drBhAsH oE ‘%Bef‘im S e e

5 +/- 1. tac@wEtmm theaFGF. family such asdFGE4; meay. be-usegl 1 pragivce anhat laaZat

T SPenRRy citerenfisten eitnia aahiaitnt 16 dhblyohiBblyedtoder MR 638
anti - gp130 @moremikite further to & rahde 9P Aeud e tpes 1 Thé muredidtiim b defived ' e
7. (A 5 yam sectlons stai ned w t h haepot oxyI I n: egsi n of re&at es Lgm—ed

from ES cel Yig apal hpssavivalentia embgonig PdMWNEDI‘Fa"( te fughey to
days. (B) kls and grown in DMEM (EBs, i, iii,
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ri ght panel EPL cells may also be derived from differentiated cells by dedifferentiation.

in a further preferred form of this aspect of the invention EPL cell
difierentiation is achieved by a process of first forming monolayer cultures of EPL
30 cells, and then further culturing the cells in the presence of members of the FGF



figure 12. (A) Schematic representation of the strategy used for isolation
and mai nt enance of phrripotent cells fromthe primtive ectoden fgt 0eT 2002
nmouse 10 enbryo. (B) Enbryonic exptarrts representative of diffeféent stages
of the isolation procedure. Explants fromseveral different isolation
experi nent s ¥P&8¥&¥8hn. Figure 13. Pluripofent cell cobnies | FETALH2E,
the primtive ectodermof 5.5 d.p.c. enbr{/%s (EEPL cells)) and established
in Long termcul ture on STO feeder | ayers) were anal ysed for expression_of

al kal i ne phiaphnea ISR family: Lalis detived by thisprecessaare diffesenijated cells with
hybri di sati . soluble factors within MEDI | are responsible
for the fom%@]'wo?‘%%'s fromES cells. sfMEDII was separated via
ultrafittration on a ueMicon-3 unit iMo a retained fraction (R) and an
eluted fraction el ' lbQL O
‘medi um cont ai ni nggé?eﬁgﬁ’éi"%ﬁofﬁgﬁg" %bg@eé?&e?g# ¥M’t‘ grﬁh%;’gé
tEge Eg:_t ur Fabelamab sﬂ;}acda?mma Mbmempbﬁaog_a??swﬁv_d_ fdm%rpemfeo_hmmﬁs
.ES, al kal i ne phosphat ase posjtive) an iffererrijated col opi es

(ol kaane Sphiegme A5 oRErmEen. ol 5P L e I JOETRS o ACETEP] 95 SsPRRSBI, Cllure,
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Fractionati on, of b ephadex G 1 | filtratian. (B) JEractionation,.of
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of active fieveld BNhalstiit Pnébodernchae cancBbéi IRhEE diffélentiatdd o folmt Blating

materi al was detected by absorbance at 215 nm Chromatographic fractions
re 30 18sseusglerand blaodrnd ethertissvasef mespdarmat origin.wei ght conponent of

tbe EPL cell ~ 9 OCT 2002 WO 99/530Z1 PCT/ AUQ9/ OOL65 33 i nduci ng

activity. Solid |ines beneath each chromatogramindi cate fractions

containi ng the alx gyvfurtherrpraiered ferm of; this aspesh o theninventigs, the cmethed
wei ght conp ﬁﬁg > qprotocol 1. Sequential purification of R via
ani on excha?lg:gmfi) 29 ropﬁggiogz 5 interaction (B)) heparin affinity (C and
Super dse 6 gel fidientiying th@Dpadialiy ot tepmipally differentiatedh cellst byt procadu?ed
nm A solid, bar.indicates fractions_containing the bioactivity. Silver
v ai neq. r RN bTacs HakPRaid befie’ sibresain maar bbby Wd .
of puri figcadifferentiadionl Riteftidll ai ned either 5 Pg (1 ~KD; Anion ex.;

Hydr ophobi ¢ interaction) or 2 pg (Heparin affinity; gel filtration) 1
Protein. Figure 17. Purification of the Iarge nolecul ar wei ght conponent of
sf MEDI | - prot ocilarkKer §énBeWhichl may b Lséd ito asebsRthe copparsion oA planseent

CL-6B (A), anion exchange (B) and Superose 6 gel ftttration {C)
chr omat ogr af#fe. toppevEactodern gels.and biineages incluge; known matsers such as

fractions c | B tSexD W ( S5p5 ' r filerd dehwvh
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Gl oo mePectnd i) Merkeis, b Te0Rlad b i ValbiiBpoheiude BRlledd; B
of sfVEDI | Restif!@id NEBam OMarkérsi Wot YexjsteSSéd "aims AHiY - trahsitieh N indlade
detected at 280 nm Elution of bioactivity is ind ~cated by the sol'~d bar.
(B) Silver brachyer- r educi ng SDS 10~6 acrylam de gel of 5 pg protein from
sf MEDII and fbw fraction of gelatin Sepharose and 1 pg of cellular
fibronectin purified fromstromai cells (cFEN Stromal cells) and gelatin
Sephar ose puri f | Markef genespwbich may ke ysed o Assass the conversiemiaf plurpetent

SFMR}. 25 Fy rar skrgMH |

fibr E)nect [ nbﬁ%r%grﬂ'%ﬁ%%“ m‘éﬁﬁ@bh’f [ ron@%%ﬂswaﬁ E?%w'aﬁég{s@d

t hleml ;;II‘ @5 trrﬁmdaru‘y ansl g?bé ;zﬁr\)ﬂufdmrsoﬂowhl\/ﬁgulaipdr idtiriagol;iyle ptransitioh g:m
in resenc -proline. ~, WO 1B~

Irogr ~AV~i 00z M@eiﬁ% VRSPBPW‘ UF%%&%PW iF st'ﬁﬁrﬁ[ﬁeﬁ UR ﬁ%?%ﬁ\é@f‘g n

(1 1eg) O. 5S¢ iranSHiBRInERIde braEhyiY dhd) @8th8 esodéim QiffdreRites’ Mt nskié he

| ar ge nol ecul ar wei ght
precursors, Nkx 2.5.

Mesoderm and ectoderm germ layer cells can be distinguished on the basis



conponent of sfMEDIt purified by protocol 2 {i.0) 0.5) 0.25 fCg) prohed
with a nonocl onal antibody (3E2) Signa) directed agai nst human (EIQI W rZUUZ
trbronectin. 5 The positrons of protein size nmarkers are indicated. Figure
21. Conponents of the EPL cell-inducing activity can be identrfied in

di ver gent ceWOSMRE and species. (A Mrphol ogy of ES cel | s BeEALEPRES
DVEM + 506 conditioned nmedi um from pri margoadul t nmouse or enbryonic chick

hepatocytes after 3 days a-~ cultuirag., (B) Morphol ogy of ES cells seeded into
t0 DVEM 508 dheitdiffesratiaban potentiad i Vi, -Mesedeme germ layer san\fifferentiate

L i - o . ¢ | .
celolr 8I ;pe% i g{r'%necggl an - (é?&g&i:‘%g ﬁot elﬂlziﬂI P?‘onﬁ%ﬁﬂggﬁg??{oﬁggéﬂb "Fli,egg%s'
cells; 2, HEptodermigerr laytp,can)diflepantiate into neursctddeim2ands hetinél-liheages but

ei ectrophoresed on a 10, 6 reduci ng SDS potyacryl am de gel. Proteins were
vi sual i sed Bt Sra't‘?ﬁpﬁpﬁ'ﬂ.eagﬁg' arrow t5 indicates the position of
cellular trbronectin nononers. Figure 22. Mrphol ogy of ES and EPL cell EBs

at day 4 _of differentiation. (A), ES EBs, (B) EPL EBs. (C, D), EBs were
sectione® and st GQH“WE ﬁsﬁ’ﬁé‘&fcfﬁﬁé”ﬂfsﬁ’é‘,' EP"EB%EEF '%[WOP)ﬁE E%.mﬂhjlﬁ’r@_f

23. Expressj i &&h* f i a'&rb”
di ffergnti a {Hﬁéﬁf?g EW@@@?%‘ES a'%’ﬁ?n {'g%ég’ﬁa ?;g@mrggagfgéﬁ ed out
on 20 Ng t opmidoRdinanily paiiiaiyndifferentiadéd eciodermalndind atexdectagdermal cells, and
differentiatjon., Expression of ,mMzAP s,used as a.J oadi ng,control. Fi e
o B cor pleS! S0t RAGNG, peeaTRRiani, 6 naly < Aittereialih Gefiadgmnal Cols

di fferent | inefuditg bie nof fsthrBipSdetaiceRB BRI dlséor By prédorinadfly

and EPL cells at days 1-4 of differentjation as determ ned by
anal ysi §0onterminally:ditierentinted neyrops! ealis: i ons of day 4 ES (B) and EPL (C)
.cell EBs subjected to wholenpbunt in situ hybridisation wi sh antisense
G | abel | ed SPARGspecrE ~c riboprobes. (D, E) Whol emount in situ
hybri di sati on of These @gpmvﬂeqmﬂmﬁ for peaducing pradominantly snesodermal
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w th arr owSeiia g Rl dof sR08ang rom il eBRTRY Baally Yifleygiiiias o
(RO ALn  ~mesoGermaloceiisyandoalseXpr pseduging Fredamindily/ tehbitdilly Fdifferentidied
el 15 dur i 1FSEROPPn ot WelhaimaC i Pl reBHicipd. j6 Hbg sEefR, Bod  Byetnd
cel | m ggngcardiceyteds2i ned for ~-gal actosidase activity (cells within circled

area), 5 sectioned and sta' ned for AFP protein by immunohi stochem stry
(black). Figure 26. Enhanced and accel erated nesoderm induction in EPL cell

EBs conpared to jg% ﬁﬁbé_ﬁfsgeéﬁbf &s@p?mho hveintiohahese-is\prodidedesr? iedtedusimaEi AP
in ES and EPL cell EBs at day 0-4 of differentiation as deterrnined by
Nort her n bl @erm jayey sell, ahexsesigdenpal celua panially)differentiatednectpdesngj cell or

hybri di sat i E F ( ) I j t i e
DIGIabeIIeMro e%’%e'%’ff‘?’(%‘?%&?‘cﬂy%'( d )Cfmq{?"@cﬁfﬂw( wg@%y
? (B, tC_, F, G ?aodertlnql cell &dnﬂ) Bis éh)dev_ﬁhqjm;ﬂ, amli laadlgmmw dmerdea:iatdggnmﬁhEallscen
rmat i o) at i ardioc in ce s conpared to ce S.
@ Thegger @ﬁﬁaﬁ%gf‘ﬁﬁ@ﬁﬁaxgﬁ‘%é’ﬁ%@é"‘@m ting beating nuscle during
days 4 to 12 of differentiation. The nean 15 percentage and s.d. were
derived fromt in endent experinents,in h .experinent, n438. (B
Nl oc2.5 expressi O aﬁ?&“ﬁﬂfﬁ?ei%seﬁé "yte%g§9 Iﬁ_e 's_d%m}%’? r?rfﬂéﬁg‘!ﬁf"‘a'
Nort her n bl gémfniais iceliora Jsarlibily ditlérentidted i ibes6détnal Te6l, 2Bhdi o/ 18fmirdiy

cells to form neurons depends on the in vitro differentiatjon regine

el oyed.  (dfierentiated mesodemeatoeh uch|as.al blopdeelldand mysel pellpgpduces by s
8) 10 and %%M&rﬁghjrgérﬂ%véwercent ages of ES and EPL cell

RA-treat ed aggregates cortal ni ng neurons. The nean percentage and s.d. was
derived from four independent experinents. In each experinent r32 Figure

the FoFZna Tora dither asbecy b tneiiesnl PbRRgA thcre S pRolind ol CahSHeR R1

25 presencecelf. bFG-, showi ng the characteristic differentiated norphol ogy
of cell type A (B) The proportions of ES cell (ES), EPL cell (EPL))
differentiated cell (D) and m xed EPL and differentiated cell (SD) col onies

al ter cui Eure of AémativelzPthecEPLscells e eeverted o ESOCEIC by dbrdvat dof tRe

nglm) after 5 days. (C). An EPL cell colony) differentiated I1n the presence
of activin mqw um, [ Biglogically; %‘*BéBmPUTW S?mE‘P"e'(‘PoI'Ee'PS’? in the
(RO AL~



~, g OCT 2002 WD 99153A21 PCT/ AU99/ 00265 36 difieren~ated norph |(§gﬁ ?f
calf type B. (D) The proportions of ES cell (ES), EPL cep (EPL),t_ CT" 2002
differentiated cell (D) and m nced EPL and differentiated cell (SD)
colonies alter cul Eure of ES and EPL cel s in the presence or absenc of
activin A (VO%B%Bhnni) alter 5 days. 5_.Figure 30. RevertedPEBAUSRNN285H,y e
a differentiation potenti aI simlar to E§1cel | s when di fferentl ated as EBs.

A) Northern anal SIS on t .ot al expr es

) e tor RreRenee A 0 aderieberchcrs LIE, Palyay. 2t Jov BERUT SR
B) The erlg,ﬁ% qﬁaﬁ M E 144l n cl 0
((:Iag/ 7 topda g]‘forgl regﬁﬂl_atl On'ﬁBthGB (@) Théet ug@'r?éc‘gn??a‘éaeﬁof qﬂé EPL
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FGF4. Distinctive convol ut ed ceI | layers of pséudostrati~ed epithelial

appear ance pyinaitiverectede In celle: fromy ey desiredsspeeigs  gadepariculany fromor

? 20 ﬁgf%e%é@wﬂgﬁ%&ehéﬁ?ﬁ HoRb8a sFaledie BRevibbR, 4" (1) b achyury

(1i), Gox2 (iii) and Sox1 ('rv) by in situ hybridisation. 20 Figure 32.

Expressi on of neyr
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MEDI I + 20 meitmdcﬁ@éd SES ¢etlls, sdid mgsthed intlddinganal ysi s of gene
expressié)n at daéﬂ 9 and 10. (A) In situ hybridisation of aggregates

th Gb Sox7 Hd"S&Z anti sense probes. (B) |munohistochem stry of

gr egat es on 25 day W&“a&%bodl es directed against nestin and N Cam
Fi gure 33. Expression of plur~otent cell and neurectodem markers during
programred formation a)fbiaggmnyoae’wa ffagtarEBKs Jarge) orolow tmoleculaxaweighh ES

ey b P iR Wl O
4 30 in DMEM + 50% Melkdnditiotledyaediunt&téord Gﬁhvdﬂitm or8) was anal ysed
for 9 OCT 2002 WD 99! S3011 PC?' / AU991~Qz65 37 ressi on of t4
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ng' M FGF4 (days&? %d ure 34. Formati or: %PI ferentl at ed cel ing
types of nesodeﬂmimmmhmmmbl n by directed d| fferentiation of
pluripotent coils in {@ y| dual | y seeded aggregates devel oped from
ES cell EBs (control QE@ n (EBM were scored on days 8) 10 and 12
for the presenceortadliby mevuwgarwmwme(mmwmvemdwmm Rirge

neurons_( ect odemm-derive Figure 35. The |a no ] ar wei ght conponent
o " NEDL 20 S oo ErolerR, WhiohbFostpanest dherect ot Bt oBRfionechiaiuma dr he
seeded aggre3gicefuidPritde Uhd'in We 'or':a%%eﬁ%tdﬂaﬂémidhai @@@O@ﬁw 2
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cell EBs were cupfd!r (%“g Q,%e u e i (P F
to induce for rramn @g macr ophages. "The p(rﬁoﬁa)gyt iggﬁé@g \g%?’eéast égégg‘r?%%i ng
macr ophagedesedbed. det er mi ned on days 12,15 and 16. Figure 38. Conparative
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ectoderm (EBM germ |l ayers frompluripotent cells. Seeded aggregates were
scored at day i Thé methatimay-imchide theatirtngr siepliod differentiatingthe1BSfaplls to

fom-ati < Ofroaﬁc‘%é %gls'nally or terminally differentiated cells as hereinbefore described.




L g OCT 2002 WO | 91 53A21 38 PCTI AU99I 081 6S Table 1. Summary of the gene
expression paltens of ES ceEfs and EPL cogs conpared to gene exi@s@fﬂn 200
the ICMand primtive ectodermof the enbryo. RNA was isolated fromES
cells and EPL cells grown in the presence of MEDI| for 2 days and anal ysed
by Nort her Rygbgisesor the expression of O-ct4) 5 urroirror UANpcfrRGSdv0osExY)
AFP) H19) Evx1l and Brachyury. Gox2 expregsion was detected using RNA
pr.ot ecti on assays. Al kaline phosphatase activity was defeated using an

enzyrnatic stai d%ﬁﬁk, i InFsH IFON HsWévdrn's
were determ neﬁ%@n@? t al agb?'gg(?)@ggﬂeﬁ?r) et é’ﬁ‘.’?‘%’g%@eom et‘ﬁarf -
1991 ( Uct ~otherngptB0 agonists sucbaas QuricostatineMy IGNTIRaCTdcor IB6Twithn seluble IL6 10
1992 (wonorulin);: ub and.Gal df arh), 1991 bert al (Faf S) ;. Rogers et
a2 $001 TeRebigt ot Iegls dturedt 1y ehigyind elliiatonids Fens i oo, sy S0 e
Dzi adek angseggdarnson) 1978 (AFP); Poirier et al., 1991 (H19; Bastian and

Gruss) 1990) Dush and Martin, i 992 (Evxi); and Henmann, 1991 (Brachyur~.
Table 2. ES cells and reverted EPL cells) but not EPL oeNs, contn' bute to

15 the glevel opng i withet isprict of the iprésetaRvemicit tRerd i Broviid a mbthtd<of10st

. bi astocysts. Summary of results fromthe injection of El4T&Ra ES cells)

t hei r EPL pretiucing geneticalhsmedifiad ES cells, saitl method including: days (EPL~ and
EPL; 4 respectiﬁmnd reverted EPL ceNs, forned by the culture of EPL
cells in mediu ining nLIF but not MEDII for 6 days (EPL; 2R and EF' L;
4a). 20 ~- Table 3. phivipctéhteéllspf purified ECM conponents on EPL cell
stability in culture. ES cells were seeded onto tissue culture plastic

pretreated with the3EdNPOSIRAINC ACtVECfagPn OF Jarae 9r pows naoleayar, weight

Il a 'V an ' ¥ B f bR ESMERTEM ollagen IV in
DEM 2B 0%6 NED T R e R e it or s el e
phosphat ase and t he amorsiitionermegiurpraccording do thminyentienydr h no associ at ed
differentiation wereg d ) : 4 cnpidyal 5.5 d.p.c.. e QS
were seeded into 2 %" %’%‘?‘Féa%@f?qlW‘T‘mg%ﬂdﬁ@%@%ﬁ}%ﬂ'ﬁ@vﬂﬁﬂ'ﬂ"@m%&
enbryo cul t ur e jove tholecokar SWIgHD componeat o the! blolodiSdiyVaBlive fattbrcacortding

expiants were fixed in 4~ PFA and stained for Act4 expression by in situ
hybri di sati on. ‘atherprasent inventigd; and t he physi ocherriicai properties of
the | oy nol ecul ar a~%§ﬁgg WO 991530Z1 39 PCT/ AU99/ 00265 wei ght
conmponent of the EPL Te -|% uci’'ng activity. Table fi. Anmino acid analysis

of sanpl es der icoptactingghe ipluripoteohcélls with $ha blolagicaliy\agiive {astar ordhe dangec)
and uncondit, oned i um n The sanple.puriftied.fromstNED i
has analySrdofl Fretia PEI Lo apIEitBreor P8 Sortaditied Reliy Br

cel | - i nducixtacomilay mdtds inf thenpresentiedsr absehie oof aaddiignals gpNe0 ARdnistao
tested in tha Ergéﬁrﬁﬁpf R+ = EPL cell-inducing activity (m nknum active
concentr at : [ d in bold); - =lack of EPL cell formation; * = ES
cel | dggth at 668 or Mhore GerlGOR the EPIZEdiis; i NM 3, 4

dehydro-L-proline, 50 NM sarcosine and substance P). 10 Table 8. Surmmary of
ERL cel | for macpotacting thegeanstically moditied &Y celisteith dbeapiat agomishin the
2ponent S, iehée BtShe" bitlodilally attivb Stalctbro8! thé Hrde’ or 16%W Ridbcular weight
component thereof, or the conditioned medium or the extraceliular matrix; to
enable the genetically modified EPL cells to revert 1o genetically modified ES

25 cells.

The pluripotent cells may be of any suitable type, as hereinbefore
described.

it should be noted that genetically modified ES cells may also be produced
according to this method, where the reverted ES cells, and not the EPL cells, are
30 genetically modified.



L-proiine), or as matrices (+/ 40 NML-praline). Purified bioacti v:\é‘(‘yj
| ar ge nol ecul ar wei ght conponent of MEDI| purified by protocol TttzmlZ
Hep & conditi oned mediumor ECM + = EPL cell formation; - = no EPL cell
fom-ation; 15 +/ = sporadic flatteneii pluripotent cell colonies. ECM
conponents N@@YS¥BY in solution at 10 Wyl ni (col l agen 1V; viRGCHASRYI0R65Nd
pl asma fibronectin) 3 pglm (Lam nin) or @eghnl (cellular fibronectin and
purified bioactivity). Celatin was used at 0.01 ~6 and MEDI | at 50!.
EXAMPLE 1 20 r- oFh@dnethedomay ipchude; thechutben stepndt i diietastiating she aensticaly!

and (et nodoBie Jis; baICC IR prodike” SRl | o Ceh@SY 67  Wohnihafy

of feeders diffetertinted cells tbyenmtm a5 hureinbeforecdesdribedcime)uding forwationd of
with 0.2%gel atirvPBS for m ni mrum of 30 mnutes. Cells were cultured in

'Dul becxo' s ®OHCEHE Eagl es |VEdI um (G bco BRL)) pH 7.4, containing high
gl ucose and suppl enented with 10% foetal calf serum ~ g OCT 2002 ' WD

1919g3021_>K, ' f/ AU99I 06265 40 FCS; Copgmonweal | M Serum Laborat ori es}) 40
gl rnl Bant any ARGmENeN, gnelcaly fBpdes PaTalEr daTina Aidprentiaw celis

herei n ref gpk, WFSCH R h 1000 units of LtF under 10~6
gﬁﬁc%'ﬁy i
C02 in a hum %F I ncubat or . %&l;tl ne tISSU% culture was perforned as

descri bed by Sniprovidbep1). E14 ES cells 5 (Hopper et al.) 1987) were
obt ai ned from Anna M hel ska gel\%doch Institute) Mel bourne). CCE ES cells
(Robertson et al., i tained from R chard Harvey (Walter and

Eliza Hall [Insti tut e a'\'B 3') adgﬁbeéagac& thg’ﬁ or 1) meiduletr wei

(Doet schman et al ., 1985} cell lines were obtalned from Li ndsay W|PI ans

( udwi g1®nst i t utcompenentitherecbaccerdingitathepresentinveption.ar al . | 10 1987) ES

s s were prOV|ded sgar ch,
Ed nmburgh). LIF was pro%cewm%%?%%'gﬁ rIas transfect ed
with a nouse LtF expras sxtraceltﬂamnﬁtmpaﬁt@dmgstdiﬂwundmﬂiobyarﬁ!mpﬁoﬁél@eﬂwe)
with the follow,n ~cat1 re,t ansfec ed
el ectroporati on lB'g’l 'H‘Q?G«f gﬂm“bﬁﬂ’ﬁ b X/G ive Eﬂﬁoh&cordmg

capaci tance of 35@h€'ﬂ?es&it3ﬂ$§rﬂﬁrﬁﬁn€e| s were plat ed at 7x10° cel | sJcne ~
DVEM pH 7.4, containing high glucose and suppl emented with 106 FCS, 40

pgl m g#htanycin and qgmagmt%m ne. Medi umwas ~Cted and assayed for LIF
expression as de,%;q% m,#,g.

suppl enmented w t % nt's nggnﬁ nantﬁgé%#ﬁgwmwh%h%
cel | s ( Knoverdlewe malécylal SEightAdaGpbiBesiOti®recke or thei corditiened medibm,rar the
DMVEM and pa ’&fﬁg Hﬂ%té CO{}'X| uegﬁ To_condi tion ITEdIfU 9&@ ﬁ{eé E&(B &% Ceil{ots
were seededCE € RresgRce; of ahgence, ofsa PiAY RBONF R ed
after 4-5 q-ﬁm‘)c§m“u§-;d by filtration through a 0.22 N, m nenbrane and 25

suppl enented with 0.1 mM ~-ME before use. MEDII was stored at 4C for 1-2
weeks of0at -ZO@PWOQWWWBFRQQ"%H‘HBLEP%B%@W | oss of activity. EPL

e um 1 n_ DVEM T Erensauhg e EnelCalfFRoiealtPL e 11 proglleie GRACkcaR

d
@parent wirnbdified paoitially orteohinzilydiferentigtedro®ll80i MEDI |, with opti rral
culture 30 conditions at 506 MEDI| (data not shown).

Altemnatively partially or terminally differentiated cells may be produced as
hereinbefore described and then genetically modified.

25 The pluripotent cells may be of any suitable type, as hereinbefore
described.

The present invention also provides a method of producing genetically
modified EPL cells, which method includes
providing )
30 pluripotent cells, and



~ g OCT 2002 ' WO !9/53Q21 PGTI AU99/ DQ 16S 4i EPL cells were fowg)@rggﬁzd
ES cells and maintained as follows : Adherent culture: ES cells e

at a densityr of 1.3 x 104 cellslcn2 onto tissue-culture grade plastic-ware
(Fal con) pre-treated with 02~ gelatin/PBS for a m ninmumof 30 mnutes in
DMVEM cont aiwomngys3#dPo MEDI | as descri bed above. 5 EPL cei ~ wePCIliosias2éscd i n
50% MEDI | using routine tissue culture t#chni ques (as described by Snith,
199f ). In suspension aggregates: ES cells were seeded at a density of i x
105 cetlslcn? in suspebivlogically taotivei fadlectan ilargepadrr ilowi shekecutarDiviedight

containing 50i MEDI| as described above, The resulting EPL cell aggregates
were split 1:2 mt?%§cﬁﬂﬁ&§b‘9&§8 R'& f'P\S%'W‘%IVEM cont ai ni ng 50. 6
MEDI I Control ~aggr egabhditibhd e dce R tRomueARn, B ES cells in

identical fashion in DVEM W thout MEDti. DNA manipulations Al DNA
mani pul ati ons were can extraceliulanmalix accordingdtopthst imvention mndseptionally the

ai.) 1939). i ~ u | t j er.
The maritt Act ur dP¥ PRECEIRY by SoliboRett ot FiBioftical acive el Gdqfind

pol yacryi ar ni detothe preserit iwehtionposed to X-ray film as described ~ Sanmbrook
et at.,1989. Northern Blot and ribonucfease protection analysis 20

Cyt opt asmi ¢ RNANRARYING ong: ardmere,genes ipthe pluripolent aells; ad | | ayers using the

met hod of Edwar . . o% . fre L :
aggr egat es that%é%ggeﬁmwcgl n j ?% Qég?ﬁﬁe%e ﬁeﬁ@ﬁ#ﬁ%’%l on
and st or edactive- fitfor Belthet arge rorcione snolpauiae wvsightl compohenk tthergofprorbtiie f er
(50mM NaCl; 50 mM Tris _Cl) pH/.5: 5 EDTA). .pH. 8.0, 0.5% SDS) suppl emept ed
Gt 21D S RpnRAMesigm of P SracSIkdar et ) g, BYRseIe. O ARSaRce B 5
were asd@fiond) gp18D ditinfdl 1 RodivY 1h6 endlifalkOmbaified EPUeRys! . A
@ther 3 m of extraction bufterl prot eilg?ase K°was added and i1 ncubated at
37C for one hour before phenoUchi orof orm extraction. Nucleic acids were
preci pi tat ed byridipiyripoteht Ubsild mAPDe HOY! SERALICTA P SEhBirbiore
addi tion of 400 Eclepl3 NaAcetate and 4 ml daf?@i so- propanol for 30 m nutes at
-80C and cdesas®edd by centrifugation at 3500 rpmin a benchtop ceMiiuge.
Nucl ei ¢ acids were resuspended in 400 pl DNase | buffer (50 MM Tris.d) pH

8.0, 1 mM EDTA, pH 8.0; 10 rnM MgCh; 0.1 nM DTT)) 20 units of RNase free
Dhase | 5 (BoerAlamaiveinnBRei aqlisamay, b praduced a5 hareinbeipresdesoiberanduas

pr eapi jat Y, Lt f 40 pl 3M NaAcetate and 1 m ethanol and

col | ec{%d%gg%%&?&?gwg%&mr Ehem Bl ot anal ysis was perforned as
described in Thomas at al., 1995. DNA probes were prepared from DNA
fragments usin ﬂ'&ﬁg?i : |y j ( ' j t
(Arersham . DNA Tragnen SrFtQ réﬁpgélﬂﬁg%%rr%ntgp hglr ?%%gﬁﬁ?éﬁgl g%gnggébﬂg\%wmg
cDNA f r agrmpodifieds EPIci cells fioorprodice Qeretically r modifeld. | partially ) onstexminaiyy

f ragnent V\A'?'i’? %{%A 462 by Stul cDNA fragnent of O-ct4 (residues 491-593)

in Bluescr &Mt ai ned from Dr. H Schol ar (Schol ar et aL,1990). A
484 by fragnment was released by XhdlH nd | t digestion and used for 15

mman. 106 1Aematvely oOehdER madiehl L SN S &S PRl tay be
exci segp f rsyodbeed: ibgs m&a’iné%mamgi gehetically 1ddifieds paﬁaaﬂybxbrEcw?dnina?

fragment. ‘A 700 _b}/ t 1/ BanmHl Evx’? cDNA fragment was excised from pAB
(Dush and differentiaterbeells by-ar mehed BElugingid as a ful |l length coding region

clone in B UM (Hebert et at., 1990)) from which an 800 by
EcoRUBantHl c ragment was isolated and used as a probe. An AFP probe was

generated from a 40(pantialycoRenninally ditteréntiatedioells; and 350 by of the nouse
AFP cDNA cloned into in pBlLuescript KS 11+ (cqurtes f Dr. R Krum au

NI MR, London). An 848 Wwﬁ’f ﬁ?&ﬁ%n?a,c}?ﬂ (éfega'igﬁf _rpgﬂi" L'I‘?'ef"dééxﬂ'e t
obt ai nggl from Qrompbnert Ih&fbof BRESIHINERIB the préSertsdsrition) of-ambr i dge

Uni versity, U K.) was excrsed by Eco di gestion. A nGAP probe was
synt hesi sed by | abela ¢conditioned medism aecarding tathe invesigmn, 9y of nGAP cDNA

racnents of L 17, e raseidler aRs HeodRingCfo, ef Blkset, Wysrilertand o
Il KS + by EcoRgptibnaiigta lbw msleculasweight eemponent of a biologically active factor
according to the invention;
30 modifying one or more genes in the partially or ierminally ditferentiated



30 RNase protection assay nethodol ogi es and anti sense probes fo g ﬁu 2002
detection of Gox2 and nGAP were as described in Chapman et al. Ll 9

~ 9 OCT 2002 WD 99/53A PCTI AU99/ 00265 43 antisense riboprobe for the
detection of Octd was transcribed using T3 RNA pofynerase fromthe Uci 4
cont ai ni ng NA¥P®Yescri bed above which gad been tineari sedPGFAMRYPERSS|
Northern bits and RNase protections vvere2 xposed on phospori mager 5 scréens
(Mol ecul ar narplsfs) and devel oped on a Ml ecul ar Dynam cs Phosphor | nager
machi ne. gene expression were quantified using | mgeG?uant

(Mol ecul ar Dynalaeamersaﬁé the dehelichly modificd ﬁam.a@no& Yerfriihaiy dilferéntiatieldon
on cell layers, cell aggregat es and whol e nouse f enb }/ﬁ;;esd was perfornmed

using the eelisidoy thatrincladel ¢ontacting (the genetically ntiated

Tybr 1 i sea “ANawihcihe, BiPodicaly seive, ARGE LB 168, B ok ShboRRe) meian,

and wasigd cam Nlhaie?)l &1Ghe comditiohedCGmiedium,) or e xtraostividr ®altrx; in the

.aggregates an nmbryos were bl ocked with 10~6 heat inactivated FCS and
ant i bodi es mes@c@d@édam vhadditional-@p13th aganist HedPeaduger dhe qgenetically
pre- adsorbg@,@e% in situ hybridisation of cell layers or cell
aggr egat es od| es vvere preadsorbed with r enbryo powder (Harlow and
tine) 1988) prior to incubation with nouse enbryos. Qutbred Swiss enbryos

daye post coi turreerksl Hddifed P cnfcfiRed Ssn it fovipEsl o Génetibally

femal e m cenmk fied S | calisband/or \difterentiatedotoaforem genefiSdliye spddified tpartialiv dr |
uteri Were ept M s e with 10 M HEPES, pH 7.4 at 37C unti
,djassect MQ%EW@PB% Q'%Se o dﬁ%‘?"f?@ft andard d' ~ssection
‘tegchniques) in PBS. Reichart's nenbrane was renoved and the enbryos
transferred direct to 4~6 r.af o ehyd FA) | BS {i atlve

Anti - sense ch4? r‘ﬁﬁe Qg'}'ﬁ %9 #‘%M S’ UH"'W'V
transcript %rﬁérem.é\bue%ens Péar: Bt WsBHNEs ak4yd Fmstsstwl nGSledr thwsf&i ADHBEm

(ScMvbler et al.) 1990j, linearised with Hi nd Sense transcripts, used as

control s, @eneticallyaimedifiedodedifferentiateq) plupgtent neells. sedThe « dedifisrentialed

t i b 7 -

Lo onc e pelorc 6 MK S5 s IR BR SRS G RIBRNY Hgueq S it

pl asr ni 15 clandERLeblls by methbds thad @tlude contact wiht he ful | -1 ength Fgf5 codi ng
whi ch h th either EcoH BanHL

Cranscri bed wi t ﬁa%p‘?ww&”%%{m'eéﬁwé“m S80S & ot majseulsE weloBl somponants.

pr.obes for herbdt a&ESrdi il §minloRdof r om pl asni d cl ones contai ni ng

737 bp, 45B by and 5 2 by ragnents, respectively. Antjsense transcripts
of L 17, Psci aﬁﬁmmmé@%ﬁmmﬁlﬂj@iﬁﬂtdﬁyﬂﬁ@m PEnscri ption wth

T3 RNA pol yIeri sa bhrdde RS hatix HLoidiRg1bl g A6 yBhih Al pfimihe 8

with T7 RNA polyrrerlse es were genera

di gesti 2 déwahobeulamrﬂenghhnempopenbof asbnm@gﬁalmtprel {ackori aecdmimg ta thend
Psc 1 and T3 RNA polynerise for K7. 10 Antisense Bnthyury probes were
<s;;nt hesi seJ‘WpSK?S (Herrman, 1991 ) linearised withh BanH and

transcr~ed w t hinthePprasente of abservsecoidddiionalgps 3gaigpniited from the same
plasmd linearised wmth Hndlll and transcribed with T3 pol yneri se.

Al kal i ne Phosphat ase staining 15 Al kali ne phosphat ase was vi sual i sed usi ng

the di agnostic Rine géndlically avttified'ES and ERLScelisesh forpiditay beoditferentiated

manufacturer s spec~cations with the followi ng npd' ~"ication; cell |ayers
were fixedi®n Qf"!S mmw modified opantially; o5 ferminally: Lifferentiated o gelis n as

chkxi d 6 ‘rﬂ?al% par a- f or mal dehyde prior to washi ng and
st ai ni ﬁ%s i ] st oI ogica ‘anal ysis En~bryoi d bodies were fixed in 4~

- par af or mal dehyde (PFA) in PBS at 4C
Moditication of the genes of these cells may be conducted by any means

known to the skilled person which includes introducing extraneous DNA, removing

DNA or causing mutations within the DNA of these cells. Modification of the

genes includes any changes to the genetic make-up of the cell thereby resulting in
30 a cell genetically different to the original cell.



over ni ght before enbedding in paraffin wax and sectioning as desE%izygz
Hogan et al.,1994. Sections were stained with haenotoxylin: eosin!

| deretificetion of transcripts differentially expressed between ES and EPL
cells by differential display PCR was performed as described in Schulz (!
997) (Pscl) wo®omkisang and Pardee (i992) (Li7) K7j. Priners werer/dusyemes] to
~ 9 OCT 2002 WD 99153d21 PCT/ AU99I 00265 488 _ i ncor porate EcoR restricEi-on
sites and cDNA products were cloned into EcoR digested pBluescript tI KS
+. Resul ts ~I| EDAtcardirgly, sthtdmeth@prdvm afp!EﬁpotenElébtlcml genetically haod)bbd

culture 5 en n medi. um su ntedw econbln n Li F | E

‘b ¢ he- abseRUBPEIOR CeloMBEN AR Daet manidins B ke RRSte Sigle ora ganeficall
honogeneous"w&p awhich™

di stinctive done ??ﬁghrw %f’ﬁf@%ﬁg‘?f éd‘Fo assaya or gg@%?ghig%%gfe o?hﬂﬁw
i nduci ng ESdifferentigitéd ostate iand whickESnayl be wsed ieciom chimerict anigals nande
presence_of niLiF and 10 condi tione di um d Lyed om ma |ian cell
lines. APt elransqenicap Wéa'ée'PF@‘%Q @ﬁ%ggﬂﬂ'&? F\Sc!"?}ﬁt' Pﬁm the ES cell
col ony norphol ogy. ' When cultured in the presence of 10 80% medi um

(ol cony et i e Tl sobut g hrobat BeSbot e, 815 RboabecEY L,
mor phol ogi C?év{n/éehcggfo me@wléélts! EPLoée:%ePbﬁbuéalyv bhmh E\PL%\!@ bariafy or

early prim derm|ike, or The fom-at1on

of EPL cel | \enminalypdiffereotiated rels | anth oepetica agmlﬁedq panipiyser termanalinf

ES coll col gl paRBrofiped KiREYFetnons o Mo PRStertinielfiche™, ol ch

L@di vidual cells) containing nuclei with one or nore prom nent nucleoli,

wegre 20,gasily di.s i Vi " e P

cells (R@Bumey %f%ﬁa%%%?ﬁ%ﬁt 'QH%'E%% gslé%%?&&?/i\ﬁ é’%"g(&d
consi der ed produting d chinssyic artinidl saidk methiod/inchedimgler m The culture of ES
cells in the presence of 50% MEDI| resulted in a relatively honobgeneous
cell popul ation PIRVIRG: h greater than 95~6 of the colonies wen: of the EPL
cell col ony norphol o Ba%dt 1 :

be detected (Figure ‘{é’ hi&gv%)bc'gﬁrr?ed |n&?ﬂ%%£§§ﬁ£°tsﬁ{sgﬁg?8?%£ed
LIF (Figure 1 D)tomtpmmmvm popul ati ons sporadic col oni es of

differepti ated cells) t seen in ES cell culftures) were

det ect egg(Fl gure 1 D)aﬁ%sﬁ;!?telﬁn é}ﬂg&pferentl ated col onies was 4-fold

hi gher in EPL cehtrodutihgrthe pmﬁpmm cell for gbrsstivatly ahodifidddpluripoternit aelicinio
D), suggesting a 30 posSi bI%ro ior LIF in EPL stability. The formation
of a rel atﬂ?‘@g%fa ocT ZooZ WO 99/53A21 PCT/ AU99100265 46
_ popuiat' ~n frqﬁb%ﬁ,ﬁgbﬁm%ﬁﬁ iyh the variety of differentiated
cell types produced when ES cells differentiate spontaneously in response™
to LIF wthdrawal (Figure 1 C D). However, wthin spontaneously

di fferentiated Eﬁcé‘cﬁhingwl nUBEStR fafthel &Y gaagréﬂ Be PrebBht linvéntioh ARERS js

@re seen (Figure 1 D), "suggesting that EPL ceps are a nommai derivative

ES céf| spmmgdca|qhmemadwnmawaiainmw1ngcam gerived iy buclear e

depondent e ErRRHEEGSno lodh SPOJHAIE AN Ricifigh o3 AkBormtNY 1 Tie prasem

w t hdr awal ‘mfeml and LtF resulted in the generatlon of an array of
rt'rtierentiated cell types (data not shown) simlar to those arising from
10 spontaneous ES cel | di fferentiation (Figure i C). The transition of ES
cells to EPL celTkse biol npmuhveofawi})l chmm:emgtthewd; eontiitioned weddiuompf

i ndependent |y derived ES cel l.udi.n CCE, El14 and CGRB
Gt ot " sTRePIIAR analsisc aplls Y Spetheps Of the PSR InERNticn, e & uBbeE of
line wéscowﬁbﬁs .ﬂéuEPnbxﬁs'fbﬁoﬁhs pl uri pot ent

(1)  Source of cyloplasts or karyoplasts in nuclear transplant. For example:

. EPL cells of any origin, and cells derived from EPL celis (ES cells,
partially differentiated cells, terminally differentiated cells) may be



The sporadic generation of differentiated cells in culture (Fi gurg_? o1 062
the spontaneous differentiation of EPL cells follow ng wthdrawal "of MED I
suggested that these cells retained a capacity for further differentiation.
The pluripo s of the early nouse enbryo and germlin ells
20 ~ cul turé’,?gg’r’%%%*ar acterised by expr es?}on of the horreobo?(azg‘g” 4
and by aNcal i ne phosphatase activity. O-ci4 expression is restricted to the"

pl.uri potent cells of i | at ed on
differentiation of pl%#p%%pﬁgrgg&#%ﬁ?‘v%&én [ nﬁsslgt!r 0. EPL cells

were formed by culturing ES ceNs) in the presence of MEDII or MEDI I + LiF)

for 2) 4, 6 and 16 d i i y Nor.t n alysis
of RNA from these pog%éﬁ?%i'g m gg’p?é@%l%%‘%&&ﬁ%ﬂg‘gal g% %éll}, ad
equi val ent to the | evyersticaly modified qartially Bifierentialéd Jarth genstigalyt difivd
the fomation of EPL cells is not equivalent to the process of spontaneous
differentiation (Fi gdeeminglly) ditferentiated ceallsqimay | be sseds as| pdoplagis—por

cell n~omol ayers Wltrrhawo 364 ti-sense RNA probe showed O-ci 4
expressio%n 30 uniformy cﬁ%é%ﬂrf eﬁ act?%'s?ssfé{]he EPL cells, and not restricted
to sub-popul ati ons of ~ 9 OCT 200Z wo ~s~2i 47? PCT/ AU99100265 cells
within the cultyre (gur i i t Lk b iy e
pop~dation did not e%’?’égg "%Iéeiﬂ'? 8%5%%?@5%%@5%&%@%%Q@?é%rﬁ%{e!@ngelw
phosphat ase acti vi ty cxl teemiialiyadiffereritiatéd eefls esay be lsed-Bs smirte difuplear
2D, E)) with down regul ti.og of activity.in the differentiated cells (data
terialfar T

not shown). The 5 uni"®8 d ®'t hese pturipotent cell markers in
EPL cell cultures derrwnstrated the honobgeneity of EPL cell popul ation. EPL

Il f tion i ied b t ablishment of .printi t od li k
@he oxpressi on “The. dghateliy,, madited EBL Gals . Berbeg, by, deeiftarshfatan ' of
-cell's ggiggested 10 igupeticamp CmidRified CRARIRAINC diférémiieat cefls 2 of! YehBREAIR

cell population of the early enbryo, or possibly a differentiated cell

o A : Yy
| i neage ~ whi ch Cct 4 reedified teominally differentiated ceillpn-may betused agesource of
pl uri potent cell pop | . ,ﬁﬂ:{% rﬁ%i’e e discrimnated from
differentiated cell ﬁtﬁ:&éaaggéa%bam)?p 0 oég‘ﬁca a'?d devel opnental criteria
and by the tenporal and spatial expression of marker t5 genes. The

embryoni ¢ equ’ nral en C S oy €St ] d . SiSuOf
expressi on of marker kgge}ﬁg@?%ﬁat%'{ W&thﬁ%@ﬂéfpgmbﬁ% Ib%“c?pul a a?l'y of
t he enbryo, and the diffiérentiatedtells, teriminally differentiatedicelid) tissues, drgans gaxl
and gastrutating enbryo. Three genes fS) Rexl an X2, ve been
eport elb o be. di ff oA ingy 3% Seiivect By BhelepE faBaler AHSrLEEE Gl Fe et
primtive ectoder m (uspoplasts drkarpdplasts.) . Fgl 5 expression is up
regul ated on the formation of primtive ectodermfromthe ICM whereas both
Rex7 and Gbx2 expression can be detected in the I1CMbut not in the
primtive @) odaiss ipymimaninedicine. TFor examp@i on of FgfS and Rexl1l in ES and
EPL cells was assessed by Northern blot (Figure 2A; Table 1 ). Gox2 25
ressi on was anal ysed by RNase protection assay (Figure 2F;, Table 1 ).
5 expressionk whi @Pageldr oblaiflededrarhl earign sduree] | andvasrefdrabhi ethekd
fold in EPL cells grown for, 2 days in MEDII, f5 expression increased in
EPL cells with tine dffergntiated spragenyat oblainesds| byx pregranymed, opF o Sirectedy a

340 fol gyi nducti on ofg: : chgd day H{qyg, S st f st
16 daysg?n cul ture. e'lg%vﬁ\')a% @)% rggsg %tﬁ'hiug. e\'/égfgab@ E% ce| I s§ Jf)éu‘{i

t hi s expressi on was dibewapyegul ated 50~ vv~hin 2 days of EPL cell fomation
(Figure 2A; Table 1). Rex7 expression was ~ g OCT 2002 - wo ~i s302~

pcr ~AU~~oai as 48 reduced further in EPL ceps cultured for |onger periods
of time scxh that EPThecprederredunode ofEdetisfioruse altplogobshyederived EFLdcells
reduction in Rex? expression conpared to ES cells. Gbx2 expression was high
in ES cells and nai ntaﬁdztg'&"\ﬂrf’ﬂe y'days of culture in MED 1) but was reduced
with further culture in MEDII to 5 undetectable |evel by day 6. The changes

in expression of FgfS) Rex .~ and CGbx2 re del d n the transition,of
£S to EPL cells was carricehsproramuey o orm sddemmel inpages caprpe bsed for
formed pg MEDI| (Figure 24)afiblapyiostiufes iafidind buf RoPiéitfctbBRoeimnEPL
calf transition. The persistence of EPL cell norphol ogy an i gh |l evels of
Fgf 5 and Cact 4 expressi orand-dgunal cel) therapy procedwes.hEontexample cell iberampi |
to maintain EPL cells as a stable cell population and was clearly distinct
fromthe gene expression changes observed during spontaneous

differentiation of ES cells (Figure 2A~" ~.



EPL cell nonolayers) cultured for 4 days in MEDI I, were probed foleﬁgbé-r 2002
expression using DI Glabelled anti-sense Fgf5 transcripts. Equiva t

| evel s of 15 Fgl S specif'~c sta'mmy were seen in all EPL cells within the
culture (Figure 2G cor~frmng both the uniformty of the ES to EPL cell
transiti on awedessehonogeneity of EPL Celt popul ations. The esgqw/aRessmaeof
uvorr~orulin) a cadherin expressed by the2®l uripotent cells of the ICM and
the primtive ectoderm but down-regulated in cells of the prinordial 20
germcell lineage) was asesingeurondiSelisdahbe wsdd todrédtiPakinspnivdiskasa.

bl ot anal ysis. tlvomvruliu~ expression was maintained in EPL cells at

| evel s equivalent to or greater than those observed in ES cells (Figure 2H)
suggesting that these cel ICellsgsrogramnrert Rﬂ'anbsoaemlwmda@eeqea'w&ieeuseafior

prinordial germcells. Consjstent with the expresgsion patter
pluripotent cell markers ¢@l hempy EWF’H’%!’“@@@P@SQ‘MB?EG@%P@‘? 49 pane

mar ker genes specific for "?Ely iy ©)
(H19, AFP) the primtive streﬁ%@xﬁg léorr?aegcg'r‘l %ggzdg;r{n% S/u’roi)
(Tabl e 18 data not shown)tredtventaf caotegand:forthomesnairow eésdue.t o EPL cel | s
was found to be acxonpanied by differential regulatwn of marker genes that
discrimnate 34 pluripotent cell populations in vivo. Although gene

expression in ESscel | Genetically-mbditied EPDXell® chainad | syl af meditsd desthited! in
equi valent to their mthé pl u | s of . the .

e i mpl ant ati on- enbr 6% appicalil and rrelastbly iheis ditersniztad Repaeny gbipined
whi ch is shared by onp d%ﬁtébeb} p?@@l‘é’n%b&rhlﬁérehﬂﬁtn&?%%{ YEPL¥Ed foPhu an

primtive ectoderm (Table 1 ). The expression of novel uri potent ce

m&)r ker genes support sgengti®rapy.ati onshi p bet ween EPL cel I's and early
mtive ectodenm The transition of ES and EPL cells appears to mimc the

gene expression changes associated with the ECMto primtive ectodem

transit#@n. A screen Suehcgenecdtherapyo walddt ipreferablys beatcandsicted  using

differentially expres e ed from
ES cells and EPL cel Iéﬁg&c&%thgﬁegewﬁﬁgﬁ?fﬁE’ppﬁ"'ﬁ{m&@tmﬁw 8@@%&3 days)
was anal ysed using differential display potynerase chain reaction (ddPCR).
cDNA fragnents expressed, éh;'ﬁiﬁ‘#ﬂ i . @E%‘&[} %%M:E!(y&rl
purified) ckmed and sequenced: é’eﬁ%ﬁ\'}% partia tggﬂ'gsﬁ?éﬂ% , PSC qegr%
K7) were identified (Fi guare ﬁt)t restrictét tonhaémbphilia; diabetss typsl 1, dDachéyring’sind
EPL cell RNA, prepared as rred | 5 abov that was expressed
highly in ES cells but do%'fy &?Y&f' heﬁhchﬁifhlecﬁrﬂéﬁqaéﬁ and ‘ﬁ's'"?' ]
mai ntenggce in culture (R ggwﬁ?majd tSistokis. ES cell's and

. i i¥EdseR) Byt .
down regulated in EPL cells re gradual ly than L 17 (Figure 4B). K7 was
expressed at low levels in ES cells but up regulated on extended EPL cell

culture (days 4),6, agpL8;cdlisdWtRtaiied #6m! Nany VEo@icR! € ahidoNpliteldbiy € tigines
in pre- and pert-inplantati on nouse enbryos was anal ysed by whotermunt in

situ hybridisation of difgrentiatesr psegeny-r pbiainesd dby. progmmned). pr c diregted h
the ICMt t
S Al three novel  gedtiSriiatio e B GeRuical mbuiia'io, ferider then HEUSAR 2
invivo. 25 L i 7 was txvirabsiatedtiophlby i nbhe l‘r@mmﬂa&rﬁ of. foc . exanmiplen virad
| uri t t~ of the | | ast, at E 5
o o et o LR e ol Sl b 6 e Y

4.75)) and was not de{jpgd able follow ng pro-amiotic cavity formation.

. EPL cells obtained from any source, and preferably their
differentiated progeny obtained by brogrammed or directed
differentiation may be genetically modified to allow the cells to act as

25 drug delivery systems for biologically active protein drugs such as
cytokines or lymphokines for example interleukin-2 for treatment of
cancers and other diseases.



~ 9 OCT 2002 ' WO 991530ZI PCT/ AU99/ 00265 50 _ Psci was expressed ig OO 2002
i nner cell mass and at 3.5 d.p.c. and in the pturipotent Celts ofk"{
| CANepi btast at 4.5 d.p.c. (Figure 5B). Unlike L i7, Psci expression

persisted in liferating epiblast bud (4.75 - 5.0 d.p.

down regul at g@@ﬁg@? the initiation of prggarml otic cavity fg"%%& on a?% er
5.0 d.p.c. 5 K7 expression was not detected in the pluripotent cells of 1 he
| GANep~I| ast prlor to p I |

was detected in the p%% cﬂgfée%%yow%ﬁg pr gﬂn??@%i%@é'vmﬁ}m Qﬂy
formation at 5.25 d. psourde/t andsprferably-theint difefentiated Cbrpgenyaobtd’ned by
pluripotent cells reorganised to cormthe col ynpar epitheli sheet
characteristic of pr| @E’B@é&ﬂweé@'ﬁ?f@ niatiqn.m &V?%‘?P%Eeﬂ?n\ﬁﬁens

Psci and K7 expressi ogan h&%'e[ﬁ%?ﬁgl'&?'é'fbﬂéﬂp supports the
erentia

I dentification of EPL ceI as p ur| ot ent expressi on of
t hese genes between the | CM ep| blast and primtive ectoderm popul ations of

t he enbr was c '|pSrE§PlI1t [ f ﬂd

fromES )cs(e)ll andﬂ%re closely re a”e %b(?le “@?d? e earwmprlrrﬁ{:é ‘i@é
ect oder m Aacobmplanyingpexaples anl amgsa BPishoald beninteestoode however, that
i ncreased | evel of  dj fferentlale cel | on S. seen i EPthqceJI cul tures

ut added rnihEdRaeiPiOR-foliowing i§ {aﬁﬂ’%é’ shauld ngt iR any way as
Figure 6), %%Qﬁﬁb@ﬂ #he %ﬁr@r&ﬂﬁ@’lﬂwfbﬁ@eﬁtmdﬁcrﬂw%& t0k' nes which

signal 20 through gpl130, i'n the maintenance of EPL cells. Antibodies to
nouse gpl30 (RX 19; Koshimzu et al., 1996), which neutral'~se the activity

of nLIF) hCSM hj #,@%ﬂegldﬁd]{ ableBut not hLIF, on nyeloid | eukemic Ml cells
and ES cells (Lake, 6)) and to hLtF (RED Systens), which neutralises

hLA F act|V|ty) were used to assess the role of gpi30 signalling in EPL cell

mai nt engpee. Wr@ £PIMEB)! eﬁéﬁé’fﬁé HBNLAIEN VTES \ciisi 18 EPE S6IRS CES cells
anti-gpl30 (10 pgl™mt) or anti-hLIF ( %gém anti bodi es) the addition of

anti-hLIF ammm wﬁwsmcmammgddméh HivskHiFi (B) asfnaeadditives (G after e d

io cells cul I E t

presence of hﬁ’% ésaé (“]r?gq'é é'r'ees'ssgé %Wﬁg sc%%gaéh%&em
| mport ant fMOfEBblongssBBiammmbe forhationdoft EPD cefis. The%ar-indicdlé8 56opm.
ne30z~ rrri AUr ~roo~ss 51 both anti-hLIF ant| bodi es,and 1. 000 units of

I F ( ESGROIDMES: 09Ms weir Bgeted at a,dansityrof %ﬁOfP ? in DMEM, contaiRing ddF, -

EPL cel l4gcul ti g
was abl esfosrbestoremggfdcel sta!)a{"aty I N c %’PQ lg%ééglce Eﬂé/\%?gbsee eég
i nt o medi umstainediifoi alkaliiexphosphataselandd haeiriaioxylin, @hd thel peycentdgeiof FES;,

al nt onance Sk SRR RN dedfinpd, C ke Stospnianse postive

of nil Fd( ?abéldﬁﬁs W)subalﬂndafu égof Elsal dmzssEPhigelf: reoldnies un:c mf; EbaszsI of
require or t he mai ntenance .o ce -~ ormatign .0 s |n
suspensi on 3&9@?@ ed calopies: () were delemoned %ﬁ?’ﬁi’ﬂ?lp

Ms) wy eF‘Iét tﬁbﬁQﬂP b &ch ESHdifich %?6”4598 ‘#J é ? QLFF)t '3?.26
sence of I\/E for EBs the | evel of norp gene
expr essi on. msdsew M,Em rﬁﬂeﬁ t&|5. SIKQQI%QMED&);MM -n/-nG d@tﬂm) 0

EBMs, 15 indicated by the randomdistribut'wn of several internal areas of
cell death d'rstr~uted randomy throughout the EBs in conparison to a
uni form central Kigure@ (&A)Northerm blotangRisis ¢fFESand ER) cellRERM20 hgof total

Cayer of un VA RPBIEEY E14 ES, dfe RELY 5Bl SFRGUNSS ulipaSi MERIC or
endoder m f onephiDIFfor 2214, € Bindc98!ldelys (i), and spontaneously differentiated ES cells
25 cultured for 6 days in the absence of exogenous factors (ii), was analysed for the
expression of Fgf5, Rex1, Oct4, and mGAP. Fgi5 transcripts were 2.7 and 1.8 kb

(Hébert et al.,, 1990), Rex7 1.9 kb (Hosler et al., 1989), Oct4 1.55 kb (Rosner et

al., 1990) and mGAP 1.5 kb. (B,C) In situ analysis of ES (B) and EPL (C) cell

layers for the expression of Oci4 . (D,E) ES (D) and EPL (E) cells were stained for

30 the presence of alkaline phosphatase. (F) 10 pg RNA from ES cells and EPL cells



; ~ 20 not be discerned mcroscopically suggesting that EBMs were conprised
of a single cell type. Gene expression analysis was perforned by}llg §CTu2002
hybri di sati on and Northern bl ot analysis on EBs and EBMs devel oped for 4

days in culture (Figure 7B). Aggregates were anal ysed for expression of the

primtive ecwwodesyoerarkers . 25 Cct4 and Fgf5) and brachyury, peraeneoiss
regul ated on the differentiation of plur~ggent cells into nascent nesoderm
The expression of Gcf4 in EBs was ' patchy) with areas of cells not

staining, sgomAedi 18 2,hat and B UEys! I MEDIHLIF apld MEDII Wasaardlpsed GonaHe

under gone di fferentiation. By contrast) Oct4 expression was detected

uni formy t expragsiontof Goxa et antk | BNage tpwetection, (ﬁ)dg@stul anplysiaof 30

Rese ool pb RS, Wi S8 B 2005 3808 S GBS e

suppor t ed bzpewemmmd Hmsmm.eremmehucmdﬁv@wés andijsdby RoRABIIbIOL ~
approximately t 0~ of the EBs % gesting that a proportion of the ceAs in

t hese agfr efpitthe ega@sgwfgeme’ IndiUvio).i @Gdﬁ’ emrﬁﬁgmrmamgéomommhsz

E
el I 55 v ¢ VK BEp. Mer PR T00c8 38 it W AT Be 7 WlYindtt  or ent i ati onto
nascent rr:es](c)g(rarm . ‘(I)'Ee explr{s(szlete? of Fng in aggreg?t es }I\B.S anal yse::lnt (I;BIVB
FoT 5 was oxpr es ﬂng'%me? L7 kB RS ET (S MPER Rt o 1 ha
bop FLHLE"’E?”HC?! borear £oll o u ch g e the. LLARSLion Lo f orm
P col 1 ol'pri m tFibuREA; Korfhem 2nalisfa oL {7 U A3 I k715 cknisich s

er ogeneo ofyggmm;\baqt;rﬁwmempéo it RO ;%@EE&%&%@%

ported t f|n the 1n situ anal'ysis (F~gure day
gene exj@esand ERlacells, naintained & coliurebin MEPH HE forodp G Bidaysd Fedrcript

di agnostic f. chod r ression ostlc fo
nocent ot RS Mslalén BT ik forlle, AiaThesiol Pefgbaninéd 887
genes consi thgasipredsion ohOciqmat i on of het er ogeneous cel | types The

sumat i on of the expression data suggested that in contrast to EBs, ~ 20
which a variety of cell types ranging fromearly primtive ectodermto

extraenbryoni c eFigoResn Inovivo ekpressiornbtaovelinharket Gendsh e 17GAR PSS! (@Eﬂﬁd

consisted of _a_uni form popul ati on of cells equivalent to EPL cells _and

enbryoni ¢ pK7HeR |bVé"'é‘?,‘PBU’é'FPh'“ siu dwbridisalip gﬂla&s'sdﬁ\mPB%@mMEG’W%d of
L'F wit , t vi£ 504 %/B t?ﬁoam
al terat Pgns seen |%®2 'ﬁ?uﬂdgot gnt CEA differ entlatlon I'n the presence (')‘f

MEDI | coul dcawily; VE -atsceralendodesm, he t ow | evel of LIF present in MEDI |
(data not shown). Summary The data in this exanple denpnstrate that the
condi tioned medium) MEDI1) conta' ns a biological activity which directs
uni formdiffer erft"lgum 6 hMF issrequlited fos the maintepance ohBPLeellsrig-ciiture. ES

o1y pr i m GO ere, ssRAf hq o3l S50 cHiuBAP ity DHIEMER g Bt
st cl osel gr 30%MEDII+-mLIE (1000 Lnitsknly hilllF (wwmuhhsknbcémﬂh[.lﬂ antilssties (1Ene
carti od2Bus OmCHIF o O s anth anid 2%&@%5@3&5)?%2@@
units/mi) and anti-hLIF antsbod»es (10 pg/ml), anti-gp130 antibodies (10 pg/mi) or
hLIF (1000 units/ml) and anti-gp130 antibodies (10 pg/ml). After 5 days in culture
colonies were stained for alkaline phosphatase and the percentage of EPL cell
containing colonies (EPL) and differentiated colonies (D) determined. Plating
25 efficiencies (%) for each condition were 32.5 +/- 1.5 (50% MEDII); 39.8 +/- 1.3
{50% MEDN+mLIF); 35.0 +/- 0.2 (MEDII + hLIF); 25.5 +/- 1.0 (MEDH + anti-hLIF
antibodies); 28.8 +/- 3.8 (MEDII + hLIF + anti-hLIF antibodies); 40.0 +/- 0.5 (MEDI|
+ mLIF + anti-hLIF antibodies); 36.8 +/- 3.3 (MEDH + anti-gp130 antibodies); 36.3
+/- 2.3 (MEDII + hLIF + anti-gp130 antibodies).



ES and EPL cells represent distinct, but interchangeable, pluripot egt ﬁﬁ iﬂﬂ?
states fMateriais and | Aethods 10 All cells and tissue culture tekh Q

were as described in Exanple 1 unless otherwi se stated. EPL cells were
reverted by seeding a single cell suspension of EPL cells into nmedium

cont ai ni ng m&”-'t?ﬂ‘%ts of LtF in the absegge of MEDI| at a deR&T{AU006S3
104 celtsJdcnR. Bt astocyst injection i5 ES and EPL cells were ~troduced to

to CBAlI C57 F2 1 g@,?
Itre}cﬁnol ogy) as descri beg’a %‘?ﬁ‘ 199 éb@h anal ysﬂ“@ﬁ%@s‘g %?1‘
i soner ase §dRied from ESl m!lsfartd ngmndDMEMJ(EBwi)san)MEMMEmU(EﬂMIr li)dlcey)
1987. Bl I | Lect f fh Th <! I
anal ysed waraPveaiEh AdBReiRe Taact from S ealla and g in BNENTERS | R, vS?%ys
Iiver) I ungmeMsMEDI gmcﬂ)wsm)%rwa@erwe %I%Iﬁsedfbf’ﬂd?r@%ﬁoﬁ*&? Oy, or

testes. T ~ssue sanp were prepared by freezelthaw ng a
honogeniSs aii), \macfuetm l(msw)zanﬁ (] éV,I ) by wihelemeaunidaisitu MndvsanmL um
.containing LIF) but not MEDI1) ~ 9 OCT 2002 WO 99/53021 PC?I AU99I 00265

were observed to adopt an ES cell-1ike col ony norphol ogy, a process we
termed rever si ofiguFa8; I@Opgtdidotalﬂhbﬁimiﬂtedffrdﬁ[&ﬂs anth EBMs pnedaysc2, dand| F,

from est abl,i sh PL ce colonl |nthef on of a

di mensi onaft % %}ﬁ% ﬁ‘lc\l @é@é?‘? qrﬁgsvgg égsqr'}g'ph éﬁ{gt Q"Hot
shown) . Norgh, Nbrtheaﬂbldsarﬁalm Wtrhﬂs gavéretm ai-idoueasabqnebén et
O-ct4) Fgf5 and Rex1l in ES, EPL and rever cells (Figure 9A). EPL

cells cult@- eE!g%Wd braelyaux@.1 kbntake, &ﬂ%s)l\/@ﬁté&ﬁf deBOE)"e!I e}, f"PQQh?Qd

vere reyp pépﬁq&sagl ng the cells into nmediumcontaining LIF alone for 6
gyés Reverteé cells exh~ited | ow Fgf5 expression and hi gh Rexi
ress'ron, conparable to the gene expression ~ 0 prof~e observed in ES

cells and disti rePm j [ F oW

| evel s of Rexi %’%eﬁpéégmﬁ%ﬁfé??%ghgg {é"g éﬁ g{é"d&? chtgtl'tﬁ"s

régenotypi Cc 20epgr of -totait ERIAf mlsd:hs%?as calIS.OtﬁDh?ﬁewl érbythéhprmdbl lo$ hABDI oy an
cea gen xpressj on profi ese data al so denonstrated a requi rerrent

For ven T MEBRHER toR2. B 6 davio SROJRa rar SR sisaBosFeverted i medim

characteri 8l ighg S r %ﬂ% it

ensure tha?bpevemé?%'n@ \%ﬁ@‘eﬂgﬂagcoé%decﬁﬁngg%o?ngggé X(N 'f" “%ﬂltir?eEPL
cel | polful seprassioreet Foi, IR;,GXIgr@FH ang nzGdEys(B)rCheal ERLceeit hmqsr#g ambpe
but wi t hou 2i r B

produce cté‘ﬁagd%%é%jgh %n’ﬁgg?céﬁv?\}b gé‘ m@?%%gﬁbp%%zqn H‘M%EEH"LW I'—'['tgver
3hweeks Peﬁneﬁuﬂﬁﬁ@hmmmgmmedndlmd fMEDﬂfF]» iRy Aftérs a?cayselhercﬁﬁﬁbl & wdre.
The resultin ur sess or t reser of E S P
cells and (ﬁtﬁf’%& &f? Iaﬁ?%ﬁupg% 'ijﬁ [9? E‘% EC(?I"Ids
from both IdiGenfiieacsoiohical was dhefRimdas mmw W@sﬁt@tﬁb Poshive coisnied! |
nor phol ogy in cultures seeded and maintained in Ll>r alone which were not

seen i n2Q hevere| subdivided intai S dand BB ¢ell_cploniesiiopathe pasig iofi marphalogy,

I
ot 1§ but o FHSERNSIEANGI0hielT0) W8 bfornired Slo Skalih fHlsphammts ristmtye.
cells fr olehtmg)eﬁicmmbqo(%) werplwm at-l 21626(ubnpc#‘ljllﬂF)3r34b0 +#-h4 .58 (cldne #1,

t he fom-er t h atter to ribute t nt

f o~owi ng bI%c’@é@' ﬁj‘%)c 314 "'/Eé I(T"g’"? ﬁﬁ'g{ égl @dgﬁﬂﬁ %gbﬁg’é‘ to
al | enmbryonpepandpggul t tissues. E14TQa ES cells and the| r EPL cell
derivatives ~ g 2002 WO 99/53421 PCT/ AU99I 00265 55 were tested for
their abiliEy to contribute to chineric mce when injected into CA~-C57 | =2

bl ast ocysts. Thesgmel{g. b(A)l P20 afoflf§ta¢PINA %Eﬂlfr&ﬁ'és geld Iiﬁala/aﬁs Snd ES‘PéIFe

of fspring was assessed coatl col our cont ution and si s of
bl ood and tEBs@ssdays i, m@anasﬂf c%ldayem:menbwaeoanalysecbf@rem exprassiont o#14%

cel T's) b ouioXh R DL e AR oo fidibt ATines. 8 e limbRter akaing, |

gene expr esphosphatasecpbsitive qjucmbotdnﬂcewtco&smés iderived tirord ReuRIre 610§Iﬁgtel eal as
Il ve_bom pups respectiv (Tabl e

assessed by coat col our of the_3 c{a S%[go I %

2). GPl ana$yspessions i fiay Safplaand 8ikehs in DMEM seprismanted thL% grey) ex
to deteg ﬁ,;tp.m MED! Anal ysis of 15 tissue
sanpl es Paken @\Q'&h Piv%g“énrﬂgg a so‘ﬁ‘glspgg to %g@lg%?)'any EPL cell contr~ution.
This could not be explained by adverse effects of EPL cells on the
viability of injected biastocysts as the percentage of |live bom pups was
conparabl e from bl astocysts injected with ES cells and EPL cells (Table 2).
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15 The EPL cells used in the preceding blastocyst injection experi @Eﬁ
Gy 2402

were reverted by culture in nedia containing LIF) but not MEDI I') fhar

(2R and 4p). These cells contributed to enbryoni c devel opnent in 36~6 (2p)
and 63~6 (4p) of biasiocysts injected (Table 2). GPI analysis of blood and
tissue sanp/W@¥&®h fromi 0 and 2, respectively, of the chiREVA¥IHN0GS
generated using reverted EPL 20 ceNs est aBBi shed that these cells were able
ta contribute to_nesodernmal, endodernmai and ectodem al derived cell

li neages of the Eigure HoudMaiptenanceoo! emhuig-detived primitive i eriederm in qukure he

capabi |1 (i o@auEsHEDH, Py WRiphbfty 91 550.8<” afiblyo S BUBENTRY Lbays
caont ri but ejri enmiRys ke tmetitim i(DIF/CINIC oF émbryoaclingd dwiediun cy B0% TMEDD
ability of reverted EPL cells to contrijbute to chimera devel pprren% sudggests

that this | MEDIVCIV) nfBh In ity brisksation, apglysis of Qri4 expressign e

attri butgd f T
ability of E&E%%Pﬁ'aﬁis BMirod oS B8yl By clindrB rBOAT+ SEAERIEDI, e
predi ct ed asameexpizritristshowndhdotb panets, witteadditionalpbt magniiciation i dse rigit h
as the formatlcin of EGcells fromprinordial germcells (PGCs) in culture)
and suppor t Ba@ne g UCT 2002 WO 9915~i 0Z1 PCT/ AU99~I h265 5s the deduction
that EPL cells are pl urlpotent. Furt her) rever5|on to an ES cell type is a

predicted feature of primtiye ectoderm tion wt . .
denonstrated i na%gpf‘i 2ot (A ‘3"1’?9'@5 Ut‘g ‘SPOﬁ@WQy USEH ippisolation o
fol l owi ng blhgg gana:wee& iéHtScélspﬁBH thé gﬁm 3%&. SN rhduse
cells as dlstlnct romESc and5m)st cl os related to primtive

@Doderﬂlo Femiryo;) (B)eEmbsym eprma representative ebnﬂfq;eptsstaaﬁs wm isolation
strate f r Il on or
reversion. Mﬁf%é?éé“{l on @@?I}éﬁ@rﬂg\ﬂﬁt q?’% om err%%&(;%?’éwgnd I n
vitro-derived primtive i 0 ectodermIntroduction Existing procedures and
culture conditi | or
proliferation o?ﬁgPurl got enbsg’#\?@%%'ﬁ%%%qﬁﬁq@é%ﬂ% gadneynn of
migmil I Sn spScdgse. Eémbryos (EEPLscélis); andaestablishedeimalong témplcultureobanSTO
cabs and ce

s fromthe prim.tive ectoderm uId e an
or nati volasger BBrEyete, Aakepd ior SRsRSEONGH, AlAe PRASATGIGES Bnd Octd by
pluripo ”tcél?ﬁhﬁ'ﬁ% hhdﬁﬁbﬁﬂhérﬁhdi&ﬁﬁoﬁomrc' al) rredl cal and agricul tural
appl i ca?lson I n.the nouse, suCh lines have only been isolated fromthe

pluripotent cells of pre' mmplantation enbryos (ES cells) or prinordial germ

cell Tineages (Beguie!is) - THo boiublS faBRird! WifinOMEDIN drigovespordibieeidr iHe'es

is currentl restiicted to a limted nunb i nbred nouse 'strains such as

129, and hatormation of BiFL celis trent ES Wﬁset#MElaﬁm sepavated vnguﬂmm@hpn@n :

the ol uri pot Extaan S ofiSoRle rolaidd *v'é'%@'b THLBS P el ol 1) i

t hi s exanpl wemsebdsdxatatdansdywlzsprmib'cm mtauiwuhomntaimmmEZB ut E +5Rain
Bom pr 271 e PiGRans o1 LIE. ANe75 88yS De” Puires; weis Sipiissl dob qakaine °
phosphatase and the percentage of ES, EPL (alkaline phosphatase positive) and
ditferentiated colonies (akaline phosphatase negative; D) was determined.
Plating efficiencies were 48.4% (eluted fraction); 41.6% (retained fraction); 49.2%
(eknted and retained fractions); 32.8% (mLIF).

25 Figure 15. Purification of the low molecular weight component of the EPL
celi-inducing activity. (A) Fractionation of E by Sephadex G10 gel filtration. (B)
Fractionation of active fractions from A by normal phase chromatography. (C)
Fractionation of active fractions from B by Superdex peptide gel filtration. Eluted
material was detected by absorbance at 215 nm. Chromatographic fractions were

30 assayed for the presence of the low molecular weight component of the EPL cell-

-



Mat eri sks and ~llethods Cells and cell culture CeN culture conditions, for
ES and EPL cells are as in Exanple 1 except where ot herw se spec'lf 'gegc'[ 2002
Cells isolated fromprimtive ectodermwere cultured in 5 Dul becxo™s

Modi fied Eagl es Medium (G bco BRL)) pH 7.4) containing high glucose and
suppl enent edW@i%38285~6 foetal calf serum (FCS; Commonweal t h BEIARS9/00265
Laboratories), 40 pglm genianycin) 1 nM33ghrtanine) 0.1 mv -
~-.mer capt oet hanol (~i-ME), and 1000 units of LIF (enbryo cutlure nmedium
under 10% Cngucing: aetivityli f Selid nlingsa theneath gachy shramategmm indieate raelions

pr par ed from%agwa | s (ATCC CRL-1503) or primary nmouse enbryonic
f brobl ast s *.) i 993). Inactivation of feeder cells was
achi eved by exposing ceNs to 30 gray of ionising radiation. Feeder cells
were seeded at | gast hour s. before use at a density.qf 1 x 105 cei

o DVEM ont o ti sEREre 36 dPumiaBoficl 1S farb Ao EEn Weidht somariant o1 sEEHF
1V (Sigme) apréRicolnuBeghehidl purificatibh i RtVia Eniofr e@Range Y{A) S hy@fophobided

.once with DVMEM before the add' rt'ron of culture medi umand enbryonic
expl ant s5 Pinderastionn(Bl.e| bepatiey caffinityt i(C) eandsi Byperasepi §r igebt éix&r@m:'( }c

mar kers al k | Had | LS, ' .
doscr bed | BMDPHRCHEHT. RIGH wef bibclllf ol Sa0 i, MBS hRIUMERG |
Exanpl e 1. e6maining the bicactivinon{E) SilvdrstdiBéd @édudiig SDS yiQS. aeryiamidegehof n
time-mated CBAIC57 F1 femal e nice on ther%’a:lzs specfied. 0.5 days post

coi t um was G%ﬁ&%&ﬂb@ﬁ%rﬁ'@% of Rurication; pamplesseniaingdeeither; S 410

were killed radeal  digl ] : | abed QL) =y pt
" DVEM suph ORISR Aol exc; HystoRhofi ieractonfob 2418 Hedfiefifintt 350\ iipfiof
?ﬁryoswEnbrmem,V\ere removed, using standard di ssection techniques, into
‘DMEM suppl emented with 10 M HEPES) pH 7. 4. Renoval of extraenbryonic
endoder m was achi eved nechanically by pipetting enbryos through a Pasteur
pi pette that hadFiguse 1@ulPurification of thertarge molecular weighi componént of SIMEDII

| h h . ~ . : | 9/ ~i Q2~ \ .
Rosui (| Sor RIAGROIGE. SROUPRIAIHITGRIOR of FLBY Hlenrn SEPharess raBFoAToRnion
V1110 Err aishdred () GhESBUpd Reind (o iR 010l bFaiSirabRy oo was

susperrsion cultdre, Tollow a pathway of differentiation equivalent to

ear | y nousedetesiasd abg3ed am.s Asalid bacindicates-tractionsseeniaiving thexbioastivityy ol

moni tor 4 boN: SEKTER redudify STSIRDEGRINIER el o GENECIpBlG] fiin each | .
pl uri pot ent stagel oppitificitionn Sanples tdomtaindd \eliner B gy (SIMEDTY 25pg (Hemeiny

or entirely of primtive ectoderm as detenr~ed by expression of the
prinitive cativiiy:anignexehange)or tugi(gst fitrafiophproteindown regul ati on of the
ES/ICM cel |l marker Rexi (Figure 10A). Pluripotent cells in EBs are largely

differentiated by day 8J9 of culture. individual EBs) developed for 4 to 8
days in cul t ur e) Figswe 18, cRudlicatjon pfihe large ranigcuiar weight component of sMEDII

bef ore being Lhnigsed Nl o cef | N{L, 0 C ' CQledsr:
SYSpensi on wa &%!?;é/é'dgsﬂ eq(;l}zl ?y %?ﬁmg%nsitv% rnl B&S%@ugs%%?g \%2'1"?“!
@nt ai n2@g ehromatogidphly+ |Protein BhEMieteSiedcal/i2B0 nm.L| Elutitint of Biodchivity is
cul tures were.stained, for . .alkali hosphai ase act i \d q, identrt

oi'ur i ol e EEicaet By ine Soid et (BF siiver rraEa0ohe S8 1ot srvetde as' of
the isol ati gn@fproileit Homs sSMEDIP @hanflow Staction WgéﬁtiﬁFSGbﬁﬁ’oéQE&nd 1 ug of
denonstrating That this factor allowed efficient”i solation and mal nt enance

of pl uri pot celul@rfibranecting puilierh from -sramalecells (ckENi Stromal E@dls) Tnes gelztin

b1 ur i pot ent Sebfrass iR, frbp HioiRENRE Welint shMbolBhe AP St fore S
exprlezsi o?egf WIF?f SL?nd :?ext (Fi gure 10A), u?indobynt he fai lrglrief 21; a{r}aglrjlma |
ma ht engice (P ghiaa B MEpROICHPARS oBI CURFRER BERPER aieshE Heipnddin
‘ mai nt enance(@ gl (BPhemar ebhdar Hbrérmidctin. (2Phg/mi) Ui (CF thé Jargelhiblésular

weight component of SIMEDII purified by protocol 2 (2 pg/mi) in the presence of

87 pM L-proline.



i solated fromEB derived prlnitive ectodermin either the presence qr
absence of LIF, but was dependent on the presence of MEDII. These WL QCT 2002
indicate that MEDIl can support the maintenance and proliferation of
pluripotent cells fromthe primtive ectodermof EBs. The 30 pturipoteM
cells isol at WOt he prinitive ect oderé&were equi val ent t o PERYAUSSID2SS

[tv 9 OCT 2002 WO 9915302 PGT/ AU99/ OQZ65 u~ nor phol ogy and gene

ﬁfxp[tei_séﬁﬁ)tﬁ?a Bt 205 Vifer e b miied Buitenca@spra Tro '%{‘Wreifgw |
cells isol aﬁﬁg Jrﬁé%bﬁﬁulﬂf' iBdriettin §100923,70.25 Sar'-d‘ tﬁ@'ﬁ?@?ﬂﬂéblﬁﬁ%@fdﬁd

to ES cells n shown to contribute i o chi'maeric m
i ~r oduced i compbonent bl sSMEDIE perified by gprotocol 2l (100, r0.5n @25 j0d) probedowithng

nvest ] gal | BPREIOTEh SIER 53 SRR RS AgeUTet o maB eBlE Jbronecin
the pringti f@g RiHPs B Pro gﬁelmg&egé,@,ﬁﬂ&wﬂ ce. f O Successful

i solation an nt enance of pluripotent cells fromthis strain) which cues
not nom-atly give rise to ES cells at high frequency) would provide a

eneric technolo %EO% gaé’gm) | ;
gct odlar m from 5. giégwét' y0S t??f g%pj)rsg?'er rg@%&'g trate fcé{r?{ &(?éld(ioﬁ?gr{?
cell isolat diynrgem cen(wpemam species ~6°s)ddomhcflogymt ESecelist seledeﬂrmte DMEM at
5.5 fi.5 a 5 wer.e di sectedfree Rei chart's rre rane d
oi ated | ndi %R Sonees Mepfond | FBRC BAMRDF codit { FOUIR.. of SFBRGE hoBOK o
gel atin forhaaa eafter 13 dapé e rEUltufe. C UB) UMBIDIRSIbGY of E@/odb@téeed%fd itito3

days in culture at 37C, 10% 2) enbryoni ¢ explants were stained

@)al i nd phmﬂﬁ%& +©50% aﬁedmeetb dromHepr-1o1s dgalls o M&ah@rolme or

contszlci)lhtra:lt g;e?ﬁéﬂ ne pﬁospﬁam pOSI ti &é“?ﬁ??%ﬁ?ga ggté(l n exptﬁan%'éh

day 5.5 d.-p(C) Smgﬁpmn(mn)ﬂ)m&hbeomh %ggeﬂnd\odﬂﬁl]s aa)d-lﬁp@zs'oa/seﬂep 3B| 4,

si gn~' ~cant Wlt crea a the enbryo to |ess than 5% in exp| ants
of day 7.5 1&1‘% yFbsE“h%g %m&%@c@'?ﬁ“ #$att Qhh & pHliea teduging S
positive ce 0 d ST ut

expl ant s cohgpasﬁ grggoflgrﬁsal\w%gfl ne pﬁ%gpﬁgt 256 rpgg'tﬁ'ln Tﬁ?sém%w
d. p.c. éﬁbrmmesarmpe&vaeoﬂnel!tdauﬁhrengctupmqnqmm ectoderm in subsequent

experinments. Successful isolation and mai ntenance of pturipotent cells from
the primtive ectoderm has been achieved from enbéac?s col | ected between

5.25 and 5.5 d. pFigure 22. Mapholegyof\&S epdIEBk cehpEBaad slayn2 e differentiation.
I hi f _
Col I ection k) ﬁrﬁﬁ.ﬁ 3@Z%PL E?s ’@O"‘Pj’ E8E PRieteé!nd lon%\berhrﬁls}a:égggwenﬁ’

can conprom'se The procedure. hese e ryos qui

di f f er ent i ateldidinetblve; (C) EStEB,e(D)cER]dEBm ceI | layers can be identified

nor phol ogi cally. The isolation of cells fromenbryos earlier than 5.25
d.p.c. has 5 not been attenpted. Purified extracellular matrix (ECM
conponent s st abi Fagrere23A. Expression of dhe pharipotent cell markers Fgrf5, Rex1, and Oct4

@ 20 in differentiating ES and EPL cell EBs. Northem blot analysis was carried out on
20 pg total RNA from ES and EPL cell EBs at indicated days of differentiation.
Expression of mGAP was used as a loading control.

Figure 24. EPL cells form parietal endoderm but not visceral endoderm

when differentiated as EBs. (A) Expression of SPARC in EBs derived from ES

25 and EPL cells at days 1-4 of differentiation as determined by northem blot
analysis on 20 pg total RNA. (B, C) Sections of day 4 ES (B) and EPL (C) cell

EBs subjected to wholemount in situ hybridisation with antisense DIG-labelled
SPARC-speciiic riboprobes. (D, E) Wholemount in situ hybridisation of day 4 ES

(D, F) and EPL (E) cell EBs with antisense DIG-labelled AFP-specific riboprobes.

30 Areas expressing AFP are indicated with arrows. (F) Cross section of an ES cell
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The effect of alternative extracellular matrix activities on the stgtnqp 19802
of EPLfprimtive ectodermcells in culture was tested by seedi ngE ells
at low density (2.5 x 102 cells/cn2) in DVEM + LIF or DMEM + 50% MEDI | onto
tissue -~ 10 culture plastic which had been pretreated with gelatin

(Exanpl e 1 )WOPYS3h fibronectin, |aninnmg collagen 1V (all HYRRB265om
Si gma and used as per the manufacturers specifications) and a conbi nation
of - pl asna f%?&%&ﬁl n, lamnin and coffagen IV. The selected purified ECM
conponent s ve been shown to be present in the extracellular matrices of
the early enbryo. Cells were cultured for 5 15 days and stained for

al’kal i ne Phosphz@iﬁ-zs@%qka& Widfaih HePSNRY 18Tol islefd UbaBim Wi idxed]
differentiated (alkaline phosphatase negative) cell types wthin the col ony
and the pr estmES aslis during Ebhlormation.c Blayst ahimaesic ERIL4+ESERBe taymed by 1:1

pl uri potent_cell ability.(T c ok i t d ti S
the | east f%@om e‘BH?r ec@?*"? é{ggﬁﬁﬁ%@eﬁ%&@? @Eﬁ'ﬁcgﬁ?‘kgo gbrﬂ ks
cont ai ni fig skctibmeband Stairsto AFPgrotein by imimuabhistochemigityr (black)l nmat ri x
conponents all resulted in nore stable EPL ceM cul tures when conpared to
gelatin) with collagen IV and the matrix m x containing collagen |V

resul ting in 59%igine Z8.. Enhanced hhdraocelexated mesodeim inkiotiohdn EPL cell EBs
respectivel of MEDI1 were_ stahl e _on. all

AN SN ER LR A IR )
was used fOoEgidyy EPUéHllegEé %!%Pg%?ggﬁm@%r{tﬁtiﬁh%’% ﬁléfﬁ%éqebfﬁaﬂ%rﬁ‘ blgt

subsequent experi nents. activity w s require
for the proandlysiatorn20apg toddinBNAnce(Bl) Winlemount (in i situ ihybridisatidnroff B&

rq| e of [ rim tdye rm eeqai e ce .l I = ocT
2002 wo'UC LD 2o A (B S, BT, SRR st bl Gt sbopoliee
enbryos i ndspeciticclior radtyury? (BFE) angsOet4(F-1 ) atdaye 8 |(BC,FpG R and alagdd (IDEH,1).
collagen 1V) in enbryo culture mediumor enbryo culture nedium + 50% MEDI |
and maintained at 37C, 10~ Cz. Alter 5 days in culture explants were fixed

with 4%21 PEA and_E‘nQarqo%E._sg_Euhapéeﬁ)hgui anuewiratéa:t%trrﬁtigni ¢fi5bn?;ating d:ardius,'te% in
assesse ~ S ridisatio i ' e 4). r cu ed jn
t he presen%:/_gpb : lmm ﬁ?&écﬁﬁﬁ%ah’%g’ge Qﬁtquécﬁ'éﬁ{}- cel
| acked a erghtd)iﬁfb' Beafing nRlidcid AR 4@ {19hf dimérdniiaion. TKd Mean |

positive cells after days” 8y contraSt) many of the enbryos nmintained in
#~e predbncpersentag amdis.d+ were derived diomhiwoe irdepansient expgamentsiioneach

i ncluding a O,d dent h& | L oL I i

Gt ai ned ot r S iheh roois £ B9} Mi2 Spebabhyi 3 Bnf BE ol e A Fay 412 s
(Figure 11 &eterbifheddby Morthert biot arnalysisi on 20Iignotal RNAL he presence of 50~
MEDt1 + LIF contained Oct4 positive cells indicating that MEDI | pronotes

t he mai ntenance of primtive ectodermderived pluripotent cells in culture.

15 Conpar ati ve aFiguye28. fhenabiliiypdfcEPk medls te Hosn inedirares delpemds ohrthelin NGibH | |
as opposed to MEDI | that. had been fr was nor fegtive for .
8" b ancetiErialion SPOBNG PR (0 FeroRBarS s APE Y SR EB5 fomming.
toder @0 Cié@onBasrPBRYE BS 10 %ridPd 2 i0? Hifférehtiahiers.s (B) PertintagéloP ES and EPL -
mai nt enance of enbryo-derived primtive ectodernn_ in vitro 20 The vi sceral

endoder m i scelbBAgieatesd aggregsias eenigining ewrons sThemean pementage ends.d.
differentiagy PINTa 6&‘&% ' t | rﬁﬁ?ﬂ f

vi scer al en%ggeﬁﬁgmmﬁ?c expt?r*bgn\g\}aégﬂ%ewéﬁ%egg?% e |¥§|Lagate this
source of c~rfferentiation inducing signals and pronote pturipotent cell
stability in cul t : fedin] SGth

quanti fi ed) succgy;l‘?ﬁ?% |ggJ1?‘z‘i pgﬂ%gfﬁﬁalarﬁ%%gﬁ'é%ko sg?ﬂ‘?‘%%?gm Cfacrosrs
from t he enbf the EGFnahd PEGRBafamitiesd (Ay &m ERL astlls colony) iditergntiated i \the

ect oderm and extraenpryoni c erectodent. Further) primtive ectoderm
expl ani LhPBSENLE @ #&Faoﬁmv\ﬂng ?h@'ﬁ'ﬁ%@“ﬁtﬁ'ﬁ?@@'@lﬁﬁ P&Q"GFHC’&QM Rl celle

Ipp: H ?: vzt gciiodgl; ﬁi)ﬂ % ﬁ i| em#é#bzoér%%%l 3g§%pgi%?e[r en??g;{r%%ﬁ@-hgr %!If )
e S e it e St
DUt ar e of - gPIE Pebiesbafe phAbscics SLOERE (Dl paimbsterS Gays 165 Ar,EBL ger
tissue cul t goforie! diffefintidted ;iﬂ tﬂe_‘:"m%s%ﬁééoﬁle abﬁvi%’}"dﬁﬂ}ih@‘thé?&hé?&éﬁ%sﬁc

ti
mel Eang poi nt agarose, Sigma), which was washed 3 x 30 mnutes in enbryo
cul ture nmedi um before being preequilibrated agai nst enbryo culture
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medi um cont ai ni ng 50% MEDI | . |sol ati on and mai nt enance of pluri g&t‘ n?cqemg?
fromthe primtive ectodermof 5.5 d.p.c. enbryos (Figure 12) E 30 wer e
di ssected fromthe uteri of tinme mated female m ce between ,~ 10 10 and 11
a.m on the roonmng of the sixth day of gestation (approximtely 5.4

d. pc.). Eachwvomnisye2iwas di ssected to renove Reichart's nenbr drE/AU00265
extrapl acental cone and the visceral endod@@rmlayer, resulting in a cup -
shaped structure conprising primtive ectodermin the absence of

cont ami nat i diffecentiateq peerphplogyrai cefitype B.| (R) The ssoperiiens ohEvcepl (B5), HRL

Cnai vi duat 1P (EBLY sirterePlidieliedd 465 96 EhEHDERL, AndCiifelidGien, e (sD)
enbryo cul tgsienisstaiten culteéoVEY and BIFL gelis Elhe présence Or absaride of astivilltA

C02 humi dified incubator. On the second or third day of culture surviving
expl ant s wef1S0rrg/pY)after 3 @aysspensi on, redi ssected to renove any
differentiation arising in culture and placed 20 back into 2 m wells
prepared as descri bed above. . On day 5 of culture surviving explants

(approxifat el y 26igere80exRexerted ERlLieellsohavrg differeptiation peiential similar ¢ &S

| Sepeot s CalBlWhER, difbroilEitd A3 EBE. 1A Rohhif SRahsis a2 G Notal RIEA bt
red! ssect ecrgisand vdchyuryskpression i B detived drorh &S, EP<and BRL-atel ut i
in emg:])ryo caAYsuried n%de" 'ﬁ"@ﬂ%ﬂvEdLé) The gercentags %pﬁgygplaﬂﬂdagbs{naiaﬁi s

st age Wereéiﬁ‘li?i’ﬁ' ﬁ#i?@ f n ted [ biftbretiia RhGUur lﬂ@
Expl ants were 'éﬁ cu r@g‘g?% fé'&n@r§ Zu tﬂ?@”%‘e |?J'§1bl|rn tﬁ{e’ﬁ’p'&ggg'nc@)of I'F
/aﬁi) abst0cepercentzige of ES, EPlcandt EBLT EBg forming mpundng frens tay (7t day i@ of

a

ption of .gn ES cell tz appearance (Figure 12B). Analysis of these
cells ~ 9"'&%"'?@8’?" 1 53AZI PCTI AU99/ 00~65 s3 _ ' by in situ

hybri di sati on showed themto be pluripoteni as assessed by Oct4 (F~gure

12B) and al katirie phqsphata Xpr ' ron .d i, O_of ljure the
exptants were diE@QE‘? %at Z‘é"?ﬁ?g &%ﬁgﬁcgf.lpgqu&gﬁgg{ls 3?u%"§m§f°‘%m y
trypsi ni satfophation SICEBME.| AP EBMs fopned froni ESacells andi growsoisragedaysipr

preseeded wi.th inactiv The cells _derived by_this nethod

vere eq~vat@MEM é%;t‘%{ag?‘geééﬁglﬁéqs;" pavs fRMEM), 5@%@@&@%‘9/""
pturi poygntpgel) ~|t§§iilt6§i\§ 1188 dEIIBYER! 8Fsdiifbstiafificd epfiéial ibpearance

retai ned the abi erenti ate spontaneously and pr era I n
cukure for are formed within the aggregale. (8)ochggregates grown asdiontA avéneoseeded

i matel v 10% of an 10 etttc=neg~ = iih th
o0y o ot chhe Sl veERb Bamie Ted o FoLbE TOMERS SUEMEDT 20 i s
enbryos by aidapalydetidonthelegsressionrotr Octihng), Wradhydas (i) Goa2i(ii) adsSoxA(iv) e
provides the first dempnstration that pluripotent cells from enbryonic

primtive o® AN 5| at ed and 15 maintained in culture as
pturipotent cells analogous to EPL and ES cells for exte~ed peri ods.

Goht ai 128 wi L rPRES B2 pEFPrassiaof BeureHBHean: At NRURH SISToplbmakers n ti
| ~ce ! . . . .
pot ot ol CHRSpAS Serlva RGN EME EBMer{dey Y eI GRLFSS o § g iy DMEM |
denor ~st r ai+ &O%hhﬁ%ﬂ tr RPong/ml E@E4aﬂinﬂ E®eded| ?nbagelbﬁn ifoolaﬂalysﬁ rttérgenﬁe
ol at i on (5PRIBREPh H . S RAE RS (13 S b ARe8 of oo Pl iy e,

the isol ati Soxpfand Soxgcintisense probas:s (B)ammuhehistochemistry af agmb%atbﬁrbn
speci es. _The denmonstratign that cells equivalent to EPL cells can be

i sol at e@0 ar@RY8 With antibodies directed agamstinestiniand Nveamet oderm cul tured in
the presence of the biotog~cal activity conta~ed within MEDI| provides
further support for the proposed senilarity between EPL cells and enbryonic

prinmitive ect odefFigure 33. Expuession of pirinotenucell and nauestodsres markerssiugwg £
4 programmed formation of neurectoderm from EBMs. (A) 10 pg total RNA from ES

cell EBs (IC+B, day 4), ES cell EBs cultured from day 4 in DMEM + 20 ng/ml
FGF4 (IC+B/FGF, days 5-8), EBMs (MEDII, day 4), and EBMs cultured from day 4
30 in DMEM + 50% MEDII + 20 ng/mt FGF4 (MEDIVFGF, days 5-8) was analysed for
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mesoderm (EPL EBs) and ectoderm (EBM) germ layers from pluripotent cells.

Seeded aggregates were scored at day 10 for formation of beating cardiocytes

and day 12 for formation of neurons.
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MEDI| resulted in uniformEPL cell fom-ation, equivalent to that seen for
sfVED | . TRempopents gelatipalamining plasma fibenectin, eollsigendy and armix of lamipins

of 'R ond PRSI PARIGER, S Gpumpen' 1 noMER 10500 MEBIE°ABB s iebhsEiteh "

and anal yswerestdined dbr ekaline prosphataise) i uhmmw ohERL celiadidmies on
el (28 Vi e aseociied tlpEnlgien peEs SEISTNGRE 1 ot ai ned fract | on (R,
>3x103 M, was used i medi ater or aI [ quot ed 25 and stored at -20C. The
ekrted fracti OnTgERe’ 4.< Bf%olv::’dul\éll B.g\%sp gsee%ﬁrr{froglu?g'leageeé%d into 2 ml collagen IV
treated tissue culture wells in either embryo culture medium or embryo culture

medium + 50% MEDII. After 5 days explants were fixed in 4% PFA and stained
for Oct4 expression by in situ hybridisation.

30 Table 5. Summary of the physiochemical properties of the low molecular
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and 25 NI sHﬁ%‘l’é&O\mr"/eaBQIMEQHeﬂ 50fki s was repeated 5 tines to obtain

adequate sanple for analysis. Individual sanples were assayed direc~iy for

wactivity which was detected in fractions eluting approximately 71.04 15
9&9 74. 04 i EXAMPLE Y, injection in a single peak or several closely
eluting peaks (ie fractions 8 9 and 10). The predicted nol ecul ar wei ght of
the active fractions was <700D according to the elution vol une.

20 Formation of a primitive ectoderm like cell population. EPL cells, from ES
cells in response to biologically derived factors

Materials and Methods

Cell culture conditions

ES celis were cultured in the absence of feeders on tissue-culture grade

25 plastic-ware (Falcon) pre-treated with 0.2% gelatin/PBS for a minimum of 30
minutes. Cells were cultured in Dulbecco's Modified Eagles Medium (Gibco BRL),

pH 7.4, containing high glucose and supplemented with 10% foetal calf serum
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wn)) i n conbination with R, were able to cause conversion of ES to EPL
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G2 cells were seeded into DMEM at a density of 5 x 10* cells/cm®. Medium was
collected after 4-5 days, sterilised by filtration through a 0.22 um membrane and

25 supplemented with 0.1 mM B-ME before use. MEDII was stored at 4°C for 1-2
weeks or at -20°C for up to 6 months without apparent loss of activity.

EPL cells were formed and maintained in media containing 50% MEDI|
conditioned medium in DMEM with or without the addition of LIF. EPL formation
was apparent with the addition of between 10 and 80% MEDII, with optimal culture

30 conditions at 50% MEDH (data not shown).
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component of the EPL ceil 5 inducing activity Cell assay for detection of
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assayed as descn' bed previously except that 1 nml culture nediumwas 10
suppl ement ed wi tAll SONANI Wﬁm werelooamg) aut Agsing/ S!qndﬂrﬂnepleMS
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--activity were deduced fromtreatnent and assay of dpE(F{)ar ed as above
except 2Bat an AsvteplasmicANA mﬁwmmﬁutﬁﬁsfm L eell layess using R
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aggregates that had been washed once in 1 x PBS, pelleted by centrifugation and
stored at -20°C. Pellets were resuspended in 1 mi of extraction bufier (50mM
NaCl; 50 mM Tris.Cl, pH7.5; 5 mM EDTA, pH 8.0; 0.5% SDS) supplemented with

25 200pg proteinase K (Merck). Sterile, acid washed glass beads {0.5 mm) were
added to just below the meniscus and vortexed vigorously. A further 3 ml of
extraction buffer/proleinase K was added and incubated at 37°C for one hour
before phenol/chloroform extraction. Nucleic acids were precipitated by the
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25 Anti-sense Oct4 probes were synthesised by T3 RNA polymerase as
run-off transcripts from bluescript containing a 462 bp Stul Oci4 cDNA fragment
{Scholer et al., 1990), linearised with Hindlll. Sense transcripts, used as controls,
were obtained from the same plasmid linearised with Xhol and transcribed with T7
RNA polymerase. Sense and anti-sense Fgf5 transcripts were generated from a
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@ 20 Histological analysis

Embryoid bodies were fixed in 4% paraformaldehyde (PFA) in PBS at 4°C
ovemight before embedding in paraffin wax and sectioning as described in Hogan
et al., 1994. Sections were stained with haemotoxylin:eosin.

DDPCR

25 ldentification of transcripts differentially expressed between ES and EPL
cells by differential display PCR was performed as descnbed in Schulz (1997)
(Psc1) and Liang and Pardee (1992) (L17, K7). Primers were designed to
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30 possible role for LIF in EPL stability. The formation of a relatively uniform cell
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30 uniformly distributed across the EPL cells, and not restricted to sub-populations of
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first 350 by of" nmouse AFP cDNA in pSluescr~t K

Krunl auf) Ngagtutatingiembryg.th Hindl || followed by transcription with T3

pol ymeri se; SPARC, 570 by EcoRl fragnent derived from 13C43 (Mason et al .,
1986); Goosecoid, 1'uieadsation of a plasm d containing 909 by goosecoid

genoni c DNA ( Bl ufhwee genes, Faf5, Rpxhapp @hx2, hayeeen: repadeditptbe differentially

) L7528 yahetronh B ik of e oM R fofiBP Bl clohth eptopi e T
H sf ol ogi cal). AFgl5/ expressioniisr ap regulstednor the domiationebliplimitive( EE¥8dein MBIn At
Secti ons. adhe TEM WabreRsiole 1A (NG SHBFSSHIT GHb e dctedted Yo dhe JOM but
H stocl ear Aiahi RBPridHe RAbu6M b9 BI5 B S THESIBLEIEN LI FHBEnd HeXY in

nount i ng nedi um EBs subj ect n situ hybridisation wer i xed 1n 4~6

PFA over ni g&8, anthER)d cells ovas asseased, by NeB®mM blot (Figurec A2 Mahlecht e G2 h
I 00~6 geth . ' e nd | gpanol . for 10 Jn.nutes.
o00es 25" NSkt et o Ao T ANSE SRR A Pk 28 T 6 Fat
_det ect ~- gadgsrbesiof awhichowak iHavely Bietesiablel inES cells,Owas efdvidtéd SDORIY REEPLPBS
for 15 mnutes on ice, washed 3xI 5 mnutes with, det er gent_rinse (0. i M
~ 9 ocT 2003els grpwadios 2.daystioMEDo, bgfosxpeession increased in EPL celis with time
in culture such that maximal expression, representing a 340 fold induction of Fgf5,
was reached by day 6 and persisted for at least 16 days in culture. Rex7 was
30 expressed at high levels by ES cells, but this expression was down regulated 50%

within 2 days of EPL cell formation (Figure 2A; Table 1). Rex1? expression was



phosphate buffer (pH 7.3), 2 M Mgd z, 0.01 % sodi um deoxychol ate) 0. Q O/f[]
Noni det P-450) and sia~ed in detergent rinse containing 5 nM potﬁs | 02
ferricyanide, 5 mM potassium fenocyanide and 1 nglm X-gal for 2 hours at
37C. EBs were then washed 3x with detergent rinse and transferrgxi %2 gé/o
Et OH For SQQ&W?ng EBs were dehydra d to 100~6 et hanol B 02

as described in Exanple 1. | nmunol ogi cal et ecfion AFP expreSS| on in

Adanmon ( 1PBHORR ARLIERL el SHUBA fPLianenEeness 6f B S ial B cells
i ncubati O”S%mwwml R8F @Id&@%esﬁswwéys iRkt [HeutiesbrPYini Re?akkpresaior he

section in in nethanol for 30 mnutes. Sections were incubated with a

1/ 200 di | utcampared tebStcelia: Gin@expresgion washigh in Efcellsiand maintainedwith
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Beat i ng sarmwdéteb@mw %as Thecchamgess!in ierpressibriot EG5, Fid)ﬂﬂ‘ﬁddtam
either ES or EPL cell s) pl ate

onto re-equil.ibrated agar ose %é,
agarose i n WweEdelayed whens &%ﬁtﬁ &l sellswag gagried g‘ "'3'?6

beat i ng w%%“x%igééée‘%se at%éé 't?“%}‘?’ﬁgt of§6 2285 oossAg IRar B!
exani nat wn.refirdedahe ESyto BRltcellgransitidne ﬂ'berpﬂrsstenmanﬁseew morphology
et oscopi M piehoNals.oh Fas anch Dt xarestinn (Fraure A Bkmapstatest 88 Rbiny

al SO scel e I <HALe
5, “10° arg,°of MEDING MaRREREPL oIS f%""’f ol pEp(IRlion dbidl MiGw ChE B

pluri pot entfresaithe genesexpression changes ebservgdtdtmag spfontmemSedtﬁpaemmlon of

¢ @m ni scent g mhpumgenem s ( Exanple 1 ) and provKl e an opportunity
for broad a% &8 n irspotent cell differentiatwn into boih enbryonlc
and extraenbryonic cell types. The tervn EB is used herein io ~,

2002 ' WD 99/ 53e ie

cultured in DMVE ﬁgcpgwggg%ﬂar a@f&{l sa #E ,BQEE@ aérjﬁss%ggérgﬁg%sdy

formation @e¢ression Using DIGlabdiléd enamse\l\sgfs ranscripis. vKnquBmtvlevels of

homgenbbusF oA SATDE Werenasen 3 Al GED, Wi BHisa (FayEe 25k os

(Figure Zz%nﬁ ed dﬂﬁé%ﬁ?hnge'o'lstrﬂ s PrEpLA cal"HaRBRIONS and  the
popul ati on, however the bodies apE ared irregular and disorganised (Figure
o

22B) . Sectlmmwgtﬁi’hmlgpbp Jeb®d that while ES cell EBs conprised a
relatively uniform population of cells characterised.by a conpacted round
mor phol ogy (Figure 22C), rem niscent of tO erentiated piuripotent cells

internal cells ifhecexpnessione avomarulin acadhesingexprassed by the pliripgientcells,

Gotarred oot Rand .Wﬁﬁﬁ‘#ﬁ%ﬁ%ﬁ@@ﬁ%ﬁt&?ﬁ@é@t‘&' St ridhordial
Accel er 20 edgeriniceld dineager was aisédssednmﬁ& EPLEBIeIIomlHurwtbwnodrbm idet 15
@8 b Cor canaleie-o LMarRRin eXpie Ssion ves, I @inRY B ELIGeNs A develd SHvelg

enbryoid bQGYuggféa?éreﬂidrﬁﬂio@E dbsenvéd ih EBSdl)s EFlgﬁﬁ OFIy & stlﬁa/'tﬁﬁfittfe%e

cells) and is down regulated in EPL cells, the Imtive todermat 6.0
d.p.c. and qa!sldigneermsemmner\dmpquwglempfpnmqndnaFgmncgumt expressed
by ICMor ES cells) but is 20 expressed in EPL cells and the primtive
ectodermprior to and duri ng gastnrlation, and up regulated transiently
during ES cel |l dronsisiont with 1be expressionopattemafiplutnretent celi markers EPL cells

pl uri po f S
own T o8l ?ﬁ%hp%ﬁ%%?ﬁﬁpﬁa%% ekBr gBhes ERBSIET6, R fRr mAfitnic o,
the expres sltnaageé diakhe eady bmbnyo,t (1% Mﬂmepﬁkﬁiv%dsﬁréaleEhx‘EﬁoEﬁa%BdnEPL
cell enbryoid dr e the k|n tics of Rexl r | ati on differed between the
two cell o’D&F%g? t|t9§‘at¥§°‘a5'!9ﬁ§}y det ect abl e, basal |evel
was observed by day 1 in EPL cell enbryoid bodies (Figure 23). In contrast)

a simlar level of Rexl expression was ngt _observed in ES cell enbryoid
bodi es The morphological transition of ES to EPL cells was found to be

accompanied by ditierential regulation of marker genes that discriminate
30 pluripotent cell populations in vivo. Although gene expression in ES cells was



unto day 2, with internedi ate | evel s of expression observed on day 1.
Simlarly, ~ g OO~ 2002 WD 99121 PC?/ AU99/ 00265 86 the Ki netipc%rqgg 2002
Fgi 5 regul ation differed between enbryo' sd bodies derived fromES 0O L
ceps. Fg~5, already expressed in EPL cells) was up regulated rapidly from
day 1 a~ EPWQW¥B84nbryoi d bodies to a peak on day 213, fol | RGEAV 65

mar ked decrease a~ expression on day 4. regul ation ofi Fgf5 expressicon

in-ES cell 5 enbryoid bodies was not observed until| day 3. Wil e expression
level s in eauNalesbis the oroia dsea the pluripolent cells of the pro-implantatian CENRRYORgf 5

| evel s in I J gg:,% which '%dctg; W T

tinme in bo? a&#ﬁf@ﬂ%ﬁé’ 0 |r S ét vvas%sd%ﬂvm re uf’g e rr#l?a

rapi dl'y i npoplilation lof thetearly eémbryd, dise primitiveceetotieimdl (Tiablechse seen bet ween

~day 3 and 4 (Figure 23). This i O decrease in O-ct4 expression followed the
hi ghest | evels of Fgf5 expression and presumably reflected differentiation -
of pluripoyhet expréssioht bf nnbvel opliripotent ccelh angeker ngénésx suppairts attve

. Cct4 expression observed in_both ES and EPL enbryoid B(g)dy develﬁgmant
suggest 8d relatiopshipbetween EBL cells and early prinitive ectader® nal  enbryogenesi s
and pnxeeded through the formttan ofi late 15 stage primtive ectoderm
Further) the rapid increase in Fgf5 expression and the earlier onset of
di f f er enti at i onYhedransitiental ES anchEPLerlisappeare to faimigthecgena expmssion

bodi co. wasCRmRgh HARRMET Yo (N IE RV ekRciy Bafiooh. 1f sorfBR e ©
T h Dl UL pot e 20 Bl Apul a1 OB, GG 1| PGy pLgl o0 0 (e Tog EPL
11 "ermor Gopaabong BRA 1Bl Formt ER.criB Al EBLIiIR, pliGrectn BT JE for

mat 1 gn By 4.6 afdPe Cdayt! Wds’ AABREed ShdiRg cdiffefeptial Qliéﬁl%] Hopmerssd ichain
cavity have differentiated to formprimtive endoderm e primtive

endoder m greastioni(ddPER).2sDNAfra sexyessed diffarentiglybetweemES and Eflal
endoder m i enai | i he ep~l ast, and parietal endoderm
whi ch m gr%&?ﬁ%ﬁﬁr@m&%&pﬁ#ﬂe@n cteNs to forma layer of endoderm
adj acent to the trophectoderm Wile others have anal ysed extraenbryonic
endoder m f or nat 4 L aty:r a g=»S -12): . prorel dy
devel opnent, foﬂn&aﬁ;&%&gﬁmﬂou »e”r\% Eé?/g’r bgg?%ﬂgﬁg’o er m'dgétrﬁ?;li(ﬁgug%t )
v~. scer al Notthpar biet ekpressioicamalysis lof ES and[EPD lcelirRNA, ipreparedy as oubtinéd: s
by day or, 5 of, devel 0 t,, This timng, | S,coingiden it h ~. 9 OCT
2002 Vb ooRedv inBeHes B3l dd7cwes Exprenect hohBo Bl But dlowy teguisiie
creati on Ofagidly! Wilf EFL6rinatioR ?néihﬁna%%éqmﬁuréwg”hARecPﬁéfﬁd§”

in the enbryo.” Anal ysis of endodermformation at ibis stage ~ therefore

nore | i kel @xpressed ES erlis-and downytagulated émEPL cellsimorengiedusadlyithaalL thd

visceral e duyg4 E L r
anal ysed b%&%&nﬁ%segﬁgggﬁn%%é%%vg %éj %%z%i@? é@%ﬁ&é‘omd
si mar ki nextended EFEceliralitiRt (dis 4,68 1and@; Figudi 46). with an approximately 2
#ol d i ncrease over the first 4 days (Figure 24A). Wiotenount in situ

yori di sati on and sectioning of ES and EPL cell enbryoid bodies indicated

t hat SPORC expr ks vivonexpressionf ofnthieseo genes ub epree ralml grerimplantatiorl aiysuse n
both ES and EPL cell enbryojd bodies at. day.4 (Figure.24B.,C)) inc~cative of
par i et al - eHEDRES, eSS PXAERBTALt (R sl bbTIRAIEH Y Thbriss; BRBINAY ng
these staofpenP3.5\8p.8965.8" d.pAS KhitHPb ?Qése%otﬂﬂ”' IERI 120 phimilivie Ecidbderm
hybri di sati on of enbryoid bodies was used to detect AFP expression. At day

3, 1 ~6 of ramsitien| (Figuier§hi dExpressioneehiall tbreedinovekgenest wass confinge to
expr essi ng L . This |level rose to 52.9 +/ 9.5% of ES
cel | e@ry@%ﬁ%@?f@g%i%gﬁﬁg%m. Sectioning confirmed that AFP

. expression was confined to outer cells and was therefore representative of

Surt ac@or ot or 37 YA Phiehsea ridtly 1K BHE NP Bt 0B di0 00 ekl i e ifpdiing
- enbryoi d beells &¢\iRé ACKEpibiasy 4t &4.84db.c. AFidurk| SA). X INLY @xprédsitm twag\eiown
carried out to determ ne whether the failure of EPL cells io formvisceral

endoder m r Eaguiatedqas nthen KeMiapiblask hegap; ¥ praliferateqiday hABht andpwasnipehl
of these p%{étaﬁ?g@lotg]iriiﬁﬂ;_g%ﬂtﬁ émgq mrfj body environnment. The KSF-4
utl y S ac

ES cell line consti expresse gene nod' rhed to target
~-gal act osi dase protein to the nucl eus. Analysis of enbryoid 25 bodies
formed from KSF-4 ES ceps denonstrated formation of visceral endoderm at

| evel s conparable with D3 ES cells (data not shown). After passaging in the
absence of nouse enbryonic fibroblast feeder cells, KSF-4 ES cells were
cultured for 2 days in MEDII to formKSF-4 EPL cells (EPL (LZ+)). Ernbryoid
bodi es generated by oo--aggregation of at :7 ratio of D3 ES cells and EPL

o ~ o~ o o o o - B A~
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consistent with those previously described (65~6 and 0~6 of bod
respectively). Enbryoid bodies formed fromthe m xed cell popul ati on gave
rise to visc I oderm at | evels conparable to ES enbryoid '

~6) . Doubl e gp}f#ﬁg for ~-gal actosi dase g@t Ivity and AFP expfgggl&’g?s{“(’%l
reveal ed 5 the presence of both Lacl+ and“CaeZ cells-within the visceral”
endoderm (F' ~gur den JHiLS_suggest t EPLrﬂe_gpr | d
bodies to give r ?é?t%aﬁgé%ﬁ?gg ﬁdﬁ% P{h %]lefn@gg "b‘#nai %&fﬁ’?rce i"ﬁ?f?ﬁe
enbryoi d bogiuripoidn Gomeof ARé Inewabmgrmwb&rs&t éﬁgvmé Gmenvﬁiiké es?rpsbwon
ofi EPL cells, and inplies the existence of an inductive si

fo
vi sceral en@¥pressiondpersisiesh in the proliferating:apiblast dwdo(4. 25 ur d@rﬁ) GBdI\Ua‘-Sn

e Coe" e o uGARIEH pAPPORSARETRE SRR LR d s

absence of visceral endoderm Vi sceral endodermis known to express signals

he abseRce of | IFLCRMeRSepiag riy e W WillpbintlelR cslls o the Tebghoiblast

control of phwmpaﬁem&aaahﬁ 4167 d.pL& NFigiire BCYRY K7hexpresibh Wae defctté P irp tierd

envi ronnent al akeration i's cannot be achieved in ES cell EBs in which
pl uri poi ent pPhiipptent fqeliscioliowing, pro-ampiotie eavity Jormatien nal 5125 @-mg. Sulwas

fromvi scerﬁbwﬁ fer t r
cells. Acce era{%g anga%ancedbrrcgsgggbén @8 ?‘gn%%%%fééﬂ%gééewfg' HIEGS
f onnat i or ~ célugmalr epithelialshest\of charaEteristic dilpbrmtﬂd e@ddemwas nonitored by
anal ys~g express'ron of the early nesodermal narkers, brachyury and
gaosecoi d. Consistent with previous reports, brachyury expression was

hay el y d@t ect abl Thenstdel srestriction @évéﬂa.prﬁsm mndEKZeé:tprEBsnpnbm embryomic

regul at ed on da 4 ure 26) e 0| d,ex Si o | d ot be det ect ed
| 055° ES ccPlmBent eI, VRS suphale dhe pacaion; ol EPL g ipolen

brachyury aoﬁa@ﬂ%%eﬁéiaheéﬁlﬁﬁb eRedPbétiaehained) f
respectivel y on clays 2 and 3 of EPéCQ{:eeI EB devel oprrgﬂ‘t/?ﬁfgdlléltoév?\{ed g

( br achyur y) ecladenn popyationsnfther @nrye-wias sonsistentanith the iidentificatiery o EPL
Fi 26 >
(L9, 20) ol Binc Sy E E ZoN sl nEib ol Ao Jo s B B3 B

| evel s 85 peétodemme ect oderm markers Fgf5 and Cct4 (i=figure 23y. f~ 9
OCT 2002, r WD 99! 53A21 YGII AU99100265 89 Brachyury expression in ES cell
ernbryoi d bodies did not reach the levels seen in EPL cell bodies a.~cfay
~/ 4 even af Aavlefirgpt3D signalling il/EPkL cellmhainlenanee hybri di sati on was used
to detect the extent of brachyury expression w-hin the enbryoid body

popul ati ons. Brachyury expression was 5 detected ~ 1 ~6 of ES cell EBs at
day 3 and i 6% ofhéowireased levey ol differgntiatedcliolories seern insEPL T@Mcuttorex? %

(Fi gur e 260vBRoutzgaleH PiF g Senipaih: 82 Fiiies WECAduse TAEIN (JBBE AT
ta not sFigure 6) Oehggameaspsésnwet kole for BFY drPbthes! éytembsowﬂnhos“ngﬁal

i bited the expecte inverse correlation with 10 the onset and extent of-

brachyufQ eweuahsgpi30,dpdhe maiptenance of =Pk eels. i Anlibodies ta mouse gpitat(RX-

control EBsygnk, W [ e I S
wher e rresoder m er e‘?&qéﬁdgﬁ) %@ﬁ%’éﬁ%~%ﬂl’h “q%eﬂ_corrpaar'{lifon
of markers bikett,fbut nobhLifsssremyelaid deldcemic MY eslis dnd ES cBl. (laltd, 1998),\and]

bodi es unde erated differentiat rogramresul ti in 15 the
ear :\Ie? ;ppe@?ﬁlr’%n(@%w gt‘%ﬂ'g{"\f@ !?'r"ﬁﬁ%w d’&%’rselrfr‘r'ﬁl :aéﬂe%‘b
cea enbryoi ﬁ,@g{jgmo gighmmglmcg#L eeRMdidfengic@f nascent nesoder m was

nonitored by the appearance of beating cardiocytes (Figure 27A). This was
first detected in ES cell EBs at day 8 of deve~pnent (8% and increased

with tips, reachivmile3Ph YehFonhatibs was oﬁawed%n tha ;ﬁBbe eé'of '%l?ﬁ(r)?ﬁ’fsg (10

nmuscl e was observed ~ 14% enbryoi d bodi es 6,
appear ance ug’"[!)'smfeﬂlmb-EBlf) (&ngloﬂkmwmdheyaddnm&foﬁnﬁdﬂ.ll{mmm of

beat f%;" s VR G creptelbinetBB 41 Bl s compriee rzelsccliuped bR

with this p I(P e r .
TR e ?ﬁ*@ﬁ%g@zrwﬁ%ﬁgwﬁoﬂ plmdFhLFe

by the ce!ls was important for EPL cell maintenance. The addition of



Furthernore, while Nlor2.5 expression levels increased in both ES gebLTamZ
EPL ceA EBs to day 12, levels in ES cell EBs were approxi natel y

bel ow t hose observed in EPL cel| EBs t hroughout this period. The enhanced
abili~r of EPL cetEs to formcardiac nuscle when differentiated as enbryoid
bodi es presuIP®d refl ects the accel erg&ed and increased f W’@%’
nascent nesoderm ~. 9 OCT Z002 ' WD 99r53d1 PC?/ AUQIMI~65 90 The -

22{“82&2?’233 bty st LI anbories, andt P ns 6F nﬁﬁ?é‘ébeééh‘“ Fach e th
mch i gher Leved CRaeniHEae 1S de, B0RFLEFL, Sol MR Rl i MEORALF,

reduced capdemppsirating cihab rgp1atwignaling Wasr able doi restore EPL cell | stabilityo in
ect oderm der ed iineages was assessed by the presence of neurons wthin

i ndi vi dual r%l d bodies (Figure 28A)) and conpared to ES cell EBs.
Al eur ons vvere not detected in either enbryoid body popul ati on before day

: day f | | d b K
Thi s Tose to 41 C§ Syamphs soeBek A IneRE RiaiBne M IE ArtnlF. dffiuies
failed to fermum i mEdFcal édncbiratishs Bebwenalo aA6 o000 BnkeH# (ESARO:

f orm neuron n differentiated as aggregates in the presence of ret| noi ¢
acid (RA). A&mrad)mER& celemiaintenance wias acbiavediwith the addiiontal between iS50cand

capaci Ty, -t hod SiweblbOmLIE cali he bnbdh iotls 25 108 1858 iRt fhe 100D iriftrmf "
aggr egat bn mm@qfarmm@ﬁa%wgmgssed | ndi vidual RA treated ES and

EPL cell aggregates were scored for the presence of neurons (Figure 288)
and found to exhibit simlar frequencies of neuron fomation at 63" 6 and

68 ~ I eePEFbhmation oFEPL delistint Sdspéridiohitulidreence of neurons within 20

EPL cell EBs did not reflect an inherent restriction in the capacity of EPL
cells to formneurons) but an akered enbryoi d body environnent which

resulted in redusggretites)! f6me6d i GrormOTES | Teely AT YB0%PLMEDN #86 onys
nascent nesoderm and nesoderm derivatives with high efficiency, but failed
to form neutEBMs)overer compatedi iy centieb aagregates dramaES cells in the

Differenti b% | EB r(gqsc 0
mesoder m g:él ayer&wgr%ﬁ%tft?rﬁi %ot e%% ce ?s&cﬁﬁl %gﬁptf;rfld@ra Bg’%onc |noens.
This may reexpressioom EBe displayedr an doteinsl| disargahisationciel d:orﬁﬁansm torEBMSs,

n e ShochBealed dfY GhecRiinpy HithHion: gt Severd BeR 855 el oaly ©

PCT/ AU99/ Aldisfribided r&d&rﬁmﬁ agheut thé mm: ebhﬁaahsohaarwuﬁwoﬁw central area
cytok| nes/growth fa erentiation of ES cells and EPL cells. in

response t o°heeh @%M f lncEBMSs; this icentral area ofpcell daath was ¢

seeded i nt oghiMded- % d}ﬁ%ﬁ t athickne
density of at 75 cell schnQ S WZ?’E C ntegrugdkl&'rfl t épgér*eg}e‘ﬁ%aeho ss-
i ncreasi ng Eurtben the oiterdayer of exitaembryonicéndadembformead inokSreelbiEBs could

. nB 0 B osBelld, im0 Iigesh Al L BRbiR) whid ot Bt a,,

ES cell nor ltygef ferentiation or proliferation. In contrast, addition
of 10 nglmM or 10 higher concentrations of bFGF induced the di fferentiation
of EPL cells to a characteristic cell type (cell type A, Figure 17A) which

did not stain foeenbkekpn&swapmmélp&bﬁheﬁe | ire shar Ryloidisatias and h
ot her nenbers of the FG- fam |y_includi ng uman re?grrbl nant gm dic FGF (R&D

Systens; 10Ngghem blot analysis BRFBE W ER dled daysiingwituee: drippreant

FGF5 RED "%5@ dw%gbe{

conceElt r at %ng Kgb 8% g?rﬁd ndi Vi ﬁfﬁé% gﬁ{lﬂeessb\nﬁ‘? n%gg%ggg?ﬁ&t Ive
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ce | Lrentl a e or, m xe erentl ate e basis

of nor phobgelfuél':m(eeaﬂtl k‘?ﬂt“g %ﬁ‘&?ﬁﬁﬁ OngPm Q‘Ef)cgofﬂénpéa %S on

‘of undi ff er gatch Gg_tﬁﬂhlé‘iea@bb céiid ABL Stai ﬁ%g%b?ig?%af@%ﬁﬁrﬁéﬁ o?fthé le@lls i in

presence of bF The addition of bF cultures caused a marked
decr ease i nthenaggregate sadeundesgone (differentistion.r By sentrasty Qaidogxpression was

ndi cati ng. DeetEkBARGIY GEkBnER HRLCH) BiePednprSnging EabR. bidgsstiy et

ES cel | 30i nileseUEells remained pluripotent and had not undergone difierentiation. This



25 Act'rvin A induces the differentiation of EPL cells but not ES cells. ES
and EPL cells were seeded at a density of 75 celUcn2. Cells were Cl.g ;t,g#Tegunz
for 5 days in DVEM + LIF or DVMEM + 50% MEDI | + LtF respectively, o

had b dd | ' trati f nbi t h YA
(7200 nghni POBHEES' 07 TR Rogers. ;éqi nders Ned —cal  OBGAEES
Activin A 30 had no effect on ES cell norphol ogy, differenf'iat~on or B

.of ~f ti . ~ 2 0
et e oSk S i 5, BB BN S5l ..
thei r di f f epbrzhiyaly ianapprokinatelyl39% dhthe'BEBs| stggestingothani £ proportiohi ofi theA

treated wells had a distinctive cobny norphol ogy, &Fi ggure 29C¥ characterj sed
by the presesfiednihese pgoregates badundergons, BW%%"@ oRtg nascent masoderm. In

al kal i ne ph Y | : ' | SdijenCt
from cell t%gp%t'a'?cg P?r‘ia%wyy él"?@&beﬁgﬁcﬁg% ngé%ﬁg@%cg?@&agﬁsWa%@s
r ef er r edSt owithinc diiéset \aggrégatesdihaddnat undergone any hdifferentiatioanttat nascent
differentiation,cultures induced with t 50nglrr<l activin A were classed as
ES cel|) EPPeSCH®NM.ifferentiated cel|) or mixed EPUditffrentiated ceA on

t he basis of norphol ogy and al kal i ne phosphatase t 0 staining (Figure 29D}.

The proportion undi fferentiated ES cel| col onies sim |l ar, reggardl ess
of the pr esenceo-b?e axpressionof %EQQWFSW%EP?WéﬁiP Pﬁsﬁ{%ﬁﬁ"‘a on
cx~ttures r d Ene ] ' | atho dsagked
decrease i n&flﬁeﬁ'pfgg%’?wg?%%%@egr@gﬁ ?rﬁ)i.as 'Prgaﬂgszgf 0 g{%i an iaean

i ncrease i nhomogenequsiy throughout thencell layer; indicatipadthat dhe rpludpotent atells #v om

capabi | 10y b8 GBS cpbreshFiecs LFGHTcopuElieh, b6t L€ mien pc
|| but iondérgone e neamsition ic-form EPLasslielprimitive eptudlergy, Iy Contrast, Fofs
expression, cytokine responsiveness and ability io contribute to chi naeras

fol | owi ng LPEIESHOR in EBswWas BAtereaengous- 2) . ES cells were diften3ntiated to
EPL cells by culture in MEDII for 2 20 days, before passag ng into nmedium

I ni LIF f d EPL |l EP . Enb i d bocfi
Fom-od 1 om eacreR)BoLARRlERe el FUVA SxBBtIPd IIoh EBRIMA SEME SUPPEred e on
o phol gy IR oh e i Sl analg (PRl B, ATLBYE EBMche ERPipsRn pas
EPL cel 15 EBshqracigised by high ldwels ofoDcidrarwh Fafaodingnastic fop fprimnitive yectgdemn.ES
d EPL cel -( Fi 30A).. ' i i | '

Gescri bed (BN pRfeSspt  HAtlHsHe 15! et Phéobenth, Soia.nbt el ofidiod,
to that obsggvedl {EBs Eﬁgﬂehéedffb)r_a gé ok genes scavisisteht ovithl e forrhation sofon
day 4 of develognent and _not at high levels on day 2 and 3 as described for

EPL cells. ps celbtyn8S:  which failed to 30 give rise to visceral
endoderm EPLR EBs gave rise to visceral endodermat |evels C~ 9 OCT 2002

WD 991yl 93 PCT/ AU99/ 00265 ~nparable to ES EBs 1 ~6 and 46% .
respectively), aBr%mm%ma%ﬁemrﬁsww ?tPlf‘#Q%ﬁe@i that F'bﬁ?"%?%'r'@s%@ﬁi L&
| ysi ofw,’ oA 'QW e EﬁesE ggﬁy nrfiive 8efdoderm
%i zatg?j t hat r\eﬂver5| on %1? E?’ﬁ t'o EPE%@Q?I sﬁB\)\k/gs acxf)ﬁgam e% by to
rest or at i onexdraembyyonisy eéndodermeite otifferantiateds celisd comitlice detesteds EBMs

il ar a f Porany o ARG BoplRlithiIX ool hiyalertth KL chil i ehiiydiie” °
(Exanpl e 2) prismitiversctoderm. Control aggregates, developed in 100 units of LIF without
MEDII, did not develop as EBMs demonstrating that the alterations seen in
25 pluripotent cell differentiation in the presence of MEDII could not be attributed to
the low level of LIF present in MEDI (data not shown). .

Summary

The data in this example demonstrate that'the conditioned medium, MEDI,
contains a biological activity which directs uniform differentiation of ES cells to an



Conparative analysis of ES and EPL differentiation confinr~ed thE 0
piuri poteM nature of EPL cells, supported the identification of_ PQCM[I g
as 10 primtive ectodermice) and defined ES and EPL cells as

devel opnent aaé di st ~ct popul ations on the basis of attemate differentiation

capabiliti esWaI#S¥bwt h fact or responsi veg ss. I n conbi nati oPGHAYPIER26%,| e

2) this indicates that ES and EPL ceps ha ~sta~ct .differentiation
capacities bogth i.n vitro and in v'rvo. The products, of, and. EPL cel |

di f f er ent i aBReRalive Haple Rt ‘Eﬁ!‘cﬂ%"ﬁ@'ﬂ&f‘f’@ﬂ %‘VFPW%W%@W 'ﬁﬁ)ﬁ' of
ecBoderml gpd SBROIEPICeliiChBle REHied aliniel blbAaH refiled 1B del8 diahERéany

of the extraenbryonic I'ineage visceral endoderm EPL cell enbryoid body

formati on t pemitiver ecladenindbased omegenel @xpgession andemorphelogyt i the dransition

pl uri potent,ce i absenc f visceral, end [m an i.nd i Ve.
'signal s pan'ﬂE'eNE$8° mi @e?%?d%&mﬁ oﬂ]{erg a@ﬁ%ﬁ"&??%k%%@c‘ﬁa%ﬁ#@ﬁm
opporturg~t rogatey)t rol of pluripotent cell -differentiation including
directed lineage c differentiation. - a methodol ogy for efficient

progranm ng of pluripotent oea differentgpAMPLE2 a resoderrnal fate by
differentiation to EPL cells 25 foll owed by formation of enbryoid bodies or
treatnent with nmesodem- i nduci ng growth factors/cytokines. [~ 9 OCl 200ar
WO ~9/ ~3621 0 esent Mz Sinfiéiich t bR t rm
and nesoder ang]%ml‘?g}erggﬁgn%ﬁ&erl vat |§v'§"s&by"gi rect eéﬁgiBPPg?e‘r)lﬂh t |tt)!§1i€o‘£1i‘gha
pluripatentstatess in vitro The use of factors within MEDI | has enabl ed the
devel opnent of a strategy 5 for the production of a uniform popul ati on of
pluripotent EPL cells ~ vitro, either as colonies in adherent culture or as
aggn~gat es Matexialscamsd Methodsr esent ati ve of prinitive ectodem-. Further)

the failure of EPL cell enbryoid bodies to formthe instructive cell type

vi sceral endoderm and the responsiveness of EPL cells to inductive signals
that doi@ot di f f Aleselisaard HiSsue| cultuve dechinigues weneoas (descyibedrin1Bxamnple t1

control of pturipotent.cel| .diff ntiation. ~ ~ ln, this e we
denonst r at e_Bf"ﬁﬁf natse: §+aéﬂ‘?| ag'ﬁn S pyVere dBY%‘Kﬁ‘EﬁLY é&??@gggn !_”_B'Q_.e cell
control | ed shspérisich bf EPENGEIR! iRt feditnm RONEIRGEFODT Bkt 6f RIF MR dbsence
enbryoni c gens ~iayers, notably ectpderm apd nesoderm These germ | ayer

y {
el | s” can beo{MEDY at adensiiypbi 2 x 30" eelldemferenti ated derivatives with
potential for 15 commercial) nedical and agricultural use. Specifically,
mani pul ation of environmental stinmuli, such as alteration of the.
extracel | ul Blastoeyst mectiont he additi on of exogenous soluble factors, can
be used for efficient and programred formation of a~ematnre germ | ayers.
Furt her mani pul ation of _the environnent w-l enable the directed fonmatfon

of indi¥Pdual ccFB and &Rl sells yyarerintrgduced 19 dme CBAVGST 2 Rlpstogysts using

product i on Q{aHﬁQ {ﬂa@%ﬁé{ . F%'gg‘ Ef é%ﬁrﬁhb 0 g nﬁg tes.

Exanpl es of |sﬁ;!‘;1 rat egy g‘r’éea‘%ﬁ? fne 'I%{ws teriqalsg&gﬁg' t%’ods Cel |

culture conditions All cells and tissue culture techniques were as

%cri bed iF & 1 and 25 6 unless otherw se stated. Lineage specific
j I on:

ferentia rmati on of neurectoderm For the production of
neurect oderm EBMs {Exanple 1 ) were collected on day 4 and resuspended in

DVEM + 50% MEDI | giiiddieOPhdéphifiy iscmeritelGPahalyshk 6 Blot8%nd tissues was as
described by Bradley, 1987. Blood samples were collected from the tail. The
20 tissue samples analysed were taken from the brain, eye, femur, heart, intestines,

kidneys, liver, lung, muscle, stomach, skin, spleen, tongue, thymus and the ovary
or testes. Tissue samples were prepared by freezethawing and by

homogenisation.
Results

25 EPL cells seeded and cultured in medium containing LIF, but not MEDII,



wo 99m 95 PCT/ AU99I OOz63 (Sigma) in bacterial petri dishes and naintai ned
for a further 3 days. Cellular aggregates used for the analysis of qm}e 0
expression by in situ hybridisation were subsequently seeded forL~§6 2@

(day 8) ont culture plates pre-coated with gelatin | i ng
W th 4%PFA‘\9 é%%i#F aggregates 5 were [3 cell EBs forned f?%#?gghgg??s I n
DMEM in the absence of MEDiI. Cellular aggregates used for the analysis of
gene expr yhr

deeded oniaotsctsned 16 B0t B ERIHRE (IO, rbraholaly e fhfed b el

G bco BRL)rever&Qﬁﬁ FCBurthbt,cthe withaiawal lof mamumm/aaecbma of 30F50from

DVEM Fi 2 supplemented with I TSS (Boehr| nger Mannhej n), nmM L- gl ut am ne
and 10- 20 eRiablished ERbi eelh colomas, resulte gtj}eegqm@mepé a threpnémona
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differentia assays assess e abifrty o rnne rom ’
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mesodermal || neage has been achi eved using several simlar proaches. From

EPL cel | s igtnmedius comtaining: kit alonetior & dmomm!semm&s @dwibﬁewem

Exarpl o 1.7 0 Shpreitin dngtiob x| Rxbtibsin” 38uinrRbie b Me Bopd Birekiy "
seededi@t profilersbseyvet inlES cbllb amell distirvt fiovh the e! lkaés%iorpbﬁhigh levelksaofnFgBL

cell EBs as described in Examp . From EPL ce s forped in suspensi on

(EBI\/B) Eranction levelsoot Hexd 'aéhemreatsl EE4: egfls: e Thesedata;indicatactthatJhe
ggl Itusﬁsp nsi on and ‘f%}gé’g@ggtppg% a%“?‘p?@h?ﬁémﬁﬂi“m 10
ngl M FGF£ES cell /genmmo??wr??? aTIg)eae idaja anlféw?DOStr?t_eg a :mireoegtn;mgm
991y21 P .

ool on MED) Toladtyibe Sspaniishery ang iaplSfutRBor BB ee hatdciehiatet T o

bacterial grade petri dishes at a density of 1 x105 celUmM to allow

P9t e R e col ICRRHUERY 0 BBits HerR BB A eyl PO S8 VBB o

i n | scovesva®riof acconddduence’ of resitiuainES ol )withifo EPD) celi0populatiohs aSEPLDI ¢
acid, and 4.5x10 M m/noth| ogl ycerot (MIQ) SL_plill enent ed emo??] 400 Um |1L-3

(court esy Gsfiscgrown 9&)’3 mvngdivggantaiping, NEDIH byt without 29asa s WalRan
M CSF ( R8-ddebild MiEﬁlﬁ—'l‘iF'i@ 6&ce‘59loﬁal ??"LeéelPéOISﬁQ% CPWb

type were score?‘as co ta| ning 5 or nore crop a positive) or |ess
than 5 rramhmsa\ye@ expanded irv MEDELIFs overr 3oveeks Qrelsaﬁdmgmte mediwnt ed .

mor phof oy NG, mEIE 5 b MERRPLIES | TR, rebERERLOR s R pfResatfor

sta:]I ni ”?9?1“ rémmben;ﬁﬁmeoellts m@dmelaadiatéd:b%brﬁwemg?raaa) A high
on pr essi on a 'S EexXpressi on ana In situ
i di sa el BB alh JnRRIGENeS GNAINERhOsANAIsSs PObIE Gjonies

descri bed agﬁ, Aflfliréd Sedbed’ S
for whol errvg'g‘nt I n si tu’bp gnsat | onéwere geﬂﬁg?a;'ﬁ c?m le:]rglgngﬂglg%ﬁ
(obt ai ned werennok semnbiim mveunu@admnhm mohtEDl)-rthnaadicabug\A/Bﬁm@arrEtl

and tr%s%vg,g%n%'t&ﬁ;m&wg ynerase (anti-sense) or linearised

Reverted EPL cells, but not EPL cells, contribute to chimeric mice following
blastocyst injection. -

Pluripotent cells from the pre- and post-implantatian embryo differ by the

ability of the former but not the latter to contribute to embryo development

30 f{ollowing blastocyst injection. ES cells retain the ability to contribute to all
embryonic and adult tissues. E14TG2a ES cells and their EPL cell derivatives



with Hindlll and transcr~ed with T7 RNA poi yrnerase (sense). Antisense Soxy
probes for RNase protections were generated froma plasm d cont aiggizd@[ 3002
-.450 25 by Xhol | EcoRl1 fragnent fromthe Soxi cDNA in plasmd

subcioned into pBll KS+. The resulting plasmd was |inearised with Kpnl and
transcr~ed wWWRYB®NA pol yrer ase. Sox2 prgbes for use in in FGTAUN0265
hybri di sati on were generated from pl asm do2t 015 (obtained fromDr. Robim
Lovel ~Badge, N MR Londonzw_i i nearised with Acct and transcribed with T3 RNA
poi ymer ase Wereglested Jop their abilgy 1o contabute, ¢ drmerig, mice whsp dpjegted into
~neari ssed gRAEF zqggs@E?g‘gr' T r :
anti-sense éz r~0|c|'):ro e 1o usmé?ﬁr?héﬁigﬁ% g?‘é%ﬁ?o%p@mé%’?ggﬁ%artgtégc}o

f rom ~bx2c7.nhoysi xispringtwas assdss@d) by icoaticoloent contlibution amadd G carsaiysis aof

ith T3 RNA I . 5t ' I cat., ' ded |1yl
\émggr egat es \@?O%‘X%P"tfgﬁssepﬁsﬂ%@%éﬁg‘?%@??ﬂc g"PﬁpeﬂBéngds §§$5l§pg&erﬂ r??t%«ra% of
appropri @ e ihjesten blasiveysier(Thble 2 MéGRrdt) E9TE2VdérRsd EPL BERE Frowh in
w th primary antibodies”in blocking buffer at 4C. A r&g'ates wer e then

ri nsedhvvi thM &dded LiF daradand dydays:susbothat E; bgene @xprassion was 1
~t0 . - cani i bodi es,
gl 1 vas. adRapiisbb{, bl SBNTAE P BhRiera Il 8 ase 880 Y I cBiowr of

f1 uor escencdhe N3 tang 50kiive bonb Wuper respectivalp (Tadly 2)) GRD/analysi\of blobd
Triton X i g%ggl PBS. P |maré anﬁ;od\ﬁ, De\‘el ﬁg,rrent al, Studies Hybridoma
Bank, refer priakemirom,2Q ot dhese Mice @iso failad o detect sy, rentribution fromy -
FlTe : . ' _ ' I :
concent 1t SpE 19 SIS AQaIeTBIES o8l (e faken ol WhG MR aRb fied to

i ton, X 1cktect ancEPRrdelisgontributiono dihis Souidi nGhbe éxplained, bysadvése effectsat

' tratj f d:20. . ~qdy; Ft T ' ted rabbit ..
Seoncent ol ok 80 o Vb o RGO eclobigs SEBb a5 g vor
det ect ed by pupdiwas tormparabi frony Blasiooysts dnjedreiwith €S biliRahareERio sells fable

Primary antibody: anti-neurofilament 200 (Sigma i mmunochem cals N 4142)
used at a di@¥ution of 1:200. Secondary anti body-. Ft TC- conj ugated
anti-rabbit 1gG (Silenus) used at a dilution of 1:60. Results 25 Progranmed

formati on of ectqder , heurectodermal and peural |ineages by piuripotent
cel | dklf‘érentiat?'gwgﬁl-\ﬁeﬂ?(S's I%g‘QBF ing biastocysh iniagtion; experiments Wore, +

50% MEDI | f %véné@?zxchﬂure in m@did dohtading LYP, b%ﬁ%%ﬂb@g%ﬁ%@4%M

suspensi on culNure anple 1 ),. were naintal ne

+ 506 MEDI | Theserceligieontitaned fto rerabryonichdevelopmept im 3606 (@A) and. 63%dER) of
t hese condi DI ' 0F3 vel ' . | ul

agor sgat os A0SR IIBEEH Fabfe ok, CPIHITYER S GBS art diseB st Pligs taken
epi t hel ital ::r{amgane 255 (;gfpenty;lvely, lafm)e gﬁitmwc hﬁqerr]genee?jtedob?iﬁgwedehed EPLf
aggregategs Cugure 0 al on ut wer ennanceq,.l e resence O
Fora. ridiby EBfis | gslablishag, WerA phieAp contrinide) 1o nesopermal,
observed onlgndpaigfagi &Rd Légu?dggﬁt%& %H?ef%%’l%a‘bebh@ﬂﬂ@%iﬁ%uées not!

zells within the body. T o} s wthin these |ayers was tested

anal ysi s shown)e These gpixindicated that thesES tot EPLicell dransition esultedrineels of
di tic f ' . F [1S4:0f '
el T hybeMpr e bt b, Feflediod e ot prES Get ChCRUERE
('\Z/lé Bulr e+; or G:béllb,gw Wg‘fm déveloprment Wde?i i?t;uduimck inte @H{iﬁt It?l?sto@fl\/l Fhé0%
L(Figure ressiqn o e, pluripoient cell marker
Ooot o aahity sl averiad Bl Gl eRntnbyiey t himere, devaiopment muodesissbat
celI's vere mgs 1854!ir B -foﬁsiagmﬂnw b§ EPE TS GaAn'RGt wglltﬁwefd %! aDigss 'of

situ hybridisation) denonstrating that these structures d not contaln
nascent mesphyipotence om&PL cell foanationkpes of nesodermmat nor phol ogy ooukf be
recogni sed within the aggregates.

Summary

The ability of EPL cells to revert to an ES cell is consistent with the
30 predicted and demonstrated behaviour of other pluripotent cell types, such as the
formation of EG cells from primordial germ cells (PGCs) in culture, and supports



SoxJ is first expressed by the neurectodenmNneural plate in v'rvo and b¥ ﬁi&
20 undifferentiated neural cells. tt is not expressed in cell tyggg oC 0
mesoder mal or endodem~al origin. Gbx2 is expressed in the primtive streak
then in th todermprior to neural tube closure and s Hﬁ@% at

t he rnidbr§$ggﬁ&§gundary. Sox2 is expreﬁéed in the neurectoﬁ%ﬁﬁﬁa #ét
neural tube closure and persists until Termnal differentiation of neural
cells. 1ngsi VWL b el Al e e A i f SoxJ
by coi s R Aplol Pl EFL ol aRERBRBbieR  Fubb R BVERIOTIERES fyfipe
suggest edist dpiedidied dehluré b printitivie eCiddeym! s conbiation withdhé denonstated

equi val ent to neurectodern) specifically early neural plate -around the tinme
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PCT/ AU99/ 65,99 32B) on, days 8 n . Sox7 expressjon was detected
1 or oat cEPLIERIS e B ek 8828 SubsHalia oree: SnaTahin I, calb By o by
expr essi ogedificrenfifition or PNersforr oportion of cei~ ~ each aggregate. Soxl
expression 1 ncreased on day 9 and 10 of devel opnent, w th approaching 100.6
of cells within each aggregate 5 expressing Sox7. Simlarly) on day 10 the
majority of cells were al so expressi nw rx2 expression was observed
e

in a proportion of cells on day 8 of vel opnent and was down-regul at ed. on
days 9 and 10. This expression pattern is consistent with identification of

t he cell # ' o0 ¢ j i f j e

col 15 as 'sekion 8 EVL i BSSCER st inirfonE ind 18 Wrc-SGEl cimithie s, |
(B guto 3eé&todémma not shown). Nestin, an intemedi ate filament protein
expressed by undifferentiated neural stemcells) was expressed in the cell

| ayers at days 8, 9 and 10, simlar to Soxi. NNCamis a marker expressed by
al ! neur aintroduetiprs, i ncl udi ng both undifferentiated and differentiated
cells. N-Cam staining was detected throughout the aggregates on 15 days 8)
9, and 10) with the nunber of cells expressing NN-Camincreasing to nearly
100% N- Cam weBxisting gueeddiresh and tbltureeicbntitipns shavel failedi tof suppbrtatha
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pr ot ect i OgnyiiiiniTialiaf’ sSEdies. X SuESEIshl) mtﬁgu%ﬂammbf@y@&gﬁfc "

EBMs were programred to form neurectodermin t presence of

and F§55 collsr andicell fineguiromatme primitiversectodem dwanlds pgmdeeelm iatteppalive
t
coll 50" oneletiel, £ e B of Bipaled dhabtig PhrpBidndio Wi B95iaL .
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denmonstrated that the bw O-¢ct4 transcription,was not expressed from
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RNase protection in aggregates :~ 9 ~~ ~ 200 ' WD 99!530Z1 FCT/ AU99100zZ65
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an ectodem-al an urectodermal fate by factors withip MEDII.. 5 The,
et odenndPmBBI: < 10 B EAmPTe e Woguss i SavalRprt e oh meerolog Whidtn

25 utilises the biological activity of MEDII to isolate and maintain pluripotent cells from

primitive ectoderm.



exhibit a tenporal pattern of gene expression equivalent to neurectodermin
vnro, with progression froman early neurectodermal cell type eﬁSVﬁQFn%ggEo
neural piste, to a |later neurectodermal cell type present after

cl.osure. In the enbryo these cells are precursors for all neural |inea9es.
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isolated from EB derived primitive ectoderm in either the presence or absence of

LIF, but was dependent on the presence of MEDIL.

These data indicate that MEDIl can support the maintenance and
proliferation of pluripotent cells from the primitive ectoderm of EBs. The
30 pluripotent cells isolated from the primitive ectoderm were equivalent to EPL cells
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Successtul isolation and maintenance of pluripotent cells from the primitive
ectoderm has been achieved from embryos collected between 5.25 and 5.5 d.p.c..
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The role of MEDIl in primitive ectoderm maintenance in culture was
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25 pretreated with collagen IV in embryo culture medium + 50% MEDII. Explants
were maintained in embryo culture medium + 50% MEDII for a further 2 days.
Explants at this stage were usually comprised of convoluted epithelial sheets
(Figure 12B). Explants were then cultured in embryo culture medium in the
presence of LIF and absence of MEDII. This resulted in flattening of the sheets
30 and adoption of an ES cell like appearance (Figure 12B). Analysis of these cells
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" The demonstration that cells equivalent to EPL cells can be isolated and

25 maintained from embryonic primitive ectoderm cultured in the presence of the

biological activity contained within MEDII provides further support for the proposed
similarity between EPL cells and embryonic primitive ectoderm.
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PCTI AUDIP00265 S#IEM free MEDIE (SIMEDIN) wasasac@y 8 squrce of e ploldgjealliactive
L Lo BB Tl g RIS NE sl N BAB G S o EPL co
PCT/ AU99/ OOaisition- ina: manRer argdogsurOtAMEDN (Example 1; data not shown). To
produce sfMEDII, Hep G2 cells were seeded at a density of 5 x 10* cells/cm? and
cultured for three days. Cells were washed twice with 1 x PBS and once with
15 serum free medium (DMEM containing high glucose but without phenol red,
supplemented with 1 mM L-glutamine, 0.1 mM B-ME, 1 x ITSS supplement
(Boehringer Mannheim), 10 mM HEPES, pH 7.4 and 110 mg/L. sodium pyruvate)
for 2 hours. Fresh serum free medium was added at a ratio of 0.23 m¥lem? and
% the cells were cultured for a further 3-4 days. SIMEDII was collected, sterilised
20 and stored as for MEDIl (Example 1). Large-scale production of stMEDIl was
carried out in corrugated roller bottles (Falcon).

Cell assays for EPL cell-inducing activity

Morphology based assays to test the EPL cell-inducing activity of purified

fractions were performed with D3 ES cells. Assays were camried out in 2 ml wells

25 (Falcon) in a total volume of 1 mlwell. ES cells (2.5x1 0? cells/cm?) were cultured

in the presence of semi-purified fractions and scored microscopically for EPL cell

morphology alter 4 days in culture, and macroscopically atter 5 days jollowing
staining for alkaline phosphatase activity.
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was achieved by drying 1-2 pg of protein onto a 2 mi tissue culture well. ES cells

were seeded onto matrices at a concentration of 2.5x10° celis/cm® in DMEM

supplemented with 1000 units/ml LIF and 10 pg/mi L-proline. Cell morphology

10 was assayed microscopically on day 4 and following staining for alkaline

\:) phosphatase activity on day 5.

The presence of proline in semi-purified samples was detected directly by
thin layer chromatography of samples on 0.2mm silica gel 60 Fzs4 plates (Merck)
in 80% propanol followed by staining with ninhydin.

15 Protease digestion

250mg Collagen IV (Sigma) was digested with 3 FALGPA units of

collagenase type IV (Sigma) in 50 mM Tris.Cl pH 7.4, 100 mM CaC1, buffer in a

final volume of 10 ml and incubated ovemight at 37°C with continuous mixing.

Digested collagen fragments were separated from enzyme and undigested protein

@ 20 by ultrafittration through an Amicon Diaflo YM3 membrane using a 400ml

ultrafiltration cell (Amicon) at 4°C under nitrogen pressure. The eluate obtained

from ultrafiliration was passed through a 0.22 pm filter and 1.5 ml aliquots were

lyophilised and resuspended in 200 pl water. 4x50 pi of the resuspended filtrate

was applied to a Superdex peptide gel filtration column equilibrated in water and

25 connected to a SMART micropurification system (Pharmacia). 25 pl fractions

were collected and assayed directly for EPL cell-inducing activity in ihe presence
ofR.

For trypsin digestion of the large molecular weight component of the EPL
cell-inducing activity, 80 pli of R, at 3.6 mg/ml, was digested for 1 hour at 25°C with
30 100 units of trypsin (Difco) in 20 mM Tris.Cl pH 8.5, 20 mM CaCl.. The reaction
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000+Pr o- gi ygpRrbysttbref88 ‘on R Aldlcing SDS polyacrylamide gels as described by
Laemmii, 1970 and proteins were visualised by silver staining using the method of

. ) 10 Heukeshoven and Demick (1985).

For westem blotling, gels were washed for 30 minutes in westem transfer
buffer (39 mM glycine, 48 mM Tris.Cl, 20% methanol, 0.037% SDS) and
electroblotted on a Mini-Protean |l apparatus (BioRad) in this buffer to
nitrocellulose at 400 mAmps constant voltage for 3 hours. Filters were blocked

15 ovemight in PBT (0.1% Triton X-100, 1X PBS), 5% skim milk powder. Monoclonal
antibody 3E2 (Sigma), specific for the EDA region of cellular human fibronectin,
was diluted 1/1000 in 1% skim milkk powder, PBT and incubated at room
temperature for 2 hours, before incubation with the filter for 2 hours at room
temperature. Filters were washed 3 times in PBT at room temperature, then

20 incubated for 2 hours at room temperature in goat antimouse alkaline
phosphatase antibody {Dako) diluted 1/10000 in 1% skim milk, PBT. A 20 minute
wash in western buffer 1 (100 mM Tris.Cl pH 7.4, 100 mM NaCl) was followed by
2 x 20 minute washes in westemn buffer 2 (Tris.Cl pH 9.5, 100 mM NaCl, 5 mM
MgClL). The reaction was developed in westem substrate mix (10ml westem

25 butfer 2, 40ul NBT (75 mg/ml in 70% DMF), 40ul BCIP (50 mg/ml in 100% DMF))
in the dark and stopped by the addition of 10 ml Westem buffer 1, 100 mM EDTA.
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Soluble biological factors within MEDII are responsible for the ES to EPL cell
transition

SIMED!I was separated into two fractions by ultrafiltration through a 10x10°

5 M, cut-off membrane (Centricon-3 unit; Amicon). Both fractions were assayed for

EPL forming activity (Figure 14), defined as the ability to cause the complete

conversion of D3 ES cells to alkaline phosphatase positive EPL celis in the

presence of mLIF. ES cells seeded into the retained fraction (>3x10° M,) at

concentrations equivalent to 50% MEDII did not foorm EPL cells, although there

@ 10 was an increase in the size of the ES cell colonies. ES cells seeded into the

eluted fraction (<3x10° M,) at concentrations equivalent to 50% MED}I gave rise to

an array of colony morphologies including ES, EPL and differentiated celis. The

presence of ES cells and the higher proportion of differentiated cells was

uncharacteristic of the ES to EPL cell transition, demonstrating that the eluted

15 malterial alonga was unable to induce EPL cell formation. Seeding of ES cells into

mediuvm containing both the retained and eluted fractions at concentrations

equivalent to 50% MEDII resulted in uniform EPL cell formation, equivalent to that

seen for sSIMEDIl. These data indicated that two separable biological factors were
required for the conversion of ES to EPL cells.

@ 20 Large scale preparation of R and E fractions from sfMEDII

The starting material for purification and analysis of bioactive factors from

MEDII was derived by ultrafiltration of sfMEDIl over an Amicon Diaflo YM3

membrane using a 400ml ultrafitration cell (Amicon) at 4°C under nitrogen

pressure. The retained fraction (R), >3x10° M,, was used immediately or aliquoted

25 and stored at -20°C. The eluted fraction (E), <3x10® M,, was used immediately or
stored at 4°C.
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provi di q% Purification of the low molecular weight component of the EPL cell-inducing

activity

220 ml of E was applied to a Sephadex G10 column (1100 ml bed vol,
110x113 mm) equilibrated in water. Elution was with water at room temperature at
a fiow rate of 35 mVminute. Fractions of 45 ml were collected and a 1 ml aliquot
20 of each fraction was lyophilised. Lyophilised fractions were resuspended in 100 !
of water and 25 pl was assayed for EPL cell-inducing activity. Activity was
detected in fractions 6-10, 19-25.2 minutes after injection (Figure 15A).

Fractions 7 to 9 were pooled, lyophilised and resuspended in 1 mi of 30:70
methanol.acetonitrile. Samples were centrifuged at 14,000rpm for 10 minutes to

25 remove precipitates and applied to a 10 mm Waters radial pak normal phase silica
column (8 mm 1.D.) atiached to a Waters 510 HPLC machine. The column was
washed with 30:70 methanol: acetonitrile at a flow rate of 0.2 mV/minute for 15min
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cells, said condihe dractiomsdotirhighestudctivtya flono| nosineail phaset chroratagraphy,

according to_.an e of al 1 to 5 12 net hod f.or, .preparing an

ext r ace! | uIEEtWRED A2 35 Biriles, wee Hipptiinde), TERuSpeoaBY B0 L WA he 10
any one of |ffvdsappliddPtda pEsite el filfratich 66lUPHIP (PRaRBacig) toAsesteded
fromthe group consisting of hepatic or h~patoma cells, hepatic or

pat ont0 dela SMABY micropufieatipp-systen (Rlaarmacia)eand equilibrated in water at 5
.S ~t ~ =~ T i | i t
corTs i n ¢ oo fofpefifre; | The collfin e cittect bnT ol et i Aol Bl d°25,
fﬁr a It : me mldmmufa eﬁguteﬂﬁm)d]pddza hﬁsamplea:adembauemadr iYhisawds_sgpaat:d 89
the cells cult medi um from suppor.t substrate to,provide the
extracel | uﬁﬁ‘r”e PF’E‘" %g}eAsﬂ@Pf?oﬁ"a%%ﬁ'nwwdéPLPm'Hgﬁ\mﬁ’@iW?d

celI's or ceditectly 16r Bioachivtyewhied ﬂd@ﬂbwm&rmmsémmg&pﬁmﬁnWawpmm

nouse h!e)é)at ocellTular carcinoma cell lines) primry enbryonic nouse fiver

cel I's, Prirerfs-Gtiminutesafierinjoationdala singler peals or severakeloselyaluting peaks (g
human and MRESEKEE, 'PEAR 105 The Predidfdd Toldctldriwdighit of the active fractions was

<700D according to the elution volume.

Characterisation of the purified Jow molecular weight component.

n Fraction 9 from the Superdex peptide gel filtration column was lyophilised,
(Q 20 derivatised with FMOC and OPA and amino acid analysis was conducted with and
without hydrolysis using a Hewleti-Packard Amino-Quant Il analyser. Resulis
were compared with a conirol sample of non-conditioned medium subjected to an
identical purification (Table 6). The amino acid alanine and the imino ackl proline
were present in abundance compared to the control in both hydrolysed and
25 unhydrolysed samples. This indicates that these amino acids were present within
the purified sample as free amino acids and not a peptide.

L-proline (3 x 10™*M) and L-alanine (3.9 x 10™*M) were assayed for EPL cell-
inducing activity. L-proline effected conversion of ES cells to EPL cells in the
presence of R in a manner indistinguishable from the low molecular weight



cell tines. Y 004149482 ~; 9 OCI 2002_ 125 14. A method according to
Claim 13 wherein the cells or cell tines are selected fromthe gr ug OCT 2002
consi sting of the human hepatocel |l ular carcinoma cell fine Hep 622( TCC

| -! B-8065)) se hepatocel lular carcinoma cell line He =
WSt Fernfbinds o

(ATCC CRL- 2 ) 15. A nmethod accordi to C aim14, wherel
cell Iine are of the human hepatocel lul ar carcinoma cell line Hep & (ATCC

HB- 8065) . | s - i -
di ffer e)nt i %‘?%Mﬁ{%ruéf i %ﬁﬁﬁﬁ'@dﬁ?ﬁggﬁﬁﬁ '@f'hg%r%?%’f and Fglp and
sai d extr aBek} expression reporited|in @xagple di (Watginobshywa).t L adartine thad re effedt ng

to any one of., Cains 1 tob5 1.~J.17. A hod for partially or
substantiaWk%ﬁﬁésf'?i'%pwﬁé’rrﬂQ%GP i ght component of a

biologically active factor capable of influencing differentiation,
proliferation and/or maintenance of Iéri poﬁﬁe;nt cells) sai?? met hod

i ncl udi ng pr oviAfdition of J& M Lopralinedto ESyeelininthe absapeef R Jrpwiird,in ais é

hepar i ng af £ LyQi h ' y
uppor (3 - aneiehinerBBl: FREOEBR omhing sbrif AR HANMACHRSH SRS
of sai d | aogEPL cellseCThenadditiophof Rowas metessatyhior vonipieter and didmogéneous

Ehr omat og\rl\éﬂ:y ﬁggfg%r,t to produce a first fraction; 2d contacting said fast
traction cg hoR- exchange chromat ography support to produce a second
fraction; and contacting said second traction with the gel filtration

chr omat ogr aphy support to produce the partially ot substantiall rled
| ar ge nol ecul ar' e Pm gnfnolag .°eRtWé'Pﬁ08¥aB'P PRI WESt @'é‘gﬁﬂl

wherein t f‘@p;ﬁ@%el?fw‘iﬂ.dﬁér&ﬁid@' SSiiteRtraliBh &7 bidlogea Kisays was ftind ® | Y
rified biologically active factor according to any one of "Clains 1 to 5,
&ondi@i dmao&&ﬂi um according to Claim 11l or an extracellular matrix

according to Claim16. 19. A nethod according to Claim 18 wherein the
heparin , affinity r 004149482 , , 126 chromatography support is a
heparin sefe of paplive| analogues: and roline-containingcpeptides on ES and
support I}?‘ﬁ# rose 6 gel filtration colum. 20. A nethod far partiallty
or substa I ggpurifyi ng a | arge nol ecul ar wei ght conponent of a

bi ol ogically active factor capable of influencing difFerentiation, 5

proliferation A j a ugiogt ent..cab Ls, . saj h
i ncl udi ng pr vaiﬂ'lgﬁvgé ﬂWal&BLFé]s r?gﬁol%d Wo Hab8 ﬁR)tlmg‘ﬁkE b.o%@&n%&“% &ﬂer cell
systems and proline-containing peptides were tested over a range of

15 concentrations to assess their ability to form EPL cells from ES cells in the

presence or absence of R. Results are presented in Table 7.

The proline analogues D-proline, trans-4-hydroxy-L-proline, pyrrolidine, N-

@ acetyl-L-proline, N-+-BOC-proline and L-pipecholic acid'(PCA), had no observable
eflects on ES cell growth or differentiation in the presence or absence of R.

20 Sarcosine, l-azetidine-2-carboxylic acid (AZET) and 3,4 dehydro-L-proline
inhibited ES cell growth at lower concentrations and caused ES cell death at

higher concentrations without inducing EPL cell formation in the presence or

absence of R. These data point to a structural requirement for proline activity in

EPL cell formation that is distinct from that described for other proline bioactivities.

25 The proline containing peptides ala-pro, gly-pro, pro-OH-pro, ala-pro-gly,

gly-pro-ala, gly-pro-arg-pro, val-ala-pro-gly, gly-pro-gly-gly, substance P free acid
(arg-pro-lys-pro-gin-gin-phe-phe-gly-leu-met-OH), substance P fragment 1-4 (arg-



a source of said |large nol ecul ar weight conmponent, an ultrafittration

menbr ane an ani on exchange chromat ography support, 10 a hydrophobic

i nteraction chromat ography support, a heparin affinity chronatogfa®hQCT 2002
support, and a get filtration chronmatography support; contacting the source
of the | argeWeIP8¥a1 ar wei ght conponent with the ultraf orati BAI/ABYNOS t o
obtain a fraction with conponents greater7than 15 approxi mately 10 kD, -
contacting the fraction with conponents greater than approxinmately 10 kD

wi th the anproriys-peoangd: Bradylinio (3roxprorprarglycphe-ses-procplve-@arg; datenotishewn)on;

gﬁpgﬁgt :93?;1 frv,,qi ?Fﬁr?r‘g% %ﬁﬂ@g{?&ﬂg té%édqﬁ?’%%%ﬁ?* E?ﬁ%ﬁﬂg%"ﬁgatggpgar
o | ool conténtirsTort:prln (Tale 75 epeptcs piosaa e g et g

filtrati on RRrGheRradn dhepresenns of Rovere alseable to papse ihe copvemsinobESitar | v

purifiedgl I rw%',g fogalyse] t : | i m
20 V\hercej?na%ﬁgc%?gﬁe* %fasal szgrge %@C%@x@tﬂgﬁﬁ%%ﬁéﬁﬂaéygﬂ
partial |y pprolifie Talile?)ogiThellagk af coneldtiont betweencthei spedific aclivities and the
Clains 1 to 5) a condjtioned, nedi umaccording to Gaimll or an

extracel tuI'RPzﬂ'ra?Wgc‘?,’oPm % Resenpeptid .P&M@?Mcmet fPromai m
21 wherein %ﬁ' et RN 61 1 ] g,dal, :

t he ani on e%(tc al#g‘e C r%rrat Sg@g})ﬁ suppgfrith?sl ?%%ﬁg par%?gquﬁé%gnme change
col umm, t heit injeraoisiwith a regeptonct i on chr onat ogr aphy support is a phenyl
sepharose hydrophobic interaction col um, 004t 49482 ' 9 OCT 2002. 127 the

heparin affinity chromatography support is a heparin sepharose C~-6B col um
and thel@el fil tERk cells wea&qmuwbqpﬁ&celmmsupwmnehgamme of

{i)tration go A e r iy ub | al purfyving a
| ar ge nol ecﬁl é’ﬁ%'ﬁi’” %ﬁ’grﬁ(ﬂéﬁﬁ N g‘%‘%%‘?&%?fby %@bﬂﬁf%o#%a%éﬁg of
i Inf | uenci ngﬂidéftfm@!@l?genﬂ,\l. SF;GGJ’.i-ﬁr_oliné icouldal;n_ill ive médmil?ia thé palrlially
pluripotent cells, sai t hod i ncludin ovi di ng .a source of sai ar ge
mol ecul ar v@?’%ﬁf’ m&%yg °d§‘ldt|t-(i9np|r§\°f WP??‘%WM@"?@PHH”}EC’MM‘%) a
di al ysi s sy fﬁﬂw ' rb86n IS EvIFo9R AOLES S '
conponent wth the“gelati n%% ni ty&gl#g‘%n\gtaégﬁ;ﬁk support to%?{&q u@e’ggv
first fiactproteinsand pidwides iarpossibie source of this biaactivity th wivpshy: breakdownafe
the parti al tially purifred | arge nol ecul ar wei ght conponent.
24. A net ho%éﬁdgéc’dﬁ%'ﬁgb Claim23 wherein the source of said |arge
nol ecul ar 15 wei ght conponent is a partially purled biologically active
factor accordi ngnl0 i , idkon ' .
according to G The Oﬁ-ggm%ugd’? bstarice P (rAghtit's-h 11 gih-GRbAiTohe-gly:
leu-met-OH; data not shown), the integrin binding peptide RGD, the neurokinin A
and B receptor antagonisis (neurokinin A and senktide) and the amino acids L-
20 alanine and L-lysine had no observable effect on ES cells in the presence or
@ absence of R, and used at concentrations equal to or greater than the bioactive

peptides described above.

At concentrations above 50 pM, the tachykinin substance P induced

apoptosis of ES cells. Compared to substance P free acid and substance P

25 fragment 1-4, substance P has a markedly increased affinity for the NK-1
receptor.

These results indicated that L-proline and proline-containing peptides have
the bioactivity associated with the low molecular weight component of sfMEDII.
The identification of mulliple factors with similar but distinct specific activities



extracellutar matrix according to Claim16. 25. A nethod accordi ”?_hQOOfg 062
24 wherein the gelatin affinity chromatography support is a gel at

sepharose affinity chronatography support. 20 26. A method for partially or
subst anti al I@/ ur i fyr ng a | ow nol ecul ar wei ght conponent of a brsgdﬁ%écal |y
active fact Abi e of influenci ng dr;r?feerent I ation, prol Pl ndl or
mai nt enance of pluripotent cells, said t hod incIuding provi ding a source

of sardlow l.ecul ar t.co nt 25a.nu|trafr|t at i.on .nenbr a
first gel g Sty %o%“ﬁ@(%ﬂy? sé’“@rllm gg‘? aphy
support, rSGaeHeR! ﬁa'éwsr Wmﬂ%&mwp@mds wRRANHRE tbwy t he

source of sal d | ow nol ecu ar wel ght” conponent with the 30 ultrafiltration
menbr ane moleslaricomponent of the ERL ¢ejl-ibdugiog @otivity.ess t han about 3
004149482 9 OCT 2002, 128 kD; contacting the fraction with conponents |ess
than approximately 3 kD with the first gel filtration chronatography
support tlbupﬁodﬁon of fihes fargeaanoleculan weight nepmponent ret theaEPLorcell-t h
the n dg‘gase chrgmat ogr aphy support 5 to produce a second fraction; and
conta fraction with the second gel filtration

chr omat ography support to produce the partially or substantially purified

the sour delesEay 10 aieriar of the larormplowar oIehl Sowponsiital the)EFL” "

purifiedd,ggt % i ve factor according to any one of Clainms 1 to 5,
| one r

or a con um according to Caim1l. 28 A nethod according to
Claim 26 wherein the ultrafiltration nmenbrane is an Amcon D aFl o YM3
menbrane) the first gel filtration chromatography_ suppo is a se harose
gel filtrati onfhelasaemalecarweight sompanent ﬁb‘h;?eéB duqrmg agiyi

,ch omatogEE%E o) “;F"'EEQ ﬁp:te e | 4 It N bl t aphy
support % Lé{gﬁ # proiﬂgr ng §'n orb{]I war mngélg{é'ﬁy prrlgﬁlr 8%&

ect odtd msupplerc@hled with 560 18 of E (madetd 10%IRCES)or 40 pM bDiprolire) pl uri pot ent
cells, and a biologically active factor according to any one of Clains 1 to

ﬁgt?{xaaﬁﬁtﬂfhfw%% offeipie: ate it 8 vorR Prenres for Mafsht % Bhe Sty  he
bi ol ogi cadd Yolews.V e Thac préteird redritentiation el isemipiirifiedi fractions 'oheR from

extracel lylar matrix, in_the presence or absence of additiopal g 130
agoni st , WM@B”'&WM&P@*@H% was; estimated uging A g@tﬁﬂﬁjg U{)

d ai m 29 m@g R ngt# Otﬁlggcﬁg c*fs'ea%hefré&icﬁ\‘:&&‘ﬁafdﬂg‘l ! rgu%ro?%otem

consi st ng ryoni c st , N Vvivo or erived
| CM €18 blwere) concentrated onicentiicans 1Q amits {Amicon)i wasbed withd2 mi ofdPBSbandal

OB I e el Eache LS5 Yal BB for e ke mBELEH V="
component of the EPL cell-inducing activity at a range of concentrations, from 0.1
pg to 10 pg of protein.

Q Physiochemical properties of the large molecular weight component

20 The physiochemical properties of the low molecular weight component of
the EPL celinducing activity were deduced from treatment and assay of R,
prepared as above except that an Amicon Diaflo YM10 membrane was used for
ultrafiltration. R was passed over a PD10 column (Pharmacia) to remove low
molecular weight contaminants and used in assays at approximately 50-100

25 po/ml. Treatment of R by incubation at >56°C for 1 hour, or digestion with the
prolease trypsin resulied in the loss of biological activity. The large molecular
weight component of the EPL cell-inducing activity was also unstable at pH 5.5
and below, or following treatment with reducing agents such as 100 mM DTT for 4



129 dedifferentiation and/ or by nuclear transfer. 31. A nethod agggrﬂtrgzmz
Claim29 or 30 wherein the | ow nol ecul ar wei ght conponent is sel e r
the group consisting of: protine 5 Pro-ala Ata-pro Ala-pro-gly Pro-OHpro
Pro-gty 10 Gy-pro Gy-pro-ala Gy-pro-O+4pro Gy-pro-arg-pro &
pro-gly-gty ‘Yé’%é?“—zhl a-pro-giy Subst ance _p frag. 1-4 (Arg- praqrgl%mﬁ
Substance P free acid (arg-Pro-1lys-Pro-Q@‘’m-d n-Phe-Phe-gty-!teu-netoH) -
Pr ot ease di geste i ncl udi ng. cotl_agena di gest e col | agen fragnents; 20
2nd funct | ORGP ASTIRGIENER, oTHksE SRaAGaIS thet et 2an PHBEUBE Meioht
uhi ch_compelgm 181 e L (bIRineBLT8 ackhy Wasrotdinackol! hod accor ding to
alns 2 erein the | I

any one of 9 to 31 arge ecul ar wel ght conponent is
a fibronectin or a functionally active fragnent or anal ogue thereof or
l'am nin or functional li active fragnment or anal ogue thereof. 25 33. A

net hod accokangey mveeight ccomponent| bioastivitye sana be <defected nivo the:

Is a cellul | ' ' i fragnment or anal ogue

t her eof . 34%#@[%%%5&&@%&%&1%%38Mﬁ% 29 to 33 wherein the
pluripotent cells are contacted with the biologically active factor, or the
conditioned nedium 30 or the extracellular matrix, in the presence of

addi t ij_onﬁl gpl3ES wells were SeﬁﬂéﬂleHgg G\?thmﬁ Qﬁﬂﬂig_sﬂlé(bu@ﬁui Wvelistatdow
according to .any qne.o ai to 34, rein the bi a aclij ve
factor, or %%@n#’?&i?ﬂ%’%%ﬁ%‘{’ﬁ der : F‘ﬂ_@( "bmg%duui:d ‘f’{“arf'?’
cel l.s or C%h&hrleﬁrd?ﬁb?ctﬁﬁfel%%ﬁé‘ﬁaﬂf%r h%tbﬂ&ﬂi(am&tigp PP S

hepat ocel | utar carci noma ce I nes, primary enbryonic nouse |1v

primary S ey anduibe cukwescwers aspesses bycmarpkology vor EEL eelk fermation.
ki m 35, RO e B Gl ia bl rcl b Bisonide of WETBIE nIECEL BRicn
S48 iR R ey sty e bbb,
CRL- 2026) , &mﬁﬁe@g“m&em” jon Wﬁﬁ'@ﬂkﬂ% fﬁéﬁeﬁgiﬁ en Slohe
endoder ma! gl rhair&%?b’v%ﬂﬁ 18 indcd EomMpIét E6AVElsion éiCEéjtéiEPl?éelIWv?é\Fbﬁ he

€€
cells or cell line is the human hepat oeel | u?ar carcinoma cell tine Hep &

( ATC HB- 8065 humber ofthe-colonies adlopted g flatiened onspread rapphalogyw to 37 furt her
including 15 identifying the EPL cells, preferably by Cct4 and FgfS
expression. 39. A nmethod according to any one of Clains 29 to 38-wherein
the EPL celPuriticationofihe Jarge molecular weight component fromssfMEDH: Protagol)
accordi tp Claim40 which is manmmal i an or avian. 20 42. A nethod of
produciﬂg pﬁrti ally differentiated and/or termnally differentiated cells)
sai d net hod including providing pluripotent cells, and

R, prepared from 4 | of SIMEDI| as described above, was made to 20 mM
Tris.Cl pH 8.5 and passed over a 300 mi Sepharose Q anion exchange column
@ (Pharmacia). Bound proteins were eluted via a step wise gradient of 200 ml 20
mM Tris.C) pH 8.5, 200 mM NaCl, 200 mi 20 mM Tiis.Cl pH 8.5, 400 mM NaCl
20 and 200 mi 20 mM Tris.Cl pHB8.5, 1 M NaCl (Figure 16A). 200 ml samples were
coliected and assayed for their ability to form EPL cells in the presence of 40 pM

L-proline. Activity eluted from the column in 400 mM NaCl.

The active fraction from anion exchange chromatography was made to a

final concentration of 0.5M ammonium sulphate in 20 mM Tris.Cl pH 8.5. The

25 sample was filtered through a 0.22 pm filter to remove precipitated. material before
being passed over a 40 ml phenyl Sepharose fast flow hydrophobic interaction
column (Pharmmacia). Bound protein was eiuted from the column in a single step

with 50 mt 20 mM Tris.Cl pH8.5 (Figure 16B) and shown by assay to contain the



a biologically active factor according to any one of Clains 1 to 5, qr TZ? lﬁ
condi ti oned nedi um according to Claim111l, or an extracellul ar mathei%k 0CT 20
according to G aim16; and contacting the pluripotent cetls with the

bi_ol ogi cal ] ctive factor, or the ooa~asaa2 i~ 9 OCT 20Q2_13
conditi onewxﬁg'm% or the extracell ul ? matrix in the preg'éﬂ'é‘%&%’fwaﬁsence
of additional gpl30 agonist) to produc 4EPL cells; and culturing the EPL
cetts in res ar, absen f ;gthe o ically acti.ve factor or the
Targe or PR MeRaShiORRl GRPPOGera1ont EPicraBindtng REVAL i T oned s
medium or the extraceltular matrix, and in the presence or absence of one
or nore differgntiation,agents; to, prodyce.the part.ially differentiated
andl or Termi nal"!& We"@ tfé‘a'"c&?’pgc.’p 1C A"Fé?ﬁfiﬁ"a %8%‘98 YcWaSm 42
wher ei n t gifed W 20 ik TrisCSl pH8.3'18 & BORGIARI) bW OO NaB) The! ddifipRf
enbryonic stem (ES) cells én Vivo or in ?i“?ro derived 10 I1CtMepiblast) in

vivo or iway passediovenad0pni Hepare SephaieserCL6B molenal (Phermacie). Bound

Gedi 1 18 chIBIS ekt R o P, coiurtf 1y 3. aitelensh YAt S GEMNEED: G Inb)
C ai m 42 Ts:CepH 8.56(#.%!#9 T6Crantashowri bhtassayP)edhtairs the llageatolecutar he
group consisting of: 15 proline Pro-ala Ala-pro Ala-pro-giy Pro-OHpro 20

Pro-gty QVSIORtepreponentptihe EBL cell-ipdupingactidty. pro- arg- pro 25

G y-pro-gly-gly Val -ala-pro-gly Substance P frag. 1-4 (Arg-pro-lys-pro)

Substance P free acid (arg-Pro-Lys-Pr Q-g n- @ n- Phe- Phe- gl y- Leu- net OH) 30

Prot ease di gesthejagtive: ragher fram |Heparin Sephasase @ffinity chmmatogrphyhWas and

functi onaéfl’sgeact?éw,? I r rg?gg ?i‘ﬁh h
npete therew ogr 1ol ogl c%ryéécd'v%%u}'ﬁ@4%a ) )?Bﬁ%h- zcet hod

act or 10 ngsystentl (BRhanviaciahir 20 mMhEris.& pil 88, o500 enM\MaGh(Figunep t 50spla

fi bronectin,or a ngt g onal |l tive fr nt nal oque, th Q k.

i i - oFoiRRE whitL EPUSIRY s’ Betbies ABRE, . Pr@han 6 Batinsd doallhivy, o

accor di ngeduivdlenite1the lavge mokclike Wﬁ?ﬂﬁcdﬁb@ﬁdﬁﬁbf $IMBDII dutedna aasihgles a

cellular fibronectin _or a functionally active fragnent or anal ogue thereof.

47. A net betwaen 5$00:1000.kDane BFPLgall fermaation, was ranly irhservad jai the
i denti fyi&g&%wb}g’gﬁwﬂfferent iated and/or termnally differentiated
cell

cell s by "expression o surface markers, norphol ogy and/ or
differentiation potential. 10 48. A nethod according to any one of C ains

42 10447 wher fidnichiy 8BS PAGE revealed the presence of a highly purified protein of
approximately 210-260 kDa in samples containing the large molecular weight
component of the bioactivity (Figure 16E).

Puwrification of the large molecular component from sfMEDII: Protocol 2

1 litre of SIMEDII was applied to a 50 ml Heparin Sepharose CL-6B column
20 (Pharmacia) equilibrated in 20 mM Tris.Cl, pH 8.5. The column was washed
sequentially with 200m! 20 mM Tris.Cl, pH 8.5, 200 m! 20 mM Tris.Cl, pH 8.5 +
150 mM NaCl, 200 mi 20 mM Tris.C), pH 8.5 + 500 mM NaCl and 200 m! 20 mM
Tris.Cl, pH 8.5 + 1 M NaCl (Figure 17A). Aliquots of each wash were assayed for
biological activity on ES cells. The large molecular weight component of the EPL

25 cellinducing activity eluted from the column in the 500 mM NaCl fraction.

The active fraction from Heparin Sepharose affinity chromatography was
diluted to 150 mM NaCl with 20 mM Tris.Cl, pH 8.5 and applied to a 1 mi
Resource Q anion exchange column (Pharmacia) pre-equilibrated with 20 mM



differentiated andlor termnally differentiated cells are mamuali gn9otCT 2002
avian. 49. A nethod according to any one of Clains 42 to 48 wherein the EPL
cells are cultured in suspension in the presence of the biologically active
factor or the large or | ow nol ecul ar wei ght conponent thereof, or the

condi ti oned WO or 15 the extracel luiar matrix, preferabl RCT/AUMMW265
presence of a growh factor fromthe FGF f&ani | y; and the partially -
differentiated andlor terminally differentiated cells include predom pantly

ect oder m gefFs-ChyRit 85 ¥ 150 mMoNaGhnrptelas iwere oluied from: the foldmacwihat n)
dom t : | . .
br cdon nant PLdRi1R% PE0) B lo BOBRN) NAIC) dvel 8] Mindles ToPived) Y ¥ Simipyte
net hod accowdsmgnt b MniNaGhatotmiZmin nfFigiret 78R vAllemate tihe raPifractions were
Che' orae. ooSuSRSTB! A haeBie gt eaponerLoF oY cBhutlint skt
medi um 8r KRR hthid'c hlip nggbdf;wwycﬂ ally differentiated
PI y ce? s 1 nclud

and/or termna I fferentiate e predom nantly nesoder nal
germ |l ayer cells) 25 predomnantly partially differentiated andl or

dom tly tegme ?,l,g DAl hi W Hﬁ,h, spo':dlé;@
Blrgogmcgﬁlns gndeﬁrmsc e ?gjﬁsf%gﬁnémﬁf‘m%o cggpﬁ%}é?o a yﬁ%?]% of d aaianﬂ%s
42 to 48 whpassed dtwn adbupsrose Gegelifiltrationpcolsimm (Rharm#cia)dn 28yeM J ris:Ql, pH
reaggregateg.in n t h 004149482.. 200 3 i plogicall
ot Pue Pact s 519 pMIREET (Pranl, 76000 SPAUF Hgbrigns Werkcmented akCapsil 'Y
the condi t i girgslyToeithepresentd of thé imhoteatlafWeight campdrfertOftheEPD eell-

presence of growth factors fromthe FGF famly, and the cells are and the
rtial 19 dindeeingactivite whichpluted as aisingle peakibatwesn590:1000:-kP3. i ncl ude

?dom’ nantly 5 nesodermal germlayer cells, predomnantly partially

| f

ferentiated and/or predom nantly tem-inally differentiated nascent
mesoder mal cel | sTRe @stive fraclien was ianalysedhby sedugiagl $DSSPAGE andhshown to

accordi ng t&:rﬁ?ﬁﬁ n %%3 : ' s ul ed

i n adherent cu turgeﬁpﬁ‘yt% a se‘ﬁ@’?’ﬁﬁ’?ﬁ%ﬁé’ﬁﬂ"@é‘;@?ﬁ%@%@ %’@f%r 1tgrw)’lo
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ectodermal cells, predom nantly neurectodernmal cells, and predom nantly
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e R
ectodermal germ |l ayer cell, a partially differentiated ectodermal cell, or
The eluate was analysed by reducing SDS PAGE and shown to contain a
highly purified protein of approximately 210-260 kDa (Figure 18B), equivalent 1o
the protein purified in protocols 1 and 2. The yield of purified protein was
25 determined by Bradford analysis to be approximately 1 mg/litre StMEDII.

Characterisation and identification of the large molecular weight activity

The highly purified active fractions obtained from purification protocols 1-3
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Westemn blot analysis of the active fractions from Superose 6 gel filtration
(Protocol 2),' using an antibody specific for cellular fibronectin, confirmed the
identity of the 240 kDa purified protein as cellular fibronectin (Figure 20).

@ 20 Multiple ECM proteins can be used to provide the large molecular weight
component of the EPL cell-inducing activity when presented to cells as a
matrix

The above mentioned basement membrane components were tested for

the ability o promote EPL cell formation when pre-coated onto tissue culture

25 plastic. Morphological induction of EPL cell morphology, in the presence of L-

proline, was restricied to cellular and plasma fibronectin and the basement
membrane component laminin (Table 8).

Fibronectin and laminin bind to celis via cell surtace integrin receptors, with
the specificity of ligand binding determined by various heterodimeric combinations
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differentiated cells. 66. An ES cell produced by the method of any one of
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teratocarciocels cells, EC cells and pluripotent cells derived by
dedifferentiation or 30 by nuclear transfer. 71. A nethod of producing
genetical ly nodified EPL cel I s whi ch net hod D04149482 9 OCT 2008) 137
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© 92385 Wiin' [Sprblie iggested that the biological activity of ceflular fibronectin was
mediated by integrins at the cell surface, most probably an alpha 1:beta 5
heterodimer.

Taken together the data presented in this example identify factors that can

induce the formation of EPL cells from ES cells when presented in soluble or

25 matrix associated form, and provide sufficient information for the prediction of
factors with similar bioactivities, acting via similar receptor/molecular interactions.

EXAMPLE 5

Biologically active components of the EPL cell-inducing activity can be
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cells. 74. A genetically nod~ed ES cell 7ﬁroduced by the nethod of C aim 68.
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Cl ai ms 69 isolated ¥"R!“ divergentisoareos apdispeeieartial |y or terninally
differentiated ceII produced by 25 the nmethod of Cdaim71 or laim72. 77 A
met hod of producing a chineric non-human ani mal said nmethod including

provi di ng Materalsand Metheds ng to Cairn 62 or a genetically nodified ES
cel | 004149482 ~ ~~T 20Q 138 according to Claim73, and a
pregastrcrtation enbryo; introducing the ES cell or genetically nodified ES
cell into mopapaﬁgaolptimamelbﬁnego and 5 nonitoring chinera formng
ability. 78. A chimeric or transgenic non-human ani mal produced by the

met hod of Caim77. 79. A nethod of using unm)dified EPL cells according to
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di fferentlat ed cell derived froman EPL ce and an enucl eated reci pl ent

ceII t r artiffiared sajt solutiop(HBSS; 0,80 Gk 0129 Kbl-PQul 16gdVNaChhg NaHPQs! |

| ved fr d I t
enucl eat eMnfﬁhf usﬂ!r’]'bé}{:?rl]gagcwgt @ﬁ'ﬁ'\‘ﬁ%i’%mﬁdeﬁﬁd"?‘#g 'ﬂ&g
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enucl eat ed cel | der| ved froman EPL cel
remove collagenase, and contaminating eyrthrocytes were lysed in Sassa solution
(6.959 NH.Cl, 2.058g Tris-base, 1g KHCO4/ litre). Following two washes in
15 Wiliamis E medium (1 mlliver, Gibco BRL) the cells were seeded into gelatin

treated tissue culture flasks in DMEM and incubated at 37°C, 5% CO0-.

Primary avian hepatocytes were prepared from 17-18 day chick embryos.

In brief, chick embryos were removed from the egg, decapitated and dissected to

é expose the heart and liver. The liver was perfused, via cannulation of the hearnt,
20 with 10 mi of 0.9% NaCl containing 2 mM EDTA to remove blood cells, followed
by 4 mi of 0.05% collagenase in HBSS. Livers were removed, pooled in HBSS

and transferved into fresh 0.05% collagenase/HBBS when all livers had been
periused and collecied. Pooled livers were ‘macerated with fine tipped scissors

and incubated for 30 minutes with gentle shaking every 5 minutes:and gentle

25 pipetling using a 10 mi pipette every 10 minutes to aid cell disaggregation.
Collagenase was removed by washing with HBSS (2 mlliver). Contaminating
erythrocytes were lysed in Sassa solution. Following two washes with Williams E

(2 mlliver) to remove cell debris and haemoglobin from lysed erythrocyies, the
hepatocytes were resuspended in Williams E medium (1mlliver) and the yield
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Conditioned medium from the primary hepatocytes, both mouse and
25 chicken, was able to effect the transition of ES to EPL cells in -culture (Figure
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equivalent mobility to cellular fibronectin (Figure 21C nditioned medium from
15 Hep 3B cells was unable to effect the ES to EPL cell transition, alone or in
combination with components of the biological activity purified from MEDIl. These
cells, and several other liver-derived cell lines did not express detectable levels of
celular fibronectin (Figure 21C), indicating-that expression of the large molecular
weight component of the EPL cell-inducing activity is not ubiquitous among liver
20 derived cell ines. '

@ Conditioned medium from END-2 cells induced formation of EPL cells from
ES cells when used in conjunction with cellular fibronectin (Figure 21B),
suggesting that these cells secrete L-proline or a functional analogue but not
celivlar fibronectin (Figure 21C). Semipurification of the conditioned medium by

25 normal phase chromatography (Example 4) and analysis by thin layer
chromatography demonstrated the presence of L-proline in END-2 conditioned
medium (daia not shown).

Summary

Biological activities equivalent to that found in MEDII, and capable of
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EXAMPLE 6

Q Alternative differentiation of ES and EPL cells in vitro

10 Materials and Methods
Cell culture and in vitro differentiation assays

All cells and tissue culture techniqués were as described in Example 1
unless otherwise stated. All EPL cells used for differentiation assays were formed
from ES celis cultured in the presence of MEDII for 2 days. The presence or

15 absence of additional LIF is specified for each example.

The KSF4 ES cell line, which constitutively expresses nuclear localised
ﬁ LacZ (Berger et al., 1995; obtained from Patrick Tam, CMIR, New South Wales,
Australia), was maintained on inactivated primary mouse embryonic fibroblast
feeder layers (Abbondanzo et al., 1993) in DMEM (high glucose) supplemented
20 with 40 pg/ml genmtamycin, 20% foetal calf serum (FCS), 0.1 mM
B-mercaptoethanol, | mM L-glutamine and 1000 units LIF as before. Prior to the
formation of EPL cells, KSF4 cells were cultured on gelatin treated tissue culture
plastic, in the absence of a feeder layer, for two passages.

For the majority of experiments detailed here, embryoid bodies (EBs) were

25 formed in medium without the addition of MEDII or LIF (DMEM) using the partial
trypsinisation method (Roberison, 1987). Altematively, EBs were formed from a
single cell suspension plated at 1x1 0° cellsml in bacteriological dishes in ES
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_YShke™ ZTU] spﬂdmﬂuswﬂﬂbrenhated by culture in the absence of LIF for equivalent time
15 penods (data not shown).

Retinoic acid (RA) differentiation of pluripotent cell aggregates was carried

“out by plating ES or EPL cells in bacteriological dishes, at a density of 1x10°

celis/ml, in DMEM supplemented with 1 pM RA. After 48 hours, aggregates were

transierred 1o DMEM and maintained for 2 days, then seeded individually into 2 ml

20 issue cullure wells. The presence of neurons was assessed by microscopic

@ examination two days after seeding. Neuron identity was confirmed by positive
staining with the neurofilament 200 antibody N-4142 (Sigma).

Cytokine/Growth Facior Assays

Assays for the effect of cytokines/growth factors were carried out on ES

25 cells and EPL cells seeded at low density (75 cell/cmz) in 4 well multidishes
(Nunc) in 0.8 ml of DMEM + LIF or DMEM + 50% MEDII + LIF respectively.
Cytokines/growth factors were added at specified concentrations and the assays
were stained for alkaline phosphatase activity after 5 days of culture as described

in Example 1.
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5 Northern blot analysis and wholemount in situ hybridisation were carried out

as described in Example 1. Riboprobes were synthesised as described by Kreig
and Melton {1987).

Probe fragments used for northern blot analysis and/or in situ hybridisations
- were as detailed in Example 1 with the addition of; AFP, linearisation of a plasmid
10 containing a 400 bp EcoR! fragment encoding the first 350 bp of mouse AFP
cDNA in pBluescript KS 11+ (obtained from Dr. R. Krumlauf, NIMR, London) with
Hindill followed by transcription with T3 polymerase; SPARC, 570 bp EcoR/
fragment derived from 13G43 (Mason et al., 1986); Goosecoid, linearisation of a
plasmid containing 909 bp goosecoid genomic DNA (Blum et al. 1992) with Hindlil
15 and transcription with T3 polymerase; Nio2.5, linearisation of plasmid containing
1.6 kb Nix2.5 cDNA (Lints at al.,, 1993) with Hindlll and transcription with T3
polymerase.

Histologica! Analysis

EBs were fixed in 4% paraformaldehyde (PFA) in PBS at 4°C ovemight and

20 processed and sectioned as described in Example 1. Sections were stained with
toluidine blue for 10 seconds, cleared in Histoclear (National Diagnostics) and
coversfipped using a xylene-based mounting medium. EBs subjected 1o in situ
hybridisation were fixed in 4% PFA ovemight, washed several times with PBS,
0.1% Tween-20, treated with 100% methanol for 5 minutes and then isopropanol

25 for 10 minutes. Bodies were then embedded and sectioned as described in

Example 1.

To detect B-galactosidase activity EBs were fixed in 0.2% gluteraldehyde in
PBS for 15 minutes on ice, washed 3x15 minutes with detergent rinse (0.1M
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Example 1.

Immunological detection

AFP expression in sectioned EBs was carried out essentially as described
by Dziadek and Adamson (1978) with the following modifications. Prior to
@ 10 antibody incubations, endogenous peroxidase activity was blocked by incubation
of the section in 3% H20 in methanol for 30 minutes. Sections were incubated
with a 1/200 dilution of rabbit anti-AFP (ICN) for 2 hrs, washed several times with
PBS then incubated with 1/200 dilution of HRP-conjugated anti-rabbit IgG
(Silenus).

15 Formation of beating car.diocytes from ES and EPL cells

Beating cardiocyte formation was assessed in individual EBs, formed from
either ES or EPL cells, plated onto pre-equilibrated agarose plugs (1% agarose in
DMEM medium base equilibrated against DMEM for 3 hours at 37°C, 10% CO; in
2 mi tissue culture wells) in DMEM. The presence or absence of beating muscle
. 20 was assessed at days 4, 6, 8, 10 and 12 by microscopic examination.
Altematively, beating muscle formation was assessed in individual EBs seeded
into 2 ml wells at day 6 of development and scored microscopically at days 7, 8,
10, 12, 14 and 16. Seeded aggregates were also scored for the presence of
terminally differentiated neurons on days 8, 10 and 12.

25 Results

Embryoid bodies, formed by aggregation of pluripotent cells in suspension,
follow a pathway of differentiation reminiscent of early embryogenesis (Example 1)
and provide an opportunity for broad assessment of pluripotent cell differentiation
into both embryonic and extraembryonic cell types. The term EB is used herein 1o
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ES cell differentiation in vitro. Fgf5 is not expressed by ICM or ES cells, but is

% 20 expressed in EPL cells and the primitive ectoderm prior 1o and during gastrulation,
and up regulated transiently during ES cell differentiation in vitro. Oci4 is
expressed by all pluripotent cell populations of the embryo, EPL cells and ES

cells, and is down regulated upon differentiation of these cells in vivo and in.

Although the expression of Rex7 was found to be down regulated in both

25 ES and EPL cell embryoid bodies, the kinetics of Rex7 regulation differed
between the two cell populations. Down regulation to a barely detectable, basal
level was observed by day 1 in EPL cell embryoid bodies (Figure 23). In contrast,

a similar level of Rex? expression was not observed in ES cell embryoid bodies

until day 2, with intermediate levels of expression observed on day 1. Similarly,
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are consistent with our previous aliérlment of ES and EPL cells with pluripotent
20 cell populations occurring prior to 6.0 d.p.c.

% The EPL cell embryoid body environment is non-permissive for visceral
endoderm formation

By 4.5 d.p.c. pluripotent cells exposed to the blastocoelic cavity have
differentiated to form primitive endoderm. The primitive endoderm gives rise to

25 two distinct endodermal cell populations, visceral endoderm, which remains in
contact with the epiblast, and parietal endoderm, which migrates away from the
pluripotent celis to form a layer of endoderm adjacent to the trophectoderm.
While others have analysed extraembryonic endoderm formation at relatively late
stages (day 9-12) of embryoid body development, formation of an outer layer of

30 endodemm, containing both visceral and parietal endoderm cells, can be observed
in embryoid bodies by day 4 or 5 of development. This timing is coincident with
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al] cal] ca/ 2WWhejemount in and sectioning of ES ‘and EPL cell embryoid
bodies indicated that SPARC expression was confined to an outer endodermal
. 10 cel layer in both ES and EPL cell embryoid bodies at day 4 (Figure 24B,C),
Q indicative of parietal endoderm formation. AFP levels were 100 low to be detected
during these stages by Northem or RNase protection, so wholemount in situ
hybridisation of embryoid bodies was used 1o detect AFP expression. At day 3,
1% of ES cell embryoid bodies exhibited discrete patches of AFP expressing cells
15 on their surface. This level rose to 52.9 +/- 9.5% of ES cell embryoid bodies by
day 4 (Figure 24D). Sectioning confirmed that AFP expression was confined to
outer cells and was therefore representative of visceral endodermn (Figure 24F).
AFP expression could not be detected on surface or interior cells of EPL cell

embryoid bodies at day 3 or day 4 of embryoid body development (Figure 24E).

20 Cell mixing experiments were carried out to determine whether the failure of
é EPL cells to form visceral endoderm reflected an inherent restriction in the
developmental potential of these cells or an alteration in the embryoid body
environment. The KSF-4 ES cell line constitutively expresses a LacZ gene
modified to target p-galactosidase protein to the nucleus. Analysis of embryoid

25 bodies formed from KSF-4 ES cells demonstrated formation of visceral endoderm
at levels comparable with D3 ES cells (data not shown). After passaging in the
absence of mouse embryonic fibroblast feeder cells, KSF-4 ES cells were cultured

for 2 days in MEDII to form KSF-4 EPL cells (EPL (LZ+)). Embryoid bodies
generaied by co-aggregation of a 1:1 ratio of D3 ES cells and EPL (LZ+) cells

30 were assessed for visceral endoderm formation by AFP expression at day 4. ES
cell embryoid bodies and EPL (LZ+) cell embryoid bodies gave rise 1o visceral
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«j 10 Differentiation of pluripotent cells in the absence of visceral endoderm
\ The jormation of EBs from EPL cells provides a methodology for the
differentiation of phuripolent cells in the absence of visceral endoderm. Visceral
endoderm is known 1o express signals that influence pluripotent cell differentiation
in vivo. Differentiation in the absence of this cell type provides an opportunity for
15 specific control of pluripotent cell differentiation by the addition of factors and
environmental alteration. This cannot be achieved in ES cell EBs in which
pluripotent cell differentiation is at least partly controlled by signals from visceral

endoderm which differentiate spontaneously from exterior ES cells.

Accelerated and enhanced mesoderm formation in EPL cell EBs

@ 20 The formation of early mesodemm within ES and EPL cell EBs was
monitored by analysing expression of the early mesodermal markers, brachyury
and goosecoid. Consistent with previous reports, brachyury expression was
barely delectable on days 0-3 of development in ES cell EBs, but was up
regulated on day 4 (Figure 26). Goosecoid expression could not be detected in

25 ES cell EBs during the course of this experiment. In contrast, brachyury and
goosecoid expression were up regulated 30 and 6 fold respectively on days 2 and
3 of EPL cell EB development, followed by 9 (brachyury) and 6.5 (goosecoid) fold
decreases in expression on day 4 (Figure 26). In both ES and EPL cell embryoid
bodies the expression of mesodermal markers immediately preceded decreases
30 in the expression levels of primitive ecloderm markers Fgf5 and Oct4 (Figure 23).
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Differentiation of EPL cells into ectoderm derived lineages was assessed by

the presence of neurons within individual embryoid bodies (Figure 28A), and
compared to ES cell EBs. Neurons were not detected in either embryoid body
population before day 10. On day 10, 26% of ES cell EBs contained obvious
neural networks. This rose to 41% by day 12. Embryoid bodies derived from EPL
celis failed to form neurons.

ES cells and P19 embryonal carcinoma (EC) cells torm neurons when
differentiated as aggregates in the presence of retinoic acid (RA). To examine
whether the failure of EPL cell EBs to give rise to neurons resulted from an
inherent restriction in neuron differentiation capacity, the ability of EPL cells to
differentiate into neurons afier aggregation in the presence of RA was assessed.
Individual RA-treated ES and EPL cell aggregates were scored for the presence of
neurons (Figure 28B) and found to exhibit similar frequencies of neuron formation
at 63% and 68%, respectively. This indicated that the absence of neurons within
EPL cell EBs did not reflect an inherent restriction in the capacity of EPL cells to
form neurons, but an akered embryoid body environment which resulted in
reduced neural specification.

In summary, EPL cell EBs formed nascent mesoderm and mesoderm
derivatives with high efficiency, but failed to form neurons despite retaining
neuron-forming potential. Differentiation in EPL cell EBs may reflect directed
formation of the mesoderm germ layer from piuripotent cells cultured under these
conditions. This may result from the demonstrated failure of EPL cell EBs 1o form
an outer layer of visceral endoderm which has been demonstrated to play a role in
the specification of ectodermal lineages.
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Differentiation of ES cells and EPL cells in response to members of the FGF
growth factor family

ES and EPL cells were seeded into DMEM + LIF or DMEM + 50% MEDJ} +
5 LIF respectively at a density of at 75 cells’cm®. Cells were cultured in the
presence of increasing concentrations (0.1-100 ng/ml) of recombinant bovine
basic fibroblast growth factor (bFGF; Boehringer Mannheim) for a period of 5
days. Addition of bFGF to ES cells in the presence of LIF had no effect on ES cell
morphology, differentiation or proliferation. In contrast, addition of 10 ng/ml or
. 10 higher concentrations of bFGF induced the differentiation of EPL cells to a
) characteristic cell type (cell type A, Figure 17A) which did not stain for akaline
phosphatase. Similar results were obtained with other members of the FGF family
including human recombinant acidic FGF (R&D Systems; 10 ng/mi), human
recombinant kFGF/FGF4 (Sigma). Human recombinant FGF5 (R&D Systems) did

15 not induce ES or EPL cell differentiation at concentrations up to 500 ng/ml

Individual colonies within representative differentiation cultures induced with
10ng/ml bFGF were classed as ES cell, EPL cell, differentiated cell, or mixed
EPL/diflerentiated cell on the basis of morphology and alkaline phosphatase
staining (Figure 29B). The proportion of undifferentiated ES cell colonies was

20 similar regardless of the presence of bFGF. The addition of bFGF to EPL cell
) cultures caused a marked decrease in the level of EPL cell colonies, from 58% to
21%, with a corresponding increase in colonies containing differentiation (42% to
79%), indicating that bFGF was inducing the ditferentiation of EPL celis but not ES
cells in culture.

25 Activin A induces the differentiation of EPL cells but not ES celis.

ES and EPL cells were seeded at a density of 75 celVcm®. Cells were
cultured for 5 days in DMEM + LIF or DMEM + 50% MEDI + LIF respeciively, to
which had been added increasing concentrations of recombinant human activin A
(1-200 ng/ml; courtesy of Dr. R. Rogers, Fiinders Medical Centre, S.A.). Activin A

30 had no eflect on ES cell morphology, difierentiation or proliferation at any
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istinctive colony morphology (Figure 29C) characterised by the presence of a
fibroblastic cell type which did not stain for alkaline phosphatase activity. This cell
5 type was morphologically distinct from cell type A, formed by differentiation of EPL

celis with bFGF, and is referred to as cell type B.

individual colonies within representative differentiation cultures induced with
150ng/mi activin A were classed as ES cell, EPL cell, differentiated cell, or mixed
EPL/ditlerentiated cell on the basis of morphology and alkaline phosphatase
. 10 staining (Figure 29D). The proportion of undifferentiated ES cell colonies was
Q similar regardiess of the presence of activin A. The addition of activin A to EPL
cell cultures resulted in efficient cell differentiation as assessed by a marked
decrease in the proportion of EPL cell colonies from 52% to 3%, and an increase

in the proportion of colonies containing differentiated cells fr-om 48% to 97%.

15 Reverted EPL cells regain ES cell differentiation capability

EPL cells revernt to ES cells when cultured in the absence of MEDII but in
the presence of LIF as assessed by morphology, gene expression, cytokine
responsiveness and ability to contribute to chimaeras following blastocyst injection
(Example 2). ES cells were differentiated to EPL cells by culture in MEDII for 2

@ 20 days, before passaging into medium containing LIF to form reverted EPL cells
(EPL®). Embryoid bodies were formed from each ES, EPL and EPL" cell
population and their differentiation was compared.

Embryoid bodies derived from EPL™ cells were identical in morphology to

ES cell EBs and could be distinguished easily at day 4 from EPL cell EBs (Figure

25 22; data not shown). Expression of brachyury in ES and EPL cell EBs (Figure
30A) was consistent with the profile previously described (Figure 26). Brachyury
expression in EPL” cell EBs was similar to that observed for ES cell EBs, with
expression detected at low levels on day 4 of development and not at high levels

on day 2 and 3 as described for EPL cells. Compared to EPL EBs, which failed to

30 give rise to visceral endoderm, EPL" EBs gave rise 1o visceral endoderm at levels
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similar differentiation capacity to ES cells both in vitro and in vivo (Example 2).

Summary

Comparative analysis of ES and EPL differentiation confirmed the
piuripotent nature of EPL celis, supported the identification of EPL cells as
) 10 primitive ectoderm-like, and defined ES and EPL cells as developmentally distinct
populations on the basis of altemate ditferentiation capabilities and growth factor
responsiveness. In combination with Example 2, this indicates that ES and EPL

celis have distinct differentiation capacities both in vitro and in vivo.

The products of ES and EPL cell differentiation within embryoid bodies

15 ditfer both in the proportion of ectodermal and mesodermal germ layers and

derivatives, and in the formation of the extraembryonic lineage visceral endoderm.
EPL cell embryoid body formation therefore provides:

- a methodology for the differentiation of pluripotent cells
é in the absence of visceral endoderm and the inductive signals produced
20 by visceral endoderm. This provides unprecedented opportunity for
control of pluripotent cell differentiation including directed lineage
specific differentiation.

- a methodology for efficient programming of pluripotent

cell differentiation to a mesodermal fate by differentiation to EPL cells

25 followed by formation of embryoid bodies or treatment with mesoderm-
inducing growth factors/cytokines.
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derivatives b (? 3ifferent|ation of pluripotent cells in vitro

The use of factors within MEDII has enabled the development of a strategy
5 for the production of a uniform population of pluripotent EPL cells in vitro, either as
colonies in adherent culture or as aggregates in suspension, representative of
primitive ectoderm. Further, the failure of EPL cell embryoid bodies to form the
instructive cell type visceral endoderm, and the responsiveness of EPL cells to
inductive signals that do not differentiate ES cells provides an opportunity for

10 direct control of pluripotent cell differentiation.

In this example we demonstrate that the differentiation of pluripotent EPL
cells can be controlled in vitro to generate cell types representative of specific
embryonic genn'layers, notably ectoderm and mesoderm. These germ layer cells
can be used for the generation of differentiated derivatives with potential for

15 commercial, medical and agricultural use. Specifically, manipulation of
- environmental siimuli. such as alteration of the extracellular matrix and/or the
addition of exogenous soluble factors, can be used for efficient and programmed
formation of alkernative germ layers. Further manipulation of the environment will
enable the directed formation of individual cell lineages from the germ layers,
20 allowing the production of specified cell types and differentiation intermediates.
&) Examples of this strategy are outlined below.

Materials and Methods

Cell culture conditions

Al cells and tissue culture techniques were as described in Examples 1 and
25 6 unless otherwise stated.

Lineage specific differentiation: formation of neurectoderm

For the production of neurectoderm, EBMs (Example 1) were collected on
day 4 and resuspended in DMEM + 50% MEDII with or without 20 ng/ml FGF4
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|1 3$10%CE ppddisdiich tvefe Subseqhditif €6eded 10516 hours (day 8) onto tissue culture

plates pre-coated with gelatin prior to fixing with 4% PFA. Control aggregates

5 were ES cell EBs formed from ES cells in DMEM in the absence of MEDII.

Cellular aggregates used for the analysis of gene expression at timepoints after

day 8 by in situ hybridisation were seeded onto gelatinised tissue culture plastic in

50:50 DMEM:F12 (F12, Gibco BRL) + 10% FCS. After 16 hours the medium was

changed to 50:50 DMEM:F12 supplemented with ITSS (Boehringer Mannheim), 1

- 10 mM L-glutamine and 10-20 ng/ml recombinant human FGF4. Aggregates were
Q - maintained in this medium for 1-4 days prior to fixing with 4% PFA.

For functional differentiation assays to assess the ability of neurectoderm
formed from ES cells to differentiate into neurons, aggregates on day 7 were
seeded individually into 2 mi tissue culture wells and maintained as described

15 above. The formation of neurons was assessed on days 8, 10 and 12.

Lineage specific differentiation: formation of mesoderm

Formation of cells of mesodermal lineage has been achieved using several
similar approaches.

From EPL cells generated in adherent culture: Mesoderm was formed

20 from EPL cells formed by adherent culture in the presence of MEDII as described

in Example 1. These cells were trypsinised to a single cell suspension and

seeded at a density of 1 x 10° celis/ml into bacterial plates to form EPL cell EBs as
described in Example 6.

From EPL cells formed in suspension (EBMs): EPL cells, formed as cell

25 aggregates (EBMs) in suspension culture, were differentiated into mesoderm by
trypsinisation to a single cell suspension and reaggregation in bacterial dishes in
DMEM or DMEM + 10 ng/ml FGF4. Cells were seeded at a density of 1 x 10°
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s W%OW(Fm?f ]8n/z§‘a§v)2, approximately 100 aggregates from each plate were
collected and seeded into 1.25ml MC media (0.9% methyl cellulose in Iscoves
modified Dulbecco's medium (IMDM), 15% FCS, 50 mg/ml ascorbic acid, and
4.5x10™*M monothioglycerol (MTG)) supplemented with 400 U/m! IL-3 {(courtesy of
Dr. T. Gonda, IMVS, Adelaide) and 10 ng/ml recombinant human M-CSF (R&D
Q 10 Systems). On Day 14 and Day 18, 50 colonies of each cell type were scored as
containing 5 or more macrophages (positive) or less than 5 macrophages

- {negative).

Celis formed in MC culture were collected by centrifugation, cytospun, and

air dried. Macrophages were identified by morphology when stained with

15 May-Grinwald-Giemsa stain, and by positive staining with the
macrophage-specific antibody F4/80 (Austyn and Gordon, 1981).

Gene expros-sion analysis

Gene expression analysis by in situ hybridisation, northem blot and RNase

() protection were performed as described in Examples 1 and 6. Additional probes
20 were: Sox1 riboprobes for wholemount in situ hybridisation were generated from
plasmid #1022 (obtained from Dr. Robin Lovell-Badge, NIMR, London) linearised
with BamH/ and transcribed with T3 RNA polymerase (anti-sense) or linearised
with Hindlil and transcribed with T7 RNA polymerase (sense). Antisense Sox1
probes for RNase protections were generated from a plasmid containing a ~450

25 bp Xhol/EcoR1 fragment from the Sox7 cDNA in plasmid #1022 subcioned into
pBluescript Il KS+. The resulting plasmid was linearised with Kpni and
transcribed with T7 RNA polymerase. Sox2 probes for use in in situ hybridisation
were generated from plasmid #1015 (obtained from Dr. Robin Lovel-Badge,
NIMR, London) linearised with Accl and transcribed with T3 RNA polymerase
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. 10ZZ 10Zgenerated from pGbx2c7.1 (Chapman et al., 1997) linearised with Alul and
transcribed with T3 RNA polymerase.

5 mmunohistochemical Analysis

Seeded cellular aggregates were fixed in 4% paraformaldehyde in PBS and
blocked in the appropriate blocking buffer for 30 minutes followed by overnight
incubation with primary antibodies in blocking buffer at 4°C. Aggregates were
then rinsed with species specific secondary antibodies in blocking buifer for 1

) 10 hour. For FITC-conjugated secondary antibodies, propyl galiate 5 mg/ml was
added. Slides were examined on a Nikon TE300 microscope using fluorescence.

Nestin: Blocking buffer: 1% goat serum, 1 mg/ml BSA, 1% Triton X 100 in
PBS. Primary antibody: Developmental Studies Hybridoma Bank, reference Rat
401, used at a dilution of 1:100. Secondary antibody: FITC conjugated goat anti-

15 mouse IgM (p-specific: Sigma) used at a concentration of 1:100.

N-Cam: Blocking buffer: 1% FCS, 1 mg/ml BSA, 1% Triton X 100 in PBS.
Primary antibody: Santa Cruz Biotech, SC-1507 used at a concentration of 1:20.
Secondary antibody: FITC conjugated rabbit anti-goat IgG (Sigma) used at a
dilution of 1:700.

20 NF200: NF200 was detected by indirect immunofluorescence as described
by Robertson (1987). Primary antibody: anti-neurofilament 200 (Sigma
immunochemicals N-4142) used at a dilution of 1:200. Secondary antibody:
FITC-conjugated anti-rabbit IgG (Silenus) used at a dilution of 1:60.

Results

25 Programmed formation of ectodermal, neurectodermal and neural lineages
by piuripotent cell differentiation in vitro

EBMs, formed by aggregating ES cells in DMEM + 50% MEDII for 4 days in
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10! * 108 Pysansic, S (Exarbdin 1) Vo fopiniashéd o DMEM + 50% MEDI, or
DMEM + 50% MEDN + 20 ng/ml FGF4 for a further 3 days in suspension. Under
these conditions approaching 100% of EBMs developed into cellular aggregates
with a distinctive layered structure of pseudo-stratified epithelial appearance
5 (Figure 31A). These layers were observed in aggregates cultured in 50% MED!}
alone but were enhanced in the presence of FGF4. However, these layers were
never seen in EPL cell EBs, and were observed only sporadically in ES cell EBs

where they comprised a subset of cells within the body.

The identity of cells within these layers was tested by analysis of the
n 10 expression of transcripts and cell surface markers diagnostic for embryonic cell
Q | types. For the analysis of gene expression by in situ hybridisation, aggregates
were seeded after 7 days of suspension culture for 16 hours onto gelatin treated
tissue culture plastic in DMEM + 50% MEDII +/- FGF4 (Figure 31B). Expression
of the pluripotent cell marker Oct4 could not be dete;::ted in the cell layers
15 indicating that these cells were not pluripotent. Brachyury expression was not
detected by in situ hybridisation, demonstrating that these structures did not
contain nascent mesoderm. Further, no cell types of mesodermal morphology

could be recognised within the aggregates.

Sox1 is first expressed by the neurectoderm/neural plate in vivo and by all
20 undifferentiated neural cells. R is not expressed in cell types of mesodermal or
(== endodermal origin. Gbx2 is expressed in the primitive streak, then in the
neurectodermn prior to neural tube closure and subsequently at the
midbrain/hindbrain boundary. Sox2 is expressed in the neurectoderm after neural
tube closure and persists until terminal differentiation of neural cells. In situ
25 hybridisation demonstrated widespread expression of Sox7 by cells within the
layers, and Gbx2 by a subset of these cells. This suggested that the cell type
produced by these culture conditions was equivalent to neurectoderm, specifically
early neural plate around the time of neural tube closure.

The analysis of neural gene expression within these aggregates was
30 refined by analysis of neural specific markers by in situ hybridisation (Sox1, Sox2
and Gbx2, Figure 32A) and immunohistochemistry (nestin and N-CAM; Figure
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proportion of cells in each aggregate. Sox7 expression increased on day 9 and
10 of development, with approaching 100% of cells within each aggregate
5 expressing Sox7. Similarly, on day 10 the majority of cells were also expressing
Sox2. Gbx2 expression was observed in a proportion of cells on day 8 of
development and was down-regulated on days 9 and 10. This expression pattem
is consistent with identification of the cell layers as neurectodermal in origin.

The identification of these cells as neurectoderm was supported by the
, 10 expression of neural proteins (Figure 32B, data not shown). Nestin, an
Q intermediate filament protein expressed by undifferentiated neural stem cells, was
expressed in the cell layers at days 8, 9 and 10, similar to Sox7. N-Cam is a
marker expressed by all neural lineages, including both undifferentiated and
differentiated cells. N-Cam staining was detected throughout the aggregates on
15 days 8, 9, and 10, with the number of celis expressing N-Cam increasing to nearly
100%. N-Cam was expressed both in the cell layers and in differentiated cells
surrounding the layers, indicating that the majority of the differentiated cells were
of neural origin.

Northem blot and RNase protection analysis of gene expression supported

20 the conclusion that EBMs were programmed to form neurectoderm in the
ﬁ presence of MEDIl. Oct4 and Fgf5 expression (Figure 33A) were markedly down
regulated in EBM aggregates between day 4 and day 5, indicating the loss of
pluripotent cells. However, a low but consistent level of Oct4 transcript was
detected in EBM aggregates afier day 5. in situ hybridisation (Figure 31B)

25 demonstrated that the low Oct4 transcription was not expressed from residual
pluripotent cells within the aggregate and may be a feature of the early
neurecloderm in these aggregates. This residual expression could not be
detected in ES cell EBs which form low levels of neurectoderm. Expression of
brachyury was observed from day 4 in ES cell EBs, consistent with the loss of

30 Oct4 expression, but could not be detected in EBMs (Figure 8). Finally, Gbx2 and-
Sox1 expression (Figure 33B) were detected by RNase protection in aggregates

1
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These results demonstrate that pluripotent cells can be programmed
specifically to an ectodermal and neurectodermal fate by factors within MEDII.
5 The ectodermal cells are formed in the absence of mesodermal cell types, and
exhibit a temporal pattern of gene expression equivalent to neurectoderm in vivo,
with progression from an early neureciodermal cell type equivalent 1o neural plate,
to a later neurectodermal cell type present afier neural tube closure. In the
embryo these cells are precursors for all neural lineages.

——) 10 Neurectoderm derived by directed pluripotent cell differentiation in vitro can
be further differentiated to neural cell types.

Individual aggregates developed from EBMs in the presence of MEDII, or

ES cell EBs, were seeded and assessed on days 8, 10 and 12 for the presence of

neurons, identified morphologically by the presence of axonal projections (and

15 confirmed by the expression of NF200; data not shown), and beating cardiocytes.

Beating cardiocyles (Figure 34A) could be detected in over 50% of ES cell EBs on

day 8, and these persisted through days 10 and 12 of development. in contrast,

the vast majority of EBM-derived aggregates (99.6%) maintained in MEDII did not

contain beating cardiocytes. The lack of beating cardiocytes, a mesodermally

20 derived tissue, in these aggregates, is consistent with the lack of brachyury
expression at earlier stages of development (Example 1, Figure 7, 8) and '

indicates that mesodermal lineages are not formed in these aggregates. Neurons

were not detected in either population of aggregates on day 8 of development

{Figure 34B), but were apparent in over 60% of EBM-derived aggregates on day

25 10. By day 12, in excess of 90% of these aggregates contained neurons. By

comparison, formation of neurons was observed in 10% (day 10) and 25% (day

12) of ES cell EBs. These data support the earlier conclusion that neurectoderm

is formed at high levels and in the absence of mesodermal cells by EBMs cultured

in the presence of MEDII, and demonstrate that this neurectoderm can give rise to

30 terminally differentiated neural cell types. Aggregates developed from EBMs in
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Neurectoderm formation in vivo proceeds via the formation of definitive
ectoderm. Alhough no markers exist for definitive ectoderm in vivo, gene
expression analysis identified a population of cells in EBMs programmed to form

5 neurectoderm which expressed low levels of Oct4 and failed to express
neurectodermal markers. These cells were present transiently between primitive
ectoderm (high Oct4 expression) and neurectoderm (high Sox?7, Gbx2) and
suggest that neurectoderm formation proceeds via an intermediate population
which may represent definitive ectoderm.

The formation of neurectoderm described here does not rely on the addition
of chemical inducers, such as retinoic acid, or genetic manipulation to promote
neural jormation. Instead, it relies on biologically derived factors found within the
conditioned medium MEDII. Neural progenitors formed in this manner are thought
to be differentiated from pluripotent cells in a manner analogous to the formation
15 of neural cells during embryogenesis and are therefore ideal for the production of
differentiated neural cells useful for commercial, medical and agricultural
applications. Further, in contrast to the formation of limited neural lineages by
chemical inducers such as retinoic acid, the identity of neural cell types produced
using these methodologies is not likely to be restricted.

Neurectoderm programming of pluripotent cell differentiation recquires the
large molecular weight components, but not the small molecular weight
components, of MEDII.

During embryogenesis neurectoderm forms from anterior primitive

ectoderm cells that maintain association with the basement membrane/

25 extracellular matrix. Identification of a bioactive ECM protein within the large

molecular weight component of MEDII prompted an investigation of the role of this

activity in directed neurectoderm formation from pluripotent cells. This was tested

by the ability of this component to induce formation of neurons within EPL EBs in
which neural cell types are not normally formed (Example 6).
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+ R (Example 4). On day 4 of development embryoid bodies were individually
seeded into gelatin treated 2 ml tissue culture wells. Beating cardiocytles and
5 neurons were assessed on days 7, 8, 9 and 10 of development {Figure 35).

EPL cell EBs formed beating muscle with high efficiency in the absence of
the large molecular weight component and none of these EBs contained neurons.
inclusion of the large molecular weight component (50-100 pg/ml) during embryoid
body formation resulted in the development of neural cells in about 5% of the EBs

10 atday 9, and in 10-12% at d 10 and 12. Only 10-12% of EPL cell EBs formed in
Q the presence of the large molecular weight component contained beating muscile,
and the formation of beating muscle was delayed until day 9. These experiments
were carried out in the presence of 1ug/ml neutralising anti-human LIF antibody
(R&D Systems). The altered developmental program could therefore not be
15 attributed to low levels of LIF expressed by the Hep G2 cells.

This experiment demonstrates a role for the large molecular weight
component of MEDIl, and possibly ECM components, in programming of
differentiation within pluripotent cell aggregates so as to delay and reduce
mesoderm formation, and promote the formation of neurons.

% 20 Efficient programmed formation of mesodermal lineages from pluripotent
cells

Phuripotent cells can be programmed to adopt a specitic mesodenmal fate
by ditterentiation through a homogeneous EPL cell intermediate as shown in
Example 6. This may reflect the absence of visceral endoderm within EPL cell

25 EBs. Nascent mesoderm formation can be detected in approaching 100% of EPL
cell EBs and is probably underestimated by scoring beating cardiocytes which
comprise only one of the possible nascent mesoderm cell fates. The previous
experimenis were carried out using EPL cells formed from ES cells in adherent
culture. Here we describe altemative methodologies for efficient mesoderm

30 iormation from plurip;)tent cells in vitro.
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1) comprise a stable and homogeneous population of cells with properties
equivalent 10 embryonic primitive ectoderm. Programming the differentiation of

5 these cells to a mesodermal fate is thought to require both removal of the
neurectoderm-inducing activity of MEDII and dissociation from ECM components.
This would mimic the behaviour of pluripotent cells destined to form mesoderm
during primitive streak formation in vivo.

On day 4 EBMs were trypsinised to a single cell suspension and

D 10 reaggregated in DMEM +/- 10 ng/ml FGF4, or DMEM + 50% MEDII +/- 10 ng/ml

FGF4. After a subsequent 4 days of development an obvious morphological

difference was apparent between reaggregates cultured in DMEM and those

cultured in DMEM + 50% MEDII (Figure 36). RNA from these aggregates on days

2 and 4 was analysed by northem blot for expression of brachyury and Oct4

15 (Figure 36). Oct4 expression was down regulated in reaggregates on day 4,

indicating the loss of phuipotence as differentiation occurred.  Brachyury

expression could not be detected in reaggregates developed in DMEM + 50%

MEDII, consistent with the fact that these are destined to form neurectoderm.

Brachyury expression, indicating mesoderm formation, was strongly up regulated

20 in reaggregates developed in DMEM at day 2 and 4 in the absence of FGF4. In

the presence of FGF4 brachyury expression peaked on day 2 and was down

regulated by day 4, suggesting that addition of FGF4 resulted in accelerated

mesodermal differentiation of the pluripotent cells. The expression of marker

genes was confinned by in situ hybnidisation of reaggregated bodies with Oci4 and

25 brachyury specific probes (data not shown). These data indicate that EPL cells
formed in suspension can be programmed to differentiate into mesoderm.

Mesodermal precursors derived by directed pluripotent cell differentiation
can be programmed to alternative developmental fates

Programmed formation of high levels of mesoderm~in EPL cell EBs was
30 demonstrated by formation of nascent mesoderm and beating cardiocytes
(Example 6). To establish whether the elevated levels of nascent mesodem in
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| F " 10%6GCE phograiiivéd 16 alteridivecdéveloprieintil Gates, the formation of macrophages in
response to exogenous cytokines was assessed.

EPL cell and control ES cell EBs were differentiated in MC media
5 suppiemented with miL-3 and hM-CSF, and scored for the presence of
macrophages on days 12, 15 and 18 (Figure 37). On day 12, 32.4% of EPL cel)
EBs were observed to contain macrophages, compared to 4.8% of ES cell EBs.
On days 15 and 18 the proportion of embryoid bodies containing macrophages
had increased to 43% of EPL cell EBs and 9-10 % of ES cell EBs. Consistent
10 with the earlier formation of mesoderm in EPL cell EBs, {formation of macrophages
Q initiated approximately two days earlier in these embryoid bodies compared to ES
cell EBs (data not shown). Enhanced formation of multiple mesodermal lineages
in EPL cell EBs suggests that the elevated nascent mesoderm in these bodies
contains a multipotent mesodermal progenitor which c-an be programmed to

15 allemative fates in response to specific environmental cues.

Pluripotent cell differentiation can be specifically programmed to the
formation of alternative mesodermal and ectodermal lineages

A comparative analysis of methodologies developed for directed

mesodermal (formation of EPL cell EBs) and ectodermal (formation of EBMs)

% 20 differentiation of pluripotent cells is presented in figure 38. Differentiated

aggregates were scored for the presence of neurons and beating muscle as
represeniative cell types for mesodermal and ectodermal lineages respectively.

EPL cell EBs formed beating muscle with high efficiency but were unable 1o
form neurons. EBMs showed the reciprocal patten, forming neurons with high
25 efficiency but failing to form beating muscle. The formation of mesoderm in
particular is probably underestimated in this analysis because only a single
mesodermal cell type, beating muscle, was scored. Appropriate use of the factors
within MEDH 1o form and differentiate piuripotent cell populations can thereiore be
used to direct specific formation of atemative mesodermy and ectoderm germ

30 layers from pluripotent cells in vitro.
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celis ino cell lineages of allemative gemm layers, namely ectoderm and
mesoderm. Formation of EPL cells in response to the biological activity in MEDII,
5 in adherent or suspension cultures, is an essential step in these lineage specific
differentiation protocols. Although the pluripotent cells used in the above
examples were obtained by culture of ES cells in MEDII, we envisage that primary
phripotent cells isolated from embryonic ICM, primitive ectoderm or PGCs, or
pluripotent cells obtained by dedifferentiation or nuclear transfer, could be used as
10 a source of material for controlled lineage specific differentiation in vitro.

O i

Neurectoderm formation, in the absence of mesoderm formation, occurred
when EPL cells were differentiated in the presence of MEDIl in suspension
cullure. This suggested that the conditioned medium contained components
required for newal detemmination. Fractionation of the conditioned medium

15 suggested that this component resided in a fraction containing medium
components of greater than 10 kDa, and may be the ECM component identified
as active in the formation of EPL cells. Formation of neurectoderm from primitive
ectoderm in contact with ECM components is consistent with the determination of
this lineage during embryogenesis.

@ 20 Eﬁiciynt formation of mesoderm from EPL cells, in the absence of
neurectoderm, could be achieved in adherent or suspension culture and required
removal of MEDII, potentially to eliminate contact with ECM proteins. This could
be achieved by aggregating, or reaggregating, EPL celis in medium without the
addition of MEDII, or seeding EPL celis onto gelatin treated plastic-ware in the

25 presence of members of the TGFP or FGF families. Differentiation of EPL cells as
cellular aggregates proceeded in the absence of visceral endoderm and resuited
in the formation of mesodermal cell lineages, as assessed by gene expressidn
and terminal differentiation.

importantly EPL cells, and the inclusion or withdrawal of MEDII or MEDII
30 activity, provide an approach for the production cell populations highly enriched in
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109%2& () - 19@%&!) nz%ﬁy%‘ W ia@lors thought to be involved in neurectoderm and
5 mesoderm formation during normal embryonic development in vivo. Progenitors
derived in this manner are ideal for projected applications in human medicine,

veterinary applications and agriculture.

EXAMPLE 8:

Gene Therapy Applications

-

10 The utility of the present invention in gene therapy is as follows. | depends
on using nuclear transfer technology that has already been developed and used in
several animal species, including sheep, cattle and mice. A donor human egg is
fertilised in vitro, but then the nucleus removed and replaced by a nucleus from a
cell from the recipient of the intended gene therapy. The nuclear transferred egg

15 is allowed to develop into an early embryo in vitro, and then cells from it are used
1o generate, using the procedures and products of this invention, an EPL or ES
cell line. This cell line is then genetically modified, using DNA transfer technology
known 1o those skilled in the art, o correct a genetic defect, or to replace or add a
functioning copy of a desired gene; (examples; clotting factor genes for

% 20 hemophelia, the CF gene for cystic fibrosis, the insulin gene for Type 1 diabetes).
The modified ES or EPL cell line is then differentiated in vitro to a desired cell,
tissue or organ, which is reintroduced into the recipient in a therapeutic
transplantation procedure. Since all the genes of the modified cell line {(with the
exception of the modification or the introduced gene) are identical to the recipient

25 individual's own genes, there is unlikely to be cell or tissue rejection, since this
would be in effect, a perfectly matched transplant.

Alternatively, the modified cells from a non-matched human ES or EPL cell
line are genetically modified and then encapsulated, by cell encapsulation
techniques known to those skilled in the art. They are then introduced to a

30 recipient as an implant to produce in that individual, a gene product (e.g. clotting
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non-immunologic to any recipient, thereby generating a "universal ES or EPL cell
ine". This cell line is further modified to use in the therapeutic procedures
5 described above, without the use of encapsulation technology.

Such "universal” donor cells are used to generate human endothelial cells,
that are used in xenotransplantation procedures, for example, 1o coat
xenotransplam organ blood vessels; e.g. pig kidneys or hearts, with human
endothelium, to reduce or eliminate delayed graft rejection.

D 10 EXAMPLE 9

Transplantation of neural cells derived from pluripotent cells.

Despite the promises offered by neural cell transplantation as a long-term

therapy and cu}e tor neurological disorders, significant practical hurdles remain.

Allogeneic and xenogeneic transplants are still subject to rejection even though

15 immunological protection is afforded by the blood brain barrier. Furthermore the
avaiability of foetal cells, ofien used in neural transplaniation trials, is scarce.

Neural cells, including neural stem cells developed by controlled differentiation in

vitro ot pluripotent celis along defined neural pathways offers an ideal source of

% cells for neural cell therapy and neural transplantation.

20 In man transplantation of neural dopamine cells has been trialed 1o relieve
some of the symptoms of Parkinson's disease, and neural cell transplantation may
also offer benefits to neurodegenerative disorders. As a first step in providing
these cells for human therapy, transplantation with neural cells derived from
pluripotent cells can be investigated in a mouse model. Differentiation of ES cell

25 lines expressing p-galactosidase directed to a nuclear location (KSF4 cell line) or
to the cytoplasm (ROSA 26 cell line) can be directed along the neural pathway
using MEDII as described herein. Neurectoderm or differentiated neural cells can
be injected into cerebral vesicles of neonates. Survival of the transplanted cells is
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Finally, it is to be understood that various alterations, modifications andlor
additions may be made without departing from the spirit of the present invention
as outlined herein.
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U& ()-! &) 109AJU& ()-!8&2)10% | 1& ()-!F &L0YBUSU& () - ! F&LO0YBUSU& () -!s(10%
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h& ()-Y's(10% h. h& ()-Y! hLMS10%hh& () -! LM5109%hh& ()-10% h& ()-Y 10% h& () -

TAHLE 1
ESCalls | ICM |EPLCens| PRRIT
{0cs4 + + + +
Q Alkaline phosphatase + + + +
‘Uvomruh'n - + + + +
Fes - - + +
|Rex-1 high + low -
AlphafetoproteinfAFPy = | - - -
lrro - - - -
[Exl - - - -
lﬂmchyury : - - - -
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h& ()-f#$10% h& ()-!s$10%h& ()-Y8\ ]~ I x{rS40 ! -
10%4| & () -ynml0o%| & ()-&S10%4| & ()- 10HhHh 10HhHh
10khHh! (2$109%-hHh& () -1 2$1099h9N& () -{my aBr sS40 !

1094 & ()-z! hL@B10% | & ()-"10%| & ()15 "10%4| & ()-y 10%| & () -
$10%4| & ()- Cz }"<rS40 !'1$"10%4 4| & ()-!'m 109%4| & ()-!"10%| 4| & () -
110%5 G & () -1 $10%4 & ()-"10%4 & ()-  Tl:zX9rS40 !
810%4| & ()-1 (" -$10% |\ | & ()-!# $S10NVW & ()-,"10%] & ()-! 9" (10%| <| & () - 3!
8&9' (109%Z| Z| & ()-3:rP10 910% h& ()-!D3' 10%hdh& ()-!1"'109%& ()-%0% h& ()-Z
104] 4] 104] 4] 104] 4] ! F: $10%)| 4] & (DABEE 2 P10! (s$10%-hbh& () - Y1 (10% h
h& ()-L"10% h& ()-"10% h& ()-!"&Fs$109%mh& ()- y10% h& ()-$S8abr P10! (I."10%
h& ()-,"10% h& ()-!)(109%h& ()-("10% h& ()-S#"10% h& ()- s$10%
h& ()-YpqrsrP10! (1."1" 10%@ @& ()- S&10%| & ()- 10dhdh” 10dhdh

Bg:’j;‘g;"l Foe | @ liveborn | et
) ES; E14TG2a 163 65 40 58
EPL; 2 &5 33 50 0
EPL; 4 77 50 65
EPL; 2¢ 78 2 28 36
EPL; 48 74 31 42 58
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h& ()-3-}[9PL0! . (10%] b & ()-! 9$10% | & ()-!{ 9$10%| 4] & ()- LZ109%4} f’ﬂz
"1094| & ()-!10% | & ()-- rmBz[ 9P10! ( 1$10% |\ | & () - Fy/" 10%4|& ()-
1001 & () hGA| & () 110511 ()1 (109 vl & () /AU99/00265
=01 1yv3( 10% 10%¢h#ha&! () - y&10% h&’ () - 104] 104| 104T6100/4¢| & ()_
1$10%| & ()-F5 L~ 11i11dE =0!ly, f' 10% h& ()-, f10% h& () - $10% h& () -, , " 10%
h& ()- 10% h& ()- , MLO% h& ()-1E""##$$a?_=0!119( (10%hYh& ()-L$$10%
h& ()-L!310% h& ()-"10% h& ()- $10%R& ()-! C) 10%hch& () - SPIBEES.
'}7?_=011,99"10% h& ()-7$10% h& ()-1.14"10% h h& ()-, 010% h& ()-, S/ "10%
h& ()- 1((10%h, h& ()- 's't'u' v' ' B((~\=0! "109&& ()- !tfY
(109& ()-!f' 10%u& ()-, &L0%& ()-3 10 h 10 h 10 h,: "10%
h& ()-((1)F))*+ A<=\ =0!1" (109h& ()-!(10%h& ()-!(10%V& ()-109Z& ()-9@ $10._
0Z& ()-"109%& ()- ,,b-.'/r//z[<~\=0!8"10%&Z& ()-
61092& ()-3! &) (109& ()-!!) (109 {& ()- ! WABOBAKE () - 9T109%&Z& ()-/0
0000=001~\=0! F 10938 ()-!81 " 10%& ()-!]" 10% ()-y&10%& ()- 10Z 10Z
102l : " 109&& () -
1X1112K2 2t~ HER +OYES g Pt - |
10%G8 () - 42223K3342B-\ =0 3$10fy@& ()-11 $10%GG& () 1098 () - 3@ 109%% () -
" 10%G8 () - Mate@ahpasitions 555677} [ 9+= % EPL cell colonies with
1000! (6$10%08& () - F! S1S&L0%& () - 390" 10%G& ( )no associated differentiation
3. 1098 ()-19° Y(' 109 () -1 SY(' 10% () - 77777¢899a2=
100o! ( ! PAMBIO% | & ()-'&I\/$10%|& ()-"10% & ()-TKS 1094 | & () - 9a0%d & () -

1000 10009 iib [97= 1000! &$) 10% () 7! (1098 8| g @ - ! (1098 8| & ()-
blowu 4| /<4| & ()-"10%| & () - O==>>>>6?} [ <?=,44 gpo!
Plasma Fibronectin . 51%
Collagen IV 59 %
Lamininffibronectin/collagen IV mix 62.5%
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1004] & ()- 1 &%) 10%& () - 26222227@ @@ @00! & 10% h&' ()- y&10% K 9 OCT 2002

h& ()-!yz&10% h) h& () - S&10% h& ()- G 104| 104|

104| 8" 109%| & &P) A>AAASBAB~ @00! ! 19' 10% h h&' ()-4MLO% h& ()- s"10%
h& ()- s9109 1"10% h& ()- 10% h& () - 5B} BBCCDD} [ <~ @ o0dPGY/AUS/R0265
h& ()-1#1f $10%ChCh& ()-F!#l f $10%ChCh& () - F"10% h& () -, 10% h&' () - -
19' 109 () - ADDEE&FQFGG} <. @ 10LhLh!, | 96$10%.hLh& ()-4"10% h& ()- 3"10%
h& ()-11"10% h& ()-!, Y3. $109%.hLh& () -¥18* @109%hé& () - GGEEOMHHHIE@

10LhLh! , S109@& ()- "109%&Z& ()- "109%& ()-!y' 1098S& ()- % 109%&& ()- 10LhLh
10LhLhH JKL2MNNWUSE@ 10! &3( 109%& ()-!,, $10%& ()- !y&'109%Z& ()-! (0
$109ZZ& ()-!(10%]1& ()- ! _(10%v& ()- NBOOOOOOPRP-\: 10! & 3l 10%&' ()-
1y&10%) & () - &10%m& ()-Y 10Z 10Z 10Zs9" 109%Z& ()-!;

96$109& () - RP/ QQQRI RRM<~\: 10! & ! 109g9& ()-Z!' "10% . & () -

"10%1& ()-"109%& ()- ~ MBLO%I& ()-! MBLOY& ()- RSSTT}UVH 9-\:

10! &~ +$109& ()- ! +$10%m& ()- (10%m& ()- !!' 109%n& ()-3

10%m& ()-! ' 109& () - ZVVWANANAKWKU S4

TABLE 4

Maintenance and proliferation of embryonic primitive ectoderm
in response to MEDII

Embryo . Embryo Pluripotent

culture conditions Matrix Survival cell maintenance
(%) (%)

DME_M +mLIF Collagen IV 235 0

DMEM + 50% MEDII Collagen IV 42 23
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10! " 10%6&' () - ! Kf ! 10%&' ()-f &L0%&' ()- 10mm 10mm ,
10nm 8" 10%mmg: () - 3" +$10%1&' () - WKX=YQYZNZZ} A?2uS4 10! " 10%& () - f " 1ko@20C) - 2002
| @ 109%65G8' () - LMB10O%G&' () - ! LMBLOY&' ()- " 1093& ()-ZZ[[\\ ]z[9uS4

1011 Y(SL109VE () - &' 1096G& ()-! #$L109%VE () -

10068 () - | " NIOGHEMR) - | 8#100& ()-S 1]]' X _Y_"2uS4 10117y  PCT/AUAN26S
10968 ()-!L3$109GGE ()-1"109G& ()- O 109G& ()- & 1096G& ()-! -
) (10%gg& ()-Y aDar S4 10!f 10% h& ()-"10% h& ()-!c! 109hh& () - %0%

h& ()-3 10 10 10!'f; 10%&' ()-Daab%wcdd®} [ <rS4 10!l $10%

h& ()-4! (1 $10%hHN& ()-4"10% h& ()-!1" 10%hCh& ()-S"10% h& ()-!,"10% h

h& ()-qgdddeef Rf aBr S4 10! sO 10% h& ()-+"10% h& ()-y!*' 10%hh& ()-% 10% h& () -
&$10% h&' ()-f9! m' 10% & () - Rf f 2geghhhhh} 0aS4 10! %: 10%&' ()- 10 h h 10 h h
10 h h!19"10% h h& ()-610% h& () - S5" TOH#IREs () - ! #2$10% h

h& ()-hlhzhhiiiiaBaS4 10! %/: @LO0%:8 ()- SmLOY%GS () - S10%G8 ()-s" 10938 () -
"10963& ()- 'cfl109%&k ()-i.jjnkukl nj[<aS4 10! #" 10%:& ()- !

$10%GG& () -s109%& () -!'#3$10% ) & ()-!.y(10%u& ()-"10%=& ()- njmmnnPo}"?aS4
10! 5! 10%38 () - 3$10%38 () -! 0" 10%6GG& () - -S10%&' () -! (& $10%00& () - (" 10%3X ()
- Po[ ooooo00p_@

Effect of difierent treannents/chromatégﬁphy of seri-purified* HEPG2 conditioned media on
its ability to convert ES cells into X cells

Treatment ES to X cell conversion **

no
: repeated freeze thawing
) acid (pH2.0)
heat (1hr, 100°C)
DTT (50mM)
Ion exchange:
Cation or Anion (various buffers/pH's)
flow through fraction
~«+  chuted fraction -
Reverse phase HPLC
C18 column (0.1%TFA -> 80%acetonitrile)
flow through fraction : +
cluted fraction
C8 column (0.1%TFA -> 80%acetonitrile)
flow through fraction +
chuted fraction -

+ +4+ 444

"‘Th; cluate from the 3kD ultrafiltration of HEPG2 condiiioned media was
used.
Q ** The ability of the treated/chromatographed eluate (plus desalted retentate)

to convert ES to X cells was tested using the assay described in the Materials
and Methods.
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pprOrsa?_@ 10! | 1Y$109%&x&' () - $10%6G& ()-! am 10%& () - ZS10%3& () -3 1098& Ci-fm
10968 ()-stuv xxx xwi [M@10!!11Y$ 10 10 10! @' ' 109%& ()--!; "' 109%& ()--!; -
L1009 () --1# Y$10% ) & () - xx9xxx6yay}[<M@ 10! @10%t| & ()-!'(10% | & () -
910%| & () - WEoUSIt | & ()-!s' 10% | & () - &Y10%| & ()-3ayy<zzz§‘9{ !
10%4| & () -1 GLO%| & ()-$10%1| & ()-!0(10%l| d| & ()-!+(10%]| 4| & ()-!" 10%| 4+ & (
)« W {{{||}a?M@ 10! ! 2$109&R| R & () -/ MLO%| & ()-!((10%|L| & ()-3&

10%| & ()-#MLO%4| & ()-s!"10%| & ()- }}-?~@A~O-0~~ =

1011 @10% | t]| & ()-!s' 10%| <| & ()-%' 10%1| & ()- 104] 104| 104|y; $10%| & () -
910%t| & ()-~-{dE_= 10!! @"10%| & ()-"10%| & ()- 10%1| & ()-L MLO%| & ()-
"10%] & () - & 10%] & () - esQex6_= 1011 0x(10%| d] & ()- 10*(10%] d| & ()-

11°S 1095 G & ()- ! #S 100 U & () - 6

Amino acid Active sample Control sample

Hydrolysed Unhydrolysed

(pmol) (pmol) (pmol)
Aspartic acid 0 not found 3
Glutamic acid 35.2 8.3 6.2
Serine 2.6 6.1 9.8
Histidine not found not found not found
Glycine 54.4 64.9 not found
Threonine not found not found not found
Alanine 403.3 478.5 11
Arginine not found not found not found
Tyrosine not found not found not found
Valine 18.1 23.9 30.9
Methionine not found 33 18.3
Phenyalanine 0 not found 10.4
Isoleucine 29.5 34.6 58.6
Leucine 25.8 274 74.3
Lysine not found not found not found
Proline 478.8 558 25.6
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104| 104| 104| :10%| & ()- 6Z10%| & ()- \)}[< @
10! | OMLO%GE' () - ! 010%ww&' () - S@LOYGE () - @OY%G& ()-!4 (10%{& ()-F! " (10%& ()-F
)ZB~a?_@ 10! ! 0!) (10%PP& ()- Y(10%3&' ()- YWrlO%& ()- #" 10%6G& ()-!

#10%3G& () - YW })-nh }oP@10!10!) (10 %&10% U& ()-3 10}} mMRWAU/026S
10}}!66$10% } & ()-! 6$10%5G& ()-!) (10%JU& ()- 8%} ?P@ 10!10 10% -

U& ()-9:$10% U& ()- s"10% U& ()-&" 10%

U& ()-!#F 1090U0U& () - F!'' 1090JU&' () -t BRR6P@ 10! ! 1$10% U U& ()-. 10% U& () -
(" 1$109%BU5U& () - ! #0! $109OU0UE ()- ! (10%JU& ()- ! (10%JU& ()- B:; <=JVYhuV7

TABLE 7
Minimal Range Activity
Active tested
concentration
(uM) (uM)
L-proline (40) 20-1000 +
AMING ACID
Q D-Proline 30-3475
L-Alanine 390-3900 -
L-Lysine 55-5500 -
PROLINE ANALOG
N-acetly-L-profine 64-636 -
trans-4-hydroxy-1 -proline 270-550 -
L pipochohe 2t (PCA) 390- 15500 ”
a -
Sarcosine : 101120 *
3,4 dehydro-L-proline 1-500 -*
pyrrolidine 10-1000 -
PEPTIDE
Pro-ala (250) 20-1000 +
Ala-pro 80 20-1000 +
Ala-pro-gly 40 40-1000 +
Pro-OH-pro 40-80) 20-1000 +
‘ Pro-gly 250%) 20-1000 +
Gly-pro 40 20-1000 +
Gly-pro-ala 40 20-1000 +
Gly-pro-OH-pro 300) 40-5850 +
Gly-pro-arg-pro 80 40-1000 +
Gly-pro-gly-gly 50 1-1200 +
Val-ala-pro-gly 40) 40-1000 +
N o-lys-pro-gin-gin-phe-phe-gly-leu-met.NFL) ”
pr -pro-gin-gin-phe-phe-gly-leu-met-
(l\l'giipﬂ'eelya‘;id ] I(4°)h he-gly-i 4-%?!?00 ¥
ro-lys-pro-gin-gin-phe-phe-gly-leu-met:
Substance P frag. 1-4 (40) 40-1000 +
(Arg-pro-lys-pro)
Arg-gly-asp (RGD) 40-4800 -
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10! 10Z! (10%4| 4] & ()-:"10%}| & ()-"10%| & ()-!Ky! 10% | & () - F¥d0%| & ()-Z 10Z
P@Zu@y [ 9H= 10!

1 ((10%J Ul & ()-yL! #10%4& () - %40%& ()-! (%40%\ & ()-!4" (10%| h|l&'Q)QCT! 200&
0% | | & ()-:$M<.= 10\ |\ | (C17$100 |\ | & ()-4!# 7$10%4| 4] & () - 45" 10%4| & () -
2" 1094 & ()-! (1/$10%4| 4] & ()-f,"10%4| & ()-1kaB= 10\|\| (]l "10% h& ()-1"10%
h& ()-!1"10%h& ()- !z’ 10%1h&() vcy@O%nzz() 10\ [\ ]| 10\ |\ ]| k<z}[9B=

100 [\ ]! f, $10% h! h& ()-z!f, $10%&h&n& () -zl "10% h& ()- '\ 3(10% h| h& ()-3(10%
P&'()-!{WlMs()-nB‘MB:

10\ [\ ]| !'Ty5$10% h! h& ()-! (" S, $10%hHh& ()-!S, $1090h9h& () - Ss* $10%

h& ()-II(10%h& ()-1f#" 10%h& () DEFGVXXx_ @

10V NI O(V ) L 8f 1 109& O(V 09%6& ( .
h'y5$10% h& %/E?Q j‘”@ ‘é%fq%‘l@g% *)’G‘WM?') Capaﬁe in the
9$10% () -G 9&3&@9@7@1@5 45 AN B 2GR aRendtition,
| > #( 109 ()pcfl >E( 109&: %ﬁ%g& ? %GG&' %*o%‘é’a 4)aiflé on
10\! C 4&10%p:(>mr4t)or#aﬁm r(\;:mterlamEeloﬁpluripotent cells, said factor including a low
10G810% () QUG 0%5&
1011l ( g&a'eew PRt pomepnist sdietie %&EG(W’UPOG)&'&?'%‘)"Q )qf Prfipe nd -
CA) {V\'Uﬁb@ ally active analogues thereo eptides ncludm roline f
10V 1 $100ka {htgnaly active pnalogues <& ( €()-1 neluciog pieine and functionally
Q 10%<& () adtive fragments and analogues thereof an molecules whnch compete therewith
for biological activity; and a large molecular weight component selected from the
group consisting of extracellular matrix proteins and functionally active fragments
10 or analogues thereof, and molecules which compete therewith for biological

activity.

2. A biologically active factor according to Claim 1 wherein the low molecular

weight component has a molecular weight of less than approximately 5 kD and the

large molecular weight component has a molecular weight of greater than
15 approximately 10 kD.

3. A Dbiologically active factor according to Claim 1 or 2 wherein the low
molecular weight component is selected from the group consisting of:

prolme
i Pro-ala
20 - Aapro
| Ala-pro-gly
Pro-OH-pro
Pro-gly
Gly-pro
25 Gly-pro-ala
Gly-pro-OH-pro
Gly-pro-arg-pro
Gly-pro-gly-gly
Val-ala-pro-gly
30 Substance P frag. 1-4 (Arg-pro-lys-pro)
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19271008 () -14"10%<& () - \qGp[9_= 101! F 1((33/& -1 K 10%JU§L"(9) OCT 2002
F(1098JU8 ()-1{ F(109%JU& ()-:10% U& ()-  "10% U& ()-MB}A? = 10\!1 |410%

U ()- ff210% U& ()-.MLO% U& () - +" 10%

U8 ()-16fY"$LOUCUCUR () -! 196 Y" $10%U>UR' () 80wy @10\ | " 10%4] & ()-! T3
"10% | & ()- % 910% & ()-G 10 U 10 U 10 U € 0% U8 ()- &6"10% U& ()-3Q}"<_@

100111 10% | | & () %d| % & ()-!1", ~$10% | & ()-!,
$10%|&() 9" 1098 PE%‘P F&f’é%aﬂfi)ll@ 10% || & () -

@L0%)| & () - & 310%| & (g prodQRbR- G}n-GlﬁWe@Pﬁlcdly—LéG%éidﬁé ()- MV}[<l@

Protease digested (including collagenase digested) collagen fragments;

and functionally active fragments and analogues thereof;, and molecules which

5 complete therewith for biological activity.

4. A biologically active factor according to any one of Claims 1 to 3 wherein
the large molecular weight component is a fibronectin or a functionally active

fragment or analogue thereof or laminin or functionally active fragment or

analogue thereof.

10 5. A biologically active factor according to Claim 4 wherein the large molecular
weight component is a cellular fibronectin or functionally active fragment or

analogue thereof.

6. A composition capable of influencing differentiation, proliferation and/or
maintenance of pluripotent cells, said composition including a biologically active
15 factor according to any one of Claims 1 to 5, and an adjuvant, diluent or carrier

therefor.

7. A method for preparing a conditioned medium including a biologically active
factor according to any one of Claims 1 to 5, said method including
providing
20 ' - cells selected from the group consisting of hepatic or hepatoma cells,
hepatic or hepatoma cell lines, extraembryonic endodermal cells and cell
lines, and
g a cell culture medium;
culturing the cells in the cell culture medium for a time sufficient to produce

25 the conditioned medium; and
separating the celis from the culture medium to provide the conditioned

medium.

8. A method according to Claim 7 wherein the cells or cell lines are selected

from the group consisting of a human or mouse hepatocellular carcinoma cell
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(ATCC HB-8065), use  hepatocellular ca moma cell line Hepa 1c1c-7
(ATCC CRL-2026), the visceral endodermal cell line END-2 and the parietal

endodermal cell line PYS-2.

10. A method according to Claim 9, wherein the cells or cell line are the human
hepatoceBular carcinoma cell line Hep G2 (ATC HB-8065).

10 1. A conditioned medium capable of influencing differentiation, proliferation
*  and/or maintenance of pluripotent cells, said conditioned medium including a
biologically active factor according to any one of Claims 1 to 5.

12. A method for preparing an extracellular matrix including a biologically active
factor according to any one of Claims 1 to 5, said method including

15 providing
cells selected from the group consisting of hepatnc or hepatoma cells,

hepatic or hepatoma cell lines, extraembryonic endodermal cells and
' cell lines
va support substrate and
20 a cell culture medium;
culturing the cells in the cell culture medium in the presence of the support
substrate for a time sufficient to produce the extracellular matrix; and
separating the cells and culture medium from the support substrate to

provide the extracellular matrix.

25 13. A method according to Claim 12 wherein the cells or cell line are selected
from the group consisting of a human or mouse hepatocellular carcinoma cell
lines, primary embryonic mouse liver cells, primary adult mouse liver cells, primary

chicken liver cells, and human and mouse extraembryonic endodermal cells and

cell lines.
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ATCC CRL-2026).

‘5 15. A method according to Claim 14, wherein the cells or cell line are of the
human hepatocellular carcinoma cell line Hep G2 (ATCC HB-8065).

16. An extracellular matrix capable of influencing differentiation, proliferation
and/or maintenance of piuripotent cells, said extracellular matrix including a
biologically active factor according to any one of Claims 1 to 5.

10 17. A method for partially or substantially purifying a large molecular weight
* component of a biologically active factor capable of influencing differentiation,
~ proliferation and/or maintenance of pluripotent cells, said method including
providing
| a source of said large molecular weight component,
15 a heparin affinity chromatography support,
an anion exchange chromatography support, and
a gel filtration chromatography support;
contacting the source of said large. rﬁolécular weight component with the
heparin affinity chromatography_s;upport to produce a first fraction;
20 contacting said first fraction with the anion exchange chromatography
supppﬂ to produce a second fraction; and
contacting said second fraction with the gel filtration chromatography
support to produce the partially or substantially purified large molecular weight

Tk o

component.

25 18. A method according to Claim 17 wherein the source of said large molecular
weight component is a partially purified biologically active factor according to any
one of Claims 1 to 5, a conditioned medium according to Claim 11 or an

extracellular matrix according to Claim 16.

18. A method according to Claim 18 wherein the heparin . affinity
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an ultrafiltration membrane

an anion exchange chromatography support,
10 a hydrophobic interaction chromatography support,
a heparin affinity chromatography support, and
a gel filtration chromatography support;
contacting the source of the large molecular weight component with the
ultrafiltration membrane to obtain a fraction with components greater than
15 approximately 10 kD,
contacting the fraction with components greater than approximately 10 kD
with the anion exchange chromatography support to produce a first fraction;
contacting said first fraction with the hydrophobic interaction
chromatography support to produce a second fraction;
20 contacting said second fraction with the heparin affinity chromatography
support to produce a third fraction; and
contacting said third fraction with the gel filtration chromatography support
to produce the partially or substantially purified large molecular weight component.

21. A method according to Claim 20 wherein the source of said large molecular
25 weight component is a partially purified biologically active factor according to any
one of Claims 1 to 5, a conditioned medium according to Claim 11 or an

extracellular matrix according to Claim 16.

22. A method according to Claim 21 wherein the ultrafiltration membrane is an
Amicon DiaFlo YM10 membrane, the anion exchange chromatography support is
30 a Separose Q anion exchange column, the hydrophobic interaction
chromatography support is a phenyl sepharose hydrophobic interaction column,
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component of a bnologncally active factor capable of influencing differentiation,
5 proliferation and/or maintenance of pluripotent cells, said method including
providing
a source of said large molecular weight component, and
a gelatin affinity chromatography support,
a dialysis system;
10 contacting the source of said large molecular weight component with the
gelatin affinity chromatography support to produce a first fraction; and
subjecting said first fraction to dialysis to produce the partially or
substantially purified large molecular weight component.

24. A method according to Claim 23 wherein the source of said large molecular
15 weight component is a partially purified biologically active factor according to any
one of Claims 1 to 5, a conditioned medium according to Claim 11 or an

extracelular matrix according to Claim 16.

25. A method according to Claim 24 wherein the gelatin affinity
chromatography support is a gelatin sepharose affinity chromatography support.

20 26. A method for partially or substantially purifying a low molecular weight
component of a biologically active factor capable of influencing differentiation,
proliferation and/or maintenance of pluripotent cells, said method including

providing
a source of said low molecular weight component,
25 an ultrafiltration membrane,
a first gel filtration chromatography support,
a normal phase chromatography support, and
a second gel filtration chromatography support;
contacting the source of said low molecular weight component with the

30 ultrafiltration membrane to obtain a fraction having components less than about 3
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10Z@ $10%Z&He first gel filtration chromatography support to produce a first fraction;

5

10

15

20

25

30

contacting said first fraction with the normal phase chromatography support
to produce a second fraction; and

contacting said second fraction with the second gel filtration
chromatography support to produce the partially or substantially purified low

molecular weight component.

27 A method according to Claim 26 wherein the source of said low molecular
weight component is a partially purified biologically active factor according to any
one of Claims 1 to 5, or a conditioned medium according to Claim 11.

28 A method according to Claim 26 wherein the ultrafiltration membrane is an
Amicon DiaFlo YM3 membrane, the first gel filtration chromatography support is a
sepharose gel filtration chromatography support and the second gel filtration
chromatography support is a Superdex peptide gel filtration chromatography
support.

29. A method of producing and/or maintaining early primitive ectoderm-like
(EPL) celis, said method including
providing
pluripotent cells, and
a biologically active factor according to any one of Claims 1 to 5; or
a conditioned medium according to Claim 11, or
an extracellular matrix according to Claim 16; and
contacting the pluripotent cells with the biologically active factor, or the
conditioned medium, or the extracellular matrix, in the presence or absence of

additional gp130 agonist, to produce or maintain the EPL cells.

30. A method according to Claim 29 wherein the pluripotent cells are selected
from the group consisting of embryonic stem (ES) cells, in vivo or in vitro derived
ICM/epiblast, in vivo or in vitro derived primitive ectoderm, primordial germ cells,
EG Cells, teratocarcinoma cells, EC cells, and pluripotent cells derived by
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component is selected from the group consisting of:
proline
5 Pro-ala
Ala-pro
Ala-pro-gly
Pro-OH-pro
Pro-gly
10 Gly-pro
Gly-pro-ala
Gly-pro-OH-pro
Gly-pro-arg-pro
Gly-pro-gly-gly
15 Val-ala-pro-gly
Substance P frag. 1-4 (Arg-pro-lys-pro)
Substance P free acid
(arg-Pro-Lys-Pro-Gin-Gin-Phe-Phe-gly-L eu-metOH)
Protease digested (including collagenase digested) collagen fragments;
20 and functionally active fragments and analogues thereof; and molecules which

compete therewith for biological activity.

32. A method according to any one of Claims 29 to 31 wherein the large
molecular weight component is a fibronectin or a functionally active fragment or
analogue thereof or laminin or functionally active fragment or analogue thereof.

25 33. A method according to Claim 32 wherein the large molecular weight
component is a cellular fibronectin or a functionally active fragment or analogue

thereof.

34. A method according to any one of Claims 29 to 33 wherein the pluripotent
cells are contacted with the biologically active factor, or the conditioned medium,

30 or the extracellular matrix, in the presence of additional gp130 agonist.
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5 adult mouse liver cells, primary chicken liver cells and extraembryonic endodermal

cells or cell lines.

36. A method according to Claim 35, wherein the cells or cell lines are selected
from the group consisting of the human hepatocellular carcinoma cell line Hep G2
(ATCC HB-8065), the mouse hepatocellular carcinoma cell line Hepa 1c1c-7

10 (ATCC CRL-2026), the visceral endodermal cell line END-2 and the parietal
endodermal cell line PYS-2.

37. A method according to Claim 36, wherein the cells or cell line is the human
hepatoceliular carcinoma cell line Hep G2 (ATC HB-8065).

38. A method according to any one of Claims 29 to 37 further including
15 identifying the EPL cells, preferably by Oct4 and Fgf5 expression.

39. A method according to any one of Claims 29 to 38 wherein the EPL cells

are mammalian or avian.
40. A cultured EPL cell.

41. A cell according to Claim 40 which is mammalian or avian.

20 42. A method of producing partially differentiated and/or terminally
differentiated cells, said method incliuding
providing
pluripotent cells, and
a biologically active factor according to any one of Claims 1 to 5, or
25 a conditioned medium according to Claim 11, or
an extracellular matrix according to Claim 16; and
contacting the pluripotent cells with the biologically active factor, or the
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factor or the large or low molecular weight component thereof, or the conditioned
5 medium, or the extracellular matrix, and in the presence or absence of one or
more differentiation agents; to produce the partially differentiated and/or terminally

differentiated cells.

43. A method according to Claim 42 wherein the pluripotent cells are selected
from the group consisting of embryonic stem (ES) cells, in vivo or in vitro derived
10 ICM/epiblast, in vivo or in vitro derived primitive ectoderm, primordial germ cells,
EG cells, teratocarcinoma cells, EC cells and pluripotent cells derived by

dedifferentiation and/or by nuclear transfer.

44. A method according to Claim 42 wherein the low molecular weight
component is selected from the group consisting of:
15 proline
Pro-ala
Ala-pro
Ala-pro-gly
Pro-OH-pro
20 Pro-gly
Gly-pro
Gly-pro-ala
Gly-pro-OH-pro
Gly-pro-arg-pro
25 Gly-pro-gly-gly
Val-ala-pro-gly
Substance P frag. 1-4 (Arg-pro-lys-pro)
Substance P free acid
(arg-Pro-Lys-Pro-GIn-Gin-Phe-Phe-gly-L eu-metOH)
30 Protease digested (including collagenase digested) collagen fragments;
and functionally active fragments and analogues thereof, and molecules which

compete therewith for biological activity.
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identifying the partially differentiated and/or terminally differentiated cells by
expression of cell surface markers, morphology and/or differentiation potential.

10. 48. A method according to any one of Claims 42 to 47 wherein the partially
differentiated and/or terminally differentiated cells are mammalian or avian.

49. A method according to any one of Claims 42 to 48 wherein the EPL cells
are cultured in suspension in the presence of the biologically active factor or the
large or low molecular weight component thereof, or the conditioned medium, or

15 the extracellular matrix, preferably in the presence of a growth factor from the FGF
family; and the partially differentiated and/or terminally differentiated celis include
predominantly ectoderm germ layer cells, predominantly partially differentiated
ectoderm, predominantly neurectoderm or predominantly neural stem celis and/or
predominantly terminally differentiated dermal or neuronal cells.

20 50. A method according to any one of Claims 42 to 48 wherein the EPL cells
are cultured in suspension in the absence of the biologically active factor or the
large or low molecular weight component thereof, or the conditioned medium, or
the extracellular matrix, and the partially differentiated and/or terminally
differentiated cells include predominantly mesodermal germ layer cells,

25 predominantly partially differentiated and/or predominantly terminally differentiated
nascent mesodermal cells such as blood cells and muscle cells.

51. A method according to any one of Claims 42 to 48 wherein EPL cells
formed in suspension are disaggregated and reaggregated in the absence of the
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biologically active factor or the large or low molecular weight component thereof,
or the conditioned medium, or the extracellular matrix, preferably in the presence
of growth factors from the FGF family, and the cells are and the partially
differentiated and/or terminally differentiated cells include predominantly
5 mesodermal germ layer cells, predominantly partially differentiated and/or
predominantly terminally differentiated nascent mesodermal cells such as blood

cells and muscle cells.

52. A method according to any one of Claims 42 to 48 wherein the EPL cells
are cultured in adherent culture in the absence of the biologically active factor or

10 the large or low molecular weight component thereof, or the conditioned medium,
or the extraceliular matrix, in the presence of growth factors from the FGF and
TGFR families, and the cells are differentiated.

53. A method according to Claim 50 or Claim 51 to differentiate pluripotent cells

in the absence of visceral endoderm.

156 54. A method of producing predominantly ectodermal cells, predominantly
neurectodermal cells, and predominantly partially and/or terminally differentiated
neurectodermal cells, by pluripotent cell differentiation according to Claim 49.

55. A method of producing predominantly very early or nascent mesodermal
cells, and predominantly partially and/or terminally differentiated mesodermal
20 cells, by piuripotent cell differentiation according to Claim 50 or Claim 51.

56. A neurectoderm cell, a partially differentiated neurectodermal or neural
stem cell or terminally differentiated neuronal cell produced by the method of any
one of Claims 42 to 48 and 54.

57 A mesodermal germ layer cell, and a partially differentiated mesodermal
25 cell or terminally differentiated mesodermal cell such as a muscle cell or blood cell
produced by the method of any one of Claims 42 to 48, 50, 51 and 55.

58. An ectodermal germ layer cell, a partially differentiated ectodermal cell, or
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65. A method according to any one of Claims 59 to 64 further including
20 differentiating the ES cells to produce partially or terminally differentiated cells.

66. An ES cell produced by the method of any one of Claims 59 to 64.
67. A cell according to Claim 66 which is mammalian or avian.

68. A method of producing genetically modified ES cells, said method including
providing
25 pluripotent cells,
a biologically active factor according to any one of Claims 1 to 5, or
a conditioned medium according to Claim 11, or
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active factor, or the conditioned medium, or the extracellular matrix; in the
presence or absence of additional gp130 agonist to produce the genetically

modified EPL cells.

25 70. A method according to Claim 69 wherein the pluripotent cells are selected
from the group consisting of embryonic stem (ES) cells, ES cells derived
according to any one of claims 59 to 65, in vivo or in vitro derived ICM/epiblast, in
vivo or in vitro derived primitive ectoderm, primordial germ cells, EG cells,
teratocarcinoma cells, EC cells and pluripotent cells derived by dedifferentiation or

30 by nuclear transfer.

71. A method of producing genetically modified EPL cells which method
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73. A method of producing genetically modified partially or terminally

differentiated cells which method includes preparing partially or terminally

differentiated cells according to any one of Claims 42 to 55 and genetically
20 modifying the cells.

74. A genetically modified ES cell produced by the method of Claim 68.

75. A genetically modified EPL cell produced by the method of any one of
Claims 69 to 71.

76. A genetically modified partially or terminally differentiated cell produced by
25 the method of Claim 71 or Claim 72.

77 A method of producing a chimeric non-human animal said method including
providing
an ES cell according to Claim 62 or a genetically modified ES cell
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according to Claim 73, and
a pregastrulation embryo;
introducing the ES cell or genetically modified ES cell into the
pregastrulation embryo; and
5 monitoring chimera forming ability.

78. A chimeric or transgenic non-human animal produced by the method of
Claim 77.

79. A method of using unmodified EPL cells according to claims 40 or 41, or
their differentiated progeny according to any one of Claims 56 to 58 in production

10 of transgenic non-human animals.

80. A method of using genetically modified EPL cells according to claim 75 or
their differentiated progeny according to claim 76, in production of transgenic non-

human animals.

81. A method of preparing a nuclear transfer cell, said method inciuding
15 providing
an EPL cell or partially or fully differentiated cell derived from an EPL
cell, and
an enucleated recipient cell;
transferring the EPL cell or partially or fully differentiated cell derived from
20 an EPL cell or nucleus derived from these cells to the enucleated recipient;
fusing and activating the combined cell to form a nuclear transfer cell.

82. A method according to Claim 81 wherein the enucleated recipient cell is an
oocyte, single cell embryo or other pluripotent cell.

83. A method for deriving a nuclear transfer cell, said method including
25 providing
a cell,
a recipient enucleated EPL cell or enucleated cell derived from an
EPL cell;
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transferring the cell to the enucleated EPL cell or enucleated cell derived

from an EPL cell;
fusing and activating the combined cell to form a nuclear transfer cell.

84. Nuclear transfer cells as derived according to any one of Claims 81 to 83.

5 85. Non-human mammals and birds derived from the nuclear transfer cells

according to Claim 84.
86. Pluripotent cells derived from a nuclear transfer cell according to Claim 84.

87. Use of unmodified EPL cells according to claims 40 or 41, or their
differentiatied progeny according to any one of claims 56 to 58, for production of a
10 medicament for use in human cell therapy.

88. Use of genetically modified EPL cells according to claim 75 or their
differentiated progeny according to claim 76, for production of a medicament for

use in human cells therapy.



