; _abcdef e3e4466T43F EMBRYONI C STEM CELLS AND NEURAL PROGENI TOR CELLS
DERI VED THEREFROM The present invention relates to undi fferentl at ed huma

enbryonic stemcells, 5 nethods of cultivation and propag ﬂmml mmuﬂm'”m
production of differentiated cells. In particular it relat

production of human ES cells capabl e o{ yi el ding somatic diff ersemdi at ed
cells in vitro, as well as commtted progenitor cells such as neural

progeni tor eRIBRYONIGBTEMICELLSIND NEURALPROGENITOR CELE!S BERMNEDdI Ng
neur al cel |mwmmm—mm

production of human enbryoni ¢ st em THERERROWMh can be either nmaintained in
an undifferentiated state or directed to undergo differentiation into
extraenbryonic or somatic lineages in vitro allows for the study of the

cel I ul ar 1$herweaahtemvéﬁrorbIr@tbféﬁ/t&hnaméryntmé@mmﬁIemfvamc tanc teip)al
genom cs, generation of differentiated cells fromthe stemcells for use in

t r anspl@nt Metoedsef aultivation are prepagealionrand praskstien pfidifferentiatedigeligeder al |

successi onPBRHAT U} B 1 38 pEEheRoM TRl P5 " Cats, Eanablsrel Sling, o
cel | may gkumafic géffdrontiatid @ells e vidiol e vl ad yomeitiéd pesgeritlr lcglls such as
differentiated bl ood cells. EnbrYonl c.stem (ES) cells are derived fromthe

embryo andn@v@ Pregemior ells aanable, o 9bdrg siset lematignsematic &elle RGP ng
into any ohga%l cg%&%ﬂgpghar etllbsa?\%ééféptﬂe%of at least potentially, into a

conplete e eve oprment of nouse ES cells in 1981 (Evans and
Kauf mat)} 1981; Martin, 1981 ) provided the paradl gm and, nuch of the

technol ogy, for the devel opnment of Devel opnent of ES cells
evol ved out of work on nouse ter at'U%Hgﬁééﬂ (turmurs arising in the

gonads of ?hé%ﬂ@&f&ﬂoﬁﬁuﬁbﬂ%mb%nfd“st%% ¢aN$ WHiclPtad eeEMidraRbptainedy of

somatic tissues |uxtaposed together in a disorganised fashion. C assical
wor k on t einat aeanodifienentiated alstatehedt tdirsictechr tayi nedéngom djferentistions informi ce,

and provided the concep t of stem ar

col |} whi cRcasinanane o somelis Triiok i pire SRR Pe SB67 IR ikl | .
the t ureur gnd Khlesumrt fblcﬂagy Porrefly hopdin r@w méhEVRINEtiod&A8enoriss, f i el d
of teratocarci noma research (review, Martin, 1980) expanded consi der abl y in

the 70's, @enemEon ahiffeipntiatad calls jrasn the stﬁmé;eilworowsq etrgespariatier or
became appg, lﬁngi?rggh}“gvg JLB v% H\S’/ﬂoC’f chimaeric mce by 5 bl astocyst
ves

i njection o ors began to realise the potenti al
val ue of cultured cell I|ines fromthe tunours as nodels for mammal i an

devel opnen EC cells howeyer had tations. They often containe
Chr opaonaln ARGl SeTo 65l re: HBRITSIBIIAE. ¢oRaMHTgH Gl S (1RG0 i pl o
ti ssued YPegcidsio dfRatur8flifctiontd celldC Eof @xahfér & haemtos&Etid s@inf eefre

i nduced by grafting blastocysts to ectopic sites, it was reasoned that it
m ght be posyidive rise tdanywaf tbemffqrentatytplealofdetmmally\ds‘fanemtmiedyﬁldoobmlls

o 2t 00y ol AR T SR P vl T B GRS B e 3 it e B L
possessing the capability of developing into any organ, cell type or tissue type
or, at least potentially, into a complete embryo.

25
The development of mouse ES cells in 1981 (Evans and Kaufman, 1981; Martin,
1981) provided the paradigm, and, much of the technology, for the development
of human ES cells. Development of ES cells evolved out of work on mouse
teratocarcinomas, (tumours arising in the gonads of a few inbred strains), which

30 consist of a remarkable array of somatic tissues juxtaposed together in a
disorganised fashion. Classical work on teratocarcinomas established their
origins from germ cells in mice, and provided the concept of a stem cell (the

embryonal carcinoma or EC cell) which could give rise to the multiple types of

LT
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15 which could generate every tissue of the adult body, including germ
cells. Teratocarcinomas al so devel op spontaneously from prinordial germ
cells in some nouse strains, or follow ng transplantation of prinordial
germcells to ectopic sites, and in 1992 Brigid Hogan and her coll eagues
reported the direct derivation of EG qflls from nmouse prinordial germcells
(Matsui et al., 1992). 20 These EG celTs have a devel opnental capacity very

simlar totisue ddrid il @hé itarours t ¢KRMSPARIE i TRIeros C U064 P oaNiews Btétond, n
humans, and gl uripotential cell lines were also devel oped fromthese

(review, AMB3nsT @9‘@9 of teratepasaipoma preeaseh t(teé"%rMaam otP&Y expsndadcel |

lines fro |n 0 i t into
neur ons arr:}égw%]ﬁ eﬁt ﬂféa% %h\r@g’\}\egﬁae%gb% Hé%gg&%ﬁtﬁ'ﬂd ﬁ% d?gv.é,EQQSM .
Subsequent tem ccénl bbicame \appare;mvfeillom\tg the cjerveration doff fchrmaemcatmlcenbp
tissues re resentatl ve. of t hree enbr oni ¢ erm | ayers éPera et al

1989) . ns Biestqayst injgct meofg%}p@lh &bdgpv @Qﬂﬁﬂ edhepotentislecane
clear that vélE@yo‘f"e&ﬂttﬁé ?m aiMRMYP Fhd th%Sttght)tﬁrs( tal%OLhQBdéIQt 6t Y‘ﬁétﬁPna‘HHhte 30
l[imted in their ca aCIty or spontaneous | erentiratiron rnto sonati c
tissue, andemlbpmeeht |ECphelts)tI}qme\feToinadDdientaE6nmr Eheyel dften camtdihed

properties of the ten cell Lines ope Per et al 1989)
e as fol PO ighfind gk et St Sfrerliaeyin i dsue
phosphat asg,pegq,paéoﬁen |,,qq‘qtgw as flat colonies with distinct cell borders -

Differentiate into derivatives of all three enbryonic germlayers - Feeder
cel | dHpendent (feeder cell effect on growth not reconstituted by

ngP?:;;OQS i (o r Lok ' oni ng
" St ot ba el v e phcindiieth BY Srafii Bt PES pdeonie

ef fi ci encysigyent aasaeheessd tieglil nigtese possibroto d@ﬁ@p@rip@té;ﬁldk@éll dines

I nhi bitory Fact or These studi es of human EC cells essenti al |l y defined the

phenot ype 8ire§h fmmélqetosvﬂﬁrﬁtheém@rafrom wimews) as peservadiind 981 ByrGatt e ES

Ils f t t
(Thomson eMeafin sRJUErRIGGEH: Ruaspaterily. 2TV oM yhE ARiEDRT ailoid BBy TR 1220
wer e difpl owdichbebuldt heneize e\hzfy tidsaeebf thesadddt debdyhdncludibgngarmstells.

count er par the human EC cel|. The inplication_of the ey work and the
work on huhBIRIRRRIERoMas,Asq ﬁ’&t’e'é’F’pPB? tgBeaus!Y sirem pemor 'ﬂ/t Qyéﬁmwﬁﬁ V% e

rat her d'f&%%”Fndu@epé‘t%lﬁéyBP fBlrcSWh ﬂBh@pﬁa tlﬁﬁ"éf’ Sgﬁ#ﬂr&ai %yc ggrived

froma human bl astocyst. ongso cowor ers rep e short
t er m cul t ueetopitdsitesi, ranelnlant%"angei I-bgénmndwbeanoﬂeﬂgqe@srerpertedltheejjreqh

vitro. The,cell,s is so and co kers h r phpl

expect ed oFEAIRLEE ER Sl HoBL A EenatmERbaL 8P 18, Mt B A n S oy
f ]geflﬁrzote: 1I'h§$@EG tellstild & deRslopAReSali dApachy veshdiemar tooB8 deflsm mai nt enance
(0] e Cu ur es

Testicular teratocarcinomas occur spontaneously in humans, and pluripotential
cell lines were also developed from these (review, Andrews, 1988). Two groups
reported the derivation of cloned cell lines from human teratocarcinoma which
25 could differentiate in vitro into neurons and other cell types (Andrews et al.,
1984, Thompson et al., 1984). Subsequently, cell lines were developed which
could differentiate into tissues representative of all three embryonic germ layers
(Pera et al., 1989). As analysis of the properties of human EC cells proceeded, it
became clear that they were always aneuploid, usually (though not always) quite
30 limited in their capacity for spontaneous differentiation into somatic tissue, and

different in phenotype from mouse ES or EC cells.



30 Janes Thonson and coworkers (1998) derived ES cells from surplus

bl ast ocysts donated by coupl es undergoing treatnment for infertility. The
nmet hodol ogy used was not very different fromthat used 17 years earlier to
derive nmouse ES stem 4 cells. The trophectoderm thought to be inhibitory
to ES cell establishnment, was renoved py i mmunosurgery, the inner cell nass
was plated on to a nouse enbryonic fibroblast feeder cell l|ayer, and

fol I owi ng Fhépreperties od theopludpbierit ceMineéd devippad ibyrPerblet 41e1980) BEe as
outgrowt h was di saggregated and replated onto 5 another feeder cell |ayer.
There wer efo8W8i gni fi cant departures from nouse ES protocols in the media
or other aspects of | t and | agidwel Yy ap-aR_suc ate
was achi eved. The ph%ggﬁgge %ﬁéﬁ%ﬁ?m?%fm {‘aa\ro?t ocsltqg{/] 2(?But ﬁﬁ%@ above
in the human EC st udphsspHatéss aOett4 al . 10 In the studies of Thomson et al.
on nonkey and human ES cells, there was no evidence that the cells showed
the capacity for sonfrow agflateplanieswitddistinct celt Bordes dence for in vitro

differentiation_was higd Y, ' : LSLicC oOf
t r ophobl ast and endoQ‘effgr?lé?%rt%rgrt‘l on rf?’%ﬁ{éﬁg%%ﬁﬁ%%ﬁﬁb&%ﬁ% or {?{)Ih?%x‘s
gonadot r ophi n and al peadet opzibt depénddrt i(feader pellsidifertt onstgoathvhatoher 15
the cells found producing,.a fetoprotein represent. extra ryonjc ol k
sac) endoderm or def f%of‘gvté&'@f)@ﬁ%P?Bﬁ\t'es‘e%ﬁ&‘%fg@?‘rﬁ?'ﬂJﬁaﬁeEﬂ%gﬁ%f‘ﬂﬁd@f ar
nore likely. Thus ancg@psgrddeluldrendtike for any human ES cell line to be of

practical use, nanel é_the production of differentiated somatic cells in
vitro s seen in prelighlys sensilives tof dinseeiatipl del singlenscelisot peynmieningit ed
in the nonkey or 20 huk ES cel | studjes, ch attention recently has been
devoted to the poten?#‘gﬁ%}ﬁ%\'ﬁeaoﬂ %ﬁese(ycﬁrcﬂ'i%eéel | s in biology and

nmedi ci ne, the properbbafotpéspind foldkemialintibiteydFdadoprtal ity are unique to
ES cells and enabl e investigators to approach many issues in 25 human

bi ol ogy and nedicine for the first time. ES cells potentially can address

t he short agg,; ﬂﬁﬂ% [ S el ransple j (B.ﬁi’eed

parti cul ar?@eﬁgre'noc’g?"?er na glgéigu?%%@ag{/?t%@ngéghé%ﬁ%r g%&ﬁﬁ'aé? t he
requi riéd cplomipoteatiabstem callsl . However, it nust be noted that al nost all of
the wi de ranging potential applications of ES cell technology in human

nmedi ci ne-basi ¢ 30 enbryol ogi cal research, functional genomics, growh
factor andodfivtidh SCARRY ESRUIRTHE Xhe MRS Honke ABERIGHIR BhaTaRf frohRsed
on the assunption that it will be possible to grow ES cells on a | arge

scal e, to that obthemagmoset (Thdsdn ehal. oh895,MIVE) ey beend descriiadecThesei r

differentiatiopn. Present syst fall short of {hese oals,. b t.here
are i ndi cabBAE Geloiig S, gRoHe butrafetuie: Iaciasetoroaurbled g, s
driving plysaest estihterpat efeCiRlimal POt deloT ThESMptiehtions ®f @Ré imenkEyhesel s to
elimnate the inhibitory influence of differentiated cells, h offer a

) - Ot
way forwar@nd Bie wepeer himaaaCaeliawas that apiipatenttemscells which warisere an
nervous sy, {: J Y oder il . :
posti npl an%gr?&odﬂﬁ%@?%b N%ﬁjdrt}’ﬁ%ﬂ{OHfan‘P@géeesggo@a%@amérgﬁﬁ gﬁlﬁve}c{‘ﬁ?rg a

t hought t haamandladtosystsi gnal s el aborated by several regions of the enmbryo
(the anterior visceral endodermand the early gastrula organi ser) induce
the pluripotent cells 10 of the epiblast to assume an anterior neural fate
( Beddigmgt 0@%1%% B8 *oWorK brs]@@.@)l)nreﬁ.aﬁté@t'h%%ﬂo?f tdrABhIing éﬁcLHé%tEﬁgﬁ&f S

el aborated by these tissues which direct neurogenesis Is unknown, but there
i s. st rong @\dellerftam huoran embryosdertdisedtie yitichat hecebs)isolated byfBengsovand and
BWP fam lies of sianglling nolecules may be involved 15 Enhryonig, St em

col I 5 are GuTKaE BAR e MTRRTBY EeSElsl By PR s fbies BehAEH bl ast
of the perédriypstadicatdi®@nobBRYS, fedaep eelFSussont, arrf iewaklimpodsible/® 4dHiévd O
neural tissue in vitro either 'spontaneously or during enbryoid body

f or mat i on.lon@éenvemainteppnee of B @tWes.ns in these circunstances in anobngst
a mxtyyre of a 20 range of cell types. Alteration of the conditions of
culture, or subsequent selection of neural cells fromthis m xture, has
been used James dHomsonealml covedrkemuf1@98p detived BSscells fremsangils bidstecyistsom
differentiatin ultures of ES cells (e j et al., 98) ... These neuronal
cel | 5 havelanal BYPUFTES RRLFTORATR kPalatETor f5e Qi o o PINGASIR R8T 5 i n
ani mal ”DQEésﬁ%ﬁpéﬂﬁmﬁéﬁﬂhqﬂﬁn?Mﬁﬂﬂﬁﬁﬂ1f@@a§ﬁbéier%§déﬁ98%nﬂﬁﬂ?ES@ﬂ§nhas
not yet been achieved wth human ES cell “derived neurons, though neuronal
cell s have been derived from human enbryonal carcinoma cells which were
induced to differentiate using retinoic acid. These EC cells were

subsequently shown to correct deficits in experinmental nodels of CNS
di sease.



30 A suitable source of human ES derived neurons woul d be desirable since
their availability would provide real advantages for basic and applied
studi es of CNS devel opnent and di sease. Controlled differentiation of human
ES cells into the 6 neural lineage will allow experinmental dissection of
the events during early devel opnent of ,t he nervous system) and the

I dentification of new genes and pol ype‘btide factors which nmay have a

t her apeut i et Rk tRIphRifdlcim, tsligHtite BeGhnibRERNES BE! ol S¥taEIRTRSSHt, was
Addi ti onal phar maceutpi cafdaappl’i catlons nmay inc%de the 5 creation of new
assays f or rerogrved|ygimemdodurgeryli theowmey, calliotassswhb ghlatecooghisua sousens
for neuropraotecti.ve. c ounds. Generation, of, neural, pr.ogeni.t fromES
cells in Vppp&y%cag?@é%gsta%eaﬁ.r ﬁﬁllrllfemef'e%ﬁ%gﬁlrocwér_‘%ﬁ %rgqfl S rpgr&:siﬁgaschg\en
reconst r uchh@nexdthsion, _théerefs'@itingebmg%\ﬂtrﬁm%eéiﬁaggte@bt@f@tﬂ& fgpldtee Hfbvous
system 10 It is an object of the invention to overcone or at | east

al | evi & e opathesffeedrr ¢rllblByers Thera werg npdigrificantsigpasereffomHmaueeHr | ON

15 - In on t. t r I pventi on, ke vi.dad |,ched
or epar at | o SpEadnriher BRe LB Shen Asreiin, B the LSkfid SyBf afda 3PtUE
proliferat high sliccest raternes Hdhievieant Tiié 'Pﬁenbtc;péasfrtné cello ety sinfilat &b tisat
neuron cells and/or glial cells. 20 Preferably the undifferentiated ES

cel I s haveouiiged absneiinthe bupnan e siidigs ef Peiadehadlur al progenitor cells,
neuron cells and/or glial cells when subjected to differentiating
conditions. More preferably, the undifferentiated ES cells are capabl e of
mai nt ai®i nin the fudiesdoff Thomsbhaited. oh atenksyeand bLimaneBSacells, fhdre otdsand
feeder layer., In of her ect of the present inventi there is provided
o undi 11 suienSe 200 e sSBhEROwSH dhe caRRERY forRBT e dhirertnfon & Ui

| mrunor eac Eivintkt for ™ kaks HfferSERBNPMAEY MRN8t 8Rbre8bioh iORChiafels
SSEA-4, GCTM 2 antigen, TRA 1-60 and 30 wherein said cell may differentiate
under di f f eharactearistingot droghoblast and rendodermoefarmatipnefproduction wofiehweans
express the_transcription f.actaor t-4 as, d strated - PCR. re

ot of o abl y chefiaE gprBaEhE ArLa G afelortoiey of Buidtateeile B Seinybtither

cul ti veg i ofhd BeM fduhd profucihg@BRhafstopisiftrephsdent istiaembri@sic aolk sac)
undifferentiated cell line capable of differentiation into neural

progeni t or €edPderM i defidtivee (EHbaanie)l eadodarm dheygh thefferas is fRlomesed by
a met hod of. e sent_J t 4 t Lhere,i L.ded a
differenti %éelg c-@{m% ?ﬁeecf' Sgﬁg@eﬁ%@" Orﬁfg(tﬁn@ﬂﬁ}rﬂglﬁ h%? %%Jmtge%cg?tq?\fg? gt\c{ﬁaﬁor
prol onged pee& adseinthegipredudtion bb differgatiatedndorhatis cefis pm aglemidsoseerlihs. 10
I n anot her aspect there is provided a differ e[lﬁsi ated conmitte eni tor

s [ d pro
cel | line PEYiseskidies of bugan EG 68lls.nwas matremersiraiad iardgedmnogkewor

cel1s.20  human ES cell studies.

Much attention recently has been devoted to the potential applications of stem
cells in biology and medicine, the properties of pluripotentiality and immortality
are unique to ES cells and enable investigators to approach many issues in
25  human biology and medicine for the first time. ES cells potentially can address
the shortage of donor tissue for use in transplantation procedures, narticularly
where no alternative culture system can support growth of the required
committed stem cell. However, it must be noted that almost all of the wide
ranging potential applications of ES cell technology in human medicine-basic
30 embryological research, functional genomics, growth factor and drug discovery,
toxicology, and cell transplantation are based on the assumption that it will be
possible to grow ES cells on a large scale, to introduce genetic modifications into

them, and to direct their differentiation. Present systems fall short of these



I n anot her aspect, there is provided a neural progenitor cell, neuron cel
and/or a glial cell differentiated in vitro froman undifferentiated
enbryonic stemcell. 15 There is also provided a comm tted neural

progenitor cell capable of giving rise to mature neuron cells and glial
cells. In another aspect there is proglded a differentiated commtted
progenitor cell line capable of establishing a graft in a recipient brain,
to partici pahf, but 'ﬂ'lé?b%@ﬂﬁéic&tu@ﬁs of pHy?eg@'td@blﬁmesWh@rﬂé}ﬂfﬁcé@oﬁe’f‘ﬁb%lm e
the neuronal, astrocyte and i godendrocyte |ineages in vivo. Preferably,
the undi f f éaciats dréag cpétumpqtenbahsﬁem eslegroydhby geds eell selectiomprotodsisstach as

b ant v of t Earirteh SyEbRAWiphiEhr bt dtisRenate g Re R ot arBh 4 gl ot "
pr ef er abl y}oﬁé;q)amtdmd BIRNHLST hltRaPESIclly. | ed Straw (OPS) vitrification
met hod. I n another aspect the neural progenitor cell line is preserved by

preservétl on 30 net hods such as cryopreservation. in another aspect, there

S, Provi dedya MRk BERBLLQLEeh i SARARIAE or he LRI A b 14jdh & 2

cells, incl rocytes. n ano pect,

there is ptioe pdstimplaneation embﬁgﬁmnu'ﬁng:mbl prospsbbbaxit fornaatiah, fitf isrteodgltt i on
into other cell |ineages, generate stemcells and differentjated cells

of non- neutatdnd gﬂmlga@s @a arated byragysrajueaions o theRbps dhe @nderian
cell's, endgidag} él%r@hﬁ%%d the sgﬁwagtrﬁnae&g ARER ﬁ'&!ﬂcé%é’gﬁjﬂa&lﬁ%@ éolllé-o .

a furt her aspect o e present ntion ere I's provid
preparibg whdhé fepildast tt assumesan amteriosmeurat éateo(aeldshrfgthmn @intlf Bobeartsan,i on

Vi'tar o tor 1PBPLET AR MRIFlR Y8 VN B MRRETE RAATBIRALEY Seen S §iehg age

of devel opgmakt reRmBYertsid NBCUnkEIWS, 'Bléﬁsthé#&'\(k §RbhG &Vigshd ardbIoNr
culturing CM cell's Under conditions which do not induce extraembryonic 15

di f f er ent i aertebrajesithasiantagoists afdhe Véntcand BMit fanaitias obaigpalling molecules
undi fferen @?f{éfﬁ)ﬁve@} and recovering the stemcells. In_a further -
preferred odi the present invention there is provided a 20 net hod
of prepsring undifferentiated human enbryonic stemcells for

differentiation into neural progenitor cells, said nethod including

obt ai ni ng &mbwovptatw@lﬁuarewlnﬂiﬁwe@ﬁmww are HaKahg ta perEesrand tOritags

I | o I
ayer to peBltlfds i PeRniRankiion GhBd, Mobse e 881S ol IbRYCTHe HEETS!
stem cel | snburahtissaefieadizo ditheerspontaredusiyt beduengaenbroid bbdy Hermatiant i on,

t he met hod_further jncludes lacing the stemcells fromthe, f| br opl ast
f eeder | ay'ed"ed?ﬁ%abfr'ﬁ#ﬁe?ﬁ%qul‘%r Wbtlhﬁg? gredenstancedp.amenosta FixHIR Ot Ae

stem cgh | Srife @f p(%l! Appesuf fAgSrafibn t &F Prfé’%hﬁltiérn@ bf @uilitedNoOkubsequent
nor phol ogi cal y undi fferentiated stem cel
selection of neural cells from this mlxture has been used to produce relatively
pure populations of neuronal cells from differentiating cultures of ES cells (eg Li
et al.,, 1998). These neuronal cells have been used in experimental models to
correct various deficits in animal model systems (review, Svendsen and Smith,
25 1999). The same has not yet been achieved with human ES cell derived
neurons, though neuronal cells have been derived from human embryonal
carcinoma cells which were induced to differentiate using retinoic acid. These
EC cells were subsequently shown to correct deficits in experimental models of
CNS disease.
30
A suitable source of human ES derived neurons would be desirable since their
availability would provide real advantages for basic and applied studies of CNS

development and disease. Controlled differentiation of human ES celis into the



9 In another aspect of the invention the nethod further includes
propagating the undifferentiated stemcells. In another aspect of the
invention there is provided a nmethod of inducing somatic 5 differentiation
of stemcells in vitro into progenitor cells said nmethod conprising:
obtaining undifferentiated stemcells;zand providing a differentiating
signal under conditions which are non permssive for stemcell renewal, do

not kill caélfiaimdap8owticalsw expefrhemap!disiddtionest rtreéle%nts)\mrrmg early
extraenmbryonic lineages. 10 In a preferred enbodi ment of the present

i nvent i on, deyrippment of e deaveusrsystem,oand e ddenfificetian iof rEwW fgenest ard | on

A e RN R A Wy S e
prol onged pgyenefatiedor@dteSédH) AtRisdrial pharmatéetich lapp Ircétﬁﬁ@&haﬁeﬂréludi@ﬂ(ﬁé to

i nduce differentiation. |In another preferred enbodi ment of the present
i nvent i%n, cieaéip ok nevb\asgays aforetorriselegy iandudrug diseenant. guchepenbight i on

of stem ce [ te. p i d g:
obt ai ni ng- (avetbul che BeE rP hEHREEHEENES (Kihboundl | GRRERRA B PhOGiATS

ser um f r eeprog@nitotsofromdBS ecalisf hasiedtmay serve 4% aanuditited somiceasfpealls fof t he
I nvention nethod may be used for directing stem?25 cells to differentiate
toward a sHIRMS T@CPPﬂél&Ej@n angt fondhergebvery pbdigssian chasnehd henaivedhnent

of a pure g\{ﬁ@ﬁratron of progenitor cells froma desired |ineage and
facilitate the establishnment of a pure somatic progenitor cell line. In
anot het0 pref erred enbodr ment of the present i nvent I on, there | S provided a

30 et _hod | ndu ;9&35 reng ation of ES d { %ﬁ‘ﬁy rog ni t or
cells into d?r%P eHﬁY%’P RO 9rs? ‘é'r”‘ ecéP Ph&udi ng
ol i godendr gapléamaBfitrespriqicart.e cells.

SUMMARY OF THE INVENTION
15
In one aspect of the present invention, there is provided an enriched preparation
of undifferentiated human embryonic stem cells capable of proliferation in vitro

and differentiation to neural progenitor cells, neuron cells and/or glial cells.

20 Preferably the undifferentiated ES cells have the potential to differentiate into
neural progenitor cells, neuron cells and/or glial cells when subjected to

differentiating conditions.

More preferably, the undifferentiated ES cells are capable of maintaining an
25 undifferentiated state when cultured on a fibroblast feeder layer.

In another aspect of the present invention there is provided an undifferentiated
human embryonic stem cell wherein the cell is immunoreactive with markers for
human pluripotent stem cells including SSEA-4, GCTM-2 antigen, TRA 1-60 and
30  wherein said cell may differentiate under differentiating conditions to neural cells.
Preferably, the cells express the transcription factor Oct-4 as demonstrated by
RT-PCR. More preferably, the cells maintain a diploid karyotype during

prolonged cultivation in vitro.



10 This invention provides a nethod that generates an in vitro and in vivo
nodel of controlled differentiation of ES cells towards the neural |ineage.
The nodel) and the cells that are generated al ong the pat hway of neural
differentiation may be used for the study of the cellular and nol ecul ar

bi ol ogy of human neural 5 devel opnment, _for the discovery of genes, growth
factors, and differentiation factors t Rat play a role in neural
differentiation and regeneration, for drug discovery and for the

devel opnment of screening assays for teratogenic, toxic and neuroprotective
ef fects. 10n|ancahéulasbect m@ects providked i anv emidifterettisted ceall finevealesbla ofeur al

progenitor ¢ a. heur.onal c and a gljial cell may be used for, cell
t her apy an(ff"fgeéﬁﬁt' YOI, N9, ”?P'@JFEE’QQEB“% gﬁﬂl% ﬁe'é’ﬁaﬁ/s(’%l%@é‘ dcglial gelfs and

i C1 097 aphpreferdsly HRId Ny hiishodidr s pridepi tlefifigaeny. A i nner cel |

mass three days a pl ati'ng. B) colony of ES ce C, hi gher
magni fi Bati on of an area of an ES ceII colony. D, an area of an ES cell

col ony under ont neous dlff ntl tion . .dyrin tine ssa

ol ony 1 ouih aapliesZRBRECRER R SrolideEA islednei otulidd prode R SR8 Tng: 7,
the 20 pr e%ﬁétcmagfbéeﬁﬂvat@utféé o|BH§@d1plsh5dsl%ar@% mBeGlbfléﬁjeegaamtﬂe%rbﬂ n
its periphery,. neur onal s in a high density culture cal e bars: A

and C, 25 miregenitor cBlland E, 100 microns; D and F, 50 microns. Fi gure 2
shows marker expression in ES cells and their differentiated somatic 25
progeny. A, ES cell colony show ng hi stochem cal staining for alkaline

phosphapasén aBothed a@pbbt there® iy pivRigies diffdréntiinéd kemmilted Prdgenitdraetiginesi ng
the SSEA-4 epitope. C, ES cell colony stained with antlbody TRA1-60. D, ES

cell col onfaE?%'Prfgd"f\fﬁ"’Pﬁt'%ﬁ'ﬁﬁ IRl fratefpeurops aRdgy aldheeltsy cul ture, cel |
body and processes of a cell stained with anti-neurofilanment 68kDa protein.
F, high density 30 culture, cluster of cells and network of processes
emanati ng fim anotHeeraspéeﬁ tiezrevis phovided Bawuralgarogenitoreeeliaheurdn celbiard/iona

nol-ecul e. i hi cul.ture, .cells sho cytgplasmc .fil anent

Srat ned i OHRLAe BB i1 S o 4 oleTaataed cRRMG St Pl
showi ngscyfr%b@%%ofbﬁoem%até géﬁﬁhl&%g S &%bbﬁﬁéﬁ/céapcapébﬁeféﬁgv riseal e
bars: A 100 m crons; m crons; E, 50 crons.
Figure 3 sfhmmtmmoam@ﬂly@m ghbl gelilse expression in ES cel'ls and their 5
differentiated derivatives. Al panels show 1.5% agarose gels stained with
et hi dium brom de. A expression of Cct-4 and b-actin in ES stemcells and

hi gh densi ﬂr)’aﬁuihblﬂ mepecttpBre i, prbO@eH@Nﬁe\'@cﬂﬁﬁéd cbmttad p%)?’éh fbeldencnnbt ur e,
C

b-actin. Lane 3, stemcell culture, Cct-4. Lane 4, stem cel ul ture,

for Cct-4 @apabl@op Ratablishing aigraft da ao*feciFé%'étr%f@"t taparticipatesia, h'E@SQHES'Shl gh
densi tygculfu a h Si L 7,

hi gh d%nm ![05 E:r%i tﬁ?@?hﬁcﬁy%%ﬁ_ogﬁq41%apgﬁggﬁ%utﬁq\% ﬁ%ﬁ'@sl (g)%ﬁ'% re%@gse
transcri pt agoddndiotyte lineades ¢ 206. by and Cct-4 band is 320 bp. B,
expression of nestin and Pax-6 in neural progenitor cells that were derived
fromdifferentiating ES colonies. Left |lane, 100bp DNA | adder; |ane 1,
b-actin i npirifefddy e thl?f‘éir%té@bblﬂlin@els( ;E‘n‘é%b?\}e‘dew%éé@r’vaﬂ@ﬁ metheasgt i n
PCR); lane 2, b- actln i n neural pro%ernltor cells; lane 3, nestin in HX 142
neur obl ast 8ueh a8 Icryopresenvatien4, Rietarablyi thaqmthpdpabcjemnresewetlors is| ane 5,

nesti CR o

transgzrlgpt e@?gfgﬁlgﬁwg@%; f&gﬁ@%?\,% a%lﬁéb&%g %'ﬁaga%e \étgﬁ%@&hs Ilchsé 6
wi t hout adgidferblyf theevRetedt liddsdds RhesOpehlePulled b8trdwi $OPEY biprifidadisn6 i s
274 bp. C, expression of glutam c 20 acid decarboxyl ase in cul tures of
neurons. LBftheGne, 100bp DNA | adder; lane 1, b-actin; lane 2, b-actin PCR
on sane sanple as lane 1 without addition of reverse transcriptase; |ane 3,
glutam c acid decarboxyl ase; lane 4 glutam c aci d decarboxyl ase on sane
sanpl e as Iraaaothewi aspest theldicurainpaigendoe csk lineaisspreispheesie by reserviatioaci d
decar b€d<yl as%n%n i,.s 284 bp. D, exrgressi on of 25 GABA Aa2 receptor. Left

| ane, puhas CM%%SGIYG'%Q ctin; lane 2, GABA Aa2 receptor; |ane
3, PCR WlthOUt addition of reverse transcriptase. rAl 3A Aa2 receptor

subunit band is 471 bp. Figure 4 shows histology of differentiated el enments
found in t by &nether faspeet thergoist eovidedi @ peusel pragesdor dtdliowiapgble of

epi  het i uniietestiating il JfaTeey AED aa@ec&t%”én'o""@ﬁa%ﬁﬂ%"cﬁ%&ﬁd and
striated nuscle, HES-1. D, bone and cartil age, HES-1. E, 12 gl andul ar

epithelium HES-1. F, ciliated colummar epithelium HES- 1. Scale bars: A-E,
100 microns; F, 50 m crons.



Figure 5 shows phase contrast mcroscopy and i nmunochem cal analysis of 5
mar ker expression in neural progenitor cells isolated fromdifferentiating
ES cultures. A, phase contrast image of a sphere fornmed in serumfree
medium B D, indirect inmunofluorescence staining of spheres, 4 hours after
pl ati ng on adhesi ve substrate, for qgwl nestin, and vinmentin
respectively. In Cand D, cells at the”"base of the sphere were placed in
pl ane of focus to illustrate 10 fil anentous staining; confocal exam nation
reveal ed that cells throughout the sphere were decorated by both
ant i bodi esln Swatbebaaspiest, 10terei & quevidedakl npan—:dl progéinjmr ecdl dapablephafse
contrast appearance and marker e si.on-in cul tures neur qns d rlved
i theiy, el 3

f rom proge pedirergntation o po; o diNeRgeHH 406 9(96‘!'?{?? ﬁsts e EYF af H

differenti giffemnlttsd eBROALF “ﬁoﬁfrfémréwéiphﬁfe%oﬂ}p%t eduert asadignanN, Qoﬁlé%f ace
B-H) indirect |1 munofl uorescence ncroscop differentiated ce

decor at®d hematepnictivditen sghs, nendqm@hab@tamrgeﬂa | embnonie c@nsiade(B) and60

kDa neur of il ein (CQ, MAP2a+b (D), glutamate (E), synaptophysin
(F), 20 gl 8?@@?@*‘8@%% Sdecar boxyl ase (G and (3-tubulin (H. Scale bars: A,;

B, 100 microns; C, 200mircons; D, 20 mcrons; E and F, 10 mcrons; G 20

mcrons; H 25 mcrons. Figure 7 shows neural Frecursors roIiferatin as a
monol ayer Hh aafuther: aspestsaluthe presentuinventiom there s oy a pietipeg

DFGE,  ThesBrmpnle URRHbMED indll UpiERK! B8nPable P RIGBhMASH)A aiier

pr ol onged tron week heres 1n resence of growth
fact or $0 wi hbordl psadenitor cells, rsaid Hegluus@lrﬁ:h,&hmgvs phase contrast appearance of

a culture consistjng of 30dfferent ﬁ\ted neu | s 3 Fi ure95hovvs
phase contr ast aébérﬁnaﬁ@emw% e Ruman Srebai nctoping Hhe SHBI 4 Ao
transfer ohzatsdveietaat didy n%ﬁlated ES cells into serumfree nmedium
(Scal e bar 100 #cro% .5 F| ure 10 shows linear correlation between the

vol une of spherwnawdgtlmmrmﬁﬂbenasﬁ(lﬁh@gmﬂsﬁmﬂmEmbwa hin a sphere

Spher-es of variou dla er tha wer e nera d fro iffer nt|

col oni es and wef @gt St} &%‘Q"&&é‘ék‘g (49 HPQ@%&&? ?«?H‘ rYl? "

si ngl e1zel Hlfﬁzlﬂérﬂﬁﬂi%hoéhcﬁ&éll Tdé%tméﬁbedroﬁ{otéqirbﬁfeﬂﬂfonsﬁherﬁ@ifféﬂ:ﬁlt@wb@% 10
Figure 11 shows indirect inmunofluyorescence staining of a sphere , 4 hours

after platPRd on adhesive substrate, for NNCAM The sphere was generated by

direct transfer d ES cells into serumfree nedi um and
pr opagati on of {%Iavrggg Ifﬂi':é%ge%ﬁ%gsrees for 5 passages. (Scale bar 100

mcrons). 15 Figure 12 shows indirect inmmunofluorescence nmenbraneous
staining anr a fugt:ﬁer preferred embodiment of the present invention there is provided a
20 method of preparing undifferentiated human embryonic stem cells for
differentiation into neural progenitor cells, said method including:

obtaining an in vitro fertiised human embryo;

removing inner cell mass (ICM) cells from the embryo;

culturing ICM cells on a fibroblast feeder layer to promote proliferation of
25 embryonic stem cells; and

recovering stem cells from the feeder layer.

In a further embodiment of the invention, the method further includes:
replacing the stem cells from the fibroblast feeder layer onto another
30 fibroblast feeder layer; and
culturing the stem cells for a period sufficient to promote proliferation of

morphologically undifferentiated stem cells.



of single cells at the periphery of a sphere 4 hours after plating on
adhesi ve substrate. The sphere was generated by direct transfer of

undi fferentiated ES cells into serumfree nedi um and propagati on of the
resulting spheres for 5 20 passages. (Scale bar 25 microns). Figure 13
shows indirect inmunofl uorescence staiqﬂ ng of a spheres 4 hours after

pl ati ng on adhesi ve substrate for the ITnternediate filanent nestin. Cells

at the basg ghothBe 23pBEI 6 W RvBhAGE Ihé tdthdaSuRhef ﬁfd‘rlﬁjéso?iddaﬂﬁﬁﬁ@ttﬁe
filanmentous 25 staining. The sphere was generated by direct transfer of

undi f f er enundiffecertigtexbstesn cellso serum free nmedi a- m and propagati on of
resulting spheres for 5 passages. (Scale bar 25 mcrons). Figure 14 shows
i ndi rect i mmunofl uorescence mcroscopy of a differentiated cell 30

decorat ed W Akbthef é@&éﬂt@?tt@@ﬁv@ﬁﬁoﬁ fierélid prsledey QGNétﬁoardeuqu somatier 04.
(Scale bar 12.5 m crons) ure 15 shows indirect inmunofluorescence

stai ni iy odiffereytiatios of stmnrogllam w rogniex pregepitorealissaid malined campris®g: t he

internediate fi ase of the sphere were placed
in plane of focb@%@ﬁgph%}%@gtﬁF@%% (fai ni ng. The sphere was
generated by di pesidihg aasieferehtiating fdignainturdleed caisditiens swhidhntares eionm f r ee
medi um and propagati on of resulti nghscgheres for 7 pas&cgwa (Scal e _bar 25

t

m crons). F?@Wﬁé'VQGfoélﬁiﬁ@ £alk rgpewa nod kil gells anst upjdirectipnadr at ed
directly fa v FB%\%H %?gimgf Isp‘)eh gh bar represents the nmean ( SD)

i ncr enent ume per wee res at first to sixteen weeks
after tﬁerlvation A nore excessive growmh rate is evident during the first

T s AL R

spheres at oflipdtin éd?nétY@ﬂ%ré?ﬂi%tMﬁQJf%té’fﬁtc%’lISQﬁMtMﬂn‘t@ Broﬁfﬁt& RBRS asmiyer e
generated fromdifferentiating ES colonies. Figure 18 shows |i near

corr el at i omefmdweemptisiogyvol une of spheres and t he nunber of progenitor
cells within a s here BI?F @ﬁa%%d %loug ters, that 20 wer.e generated
directly from uReiHEg AP SEHM &SP Wer e propagat ed 5-7 weeks, were
di ssaggy egat ed cmtu?rngssam eelislibr wmaﬁ%@R@ BeYbd Radnatitegh Aderfsty| 6n per

sphere was count ed ure 19 shows anal ysis of gene expression in
ES cel |s (Hbrablast igeder ch layes da dducgrdifferentigtio’pher es derived from
differentiating colonies and directly fromundifferentiated ES cell. All
panel s show 2% agar ose gels stained with

In another preferred embodiment of the present invention, there is provided a

method of inducing somatic differentiation of stem cells in vitro into progenitor
20 cells, said method comprising: X
obtaining undifferentiated stem cells; and

transferring said cells into serum free media to induce differentiation.

In an additional aspect of the invention method may be used for directing stem
25 cells to differentiate toward a somatic lineage. Furthermore, the method allows
the establishment of a pure preparation of progenitor cells from a desired lineage

and facilitate the establishment of a pure somatic progenitor cell line.

In another preferred embodiment of the present invention, there is provided a
30 method of inducing the differentiation of ES derived neural progenitor cells into
differentiated mature neuronal cells, and glial cells including oligodendrocyte and

astrocyte cells.



et hidium brom de. Lanes 1, 2 and 3) Cct-4 in ES cell culture, neural
spheres derived fromdifferentiating colonies, neural spheres derived from
undi fferentiated ES cells. Lane 4, stemcell culture, PCR for Cct-4 carried
out 30 with om ssion of reverse transcriptase. Lanes 5, 6, and 7, nestin in
ES cell culture, neural spheres derive? fromdifferentiating col onies,

neur al spheres derived fromundifferen Qated ES cells. Lane 8, stem cel

cul ture, e, I t ase.
Cones o 20Tis Ve Ao pbVR b TRt st Jerihied 8 iPLinbeil 3o O8I 25
fromdiff eb@ﬁﬁrclaid differarittivnof BB Geld tcswétaealsedﬁwarlamefag@mrhadhba@lr andi at ed
ES cells. Lane 12, stemcell culture, or Pax-6 carried out wt

th
omi ssi on othe e¢lls ﬂ@ttafargﬁnemedsaéonaa% pfymwaxoof Wum&'ﬁ%@éatlommbﬁand
I's 320bp, Usé&'far'tﬁe28§:g§ggggﬂ%fé’%r Hana%o?@c 12 Bidly ﬁ%\ﬁs nkQH " ect

i mmunof | uorescence m C erenti at e astrocyte ceP S decor at ed
with arfii bdeyelapaiemst fad-tNe dissoaery lmargé@smgrowﬂs)faclarguaadzcllffel'mmatlon
n sections of

i ndi t f
o Byl AR BBy A e Ran B Rtk At AR e elERarRtBns B dTuber oa
wi th BrDU. gfggbléry V&ﬁd‘fo@tﬁ@@b@&%gﬁ%@bﬁ&@r@e\% Sﬁé;y's f&rialfb BRI ti@hAd

bl ack arrow) are”evident near the ventricular ace e arrow I ndi cate
nmouse unst aeurprotectiesd effeets. = 20 nicrons). 15 Figure 22 shovvs i ndi rect

i mrunof | uorescence m croscopy of brain sections of a mce 4 weeks after
transpl antati on of human neural precursors prelabeled with BrDU. Wde

spreadi@li st bRkthen agpedt! KBl iAREIHOMNHERE i€ prdvid6E aohatad pkdgetitor cBIDY
antibodies is evident in the periventricular areas. The periventricul ar

area in A neutpswbeell pad aplial call thajmeay beysed feresldherapymnhaere thesapy, =
150, 60 and 20 30 mcrons in A, B and C). Figure 23 shows indirect

i mmunocyt ochem cal m croscopy of brain sections of a mce 4 weeks after
transpl antati on of human neural precHIGURESrel abeled with BrDU. The
transpl anted human cells are mgrating along the rostral mgratory 25
stream (bar= 150 m crons). Figure 24 shows RT-PCR analysis of gene

expr esgy ong !dgtrééau @w%@ﬂ ?%oﬂf‘r%ﬁ" pangf’ésﬁr@ bf BSCRlIIsPAAd hdifliffientiated

undi f f er ent show 2% agarose gets stained with
et hi di um bpmyeny. Al admres c:’ellarmeis&(bhreiaOdhyaom platidgr ;B,3®loaynef £S cBI34C, Lane

3, Flk-1; 4 HNFE: 3 5, | fafe L 6- P ti
Che same. sHRBEEIAAITCoD D e Bk PEaR oS il tGokmG Lhiaroatn gt an B ceff" O

colony undergoing spontaneous differentiation during routine passage. E, a
colony four days after plating in the absence of a feeder cell layer but in the
20 presence of 2000 units/ml human LIF undergoing differentiation in its periphery,.
F, neuronal cells in a high density culture. Scale bars: A and C, 25 microns; B

and E, 100 microns; D and F, 50 microns.

Figure 2 shows marker expression in ES cells and their differentiated somatic
25 progeny. A, ES cell colony showing histochemical staining for alkaline
phosphatase. B. ES cell colony stained with antibody MC-813-70 recognising
the SSEA-4 epitope. C, ES cell colony stained with antibody TRA1-60. D, ES
cell colony stained with antibody GCTM-2. E, high density culture, cell body and
processes of a cell stained with anti-neurofilament 68kDa protein. F, high density
30 culture, cluster of cells and network of processes emanating from them stained
with antibody against neural cell adhesion molecule. G, high density culture,
cells showing cytoplasmic filaments stained with antibody to muscle actin. H,

high density culture, cell showing cytoplasmic filaments stained with antibody to



reverse transcriptase. CD-34 band is 200bp, Fl k-1 is 199, HNF-3 is 390, AFP
I s 340bp. 16 Figure 25 shows by RT-PCR anal ysis the expression of GFAP
and the plp gene in differentiated cells fromneural spheres derived from
differentiating ES cell colonies. The expression of GFAP indicates
differentiation into astrocytes while f t he presence of both dm 20 and plp
transcripts indicate that differentiat bn i nto ol i godendrocyte cells has

occurred. Lagem 2ctal BAY: NAABD ricPors; 88D, [dRIF! we&;r%tg,%naggpgglsls

fromdifferentiated spheres’that were’i ndépendently deriveéd from

Lane 1 andmficrof®0 by DNA | adder; Lanes 2 and 4, GFAP; lanes 3 and 5, plp
and dm 20; lanes 6 and 7, PCR reaction on the sane sanples 10 as | anes 3
and 5 carried out with the om ssion of reverse transcriptase. GFAP band is

383, plp bepgiré 3 Sphway RANPCHM sk %‘(ﬂ9géﬁé eRbRSsfore th EHVERIR &Ad khbire! d

st ereomni croscopi ¢ phot ograph of areas (arrows) destined to give rise to
neur al %r ediffesentiateéch derivditivesr &t ipanelsg shewcdl3%capearose3 gel \wiaiked awithr

passage (bay .z 1.6mm.. Figure 27 .sho I, ndi rect i.mu hem cal anal,ysi s of
P Ral® o ety Siige A SEr&fsiah A Dk Add Biad RS R s 2MBBh°, e
wer e deri vaénsity @mtdr&s.f L& ﬂﬂdbbwilé’dcﬁ}. HSreeb) §t'emApel] @ditﬁ%@tb-actin. _

I mmunof | uorescence m croscopy of neurits 20 decorated with anti body agai nst

160 kDa neb@eg B} sigeheel eultwien Ock4ardsang 4, siam eall cultwieBE Rfer stdrrasrie
K . p _ o ! bar s:
12019 0bu i AR bRIE e fabb IrdREBBR2 A rioh WUELP oLl BEAL, D2 S

A 100 m crons, m crons. t" 1 nmunoc tem cal
anal ysiGs ofandn6, aighv ésssiyrcuituré yOots4 ne.ang hyhdgioxehsitye culaer PCR (@) Oetrdl a
differentiated cell {S'g) are decorated with anti bodi es at%ai nst tgrosi n

hydr oxyl asearried-eytawith amissignqpfcieygese Hagseirtase.sh@wdinibang o200 bp an

di fferenti gl ' r e o\ t _ [ ;

pr ogeni tor?HprQ(ra?% ei%egé\t/)m' t’?‘ﬁ'y%’r %%F‘Ie%%'r?groﬁ:gi i S gﬁg 'lﬁ%éﬁﬁﬁ??%lg‘agﬁé%e |'tr0(ract 30
i mmunochencells thed tvesrei derived fBpUiffdearitiating IS cobomiesas L-eftDare, 300HmMIDNA
denonstrat gs, . donor cells decorgted.by anti AP (orange) .. Transpl.anted -
col 1< ar e RGPE. PR FrbRalRanphk: (49 epebRnaTal A iR, oar B <o
found 151 t Restin PCR)EldneER! bigethan reeindl drégekitar call) 14 3, AeStirdiieHX 142

magni fi cation of cells that have differenfiated into astrocytes and

mgrated i newoblasterpsatcallr lina; lamy 4, nestin in neural progenitor cells; lane 5, nestin
PCR on same sample as lane 4 without addition of reverse transcriptase; lane 6,

Pax-6; lane 7, Pax-6 PCR on same sample as line 6 without addition of reverse
transcriptase. Nestin band is 208 bp, Pax-6 is 274 bp. C, expression of glutamic
20 acid decarboxylase in cultures of neurons. Left lane, 100bp DNA ladder; lane 1,
b-actin; lane 2, b-actin PCR on same sample as lane 1 without addition of
reverse transcriptase; lane 3, glutamic acid decarboxylase; lane 4 glutamic acid
decarboxylase on same sample as lane 3 without addition of reverse
transcriptase. Glutamic acid decarboxylase band is 284 bp. D, expression of
25 GABA Aa2 receptor. Left lane, 100bp DNA ladder; lane 1, b-actin; lane 2, GABA
Aa2 receptor; lane 3, PCR without addition of reverse transcriptase. (SABA Ao2

receptor subunit band is 471 bp.

Figure 4 shows histology of differentiated elements found in teratomas formed in
30 the testis of SCID mice following inoculation of HES-1 or HES-2 colonies. A,
cartilage and squamous epithelium, HES-2. B, neural rosettes, HES-2. C,
ganglion, gland and striated muscle, HES-1. D, bone and cartilage, HES-1. E,



Figure 30 shows in vivo differentiation into oligodendrocyte cells of
transplanted 5 hunman neural progenitors prelabeled with BrDU. Donor cells
are identified by indirect i munochen cal detection of BrDU (dark nuclei,
arrows). Duel staining denonstrates donor cells decorated by anti CNPase
(orange). Figure 31 shows cunul ative o wth curve for human neur al
progenitors derived 10 fromdifferentiating colonies. (A Continuous growh
i s evidentgldHbuRE ePithbflu@? NESK DPEF i eiflatedheolumiae Bpithelitm! HESOl Ungepé t he
spheres was continuously nonitored as an indirect measure of the increase
in cell nub@si A-EA100Heigronss i, SOveICEdNS el ati on bet ween the vol une of the
spheres and the nunber of cells within the spheres (B, insert) was

mai nt ai ned along cultivation. It supported the 15 validity of nonitoring
the increngigur®fs shbwsepivaselcentastamicriodto®e tandnihmahochérhicatldnalysis of
proliferation. Figure 32 shows RT-PCR anal ysis of the expressign of

non- ned al MAEF& e PXPEESIRNNHh NEYralepiogeaitep kefie dsolated fany diffefiepliating & ose
gels stain L& haethidi ' = 0 pdi - whegher

t he PCR re%&%%’ \ﬁa?hégé %g}r] Pégm JHFS?%V\?? hﬁuéd?rﬂgeg%?ﬁegﬂégy W?‘e@er se
transcri ptBsdéndirect iKkimyofhicbb¥cdnegdstaining ofssggheres,alt| hgasehfter platiagtom band
is 291 bp, keratin js 7808(?, M-l IS .1998@, .CD34 is 20?b$’ C-¢33r§j§
200bp, t r aALIENYS SHeSERSH T MrfyMMs destinqan yinartin iespactivelyy 8 G and Besobp.
Figure 33 shawat aheeee SPNhEAgbhdreC wegt hcat ifi SIERE SH FalRdtd lUstrats OW Ng
out 25 froma sphere 2 weeks after plating onto an adhesive sur;u~a and

cul t urt® i rfilamentdisse stainiof); goofadal fexaminatiorscavealedrthat cel® throkighout tieet

srove, ¥ PR SRl 8 5 Bo S So08bold BB

panel s shoyarddie.agar ose gel s stained with ethidiumbromde. The 30 synbols +

and - indicate whether the PCR reaction was perfornmed with or w thout the
addition of reverse transcriptase. A 1 Kb plus DNA | adder was used in 18
-al | panel

Si; %’g L %P.QI iPS% ive IS
379bp, @A@gﬁté)@%@gﬁg %efjs @’E@Sﬁgﬁg%‘* ,ﬁ‘é@%&ﬁr"% |gErﬁe¥§é}1tsLﬁ%€rl§f

i ndi red i mearoas hderivedl framappsjemitof dellle showre s iFiguref 5.seAppbasa dohtraatnd

GABA (B). Scale bars are 20p, m . )

- micrograph of differentiated cells emanating from a sphere plated onto adhesive
surface. B-H, indirect immunofluorescence microscopy of differentiated cells
decorated with antibodies against 200 kDa neruofilament protein (B), 160 kDa
neurofilament protein (C), MAP2a+b (D), glutamate (E), synaptophysin (F),

20 glutamic acid decarboxylase (G) and B-tubulin (H). Scale bars: A,;B, 100
microns; C, 200mircons; D, 20 microns; E and F, 10 microns; G, 20 microns; H,

25 microns.

Figure 7 shows neural precursors proliferating as a monolayer on a plastic tissue
25  culture dish in the presence of EGF and bFGF. These monolayer cultures of
proliferating cells were obtained after prolonged cultivation (2-3 weeks) of the

spheres in the presence of growth factors without sub-culturing.

Figure 8 shows phase contrast appearance of a culture consisting of

30 differentiated neural cells.



5 Figure 36 shows di ssem nation of transplanted BrdU+ human ES-derived
neural progenitor cells in the nouse host brain. (A) At 2 days after

transpl antation nost cells were found lining the ventricular wall. (B)
After 4-6 weeks nost cells had left the ventricles (~ and popul ated the 10
corpus callosum (CC), finbria (fim, ipfernal capsule (i.c.). BrdU+ cells

were not found in the striatum(str) of” CA region of the hippocanpus

(hi ppy. (Figthabnshols Phakd cRlrast appcRrametdf hsphife HRtis Formed 72tHurs
stream (RVB). éaD) BrdU+ cells in theijé?“ ventricular white matter. (E)

Hi gher magalitérn battransfer ofza clume lebundifierentiateg &S tells inte serunatfieenmetiiubn d U.

15 Figure hows,hdentification of the transplanted cells in the brain by
human and %ﬁ%ggfﬂg@%g(’gﬁgci fic mrkers. (A A typical chain of

transplanted cells in the corpus call osum stained with human specific
anti-mtochondria) antibody. The m tochondria) staining (green
f 1 uor escentigyreri ONshawskljnasicrefrelatian (kgtweenothec ¥plume, @f esphetas ek dhey

asteri sk) i I . i i an. ~«B)...Pau i pihg for
BrdU (gr eeﬁ%ﬁ%?gﬁﬁﬁorangbmm{ﬁa@6@@% i'c @I%rggr?fb%{?@eg%ﬁfﬁé't%e{hﬁ?( red
f1 uor escenweje gbonevated floandiffeventiatingi Z8tdalohies adidoadrengrophghtedr g 4cth | s

wer e i ndeed of human origin. ‘(?g) A GFAP+ a\stroc te (red). fromthe
perivent ri VEEES WEIG Wﬁ?a&fegﬁ | gl §ingle efiber and the agmbes of c8lldr i gi n

from 25 thﬁergéﬁ{etrev&dg)cob‘d?ﬂ&']@” ol i godendrocyte progenitor (red) in the

periventricul region, co-labeled with BrdU (green). (E) A CNPase+
ol i godénhdrocyte (red) in the corpus callosum co-labeled with BrdU

o TUneht L GERET) 2ot SR o R BT e e

neur of i | angiating O adhedivd shndtdte Nor NWAM. (THeLSPhetl Was!BERERRES BY difect he
ol factory bulb, co-labeled with BrdU (as dark nucleus (arrow) in’ Nomarsky).

Bars = 10ptransfer obungifierantatetNES callsgintowoerm Greel medhen@sﬂenmfpeﬁatim of
nc 11 er ent eApedaaspyBedoledsCaleE (3P JPBFBRIRL 2 on ' Vit ro and

differdnti ation to neural progenitor cells, neuron cells andlor glial
cells. 5 Throughout the description and clainms of this specificatio

> descr Ci n. the
wor d " conpfiByEe 12 shovarindifed imyinaflgeregsence SRrRbaNecks BiRinafgr Nag4M
"conpri sessf «ihSiN j i d e Lt 0 n ;
i nteger s o SpaIssCR IR HErbReh Of ' Spfiech AR AR B RTBR Ecune,
bl ast ocystsutstmateshde spherBCYad\dedetiied ybgirédtetrangiér ofinhdifferentiated E&t to
data that has published grevi usly, the hungan cE‘i %ell | i nes that h%eq been
derived by°% e'"g‘bﬁﬁ'lé’&n? e imeeHe &nesempaggﬁw tNEnrasIng, sRMESRo 0
di ffer2@nti@é@,aggsyi(gégeiay@%mﬁg_ lineages and give rise to neurons and
nmuscl e cells. reover, Applicants have 15 denonstrated the derivation of

neural progenitor cells fromhuman ES cells in vitro. These ES derived

human neur 1.Lars .. ol I . .0 i i
contents dnop FREBEMEIBRY jBmifeblGesrnrE stifud o hers diicife A6 o
may i ncl udsiating tonvadhesivesubbigatecior thé dntepmelizing ditarnent ndstin. 0ellEhat ¢ed | s
are substantially maintained in an undifferentiated state. Preferably the
ase of 'the sphere were placed in plane of focus to illustrate filamentous
25 staining. The sphere was generated by direct transfer of undifferentiated ES cells
into serum free medium and propagation of resulting spheres for 5 passages.

(Scale bar 25 microns).

Figure 14 shows indirect immunofluorescence microscopy of a differentiated cell
30 decorated with antibodies against the oligodendrocyte progenitor marker O4.
(Scale bar 12.5 microns).



cells are maintained under conditions which do not induce cell death or
extraenbryonic differentiation. Preferably, they are capable of maintaining
an undi fferentiated state when 25 cultured on a fibrobl ast feeder |ayer
preferably under non-differentiating conditions. Preferably the fibrobl ast
feeder |ayer does not induce extraenbrypnic differentiation. Mre
preferably the cells have the potential to differentiate in vitro when 30
subj ect ed Figuwile fibesteows iidiregt inandhbiluorescdiicst stpirghe bélal spHene 4ckedurs dfteve t he
capacity to differentiate in vitro nto.a w ge ray of sommtic |ineages.
50 The. br ORIAINGIPTLRIRESN EUPSIEAtE 15 e THAdRlg THARENGV IR, Cabs ot th

undi T er enphad o ficA iR WeibCpRted R PRIHE of Mol EiIRERafkA RtthéniBls
differentiation in vitro i nto extraenbryonic and somatic [I1neages on the

ot her handstainlihgviEhe sphereavas gepemated by dirett narsfenofiumdifferamtiatecoESloedly of

early man, devel opnent, functiognal 5 genonics ener ati on_ of

Gt fer by IRG SeRuR 054 ropdivReand dipesadtion oF et SoPaieSioR 7 messAgss: dr ug
screening 1§%54¢ 28insie y invitro. Once the cells are maintained in the
undi fferen |ate3 staté,ﬂ¥ﬁ2y may be differentiated to mature functional
cells. The enbryonic stemcells are derived 10 fromthe enbryo and are

pl uri potent. and .haye the ca ﬁ@ili of . devel opi into an r gan.or. tissue
Pype. pr of It y Bafvts Be @8RG pofdrrily S Ml Ry Ritsd AR
endocri ne gedifferertiats B lckis. Bash daraeblssedits s thears 4| SD) Masrerminefier abl y
they are neural cells. 15 In another aspect of the present 1nvention there

i s prolQ devolmeuper week oh i apheres ahfirst i spdaan weeksnafler delivation. i meEe cel |
IS | . ! by ki t e el o
ISZEAI Tn&%s‘éﬁ%w&% %ﬁ?%@geﬂi gg”ﬂﬁ@@mﬁéﬁ lgﬁgé%aglt'dscgm Cgans neEEne

differentiate, under differentiating conditions to neural cells.
Preferably,_ the cells express specific transcription factors such gs Cct-4

as 20 denphi@F@rldasgwiperistend grewthhButheorolime 9§ sehefesapiong tinei BRCene
expr essi ONpaftiiediritehaRarelosD) inabalch if SEMANEP wellRidt 2 Siifiablay t he
cells maintain a diploid karyotype during prolonged cultivation in vitro.

Pr ef erbl yninehto tventy cwld weieks aftarsdénivationad hensphdred wersp geneiated dfonan

undi f f er ent,i teq}ﬁteﬁggel line. More preferably, the stemcell line is a
per manent AEEETYANRY &7 SRS shed by 25 the characteristics identified
above. They preferably have norns! karyotype along with the characteristics
identified above. This conbination of defining properties will identify the
cel | |inesFigure HB ishowst lirgarr egfaelatien sbefveenet NﬁE@@ﬁdthﬁf% rand the

i sol ation. o] i Wl i, Skl b ny
ot hod knoWRTEET O BPasdtticrdelbariti 2 SPRRR, SRR & vahbhS e e fela o)
i ndi r 20 | werengéherated diractly from unadiffersritiatate FiScedlIssamd weng pnayyadated 87 i ed
out on colonies of ES cells which are E%xeg b conventignal fixation

prot ocol s VREKS: Were dipsagligoaisdigtasinglisee! §U%/fb%ﬂ%'%'l agd dhe pumbes o cetls ¢
ant i bodi es REreéY3ld SKifhte$l Ny secondary anti bodi es conjugated to
quorescen? dyes or enzynes which can produce insol uble col ored products.
Alternatively, RNA nay be isolated fromthe stemcells and RT-PCR or

oL ery Ll T8RS RHACR il By BB S o I SO sk SeF "
undi 1 125 enbasce) erld Reiral EpherBeuaGriVERONMITRrGAHTAting betohiest d afreotly
i mmunodeprived SCID m ce. These tunours include differentiated cells

r epr esent atfPWeubdiffgrantiate £y ceth Adlypanrels showyem agafese agle stajngd vl abl y
endoder m r e rym- Braferahl y,: opee r r

est abl i she%ﬁﬁﬁﬁ@ymnog@g%éﬁéﬁgggs02cia511t8e§’ gﬁgxslgeglgf ?éclhglf@%?gﬁtﬁlr%t &eé%?l
types may derivedkentfidnt eddifferagiatingedcbipnissy neduratls spherésibl derivedt héroski | | ed

addr essee. For. instanc | i neage specjfic rkers e used through the
dee of 11 i deEay Eoasel ane Bostenn el RuiSiS Tk Fi, O36H caiiptriihon or
by di IREL it TBAIsRioNf 8P 96498 PAnddriptates (Gdndsbeieesing Thamaufl ihf esepe at ed
cells may be used I n any manner. They may be cultivated'in vitro to produce
| ar ge nunbeulturef neufdlesphareatdafived from rhffereotiaithg ecolaries,f oeural spheres
transplantation or for .use i.n dr sgreening for ex l.e. not.her
aspect 1 nege M Bhm it iRt S i EAE e G4 RL G TGR TEEIPHT ne
capabl e of catibf @¥ueWithadm@RicNef RIvepsdahhedtiptade Ilad @ TEuhaNsl, F®in gl i al
cells. The undifferentiated cells may differentiate in vitro to form neural
progenitor cells, neuron cells and/or glial cells. 25 In another aspect)
there is provided a neural progenitor cell, neuron cell andlor glial cel
differentiated in vitro froman undifferentiated enbryonic stemcell. There

is also provided a conmtted neural progenitor cell capable of giving rise
to mature neuron cells. The mature neuron cell may be characterized by an

.y - o A~ o~ - Y L T . R AA N/ T



30 synaptophysin, glutam c acid decarboxyl ase (GAD), tyrosine hydroxyl ase,
GABA and serotonin. 22 I n anot her aspect, there is provided a neural
progenitor cell capable of differentiating into glial cells, including
astrocytes and ol i godendrocytes. The glial cells include mcroglial cells
and radial glial cells. 5 In another ect, there is provided a neural
progenitor cell capable of transdifferentiation into other cell |ineages,

t o gener atgSsteimdistules asdrafli doherentderived frem sliftdrentiatinte Woltiés, Phenel y pe,
such as hemangi obl ast hematopoieti¢c stemcells or endothelial stemcells,

enbr yoni ¢ eRlidas derived from yaditerentiatad &3 cells. 1anentdester call galiunee PO ai ned
by somati igf.e L af | i it r kers.
These cel nggn%{f%g&ltrggﬁq aotggﬂfhnapureogéf%‘ép%%ﬁ] g??ﬁ@%ﬁa‘%ﬁ%qésq?gl S) in
vitro, andDNAdpddat. €kctidband iso320b1e nestiy iH208 b weredP40-6Uus @Fd byo

di ffergnti ation to mature neurons and/or glial cells. 15 The cells may
underg® differentiation in vitro to yield neural progenitor cells, neuron

or glial Cﬁggﬁba@o Y& dwASnGiFd 2 fTRIuNBALGreSEohce rﬁt‘i@séﬂgyf %‘feafﬂ%?éﬂtﬁ?e&)ei ng

characteris y novel gene expression characteristic specific neages
as denonstasttanytdygelindecwaiedositie antiaddyagaihet GRAPY §Seale Gaai2ecniErossdt i on may
20 be obtai ned by using expression of genes characteristic of pluripotent
cells or particular lineages. Preferably, differential expression of Cct-4

nmay be usegighfe Rdeshdvy ifdiritt Gahundfilereséehte hiiidstiopy sfeblain sEkfidisvofe)
the presence or absence of expression of other genes characteristic of

pl uri gét ertwosries (Bland B) bweeks|aftesdirnspiantation (of dwin@m eeusal EBFUBOEY

Cripto. A i 4 h ge : r j . si on
rofi e t o aaheled vl BEPUECRENS i B: (abay BelBasd i aRu B ApRAT

pr ogeni t orstaip, lbjackr arowphty evidehf reanthealerdridhlt sofacnywhisparrowiobicatel ysi s
of specific gene expression in defined popul ations of cells fromES

cul tures |'BOHSE UBFtERALRYES], bREEHFIIRIGPNEnal ysis of gene expressi on
“profiles include RT-PCR, nethods of differential gene 30 expression,

m croarray analysis or related techniques. Differentiating cultures of the
st em dél | sFigary 22 eshiowseinditéctr imnoniofymnestance phicnogdoPp@) ofrdiraséatiomgraftaei n

AFP) int I di det ined b 23 linked .
| munosor SBIRE ANSRKSCAST LaARTEROR o FUreE BRGIA Fr SO BEbRIR iy
al so ser vepgyny aWBaproid ididAbitior B tlahepRihtdehBrdrEers astb@ated Bg anti
differentiated cells form ng neural progenitor cells, neuron cell$§ and/or

glial 5 cdBild anjibatiies ive@vident in the petventyicelap aesase d heapkayentoeulanetes i sti c

Cdent 1 11 edniy RebPob St g et shaghkerdell BB MFE, KEoret ol S AR
| i neage, 30 keerenefin AeBraid @j.ogenitor cells, neuro-filanment proteins,

nonocl onal anti bodi es such as MAP2ab, gl utamate, synaptophysin, glutamc
aci d decarboxyl ase, GABA, 10 serotonin, tyrosine hydroxylase, ~3-tubulin,

S tubuli re: _ ol Eibri : AP)
R b S s R S )
and NG 2 ghmend meekisraftardrdmesplartafien of dwuaspeoeud préeunsoes predabeled vithon

th [ [ I [, || _wher ei h | |
mor ker s Gelhe! AR FBBEERRA PaPhaH ol Sradigkeine: aind, i rdiiial sREFBRG o e
from pBe itiam (BwEUBidiehy)Si al yated N CAM N-CAM  A2B5, nestin, vinentin

and the transcriptional factor Pax-6, and do not express Cct-4. 20
Preferably, the cells do not _express the transcriptional factor OCT-4. This

may Figure 24 shows RT-PCR analysis of gene expression in neural spheres derived
from differentiating (A) and undifferentiated (B) ES cells. All panels show 2%
agarose gels stained with ethidium bromide. Lanes 1 and 10, 100 bpDNA ladder;
30 Lane 2, CD-34; Lane 3, Flk-1; lane4, HNF-3; lane 5, alfafetoprotein. Lanes 6-9
PCR reaction on the same samples as lanes 2-5 carried out with the omission of
reverse transcriptase. CD-34 band is 200bp, FIk-1 is 199, HNF-3 is 390, AFP is
340bp.



be denonstrated by RT-PCR, or nethods of analysis of differential gene
expression, mcroarray analysis or related techniques. Mre preferably the
cells will constitute an enriched preparation. They can proliferate in
vitro for prolonged periods at an undifferentiated neural progenitor state
to produce a | arge nunber 25 of ceIIs.1ghe neural progenitor cells can
differentiate, under differentiating conditions to mature neurons and gli al
cells. _ In yet another aspect, the invention provides a neural progenitor
cell which is capable of establishing a graft in a recipient brain.

Pref erably Fugwer%ﬁmwssby@wm eoalysi the expiessien of | apovibe plp giene

transplantgti . e | ral evi i s . ; ' y. Nt o
the ost  bifdierbliaied, et Boull SehelrSyelEe Rl UifofRtiang £ oo

est abl i shedolonik. Thetexprassioniof GRAP indidaask diffefehtiztionrihioastrooytes Whilk on
specific manner into progteny of the three fundamental neural |ineages,

i ndi cat® ngthe eresengs0 pothydm2q asd e tiamscerls) indicate that dilierentifien dntpn t he
devel opnent,; | e [ Iyl . [ ORty ' f
defining p?’g er @ééé%gl‘%bq'?c@an%)lg?émﬁde \r%ﬁrgalrﬁ?%’bog%&nil%oefs gg%’?adgéﬁ{bﬁgstwgf t he
I nvent i on separaté eRNAoKampdesdtdmo ddiffemtibted spheres $latatveos . indeperedendiyot her

f th ' ion, th ' ' i al I
G Prer ent i 460454 fi ESRIsal-2pe doath Bot 08 bPioNAredess fppes ddna s GFARSI | i s
an astroCy{fhed’3aRd P, W&'ﬁ@@ma;ngnesjeiaqa;dﬁmen%heﬁorm the shAfRNddrhpred by

04 and 10 NG 2 inmmunostaining or by RNA transcripts of nyelin basic protein
( MBP) , 1®| paaranesn32and bncarried rautewitha dpe omission lof reversat tramscriptases GEAP

provi ded a_net.ho f _preparin differentq.a human enbryonic stemcells
for di ffergﬂpfiﬁ Sgﬁ ‘?Iﬁt ﬁg'ﬁ%lf‘r‘g?‘yﬁg aﬁ‘%‘é@%@%%@&ﬁs sai d nmet hod i ncl udi ng:
obtaining an in vifro fertilised human enbryo and growing the enbryo to a

bl ast ocyst stage of devel ocﬁaérrenjt; renoving inner cells mass (ICM cells from
t he enbryoFiguiet2f shgwsavassk [field strreomiciapeonia Phateanph cofhareasn@iws)

extraenbryqQuLg i.£ferentat i deat | £l ation
of undi ffe?g%’\ rl‘gaﬁoggl gi\{eeghggetf»ﬁi%&ghg@gg%{érlﬂn%‘tdtﬂ‘ﬁeer@g %@n{igﬁt g?ﬁ)fﬁllad@te ém
cell's 16| | weeksmdtef passage @dazd t6him).and can be induced to differentiate 25
when a differentiating signal is applied. In a preferred enbodi nent of the

present invention there is provided a nethod of
Figure 27 shows indirect immunochemical analysis of marker expression in

cultures of neurons derived from progenitor cells that were derived directly from
undifferentiated ES cells: A, indirect immunofluorescence microscopy of neurits
20 decorated with antibody against 160 kDa neurofilament protein. B and C, indirect
immunofiluorescence staining of differentiated cells for MAP2a+b and B-tubulin

Ill. Scale bars: A 100 microns, B and C 10 microns.

Figure 28 shows indirect immunochemical analysis of the expression of tyrosine
25 hydroxylase. Neurits (A) and a differentiated cell (B) are decorated with
antibodies against tyrosine hydroxylase. Scale bars: 30 microns.

Figure 29 shows in vivo differentiation into astrocyte cells of transplanted human
neural progenitors prelabeled with BrDU. Donor cells are identified by indirect
30 immunochemical detection of BrDU (dark nuclei, arrows). Duel staining
demonstrates donor cells decorated by anti GFAP (orange). Transplanted cells

are migrating into the brain parenchyma (white arrow) and are also found in the



preparing undifferentiated human enbryonic stemcells for differentiation

I nto neural progenitor cells, said nethod including: 30 obtaining an in
vitro fertilised human enbryo; renoving inner cells nass (ICM cells from
the enbryo; culturing ICMcells on a fibroblast feeder |ayer to pronote
proliferation of enbryonic stemcells,1 25 recovering stemcells from
the feeder |ayer. Enbryonic stemcells ?ES) are derived fromthe enbryo.

These cel | ?eﬁ(/&wtﬁ@dl'a? fz@hen(fdlam %@row)d(pba)e\ehrghér ﬁ@ég’m.datrbh & célisf fhat erfveat i on

to a varie y I s defined as any stage after
fertilizat dcﬁeralptvatgdzmta@@ltr@tharwbmp{ecblnto the hrstdIraipdBjr om r epeat ed
division of cells and includes the stages of a blastocyst stage which
conprises an outer trophectodermand an inner cell mass (ICM. 10 The

enbryo reqFigued 30shdwes i Qﬁ@rﬂlﬁmaﬂoﬂ&)‘tohﬂlfg@ﬂeh@ro%ytd eelfseot nrémmteabr yo
or it may be an enbr){o derived by transfer of a somatic cell or cel

nucl eusd i nhgman BAUKE é&@@@nlmsémrelabplqmne&th BrDHoPonerwelis rargi lﬁemQﬁths

eoryo. may TSepLRTTEPoBHERcel dCRiledsf BroURARNERLORY Mrehid) et Biliifig.

t he enbryOdmrisﬁafwdaﬁor&%ﬂsldﬁcUﬁte@ bgamticCNPasal(orangeyi nati on, or
I ntracytoplasm c sperminjection. An enbryo that is recovered from
cryopreservation is also suitable. An enbryo 20 that has been cryopreserved

at any st a??g&f?é ﬂeﬁl%WQ%Emulétﬁ/esﬁommc%wéD FH RIrREh )ﬁe‘ﬁPﬁ]WQéeﬁﬂﬁE gg‘?igléd

cryopreserved at the zygote or cfeavage stage are used. Any
cryopr 83 er $ram diffeséntiatingycaionies. ba) G@ednud)lns gmvmﬁerseewwttcﬂmngaamat&aa

produ0|ng hi ua ood nor.pho enbr QS . iS e

s pr of PSS the TBRERHENY 1 voRim s T SRS cwaR ORCP e oar
pr eferred hyHitoredmishaf iﬁﬁﬁééﬁhﬁ&s‘@:‘r@%f%' IrcheéélﬂW d@ﬂrﬁlh‘l‘hbéﬂal cAl lif#arde)
bl astocysts is enployed. The high quality of the enmbryo can be assessed by

mor phol ogi pasitive icogelation\ertwesndher\himetafdhe mpbereseand ftiae sHumberef|cells

Fol Fow g U RSSnies Th 6E g5 RRIRAREY, inbatuhebghol EhPereaif.

Enbr y o1 §jualalidityasf rtnbnnom?gﬁa imtyeldentof episae yalumet £5 ahredisedttindicstogsr yos
for 26 derjving | CM cel The enbryos nmay be cultured in any nmedi umthat
mai nt ai ns £akPF! '%UWPR}aI and enhances bl ast ocyst devel opnent. Preferably,
the enbryos are cultured in droplets under pre-equilibrated sterile 5

mneral oi Figife 134 shOwE REPUR I dMANSK) of thedbxpredsidal of nBRHeTAIl AeAds NRVI an
human ES derived spheres. All panels show 2% agarose gels stained with
ethidium bromide. The symbols + and — indicate whether the PCR reaction was
20 performed with or without the addition of reverse transcriptase. A 1Kb plus DNA
ladder was used in all panels. B-actin band is 291bp, keratin is 780bp, Flk-1 is
199bp, CD34 is 200bp, AC-133 is 200bp, transferin is 367bp, amylase is 490bp
and a1 anti trypsin is 360bp.

Figure 33 shows a phase contrast micrograph of differentiated cells growing out
25 from a sphere 2 weeks after plating onto an adhesive suriace and cuiture in the

absence of growth factors. Scale bar is 200um.

Figure 34 shows RT-PCR analysis of the expression of neuronal and glial
markers in differentiated cells originating from human ES derived neural
spheres. All panels show 2% agarose gels stained with ethidium bromide. The
30 symbols + and — indicate whether the PCR reaction was performed with or

without the addition of reverse transcriptase. A 1Kb plus DNA ladder was used in



| VF). Preferably the incubation is for two days. If IVF-50 or S1 is used,
on the third day, an appropriate nmediumsuch as a mxture of 1:1 of |VF-50
and Scandi navi an-2 nedi um ( Scandi navi an |1 VF) nay be used. Fromat |east the
fourth day, a suitable mediumsuch as Q2.2 or Scandi navian-2 (S2) nedi um
may 10 be used solely to grow the enbryps to bl astocyst stage

(bl astocysts). Preferably, only Q.2 nediumis used fromthe fourth day

onvar ds. | all paperf ePpeshe whedoneaids the 394apt 9@&5349@ Faspieetivelyl MBP is
enzymatic digestion to renove the zona pellucida or portion thereof.

Pr ef er abl y379rp, KbRAP de p88bp NEE '§l¥l5j4§§taé1ﬂ’ Nb-M jied a@%stl on at an expanded
bl ast ocyst stage which may be approximately on day 6. Generally this -is at

appr oxi At ey, S1 5 NG ikl SRR RIMCAMARRIE! & §2Y BRABYoRe ofsed

to digest thHe zona pe uci da or por ion there O fromt astocyst.

Exanpl es i serotatin phpass SABR (B). Boatelbarssarel20ion, and nechani cal net hods
such as | aser dissection. Preferably, Pronase is used. The pronase may be

di ssolved in PBS and G2 or S2 ned m Pr %1%&&/ kl_' PBSEaSrf]g Scanpdi nayi an- 2
medi umd s GOUR 86 shows ¢6$e'125‘3<§'P§ ttrqswp ”t% &1NYeany emyet,Beura

bl asto_cyst o@%ﬂftGP‘ééTEtlﬁltB{e%dé@ﬁ i'Braipf Pronase may be used for a period

sufficient t renpve the zona pelluci a Preferably approximately 1 to 2
mns, nore preferably 1 to 1.5 mns is used. The enbryo (expanded

bl ast ocyst or S2 nedi and 30 further incu ated to
i ssolve 1 4"BY 2Ty otk tianswinatauRhmgst Fals Herd dpwaddintl GeeyertfisyBbe
used to CO\WBIW@'AﬁéF'Lﬁ@%é@(StHﬁ@s?@él% hadledt fh@e\f@{tﬁaby g}ﬂanerﬁypmme@&tee
further incubatéd in pronase solution for 15 seconds. Renoval of the zona

pel | uci®a eorprewalieswodeE) ﬁ@btflao(tﬁﬁ@c!fﬁgmﬁ'rpaPSld*? (i-6) aBpsilést seleweeerboti ment

Che i nner - Eap A€ Sl y] HF CoEted i of B nEPOeo Bib R PR, CTREns B

di sl odge tBeiU¥ cellrew@miﬁ)mdqh théeoﬂf@rmgrﬂbr}asﬁﬁeamr (RMB). (D Bedii+ cetisin ng
the embryo with a G2.2 or S2 nedium.to dislodge the trg? phect oderm or a

portion t hf@eemrweaﬁr@%t white maatten éF) blégherrm@gné'@av%n Db e shyowr peclean

Havi ng had %Jm)(%/ | ucida, the ICM and trophect oderm becone
accessi bl e. [5 re @?gﬁjﬁloﬁhe 9g}phect odermis separated fromthe ICM Any

net hodlavay be enpl oyed to separate the trophectodermfromthe I CM

Pr ef bly_th t d, of I id ted
o ono. a0 S el Herbeshes 2 s SPtied Gl DR bAoA DAL o
reactive 1§ndv'ntehrawhéggs%peelf.bhﬁamerré,a@s A?ftyﬁ.esl éﬁé?mﬁ(ﬁ ngramtedveéws in
preferably, the treatnent of the enbryo, (preferab an enbryo at the

bl ast ocystthet egrpudesadioguy, stainadpithh (o) spﬁmil@rrantnerutomh@hdmalemtmdv wi th

ised separ lReryopdias e arPEh naGFesckaRR G KRoIsit kb HIRE ifEy ¢
ant i s@oum @d1d naoleplirkdiedted 26y iddtériske SﬁﬁiWS' Bl typia Periducidar nlec@liz@aphai(a)se
anti body and Baby Rabbi t conpl enent (Serotec) or ant| -human ser yy antl body
(Si gma)  coRBibigd SidiPRIGieh Ardt glaream ﬁH%ﬁ%C%@ YcANd BRI PP8LHGH ANt

anti bodi es, @‘ﬂﬂJ et r‘é@ﬁ't(r@& ‘Fluﬁl'éc#&eﬁgej QhG@f %d&'ieact‘zcd;ﬁ%'aﬁfﬁtlo%f’ irldi& tlng

ant i bodi es enent, exc ng anti - placental I ne phosp at’e
that BrdU+ cells were indeed of human origin. (C) A GFAP+ astrocyte (red) from

the periventricular region, co-labeled with BrdU (green), indicating its origin from
25 the graft. (D) An NG2+ oligodendrocyte progenitor (red) in the periventricular
region, co-labeled with BrdU (green). (E) A CNPase+ oligodendrocyte (red) in
the corpus callosum, co-labeled with BrdU (immunohistochemistry, shown as
dark nucleus in Nomarsky). (F) Neuronal processes in the fimbria, stained with a
human specific anti- 70kDa neurofilament. (G) A Blll-tubulin+ neuron (green
30 fluorescence) in the olfactory bulb, co-labeled with BrdU (as dark nucleus (arrow)

in Nomarsky). Bars = 10um.



(anti-AP) are diluted 1:5 whereas anti-AP antibody is diluted 1:20 with S 2
medi um Preferably the enbryo or bl astocyst (preferably having the zona

pel lucida 30 renoved) is subjected to the anti body before it is subjected
to the conplenment. Preferably, the enbryo or blastocyst is cultured in the
anti body for a period of approximtel y;g0 m ns. 28 Fol l ow ng the anti body
exposure, it is preferred that the enbryo is washed. Preferably it is

washed in &.2 or S2 nedi UDESCRIRTION OPTHE INMENTIONpreferably is then
subj ected to conplenent, preferably for a period of approximtely 30 nins.
5 G2.2 or gxzoog@éﬁephramh&rpr@femawaml%thﬂf@ﬂ%p&m@ed@acertr@h@aﬁepﬁ@ﬂenbryo

or bl astoc dj, sl hﬂﬁg : i i v
D sl odgmn%ﬂﬁhg%ehﬁéﬁgne%?ﬁfg%crae gﬁé%%?’&%&a@?w%g?g}@?%@%nq) Y’goby
pi petting ahd diferehtiatist tot Mewabprogesitat tellso neumnpedliseandldr gired celld cel | s may

t hen be_exposed and ready for renoval and culturing. Culturing of the ICM
cells n%y be conducted on a fibroblast feeder layer. In the absence of a

fibrobl ast T, out B HeséhRidhehhd c}qiﬂwg d#itﬁi%,egp%&ﬁfic%iiﬁn, fRINGBRIT GorhhyideRi tory

factor (LIF) has been shori'vn to replace the feeder layer In sone cases 15
and nai nt aandvadatiens ef the wordusdch asr‘eomptisiad” andt'eompiises/eis, nattintendedns t o

only work for se.cells..For human cell hi gh concentrations of LIF were
unable to F&?’ﬁﬁr@%q% ac@l'tfvgsi ROrDRO(IR ISt F’i‘?%‘?ﬁs%étsg?sstate in the absence of
a fibroblast feeder |ayer. 20 The conditions which do not induce

extraenbryonic differentiation and cell death may include cultivating the
enbryoH? ¢ Estahlisbed pluripetent kS ellstingsdisn hypar bipplorysisearenshowdie
extraenbrygm i t L.ath.an | de S fi sts
are pref ergﬁﬁ’*g@é&f@@ewr@% B@alﬁcs?g' 'se@a?éﬁter?é}bgqs%gg itﬁg{g?)‘g iéla hlgg%a

Human fi br pldvisdsly, thetiuheas H$oell lihes tisdtdiavechéen dbtived bgytheraglieants in
non-even and soneti nmes non-stah~P feeder |ayer, However, t he,é may conbi ne
ef f ect i vel thawPrasans nplicalipn hexe: Eean, shewai 1o difespntiatal insyitse iBta SORaGt h
and i nhi bi i i bt ny idengi £ st

| ayer aff eh?%qétgsa@etj ghﬁ Iﬁ%t@éhgeggf %drrahﬁjcsge gel én'gtlo%ogl' QEEP%AX’?%E'? g?y

25, 0001Sundemandtrateditie detationedf sepml prog@enitormsdis fporef lkuman . ES/oedle in
fibrobl asts. al ane ar sed at, 75, 000-100, 000/ cn. The feeder |ayers, are

or of or abl y V& JH1GSEhES §EANSH SRR, Pea] PrOgRIIErs ey B gfsq &y panfe.

29 Pref er aRbyrdnden VRKHS €TRE cBHiEMES bf PCIPABSH/008bb aréheréisinesfsorgednunber
cells. The quality of the fibroblast cells affects their ability to support

the stemcells. Enbryonic fibroblasts are preferred. For nouse cells) they
may be obt ﬁ'rcﬂﬁ‘gration in vitro may include cultivation of the cells for prolonged periods.

20 The cells are substantially maintained in an undifferentiated state. Preferably the
cells are maintained under conditions which do not induce cell death or

extraembryonic differentiation.

Preferably, they are capable of maintaining an undifferentiated state when
25 cultured on a fibroblast feeder layer preferably under non-differentiating
conditions. __Preferably the fibroblast feeder layer does not induce

extraembryonic differentiation.

More preferably the cells have the potential to differentiate in vitro when
30 subjected to differentiating conditions. Most preferably the cells have the

capacity to differentiate in vitro into a wide array of somatic lineages.



5 from 13.5 day old foetuses. Human fibroblasts may be derived from
enbryonic or foetal tissue fromterm nation of pregnancy and nay be
cultivated using standard protocols of cell culture. The guidelines for
handl i ng the nouse enbryonic fibroblasts may include 10 m nim sing the use
of trypsin digestion and avoi dance of %/EI‘CI‘OV\LH ng in the culture.
Enbryonic fibroblasts that are not handl ed accordingly will fail to support

the grow hThRé pioriotibr of Htémt eslisESapeld of beagnaitaimedl innewuyidifferérledrouse

enbryonic fibroblasts is tested to confirmits suitability for support and
mai nt enanceats insvige eriane. hang, mndswhigh ater garalie ol flierentiation 43 véroaindo
preferred | i Y s n Laduct i 0, i

G 1 or enti ST EYohi dhd SR, IndoRE 1 TSR Nl St BBk &

sone bat chihe eelldlar edral moleeular shiplogyt of eegrlyt domanl davelmpmente duectidmatezi ng

and thaw ng. Therefore each fre; batch that has proved 20 effjcient .in
suppor 1 ngIERPIBICE| generatiRN qng'#él’entﬁéﬁﬂ:tq A &P &%tﬁtﬁmdic? %rtjeﬁtl?s:?c i™n is

ret est ed j A ; in their potenti al
after fregizrléﬁggp %’ﬁlﬁﬁtshg\?vidﬁl gé@m@agcfg#‘ggg?é@é%%@étches arg tested to

determne suitability for the support of stemcell renewal, the induction
of somatic differentiation or. the |ndugction extraenbr yoni,c
di f f er ent i QPPBniNe & n%renﬁnu%'e{aért‘er i'As &r@%ﬁ?%ﬁﬁcs Sr S0 BE ch

are nore syiffbabitatddto PRl RIActiBRANESRANTRe AikbiyBAICSteAN cols BRIMBElIed
differentiation than those of other strains. For “exanple, fibroblasts

deri veld f risomi thererabnyzoasy ase piiBipaterileand havedhercapahility of developirgy iBto wi t h

C57/ B16 styai ave.. v hi [ - 0 r..S I .ot ce.
ool ated | 6 SREBEYPEHR Bie . PR UROHS obll s I Ao TIhE SR a6
for human iptrifireeldriocringOcélls, | Blopd eteélls, edetirahtcdllseof andstlecedllss aMost
treated to arrest their growth. Several nethods are available. It is

preferred Pigigrablydheyage nepedicelled or are treated with chenicals such as
mtomycin C that arrests their gromh. Mdst preferably) the 5 fibrobl ast
feeder cells are treated with mitonmycin C (Sigma). The fibrobl ast feeder
| ayer 18aybie geothernbhbpedt! cftthe presentgievaniion thieretisprdvided #r ahdiffe@ntiatéche

tissue culture dish is treate ith 0.1 %gelatin. 10 The fibrobl ast,  feeder
| ayer may 2$88" &MAPRICHEM F"gh%ﬁfﬁ'%ﬁ‘%é Is FgmungIgagtive with maskersdes

expr essi nohiAGA PRk nt"RERT G818 iREMBfhg SSEALS, GEITRNDI Htigkf! afdl TRA4L40
renewal may be used. Such factors may include for exanple human multi Potent

stem cel | angwhereinsaichgell casl diffeneptiatee lUndendiffasentiatingueandlitionst teeneura

e e e T
suppl @eent @gsmvhétratédYbyBRTIBCRONS) Metiods (die stapsoadiffieratial  GererM

(A BCO, non essential amno acids - NEAA 1 % (A BCO, glutam ne 2nv
(G BCO), £XPraesiPei Mmigraamay appalysisooisialaipd deghniauesplyiaie prefestly the gelise

I : ey . . : . I i h

a7 ocanBl AR PRI KA Lfile orEnGRd U AR, S8 FERISBR, B

However, Ldtérmgesiewdl tgnstiutecan eadelsadh pyepatatjomed annundiffereatiateddstetmatelt an
t the E |Is.. 25, The E dj ay be furt . ted with

SuPner BB bl Ui SRanEE 18 It sl B Rt

i nhi bigg stpm él@érbcféirl}csfi@é A ntFleldOBboVeX aMPhéyp #Péfe‘ﬁé!ﬂ?l K@ PbPmhaNkhH@eyge man

mul ti potent stemcell factor, or enbryonic stemcell renewal factor. 30 The

i sol at ed |@ehgrawitihdhe ghasaelgrisiies identiiad takove. dafhis cambinations ohgiefining ol ony

of cells e oo LS i 1.0C] i f i ated
ot em cel | SORRAGS I Br0 B ool 1GRE RIS MEMRLERARNESS o tnBlRY s he
undi f f er enjidet fod st isslatiey. be achi eved by chem cal or nechani cal neans or
31 both. Preferably mechanical isolation and renpval by a mcropipette is
used. Mechani cal isolation may be conbined with a chem cal or enzymatic
treat gpnt oeuded otfiddhitjing ikl bRBralerishies fidy B byUHy ARHAPRAMMTo tHere PBS
medi um or diI spase.

skilled addressee. Methods such as (but not Ilimited to) indirect

immunoflourescence or immunocytochemical staining may be carried out on

colonies of ES cells which are fixed by conventional fixation protocols then



5 1n a further preferred enbodi nent of the invention, the nethod further
includes: replating the stemcells fromthe fibroblast feeder |ayer onto
anot her fibroblast feeder layer; and culturing the stemcells for a period
sufficient to obtain proliferation of 10 norphologically undifferentiated
stemcells. A further replating of thequndifferentiated stemcells is
performed. The isolated clunps of cells fromthe first fibroblast feeder

| ayer may diginedplsihg darstibddiets Bghinsarstemusell fspecifiel astibddiesiend alsaalised t he
sanme nedi um as descri bed above. 15 Preferably, the cells are cultured for a
peri od of Using sgggrdanksantibadigss cpaiugated tflyRTassent dyasiart N2mMeaicist em

cells may e y \Ba i Liled
pr ef er abl ybbag]yBFcﬁ)Zj Cﬁi g‘ﬁ°ﬁ{g’§‘? 3&’%?&@3@% c%?tg i (;(E)é WpﬂgwlﬁneHrﬁo hgggé%ﬁd&and
conpact cdramytheorsteahi cells Emne ES-PCBROrate Nortiieen dfloeran2lysiB starmed @utdtd he
col oni %s a ? often flatter ;gtan rmﬁse EfS cells. The %f)l oni es resenbl e those
f or med°by c{ﬂﬁW'Bﬁteé‘Rfesfﬁﬁfhﬂ £t Golhspeqic gpnesaue PP Wotes such as ocT 27
X-1. In another enbodi nent of the invention, the nethod further includes

propagating 25 the undifferentiated stemcells. The methods of propagation
may i niti dhlaypiefernéd embadiment-theunpdiffefentiateick ¢ellsdformaumpuss whendhjested om

colonies af cells. .The_dispersion.is,p rably by .chem cal or nechapi cal
means or BBt ﬁhe l\gersé'sproéférf1 'V,depﬁ)ée%eﬁgéﬁar@' shet S o - vt Nﬁf—Lu ee
PBS or t hejifférieatiaRenedlisCrableserextf/eeef AIf trek rﬁplaﬁyerﬁsTﬁé_Qférﬁplﬁ%F@éi@” of
t hese nethods or 30 any known net hods available to the skilled addressee.

I n thdf9e refasably endadermpynesoderapandestrdaint| irpterablyapoee thedumenrss
bout 7 { | i +J. —~ i
e usea  ote ei@Rner, toy fal e dishSlodRefitthd Spedndifterthifedian il ™ ™

cel I s gradnay b idéntified or sklsstediat any nethdde avaitabiaye theaskilléd addessbe ot her
and desir size clunps can be isolated. Wien cell dissociation is pastial,
Gy #b Brosh &b

mechani cal™@ NG i BRERRS pecific sNAKEFS, BaYeLer Us fOHAN dNBal/S@sSh st
wth cutti il af.d { ; 1 (f}gmd

met hod ma;fmi&rr\c ugybt%ﬁgéﬁge&éol @gﬁfngng@gg?%g&gﬁgﬁﬁtﬂr@ﬁg&ﬁg al g%gt or in
conbi fat i onicve dissactimt bbtissums ofdntenelst. Priefser diffesgntiated eellsymayilte déexhmse. 10

An alternative approa i ncludes the comhine se of , nmechani cal cutting of
he"cot oni0y T MBhma 1 BV TBeY e Gitgptathd? SR dPoRRELSE, Bave Jiabere,of ng
of the colfmbrRntisRy BaIPAOESRE bE TR fanirahsplaatfBATorA6r MBEHin dhgy sharp
edge of a mcropipette may be used to cut the colonies to clunps of about

100 cel | s.scigening fgrigy@mplenay be used to scrape and renopve areas of the
colonies. The PBS is preferably changed to regular equilibrated human stem
cell medium containing dispase (G bco) 10 nglml and incubated for
appr og0nmatielanotivarragpest thierd IWCprovideda iffiréhated tovpap itedeprogehitomistiding’ CO2.
As soon as thg clfur’r_Pfs det ached I )

capable of differentiation and propagation into mature neurons and/or glial cells.

The undifferentiated cells may differentiate in vitro to form neural progenitor

cells, neuron cells and/or glial cells.

25 In another aspect, there is provided a neural progenitor cell, neuron cell and/or
glial cell differentiated in vifro from an undifferentiated embryonic stem cell.
There is also provided a committed neural progenitor cell capable of giving rise
to mature neuron cells. The mature neuron cell may be characterized by an
ability to express 160kDa neuro-filament protein, MAP2ab, glutamate,

30  synaptophysin, glutamic acid decarboxylase (GAD), tyrosine hydroxylase, GABA

and serotonin.



they may be picked up by a wide bore mcro-pipette, washed in PBS

contai ning 20 Ca2+ and My2+ and transferred to a fresh fibroblast feeder

| ayer. The fibroblast feeder |ayer nay be as described above.

Undi fferentiated enbryonic stemcells have a characteristic norphol ogy as
25 descri bed above. O her neans of idegéifying the stemcells may be by
cell markers orgy neasuring expression of genes characteristic of

pl uri pot enin cahdther BxspERt eshéte GLnNAdvidBar aciRUrAt bfodtnitel UsiP Gapable edfl s or
particular |ineages nmay include (but are not limted to) Cct-4 and Pax-6,

pol ysi al yadétereptiting iotclial 3elig2 peludieg teistrogyiesvane rlipaderdregytesr s TbE st em

cells and r onal. SOr ectiyv . genes characteristic of
stem cel | SBﬁ%lycqrﬁﬁdm(ﬁg(gg&ﬁgogﬁgf&é%@w @?ﬁ@'&%fs CD-34 is characteristic
of hematopoietic stemcells and flk-1 is expressed by the hemangi obl ast.

AC- 133 may be characteristic of both 33 hematopoietic¢c and neural
progeni ®or &N aQther raspecthihelet & iypvideds aemieyea!nroganitos ofll |@paplenferi n,

anyl ase an | i Eynsin ar ctierLsLk ¢ +Qf ni n r Such
qone. oxpr oleneATRlERER® flo"dnel AT uilepBbe " B, RN e e Sher
met hods of diffdréstiatet | aellgend eopreagonal, pheraigpe,aysumhal 3si hemangiobdastt ed
techni ques, Preferaply.the em cel | be identified by bei

| munor eac PEVEIIPURIGSHBr kot RUsIRERRL HeTbCElk. STER QLS OdoREI el
SSEA- 4, CCENy2ctsHdrefeelisTRA 1-60. Preferably the cells express the
transcription factor Cct-4. The cells 10 also maintain a diploid karyotype.
Preferd®ly the neural progenitor cells are identified by expressed markers

of primti neur gect oderm and. neural stemcells such a CAM

ool vsi a1 ya D85R ol MRYGBE PREIELE s dhafe dfita@nlifich N human S felsi o
and vi ment iqendifldd tBie nébrdl rraaaers. PTHES el a6iisP mdiakebisolieatd anpui@ol from
identified by structural nmarkers such as ~i-tubulin, ~3-tubulin IIll, the

68kDa and difierentiating B weldsi haritsat ans prapagatedvit vitre. hbey By beayjndsiced tee
identified ] : rofi - r L NS 2a, b and

synapt ophyglnét,a't Qﬁgﬁ%?r%@m%@ gtsdé?g? gtﬁ"ﬁ', %@?Qék‘ar%g% ﬁ?f'dr oxyl ase) GABA
bi osyntfiesi s and receptor subunits characteristic of GABA 20 m nergic

rbri 1 Tary T8I GHIS P, WheerOerABF I SRIOB! Mglieniar WElH BoHA Toosnto gals. .
nucl eoti de gy ol RS e D, I i I GaiRkOt €I N
(NER) - NG DoUrorPap QRS R4S Wicas SHTARMmbn ilE ook B DHfereivatin, £l
any stage ohalastdrisedoby nove) geng &ergssioni charbgtenistic #if especificolipgages as

i ntroductign of vectors.expressjng a.selec | e rker .under the control of
2"st om cel AoapBetEfed by dRERP YRR RSt BNASRAVART  CPRiActaA P Bgkny of
enbr yopyg c BéQthféi‘i‘anSble_%)éir@r egpressiBhosiugérsed BRAraRtatiSHRNOObILAPYtene celie®dreel |
renewal or survival. Therefore sel ection against such 30 differentiated

cel |'s, facpgiticatasdingages.e Rrafarabivc difierential £xpeessionof Qatdhmay hendised to
identify stem cells from differentiated cells. Otherwise, the presence or absence

of expression of other genes characteristic of pluripotent stem cells or other
lineages may include Genesis, GDF-3 or Cripto. Analysis of these gene
25 expressions may create a gene expression profile to define the molecular
phenotype of an ES cell, a committed progenitor cell, or a mature differentiated
cell of any type. Such analysis of specific gene expression in defined
populations of cells from ES cultures is called cytomics. Methods of anaiysis of
gene expression profiles include RT-PCR, methods of differential gene

30 expression, microarray analysis or related techniques.

Differentiating cultures of the stem cells secrete human chorionic gonadotrophin

(hCG) and a-fetoprotein (AFP) into culture medium, as determined by enzyme-



descri bed above, may pronote stemcell growh and prevent differentiation.
34 The stemcells may be genetically nodified at any stage with nmarkers so
that the markers are carried through to any stage of cultivation. The
markers may be used to purify the differentiated or undifferentiated stem
cell population at any stage of cultivaggion. 5 CGenetic construct may be
inserted to undifferentiated or differéentiated cells at any stage of

cul tivati ofinkddemaeufisoptisentyaseayi EarfiddCcalt! 6n RMtubhe superhataiite! Hence this
transplantation to carry and express genes in_target orqans in the course
of gene th&Apglsorerye 6glae'§‘§aﬁ$Ofﬂ@ngg/é?ﬁﬁ\@lfl"ﬁe@(i‘g'ai%?@ ISrai nt enance in a
differentiated or undifferentiated stage may be nonitored in a quantitative
fashi on by the neasurenent of stemcell specific secreted products into the
cul th ure rred‘lhenrdiﬁferémiatéd(edllsrlprcﬂpﬂmgh;?orm pvb%édﬂmrcxﬁIISﬁ nGElidec%Isl @ﬁd/or gltiallbflt ed
techni ques. Such stem 15 ce specific products might inc e the sol uble
form of 9t h@eiﬁSWaé{nﬁlﬂbnb%rcﬁﬂé"@@?ﬁﬂzb n@?‘@'@%@a] ?"I'ﬁf,r§e'f§a)ﬁ acBAStGId as
descri bed pRmentist I r ; . p i e ct of
the 1 nvent CHeIERERRECER, | TRECH ik SERERIALSullie sy MR kfftned by

di f f er ent i aetentingfmeleeniesaluch asmarkears of theongurogettdeomatiindages anatkerst dfod

i sing:_obtaining undifferentiated stemcells: and i dj
di f Fer ent 1 B0 RIPGRAHON kil nebFuTiBmnt RiRfeims. apehadapal arthadies siich asem

cel | renevgapogy NQlutaitdte CedyrimptolsHyain, | BilitaRsc VAt RehiBdlase, GABA,
differentiation toward extraenbryonic I'i neages. 25 The undifferenti ated

cel | | 1@es sefotohia, fyresieathyidnmadaser B-tulbylibep-dubulur iHd GABR Ao tesleptarnplial a
differentiati. signal is.gi ..Pref er,abl t he re.cultured under the
Cond ¢ ons TRy ascastR SEARY. : e 5 Sudin bUGERAS 1 pbeodotiEfase g na
undi f f er en{CRPBeEDIBEDM20 N OhantiNBL2 saffhgi ons will differentiate into
derivatives of the enbryonic germlayers (endoderm nesoderm and ectoderm

such as neuron tissue, and/or extraenbryonic tissues. This differentiation

process can ontralled Thi d. i f for directi em
cells to di"iI %@Pg}ﬁri %rgterfeoqﬂgmgci %fgth%tF?r%g{;ﬁ%@&g@&giﬁﬁrﬁﬁn%@&d%?h%r}%é’? od

al | ows1% he pesgettor eBIMYHer8ih the el @xpFaRMAKe?d fOf theIsiRbedtodemRAl IfﬁefaP@m a
desired lineage and the elimnation of unwanted 5 differentiated cells from

ot her | i ne&§e¥ell Asenawiohsparkges splestask from the waevp dnstEAingopolysiplyated dtrat i c
progeni tor coahl NLERR A-%@S MELARE RENHET s ett?arq'aed'rfﬁ)’ﬁSnélnfa%er' Iﬁgf-lgmapg d to

preparation of' a vari'ety of sSomati c progenitors such as but not

nmesoder nal dprrod exptesssO¢tsdich as 10 hermangi obl ast or henat opoi etic stem
cells) and neural progenitors. Preferably the nethod is used to derive
neural progenitors. Conditions for obtaining differentiated cul tures of

sonat i gg CeP'réfefétS]W BbESIRNIS ndt @Qbfé%b'tﬁe%F&stﬁﬁ&aYﬁThét’&r VETONTHR! r"ﬁia§5i ve
for stemcell renewal, but do not 15 kill stemcells or drive themto

di f f er ent i &edemanstated \byi MOPERr aenbelhasisc of | aralygis . ofA differgotial gene
Wi t hdr aval e%%@s%‘?\t, in%#oa?%@%r%eil?s@ oF ?éla?etoe@cﬁﬁaqlueg.r %I% preferably the cells
will constitute an enriched preparation. They can proliferate in vitro for prolonged

periods at an undifferentiated neural progenitor state to produce a large number

25 of cells. The neural progenitor cells can differentiate, under differentiating

conditions to mature neurons and glial cells.

In yet another aspect, the invention provides a neural progenitor cell which is
capable of establishing a graft in a recipient brain. Preferably the neural

30 progenitor cell is as described above.

Upon transplantation to the developing brain they incorporate extensively into

the host brain, demonstrate wide spread distribution, migrate along established



favours somatic differentiation. The stemcells are initially in an

undi fferentiated state and can be induced to differentiate. 20 In a
preferred enbodi nent of the present invention, there is provided a nethod
of inducing somatic differentiation of stemcells in vitro into progenitor
cells, said nethod conprising: obtainigg undifferentiated stemcells; and
culturing said cells for prolonged periods and at high density on a 25
fibrobl ast hbstesrain ragratdrqyteacks odiffersntiatelinf 4 eegioh ispecifio mammearintorogeny
preferred epbodi nent of the present invention, there is provided a nethod
of i nduci ngf thenthree fundemantak Rerabinesges: BFicating sthej GﬁP?BB'tY ia ©spPBgdai t or
cells, sai £ Sh.ng: [Wall (% I; ; S;
and 17 anof SFE| Racs afid PRkt n 1 B0babpircat dRCHSBLEkaEbE the"hiRg st

di f f er ent i &hisocombiriiomhef sefnngeproperties il idehtify ¢he mieusdleprogleaitoceklls and

derived. frpom any squrce. or process i ch provides viable undifferentiated
Stem cdt | s e Al e RRicTsBR dess ahBedmelioo e ol ey SeBMPBel | 5 11 om
enbryos is nost preferred. 5 in these preferred aspects, the conditions of
culturing the cells at high density on a fibroblast feeder cell |ayer or

t ransf er ri hy yeb anotharuaspecieofntidi present inverdiome dhere lise pnovided ravighisl eell f or
stemcell renewal ,or cause uni-directi.pnal differentiatjon toward .

ext raenbrygﬁflgég\'/?atm%%dﬁ%m oY, grpa{f’g?/n' He® lﬂeséhecfgrayy'a{hﬁ Qi'%bpggt'sf%%der
llayer will a8pbdy@ion atnf@@d@ﬂbhﬁzyté!_ m?yaémdrb@y@@tmay ®@ igbatifed BG4 BRg been
found to be the case with the cultivation of nmouse and human ES cells.
HowevelQ wNGhéummunesiainig or by dtNAytransespts of myehs basie peteine(MBPHéHe t hat
t he type agg ?%Qgéing of the fibroblast feeder layer is inportant for

mai nt ai ni ng ? e céells irf an undifferentiated state or inducing 15

differentiation of the stemcells. Suitable fibroblast feeder |ayers are

di scussed above. Sonatic differentiation in vitro of the ES cell lines is a
function of? BhIMhEF jasgpest OﬁdI‘%UFY"r‘QHQL”iv dﬁe‘ieolq BWWi@bmﬂt@Qﬁ é’? R'RRAMRGsi ty

of the cul LiiflercHitdd i oBkBRorficedig SRk oY BffferdialiBh FRE nb@iaNd

that somatic ferentiation may be detect as early as the first week
af t er Bubcptagendoneells, saidomptrwidoigelediriay appar ent and denonstrabl e by

i mmunochem stry r.oxi nat el. 4 .days follow,ng routine.supcultivation as
desor  bed aboveob TG 28 IBitfe ErifsEiy iam SHEITR PdasPw g B 9BbHR tock
contact W pRsidegsf §86e%feeVelohamt, (i n contrast to areas adjacent to the
feeder cell layér where rapid stemcell growmh is occurring such as the

peri phery of a tahevipg innasells erassi (eM)celis Foaf therersbtyoul ti vation), or in

cul tures which . re e fl i~ i on.the f .
preparation andgﬂgtﬁmgl @o%"%ﬁ@‘dﬁgﬁgéggﬁgg&gm% @%O’E a'ggg?e F%ﬁ%%@g@ongg rain
from 0 chdiffeeerftiabiondral tell death3@ndeproveste polifetdtngofalindiffe@@ntiatganstencul ar

batch, stemcell renewal) extraenbryonic differentiation or somatic
di fferenti%R!SeANfay be favour ed. 37 Once a suitable fibroblast cell line

is selected, it J@BYe Sescaydi fferentiation inducing fibroblast feeder
| ayer to induce the ﬁﬁ%p&?erent?'at'ed stemcells to differentiate into a

somatic lineage or nmultiple somatic |ineages. These may be identified using
mar kers or_gene expressiqn as described apove. Preferably the 5 fibroblast
foeder 1 ayEE ait U8 Vil b, SR BEFeTitated GRS 46 e o i Hobgh O et e a
The mpdul ayhen addiffelepmintng sighapistdpghedappr opri ate use of fibrobl ast feeder
| ayer and mani pul ati on of the culture conditions thus provides an exanple

wher eby
In a preferred embodiment of the present invention there is provided a method of

preparing undifferentiated human embryonic stem cells for differentiation into
neural progenitor cells, said method including:
30 obtaining an in vitro fertilised human embryo;
removing inner cells mass (ICM) cells from the embryo;
culturing ICM cells on a fibroblast feeder layer to promote proliferation of

embryonic stem cells; and



10 somatic differentiation may be induced in vitro concomtant with the
limtation of stemcell renewal w thout the induction of w despread cell
death or extraenbryonic differentiation. Oher nmanipulations of the culture
conditions such as culturing in various 15 conpositions of serumfree

medi um may be used to arrest stemcell éenewal wi t hout causing stem cell
death or unidirectional extraenbryonic differentiation, thereby favouring
di fferentiati onrgdoveaingtstemaeilis SronbiHd ficdet Ialeron may al so be induced by
culturing to a high density in nonolayer or 20 on sem - perneabl e nenbranes
SO as to create structures mm ci ng the postinpl antation phase of human

devel opnen &&P&?ysm c,féllg é tgfl ! O?daﬁBfno%‘Q erS;U V&fdaq%’ét cBll§ ré&fh and

presence o YPES represe ose Knhown t0° no € gro

di fferenti ahdifleréntistéd ang aebthé eapatilitycof(ditierentidisietoa vatiety ¢ficetiaypes.
derived_from normal enbyronic or neoplastic tissue) or in 25 adult tissues

(eg. bone Mher cﬁm@w ' |dq5megaa§tarWn§ta9@yaﬁegéemHm &Pf $a= BeMeeks | Rast
dul ate d N
M nonge. socaabeid, S daeRis MtIEpEHe Shisth 0f o0 afd tdiich FREGbES ©°

Cheni cal dof Adslastbeystistagerahicll sompases ad duler ndpbectddém'elaexdtaratnrmn cell
Propagati on 30 he presence of soluble or nenbrane bound factors known
to nmodul at B"asstt #@M ntiation of vertebrate embryonic cells, such as bone

nor phogenetic protein-2 or antagonists of such factors, may be used. 38
Applicants have found that Oct-4 is expressed in stem ceI | s and

down- r &§ul dhecerabiyorrgqdired én #re peasieph mettiod ay berashil ytmrfdrtmaeeembmo stem

cell sel ectign_us drug resistan en iven r onot. e

11 e o bt Bl LBt EMborS ReRval Y BT o SBhelt del oSty QRO TS

di fferenti ahichickaitew oBE@atdt HuSAPbF noﬁfhu%érh@n%lﬁfmh|@ﬁﬁ§1ir%rt>’a@tt\fa@éc¢§ﬁd of

| i neage sel ection coupled wwth growth factor enhancenent coul d enabl e the

sel ection afowepie develap totheblastasyststeged progenitor cells from
spontaneously differentiating cells generated as described here. 10 Cenetic
nodi fication of the stemcells or further nodification of those genetically
nodi f i 8l sThenambiys meydid fmtihsmbbye amgyinbatrenpethyped dvailablet r Bor irtstance,

i nducti on of dlf erentiation. etjc nodification of the stemcells so as
to introdu PG r Y Rt éf?’ﬁrsr?éJ abléeIL@HIQabP@“W'QB?PUWQW'@?{@"CORfr ol

of a pr ormpne,rac IL5iESpeihYniebtiseci fic cell lineages, followed by
treat nent of ?%cel gs 1¥>njkdaes'cr| bed above and the subsequent sel ection
for cells in vvhlchthat pronoter is active my be used Once the cells

h b d ff h d fied b
moans. doschNGUDAEOVEY 5 oReI e i, PORPIcke VATt 9sP)Lagbl AT s

Pr ef erzpl ytmwa@lbeer BpiedeniR] atsariy Stagel Fdesdlophhé@stas RuRaslel Peeferably
capabl e of di fferentl ating into neuron cells and/or glial cells. Mre

pr ef er abl yembrygs tfiat wege criapnsesenied at e zyarlesi qleavagesstagearglusas. AdY | s in
the ab
" soeenchoMoP oy SEERA S NTFLS T b DROTE f AOIIS 8

enbryonlc I neage ans 1sola specific

| i neages ome[ﬂmlgeprdducmgorhlg’at quelityi f(beodntmarpbdlagitdls gradep nemb[yos is
popul ati ons Eﬁﬂi’f erably appearing under conditions unfavourable for stem
cel I growtfM ubsequent propagation of these specific |ineages.

Sel ectgsye cultivation may be used to isolate populations of mature cells or
popul ati ons of |ineage specific commtted progenitor cells. Isolation may
be 30 achi Iéwedpigfelvea? itbat atneychmhm@sculwreehetfmdoll%wnplnyedmbutglttllsemost

by | abel i Mol 1AL i oA B8 o @nelPac i, LB, fad SBRoRRiEH glef ' "
| i neages Otﬁladlofci/%e@térﬁb@}eéeﬁ'ﬁe fh@jH meybéf merembrw@bﬁtbepassé&eﬂ by

fl uorescence m croscop panni n? i mmunonmagneti c sel ection, or
sel ecti on BPrRhAiEgk err'ﬁeflay Mes mfﬁxﬁé)hcém."ﬂn@neelr massr isnyell evglopeeh or

adhesiggn OfnSREGHLHS G e bIRA0AD, SHEMABIGRASER, Lo particul ar growth or

extracel | mat ri x actors or ‘se ive ce adhesi on; separation on
the basis of biophysical properties of the cells such as density, 5

di ' f d | at f | I's fol d,b | at d
Cul trvat | aroBmS RS EINAYRE. of meBioRs ey bt 18 1Y gAY Riedfur o

vessel s andmbjeliAIRY at this stage may be assessed to determine suitable embryos for



on the basis of norphol ogy, secretion of marker proteins, antigen
expression, growh properties, or gene expression; |ineage selection using
| i neage specific pronoter constructs driving selectable markers or ot her
reporters. 10 The derivation of neural progenitors fromES cells, and even
further nore) the establishment of a pyye neural progenitor cell line is
descri bed bel ow as proof of the above principles. The follow ng description
i s illustrderivieg éCMheellsal Tipe egdmydomayche sulisreddnainycmediuns tioatfrhaingaihs at ed
fromstemcells and should not he taken as a 15 restriction on the

general i tyt?‘Sfr%\é'Vﬁl ?P'B@ﬂcqsta§%GYﬂ JevelRneeNtt hat the nethod may be used
to derive an enriched preparation of a variety of somatic progenitors such
as but not limted to mesodermal progenitors such as hemangi obl ast or

hemat opoi ePiafersidyn thel émboyosnate alityredgiondrapiats andersprieéquitipnated isterile o

he. pr SoeretaCatr V0 o, Sraadineph Tl e opd o etiflad (olatiuiaiar

embryoni ¢ gFjodercferaBfy fiet ineehatin Beol two tigset A 59MeeS i9usBgUbR Ithe
progenitor cells fromenbryonic stemcells and nore preferabl ure

a
pr epar at i dirdf dayupsl appogsate snedum sughdas\eemixiire ofr éfbrqibK&F-Q angheur al
pr ogeni tor - Line i i o) f

fol | o~ci ngsg%'éjdflgé\@ﬁgﬁeﬁ%:@&ﬁg}ég}%@% g\g%)rg{a?i h?ésl%%aﬁ?i ?? if eir%ear# P'g ion
of ES cel | fpurth daydacsitable mediupngach aslGLeor@canBiresidrs2(82hgEdivlanaayy on
an appropriate fibroblast feeder 30 | ayer that lgéevent s . unidirectional

di ffertéht iR i B8ed ofelels exAra¥ntiig oRMbTYes g dlafiacitoSiAgs GiaRieFysts).
differenti %f%bl%gy éﬁ%ﬁ@ﬁ'itﬁn@gge@%m tHRGRA da?t shvidrgsent i ate toward
ar €as whi c e

somati c | i neages, are destined to giv ise to clusters of

mai nly neural progenitor cells may be identified based on 40
characteristic r phol ogi cal featuyres as  described, above. The size and
derm: cat 1 i ®praRERd rmdden; e HARaRvae syblgfLf REBmats BReRoREY um
with serumep@R WRslizaihSHERIcRIE BF & p}éﬁ'ﬁdh B{dreand MEfdrabiiNthea bRR%od/sE is
separated nechanically and replated in serumfree nmedi um whereupon they 5

f or m siPherswyectedr toc the edigestion eéramenpasdad dblgstosrst Btages adictprsayrbs| y
NS- A (Eurogl one) qr, DVEME12. (G-hca) . s,used. Mor r.ef enabl. - A_Qr
OVEM 12 SRPEIRAEYGSR PV oPoasalbeiiS s ol BhBilimelly ¥ I afG
DVEM F12 sigpemataiohed with 10 B27 is used. In the presence of an
appropriate supplenent of growh factors such as but not limted to, EGF
and basic FGF to the serumfree nedium the neural progenitors may be

cul ti vat eda el GERAGHSNL th&bablebafto gt ink LBRa pUNRCAERK BB iRLeotS

inhibit fur iation o rogenitor ce pronote t
prol i f28r atfram. thEhblastddyst.e Examptess erdudd peenamei acid afyrodesfsolatiory amdwt h

factors is_selective and therefaore limts. prolonged proliferation of other
types of dPPFeAfe}ne d@eﬁulcg‘ a?ﬂ@ﬁerag's%é'cg‘r ogeny of the extraenbryonic

| i neage that may coexist in the 20 culture. Therefore the cultivation in
t hese selective conditions may be used to establish an enriched cell |ine

of neural Iyefjehiy dironasmis ysededhedqronassy may bealdissoledin BEPFeard G oks a

oot ert od Yo tuhy R ERraRY B8 S8 SNG SRR ety ARLER 417 o Epr
met ho@5suadigestidn ofirzahiaopeliucidal fitonm ghaetadecyste capppoxdatelly t 10 eurtifsmis aher es.

Most preferably the spheres are sliced into smaller clupps. The progenitors
may be ex dﬁ&éaeiﬁaﬁrg@d@@dafqra?dée’fﬂ%l‘“?éa'cdﬁmc@l [&MoYy) tF'E é‘?ﬂﬁrpémuﬁ'%éf erred

FoET ot RSB L LG 72 IR ple ) § Lo b sk ol
The embryo (expanded blastocyst) may be washed in G2.2 or S2 medium, and
30 further incubated to dissolve the zona peliucida. Preferably, further digestion
steps may be used to completely dissolve the zona. More preferably the
embryos are further incubated in pronase solution for 156 seconds. Removal of

the zona pellucida thereby exposes the trophectoderm.



differentiation toward a desired somatic |ineage, which is the neural
lineage in this case, while on the other hand are selective and therefore
limt both the 41 differentiation toward unwanted |ineages (such as
extraenbryonic |lineages) as well as the survival of differentiated cells
fromthese lineages. Such culture condiftions include the transfer into
serum free nedia (as descri bed above) that nmay be supplenented with growth
factors including but not limted to bFG- and 5 EG-. The serum free nedi a

pronotes differentiation towards the neuroectodermal |ineage (and possibly
ot her non-IRe@r Rlefeired fIBROdINENt £f thes Syentipn thRemedhasinfiaer fﬂé‘i‘i‘%ﬁ%ﬂ%ﬁ limt

the growt heARdingKisby 7 oBi;_aé)ﬁ’P-}r{@g}ﬁrf% ééﬂlnllésssb'?lh sard ét@ﬁ%ﬁ%ﬁll%ﬁ?? he

extraenbryoni c IFi neages. rther preférred e of the

i nvention, the tredtingdtied leovmyo He distoglgei thentrophedtodemouraf theogmbrymior cel |
fine fromth’? d?sire_ | ineage. Growth factors that are added to the medi um
may pr GmotRPHIRR ET80Tf erati on and the cultivation of the desired somatic

progeni tors suchagfingetictl ebRUCTINP S CBIE b SP! Metiutf £ disfBgsORME Li ons

further elimnate during culti'vation, unwanted differentiated cells from
ot her | i neigphectodarnaer aportiamiheyenfi andtli neages. The nethod may be used to

derive a pure p ration_ang/or ure.cell .line of a variety of somatic
progenitors i nc§ﬁ§% i cﬁ@fnqs’lsfﬁem&??lt%e, eﬁ‘é’6¥%| progeni tor, nesoder mal
progenitors such as hemangi obl ast or hematopoietic stemcells and 20
progeni tors of the endoder nal Iinea% Preferably, in the derivation of an

enri c@d ddryingihad sxmaeed dhe Foogeps ﬁ@i@) theufdd and tinhesteden ikacemest em
ot um s ReRbBIE ieRabl, i uEPheEiclRT S, S 9orlithe 207 Mg

serum free am ree ium i ndu ererniti ati‘on of

the ES celmethod thay | ye t ewployedetsd osiyaratendhé htophestedeisn t frem the ICM.
i e. Any serum free nmedi um nma used. Prefer

223{ 3renCE Eﬂ%&”&%ﬁ& the; Srivexe ka2blastegyst deypideo z%lﬁ%pgﬁwd@h@ suplRt i
medi um i s SR BRI @eﬁérél@léﬁsmeg%é With Qﬁoantib%?tsorpérﬁfs%hﬂfﬁ'r)éaét'ﬂfe

medi um i s DVEM F12 “suppl enente The clustefs of undifferenti ated
st em del | withirepiiopes poutie spifacesofiithéi opipgototénmt e More4 prefarabhaf ther

f Fi 9 42 Th f di be furth d
wl £ basi et ot the-e By dniTet B AT Fov o i Blastacit hRBR 8T h o
undi ff er endigrat pellgdiddris TBMbMQDSNTH Heatiigdt RethCBbiblediest. Ut ahitesds

conditions for prolonged periods. The selective conditions that are i'nduced
by the serand/or entisetinnaaddcgmplement ftegatmest regul bei nsed geeparately or

purificati L nat | on of .. i ' '

ul 1 vac i da0eRE ErbBR® ditbanoha 8 ol AaLoE pifisiii phd BOT e, o
Subcul20uriin@um|ay atlﬁi-ptleoehtlat edlkﬂiﬁnéamm&blﬁatas&{ﬁﬂib@ﬁyh%krm eBebyeanhEbitk | ed
propagat e nonol ayer 10 cul tures.. Any mechani cal, t nown to the skille
DT eoace CUHCREN: (SRrSEPbA Gt QMATSIRy FNIBGRY (STl Camtnes il
spheres. P@@hegrpqé%bﬁ,m@/mghpﬁgggg)ﬁes are sliced into snaller clunps. The
progenitors may be expanded to produce a | arge nunber of cells. 15 The

progenitors that are generated directly fromundifferentiated stemcells
have S Er@EBRCIH Sl Snd b RbieRi G k! Blited TR'e2 2 0P KR O
25 The antibodies and complement, excluding anti-placental alkaline phosphate
(anti-AP) are diluted 1:5 whereas anti-AP antibody is diluted 1:20 with S-2

medium.

Preferably the embryo or blastocyst (preferably having the zona pellucida
30 removed) is subjected to the antibody before it is subjected to the complement.
Preferably, the embryo or blastocyst is cultured in the antibody for a period of

approximately 30 mins.



stemcells colonies. They express the sanme markers of primtive

neur oect oderm and neural progenitor cells, such as N-CAM pol ysi al yated
N-CAM the internediate filanment protein nestin, Vinmentin and the
transcription factor Pax-6. 20 They do not express the transcriptional
factor oct-4. They have a simlar growég potential. They generate
differentiated neural cells with sim|l nor phol ogy and nmar ker expressi on

af ter plat iF'E')%\?Inga[i)’rfét ibaage%{bpggfag i eién&e%&éairtﬁmagqé;fennggrgwie gehe s. 25

I n anot her "aspe ern re is provide od of I nduci ng
somat i ¢ celArsferalohn ik ribrwashed sh eBR4 lor d82 i mediusnmalThe embgenior drlastosgstd

nmet hod conprising: obtaining a source of enbryonic st cell deri
somatic pr@é"ef%ﬁrlgy Lseltﬁgf‘ §gbl@ﬁfec‘ﬂrﬁ°nd3qnﬂe %‘gerﬂr?‘%fggl&l f%r ¢h éfalrf}lozjgkfgsi ve
substrat e; a@g%*ﬁ?{gy BB rhing. cells to differentiate to somatic cells under

I C

condi tions avour somatic differentiation. 43 The source of
enbryonbc stemcell derived progenitor cells may be from any source.

Ho , t f bl v bl i,.shed by th th d I b b :
pret or abl y O4 Rdr o34 (Scsiidnealied et [ ieis/aBhorecs Lo MaRD e iaP Prand
growt h f achPistodyst 6 dEPoFjd theCRbpiSedtBieidh o & Fdttivn Rereef Oislodgnedt maly
cells including astrocytes or oli g}odendroc te cells. Preferably, the

somati c pr dgehyt meshanisahgueans.pr Ggelerally sthel gistedgraeamte ds oy finsttingittbenay
be used. , Sl and am nin or poly-D1ysine and
fibronect V%a}}%&ﬁé&@ﬁﬁ%ﬁgﬁﬁ%%%&% e@gﬁgt ic cells is preferably achieved by

W thdr@ ng grow h factors fromthe nedia. However, other acceptable

met hods of _i nduction may be used. 15 These may incg ude: cul tur n% t he
undi f f er entling: KeMceeliss gy thew) ki guosedi aad rgady der menga’érimi Fultdinthduce

cel 15 on a RS hEIEREeCImET oo chiRTt Bh'd FBroRR docdet It P e ci n
sai d fi brolbsehcé afdarfidraylast deedemtdyernthe eelixtwill differgrdiate  Leukaemia
inhibitéry factor (LIF) has been shown to replace the feeder layer in some cases
15 and maintain the cells in an undifferentiated state. However, this seems to only
work for mouse cells. For human cells, high concentrations of LIF were unable
to maintain the cells in an undifferentiated state in the absence of a fibroblast

feeder layer.

20 The conditions which do not induce extraembryonic differentiation and cell death
may include cultivating the embryonic stem cells on a fibroblast feeder layer
which does not induce extraembryonic differentiation and cell death.

Mouse or human fibroblasts are preferably used. They may be used separately
25 or in combination. Human fibroblasts provide support for stem cells, but they
create a non-even and sometimes non-stable.feeder layer. However, they may
combine effectively with mouse fibroblasts to obtain an optimal stem cell growth

and inhibition of differentiation.

30 The cell density of the fibroblast layer affects its stability and performance. A
density of approximately 25,000 human and 70,000 mouse cells per cm? is most
preferred. Mouse fibroblasts alone are used at 75,000-100,000/cm?. The feeder

layers are preferably established 6-48 hours prior to addition of ES or ICM cells.



differentiation and cell death; culturing to a high density in nonol ayer or
on sem - perneabl e nenbrane so as to create structures mmcing the

posti npl antati on phase of human devel opnment; or 25 culturing in the
presence of a chemical differentiation factor selected fromthe group

i ncl udi ng bone nor phogeni c protein-2 oggantagonists t hereof . For inducing
neurons, it is preferred to further poly-D-lysine and | am nin. 30 Upon
pl ati ng of neural progenitors on an appropriate substrate such as poly-D

| ysine and lamnin, and withdrawal of growth factors fromthe serumfree
medi um di fRreferablyathedmoasé ©rdnomam fibradlastheelspirer losv aassagmnuhmﬁerceﬂﬂd

160 kD | ADealely 4 e BpBEL RIS alipcie AR SRS Io WA Tt Sltvgels.

GAGA, ser Otaﬁb%nﬁdflﬁﬁd‘&t@%é%?&?&j Cﬁ%ﬁ%@ueéyééuae%%m becshtafied
subunits characteristic of m ner gi C neurons whi ch are

char act &ri $tars 135 saywld fneﬂuseasHumamflbropla@tsemawb@rd@ouede‘mm amleryesichod
ther_includes .cul turin tic itor

cel 1 5. pr ot 1Y) o FoFL eimiPalioh aalr HiealPBE Arth il e, CuBafe bRy

di fferenti atamdarapioesls drceaeitupg.s in the presence of retl noi c acid. 10
Retinoic acid has been found to further induce differentiation toward

mat ure neurons. Accordingly, there is provided a mature neuron cell

Char act er S OHFHIDES, for  HERAHIcE e RicRls, eMEFYSTL A ohREL Tnsf nofiié, 2
gl ut anage, mmnaistrrgom use afl toypsin cd:@astmndan@rmmmmeeo( @éél)crowdmgsmntae
hydr oxyl ase, . GABA erot E establ i shgg{g& gf ol i ndr. étle and
astrocyt o CHItIES.| EMDAYQNC ] 05[% bah 255 5t Priaingd AR NGB

di f fer ent i af BobAVREISOAR dflirRlifrdieRRaGE: EBOkellsdIRCALAEN Wi Abwiy Udrive

i ncludi ng astrocytes™ and ol |go rocyte progenitors, is preferre dto
use pol y- Dm?menendmbmc Hiboollasisnis teistedotoe confirni 3tSs$Lg'tabﬁ|Ity:éiOlt syppwt @ndot ent
than | am nin f r the induction of differentiation towards-the gli al

| i neage. zgnaanqgnge QQJFQHSenbodlnent) the method for inducing glial
cells fgrther |ncludes culturing the somatic progenitor cells) preferably
undi fferentiated neural progenitor cells, in the presence of PDG-AA and
basi ¢ FGF. Fzesh rpymaryaesmivrypnisr Sbeatiasts eatsodiratatted timesyrnattiog f gem malici ng

O ool e ASTURE FLYEG B HElO G bR BB oSO Lo B b, 1
The cel | s Mbyotlasts hNev@tisiess, isdnie batihesasill eétafii thdihsipptirive potefBial after
repeated freezing and thawing. Therefore each fresh batch that has proved
20 efficient in supporting ES cells renewal and/or induction of somatic differentiation
is retested after freezing and thawing. Batches that retain their potential after
freezing and thawing are most preferably used. Batches are tested to determine
suitability for the support of stem cell renewal, the induction of somatic
differentiation or the induction of extraembryonic differentiation.
25
Some mouse strains yield embryonic fibroblasts which are more suitable for
stem cell maintenance and induction of somatic differentiation than those of
other strains. For example, fibroblasts derived from inbred 129/Sv or CBA mice
or mice from a cross of 129/Sv with C57/BI6 strains have proven highly suitable

30 for stem cell maintenance.

Isolated ICM masses may be plated and grown in culture conditions suitable for

human stem cells.



The glial cells may be selected fromastrocytes or oligodendrocytes. The

ol i godendrocytes derived fromthe nethods of the present invention nay be
identified and characterized by RNA transcripts of MBP, plp and dm 20 or by
5 inmmunostaining for 04 and N&. Culture in serumfree nmedi um suppl enent ed
wi th b-FGF and PDG-- AA may direct the gﬁural progenitors to turn into glial
progenitors and i nduce the expansion of glial progenitors. This is foll owed
by plating the progenitors on poly 10 D-l1ysine and fibronectin and further

culture in the presence of the growth factors and T3 foll owed by culture in
t he presendesairefgrad thaitdheg‘e@vl@h celie e treapgd toraniest itheir grewtoutSeveralg

and poce- ARTORY pre el b B EredThal fRyR I SgRe B 3rs ettt =
pr ogeni t or ghefidi®BaGH iad ﬁwitbkﬁgﬁrn Cnuhae esredis frriiregiowthi oMobpprsfeabiy)ang! i al
15 lineage_and T3 induce the differentiation toward and along the

ol i godenhdr Befpblastiferdgycells qratroatas Wik paitamyan G igh@at i on into gl i al

cells including astrocyte and ol i godendrocyte cells is induced by plating

t he neural progenitors on poly-D 20 Iysine and fibronectin and cul turing

t hem i n t h&heefibroblasedeanhzt layes mpgfbergehechlivi platddGhn &-JebatimbcbakidEdishA. The

growthfac 0 be renoved and the c er cultured in the
presence o q@rarg?% tb@tt'sﬁﬂ%PHB‘l"e BR & Yreatrd W'ﬁ’\/éﬂt?@ﬁ fovi des
differentiated somatic cells 25 including neural, neural progenitor cells,

neuronal and/or glial cells prepared by t he rret hods of the present
i nvent1®n. Thadibgoblast mldbs layes Inale ales: cardainesiodified| filjobiasts. obgt instariies

| i godend d d h
Chatact or | SEoiRstERXPERIE e BeBEn hahe BolhGriBSlors BSSEhIATaR 6T ni ng
for 04 andcdifidend@all Maypeo@Bkd or Sighl fadtdat i Ty:uﬁﬂﬁdé/qdr akahite Mirhad t hat

i s described above may be used to generate differentiated cells from other
lineages. mMHdtingiert#emorellfastpeni tors may include in addition to neural
progenitors nore primtive cells 46 such as primtive ectodernmal cells or
progenitor cells of other lineages such as the henmangi ob(ast endothelial or
hemat of®i elrinersteimmeass &jellenbfayob'ec caltgiede onathes eflbrsblast! feetiedeayar 8yd

mani pul ati on, of the cult ndi tions_these primtiv erate
al | somat i Baiipinedyipean Egé ERpIILEL; b SYitabliesBEEIYmRIS r@ﬁﬁﬁé@%&ﬁyé@

AC- 133 andg ony,8nHe I gﬁ{gg 'ﬁ’g’%‘ r e Iase
and al antl%%mﬁugéng eheg r‘%%an?'m er ti né %Jg %gigi] %%dﬁ’onﬁgat ed
in the hun@WcﬂiSwejeUiab&d(hMmgemapmmetbahbl -pE)élpxaMa(tGlBﬁ;O)Tmm essentiatiaoane t he

presence of . Qm_non- ges such e

hemangi obl 9§B ptﬁ 1?@%%?)& \tamig, %W (\gv:)l] %ﬁ%ﬁ and H%ﬂ'lc@f” taBUGB'ni tors
preparzg i OﬂreﬁbhﬁfcﬂﬂBOMQJrﬁﬂ g@usmm ben &H@teatrsgestage@dflﬁfs defuE @tivatiopg emé t or s
wi thin the spheres express these narkers e expression of the markers may
i ndi cate t MedibgsMmayeenhpypPismented wijh oiumae frsemitingito deukiamias inhpitory
transdiffe r e ion
pr ovi des. oo PRerg0Re e 2200RHET HOMRSBAZE QoniafyRE TRR HecdBtah).
controll edAdyhﬁatiemMmaylberusw thSt canh bepparthredEStdefisneur al | i neage. The
nodel , and the cells that are generated al ong the pathway of neural
differenti ation may be used for the study of the cellular and nol ecul ar

bi ol oy, owt h
Factors anoai } NarLnfihg) SETHaner FE pmeRiad MR SRR H! 1HaRIS whiek
differenti artqnmteahemrc@@i@tewm oosurv‘Madaoan\dilt stam:lcelh@lffemnt@tmhatEmnmles

gener at ed h at h f neural. differenti n be used for drug
O scovery sl iadaB gl fumrt HRlvoplnt sl Lol 3 FEpbRBA

toxi ¢ and gsiurepenal esdibive effects. 25 In a further aspect of the invention,
there is provided a nethod of producing |arge quantities of differentiated
and undifferentiated cells. It is intended to nmean that these cells can be
pr opa e i . I t ct,
Phe prst an? SEAREAICRThei B Rea T of pstiif oyl W UHESIENS debiofty BF
prepar at i ocelisf devetaps.ESThisr ¢colenly ne woahprsedgprintipally ef | ndifeiedtiatedhsim

conpri sing; cells. They may exist on top of differentiated cells. Isolation of the

undifferentiated cells may be achieved by chemical or mechanical means or



47 obtaining an undifferentiated human enbryonic stemcell as descri bed
herein; inducing somatic differentiation of the enbryonic stemcell to a
neural progenitor cell by a method described herein; 5 identifying a neural
progenitor cell by expressed markers of primtive neuroectoderm and neural
stemcell's such as N-CAM pol ysi al yat eﬂ N-CAM A2B5, internediate fil anment
proteins such as nestin and vinentin a b the transcri ption factor Pax- 6

and cul tur g {5oRes 5 mBEASRELK BEABH! dnd PoRBRAPEE PRLIGbRNd Rnused 10

propagati on. The neural progenitor ce grow as sphe
pr ef er abl y Methaeicahidoiatemediyabe Aomhlmead)mthnaad:hamlealmmmtwbpamnm’rtt ed

Fur tner _onf? G BRSPREUAR iR FalF. MDA dofy B8] e (RO gEam o

cul tivati ogjgpasgew medi a that includes transferring the clunps of cells
I nto new rredla In a further aspect of the invention there is provided a
met hod %0 dis- aggregate 20 the spheres into single cell suspenS| ons.

net f act | vi A pUnaT R taithd eBRHire & e PR ey P RAEER indfidesapai n

conbined with Wﬂ?]amgahetétbm 2kil9Frorh Nthen Abfdlasisieeder Gaydrhentd)\wBtHeN,
there is provid a nethod of transplanting 25 ES deri ved neural progenitor

spheres, sébwhiastieederdayen endg: di saggreaating the spheres; and injecting

the di sagar egat eiuaiiPhee dOhCodld Iof SRR s RbEAPso SkinoBrdiferalisy Sgner e

may be conducte n Separa (0 SRart ¢l unps

or singe mijrblsologdﬁayhndlfﬁefe'nitmtedetermCte@.se are not used. |, I\/bchanl cal
di saggregation or tituration nmay be adopted to separate the cells prior to
injection. Alternatively the spheres nmay be di saggregated by digestion with

papai n prehef kY rEQARAG OF tHe URMRFERUER stdrhiciiglis Yerform@8. The isolated

clumps of cells from the first fibroblast feeder layer may be replated on fresh
human/mouse fibroblast feeder layer in the same medium as described above.

15
Preferably, the cells are cultured for a period of 7-14 days. After this period,
colonies of undifferentiated stem cells may be observed. The stem cells may be
morphologically identified preferably by the high nuclear/cytoplasmic ratios,
prominent nucleoli and compact colony formation. The cell borders are often

20 distinct and the colonies are often flatter than mouse ES cells. The colonies
resemble those formed by pluripotent human embryonal carcinoma cell lines
such as GCT 27 X-1.

In another embodiment of the invention, the method further includes propagating
25 the undifferentiated stem cells. The methods of propagation may initially involve
removing_clumps of undifferentiated stem cells from colonies of cells. The
dispersion is preferably by chemical or mechanical means or both. More
preferably, the cells are washed in a Ca?'/Mg?* free PBS or they are
mechanically severed from the colonies or a combination of these methods or
30 any known methods available to the skilled addressee. In these methods, cells

may be propagated as clumps of about 100 cells about every 7 days.



I nj ection may be conducted in any manner so as to introduce the cells into
the nervous systemof the host. Preferably the cells are introduced into a
specific site in the nervous system Any nethod may be used to introduce
the cells into 5 a specific location. Preferably, the cells are injected
using a mcro-glass pipette (300m cronguter dianmeter) connected to a

m cro-injector (Narishige, Japan). The gl ass pipette may be covered by a
plastic sl e fildfinethdd, ¢ammg¥*h¢e@mméfdimﬁ Ry Bkl ued ol ledLBE cenell
nervous system The cells may be al so injected by a ham lton syringe into
pr edet er m Atachepots. uEPinyingsabaut 320 migutesc eells\gradimllytsia de disapciate

i njection i The,Vv I:S. 4 Rj.ec h
concent rat IS aFe danaRyaH el fom ity BUFC e esied, SR G LB Sah"Be

i ndi cat i onisofutedr awtRraséihtdissocidtion isopattiahnmechahieahdissouiatiopsiising ahd t he
species_of the host. Preferably 2 mcraoliters with 25, 000-50,000 15 cells

per ni ¢ ol Bbaip edge ottheqistte mavassisimithueutting apadne lsalationofthe HlumBSHor n

rats or mce. In another aspect of the invention there is provided a neural
progenitor cell capable of transplantation into a host nervous system said
cel | char agnealieseativeychitinieal methcthmag inclatalthe uge af an@ndyment Thédahzyrgei n

the histogenesis of a living host. ] n anpther aspect of the_present

i nventi on DIRYRe P§eﬁ$P&Rﬂeo‘érdﬂepqm'ﬂﬁéo%i‘”"ﬁrﬁjU’tﬁcﬁaﬁb"@ftﬁﬁ“@‘geFP%fef ith® from
enbryoni ¢ gheymhe®d hispaseved somatic progenitors, said nethod conprising: 25
obt ai ning a source of enbryonic stemcell derived somatic progenitor cells,
prefertbly preaared by the nmethods described herein; and transplanting the

somatic prQgenitors. into ost, o i.nduce differentiation.t ti el ls.
30 The t FaROIsEriS ABSroReh tiues M EoRaiire, i R risrAbissP sI8EBidsdng
herei n. \WeslofRg fllod@d By OisalatioreoDhaGubebloniss By Sdiephsd.hEultingoenither
cells of the present invention will participate,n the processes of nornal

devel opren€olgRiesWnRY be perfersaerd il PBS certaiirg Ca“dand Manenl be shagsedgee

engrafted i N 1,01 I . Lshe !

pat hways a%g\%\nﬁ ﬁé@%?tggh{ 3\36 Q%Idfepr;[g o&ﬁﬁfggé’%‘bﬁ‘é egﬁglp 21;[% gﬁ‘gﬁ(ﬂjetafndyr é%ltljss'
syst em5 Th&he ndpesttd avalyesk asdd to silaperargpambieateastofehgicotonient The BB al s,
differentiate in a tenporally and regionally 5 appropriate manner into
progeny fr @rﬁ'@fﬁfﬁb'ﬂ@aﬁéﬁﬁ6%?9‘élﬁaeﬁﬂ“i"9'1at¢q ﬁéﬁ@é‘sﬁ?'ﬁ‘ cRIbTediuT coR@iniggi on' s
stage of d i UHEi 1 MRS m
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i nt er m ngl huonidified atesplusre centabing 589 &HD4. ors agomeais| thesclinfpisedetathed ed
cells. The,transplant.e ell,s can ,replace specific defi i.erﬂ; euronal or
ol ial cel | Ry AR GELRIEReE Un R dride diarS yictEPPgtie, warted i Famcaliiting
forei qrp geqas” amd Mgt daddiawisfdrbat tood frebh fibrdBlaétteedasipget. of the invention
the ES derived neural progenitor cells or their

The fibroblast feeder layer may be as described above.

Undifferentiated embryonic stem cells have a characteristic morphology as
25 described above. Other means of identifying the stem cells may be by cell

markers or by measuring expression of genes characteristic of pluripotent ceils.

Examples of genes characteristic of pluripotent cells or particular lineages may
include (but are not limited to) Oct-4 and Pax-6, polysialyated N-CAM, N-CAM,
30 A2BS5, nestin and vimentin as markers of stem cells and neuronal precursors
respectively. Other genes characteristic of stem cells may include Genesis,
GDF-3 and Cripto. CD-34 is characteristic of hematopoietic stem cells and flk-1
is expressed by the hemangioblast. AC-133 may be characteristic of both



differentiated progeny may be transplanted into the devel oped nervous
system 15 They can forma stable graft, mgrate within the host nervous
system intermngle and interact with the host neural progenitors and
differentiated cells. They can replace specific deficient neuronal or glial
cell populations, restore deficient fupgctions and activate regenerative and
heal i ng processes in the host's nervous system In an even further aspect

of the i nveanhatipdidtic hhdﬁ%ﬂr@hﬁﬁf@@ﬁb@ C Kerafin dx whasacteastid oh epidemaln t he
host's nervous system Preferably the stable graft is a graft established

in the ceneglls white transfespsamiylase anseapantigndst areeeharastesigtie ehembingonie abl e
graft may establishoin the brain. The neural progenito | s  of

resent | MM nabeh e sbfesy T AEMSE mBBE Sathed W v migtfor e o
mat ure neunenRglind RTAPCE, indétholy dfthfféreaball géne bRp@SBIORS tidiAtay analysis
neuro-filament protein, MAP2ab, gl utamate, synaptophysin, glutamc acid
decar béxyl exelatedtgchnigyessi ne hydr oxyl ase, GABA and serotonin. The neural
progenitor cells of the present invention have been al so shown by the
applicants to differentiate to astrocyte and ol i godendrocyte characterized
by 30 RNA Prefemably the steniCosfis V3R, bpl jdemtified nby Obaing bymmuonuireastive nvitly f or
GFAP, 04 and NQG2. 50 The ability to di ferr-fn_iate éé tg(g 3{_ ous, somatic
cel | typesTREkgsarfor duman pluipeient stsm et A w@nmﬁs # dak %zt%rmge&r

repl aci ng i Clegnt ld i ori L Ci ent
functions f)fRIL\tﬁ'gg'sypsljt%g%rl%ﬂag’ra11 hgg(%ellI\%aétxlyrﬁ%&‘rs{er{geeﬁgﬁéa%rﬁlgﬂg?\%ltohggftiqr'\gﬁg? ggg%ses

i n t helther glsasnainttimandiploichkarybiypeher aspect of the invention the
progenitor cells are grafted into other organs such as but not limted to
t he hemat opoi etic systemwhere they trans differentiate and forma stable

functi onal pesfafdbly Hee Méru‘?alag_ Rhfbl telldare Phehffedby Exprasséy PRarkErR bf
neural progenitor spheres ich are transplanted into the living host. In

yet anot heprirajyecieuseectndepn andnreuraletem eells suelh as iNsChMbpelvsialatast Nod of

treating t opgi ti . i shi cel j i rain,
sai d 15 meChoh Aeng s ARRE RISt ReBn SR heBFD T Ui el e
deri veid somansctiptiondactot Paxae! Neurdrsahay el ideptiftgzhbe dtrugturdienamerodach
descri bed herein; and transpl anti ng t he somatic progenitors into a host to

promote t hds B-tbutiay Brivbulin ot the S5k and dhe 208kPPnepEaft@Nent PRRGING: o
di fferent| ﬁfaﬁfrgf AUTLRS YA aldo 689G tREEY Bk HEBMRBS HedlStilaht BrYERR, and

ol i godendr ocy
Map-2a, b and synaptophysin, glutamate, GABA, serotonin, tyrosine

hydroxylase, GABA biosynthesis and receptor subunits characteristic of GABA

20  minergic neurons (GABA Aoa2). Astrocytes may be identified by the expression
of glial fibrillary acidic protein (GFAP), and oligodendrocyte by 2’, 3'- cyclic
nucleotide 3’- phosphodiesterase (CNPase), p/p, DM-20, myelin basic protein
(MBP), NG-2 staining and O4.

25 The stem cells may be further modified at any stage of isolation. They may be
genetically modified through introduction of vectors expressing a selectable
marker under the control of a stem cell specific promoter such as Oct-4. Some
differentiated progeny of embryonic stem cells may produce products that are
inhibitory to stem cell renewal or survival. Therefore selection against such

30 differentiated cells, facilitated by the introduction of a construct such as that

described above, may promote stem cell growth and prevent differentiation.



Preferably the nmental condition is selected fromthe group including

al zhei ners 25 di sease, and other nental conditions causing denentia. It is
shown that mature neurons of the present invention express~lutamate, TH,
GABA and serotonin. Serotoninergic neurons nay have a role in the

pat hogenesi s and treatnment of nental co ditions. 30 In a further aspect of
the invention there is provided a neural progenitor cell, a neuronal cel

and/ or a girhalstsm!dells hady B@)gehetie@l@dnbamewtIanwmé?@wmﬂnarké@é k6tt¥atthe
pat hol ogi cal conditions ' ncludi nghbut not limted to neurodegenerative
8

di sor der s, markarsyareccariedctbreugh ny Aiage rahmitivaitionr dEhe maikese mayabe

di sorders, L u : t L Qv | O reis
or ovi ded aRES AP BRE 4R FisTentited o UhdiBEARERA. st caf nobERG St 0T |
that may betageesf dultivatiene t herapy. Cenetically mani pul ated neur al
progenitor cells or neuronal cell or glial cells nmay be used after
transpl%ntation as a vector to carry and express desired genes at target

organs. 10 f. bec | IO, ) iged a
comm 1 ed SeRSHReRSIuge i g inkfed IS RRIRrDHEREH " altRRe R REM 25 T,
produce | angg stagat of icaktivafiopr dhenigeneticadlyl modified aellpr magnbe ousext | dfter
neuronal cells, mature neuronal cells and gljal cells. 15 In another aspect
of the i nvEAPSRIANIANIRBR CaFY %}Jo%m@as gehe® ﬂ} oeleRroans it BiscthYrs? ot 8ene
capabl e of yaghhy, renewal or differentiation into one or limted nunber of
somatic cell lineages) as well as mature differentiated cell produced by

t he nmethods of the present invention. 20 Expansion of the committed

it I f nunb it t pat b
Ger rved 1r boaieSa Rt ahes SRk bl S Jheh HefiieBonds g ffigehifea™ °°
progeni t or gndierdiftiatscef sthgé omayabeowsoritpéd Ciat iao@aﬁtlt%i‘divésfésih%rp_rbwllﬁéi on
of sufficient cells for transplantation therapal, or the production of
suf fi ci ent ma&wemegfe@festarrs@@lﬁépwm sacreted peoducts inde dhe (caltutgymgdiuig of he 25

techni ques; IfRe] bREArARNE or (RERAUIR! ing ELRSREE olatid t&dHtqlds?SLEN stier es

for
16  cell specific products might include the soluble form of the CD30 antigen or the

GCTM-2 antigen or they may be monitored as described above using cell

markers or gene expression.

In another aspect of the invention there is provided a method of inducing somatic
20 differentiation of stem cells in vitro into progenitor cells said method comprising:
obtaining undifferentiated stem cells; and
providing a differentiating signal under conditions which are non-
permissive for stem cell renewal, do not kill cells and/or induces unidirectional
differentiation toward extraembryonic lineages.
25
The undifferentiated cell lines of the present invention may be cultured
indefinitely until a differentiating signal is given. Preferably, they are cultured

under the conditions described above.

30 In the presence of a differentiation signal, undifferentiated ES cells in the right
conditions will differentiate into derivatives of the embryonic germ layers
(endoderm, mesoderm and ectoderm) such as neuron tissue, and/or

extraembryonic tissues. This differentiation process can be controlled.



ten passages may generate 50x106 cells that would be sufficient for any
application. These observations on cells of the neural |ineage establish
the principle that by 30 using the techni ques described, commtted
progenitor cells may be isol ated, fromenbryonic stemcell cultures
propagat ed, expanded, enriched and furgker induced to produce fully
differentiated cells. 52 In a further aspect of the invention, there is
provi ded a nmethod of producing |arge quantities of differentiated and
undi fferentiated cells. In another aspect there is provided a

di f fer ent i dthisimathod s sigef dgremre@irng:etam Icefie tg differentiale towvard|a isoenadig f or
pr ol onged @f’é‘?@. atlﬂﬂ% ﬂﬁfg,_ t’h.?%ﬁth%d' aﬂ[ogfs tﬂ%&%ﬁllsﬂ% t o‘Pr f&ﬁgrﬁr%a&%hs and

fully diff he neural” progenittor ce A5t t ed

progeni t or of ghrogenitdri wenis bsonhm desiredd linkesypy ldmeldthd)cehmmatprb@fusmnlamted
| s fromother 10 1i

enerate differentiate eages,. b )
OToredl 51 orltarpatated ool am star | 5‘&686% Themethed laditales the egtablisharntar ed

committed 7 19 rﬂa%%quobé@ ke of differentiation into mature
neurons and/or g cel refera Iy the progenitor cell is a neural

progenitor cell. 15 In another aspect there is provided an undifferentiated
cell line pabl di fferenti n.into neural pro tor eIIs uced
by the ot OB Bt N b8 opH dnfate =90 CafibEed PLSERANoR ofcd varid e

HES-2 were sbﬁﬂt@trﬁggéﬂltdrg%uﬁh%eﬂ%ﬁﬁﬁ ISEd tobﬁféséééﬁﬁaladl@gbﬁl‘t’&st(gﬁch as
properties described above. |In another aspect of the invention there is

provi déd ahestangiairastson hematongietiti atena cellsaandirfeusaleproggenidrsoPreferably

undi fferen f ion into neural 25 progenitor
cells pref ilﬁ%h']%h%ﬂ)sdﬂced%b@ew% %%L@@%gbh@%e present invention, and a
carver. The carrier may be any physi ol ogi cal |y acceptabl e carrier that

mai ntains the cells, It may be PBS or ES nediu

Conditions for obtaining differentiated culitures of sg’ncw)atlc cells from embryonic
stem cells are those which are non-permissive for stem cell renewal, but do not
15  kill stem cells or drive them to differentiate exclusively into extraembryonic
lineages. A gradual withdrawal from optimal conditions for stem cell growth
favours somatic differentiation. The stem cells are initially in an undifferentiated

state and can be induced to differentiate.

20 In a preferred embodiment of the present invention, there is provided a method
of inducing somatic differentiation of stem cells in vitro into progenitor cells, said
method comprising:

obtaining undifferentiated stem cells; and
culturing said cells for prolonged periods and at high density on a

25 fibroblast feeder cell layer to induce differentiation.

In another preferred embodiment of the present invention, there is provided a
method of inducing somatic differentiation of stem cells in vitro into progenitor
cells, said method comprising:

30 obtaining undifferentiated stem cells; and

transferring said cells into serum free media to induce differentiation.



The differentiated or undifferentiated cells may be preserved or naintained
by any nethods suitable for storage of biological material. Vitrification
of the 53 biological nmaterial is the preferred nethod over the
traditional slowrate freezing nethods. Effective preservation of ES cells
is highly inportant as it allows for tinued 5 storage of the cells for
mul tiple future usage. Al though traditional slow freezing methods, comonly
utilised fPheldiemacdelia-raag ber Wiadifferentibtediestent coles andwerived el dny soufee
preserve undifferentiated or differentiated cells, the efficiency of
recovery ofr wregass whighh pipddes edable; tamc@ﬁe'estlatqd stemt eelisuc MheeirIBeds s

o1 ur | pot or O e fof Pl ForprdeR iy SeiR i A RIS e

enbryoni c properties in culture Ther ef ore cryo preservation using a
met hod which is efficient for enbryos is npost appropriate. Any nethod which

i s ef fiki elitthese nepiegedraspactsathe ﬁoaqi'tlem) p{ edityrlg the qellsat highAensity 9n
trif t S
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Mol ecul ar Relps odueneirmiss&wjfdbesw@hmmtﬂanewéllor &ise8ynitdirectiedalf differentiation

cryopreservin %ffer ntiated cells. Mre preferably, the nethod
descri bed 18V ae@ rg.qnlg NE49B) Cryo- Letters, 19, 389 - 392 is

enpl oyed. Generally, this method has only been used for cryopreserving
enbryos. 20 The comm tted progenitor cell line is efficiently recovered

from c‘rQ/opGeeera}Lytthemresen@ ofhe fibraidast ifeedsr Isyevwillansintaiolthese relishisdan The

differentiat or .undj ff t ed cel be, used as ource f.or

sl at o raaBnAR ek bl e I SR NS SRR S thifahth o
limted tomauewtdhd mahan BS 28ligli Hoexre%t Iiitheut b‘eaﬁg esstrictediActhebsy, it has
controlling tissue regeneration used for the generation of

ant i bodi esne\gehq@ma]svepnématdbeéyperﬁadéandmngrpééhﬂefgbr@hleet ise aééayem the
devel Op”eni-n rtal it 247 %%uﬂbmgg%ﬁe PEIRY §Rtarp" rfg’ ﬁé&%ﬂe attél @?ﬁﬁ@
1on as e a of

Mich atten recentl en devoted 10 po entla app i ¢

stem ¢ | sdﬁer@trahogy:fﬂmis’rmdceilme. The properties of pluripotentiality and
imortality are unique to ES cells and enabl e investigators to approach
many issues in human biology and nedicine for the first time. ES cells

potenti al | §,84¥le 3BFEIISSt feeder layers are discussed above.

Somatic differentiation in vitro of the ES cell lines is a function of the period of
20 cultivation following subculture, the density of the culture, and the fibroblast
feeder cell layer. It has been found that somatic differentiation may be detected
as early as the first week after subculture and is morphologically apparent and
demonstrable by immunochemistry approximately 14 days following routine
subcultivation as described above in areas of the colony which are remote from
25 direct contact with the feeder cell layer (in contrast to areas adjacent to the
feeder cell layer where rapid stem cell growth is occurring such as the periphery
of a colony at earlier time points after subcultivation), or in cultures which have
reached confluence. Depending upon the method of preparation and handling of
the mouse embryo fibroblasts, the mouse strain from which the fibroblasts are
30 derived, and the quality of a particular batch, stem cell renewal, extraembryonic

differentiation or somatic differentiation may be favoured.



54 the shortage of donor tissue for use in transplantation procedures,
particularly where no alternative culture system can support growh of the
required conmtted stemcell. ES cells have nany other far reaching
applications in human nedicine, in areas such as enbryol ogi cal research,
functional genomcs, 5 identification g? novel growth factors) and drug

di scovery) and toxicology. Wile the pdtential applications of neural stem

celI's deri ste 4 Quitasie! fioreBlaSNEsIV Y B éa}&téa &it ﬁwbél@séala%)a urﬂ%rr@ntimmbe

real advantages to neural progenitor cel derived fromES cell cultures.
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grafting. Ideriedenig hitekergcoraieriéksrabsivharsdescribedydtrive. Breferably theom
i ndi viduals with s&em fic genetic Fr edi spostions to, certain_ diseases of t he

CNS couPd [Hibesklast egewéayen deespinot dpdugsceyiEarmbnionic diffarantiatianoand@lls f or

di sease patdrqgg{anem s. It is quite likely that neural precursors generated
fromES cell""Cul tures may 20 denonstrate a greater growth or devel opnental
potential than commtted progenitors fromfetal or adult CNS. There is a

huge range_of cell types within the adult CNS, and whj C r that
ES cells cémegmeukaﬂee qfét%mw%'fgrpw&gv.%mrﬂeﬂﬁﬁu&@ of 'ﬁbrpb aﬁsfe%ileé AY&'hat

neural 25 shATSAlpufatiAof e Gunrs BSAdiSI: MUY Broiaosh! éﬁ[]rﬁpnavooha.léww the

study of early stages of e process neurogehesi s, and thereb rovi de
i npor t 40t sbuedicfdiffergintiatiore nyayobe rindiwted mcmtroscomnmttanhgntmtbedmtatlon of

regeneratiq or_novel | I ter di.at es |ch 30 ght, b re,
facile at rsgérﬂ‘ raaﬁ’ﬁﬂgdwﬁﬁg%tu € t'rﬁé‘i}'%‘e ?hatIdERR" eq‘ff‘éhc@e%ﬁ
honol ogous e&ﬁg@myry@{.d;gnférgnﬂ,&el I s is nmuch hi gher than that in neural
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Differentiation may also be induced by culturing to a high density in monolayer or
20 on semi-permeable membranes so as to create structures mimicing the
postimplantation phase of human development, or any modification of this
approach. Cultivation in the presence of cell types representative of those
known to modulate growth and differentiation in the vertebrate embryo (eg.
endoderm cells or cells derived from normal embyronic or neoplastic tissue) or in
25 adult tissues (eg. bone marrow stromal preparation) may also induce
differentiation, modulate differentiation or induce maturation of cells within

specific cell lineage so as to favour the establishment of particular cell lineages.

Chemical differentiation may also be used to induce differentiation. Propagation
30 in the presence of soluble or membrane bound factors known to modulate
differentiation of vertebrate embryonic cells, such as bone morphogenetic

protein-2 or antagonists of such factors, may be used.
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clusters of mainly neural progenitor cells may be identified based on



30 (a) Enbryo culture Follow ng insem nation, enbryos were cultured in
droplets under pre-equilibrated sterile mneral oil in IVF-50 nedium
(Scandi navian 2 nedium for 2 days. 60 A mixture 1:1 of IVF-50 and

Scandi navi an 2 nedi um ( Scandi navian 2 medium was used in the third day.
Fromthe forth day of culture, only Scgpdi navian 2 nedi umwas used to grow
the 5 cl eavage stage enbryos to bl asto‘@i)sts. (b) Zona pellucida digestion.
Zona pel | Uéﬁaﬂﬁcf@rﬁﬁéth%?pw@l%?%lfféraﬂﬁésabst iR sBripEd d8BoW aStHRC Ysize ShAgEe ON
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further insepbrd hivdbadivang it vepiaed i séhurigrenesedilm) wheraopsh aregel |
culture. 20 Human stemcells were grown on MMC treated fi broblasts' feeder

| ayer. i bfosm sphesicabsteugiue@sed on gel atine treated di shes. A conbination of
human and nouse derived fibroblasts were used at a density of approximtely
25,000 and 70,000 cells per cnR respectively. The fibroblasts were plated

up to 48 hAnysséehorffesuhiadiamoimdyhebest usvd: e Preferdilys NS-Ab(Bbfattdree) ook y
coul d al so_support the 25 growh of the stemcells. However, while human
fi brobl ast QNtEfM{F& 2{@igcQ)ispised: Mers rrgfarablyiVeyA of EMEM/RH sHeRlemertied

unst abl e f@ﬁﬂﬂ%k?é@?-(td&%)% AUsEd. tﬂl\@é’%&#@?&aﬁ@%l@l@l\ﬁﬁﬁ tp‘?eorpeﬁiéid’\ﬁ W th

t he nmouse robllasts to augnent a I'eve better suppo growt h and
pr evertd onB2Y isluéédkrenti ati on. 30 The nediumthat was used for the growth
of human stem was DVEM (GQ BCO) w thout sodi um pyruvate, with gl ucose
4500ny/ L) supplenmented with 20% FBS (Hycl one, Utah) (-nercaptoethanol - 0.1

M (G BCO) |n iNepresssed bﬁbn%ﬁﬁi‘@prﬁtb%p@lé}%ﬁ df Jrolih BS&lbis SlicH agibie not
2mM (d BCO? penicillin 50u/m, and 1 strepto@r%ﬁl n 50(g/mM (G BCO. At
the initialimiteditatEGh ard baric EGmia e serurefrae dediviadhe nppiad peegenitosy hil F

cel | or opaiayt B, cuBivelsd AR Pisl (0, S8R 00 LEEFARRLY Thg el fERes o™
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cells on top of differentiated cells devel oped. The ICM cl unp was i sol at ed
and renoved nechanically by a mcropipette with the aid of using Ca/ My free

PBS nedi u C I t R§iwth S
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' both meHESCER BragsRyhoh e AHUACMAI R iERGeathal aacoexist in the

20 culture. Therefore the cultivation in these selective conditions may be used to

establish an enriched cell line of neural progenitors.

The progenitors may be cultured as spheres or as a monolayer. Subculturing
may be conducted mechanically. Scraping is preferred to propagate monolayer
25 cultures. However, any mechanical method such as tituration or cutting may be
used to subculture the spheres. Most preferably the spheres are sliced into
smaller clumps. The progenitors may be expanded to produce a large number of

cells.

30 In another preferred approach, the method involves the transfer of
undifferentiated stem cells into culture conditions that on one hand direct
differentiation toward a desired somatic lineage, which is the neural lineage in

this case, while on the other hand are selective and therefore limit both the



- propagated in clunps of about 100 cells every 5-7 days. In the first
nmet hod, Ca2+/ Mg2+ free PBS nedi um was used to reduce cell to cel
attachments. Follow ng about 15-20 mnutes, cells gradually start to

di ssociate 20 and the desired size clunps can be isol ated. When cel
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sodi um pyr awth fagteredbat ampadded jo hepmediimnaay Rramotegier Rieliferatinn ABd ser um

(Hycl one, #}Og,t]a Ml I u xi de
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seconds after renoval fromliquid nitrogen, the narrow end of the straw was
subnerged into HM suppl enented 25 with 0.2M sucrose. After 1 mnute
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neuroectodermal lineage.

Any serum free medium may be used. Preferably NS-A medium (Euroclone) or
DMEM/F12 is used. More preferably the serum free medium is supplemented
30 with N2 or B27 (Gibco). Most preferably the medium is DMEM/F12
supplemented with B27. The clusters of undifferentiated stem cells turn into

round spheres within approximately 24 hours after transfer (Figure 9).
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U. K), 20hd Mhey alo mcﬂléxpadésaﬂieonamﬂrmuhel fdotdrayct-AVIhelyenajeea isirnitaragriowth and
desm n were al so dl_te ocl onal anti bodi es (Dako) after fixation
wi t h met haReteniakt qqnerafe differeniiat %@?Uﬁié‘zﬁ”ﬁé’é}m é'ﬁn'lﬁd@fa PelNGs

described ARAN& eRXprebSIcH GfRr f;ﬂé i d r&%\ﬁé%&%ﬁé‘t@%d RHPEREI ©F ent
(SCID) mce. 20 At" the tine of i ne ssage, clunps of about 200 cells
wi t h an ungdiowtbfaciorsat ed m)rphol ogy wer e harvested as descri bed above, and
injected into the testis of 48 week old SCID mce (CB17 strain fromthe
Walter and Eliza Hall Institute) Ml bourne, Australia, 10-15

cl unpsig esin shotHer 7agwadtsofl Beeinverition! aReid i Proévidedrs methd bkefdiding
neutral buffered formalin 10% enbedded in paraffin and 25 exam ned

hi st ol ogi c@M@tiareks fragnembriAninsiet celbgdprived apmiatig Pregenters aaid aietaed
cul ture of fﬂfH glh progenitors. Two approaches were devel oped for the
derivation o neu9 precursors from 30 human ES cells:

obtaining a source of embryonic stem cell derived somatic progenitor

cells;
30 culturing the progenitor cells on an adhesive substrate; and
inducing the cells to differentiate to somatic cells under conditions which

favour somatic differentiation.



(a) Derivation of neural precursors fromdifferentiating ES cells: Colonies
of undifferentiated ES cells were continuously cultured on nouse enbryonic
fibroblasts for 2-3 weeks. The nmedi um was changed every day. 65 Starting
fromthe second week of culture and nore conmonly at the third week, areas
of tight small differentiated ES cells,gould be identified in the col onies
both by phase contrast mcroscopy as wel'l as stereo mi croscopy. These areas

tended to hrpeosturee! of SRBRJoHS StbrhncdiN@efivied @mkto@fcecnylmy%@%rﬂn%ya

typical uniformb5 white gray opaque appearance under dark f

st er eo- mi cFOYESpY Haweperethey) areripselferakly sriablishedchy ithe raethqﬁ@s@ewr@ss
could be e e e it ni ng
medi um was grggg‘lgag%'] Fergﬁg( iheé; %%l'% A éée anf‘ﬁ%%\g’é@es SF gI emﬁfﬂégqﬂ%ﬁh

epi der mal  andwrbwirafictsr. 20ng/ M ( EGF, G bco), and basic fibroblast growh
factor 20ng/ M (bFGF, G bco) and consisted 10 of DVEM F12 (G bco,
Gaither@burg MD), B27 supplementation (1:50, G bco), glutam ne 2nM

(G bco),

about 150" Snejosdl Bt MayICaapREbe Rechdhe B ool Riiding AiFRcy RS

m cr opi pet be 6Ilgmje1nkiemqﬂar ecls. an®Preferablyy dhef somatict progeastors ares sweeral
culture dishes containing fresh serumfree nedium (as detail ed above),

suppl enent BEPIEIRS-h EGF(20ng/ m ), and basic FGF(20ng/ ). The nmedi um was
suppl emented with heparin 5~,g/m (Sigma St. Louis, M) in sone of the
experiments. The clusters of cells turned into round spheres that were
conpri $@d énysadhesive g¢ub5¢rete gnay t e nused. hoMlose giretarablyamahe-D-lysine apter es

were sub-c red timng of subculture was
determ nedvaéﬁjémari ‘3 M eé?ig%}q %t%@ af% gﬂ'er es. The di aneter of spheres
at the time of sub-culture was usually above 0.5mm Each sphere was

di ssected according to its S|ze to parts by two surgical blades (size 20,
Swann- Mor t diuctinefati saneatiopglls; is @ﬁ&ﬁ@r@@é’ arhigpad Ryt withdramtngrgrowihafasters

bet ween 0. I el 5 (b)
Deri vat i onﬁ P’ neur aﬁ%pr@fgu“}reggr ;&ﬂ?t:?nb%%a?'?er eﬁ'{&l at eaﬁ@ n?’rlnqugﬁ%encfes of
undi f f €8 enThesedhdySnciides were propagated on nouse enbryonic fibroblasts as
descri bed above. Undifferentiated ES cells ged | cl upps of about
150- 200 cell's e\/%!,-‘hJ FiRg qts und %QW'%t?‘&rﬁ% ﬁu?’oﬁfg‘q@s%&@ s ¢ | AnkHeh of
about 200 E&QWﬂoﬁnHﬁéédFﬁe@éﬁfaﬁbn@d to plastic tissue culture dishes

cont ai ni ng the 'sane serum free nediumthat was described in item 1 above.
The cl usters of coldring thercedld in secum dwedmegi@deres within 24 hours after

transfer. The cul.tured about .every .7-21 days as
deocr i bed aboveC ByTbIe prIdrat rrifaianas fudlidis 1Bl eddet e Bl
Char ac2@r i #akréln @hid hEbrdbRist h fedtiert Nayelundds OfiotCahdged Nekite eRBYSSic S
G owth of the pro?enltors was roughly eval uated by the increase in the
nunber of 9diileeentiation anskeelldeatige. The growth was al so nmonitored by seri al
measur enent s of Y : ed in
twenty four wel Fa@lﬁ Sriﬁé’s%@Héﬁsg?yppu%Sﬁ?llayag%bﬂ%%hlﬁ%{?g{%@ !aérl\ﬁ‘1r v(\e/gqsﬁ%ﬁé
eval uat ed sveay {6 degete ssteudtures fmionicingetifa noistipgpdardgtion qriesseek ladrmhan
derivati oné The 10 volunme was cal cul ated by using the volune equation of a
bal I . The YPYRIPRTERE! passaged every 7-21 days when the diameter of at

| east 8 x Spheré&lttﬁﬁgﬁ?ﬂﬁ@ fleSertd ofh cﬂ%ﬁhcﬂ%ﬁﬁ@r@ﬁtlaﬁdﬁ(fa%@&eéeﬁéctéa'fﬂimt er>
0.5nm were sectioned Into quarters that were plated individually in a 24
wel | ti ssuthecgiiouprieciddisg. bquaencrﬁwgmpmwara er antagonists thedegfs aft er
passage, the sum of volunmes of the 15 daughter spheres was conpared to the
sum of vol unes of the nother spheres. The nunber of cells per sphere and

i ts correl Bbr pdudingéurengliivigrireferadd tofarthphase polyeb-Igsiné ntddminina sanpl e
of spheres with various sizes. Each sphere was nechanically di saggregat ed
into single cells or by enzymatic (papain, 20 Wbrtini ngton Bi ochem caI Co,
NJ) digest t itu un
down r:gjasu[sJ Bndﬂ%ﬁngﬁ’agg%gn&]l e@eﬁ%&g%%éﬁ?‘p@%aﬂﬂ?@ Si:‘@%erétce Ty EQ Yo}

st ai ned wi lybiner yapdnlabhlum t andlewithdviamal t bfe grawth dactorsaliifom cthlel serL(rd)free

Cryo reservatlon r 5 S heres, of precursors were transferred into
o o ey ieEmelad il aront Gut o Be Phereas 3 MPRGyCGaRa FoaRre

pre- cool edmofholbdf oF h{}ﬂu@ﬁé&’f@hé%é’ é%r‘é%lBhQﬂ rﬁé’ﬂk’e@bﬁ% a8tAX es 0aKYa 10%
DMSO (Signe)). The vials were slowy cooled (~1 n) in a freezing
cont ai ner (Nal gene, Nal ge Nunc Napervville, IL) to -80C and then pl unged
into and stored in liquid nitrogen. The vials were 30 rapidly thawed in a
wat er bath at 37C. The freezing nmediumwas gradually diluted with 10nl
serum free culture nmedium and the spheres were transferred to fresh serum
free medi um



67 7. Characterization of the progenitor cells in the spheres. (a)

| mmunohi stochem stry studies In general, for the i nmunophenotyping of
spheres, disaggregated progenitor cells and differentiated cells, fixation
W th 4% par af or mal dehyde for 20 5 m nutes at roomtenperature was used

unl ess otherw se specified. It was fol jpwed by bl ocki ng and
permneabilization with 0.2% Triton X (Signa) and 5% heat inactivated goat

serum ( DakegutdfildtRent proteime MapH2ABSasyaptopte/sin, | Gluthabts]l GABA, tderooninTary

anti bodi es at roomtenperature for 30 m nutes, washed incubated with the

secondary &Hesipedivesoxyhase, @ABérmOWﬂ*’ées'écﬂmﬁ’t recepter SUbURIS chAGRYISNCES wi t h

Cy . Pri a3y BB ek AR e BRI A1d°BptaRia e, B mallie™

antl -rabbi he@fghsgoat anti - nouse i munogl obuI ins conjugated to fluorescein

i sot hi ocyanate (Dako; 1:20), and goat anti nouse I gM conjugated to Texas-
Red (Jazkson Lab. West Grove, PA: 1:50). Proper controls for prinmary 15 and
secondary e dy
cross reachd BEeRg SHRGVEehs Head BR Fillifa HeBt NS Aulier, Rgfioss

pol y- D-1 ysicakurfrtf- tHe kwnaf&t gmﬁge@ﬂtdrl eolls)i préfarapin) untificedntidtedr néuraiur s
and exam ned by i ndirect 20 inmunofl uorescence analysjs for the expression

of N-CAM ( REAEAter celisaiar sliffeippiaing pryiepabPIA9LAPEH) thE REesSeRATRS FEHAPIC

anti body Ul.l3a from Dako, Carpinteria, CA 1:10 and anti polysialylated
N- CAM cl one MenB) kind gift of G Rougon; 1:50)), A2B5 (4%
par af ot@al dehyde fi xati on, nouse nonocl onal anti body clone 105 from ATCC,

1: 20 4% | dehyde, f i bi t_ ant
gi . of Dr FeRBRIcNEREy has By o, fontiRPeY (irkiemaNBETtele NP A HBatre

per meabi | | aaLIdHR. rmuse rmnocl onal anti body Vi nBB4 from Roche Di agnostics
Australia) Castle Hll, NSW 1:20). To evaluate the proportion of cells
that expressed NNCAM A2B5) nestin and 30 vinmentin, spheres that were

cochan ca ALPPEgofird 56 dedERAS %En"*%@ﬁ%ﬂa%ﬁ}éﬁf% el B B MBI
(papai 15 WdescrberthereiBl odimenestlireCocutdn dbligatly ba thavacteaizetioln mdutby
tituration. The cells were than plated on caoverslip 68 coated with

pol y- D- | ysPXeregsas |1§9ikmannwr>@efda@fenérprqt@'md\df\&ahd QMQWF%QGWW%YISEM

munof | uo
1/i ment i n%J Bﬁ%%ﬁ% ers?g:!o?](yogé (?ﬁmc)éﬁﬁb%ﬁglc@l IN?A§S| st’eg I nrb?’gtntl

i ndi vidual cells. Two hundred cells were scored within randomfields (at X
400) for t 5 of, each, marker and th n epeat ed  at
foont | 9 11 NBe aABIs AR QURCISTHBEY IS SRb AT iE e e P R i
differzmti gt tH&r&ﬂbPﬂr‘e@ﬁréﬁi‘Qté E@fe?éﬁ’c%‘ie%\ﬁérdéﬁhé gﬂﬁrliﬁé%@ed' rectly f rom

undi fferentiated cells were evaluated. To exam né the eXpression of
endoder mal markers, spheres were plated on 10 coverslips coated with

pol y-D- | ySFBFm%n% nig'a@{chiﬁ?%l'lsnm(::ﬂdﬂ{ﬁaaﬁw é:é}\d oﬁgb&gﬁ%cﬁeﬁr‘ﬁéénﬁ&st fe

absence of growt and exa I'Tect I nmuno scence
anal ysi s f @rpref@rek v ess poly-Dflysinevamal fistohectinadHilgioneCliny sigpifickrthatriane (4%

ar af or ral dehyde fi xat.ion, nouse npnoc nal ant.i bod
D ekl mson, PREAt Thandsmin Taniha BAHRIGh oLINBERrAREPRIPVRIs Be ESRInaRge: 15

nouse ﬁ)nocl onal antibody, 1:500 dilution, fromSigm). (b) RT-PCR Rt PCR
was used to study the expression of nestin, the transcription factor PAX 6,
oct 4, CD 3k aRbigfarredeénitgdlimant, rthe hhgfmosluldrtjndtkcéln@tglial celiy/ Furtreer indludeas i

trypsin, 20 transferrin F- 3a, ang al eto n,the s res.
Ecor ess] onCWiiTe, BRcHeraln ooRBRa HAFSsa PRBREN A LnHRie LRtcH waglE oo
progenitor cells, in the presence of PDGF-AA and basic FGF.

30 In yet another preferred embodiment, the method for inducing glial cells further
includes culturing the somatic progenitor cells, preferably undifferentiated neural
progenitor cells, in the presence of T3. The cells may be then grown in the

absence of growth factor.



studied in differentiated spheres that were plated on poly-D-1ysine (30-70
kDa) and Fi bronectin (Sigma, 5ntg/nk) or lamnin (Sigma), cultured in the
sanme 25 serum free nedi um suppl enented with growh factors for two weeks
and then further cultured tv:c ~.veeks without growth factors

suppl enentati on The nRNA was i sol at ed A magneti c beads (Dynal AS, Gslo)
followng cell lysis according to the nmanufacturer's instructions, and

sol id-phase first strand cDNA 30 synthesis was performed using Superscript
Il reverse transcriptase (G bco, Gaithersburg, 69 Alternatively,

: M) .
total RNA Wae glighlcglsdmay bei aglectas fam stsirpogtes' or keligodeadroydas. | nEhe
Fri endswoogy | rSk. Skt i f usi.ng
Super scri p?hq 9%83@%‘% tdr%?;l"r\{ éé r%‘ﬁa@g\lﬁ}é&%% fossf thlfé%?rﬁé £ 'Wéﬁ? %H dmggg nl?% esi s
System ( G ideatifiéahiandectsdracigrizb®) bya RINA diamgctiptst dieMBH ubjpcand eins-20 or by
instructions. 5 The PCR reactiqn was carried out according to van Eijk et
al . (1999)immunestainirg (594 apdNG2cpNA as tenpl ate and Taq pol yner ase
(Pharnmaci a Bi otech, Hong Kong). Alternatively, the PCR reaction m xture
contained 1 x PCR buffer, each priner at 0.2pM O0.2pM dNTPs, 1 a Taq DNA
Pol ymer aseC(futec ) serunt feeel nediith $0pplemembedh svth( BrF6BE gand MRDRIGEAA Méy and
1.5 p.MM+2 in .a final volune of 25p.1. As a. control  for A qual ity,
bet a- act i nd'f‘?%{nglerir}%’éalvv@ﬂged’_ﬁ@_é?ete Bé’f‘n@"t?hal' aﬂ@%ﬁ-’tptﬁ?.a%‘ﬁfqer@?% wer e
synt hesi zegyduhsRsisat Gifal cafog;é;fﬁfofré.Crr% i ORNoWad YyIdtng MiShicdenfidrs IR Boly-

fol | ow ng grlrrers wer e used: )
GenePribrer BDHysitaansl flwPrectdFandduither quitorsChenaesercaQh e grvethafactors

pyRever se: 2n PGS by CROMSL oA nbe phdinde "af o3 Wbt rlion AT

' 208

gggever se: upEMBALTIbRCAIHAEDAIREIMItES by4hesmaitds postuldted thatlthebMisTGTTC

byRever se: fctorssurb@astdcAbardrP RS fasililaledrfiteraiiorcend rorgading e 3' 200
byact | nRevel e, R RRGLCTRT AL AGRRAC s i Lt sioh BIARRAE GRFOCAC
byact i1iRevitezggeband TBAGGANEE Ghé DifSrentisdicl (dwardFandvalohgbthe TORYSAendAsEytd GTCAC
CT-3' 200

byRever se: B'a88CACAGCTGGAGGTCTTAT- 3' FLK- 1For war d: 5' - GGTATTGGCAGT TGGAGGAA- 3!
199

byReverse: 5' - ACATTTGCCGCTTGGATAAC- 3' AC- 133For war d: 5' - CAGTCTGACCAGCGT GAAAA- 3
' 200bpRev elns arethasCEeaeCCAdRfCE@IONA-iBto  glizd cells including astrocyte and

Hnf - 3aForwar d: 5' - GAGIT TTACAGGCTTGT. -3 390 .
by Rever se. SIGOERRASHIE FES I dLaaess D BRURAAE. ReUTBLRIRISRRFERTREY R TG 3 3
40 20 Iglsi e and fibronectin and culturing them in the serum free medium

byRever se: 5' - CTCCAATAACTCCTGCTATCC- 3' t ransf eri nForwar d: 5' - CTGACCTCACCTGGGAC
AAT- 3' 367 supplemented with EGF, b-FGF and PDGF-AA. The growth factors may then be

ATAc. 5 aaokpielrl S R B e i FRpRREeg o oS T ASTAT O

anti Forwar d: 5' - AGACCCTTTGAAGI CAAGGACACCG- 3' 360bpt rypsi nRever se: 5' - CCATTGCTG

AAGACCTTAGIGATGC- 3' tinF d: 5' - AGGAAATCATCT. GGGEC- 3" 780ppR
B - AMAAPAOREA ORI SRACR AR IVARRT (PIoN(ES ASANEF 6 SRTAlcAGole !
fol I ows:  SAlubRg Aetial ﬁéﬂrb%‘%ehﬁoﬂ@eﬂ%ﬂé@ﬁoﬁél :ﬁfb%ﬁ; Qﬁaljcc'_?%cpreﬁé@dfw 30

sec, 72C for 45 sec and extension at 72C for 7 mn. 5 Products were
anal ysed dheametisodsoof ¢heopregenb swepdionand hei gliell cellsd inglude rdstiogytelsr ofr de

ai 11 or ont | AB0IRRHERDRiny s S o dies HEMER bVt eCmeRept s prsssnt
substr at e iop@htiorPmaydeéhardbteriled By, RRAdramstriptsof BP0 epdtdmed o by t he

removal of growth factors. Two protocols were nost conmonly used: In the
first one,'”HWP'f%?té'ﬁmgaflOirQﬂ%\ﬁ@'\%Sz-i nduced by plating the spheres on
coverghi ps coated with poly-D-lysine and lamnin in the sane serumfree
medi um det ai | ed above without growth factors supplenentation. The cells in
t he spher eehenpragemlitboeeits that aps dedvedh By dhé hesthod itlsateis fdesclb&d wbels naand t he

di h d 3-5.d | f th i ts, starti
from the S1LRCHaP QPEePe AlfFTRYTaEHcRBITaM S Sl SRASSY oHih SBRStRS: Al ol |
trans retigeheni®sisdnby ifBRde - 88ition télneural progenitors more primitive cells



In the second protocol, the spheres were plated on coverslips coated with
polyD-lysine and lamnin in serumfree growh nedi um suppl enented with
grow h factors. After 5-6 days the supplenentation of gromh factors was

wi thdrawn and all trans retinoic acid (Sigm, 10-6M was added to the

medi um The cells were 5 further cultu { d for 1-2 weeks. The nmedi um was
changed every 5 days. (d) Characterization of differentiated neuronal cells
Di fferenti gfienl 2e8hrmitiv Qitdderm4l cfenerartd?@ érﬁiﬂﬁ&%‘-ﬁls%rcﬁhéﬂﬁhé@@% dach weeks
after plating by indirect inmunof|uorescence for the expression of the

fol | owi ng tte mhek@ngiobtass lapslotheliabf ior arhematppoietic n starw pegilsf oemibirgemigde

160 kDa neBPOPTR AL RIS D ONRBE BN p pLEFPBP! € e CHRERRS Fost! br
nouse nonogligitdle dédlsiBaf Genefhe alicomatitassiaypes. CA; 1:50 ) 68kDa

neurofilanent protein (100% ethanol, Amersham Anersham U K)) 70kDa
ri eurof? | ament 15 protein (Chem con; 1:100), MAP2 a,b (40/<|Dar af or mal dehyde

fixation, 1 ,
[ 1xatl on. SRRSO BlodbR GAAROTBECBE, (k01 NS Cha TeBth)
Sigma; 1 leﬂmyom&mbaéhﬁal maﬂ@’@@u@h@mﬁhn&féﬁﬁeamm%rﬁwmcémnﬁypsﬁﬂ%

from Dako; 1:50), tyrosine héwroxyl ase (4% par af or mal dehy deé nouse
nmonocl onal angi t@ﬁaypldgnngbmr ke{atinghas beerodemongtrateshire t eﬂwman ES

decar boxyl r

anti ser um gﬁ\r’é@%rﬁ con?°$ %%rgﬂgﬁ?hli]raé%%df@%%g%}} ;g)%rr‘% f Ié'Hede

Si gma;10: 1660 from norHmeltal I(né%@e.s alioh sl thehyelrangiobkst mmmlmmtoﬁbaua 1
from Si gna) and ~-tLLbu| hn [11 (4%par af or mal de %ﬂ use nocl on DL. 3D10
from Si gmaStem £s8)Withip sheyneusalproggnEerscRiepar fespAtiy 93’@&’ 93 eks
after plat dé?ﬁ’t t C

decar boxyl EiHsyéph%rltﬁr%eﬁ%Bai gg%ow ofs mtﬁﬁﬁt%‘%}@er&%ﬁ%%cgﬁ%r ﬁﬁg:rjlgeurﬁl ?H%Z
(priners, beplesaidn @‘tthalmarkemajay, indizateotieppesdible higbpdasdicity of the nearadnt
medi um si ze_chai,n ( ukekov et 30 al 1999). nRNA preparation
and the RTP W@Qnﬂtgé%g%%ﬁé&éegﬁ teii “oﬁé qf?%%ﬁm &Y above. (e) Qi al
differpntiation studies. 72 At the tinme of routine passage spheres were

subcul tured into serumfree nedium (as detail ed above) supplenmented wth
pl at el et déhevweasegptowentair pevideseadnetihednthah Qﬁﬁﬁfmnﬂﬂ) vitre @ansk BCHVO nc

reptaced bl AHPLER <AHiBiRd fiiEon, Bt £ gBE SRR, e o S THERE T e

spheres wefdel,atzed aheCeely Sihapsarpageaseratddn dlohy - Ehd ypathavagnadfl agurln in
the same serum free medi um wit hout growm h factors suppl ementation. The

cel I's in tH&eseniiation may dedises iod t'@%s&t&ve%hﬁrc&"alaﬁa@ﬂéﬁplegy@rftwowi2
days t d rot | was
uasd (0 sonBmBRChHIral VIR, R e JCoAURAT of Horis. B MEoRS SR o
cul t ur ed i diffeeentiationfactosslithah glay a:lmlaum muaaiodnﬁgareml'pﬁbemut mgameratlon

PDGF- AA, ( and G- (20 for three weeks. S _were

t hen pl at eiR m(%%ler%m? BE CBéF 5}9 pﬂﬁ’&?r‘% Sygkoﬁg ﬁ??d %Wg e pﬁur(aél gna,
Sntg/ nk) . diffeYerRitionCrayUbedussd far\w diScévery Said! fof tRe d@ﬁtlwﬁment of
suppl emrented with PDG-- AA, (20ngl m FGF (20ng/rr1 and T3 15 (30nM . The
grow h fac%@ﬁ@nm@&amrﬁoﬁféfﬁi@ﬁ@mﬁr i anrd REdTopRotestive Aleels! | s were furt her
cul tur for another 1-2 weeks in the presence of T3 only. Fifty percent of
t he nmedi um was repl aced by fresh nmediumevery 3 days. In an alternative
alopr ogch Bpélanrﬂfertdmtect/\@frtgepnmgamlt ﬂtéréfspim;dudezmgodfofﬁmmmzo tngE wer e
pl ated on coversli oated with poly-D-lysine and, Fi bron I n i

5mcg/ k) tlies dlediorantipteshantanifisrentiatad celle 'égﬁ]mt%@g%siﬁ%"amh din
t he presen f sy e cells were

t hen furthg]‘raesgucleg-grcgﬁ forrogﬁgt%'a?g§|§4 wee sa ?W%g’ %\?géuel}]ugg of T3 and

PDGF- AA (20ng/ m }. 25 A i godendrocyte were identified by indirect

i mmun uopesgence for t e marker The, cells. were

1 rot Soheoaracriton 2Heethy Mo Sehh AvaBlie S U &y PEIRE Reb A ENGAL
nonocl onal eh@¥d prapahativrcenhlimbn ESCderW@Hﬁféﬂrélhp enitorl 8112 RGP ArARGar y

FI TC or rhodam ne conjugated anti bodi es and were en fixed wwth 4%

par af or mal @¥NPHSINI30 To denpnstrate differentiati on into astrocyte, spheres
t hat have been propagated in the presence of b-FG- and EGF were plated on
cover slips 73 coated with poly-D-lysine and fibronectin or |amnin and
further cultured for 6 days in serumfree nmediumw thout growh factors
suppl enentation. Alternatively, spheres were propagated in the presence of
PDGF- AA and bFGF



5 for 6 weeks and were then plated on cover slips coated with poly-D-Iysine
and fibronectin . They were allowed to spread into a nonol ayer in the
presence of the above growth factors for a week. The cells were then
further cultured for another week in the presence of either T3 or the

conmbi nation of T3 and PDGF- AA. 10 Fol I pwing this protocols) differentiation
info astrocytes was denpnstrated by Indirect inmunofluorescence for the
expression of gbb#dinihgdn lUndiferestisted MIMaR1 SMbFOAR stetisliabordacsipay de
fixation, rabbit anti cow from Dako; 1:50) Differentiation into astrocyte
and ollgodbﬂdﬂmcyte cells was also confirned at the 15 nRNA | evel. To

ol y- - 1'ysi e aMieE S shelit inignBERAG A AROFER A S L €3 pvra ce
medi um supptsyERitoedemby B methoddederipad Hesih: AA. The differentiating spheres
were then further cultured two weeks without grow h factors and in the

presencd of T3. identifying @ dHeusaldrepgeaial cefloby axprassast anarkerse ob rIHBII¥E of

GFAP and t P é y hQ_ ow ng
et LRl G, UL B NS SRR RN
CTGTTGCCAGAZBS(@ite@hedRite ( filamens eprotdins dsuhz @s3A88N  affte vimentin sarfdrthe he
anal ysis o on were 5'-CCATGCCTTCCAGTATGICATC-3' (forward)
and 5' GTG@?EE&E%? ?@ﬁgéf"%ﬂ?ﬁ 3" (reverse). The plp 25 gene encodes the
proteol i pid pr%@uw‘hr@dmbt ﬁneﬂrélerﬂl%béﬁi%ry s qsdg%rﬁetect r@h%e%gtm #héch

are major proteins brain nyelin. "The expected band size for plp 1s 354bp
and f o0 D\vpripagationobp (Kukekov et al., 1999). As a control for nRNA
quality, beta-actin transcripts were assayed using the sanme priners as
above. Products were anal ysed on a 2% agarose gel and visualised by

et hi di um 3Ph&rsstirde pfd nrtbﬂ%elléf\BnIITg?VIr@KAﬁEbaéﬁrﬁrégrbrsm%b%?erssﬁﬁéﬁﬁol in
pre-| abel ed by the addition of 4

nedi um f or S@VINY &xee, mndrae & suilapje spadiadisi w&@ﬂﬁ;m é&é}%gﬁ{éc{ ﬁ/@tﬁ growth
mechani cal t%a@[s \Asla%Yecﬁé‘ﬁrHﬁH %béerp%&u réé?‘"é@#%ﬂd%{ﬁtﬁﬂf‘em cal Co, NJj

di gesti on owed ura Appr oxXi rretel'y 50,000 cells (in 2
~. | PBY were injected into the Iateral ventricles of newborn (first day

after birt abr a Harl an, 5 Jerusal en) and ts (Sabra) by
using a m 6'[‘%' §RIC im’ n?et @F@rﬁ’?‘ﬁt@rﬁ‘ B@D'et?e arhiexed by %%ﬁé@ygwat'%w
mcro-in eﬁéwrméwgrthﬁhemdeém@ Iri Q‘{ﬂh&bl@ %f%ll&%t%?ev&%ﬁd by a

pl astic sleeve t mted the tratlon I nto ost nervous
system At 4-6 weeks of age, reci p| ents were anesthetized and perfused with
4% parafor | dehyde in PB ect.jon and character tiop of don )
nuren near B 23T of the mntes hefe B RiolrEHeR srehpd 1 B0eiEE wer o
exam gyl byhel ﬁﬁ&%iﬂb%ﬁd@ﬂb 3B %Us;@@rﬁloﬁs S IRreddtidbnase LSRG dieMonlwiftyo

par af or mal dehyde and hi stol ogically after hematoxylin ‘and eosin staining.
The trans pirmﬁl@@r@@na,se\mw beeineffestive Dissgoredatiansmay e gcepralisied bydi es

for. BrdU ( BekGsoduiRnabld OUhBMCERGRL MderbhRL HErdge by the manufacturer),

anti human Speci onuc rot el'n an m con; 1:20) and anti
human specific m tochondrl a) antl body (Chemi con; 1:20). BrdU anti body was

h Vi i i Vi
gﬁﬁ Ff;ggrrg us'tggafﬁgqsgtg%fo {(r{ﬁdlﬂaﬁgﬁ,g& utﬂg;[‘eegs preo(ilﬁdaes gl rgeh':otd Sf Frgagpglanting
25 ES derived neural progenitor spheres, said method comprising:
disaggreaating the spheres; and

injecting the disaggregated spheres into a living host.

Disaggregation of the spheres may be conducted in any way to separate the
30 cells either to small clumps or single cells. Ideally, trypsin or dispase are not
used. , Mechanical disaggregation or tituration may be adopted to separate the
cells prior to injection. Alternatively the spheres may be disaggregated by

digestion with papain preferably combined with mechanical tituration.



20 Di am nobenzadi ne (DAB) or by using goat anti nouse |gG conjugated to

Al exa 488 (Jackson; 1:100). Anti ribonuclear protein and mtochondria)
anti bodi es were detected with goat anti nouse | gM conjugated to Cy5 and
goat anti nouse 1gG conjugated to Al exa488, respectively (Jackson; 1:100).
dial cell type identity of transplant cells was established by double
staining for BrdU and GFAP (Dako; 25 1°7100) for astrocytes, CNPase (Signs;
1:100) and N& (Chemicon; 1:100) for the oligoderidrocyte |ineage. Neurons
were detected by i mmunostaining with human specific anti neurofilanent

| i ght chai imigctioonineybe condiaied i agitrnarnen $a asupiintrodute bwigelissintethe | ed

ant 1 ousen PRI PG L thE gt ARt e B 4as RGN b Hshedf, O

detecti on gife prtheamerveins stastdhreSAn éthoe mah decuddietd infreddee sreeells into
anti body w2s a npuse nonocl onal G doubl e | abeling with BrdU was

per f or ed 3SKEEHicilasation. Ryefarakly, ells amlmeﬁmm@c BdnisrR-glasy Ripettesr du
dth '

pase " VEOORiEIRP pUER fineet) irRlret B Y Micldhisdter tNAfdGe ThasaD, L. *

(Zei ss), u‘ﬁh@glaésampeite nfay bélcmwe#@:BbylaJpllaeBcelme tegbwill lirnitehe elepth afid

Nomar sky opti cs. EXAMPLES Exanple 1 - FFbvatl on of cel] |jines HES-l and

HES- 2 The B%R%Fatﬁnoﬁ%&%ééﬁhﬂ?a%'ﬁ' wWeiePelbets! ‘Pr’BﬁVfQﬁuPISBI inisciRd Sy by

i mrunosurg S I”gypg p

onto a feeﬁé\eﬁr{lll aye?ﬁ)rllq};t ?rgfggg?édn%r yr{c}m:‘élabrag asts E‘%ﬁf’g%ﬁﬁ@ &\fe\lﬂtﬁfﬁl n sever al
days, 1D gstetgmsaxt injestion methdd maydee keithbdel | s had begun to proliferate
fromtwo of the four ICM The small cells were nechanically dissociated
fromoutgrow hs of differentiated cells, and follow ng replating they gave
rise to flphe GRlne@Radls ﬁ@édtédvartdnﬁéw@oﬁ@érnmﬂdmbf:@éu@mwaéam@ Rintéd man
EC or primate ES cells (Figure 1 B, C stemcell colonies). These col onies

were f urlt h@lummgaggm@@naperm@lﬁam@é@ntyaqwl@itga@grtéga{waim 5] fbemﬂﬁom chf
col s ( 210- R e Sikeiae e o fA¥RAn e Ripiairs WIR 25800 000 o

Spont affeouselldi pﬁéremwmblitet amﬂmj@cftéenoyhelmterw ceetbral \orehﬂmctéseofrmwﬂsmhqg'ts:al
appearance of early endoderm was frequently observed during routine
passage oftM&€eells (Figure 1 D). Differentiation occurred rapidly if 20
the cells were deprived of a feeder |ayer, even in the presence of LIF
(Figure 1 E). Wile LIF was used during the early phases of the

est abl i shnenanothet laspeet lof Ithaeisyentiowdisersulss prpvided v heurad progésiter oell
effect on the,gromh or, djfferentiation of establishe ure

shown) . _Cetabath 8t hBeShiantatoR S & Mok ReRio B Rk S9EE ofh chtarfersad hues -
for 4Qmaséﬁﬁsl$s)hir§§érs@@cﬂ@@‘ﬂéﬁﬁnﬁ%oﬂtrmmlhgumm h%&)gm@s@(d)f@h\ﬁhy hésf and
90240 popul ati on doublings respectively, based on the average Increase in
colony size during routine passage, and both cell lines still consist

mai nly of r I been
successf ul ;A r{rozr(‘:%vvéegrbegpﬁ F%@@%éﬁ?ég{]t\ﬁﬁﬂ%ﬁé %Brogf&&i g%%hbb&aﬁk Yneg
expr essi onsanaktik eelisoinyyweo font embryomsio sEéincxﬁlll@eer@dkmmamtdpkmemmqosand
anal ysi s vverﬁ\ perforned on HES-1 at passage levels 5-7, 14-18, 24-26 and
44- 46, and"8MAdLEMPURINGassage | evel s 6-8. ES cel s cont ai ned al kal i ne
phosphat ase actdpthinind & 98026 enﬁb’FyHHFépQ@ﬂ?t%lﬂ' A8rivid sBmdee @gbﬁltor 76

was carried out usin series of anfibodi es which detect cell surface
car bohydr aaedls, amerabgbmeaaaﬂ by theemeshsdsudesasived erainEandel | s. The ES cells

agai nat {ne ssarRAngRe Sme TR L BE 3 FetManee ifeblatif g™
patterns Soweheatkl ddllkar to those observed in human EC cells (Figure ZB 0.

ES cells also reacted with nonocl onal anti body GCTM 2, which detects an
epitope on the protein core of a keratan sul phate/chondroitin sul phate

peric IuI D). Like
huran SRc oai EFhon A desiel oty oy MR IS b8sorbedidtel e
ES ceIIs Both cell Iines

When engrafted into a developing nervous system, the progenitor cells of the

present invention will participate in the processes of hormal development and will



10 were karyotypically normal and both were derived fromfemale

bl astocysts. Cct-4 is a PQU domain transcription factor whose expression is
limted in the nouse to pluripotent cells, and recent results show directly
that zygotic expression of COct-4 is essential for establishnent of the

pl uripotent stemcell 15 popul ation of 419he inner cell mass. Oct-4 is al so
expressed in human EC cells and its expression is down regul ated when these
cel I's di ff eepbhd!ts - the'ShaddsRI&fdfopraehtdl lctesUThaRdigranal Vsrogenitor s6llsavald

col oni es consi sti n? mai nly of stemcells, we showed that human ES cells

al so expr egvignate alqmy gstablshedamigratory) pathwayscrRngr ¥dlicspraad widghedntend

o ar R e TR BRluelSefhor  E bt Ol W R T ©
spont aneoushabtf epviediinahiadn sigidmy, sifferdatistecuht W etepgputally oand begiohalty

process of spontaneous differentiation could be accel erated 25 by )
subopt i Ral RAreRHAeCHARNET SHS. pregeny Jeam dipth dhﬁirzﬂwa@%w@ gigl lingagasyisy
peri ods (4- ) 10 ol r: r t
differenti a%ic\gﬁ@gt? Lﬁgmﬁgﬁégscgﬁg?%ﬁd%\{ég%rﬂgﬁg%ﬁs (':r{uﬁ%ﬁ? gg,w@pﬁgsgf)gtn of
t he ist fmdcalefve{mker{ntatqt);ogt?mér hei er:grfﬁedgme@lt(mbggniwr celr islr;@tpﬁblm?ﬁnon-
Eoure’S, FARBES BRgns e celn eSS SRR drtrkde
gonadot r ophidhs\Werif: fraashihitedecict &sh RiplacBTYPEARS defitient RBuHaE bPdlianési of
oo i o dfet e Ppok PSS smgrgeT o i

pr oductlOo [

enbryoni c eci}%oge el differentiation; the |evels 77 observed (1210-5806
ng/m) are PEaYve of extensive endoderm present. Human chorionic

gonadotrophin secretion is characteristic of trophoblastic differentiation;

the levels observed (6.4-54.6 IU Litre) are consistent wth a npdest anount

of di ff er erdbidafuriher aspeg afthe inventiggdhe Efedyed, eyl gerpanitor cols poihelt

hi gh d it 14 i b }
the ol ane. cffedEibtetroety raRbEAREDIied FioHietieRiddtd HofRUs KRR 00T
si ngl e 16el I'they ¢dn fermrg atabie grafic esigeste withirhtrexhestdsavaus system, irteiminglel |

bodi es, form net wor ks as they contacted other cells (Figu 1 F) were
obser ved. ﬁ%ﬁ g\l,qarpgt Q’HE tpﬁehqﬁtd{eéggleerogpgftﬂrgda%ﬁf?qr%p@tew Q%‘gaﬁﬁﬁbcf@i”es
agai nst ne | & DIRked e iLal.ofe i 0 egq L

(B ure e SRaoR) U RHEIRT Aloha®oh Il cofhpp BRI Pieefefdhcent

cul tures. Wanttonsoand activiate regendrativeand healing frrocessgs ibuhe lhost'®hecauss

et e s by h 3RSkl el L iog RO Bt e S SeTAp BERS
I nt er R0 atexpredsoipsigh geheg i thefostithdfvoueEgsteid.en observed. In these high

density cultures, there was no consistent pattern of structural
or gani sati on suggestive of the formation of enbryoid bodies simlar to

h ; . | g . .
mrnoset B eI PORE stabE St RO i eRattn P RBeSR Ak dts Ystfipor ¢
i n xenogr afthe péfipheidESefvons fysterd. ddleostable graftanahestakdishyn freesbeaie. Theel

(6; HES 1 and 2) or | tgﬁc%ssa e level (HES-1,,.14 an wer e i nocul at ed
I

. d 27)
beneat h t h&'&H&}: PL 5 053D R tt'_8¥‘f"i‘t&ﬂ ana"fee SHSSB%WBI Bhelieand
vere pabpakipp|itams 80 dAfereHtiate WBCHatde! REuldneCeharatiitized! by Théie :ﬂﬁMY't@Ped
tunmours, and in nost cases both testis were affected. Upon autopsy Iesions
consi st i ng expresgsflbbkidassegrotiilament proteipa MAPRab d ghriamate: asynaptepinysin,

ot hor it c0 AT KR REb Pl foABY SioTe EFRfci o SIS R ca oo
that the | aheotelratpdgenitaceslistdfeha prégdnt irfaintisn Havarsbepodlsaishewn the
areas of teratoma. Enbryonal carcinoma was not observed in any |lesion. Al

teratomas GPRlgAMEOL A tidprios aptraeytocand QligrdeRdwsytfe charagienized by

DU TT er 8011 R0eAl tnSEHES HREPAP MBIl Gl dnafif or BYYAMRNRDSERNME bt BPAP, 78
primtive neuroectoderm ganglioni'c structures, scl e, bone, “and gl andul ar
epi t hel i umQ4-agdiN€&2l) . Enbryoi d bodi es were not observed in the xenografts.
Exanpl e 5 - Devel opnent, propagation and characterisation of human ES 5
cells derived neural progenitor cells. a) Derivation of neural progenitor
cells fromhuman ES cells. Colonies of undifferentiated ES cells fromthe
cell lines HES-1 and HES-2 were continuously cultured on nouse enbryonic
fibroblasts feeder |ayer for 2-3 10 weeks. At one week after passage, sone
spont aneous differentiation was usually identified by changes in cell

nor phol ogy in the center of the colonies. The process of differentiation
included at this early stage the neuroectodermal |ineage as evident by the
expression of early neural markers such as nestin and PAX-6 (Figure -19).

o o o o Y 11" e - - o



20 ES cells or the early neuroectodermal marker N CAM (data not shown).
These distinct areas had a typical uniformwhite gray opaque appearance
under dark field stereo-mcroscopy (Figure 26). These areas coul d be
identified in the colonies of both cell lines fromthe second week after
passage, and they becane nore defi nedF$ om nei ghbori ng areas of the col ony
during the third week of 25 culture ( '%ure 26). The size and demarcation
of these argpaspify t6Hifdiehtlatel to e PROD S§SNAAE BEMGydes REpArtiewhFiYReRmdi um
was replaced after a week or preferably after two weeks from passage with
ser um f r eefaremiodifyingpgpeenenoud syistemHGF replaciiontigficient remron2d g/ glia) celfhe
areas were |l ar and vvetl . dengr]gat etd fsuf 1 Cl entl Y to aItI ow mechar{i c?l
removal of p8'i"d:'%§%“%f "ESIr0G,y dgNCieNty UNGHPIR PE ThE s3YEIEM 1 Y c3YWYRIRd

cul tured i fegerlerativecadh8hlity pri‘edsed fithddforvdiiSsystemC unps were renoved
fromdifferentiating colonies of HES-1 and HES-2 and were transferred to
serum f¥ ee medi um suppl enented with basic fibroblast growh factor (bFGF)

and epi der pal etine. 7 f . LS j

cl unps wer [ena gow}&fp%éﬁ }ﬁ%ﬁ%eqtébe&%op Fr{dé@ltghg?pé)ﬁr%@%@&%g@@eéﬁﬁe& S
(about 100eRfheesuch akum)notdimited tothe deendtopsietiy systens vasereathegrirarl-| s,

It was possible to renove these |arger cells nechanically or by enzymatic
di gest i on. difierentiata anddarm @tablefppstionalgfdfti to change their shape toward 5
spheres and after 24 hours all the clunps turned into round spheres (Figure
5a). During the initial two weeks in culture, sone cell death was observed.
Aft er 170 10Mibmg preferablyttheesphgpresizaé B cecasd Humamaesiraleprofjeniter spheresty of
t he spheres s eviden ng. f the spheres were still floating or

| oosel y at WQ%W@QW&%?&W%E%%Y'PQ%% nority attached and started to
spread. A detailed analysis of marker expression and the growth and

differentiation potential of the cells within the spheres was conducted in
t hree prephr ¥et anether aspect of thérgresenteinveptiorttbeie deprovdedvia meathod of

ol o F i ot Splily ot ARy, PUTERRINpEE Hbef atrblEpR Ths Pl BRIE s
of undig f eprpsthodrtepESingel | s i nto serum free nedi um suppl emented with basic

fibroblast growmh factor (bFG-) and epidermal growh factor (EGF). Wthin
24 hours the cl ObgNiRG\R SouFeR Pfi embrepiestam hdegred Hoseati REPISNHRES e

round and ' i/ rs.4 N serumfree

medi um 42%?%%@%@ H}ﬁ%ﬁg&éggﬁg%hgagg%{ﬂeydmﬁ%%?#cadl appear ance
(Figure 9) and aabspladthglahe 68matc ( pidgahjtorsSiighoi fai dast tgr oprdmokes thbiser ved
inthe myjaority of the spheres during this early culture. It was possible
to measur egﬁﬁagfsat'euﬂatseﬁﬁﬁ & age vol ume of the round floating spheres
and itpg ncreased by 64% (mean growth of 15 spheres} between days 5 25 and
12. Two preparations of spheres that were separately derived with this

appr oach wBrefefaiiy, Hbey @re ditiatestiataddfronanagrad lingages Isglacted, fropp nertmnsgat i on
of spheres rogenjt fter 7-10 days in culture, floating or

| oosely at?%&%%%%ﬂ@?ﬁéoﬁ'ﬁ{agﬁ& aneter of 30 > 0.5mm were sub-cul tured by
mechani cal dissection into 4 pieces, which were re-plated in fresh
pre-equilibrated medium The s,oiher es were cultivated in this nmanner during

a five to Srsfeibhy e a1andd ¢ tfﬂib§a§)@§§‘t?d,ﬂffqrﬁd[]§rQ'QBHé"QJFd‘PE@'éﬁﬁiB}evE% had

an '”2%9”'ﬁi%eéﬁé%c%tﬁe‘ﬂ%éﬁtgib?r\ditﬁ’é@sséa@éin?k!bl?ﬁéf ia. tlf‘%. $K8n Hﬁ;cfrﬁ%ﬁ’e 80

symetrical spheres 1 ncreased along propagation. I'n addition, ile at

ear | y passageronsa|thetpreseppmaeatiore ekpraser glatasnatee dHyi GABScand seodtonine

i nner part_of .the spheres was irF]e ular, it Igrad ally turned . ,to .be uniform

at mor 6 advaiRRANREIS Tslians, My haKE patdle Ja thk PR sty AUS taimRa e

after deripahtfiebnaitiongpheres 5 had a round symmetrical shape and a uniform

appearance. Proliferation of the cells was eval uated by determ ning the
increase in the nunber of spheres with each passage as well as neasuring

the i ease, | e . res.a | h

ar out 10 ot B B UEpERHEAtRR RS shiArBRBRES i bR ed Ehewra P BRARPL el S at ca
or from di idwoaat celt 'ﬁng/oES gldéllhceu][‘tadt mas'ihée' Laed pat telr ﬂwherbpy %harair?eyd oEy a
nore excessiyve growt uring the first 5-6 passages. ‘The nunber  of spheres
i ncreased W\A%’@%ﬂ CQH%’“PNE%PP“I@DQ @Urﬁ%f"m'&gu yredggengratiye Idi'sf?ég?r%at
each passage (performed every 7 days) during the first 5 passages. The
grow h of the nunber of spheres with each passage was 15 then reduced to
10-50% per week. This growh rate was mai ntai ned for prolonged periods (4
nont hs) (nean data from3 cell lines). The nean vol une of spheres generated
either fromdifferentiating ES cells or directly fromundifferentiated
cells also increased by simlar rates (Figures 16 and 17). A relatively
rapid growh rate was observed during the first 5-6 weeks after 20

T 1 o 1 a



81 ES cells. Mdst of the cells (>90% were viable follow ng the

di ssagregation procedure (Figure 10, Figure 18). Gven the growth rate of
the spheres with each passage and the nunber of cells 5 (20,000, figure 10,
18) per averaged size sphere (0.1 m®B based on the nean diameter S.D. of
24 spheres 7 days after passage 5, 0.@? 0.14mm), it was calculated that 10
clunps of ES cells nmay generate within 10 passages 2500 spheres containing
50 x 106 cehdsularAconditibns, Hetoihmine disovderss cohgesitdledisbriers gttaemalah@
illustrate this potential for significant expansion. 10 Spheres that were
cul tured i Athei® serum free growt h nedi um (suppl emented with growth factors)
for prolonged periods (3 weeks) w thout passage, tended to attach to the
tissue culture plastic and gradually spread as a nonol ayer of cells. The
cell's in thearfarthbagspedtast theunvémtion tiepeds provided anpeuiral progegdtor icell sa and
15 a hngh mtotic activity was evident (Figure 7}9r It was possible to

r ecover5 t hBewional e8ll ppgfarca ghiak ealbinalimay, beyseachiar gane thesmb Cenetiaally
" et 63 B _ :
P odieed cflpdiaté feital Brodyier Bois B9 etirprial fbif OF R ELESma) Bo YiSed

undi f f er entftet dn§Hantdtion & ar esdod toreakryr and fexpress desiredhganes @t ddegetn and
neural progenitor cells, such as polysialylated NNCAM (Fi gure 5b, 11,12),
A2B5, the P®¥®nediate filanment proteins nestin (inmunostaining, Figure 5c
and 13; RT-PCR, figure 3b and figure 19) and 25 vinentin (Figure 5d and
15), and the transcription factor Pax-6 (Figure 3b and figure 1 Q- . The
expr esH} onlrofanotiwre aspedte ot thaspiesent anvendionl dhgrepris| poyidedcal comatitted (18

weeks). The t ript.ion fa r.. OCt S.not., expr ed.by the cells in
the sher cgidriaLPFRIEn e dfhPhidtcceh RS gl RRaRAET hiblos froe
present W fhamtitidde of phegasitar Fedlis; enekital pedhetitoe Vedlldatrurdreal PR mhatike Of
cells in the spheres that expressed N-CAM A2B5, nestin and vinentin,
spher es t hBeuigBpkcells and gid@ets. | east 6 weeks (and up to 18 weeks) were

di saggregated to single cell suspension. The resulting single cells 82
were plated on substrate in growth nedium Twenty four hours after plating,
anI fave‘]t&gelmfahrﬁﬁﬂeﬁ%s()eetlbfeﬂ*}gmrihvrmt;afn) mwe95ré5%rbgigeafym661rm%ed nnél)srad)}‘ I t he
cells from spheres ner at rmdifferentiating (three progenitor ce

| i nes) andpiﬂﬁlﬁ”ft%rcgﬁ%i%P@E?GES’?c%Q'fIdéeQ%‘M@J 13??5&“«{ f‘é@t'%l"}t I‘Pr?%sc)f imited -

" espect i'vehyigr ef BRANAIH hetiged, BISyaANkS hRskre ARidIShidle @A) JBBuBKET age
proportion of cells that were positively stained for nestin, 5, and

vi menti n way tle7mediodseftoeprpsentievertion89. 5% (n=2 experi nents) and 6716. 8%
(n=9 experinents) respectively in spheres that were established from
differentiating colonies. Nestin and vinentin were expressed by 66. 8%

(48.5%0 1BQfandie bof 8l cORMIttOd (Hdgdiitof eliSimayrbe WeflinghaetHes ntimder of

originated fromspheres that were generated fromundifferentiated cells.
These propbrogediterswihal maybbe dervery firal brgeelisus tlinvitad. ol sishvRegase, The
hi gh propog{lon: I jndi : t s 15
from both é%éjér?%é@ \(Rgﬁgl l?:rg Iéﬁhgﬁséﬁg? Sozeeﬂ?‘gg*HF@Ae\}r# falgﬁzécf%pl)'[r:%géanrsa i oh'riggg Lﬁeural
progeni t or prelucton Af RUfficieneglidhifghtransplantation thieramy, | for fthe mpregbetiors of hat
were derived fro ifferentiating ES col oni es al so expressed the. neural

bt ogen t or SHAFREE SR {imOgRa HBRVeTYaugl, Std1 BAr FHALENFS tax o Ege i
nest i pgraste-ARRUBY lqIZeIMEd IabotBNBX S it bf ?Fd) ridr @211 Hom %W!sﬁﬁ@rb@rfbf at ed
ES cells. The high 20 proportion of ceéls hat expressed these narkers was
st abl e al oie passagrfednay | genesaieoPOx1e’ dstlar thatewaklsk ther sufficientf fopnamy her

| i neages igpﬁﬁent wi thin the spheres, the expression of markers of
endodermv%éﬁﬁé: s and nmesoderm was 25 exam ned by RT-PCR and

i mrunohi st ochem stry. There was no evidence for the expression of narkers
of the extraerrbrgoni c .endodermal |ineage (HNF-3a, AFP, RT-PCR, Figure 24,)
by cells ofhesmhebegyvatiens areellasfitieaenialdinerse eftablishsthenyinsiie that; e
expr esg on r h end liﬂﬁﬁ% I . ted in
spherzszj t h%%ﬁ%eqﬁé grﬁp@télggf(?%sr?ﬁqggp f g:ggﬁnrﬁﬁtlg{j i hg coﬁg}r{lv?:‘e%ggarﬁgyt at'&qvétrgg’

i nduced t ofroiinf érabeyaniatientcefll atltiunss propayatedr eypanaied, sulisihieditadaadther

culturing in the absence .o row h factors for 4 weeks (HNF-3a) AFP, were
eval uat eg 'Bauﬁﬁffm‘)dt‘ﬁﬁ\f%éﬂ[ g‘ﬁ@F%{%iaFP‘gﬁ@[ﬁ'am ni n ( :



83 were eval uated by i munohi stochem stry). ES cell colonies that were
induced to differentiate by prolonged culture (3-4 weeks) expressed all of
t he above narkers and served as positive controls. 5 However, expression of
mar kers of nesodermal precursors (FLK-1 and CD-34) was denonstrated in the
spheres that were produced by eitherr&?hod (Figure 24). In addition,
transcripts of markers of enbryonic endoderm (al anti trypsin) transferrin
and anyl asg) a f@ieteispest tkpedhvention therbgs providePaingéthed lof fp@@dlﬁ:irﬁgﬂal%@)
were denonstrated in spheres that were derived fromdifferentiating ES 10
col oni es ( Fuantities3addiffgrentialpdmncoundiffereatataskeellshe spheres were conpri sed
of a highly enriched popul ati on of neural progenitors (>95% and probably
no cells fromthe extraenbryoni c endodermal |ineage. The expression of

transcri pt h ahothenassedtahertSs prokded adifferendiatati cornhitted prsjeritoptelriing nut e
popul ation of cells fromother |ineages within the spheres. Alternatively

it may de thehimay ke sultivated orfrelongesrarindsorRd @givenfise to darggrutantitiex of ess

t hese mark oy opoi etic marker AC-133 (Uchi da et
al ., 2000) Eﬁoﬁgﬁ%g&%ﬁﬂugﬁgﬁgﬁﬁggf@% n neural stemcells derived from
human fetal brains support this 20 possibility. In addition, expression of
non- neur al rkers, by the neural progenitors may be.in line with th

ecent |y ERoecitRiaan et Grls ar it comaiited Hagmrilar s gieived by he
trans-di f f gie@iid abscridtidPationtdiagive Ked toogéiesratEHpferebitéd calls frof Sfer

G arke et al.) 2000). 25 (d) In"Vitro neuronal Differentiation Wen plated
on pol1B D-linsdges yrtdansdifferentiabipher es t hat were produced either from
differentiating ES cell colonies or fromundifferentiated ES cells
attached, and differentiated cells grew out onto the nonol ayer fromthem

30 Wen t hg didthepashdeBthareris preViBe¢a diffefdhtiatddBordmitiédprdt@nitor cell line
differentiating cells gradually spread fromthemin a radial fashion

(Fi gure 6aSanakie of diffgrentiatigneinte soathre aetins apd/ler glinboells- oRrsfetlethe - 2
weeks, a i r | | s with processes, which formed a .
nonol ayer %gegﬁ{"ggebm'g%lfﬁgﬂ’?ggg&”%k&alm to three weeks after plating,
the diff erentiated cells originating fromspheres derived by either nethods
di spl ayed r phgl ogy and expression of structyral narkers characteristic of
neur ons. sl RPADe sl IS 55 quPcgs) Sn SAMtEHNEAT] Cel Figucapeble. of ho
200kDa neugighid i yas 'Iﬁ‘;f’rfﬁg i d
neur on sped(izliﬁ réc'ﬁlgﬁgllt] z'irgtg r%&’\ilfé@ &@86@4@%%%@%?@& ertgﬁ? %ﬁaﬁbg%leﬁg

ori gi nat i nigvéntion.spher es derived by either nethods expressed markers of
mat ur e neurons such as the 160kDa neurofilament protein (Figure 6c, Figure
27a, Figure 34), Map-2a,b (Figure 6d, Figure 27b) and synaptophysin (Figure
6F) , Fud hegpatific ckifdings |HEEE£ISar€d3HES-IZG.derféeibbl%témb9hhé§ﬁb&‘&ﬁiré§@e§bﬁt§éﬂmt e
10 (Figure 6e), serotonin (Figure 35a), GABA (Figure 35b), expressed the
rate |im t?pRyecang have thegpmrepiasyenaresedaPaytut ani ¢ aci d decar boxyl ase,
Figure 3c and 6g), expressed the enzynme tyrosi ne hydroxyl ase (Figure 28)
and receptor subunits characteristic of GABA m nergi c neurons (GABAaz,

Fi gur e 3d)In driotiegr aspect of theghventiah fhieee enpriczideaina Beft tempositiahiinciudinga bot h

trocyte cells and ol.iggdendrocyte cell i th sph t hat
et &b oaUine e R 8 o UTferR TSR G Irable o HFereiAloRNT GFUAl | at edl
cel 1 s.2520 MBgbRitsH ééll%r;ﬁl@fér%liy%oé%c@d b?%éﬁﬂétﬁ d erHp st irfvehtisn Ya

0
observed upon w thdrawal of growh factors and plating on poly-D-1lysine and

| ami ni n, VAEABIES. prot ocol s were devel oped to enhance the differentiation
toward this |lineage. These protocols were all based on plating the neural
progenitor cells on poly-D

The carrier may be any physiologically acceptable carrier that maintains the
cells. It may be PBS or ES medium.

30
The differentiated or undifferentiated cells may be preserved or maintained by

any methods suitable for storage of biological material. Vitrification of the



| ysin and fibronectin, which significantly enhanced the differentiation
toward glial 25 cells, and suppl enentation of the nediumw th PDGF- AA t hat
pronotes glial progenitor cell proliferation and T3 that induces maturation
of oligodendrocytes precursors. Differentiation into the astrocyte gli al

| i neage was denonstrated by indirect 3§ i mmunof | uorescent staining for
GFAP. Few positive cells were occasion ?Iy denonstrated when

di fferenti %ﬁél@gncaaﬁmaltéﬁm:eﬂméwre&eﬁréd hfetRbd Wves tiyraditiepbPsiowarfe Pleakinggd on
poly-D-lysin and |l am nin. However, differentiation into astrocytes was

si gni fi cantm§theddanced when the spheres were allowed to differentiate on
85 poly-D-lysin and fibronectin. Mdireover, differentiation into astrocytes
was hi ghly abundant after the foll ow ng protocol The spheres were first

propagat ed Effective ptesématite of 'ES eslle i highBampértandad fGhIews! farecentirued
pl ated on poly-Dlysine and fibronectin. They were allowed to spread for a

week in®o étQ@ﬁ@IQi)}Be oells for puiltinle Jutve t@agehéltagm trpddiangl slow Heezinghe

diff t h
o1 er 0t ShaBgE LSpRAE INER (o Shclptcbdnilio oy AU nifPkel el
with T3 or to be/wcpvrrdmemeu.mmftﬁreﬁﬁhted«br B[ﬁfﬂ?e%té&iogtls aha@fficiéfcylof recovetye
dlfferentla war ds ol .j.godendr es were, initiall ur ed
for 6 aavs & yiahie B LR HiEthr e S ol S Soen Bisnodi it Sutrimey lotha

bFGF (20ng/py l;ennﬂew.ﬁeﬁ hefh Bkr?éreéblprhésog%élﬂhes plEABbRMAt Well§ d@@laferroehya ne

and lanminin in the sane nedi um w t hout growh factors - suppl enent ati on.
The cel0s ifiom Hize bﬂﬂﬂowtmderaamd\heu embe'@nna;aarqp&utla$lm|cﬂ wiee rithesgfere,or
10-12 days._ Snall tJ s decorat ed tdh th ant i 3‘? couI d be .

demonst r at SYGPTESRLNE P”rré‘si"}%u%a’f‘ﬁf/'i%’ GiHIEh oist ietdgignt &’B‘i’WBﬁdb‘;ndP%%‘yt e

progeni t or appldpritRs. Ahy tdR6E wHi¢h IsteffitieRPicst dr?@-p@ééér%ﬁtﬁﬁ bRENDRydFAy

ollgodendrocyte 20 progenitors by incubation the spheres in e presence

?f bPDGF an®ebtsed E@fefahly,svmfmaélonomeamh l%wqﬂdatMﬁgf cmﬁefeaatglwting fpeand
ond 131 ol SNBSS O RICUReHRES MAnbB USSR Sl ibbhnP Ve | 6 46810,

factor$5sgpp9%yﬁmmecMr(Regn}ud§cﬁdr) apggltleevelbpmny, ﬁﬁphﬁ?j%,tlba}usef!réar
propagated in t resence o FG- and EGE 25 we ated on po ysi ne
and fi br onEBXARRESRIYINGUNE HNElfTarBRtiatedcels quﬁé)fﬁfeéé'gbic@ed?“egm:d%%%ﬂ The

cel 1S Wer e phNRlll ¢ e Fade - idh ol DRsenss, erRpIRFean ddbriy, s

weeks. tTation |nto astrocyte 'and oli godendro e ce was further

confirned MetBOdﬂ'\Iae anRNbe¢ e used f@pingopresanting pimitngas.on pol y-D-1 ysi ne and
fibronectin and cultured for 2 weeks in the serumfree nmedi um suppl enent ed

wi th EGF, bFGF and PDGF- AA. The differentiating spheres were then further
cul turgg t whevepKsitidd Bﬁjgenﬁbpﬂélhhﬁ@% @ﬁ@leﬁiI%Tr@@oVér%Gef?@rﬂ &yopréseMion

expression of GFAP was denonstr at ed PCR i ndi cati ng and

confi r mi ngUsihe tbeé@&ma&ﬁl%tateeypmsmqt@oq Figure 25, Figure 34). The
expression of nyelin basic protein (MBP) and the plp gene was used as

mar kers of differentiation into oligodendrocyte cells. The plp gene encodes

t he pr ot eolThpidiffereotiaied @rmmfferemhamdrtaéllswaby mptuéezbds [arsmiuce for Bdation
which are maj or proteins of brain elin. RI-P

o F o ot B o oo SE e PE I Mshi G Bt REBITRG 1 BraB fegtorst o

'ng' I(; ?%% pgdmﬁénﬁﬂtfoh%%flirs &rl fabtord cBnfbliiHg ARBUEASYEReAADNO BF YhéP thdy baur €
used for the generation of antibodies against novel epitopes. The cell lines may
also be used for the development of means to diagnose, prevent or treat

congenital diseases.

30 Much attention recently has been devoted to the potential applications of stem
cells in biology and medicine. The properties of pluripotentiality and immortality
are unique to ES cells and enable investigators to approach many issues in

human biology and medicine for the first time. ES cells potentially can address



10 f) Transplantation of neural spheres. To explore the devel opnent al
potential of the human ES-derived neural progenitors in vivo, and to reveal
whet her the human precursors can respond to pasitional cues, mgrate al ong
established host brain tracts, differentiate into 15 neural cell types
according to a given region's stage of .devel opnent and participate in the
devel opnent and hi st ogenesis of a |ivi ﬁg host, di s-aggregated spheres were
i npl ant ed i{d ghbRSge Q)tfedcﬁior(%%"sﬁ@r@} u‘é@ﬂhrt'rérlnsﬁﬂar%tl&? 96éhd?b§eﬂartlcularly
Transpl ant ati on was formed 9-15 weeks after derivation of e neur al
spheres. Pwheretoota mtmt aulitma systermecaml suppoge growtts afeitle | waowired wi t h

BrdU 20 to _facilitate thei |f|cat|on|n e..ho i Hi st Io cal
and i m’runogﬂmlﬁ"tl t&%ﬂ l?gl g:)?d&elget}qvgl MY, Rtrkegcf? Or%é 6&? g%‘?'f%’?'ﬂﬁﬁ inly
4-6 weeks abliRin medibiid, antaréadBuch BE dnilsyoRigiial eskedrth SSunblichdl ¢epbhiiesd by
their imunoreactivity with anti BrdU anti bodi es (Figure 21 and 36E).

Numer ous  Bidewtificationsolwrevel piemth fastags.cand drugidiseovanyAnthtoxicolegVral s and
successful engraftnment was 25 docunented with donor cells fromthe three
neural progenitor clones. The human identity of _cells that were decorated

with anti Bykile wWae mstehiialmagplivatidasbbk neaksl| stegn dsiiendériasd fom adult or
i munoreactivity with both anti BrdU and anti human specific

ri bonucl eoﬁmﬁ mcagNSo@deegor(q:q@'ab@ygj\erem@ay Renireal aSVa@WSeﬁr@né‘ﬁPéﬁ{t ed |

human cel | ik saNs g,f dRImPEsi % orescent staining with a human
30 specifi ||-mtoc v r| aﬁ anti Igég 37A) . Transpl ant ed newbor ns

that wid e exam ned duri ng the first post nat al week exhi bited clusters of

donor cell the.v icula Fi 36A),. At 4-6 7 eks
ol Pow ng Esppalhiths dsvaclfrain e pafie™BLawh BBU6 ia Smbre cbSuBiear BagFEF o i n
| ar ge nunb%@warddwceaseuraﬁlawp,@ears&@wrﬁcn atr@ al préciR@shakihalonthaareipidya.

The human cells denonstrated a w despread distribution in various regions
of the hosowWprtisisueiansl might gherefaredet moeaisuitable éergraftingur e 22), the entire

| ength of the 5 corpus callosum finbria, internal capsule, as well as into
di encephalic tissue around the 3rd ventricle (Figure 36B) D). Transpl anted

human %1 | Moresvermnitey asedofantieleaptidnsfdrr wnyidie B8boetst frosuirafividoale witeng
the rostral m gratory stream (Figure 23, Figure. 36C) and popul ated the

ol factory BREHiC geartaPregspagtianspist eeﬁalmd'wsfees@fom DS sedd Riguisleand

I |
Pe2et P BRCTEL LI IR RSBl i FP6RE ol Bt biipgidie ool
neur onogenesi s i s known to occur as well. Differentiation in vivo into the

t hree fundgnent a | i neages was denonstr ochem cal

Studt es sl Guite MEENaha el Bes CeeIS Sarara e gk & S S ClbiiB dnay

| abel i7® eyerioneBateS v graakgt préWﬂw' opr dé\/éaﬁn@ﬁlal P@térn%bl Qﬂbh EyRenitegei fic
antibodies. Gial differentiafion of the transpl an | s was abundant in
t he peri vepfodesiipey framdatal oradut 6NSst of white matter tracks where glial
differentiation in the post natal period is predom nant. Double | abeling

i mmunochem cal studies for BrdU and GFAP denonstrated cells that were 20
decor at ed 'fﬁhem&fa hnge Parstiecsf caliclypes within thevadudt GNIS, aendrwhitt it @ncleat that

astrocytes g]ure 29, Figure. 37C. Transpl anted ceI | s that have
differentik e |Sn%”' give Bse 4o WP otjlqsﬁl'"l RoRgEsand isvdek cleaidhat Bevial
anti ByglU g ,r NFE ga mar ker of ol i godendrocyte progenitors) or anti
2',3 -cycl | C nuc eot phosphodi est erase (CNPase), were al so

denonstrated in these areas (Figure 30 25 and Figure. 37D and E). Neuronal

differenti the uman transpl apte ceI S cificall

eronst r at B8 SAVEH A RORBBRYEATREY BbEGns Sl Eakiithe Bht arosest: <
after birtsf nbargemebisPrae sisaebfprovides phportast 60ks SoyRiiscovesp dlai®el ed by
a human 30 specific anti |ight chain neurofilanent antibody in the finbria
(Fi gure. 3factorgrenphgneing Yssum segeneistion of spvelogiesnicelinigsmediates whieh

f or mtdpn i data denonstrated that
neurald(gro@gﬁ{%r@t){%gﬁ%"é\%?e%ggbga%rﬁ%e% hsﬂ%n%n ES 5 cells in vitro could
respond appropriately to normal devel opmental cues in vivo. Follow ng

transpl ant at| on to th cge(rebral ventr | es of newborn mce, the donor cells
m grated i%May§ @thahﬁ@r SAHeRCY ﬂfe fEeiogaus; recpaERRtIPYR BRCRISHB BYFRt ed

wi despr eadhlghélt fHatHJfHa‘P“n n EHIastt daEBtthé?é?G’r%”ih%'f'%é BRIy prRERARHES

human progenitors fol esta rain pat hways as



10 denonstrated by their mgration along the RMS, suggesting their
responsi veness to host's signals. The human ES derived neural progenitors
differentiated in vivo into neurons, astrocyte and oligodendrocyte cells.
Differentiation into neurons was denonstrated only in the olfactory bulb
where host differentiation into this Isgeage occurs in the postnatal
period, whereas differentiation into astroglia and 15 ol i godendroglia was
denonst r at est mﬁoéuyt’gﬁ@ targeftbd Yepetic Medifcatlonedplemirian h@dﬂiﬂt@éﬁ@%utﬁéﬂfor
neurogenesi s has ended. These data denobnstrate that cell fate was

det er ni ned genewatioagplodisepae mpdelﬁann\@tmawchtweam@er@ éhegamahes daitba’ s

par i of pat IENRORGEE isenerARt e ReloR, ot Rural Britniiery iy, BhARENT 0

proliferat nigdifidd émrﬁﬁldgfgmegngeur al progenitors in vitro. Exarrpl e 6:
Cryo-preservation of human ES cells. Attenpts to cryo-preserve human ES

cells H§ u5|ng conventional slow freezing protocols were associated with a

very poor BHEE?H{ ‘H’J nt |Bﬁ"\1vﬂ9n0\§'t§l§‘?nc5~§ fum C@ééélb@&ﬁ\f@‘? rlef‘é‘?gné%‘?g‘tﬁge

bl ast ocyst and aln nbr on proper |es In ¢
post ul at edfdllmaﬂng:raxampﬂear th slmuldbybemndgerﬁooﬂl hodrewir, cthat thef desariptionf or

enbryos ma e beneflc a . e clu of. human ES cell s re
T Lo oy FalPiing Ao lySisative, PrlbAd SBaricss) b6 Tokart Inaliy BRv,Rs AJESIHEER was
recently saﬁwnep@nepanw 8hing .ﬁ@éﬁtrdrﬁausarmédtéb%veryopreservatI on of bovine 30

bl ast ocysts (Vat] a et . 1998). Both cell lines were successfully thawed
and further propagated for prolonged peri ods. The outcone of the
vitrification procedure was further studied on cell |ine HES-1, and

recovery of viable cells with this procedure was found to be highly
efficient. Al clunps (n=25) survived 89 the procedure and attached and
grew after thawing. Vitrification was associated with sone cell death as
evi denced by the reduced size of colonies originating fromvitrified clunps
two days after thawing in conparison to colonies fromnonvitrified.contro
clunps. However, two days in culture were sufficient to overcone 5 this
cell deficit, and 9 days after plating the size of colonies from
frozen-thawed cl unps exceeded that of control colonies at 7 days.
Vitrification did not induce differentiation after thawi ng. Thawed cells
retai ned a normal karyotype and the expression of primate stem cel

mar kers, and fornmed teratomas in SCID mce. 10 Finally it is to be
understood that various other nodifications and/or alterations may be made
wi t hout departing fromthe spirit of the present invention as outlined

her ei n. 90 CLAIMS: 1. An enriched preparation of human undifferentiated
enbryonic stemcells 5 wherein said cells are capable of proliferation in
vitro and differentiation to neural progenitor cells, neuron cells and/or
glial cells. 2. An enriched preparation of human undifferentiated enbryonic
stemcells according to claim1 wherein said cells maintain an

undi fferentiated state when 10 cultured on a fibroblast feeder layer in the
absence of a differentiating signal. 3. An enriched preparation of hunman
undi fferenti ated enbryonic stemcells according to claim1 or 2 wherein
said cells are capable of differentiation into neural progenitor cells. 15
4. An undifferentiated human enbryonic stemcell wherein the cell is
capable of proliferation in vitro and differentiation to neural progenitor
cells, neuron cells and/or glial cells and is inmunoreactive with markers,
for human pluripotent stemcells including SSEA-4, GCTM 2 antigen, and TRA
1-60. 20



5. An undifferentiated human enbryonic stemcell according to claim4
wherein the cell expresses Cct-4. 6. An undifferentiated human enbryonic
stemcell according to claim4 or 5 25 wherein said cell maintains a

di pl oi d karyotype during prolonged cultivation in -_ vivo. 7. An

undi fferenti ated human enbryonic stemgell according to any one of claims 4
to 6 which forns tunors when injected In the testis of inmunodeprived 30
SCI D mice. 91 8. Adifferentiated commtted human progenitor cell |ine
capabl e of differentiation and propagation into mature neurons and/or glial
cells said cell Iine derived from iBRENGES at ed hunan enbryoni c stem
cells. 5 9. Adifferentiated commtted human progenitor cell |ine according
to claim8 capable of establishing a graft in a recipient brain. 10. A
differenti at ed EvanstMell dndriaufmageM.t dstatdishment én acuttared ioh gluripotérstiain 9

capable of differeptiating in vivo [nto qfher _ce [ ges including

neur on anﬁteﬂbcﬁlﬁsi pmipppse fMhnees t“ﬁ&l’"&&ggl 1(‘:534%6 d’;rggﬁgel ected fromthe
group i ncl gdi ngpasf; e ng}?) i Y, : r h& or
cell di ffe?'enti at ecﬁ’%')r\fii fsro rngér)rq gﬁqﬁ%“?@e‘%ﬁﬂeﬂ% Aﬁ}ﬁgﬁ%gﬁgr yoni gést em
cell. 15 leultukedén medipmozpsiitiomeddsy teratocaraiihomatsteroicailsn ProodateiAcashi d
cell is capabl foprol.l i 13. A neural progenitor cell according to
claim1l m%&f‘éf%xségd%%‘f'%sé (i“g%gbl e 20 of differentiating to a mature
neuron cel § or ghifws P! W.lét aP PRYipater?'Ga8Rohal caRlihorfs CbRkd detided! ai M
11 wherein said cell is capable of transdifferentiation into other cell

| i neagt t Bogethe Human deraterarsingma gl dpenfera-2dLak) evest. - 1dui 62
phenot ype { f@)@ di ng hemangi obl ast, 25 haemat opoi etic stem cells,

endot helial " 'stem cells, enbryonic endoderm and ectodermal cells. 15. A
differentiated Petd,aM.pFQoo€ooper, $¢lMilscahy & rRartingtony LHnkl. dsokitishnand to
14 characteri sed by expressed markers including nmarkers of the 30

neur oect odearartarizatiagof adnkltipstent ¢lene Hf prEgeneMdrynal| carcinemascelist anent
pr ot ei ns; m%?%ﬁt‘i’é}%'n @thfogggii(%gncl udi ng MAP2ab; gl utamate; synaptophysin;
Cl

glutamc a ecar boxyl ase; , serotonin, tyrosine hydroxyl ase;
~3-tubl i nd. ( 3- Thomisbn, | J.A. €ABA As@latiex ajtaiprimgte a@mbiyonid steny catiliec

Pty D Motk koo 8 Vb iRy - Phosprod esterase
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16. A neural progenitor cell according to claim15 which expresses markers
of 5 neuroectoderm and neural progenitor cells selected fromthe group

i ncl udi ng pol ysialylated NNCAM N CAM A2B5, nestin) vinmentin and the
transcriptional factor Pax-6, and do not express Oct-4. 17. A neural
progenitor cell according to claim 16 erein said cell is capable 10 of
establishing a graft in a recipient brain. 18. A neural progenitor cell

according 42 clEbﬁ%liwmﬁ@mn‘gabdacebhwm@ohrvfmmﬁamﬂamraﬁaﬁlnaeésv.ah@t0 a
reci pient brain 19. A neural progenitor cell according to clains 17 or

18 wher ei ntofali eeliceymbes i spauertiadfculibtg meadia) withoard Mathoup careuityae.ndeys.  20.

A neural p r |- 42 ing to any one of clains 17 to 19 wherein
said cell ?gggdg tgg'l’ gggffsv?n gﬁ% fead distribution in host brain. 20 21. A

neural prog@ni tléongeﬂ Yacebrali nOngoingnypregnandy cafemstrdnsfeo 80 xdrar-kea said

cell is responsive to host en ironmental sjgnals. 22. A neur rogenitor
cel | atﬁ:or@?ﬁ@cygscl"ap aZ'P'\ﬁh SMbLg; Haﬁgﬁg iR dheyuraan nbg:. ggefgﬁ’ dr ddponse

to local hgst sg P gg-m’rent al signals. 23. A neural progenitor cell according
to any one of clains 17 to 22 wherein said cell is capable of
di fferenti #4.i onSblberquganq Kiowlear &. Ihimesosegesl of nealisker blastdaystr Broe.

i ncl udi ng o] ocyte in a recipient brain. 30
24. An enrﬂ@ﬂe’g ?ﬁe%%\ lgtng‘ngéf&%ééjﬁgﬁgﬁ ‘%é)nl tor cells including an

enri chment 19f Cﬁbfté @%&WP”KUMyQH%é MBAH P 9h8dbskh HOGHSve T, Q)?all3§en An
enriched preparation of neura fogenitor cells according to claim 24

wher eif® salld Qpen pulied sb'apam)Bngwtpfl@atmge@ nevd iweyetae nedunee aryeinjuii¢s ot i on

o X020k el e IO S DB BEBI g e

differentisgis8n i nto neurons, mature neurons and glial cells. 27. An
enri ched preparation of neural progenitor_cells accorlen%tto claim24 10

wher ei n sa?@ ceYaida & depdp M) KuwryamaaM Giaved. £ajesen Qr'ﬂee%ﬂﬁiicéh@n brain
in the absgn {> é’cﬁﬁﬁleﬂ? ﬁe'(o‘?%)'ﬁ g%gg{)ﬁﬂﬁéﬁtoho%r?f) - &fheS 399’809@“' tor

cells accordlng rern-"sal S may be recovere
cryopriéser32Q-868. 15 29. A nethod of preparing undlfferentl at ed human

ot hod i ncl i rHSaUDeE i g Sarb A ROPPSPRY & 11 ShHoHUREIORABHY GéngaR¥ ow ng
t he enbr y%§wn,ﬁeh>,%mﬁ{a|§t@gﬁggf 1g§\2@bqﬁggg} 20 renoving inner cells
mass (ICM cells fromthe enbryo
Li, M., Pevny, L., Lovell-Badge, R., and Smith, A. Generation of purified
neural precursors from embryonic stem cells by lineage selection. Curr. Biol. 8,
20 971-974 (1998).
19.  Svensden, CN and Smith AG New prospects for human stem-cell therapy
in the nervous system. Trends in Neurosci 22: 357, 1999.
20. Kleinsmith LJ and Pierce GB. Multipotentiality of single embryonal
carcinoma cells. Cancer Res. 1964; 24: 797-842.
25 21. Stevens (1983)
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culturing ICMcells under conditions which do not induce extraenbryonic
differentiation and cell death, and pronote proliferation of

undi fferentiated stemcells; and recovering the stemcells, 25 30. A nethod
according to claim?29 including culturing the ICMcells on a fibrobl ast
feeder layer to pronote proliferation g& enbryonic stemcells prior to
recovering the stemcells fromthe feeder |layer. 30 31. A nethod according
to clai m 3@5wheTaompsendS| SterabiPbs Véebty M,sef alct €lohed humar teratoma wetis
fibroblasts or a conbination of human and nmouse fi brob] asts.. 94 32. A

met hod accéift@rerfiate inteeuranrlise celis apddher ¢elktypes intioic agddel Cethypst
conpri ses qgg?ygfnig fg4qorobl asts. 33. A method according to claim31 or 32
wher ei n sai 1 bro Yast’s are derived 5 frominbred 1291Sv or CBA mce or

m ce from 26¢r ogan @EijkLRRITSwaw Rboijery M6 Madirea Bs.Scwsi LA FotkdredGaganrhing t o

donsi ty5 of Highr Bavera: M. TNe0SRL B ANEAYSOUD) RUCETLG o8 | BN Bz or
75,000 10 30,00 MYSMGREyPBL, Cafd BandBifTIL NILIBAAST Hiditngo qamerigne of

clainms 30 to 34 wherein the fibroblast fee ayer Is esta to 48
hours pri omappirgidand odee¢lopBenmtall Epeesdien 06 Boving RQWSIHT .adBiologyn®ft o

any one of _cl ai 30 354\ i he fibroblast feeder cells are arrested
in their gP&R[‘PfﬂF%'?F‘ @ﬁegﬂ\ggsé\@égpél ng to claim36 wherein the fibrobl ast
feeder cel by ar RuRek&s NG, Drywel G aSuw O tet et falipdtentristamytodgeritor 20
38. A nethod according to any one of clains 29 to 37 further including:

repl at1hg eels witbnsigwpr prepesties rasisei fipmbives nepraasic regiers ehtasiunman
fi brobl ast ; ' t cells for a period
sufficient bf%ﬁ'gf’?%ﬁﬁgﬁ%ﬁ?ﬁ@g@? 3%9%3152%%%F%%I ogically ungi fferentiated

stem cel | s2839. UshidanN Buek DWW decD, Reitemaehid] Masek Mf PhandlV, Tsukpaiotd by a
met hod according to any one of clains 29 to 38. 30 40. A nethod of inducing
somati c di ABereage H, Meissmareth- déired isalatipp rad human sesljahnerypus @ysterai d

- method COMpLSI0R Proc Natl Acad Sci U'S A 2000, 97:14720-5.

15 29. Clarke DL, Johansson CB, Wilbertz J, Veress B, Nilsson E, Karlstrom H,
Lendahl U, Frisen J. Generalized potential of adult neural stem cells. Science
2000, 288: 1660-3.

30. Bjornson CR, Rietze RL, Reynolds BA, Magli MC, Vescovi AL. Turning
brain into blood: a hematopoietic fate adopted by adult neural stem cells in vivo.

20  Science 1999, 283: 534-7.

31.  Vescovi, A.L. et al. Isolation and cloning of multipotential stem cells from
the embryonic human CNS and establishment of transplantable human neural
stem cell lines by epigenetic stimulation. Exp. Neurol. 156, 71-83 (1999).

32. Neelands, T.R. et al. GABAj receptor pharmacology and subtype

25 expression in human neuronal NT2-N cells. J. Neurosci. 18, 4993-5007 (1998).
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34. Neelands, T.R et al GABAa receptor pharmacology and subtype
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30 35. Reubinoff BE, Pera MF, Fong CY, Trounson A and Bongso A. Embryonic

stem cells. PCT/AU99/00990, US Application No 09/436164.



obt ai ning undifferentiated enbryonic stemcells; and 95 providing a
differentiating signal under conditions which are non perm ssive for stem

cell renewal, do not kill cells and/or induces unidirectional
differentiation toward extraenbryonic |ineages. 5 41. A nethod according to
claim40 wherein said undifferentiatedggnbryonic stemcell is according to

any one of clains 4 to 7 or 39. 42. A nethod according to claim40 or 41
wherein the conditions for | EXPERIMENTAL PROTIOGOEStI ati on of stemcells
are selected fromany one of the follow ng 10 including: culturing the
undi f f er enfli at efPestvationeand W@PaﬁﬁﬁPBtﬂj&é]ﬁSHﬁods and at high density on a
fibroblast feed t\0ad i Nt i.afd-Q0; ' t

undi fferenti at eg%gﬁ §%ﬂhcéﬁ¥)§é? n‘ﬂ?leep&%ﬁgrrege%ngﬁ:éayagmcg gtr is%d% ;{Egy% eﬁ%r

undi f f er eninsahsidatidremin esécquentiah mMediberaotbrdihg oio andtenidagd 1¢o-Eulkurebfreet

enbr yort o AIAtPERHN Poh. 40 BRGSidh: ICOBGRRANN A WUER RIEGRIBMAT 4S: n -
monol ayer GhqqBet B AHEBAR SeHBERFANSIAE b S whHBHE Kbl Rure.

m m cing the postinplantati on phase of human devel opnent; o turing
in the preskmteReprad.chéifirdaa814199%)).c Afteatdoma pelucida stigestiord biyr pronake

group incluging b nor ni c tein-2 or antagoni sts thereof._ 43.. A
di fferenti a?'@ r%GjTﬂW%mgﬁn%rcgggregdﬁbyqqg@'%?ﬂ%ﬂ:ﬂ%&o?@?rnga[‘%feérﬂt one
of clai ms 48n4fred2bladtodits: AntblichB6RO bR IAbIOOBERSTEP! inCHd HgesH. dHOm.t O
claim43 selected fromthe group I ncl udi ng a neural progenitor cell,

[

mesodet@ral Rep6edn2.0957¢860 (188TAIGY wermm@laied oy immenaswigene($eltasiD.,
endot hel | abpéé}%ﬁb&%‘s'hﬁ. lﬁﬂﬂﬁﬁﬁédggggf‘gf' r@&@&e"%ﬁéﬁ&@jﬁ&ﬁ&. }ﬁét’f.- A§9d.4§gi.A

differentia progénitor ce o clarm I'cCh TS a "neur
progeni tor Lc8IA. 7apasdgo-6102i {famsgntusihg ngnii-humam rsguiomn argibbdan@igmad
glial cell, 96 46. A nmethod of inducing somatic cells from enbryonic stem

cel | derivédlowsdat by Sxagawier olcs, g4iea ndfhdePrepiepiand; dbife opkashnplegies,
f . e : > o )
o R e T

pr ogeni t or S on”'an hesive su 571 the ce
di f f ereht i ataetivatedomduse emhbryonicddébrohlasti feeder Vdyer h(75000r callsiarh2)c in

differentiatjon. 47. A method i | ai m 46 wher ei i i
Stem col | BEPRDE G PR cublE fsheoThe G Ficaiim ConmsRR cMEN o
serum f r ee(@Reba wahBuL QoalAtdyrivine ObRricesd MLy aeholeaihnRitio; e by

wi t hdr awal of the_ grom h factors. 48. nmet hod according to claim
wher ei n t hietahbevioai serume thiyaone, deogars dUiahy g Brinldr betarmercapsoetbanoladfor di ng

Loy nengh  ShabBy inbR, S5t Sa e, AWERVBES, SREH HOMaME, 34 SOl e
substrzg e seestohddint (Idfe Fethindogies).neD@irl the isolation and early stages of ES
cell cultivation, the medium was supplemented with human recombinant
leukemia inhibitory factor hLIF at 2000u/ml (Amrad, Melbourne, Australia). 6-8
days after initial plating, ICM like clumps were removed mechanically by a
micropipette from differentiated cell outgrowths and replated on fresh feeder
25 [layer. The resulting colonies were further propagated in clumps of about 100
stem cell like cells, on mouse feeder layer, about every 7 days. The clumps were
either dissociated mechanically, or with a combined approach of mechanical

slicing followed by exposure to dispase (10mg/ml, Life Technologies).

30 (a) Embryo culture
Following insemination, embryos were cultured in droplets under pre-equilibrated

sterile mineral oil in IVF-50 medium (Scandinavian 2 medium) for 2 days.



| am nin or poly-D-lysine and fibronectin. 20 50. A nethod according to
claim49 wherein the progenitor cells are cultured on poly-DIysine and
lam nin. 51. A nethod according to claimb50 wherein the cells are further
cultured in the presence of retinoic acid. 25 52. A nethod according to any
one of clainms 49 to 51 wherein said soggtic cells induced are neurons

i ncludi ng mature neurons. 53. A mature neuron cell prepared by the nethod
accor di ng wombtarem SofF-80 arfthBeandinagsiad Dyneziyrne@Standinalvidrng médikiig
neurofi | anent protein) MAP2ab, gl utamate, synaptophysin, glutamc acid
decar boxy| ¥&s yseap th 1 d@Yr osi ne hydr oxyl ase and serotonin. 97 54. A
nmet hod according to claim49 wherein the progenitor cells are cultured on
poly-D-lysine and fibronectin. 55. A method according to claimb54 wherein

t he progeniFrom tbelfoth dag of elittunee dnly Bedratimaaanl 2ahediunpivasi usgddo grow the
poly-D-lysipe and fibronectin in serumfree nediumin the presence of

PDGF- AAéanﬁpeﬁy@‘? sigge g\mﬁ@(%nl@ tﬂﬁ%tBF Tﬁg to claimb55 wherein the progenitor
cells are cultured after plating in the presence of PDG--AA, basic FG- and
EGF . 10 57. A nethod according to any one of clains 54 to 56 further

i ncl udi ng €l t uZiong petiucidardigestion: ogeni tor cells after plating in the
presence ot, T3. - t hod accordi t one of cl g 54 tp 57
wherein sa neoméﬁi%fa@%@éﬁ?g W?ﬁj&@@fgﬂﬂ?g %Ir%gl e)&qr]dgdi ﬁ!@‘lsn&ﬁyﬁb sg?sqer 8Byt e
and ol i godgagdiocyte cells. 59. An ol igodendrocyte cell prepared by the

met hod according to claim58 and characterized by RNA transcription of MBP,
pl p, di®20 and i munostaining for 04 and NG 2. 20 60. A method of producing
an enr i chegyar RALAN AR fon HERAE P HFTsKeARY" Ac REGIANHOA! i PBSS angal d
met hod conprisifag: obtaining an undi fTerentiated human enbryoni c stem cel |
accor di ng SeanlmianiadR niddiumddci)ng somatic differentiation of the enbryonic
stemcell to a neural progenitor cell by a nethod according to any one of
claims 40 to 42; identifying a neural progenitor cell by expressed markers
of primti n : ural S na i I SR rikers
are sel ectgﬁef rgg{r% que?%trﬁgepﬂ% Ed.rrﬁé’ r%rﬁ) ysigg d;&%tn egﬂl\kw\hcﬁﬁ/l%&cﬁk/lghégéé

i nt er ntali aSeaB0inAviaan2nmegdium eantds incublatet] dgr 38smimutead Hviheezoha wasl ndte
D el s et & Ay WD RS 1R tba R BASHALLoi for ' ©

15 seconds.

(c) Human stem cell culture.

20 Human stem cells were grown on MMC treated fibroblasts’ feeder layer.
Fibroblasts were plated on gelatine treated dishes. A combination of human and
mouse derived fibroblasts were used at a density of approximately 25,000 and
70,000 cells per cm? respectively. The fibroblasts were plated up to 48 hours
before culture of the stem cells. Mouse fibroblasts only could also support the

25 growth of the stem cells. However, while human fibroblasts could also support
stem cells, they created an uneven and unstable feeder layer. Therefore, the
human fibroblasts were combined with the mouse fibroblasts to augment and

achieve better support of growth and prevention of differentiation.

30 The medium that was used for the growth of human stem was DMEM (GIBCO,
without sodium pyruvate, with glucose 4500mg/L) supplemented with 20% FBS
(Hyclone, Utah) (-mercaptoethanol - 0.1mM (GIBCO), Non Essential Amino
Acids - NEAA 1% (GIBCO), glutamine 2mM.(GIBCO), penicillin 50u/ml, and



98 61. A nethod according to claim®60 wherein the neural progenitor cells
are cultured as spheres or nonol ayers in serumfree medi um conprising
DVEM F12 suppl enented with B27 and growth factors. 5 62. A nethod according
to claim®6l wherein the gromh factors include EGF and bFG-. 63. A nethod
according to any one of clains 60 to 6 1inc| uding further 10 culturing to
elimnate non-neural cells, in particular extranbryonic endodermal cells,
said cul thsitr@m Rl 5@(}@%!‘ YGIBED)sAtetHd Vistialuidolationd of theesiem fdefie edi a
i ncl udi ng DVEM F12 supplenented with B27 and growth factors. 64. A nethod
accordi ng teedival was Summenaentedny hith BP0l itrwag laten showasthahblF was
transfer of L‘Iﬂ% ntiated ES cell clunps into serumfree nedi um

conpri sed gp suppl emented with B27, bFG- and EGF and cultivation
of the resulting neural progenitors as spheres or nonol ayers. 65. A nethod
of transplanting ES derived neural progenitor cells in a host, 20 said

met hod eonpid) si AEMBREaMicall PEORRAAOD of neural progenitor cells prepared

by a et N gRGA b Rfing A ¥oil REMGABIcRBA4hd Rad Zultiidd 1 6y iEAY

pr ogeni t or presence serumftree nmedium supplrerre h B27
and gr ow h stagd, @ colomg Whithigcludel aaoldnig-cFsteancelBon tgpeot diffgrantiatetece|is!

rogenitor cel|s in t nervous Ssyst of .the host. 66. A t hod .
Pcardi ng. €5velonerh EBeviHbH Sk hesEaletrd gdgemove aestanical BhAdecers i nt o
the later a'gi;?éifeeb\fitﬁ' theeBid of | ity ldéggll feOPBSS Hiddiifn t%orét?ucet“ﬁgiﬁtté%lpf

produci ng stable graft of neura s and contributing in

hi st ogdfesiattachments.vi ng host said nethod conprising: transplanting ES
derived neural progenitor cells into a living host by a nethod according to
claim65 or 66. 99 68. A nethod of nodifying a nervous system of a host,

sai d nmet hod'heoigblated BRINY Vasnlephited DrEfFesie hurtah/meusalfibPssigsniebaer Rget.s by
a nethod according to clains 65 or 66. 5 69. A nethod according to claim68

\C/im]?_re! n saif@llawing ¥ meeks Fﬁ@uﬁufeuoasccyg)sy enith ypigabsnampolngy 8f prispataci ng
eficient nawiah Gbndbdid deﬁ@l%%‘?ﬁ;f{gea&eﬂpéeué Rt Qrﬂgergg%% 4184 i pet | ons

or activating'regenerative a proceésses In S systemto
regened it e of ¢divb mpethddat ihoth Wethods Aelie twisidh aappeatiéd mondiffdrantatéd werer ei n

t he neur al r ogeni r cells conpri neticall nodi fi ed neur al rogenitor
cells. - p?opa?gate ?n clumps of abrg?;t 1?)8 cge(l:’\ls every 5—7ydays. prog

In the first method, Ca?+/Mg?+ free PBS medium was used to reduce cell to cell
attachments. Following about 15-20 minutes, cells gradually start to dissociate
20 and the desired size clumps can be isolated. When cell dissociation is partial,
mechanical dissociation using the sharp edge of the pipette assisted with cutting

and the isolation of the clumps.

An alternative approach was performed by the combined use of mechanical
25 cutting of the colonies followed by isolation of the subcolonies by dispase.
Cutting of the colonies was performed in PBS containing Ca and Mg. The sharp
edge of micropipette was used to cut the colonies to clumps of about 100 cells.
The pipette was also used to scrape and remove differentiated areas of the
colonies. The PBS was then changed to regular prequilibrated human stem cells
30 medium containing dispase (Gibco) 10mg/ml and incubated for 5-10 minutes (at
37(C, 5% CO2). As soon as the clumps were detached they were picked up by
wide bore micro-pipette, washed in PBS containing Ca and Mg and transferred

to a fresh feeder layer.



71. A nmethod according to claim 70 wherein the genetically nodified neural
15 progenitor cells express specific desired genes at the target organ. 72.
A nmethod for treating a pathol ogical condition of the nervous system
conprising nodifying a nervous system of a patient according to any one of
claims 68 to 71. 20 73. A nethod accorgpng to claim 72 wherein the

pat hol ogi cal condition is selected fromthe group including

neur odegenerati ve di sorders, nental disorders, vascul ar conditions)

aut oi mmune di sor ders ongepi tal disorders, and trauma.
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4. In-vitro differentiation.

30
Colonies were cultured on mitotically inactivated mouse embryonic fibroblasts to
confluency (about 3 weeks) and further on up to 7 weeks after passage. The

medium was replaced every day. Alphafetoprotein and beta human chorionic
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levels were determined by a specific immunoenzymometric assays
5 (Eurogenetics, Tessenderllo, Belgium) and a fluorometric enzyme immunoassay
(Dade, Miami, FL) respectively. These compounds were not detected in control

medium conditioned only by feeder layer.

Differentiated cultures were fixed 6-7 weeks after passage (26 — HES-1 and 9 -
10 HES-2) for immunofluorescence detection of lineage specific markers. After
fixation with 100% ethanol, specific monoclonal antibodies were used to detect
the 68 kDa neurofilament protein (Amersham, Amersham U.K), and neural cell
adhesion molecule (Dako). Muscle specific actin and desmin were also detected
by monoclonal antibodies (Dako) after fixation with methanol/acetone (1:1).

15  Antibody localisation was performed as described above.

5. Teratoma formation in Severe Combined Immunodeficient (SCID)

mice.

20 Atthe time of routine passage, clumps of about 200 cells with an undifferentiated
morphology were harvested as described above, and injected into the testis of 4-
8 week old SCID mice (CB17 strain from the Walter and Eliza Hall Institute,
Melbourne, Australia, 10-15 clumps/testis). 6-7 weeks later, the resulting
tumours were fixed in neutral buffered formalin 10%, embedded in paraffin and

25 examined histologically after hematoxylin and eosin staining.
6. Derivation and culture of neural progenitors.

Two approaches were developed for the derivation of neural precursors from
30 human ES cells:

(a) Derivation of neural precursors from differentiating ES cells:

Colonies of undifferentiated ES cells were continuously cultured on mouse

embryonic fibroblasts for 2-3 weeks. The medium was changed every day.



10] | ! p-' $10% | & ()- % !e! "##}[9+@

10} Uy U p/ &$10% U} U&' () - 9! ~/ &$10%JU&' ()-9, ) $10% U&' ()-'y, ) $10%U& () - &$10%
U& ()-!&$100JUS () - ####2$$% YgH@ 10} U} U p/ &$1

10%9& ()-910%& ()-!10%& ()-Y!'10%& () - @0%& ()- 10jUtU 10Ut U

%WE&& ' ' 9( aBH@ 6

10} U U p9! ! 10%g&' () -! (10%s& () - @0%g&' ?) -$10%&' () - @10%g& ()-s! 10%g& ()-9
(((& f** +dBtapting from the second week of culture and more commonly at the third week,

Jlrgi’l)J} e 10(@% bg Fp}ggﬁ (féare Itl 10{% églls cou Sgntlfle 4ﬂe cgoméslg(yﬁ\& (-

10g! : 1 10%

1001 | 10%8{ndde okt fbrok BonP O i adstoren microscony These areas fended

2#10%& () - Nb YEt00wRve) defreiedteeas ﬂ)e\mmmgeg of cmmrecmd ad BRgpiteR@I{orm f , $1
0 ' I 0 0 0,

) B 1 Ut ot o A P

3q444e5562a e Qi) 'd@?ﬁé}%tlon &f (thesd %@%—Q%id] b& énhatca’tt %ﬂ@ 'tﬁe first

109% & () - 10% & g Z&1 1098 & () - 66" 778488} A<g\ =0} U U | y* $10945" ()~

10% & () - ‘cyjtuz, tthemm regtaning” medipR Was! splaced &mb) sm@mu v:

VK@

Toni ool 103A%g?'ym ThatoBas sypplermenissh with) epideqmalsopawins asiarg2pse/m). (EGF.
; L<<<z[ OVK@ibkb})dndtid¥ie BBEiﬁ;lés)t groﬁi&@?ﬁctéb 20nhd/nB Y BFEBeBRbEY) and consisted

| #1098B&’ () - F! #10%BB& &% "===( >>0/7 X6VK@] U U Ds$$1092>&/ S) & D
- 5$$1008# >0 DVEM/ESZ 1 m @;anw urg, oVBs: Br/ supplemggiation- (1:50, Gibco

Il $10W&H+Fg"?ht§a}mne 2mM (Gibco), penicillin 50u/mi and streptomycin 50ug/mi (Gibco).
Clumps of about 150 small tightly packed cells were dissected mechanically by a
micropipette from these areas and were transferred to plastic tissue culture

* dishes containing fresh serum free medium (as detailed above), supplemented
15 with EGF(20ng/ml), and basic FGF(20ng/ml). The medium was supplemented
with heparin S5ug/ml (Sigma St. Louis, MO) in some of the experiments. The
clusters of cells turned into round spheres that were comprised of small tight
cells within 24 hours after transfer. The spheres were sub-cultured about every
7-21 days. .The timing of subculture was determined according to the size of the
20 spheres. The diameter of spheres at the time of sub-culture was usually above
0.5mm. Each sphere was dissected according to its size to 4 parts by two
surgical blades (size 20, Swann-Morton, Sheffield, UK) to produce clumps with a
maximal diameter between 0.3-0.5mm. 50% of the medium was changed about
every 3 days.
25
(b)  Derivation of neural precursors from undifferentiated ES cells:
Colonies of undifferentiated ES cells were propagated on mouse embryonic
fibroblasts as described above. Undifferentiated ES cells were passaged in
clumps of about 150-200 cells every 7 days. At the time of routine passage,
30 clumps of about 200 ES cells were transferred to plastic tissue culture dishes
containing the same serum free medium that was described in item 1 above. The

clusters of cells turned into round spheres within 24 hours after transfer. The
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the medium was changed about every 3 days.

(c) Characterization of the growth and the number of cells in the spheres.

5 Growth of the progenitors was roughly evaluated by the increase in the number
of spheres at each passage. The growth was also monitored by serial
measurements of the volume of 24 spheres. Individual spheres were plated in
twenty four well dishes (a sphere per well) and their diameter was evaluated
every 7 days starting from the first passage (one week after derivation). The

10  volume was calculated by using the volume equation of a ball. The spheres were
passaged every 7-21 days when the diameter of at least six spheres exceeded
0.5 mm. At each passage, six spheres (diameter> 0.5mm) were sectioned into
quarters that were plated individually in a 24 well tissue culture dish. When the
méasurements occurred 7 days after passage, the sum of volumes of the

15  daughter spheres was compared to the sum of volumes of the mother spheres.

The number of cells per sphere and its correlation with the diameter of the
spheres was evaluated in a sample of spheres with various sizes. Each sphere
was mechanically disaggregated into single cells or by enzymatic (papain,
20  Wortinington Biochemical Co, NJ) digestion that was foliowed by tituration. The
cells were than spun down re-suspended in serum free medium and counted.

The cells were also stained with trypan blue to determine the rate of viable cells.

(d) Cryopreservation of spheres.

25 Spheres of precursors were transferred into a 1.2ml cryo-vial (Nalge Nunc
Naperwville_ IL) containing 0.5-1ml of pre-cooled (4°C) freezing medium (90%
serum free medium (as above) and 10% DMSO (Sigma)). The vials were slowly
cooled (~1°C / min) in a freezing container (Nalgene, Nalge Nunc Naperwville, IL)
to -80°C and then plunged into and stored in liquid nitrogen. The vials were

30 rapidly thawed in a water bath at 37°C. The freezing medium was gradually
diluted with 10ml serum free culture medium and the spheres were transferred to

fresh serum free medium.
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5 minutes at room temperature was used unless otherwise specified. It was
followed by blocking and permeabilization with 0.2% Triton X (Sigma) and 5%
heat inactivated goat serum (Dako) in PBS for one hour. Samples were
incubated with the primary antibodies at room temperature for 30 minutes,
washed, incubated with the secondary antibodies for the same time, counter-
10 stained and mounted with Vectashield mounting solution with DAPI (Vector
Laboratories, Burlingame, CA). Primary antibodies localisation was performed by
using swine anti-rabbit and goat anti-mouse immunoglobulins conjugated to
fluorescein isothiocyanate (Dako; 1:20), and goat anti mouse IgM conjugated to
Texas Red (Jackson Lab. West Grove, PA: 1:50). Proper controls for primary
15 and secondary antibodies revealed neither non-specific staining nor antibody

cross reactivity.

The spheres were plated on coverslips coated with poly-D-lysine (30-70 kDa,
Sigma) and laminin (Sigma), fixed after 4 hours and examined by indirect

20 immunofluorescence analysis for the expression of N-CAM (acetone fixation
without permeabilization, mouse monoclonal antibody UJ13a from
Dako,Carpinteria, CA; 1:10 and anti polysialylated N-CAM, clone MenB, kind gift
of G. Rougon; 1:50)), A2B5 (4% paraformaldehyde fixation, mouse monoclonal
antibody clone 105 from ATCC, 1:20), nestin (4% paraformaldehyde fixation,

25 rabbit antiserum a kind gift of Dr. Ron McKay; 1:25) and vimentin (methanol
fixation without permeabilization , mouse monoclonal antibody Vim3B4 from
Roche Diagnostics Australia, Castle Hill, NSW; 1:20).

To evaluate the proportion of cells that expressed N-CAM, A2B5, nestin and
30 vimentin, spheres that were cultivated 6 -18 weeks were dissaggregated into
single cells either by mechanical tituration in PBS without calcium and
magnesium or by enzymatic (papain, Wortinington Biochemical Co, NJ)

digestion that was followed by tituration. The cells were than plated on coverslips
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each marker. Three progenitor cell lines derived from differentiating colonies and

two lines that were derived directly from undifferentiated cells were evaluated.

To examine the expression of endodermal markers, spheres were plated on
10  coverslips coated with poly-D-lysine and fibronectin (Sigma, 5mcg/mk), cultured
4 weeks in the absence of growth factors and examined by indirect
immunofluorescence analysis for the expression of low molecular weight (LMW)
cytokeratin (4% paraformaldehyde fixation, mouse monoclonal antibody from
Beckton Dickinson, San Jose, CA) and laminin (4% paraformaldehyde fixation,

15  mouse monocional antibody, 1:500 dilution, from Sigma).

(b) RT-PCR

Rt PCR was used to study the expression of nestin, the transcription factor PAX-

6, oct4, CD-34, FLK-1, AC-133, ultra high sulfur keratin, amylase, a1 anti trypsin,
20 transferrin HNF-3a, and alfafetoprotein (AFP), in the spheres.

Expression of the endodermal markers HNF-3a, AFP and transferin was also
studied in differentiated spheres that were plated on poly-D-lysine (30-70 kDa)
and Fibronectin (Sigma, 5mcg/mk) or laminin (Sigma), cultured in the same
25 serum free medium supplemented with growth factors for two weeks and then
further cultured twc weeks without growth factors supplementation. —

The mRNA was isolated on magnetic beads (Dynal AS, Oslo) following cell lysis
according to the manufacturer’s instructions, and solid-phase first strand cDNA

30 synthesis was performed using Superscript Il reverse transcriptase (Gibco,
Gaithersburg, MD).
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cDNA synthe5|s was performed using

System (Gibco, Gaithersburg, MD) according to the manufacturers’ instructions.

The PCR reaction was carried out according to van Eijk et al. (1999), using the

solid phase cDNA as template and Taq polymerase (Pharmacia Biotech, Hong

Kong). Alternatively, the PCR reaction mixture contained 1x PCR buffer, each
primer at 0.2uM, 0.2uM dNTPs, 1u Taq DNA Polymerase (Gibco) or 1u Tf1 DNA

Polymerase (Promega, Madison, Wi) and 1.5 uM Mg*? in a final volume of 25pi.

As a control for mRNA quality, beta-actin transcripts were assayed using the

same RT-PCR. PCR primers were synthesized by Besatec or Pacific Oligos

(Adelaide, Australia). The following primers were used:

Gene Primers Product
size

PAX-6 Forward: | 5’AACAGACACAGCCCTCACAAACATZ’ 274 bp
Reverse: | 5CGGGAACTTGAACTGGAACTGACY

Nestin Forward: | 5CAGCTGGCGCACCTCAAGATGY 208 bp
Reverse: | 5AGGGAAGTTGGGCTCAGGACTGG3I'

Oct-4 Forward: | 5-CGTTCTCTTTGGAAAGGTGTTC 320 bp
Reverse: | 3'-ACACTCGGACCACGTCTTTC _

beta- Forward: | 5-CGCACCACTGGCATTGTCAT-3’ 200 bp

actin Reverse: | 5-TTCTCCTTGATGTCACGCAC-3

beta- Forward: | 5-TCACCACCACGGCCGAGCG-3’ 291bp

actin Reverse: | 5-TCTCCTTCTGCATCCTGTCG-3

CD-34 Forward: | 5-TGAAGCCTAGCCTGTCACCT-3’ 200 bp
Reverse: | 5-CGCACAGCTGGAGGTCTTAT-3’

FLK-1 Forward: | 5-GGTATTGGCAGTTGGAGGAA-3’ 199 bp
Reverse: | 5-ACATTTGCCGCTTGGATAAC-3’

AC-133 | Forward: | 5-CAGTCTGACCAGCGTGAAAA-3’ 200bp
Reverse: | 5-GGCCATCCAAATCTGTCCTA-3
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Hnf-3a Forward: | 5-GAGTTTACAGGCTTGTGGCA-3’ 390 bp
Reverse: | 5-GAGGGCAATTCCTGAGGATT-3’
AFP Forward: | 5'-CCATGTACATGAGCACTGTTG-3 340 bp
Reverse: | 5'-CTCCAATAACTCCTGCTATCC-3'
transferin | Forward: | 5-CTGACCTCACCTGGGACAAT-3’ 367 bp
Reverse: | 5-CCATCAAGGCACAGCAACTC-3’
Amylase | Forward: | 5-GCTGGGCTCAGTATTCCCCAAATAC-3' | 490bp
Reverse: | 5-GACGACAATCTCTGACCTGAGTAGC-3’
atl anti | Forward: | 5-AGACCCTTTGAAGTCAAGGACACCG-3' | 360bp
trypsin Reverse: | 5-CCATTGCTGAAGACCTTAGTGATGC-3’
Keratin Forward: | 5~ AGGAAATCATCTCAGGAGGAAGGGC-3’ | 780bp
Reverse: | 5-AAAGCACAGATCTTCGGGAGCTACC-3'

Amplification conditions were as follows: 94°C for 4 min followed by 40 cycles of
94°C for 15sec, 55°C for 30 sec, 72°C for 45 sec and extension at 72°C for 7

min.

Products were analysed on a 1.5% or a 2% agarose gel and visualised by

ethidium bromide staining.

(c) Neuronal differentiation studies
10 In general, differentiation was induced by plating the spheres on an appropriate
substrate (poly-D-lysine, 30-70 kDa, and laminin, Sigma) combined with the

removal of growth factors.

Two protocols were most commonly used: In the first one, differentiation was
15 induced by plating the spheres on coverslips coated with poly-D-lysine and
laminin in the same serum free medium detailed above without growth factors
supplementation. The cells in the spheres were allowed to spread and
differentiate for 2-3 weeks and the medium was changed every 3-5 days. In
some of the experiments, starting from the sixth day after plating, the medium

20 was supplemented with all trans retinoic acid (Sigma, 10-6M).
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in the second protocol, the spheres were plated on coverslips coated with poly-
D-lysine and laminin in serum free growth medium supplemented with growth
factors. After 5-6 days the supplementation of growth factors was withdrawn and
all trans retinoic acid (Sigma, 10-6M) was added to the medium. The cells were

5 further cultured for 1-2 weeks. The medium was changed every 5 days.

(d)  Characterization of differentiated neuronal cells
Differentiated cells growing out from the spheres were analysed 2-3 weeks
after plating by indirect immunofluorescence for the expression of the following
10  markers: 200 kDa neurofilament protein (4% paraformaldehyde fixation, mouse
monoclonal antibody RT97 from Novocastra, Newcastle, UK), 160 kDa
neurofilament protein (methanol fixation without permeabilization, mouse
monoclonal NN18 from Chemicon, Temecula, CA; 1:50 ) 68kDa neurofilament
protein (100% ethanol, Amersham, Amersham UK ), 70kDa neurofilament
15 protein (Chemicon; 1:100), MAP2 a,b (4%paraformaldehyde fixation, mouse
monoclonal AP20 from Neomarkers, Union City CA; 1:100), glutamate (1%
paraformaldehydeand 1%glutaraldehyde, rabbit antiserum from Sigma; 1:1000),
synaptophysin (4%paraformaldehyde, mouse monocional SY38 from Dako;
1:50), tyrosine hydroxylase (4% paraformaldehyde, mouse monoclonal, Sigma),
20 serotonin (Sigma; 1:1000), glutamic acid decarboxylase (GAD, 1%
paraformaldehyde, 1 % glutaraldehyde, rabbit antiserum from Chemicoﬁ,
Temecula, CA; 1:200), GABA (4% paraformaldehyde, Sigma; 1:1000), B-tubulin
(4%paraformaldehyde, mouse monoclonal TUB 2.1 from Sigma) and B-tubulin 1l|
(4%paraformaldehyde mouse monoclonal SDL.3D10 from Sigma; 1:150) .
25
Differentiated cells were also analysed 2-3 weeks after plating by RT-PCR for
the expression of B-actin, glutamic acid decarboxylase (primers, Vescovi et al.,
1999) GABAA receptor subunit a2 (primers, Neelands et al., 1998) , neuron-
specific enolase, neurofilament medium size chain (NF-M) (primers, Kukekov et
30 al 1999). mRNA preparation and the RT-PCR reaction were carried out as

described above.

(e)  Glial differentiation studies.
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10 the spheres were cultured in serum free medium (as detailed above)
supplemented with PDGF-AA, (20ng/ml) and bFGF (20ng/ml) for three weeks.

The spheres were then plated on coverslips coated with poly-D-lysine and

Fibronectin (Sigma, 5mcg/mk). They were cultured for a week in the serum free

medium supplemented with PDGF-AA, (20ng/ml), bFGF (20ng/ml) and T3

15  (30nM). The growth factors were then removed from the medium and the cells

were further cultured for another 1-2 weeks in the presence of T3 only. Fifty

percent of the medium was replaced by fresh medium every 3 days. In an

alternative approach, spheres that were propagated in the presence of EGF and

bFGF were plated on coverslips coated with poly-D-lysine and Fibronectin

20 (Sigma, 5mcg/mk). EGF was removed from the medium and the spheres were
cultured in the presence of T3 (30nM) and bFGF (20ng/ml) for a week. The cells

were then further cultured for another 3-4 weeks in the presence of T3 and

PDGF-AA (20ng/ml).

25 Oligodendrocyte were identified by indirect immunofluorescence for the
expression of the marker O4. The cells were first incubated with the primary (Anti
oligodendrocyte marker O4, mouse monoclonal igM from Chemicon Int. Inc.
Temecula, CA; 1:10) and secondary FITC or rhodamine conjugated antibodies
and were then fixed with 4% paraformaldehyde.

30
To demonstrate differentiation into astrocyte, spheres that have been

propagated in the presence of b-FGF and EGF were plated on cover slips



' $109%& UXU& () - F! 10% U& ()-F4}rg\ =0, @0%B& ()- 10 U 10 U 10 U &9! 10%
U& ()-9%$10% & ()-f!9%10%JU&L () -f!9$10%UL ()-f"e;
dEg\ =0, @109B& ()-L! 109B& ()- #109B& ()-
1 109B&' () - 109B& ()- 3! 109B& () - eSdEg\ =0, & ! 109B& ()-! 109B& ()- @109B& ()-3!1
09B& () -
109B&' ()-y! 109B& ()-Si | dBg\ =0, ! y-$10%7l':’?sB&' ()-f,1109B& ()-,)!109B& ()-'!10%
B&' () - %5 1086Hked ) witH QUBRDLIY sihBxamddibtonedtito d&ldmininl 8Rd fABher cultured for 6
10BI 99! 109B&' () - 6109B& () -1 4! 109B& () - 2! 109B& () - 3kdEnbC0, ! $10% h&' () -! 10%
h& () -s! 10dgyRm(gerymiies mediym withpt grewth factors gupplemestaliam, |1 10% h&' () -F
Y10% h& ()-10% h& ()-110% h& ()- !10% h& ()-S10% h& ()-.vDJEnbCO, ! Y@ ! 10%
h& ()-3 ) 10% h& ()-1"'10% h& ()-%$10% h& ()-3 9%$10% h& ()-F "10%
h&' () - DgAsAkeip@tively, $aR8feb&vére- propagated( in-tie4préséadesof PDGF-AXNahd/ bF)GH 1! 10%
h& ()--100/? h& &)-Db@), L #10%&Rh&h&' () -m 310% h& 2 10% hﬁi 8 10 h 10 h
5 for 6 weeks and were then plated on cover slips coated with poly-D-lysine an
fibronectin . They were allowed to spread into a monolayer in the presence of the
above growth factors for a week. The cells were then further cultured for another

week in the presence of either T3 or the combination of T3 and PDGF-AA.

10  Following this protocols, differentiation into astrocytes was demonstrated by
Indirect immunofluorescence for the expression of glial fibrillary acidic protein
(GFAP)( 4%paraformaldehyde fixation, rabbit anti cow from Dako; 1:50)

Differentiation into astrocyte and oligodendrocyte cells was also confirmed at the
15 mRNA level. To induce differentiation to these lineages, spheres were plated on
poly-D-lysine and fibronectin and cultured for 2 weeks in the serum free medium
supplemented with EGF, bFGF and PDGF-AA. The differentiating spheres were
then further cultured two weeks without growth factors and in the presence of T3.
RT-PCR was used as above to demonstrate the expression of GFAP and the pip
20 gene. GFAP transcripts were assayed using the following primers: 5'-
TCATCGCTCAGGAGGTCCTT-3' (forvs?afd) and 5'-
CTGTTGCCAGAGATGGAGGTT-3’ (reverse), band size 383bp. The primers for
the analysis of plp gene expression were 5-CCATGCCTTCCAGTATGTCATC-3'
(forward) and 5-GTGGTCCAGGTGTTGAAGTAAATGT-3' (reverse). The pip
25 gene encodes the proteolipid protein and its aiternatively spliced product DM-20
which are major proteins of brain myelin. The expected band size for plp is
354bp and for DM-20 is 249bp (Kukekov et al., 1999). As a control for mRNA
quality, beta-actin transcripts were assayed using the same primers as above.
Products were analysed on a 2% agarose gel and visualised by ethidium

30  bromide staining.

(f) Transplantation studies.
Spheres pre-labeled by the addition of 50 uM BrdU (Sigma) to the culture
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10

Detection and characterization of donor human neural progenitors in vivo.

Serial 7-micrometer frozen sections were examined by immunostaining
after post fixation with acetone or with 4% paraformaldehyde and histologically
after hematoxylin and eosin staining. The transplanted cells were detected by

15  immunuostaining with antibodies for BrdU (Dako, 1:20, following specific
instructions by the manufacturer), anti human specific ribonuclear protein
antibody (Chemicon; 1:20) and anti human specific mitochondrial antibody
(Chemicon; 1:20). BrdU antibody was detected by using the peroxidase-
conjugated Vectastain kit (Vector Burlingame, CA), developed with

20 Diaminobenzadine (DAB) or by using goat anti mouse IgG conjugated to Alexa
488 (Jackson; 1:100). Anti ribonuclear protein and mitochondrial antibodies were
detected with goat anti mouse IgM conjugated to Cy5 and goat anti mouse IgG
conjugated to Alexa488, respectively (Jackson; 1:100). Glial cell type identity of
transplanted cells was established by double staining for BrdU and GFAP (Dako;

25  1:100) for astrocytes, CNPase (Sigma; 1:100) and NG2 (Chemicon; 1:100) for
the oligodendrocyte lineage. Neurons were detected by immunostaining with
human specific anti neurofilament light chain (Chemicon; 1:100) and anti Blil-
tubulin (antibody as detailed above; 1:100). Goat anti rabbit conjugated to Cy5
(Jackson; 1:100) and goat anti mouse 1gG conjugated to Alexa488 (Jackson;

30 1:100) were used for detection of primary antibodies. In cases where the lineage
specific antibody was a mouse monocional IgG, double labeling with BrdU was
performed sequentially, by first completing immunohistochemistry for BrdU and

then performing immunofluorescent staining for the lineage marker (i.e. CNPase
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Example 1 - Derivation of cell lines HES-1 and HES-2
The outer trophectoderm layer was removed from four blastocysts by
immunosurgery to isolate inner cell masses (ICM), which were then plated onto a
feeder layer of mouse embryo fibroblasts (Figure 1A). Within several days,
10  groups of small, tightly packed cells had begun to proliferate from two of the four
ICM. The small cells were mechanically dissociated from outgrowths of
differentiated cells, and following replating they gave rise to flat colonies of cells
with the morphological appearance of human EC or primate ES cells (Figure 1B,
C stem cell colonies). These colonies were further probagated by mechanically
16 disaggregation to clumps which were replated onto fresh feeder cell layers.
Growth from small clumps of cells (<10 cells) was not possible under the
conditions of these cultures. Spontaneous differentiation, often yielding cells with
the morphological appearance of early endoderm, was frequently observed
during routine passage of the cells (Figure 1D). Differentiation occurred rapidly if
20 the cells were deprived of a feeder layer, even in the presence of LIF (Figure
1E). While LIF was used during the early phases of the establishment of the cell
lines, it was subsequently found to have no effect on the growth or differentiation
of established cultures (not shown). Cell line HES-1 has been grown for 60
passages in vitro and HES-2 for 40 passages, corresponding to a minimum of
25 approximately 360 and 90240 population doublings respectively, based on the
average increase in colony size during routine passage, and both cell lines still
consist mainly of cells with the morphology of ES cells. Both cell lines have

been successfully recovered from cryopreservation.

30 Example 2 - Marker expression and karyotype of the human ES cells
Marker and karyotype analysis were performed on HES-1 at passage levels 5-7,
14-18, 24-26 and 44-46, and on HES-2 at passage levels 6-8. ES cells contained
alkaline phosphatase activity (Figure 2A). Immunophenotyping of the ES cells
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was carried out using a series of antibodies which detect cell surface
carbohydrates and associated proteins found on human EC cells. The ES cells
reacted positively in indirect immunofluorescence assays with antibodies against
the SSEA-4 and TRA 1-60 carbohydrate epitopes, and the staining patterns
5 were similar to those observed in human EC cells (Figure 2B, C). ES cells also
reacted with monoclonal antibody GCTM-2, which detects an epitope on the
protein core of a keratan sulphate/chondroitin sulphate pericellular matrix
proteoglycan found in human EC cells (Figure 2D). Like human EC cells, human
ES cells did not express SSEA-1, a marker for mouse ES cells. Both cell lines

10  were karyotypically normal and both were derived from female blastocysts.

Oct-4 is a POU domain transcription factor whose expression is limited in the
mouse to pluripotent cells, and recent results show directly that zygotic
expression of Oct-4 is essential for establishment of the 'pluripotent stem cell
15 population of the inner cell mass. Oct-4 is also expressed in human EC cells
and its expression is down regulated when these cells differentiate. Using RT-
PCR to carry out mRNA analysis on isolated colonies consisting mainly of stem
cells, we showed that human ES cells also express Oct-4 (Figure 3, lanes 2-4).
The PCR product was cloned and sequenced and shown to be identical to
20  human Oct-4 (not shown).

Example 3 - Differentiation of human ES cells in vitro
Both cell lines underwent spontaneous differentiation under standard culture
conditions, but the process of spontaneous differentiation could be accelerated
25 by suboptimal culture conditions. Cultivation to high density for extended
periods (4-7 weeks) without replacement of a feeder layer promoted
differentiation of human ES cells. In high density cultures, expression of the
stem cell marker Oct-4 was either undetectable or strongly down regulated
relative to the levels of the housekeeping gene beta actin (Figure 3, lanes 5-7).
30 Alphafetoprotein and human chorionic gonadotrophin were readily detected by
immunoassay in the supernatants of cultures grown to high density.
Alphafetoprotein is a characteristic product of endoderm cells and may reflect

either extraembryonic or embryonic endodermal differentiation; the levels
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differentiation; the levels observed (6.4-54.6 |U/Litre) are consistent with a

modest amount of differentiation along this lineage.

After prolonged cultivation at high density, multicellular aggregates or vesicular
structures formed above the plane of the monolayer, and among these
structures clusters of cells or single cells with elongated processes which
extended out from their cell bodies, forming networks as they contacted other
10 cells (Figure 1F) were observed. The cells and the processes stained positively
with antibodies against neurofilament proteins and the neural cell adhesion
molecule (Figure 2E and F). Contracting muscle was seen infrequently in the
cultures. While contracting muscle was a rare finding, bundles of cells which
were stained positively with antibodies directed against muscle specific forms of
15  actin, and less commonly cells containing desmin intermediate filaments (Figure
2G and H)-were often observed. In these high density cultures, there was no
consistent pattern of structural organisation suggestive of the formation of
embryoid bodies similar to those formed in mouse ES cell aggregates or arising
sporadically in marmoset ES cell cultures.
20
Example 4 - Differentiation of human ES cells in xenografts
When HES-1 or HES-2 colonies of either early passage level (6; HES 1 and 2) or
late passage level (HES-1, 14 and 27) were inoculated beneath the testis
capsule of SCID mice, testicular lesions developed and were palpable from
25 about 5 weeks after inoculation. All mice developed tumours, and in most cases
both testis were affected. Upon autopsy lesions consisting of cystic masses
filled with pale fluid and areas of solid tissue were observed. There was no
gross evidence of metastatic spread to other sites within the peritoneal cavity.
Histological examination revealed that the lesion had displaced the normal testis
30 and contained solid areas of teratoma. Embryonal carcinoma was not observed
in any lesion. All teratomas contained tissue representative of all three germ

layers. Differentiated tissues seen included cartilage, squamous epithelium,
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5 cells derived neural progenitor cells.

a) Derivation of neural progenitor cells from human ES cells.

Colonies of undifferentiated ES cells from the cell lines HES-1 and HES-2 were
continuously cultured on mouse embryonic fibroblasts feeder layer for 2-3
10 weeks. At one week after passage, some spontaneous differentiation was
usually identified by changes in cell morphology in the center of the colonies.
The process of differentiation included at this early stage the neuroectodermal
lineage as evident by the expression of early neural markers such as nestin and
PAX-6 (Figure 19). During the next two weeks of culture, thé process of
16  differentiation was markedly accelerated mainly in the center of the colonies and
cells with short processes that expressed the early neuroectodermal marker N-
CAM could be demonstrated. It appeared that the N-CAM positive cells were
growing out from adjacent distinct areas that were comprised of small piled,
tightly packed cells that did not express GCTM-2, a marker of undifferentiated
20 ES cells or the early neuroectodermal marker N-CAM (data not shown). These
distinct areas had a typical uniform white gray opaque appearance under dark
field stereo-microscopy (Figure 26). These areas could be identified in the
colonies of both cell lines from the second week after passage, and they became
more defined from neighboring areas of the colony during the third week of
25 culture (Figure 26). The size and demarcation of these areas was enhanced if
the serum containing ES cell culture medium was replaced after a week or
preferably after two weeks from passage with serum free medium supplemented
with EGF (20ng/ml) and FGF (20ng/ml). The areas were large and well
demarcated sufficiently to allow mechanical removal of clumps of cells by a
30 micropipette in 54% of the colonies cultured in serum containing medium
(67/124, HES-1). Clumps were removed from differentiating colonies of HES-1
and HES-2 and were transferred to serum free medium supplemented with basic
fibroblast growth factor (bFGF) and epidermal growth factor (EGF). At the time
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During the initial two weeks in culture, some cell death was observed. After 7-10
days in culture, gradual increase in the size of the majority of the spheres was
evident and most of the spheres were still floating or loosely attached to the dish
10  while a minority attached and started to spread. A detailed analysis of marker
expression and the growth and differentiation potential of the cells within the
spheres was conducted in three preparations of spheres that were separately

derived with this approach.

15 In an alternative approach, somatic differentiation of ES cells into spheres of
progenitor cells was induced by transferring clumps of undifferentiated ES cells
into serum free medium supplemented with basic fibroblast growth factor (bFGF)
and epidermal growth factor (EGF). Within 24 hours the clumps have turned into
spheres. Some of these spheres were round and some had an irregular shape.

20 After 72 hours in serum free medium 42% (10/24) of the spheres had a round
symmetrical appearance (Figure 9) and after 12 days 62.5% (15/24). Significant
growth was observed in the majority of the spheres during this early culture. It
was possible to measure and calculate the average volume of the round floating
spheres and it increased by 64% (mean growth of 15 spheres) between days 5

25 and 12. Two preparations of spheres that were separately derived with this
approach were further propagated and characterized.
b) In vitro propagation of spheres of progenitor cells
After 7-10 days in culture, floating or loosely attached spheres with a diameter of

30 > 0.5mm were sub-cultured by mechanical dissection into 4 pieces, which were
re-plated in fresh pre-equilibrated medium. The spheres were cultivated in this
manner during a five to six month period (15 passages). Although some of the

spheres had an irregular shape at the initial phase of culture, the rate of round
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passage levels the appearance (under a stereo-microscope) of the inner part of
the spheres was irregular, it gradually turned to be uniform at more advanced
passage levels. By passage level five (five-six weeks after derivation) all spheres

5 had a round symmetrical shape and a uniform appearance.

Proliferation of the cells was evaluated by determining the increase in the
number of spheres with each passage as well as measuring the increase in the
volume of the spheres along time . In general, the growth rate of spheres that
10  were generated either from undifferentiated or from differentiating ES cells had a
similar pattern characterized by a more excessive growth during the first 5-6
passages. The number of spheres increased by 126% + 54% (Mean +SD, sum
of results from 3 cell lines) at each passage (performed every 7 days) during the
first 5 passages. The growth of the number of spheres with each passage was
156 then reduced to 10-50% per week. This growth rate was maintained for
prolonged periods (4 months) (mean data from 3 cell lines). The mean volume
of spheres generated either from differentiating ES cells or directly from
undifferentiated cells also increased by similar rates (Figures 16 and 17). A
relatively rapid growth rate was observed during the first 5-6 weeks after
20 derivation with a population doubling time of approximately 4.7 days. It was
followed by a 10-16 week period of slow and stable cell growth with a population
doubling time of approximately two and a half weeks. At this point the spheres

ceased to grow and their volume was stable or declined (Figure 31).

25 Dis-aggregation of the spheres by using trypsin digestion could be ineffective in
particular when the spheres were cultivated for prolonged periods, however it
was possible to dis-aggregate them into a single cell suspension mechanically
following enzymatic digestion with papain. A linear correlation was found
between the volume of spheres and the number of cells within the spheres at

30 various passage levels (5-15 weeks after derivation) indicating the validity of
monitoring the increment of sphere volume as an indirect indicator of cell
proliferation. The coefficients that define the regression line of this correlation

were similar in spheres that were derived from differentiating or undifferentiated
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{PPQ procedure (Figure 10, Ipigure 18).

Given the growth rate of the spheres with each passage and the number of cells
5 (20,000, figure 10, 18) per averaged size sphere (0.1mm?® based on the mean
diameter + S.D. of 24 spheres 7 days after passage 5, 0.59 + 0.14mm), it was
calculated that 10 clumps of ES cells may generate within 10 passages 2500

spheres containing 50 x 106 cells. A cumulative growth curve is presented in
Figure 31 to illustrate this potential for significant expansion.

10
Spheres that were cultured in the serum free growth medium (supplemented with
growth factors) for prolonged periods (3 weeks) without passage, tended to
attach to the tissue culture plastic and gradually spread as a monolayer of cells.
The cells in the monolayér had a uniform appearance of neural progenitors and

15 a high mitotic activity was evident (Figure 7).
It was possible to recover the spheres from cryopreservation.

C) Characterization of the progenitor cells within the spheres.

20 Cells in the spheres that were produced either from differentiating ES cell
colonies or directly from undifferentiated ES cells expressed markers of primitive
neuroectoderm and neural progenitor cells, such as polysialylated N-CAM
(Figure 5b, 11,12), A2B5, the intermediate filament proteins nestin
(immunostaining, Figure 5c¢ and 13; RT-PCR, figure 3b and figure 19) and

25 vimentin (Figure 5d and 15), and the transcription factor Pax-6 (Figure 3b and
figure 19). The expression of these markers was maintained along prolonged
cultivation (18 weeks). The transcriptional factor oct4 was not expressed by the
cells in the spheres indicating that undifferentiated human ES cells were not
present within the spheres (Figure 19).

30
To evaluate the proportion of cells in the spheres that expressed N-CAM, A2BS,
nestin and vimentin, spheres that were cultivated at least 6 weeks (and up to 18

weeks) were disaggregated to single cell suspension. The resulting single cells
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undifferentiated ES cells ( 0 progenitor cell lines) respectively were decorated
5 with the antibody against N-CAM. The average proportion of cells that were
positively stained for nestin, A2B5, and vimentin was 97+2.3% (n=10
experiments) 89.5% (n=2 experiments) and 67+16.8% (n=9 experiments)
respectively in spheres that were established from differentiating colonies.
Nestin and vimentin were expressed by 66.8% (48.5% - 100%, n=5) and 58%
10 (41.6%-76.5%, n=5) of the cells that originated from spheres that were
generated from undifferentiated cells. These proportions were stable during

prolonged cultivation (18 weeks).

The high proportion of celis that expressed N-CAM indicate that the spheres
15 from both sources were comprised of a highly enriched preparation of neural
progenitor cells. An extremely high proportion of cells from spheres that were
derived from differentiating ES colonies also expressed the neural progenitor
markers nestin and A2B5. The proportion of cells expressing nestin was less
extensive in spheres that originated from undifferentiated ES cells. The high
20 proportion of cells that expressed these markers was stable along prolonged

cultivation.

To determine whether cells from other lineages were present within the spheres,
the expression of markers of endoderm, epidermis and mesoderm was
25 examined by RT-PCR and immunohistochemistry.
There was no evidence for the expression of markers of the extaambryonic
endodermal lineage (HNF-3a, AFP, RT-PCR, Figure 24,) by cells of spheres that
were derived by either methods. Moreover, the expression of markers of the
30 endodermal lineage was also not detected in spheres that were derived from
differentiating colonies and that were induced to differentiate by plating on an
appropriate substrate and culturing in the absence of growth factors for 4 weeks
(HNF-3a, AFP, were evaluated by RT-PCR; LMW cytokeratin and laminin
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markers and served as positive controls.

5 However, expression of markers of mesodermal precursors (FLK-1 and CD-34)
was demonstrated in the spheres that were produced by either method (Figure
24). In addition, transcripts of markers of embryonic endoderm (a1 anti trypsin,
transferrin and amylase), epidermis (keratin) and the hematopoietic lineage (Ac-
133) were demonstrated in spheres that were derived from differentiating ES

10  colonies (Figure 32).

It may be concluded that the spheres were comprised of a highly enriched
population of neural progenitors (>95%) and probably no cells from the
extraembryonic endodermal lineage. The expression of transcripts of non-neural

15 markers may indicate the presence of a minute population of cells from other
lineages within the spheres. Alternatively it may be that the primitive neural
precursors within the spheres express these markers. The expression of the
hematopoietic marker AC-133 (Uchida et al, 2000) that was recently
demonstrated in neurai stem cells derived from human fetal brains support this

20 possibility. In addition, expression of non-neural markers by the neural
progenitors may be in line with the recently reported broad potential of neural
stem cells to trans-differentiate into a variety of tissues (Bjornson et al., 1999;
Clarke et al., 2000).

25 (d) In Vitro neuronal Differentiation
When plated on poly-D-lysine and laminin, spheres that were produced either
from differentiating ES cell colonies or from undifferentiated ES cells attached,

and differentiated cells grew out onto the monolayer from them.

30 When the bFGF and EGF were removed at the time of plating, differentiating
cells gradually spread from them in a radial fashion (Figure 6a, Figure 33) If the
growth factors were removed only after 1-2 weeks, a more extensive spreading

of cells with processes, which formed a monolayer was evident (Figure 8). Two
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cells originating from spheres derived by either methods expressed markers of
mature neurons such as the 160kDa neurofilament protein (Figure 6c¢, Figure
27a, Figure 34), Map-2a,b (Figure 6d, Figure 27b) and synaptophysin (Figure
6F),Furthermore, the cultures contained cells which synthesised glutamate
10 (Figure 6e), serotonin (Figure 35a), GABA (Figure 35b), expressed the rate
limiting enzyme in GABA biosynthesis( glutamic acid decarboxylase, Figure 3c
and 6g), expressed the enzyme tyrosine hydroxylase (Figure 28) and receptor

subunits characteristic of GABA minergic neurons (GABAa2, Figure 3d).

156  e) In vitro glial differentiation
Differentiation into both astrocyte cells and oligodendrocyte cells was observed
with spheres that were produced either from differentiating ES cells or from

undifferentiated cells.

20  While differentiation at a low scale toward glial cells was observed upon
withdrawal of growth factors and plating on poly-D-lysine and laminin, various
protocols were developed to enhance the differentiation toward this lineage.
These protocols were all based on plating the neural progenitor cells on poly-D-
lysin and fibronectin, which significantly enhanced the differentiation toward glial

25 cells, and supplementation of the medium with PDGF-AA that promotes glial
nrogenitor cell proliferation and T3 that induces maturation of oligodendrocytes

precursors.

Differentiation into the astrocyte glial lineage was demonstrated by indirect
30 immunofluorescent staining for GFAP. Few positive cells were occasionally
demonstrated when differentiation was induced by withdrawal of growth factors
and plating on poly-D-lysin and laminin. However, differentiation into astrocytes

was significantly enhanced when the spheres were allowed to differentiate on
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poly-D-lysin and fibronectin. Moreover, differentiation into astrocytes was highly
abundant after the following protocol. The spheres were first propagated six
weeks in the presence of PDGF-AA and bFGF and were then plated on poly-D-
lysine and fibronectin. They were allowed to spread for a week into a monolayer

5 in the presence of the above growth factors. The differentiating cells were then
further cultured for another week in the presence of T3 and PDGF-AA foliowed
by another 1-2 weeks of culture either with T3 or the combination of T3 and
PDGF-AA (Figure 20).

10 To promote differentiation towards oligodendrocyte, spheres were initially
cultured for 6 days in serum free medium supplemented with PDGF-AA
(20ng/mi) and bFGF (20ng/ml) and were then plated on coverslips coated with
poly-D-lysine and laminin in the same medium without growth factors
supplementation. The cells in the spheres were allowed to spread and

15  differentiate for 10-12 days. Small cells decorated with the antibody O4 could be
demonstrated at that time indicating differentiation into oligodendrocyte

progenitors.

It was also possible to promote the differentiation into oligodendrocyte

20 progenitors by incubation of the spheres in the presence of PDGF and basic
FGF for 3 weeks followed by plating on poly lysine and fibronectin and culture for
a week in the presence of the growth factors and T3 followed by 1-2 weeks
culture in the presence of T3 without growth factors supplementation (figure 14).
Alternatively, spheres that were propagated in the presence of bFGF and EGF

25 were plated on poly lysine and fibronectin and cultured for a week in the
presence of bFGF and T3. The cells were then further cultured in the presence
of PDGF and T3 for 3-4 weeks.

Differentiation into astrocyte and oligodendrocyte cells was further confirmed at
30 the mRNA level. Spheres were plated on poly-D-lysine and fibronectin and
cultured for 2 weeks in the serum free medium supplemented with EGF, bFGF
and PDGF-AA. The differentiating spheres were then further cultured two weeks
without growth factors in the presence of T3. The expression of GFAP was
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demonstrated by RT-PCR indicating and confirming the presence of astrocyte
cells (Figure 25, Figure 34). The expression of myelin basic protein (MBP) and
the plp gene was used as markers of differentiation into oligodendrocyte cells.
The plp gene encodes the proteolipid protein and its alternatively spliced product

DM-20, which are major proteins of brain myelin.

RT-PCR analysis of the differentiated spheres demonstrated MBP and bothdm-
20 and plp transcripts indicating that differentiation into oligodendrocyte has
occurred (Figure 25, Figure 34).

f) Transplantation of neural spheres.

To explore the developmental potential of the human ES-derived neural
progenitors in vivo, and to reveal whether the human precursors can respond to
positional cues, migrate along established host brain tracts, differentiate into
neural cell types according to a given region’s stage of development and
participate in the development and histogenesis of a living host, dis-aggregated
spheres were implanted into the lateral cerebral ventricles of newborn mice.
Transplantation was performed 9-15 weeks after derivation of the neural
spheres. Prior to transplantation, the neurai progenitors were labeled with BrdU
to facilitate their identification in the host brain. Histological and immunochemical
evaluation of serial brain sections was performed mainly 4-6 weeks after
transplantation. The transplanted cells were identified by their immunoreactivity
with anti BrdU antibodies (Figure 21 and 36E). Numerous BrdU+ cells were
found in 9 out of 14 transplanted animals and successful engraftment was
documented with donor cells from the three neural progenitor clones. The human
identity of cells that were decorated with anti BrdU was confirmed by double
labeling demonstrating immunoreactivity with both anti BrdU and anti human
specific ribonucleoprotein antibodies (Fig. 37B). The identity of the transplanted
human cells was also confirmed by immunofluorescent staining with a human-

specific anti-mitochondrial antibody (Fig. 37A).

Transplanted newborns that were examined during the first postnatal week

exhibited clusters of donor cells lining the ventricular wall (Figure. 36A). At 4-6
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5 corpus callosum, fimbria, internal capsule, as well as into diencephalic tissue

around the 3rd ventricle (Figure 36B, D). Transplanted human cells also

migrated anteriorily from the subventricular zone along the rostral migratory

stream (Figure 23, Figure. 36C) and populated the olfactory bulb, indicating their

potential to respond to local cues and migrate along established host brain

10 tracts. In addition, BrdU+ cells were found in the dentate gyrus (not shown),

where post-natal neuronogenesis is known to occur as well.

Differentiation in vivo into the three fundamental neural lineages was
demonstrated by immunochemical studies using anti human cell type specific
15 antibodies or double labeling experiments with both anti BrdU and anti neural
cell type specific antibodies. Glial differentiation of the transplanted cells was
abundant in the periventricular areas that consist of white matter tracks where
glial differentiation in the post natal period is predominant. Double labeling
immunochemical studies for BrdU and GFAP demonstrated cells that were
20 decorated by both antibodies indicating in-vivo differentiation into astrocytes
(Figure 29, Figure. 37C). Transplanted cells that have differentiated into the
oligodendroglial lineage and were reactive with anti BrdU and anti NG-2 (a
marker of oligodendrocyte progenitors) or anti 2',3'-cyclic nucleotide 3'-
phosphodiesterase (CNPase), were also demonstrated in these areas (Figure 30
25 and Figure. 37D and E).
Neuronal differentiation of the human transplanted cells was specifically
demonstrated in the olifactory bulb, a region where neuronogenesis occurs after
birth. Neuronal processes of transplanted cells were also detected by a human
30 specific anti light chain neurofilament antibody in the fimbria (Figure. 37 F and
G).
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cells migrated in large numbers into the host brain parenchyma and
demonstrated widespread distribution. Migration was not random and the
transplanted human progenitors followed established brain pathways as

10 demonstrated by their migration along the RMS, suggesting their responsiveness
to host’s signals. The human ES derived neural progenitors differentiated in vivo

into neurons, astrocyte and oligodendrocyte cells. Differentiation into neurons

was demonstrated only in the olfactory bulb where host differentiation into this
lineage octurs in the postnatal period, whereas differentiation into astroglia and

15  oligodendroglia was demonstrated in subcortical areas where gliogenesis
predominates and neurogenesis has ended. These data demonstrate that cell

fate was determined in a region specific manner and according to a given
region’s stage of development. It should be noted that the ability to integrate and
participate in host brain histogenesis was maintained after prolonged

20 proliferation of the ES derived neural progenitors in vitro.

Example 6: Cryo-preservation of human ES cells.
Attempts to cryo-preserve human ES cells by using conventional slow freezing
protocols were associated with a very poor outcome after thawing. Since ES
25 cells are derived from the blastocyst and retain their embryonic properties in
culture, we have postulated that cryopreservation by using a method which is
efficient for embryos may be beneficial. Early passage clumps of human ES cells
were frozen by using the open pulled straw (OPS) vitrification method which was
recently shown to be highly efficient for the cryopreservation of bovine
30 blastocysts (Vatja et al. 1998). Both cell lines were successfully thawed and
further propagated for prolonged periods. The outcome of the vitrification
procedure was further studied on cell line HES-1, and recovery of viable cells

with this procedure was found to be highly efficient. All clumps (n=25) survived



10%t| & ()- 10hh 10hh 10hh( SKxV4PC
T EMBL0% | & () -/ ! FMB10% | & ()-/! FMB10%t| 4] & () -/! FMB10% | & () -/

FMB10%4| 4| & ()-/! FMB10%4| 4| & ()-/KaM~SH= 111 104 104|

104| F, 810%| & () - FMB10%4| & ()-/! ~FMB10% | & ()-/! FM510% | & () -/ FMB10%4$& () -
/EV["<SH= I'l'11a, "$10%&' ()- !'f, $100/<83&§§ l#lO%& ()- 109%& ()-3!'10%& ()-,y
109% ()-["qxV4SH= |11 LI $109%PP& () 09%& () -

klo?}éoc(%)tcfom gido%hhiil%h&' e{tbachba)alﬂf/gn(enﬁv bitef ihavﬁﬂ@%ih&ida}ion Wk a6¥odiated

t L! $10%AAKWIN syme |llode@ath) ag) evidepeedatiysthe) raguced 19126 10f, qojoniks Joriginating! D@

) 10%& () L NG 00K { J s Rt B L BRI einbh A0 cbibrnies 0 P
1099! yS$10%bited sorfthdt Ll (Hoﬂé*féﬁi&ﬁ%ﬂt 0 clire MR NS ffidiend@overcome

) 109&' ( #&p! srS42 1110%& () - 3! 10%B& () - 3! y#10%m&' ()- 10%r& ( 2‘

! 10%1‘&'% - $his cell defi cit, and 9 days after plating the size of colonies from frozen-thawed

clumps exceeded that of control colonies at 7 days. Vitrification did not induce
differentiation after thawing. Thawed cells retained a normal karyotype and the

expression of primate stem cell markers, and formed teratomas in SCID mice.

10 Finally it is to be understood that various other modifications and/or alterations
may be made without departing from the spirit of the present invention as

outlined herein.
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2. An enriched preparation of human undifferentiated embryonic stem cells
according to claim 1 wherein said cells maintain an undifferentiated state when

10 cultured on a fibroblast feeder layer in the absence of a differentiating signal.

3. An enriched preparation of human undifferentiated embryonic stem cells
according to claim 1 or 2 wherein said cells are capable of differentiation into
neural progenitor cells. "

15
4, An undifferentiated human embryonic stem cell wherein the cell is
capable of proliferation in vitro and differentiation to neural progenitor cells,
neuron cells and/or glial cells and is immunoreactive with markers for human
pluripotent stem cells including SSEA-4, GCTM-2 antigen, and TRA 1-60.

20
5. An undifferentiated human embryonic stem cell according to claim 4-

wherein the cell expresses Oct-4.

6. An undifferentiated human embryonic stem cell according to claim 4 or 5
25 wherein said cell maintains a diploid karyotype during prolonged cultivation in

Vivo.

7. An undifferentiated human embryonic stem cell according to any one of
claims 4 to 6 which forms tumors when injected in the testis of immunodeprived
30 SCID mice.
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5 A differentiated committed human progenitor cell line according to claim 8

capable of establishing a graft in a recipient brain.

10. A differentiated committed human progenitor cell line according to claim 8
capable of differentiating in vivo into other cell lineages including neurons and
10 glial cells wherein the glial cells are selected from the group including astrocytes

and oligodendrocytes.

11. A neural progenitor cell differentiated in vifro from an undifferentiated
human embryonic stem cell.

15
12. A neural progenitor cell according to claim 11 wherein said cell is capable

of proliferation.

13. A neural progenitor cell according to claim 11 wherein said cell is capable

20 of differentiating to a mature neuron cell or glial cell.

14. A neural progenitor cell according to claim 11 wherein said cell is capable
of transdifferentiation into other ceil lineages to generate stem cells and
differentiated cells of non-neural phenotype including hemangioblast,
25 haematopoietic stem cells, endothelial stem cells, embryonic endoderm and

ectodermal cells.

15. A differentiated neural progenitor cell according to any one of claims 8 to
14 characterised by expressed markers including markers of the
30 neuroectodermal lineage; markers of neural progenitor cells; neuro-filament
proteins; monoclonal antibodies including MAP2ab; glutamate; synaptophysin;
glutamic acid decarboxylase; GABA, serotonin, tyrosine hydroxylase; p-tubulin;

B-tubulin 11l; GABA Aa2 receptor, glial fibrillary acidic protein (GFAP), , 2', 3'-
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cyclic nucleotide 3’- phosphodiesterase (CNPase), plp, DM-20 ,04 and NG-2

immunostaining.

16. A neural progenitor cell according to claim 15 which expresses markers of
5 neuroectoderm and neural progenitor cells selected from the group including
polysialylated N-CAM, N-CAM, A2BS5S, nestin, vimentin and the transcriptional

factor Pax-6, and do not express Oct-4.

17. A neural progenitor cell according to claim 16 wherein said cell is capable

10  of establishing a graft in a recipient brain.

18. A neural progenitor cell according to claim 17 wherein said cell can

incorporate extensively into a recipient brain.

15 19. A neural progenitor cell according to claims 17 or 18 wherein said cell is

capable of migrating along host brain pathways.

20. A neural progenitor cell according to any one of claims 17 to 19 wherein
said cell is capable of wide spread distribution in host brain.

20
21. A neural progenitor cell according to any one of claims 17 to 20 wherein

said cell is responsive to host environmental signals.

22. A neural progenitor cell according to claim 21 wherein said cell
25 (differentiates in response to local host environmental signals.

23. A neural progenitor cell according to any one of claims 17 t;)\22 wherein

said cell is capable of differentiation to progeny of neural lineages selected from

the group including neurons, oligodendrocyte and astrocyte in a recipient brain.
30

24.  An enriched preparation of neural progenitor cells including an enrichment

of cells according to any one of claims 11 to 23.
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25 morphologically undifferentiated stem cells.

39.  An undifferentiated human embryonic stem cell prepared by a meﬂ;)d
according to any one of claims 29 to 38.

30 40. A method of inducing somatic differentiation of stem cells in vitro into
progenitor cells said method comprising:

obtaining undifferentiated embryonic stem cells; and
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extra embryonic differentiation and cell death;
culturing to a high density in monolayer or on semi-permeable
membranes so as to create structures mimicing the postimplantation phase of
human development; or
20 culturing in the presence of a chemical differentiation factor selected from

the group including bone morphogenic protein-2 or antagonists thereof.

43. A differentiated progenitor cell prepared by the method according to any
one of claims 40 to 42.

25
44. A differentiated progenitor cell according to claim 43 selected from the
group including a neural progenitor cell, mesodermal progenitor cell includinb‘
hemangioblast, hematopoietic or endothelial stem cells, endodermal and
ectodermal progenitors.

30
45. A differentiated progenitor cell according to claim 44 which is a neural

progenitor cell capable of differentiating into a neuron cell and/or a glial cell.
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cells are cultured on an adhesive substrate selected from poly-D-lysine and

laminin or poly-D-lysine and fibronectin.

20 50. A method according to claim 49 wherein the progenitor cells are cultured

on poly-D-lysine and laminin.

51. A method according to claim 50 wherein the cells are further cultured in
the presence of retinoic acid.

25
52. A method according to any one of claims 49 to 51 wherein said somatic

cells induced are neurons including mature neurons.

53. A mature neuron cell prepared by the method according to claim 52 and
30 characterised by expression of the 160kDa neurofilament protein, MAPZ2ab,
glutamate, synaptophysin, glutamic acid decarboxylase (GAD), GABA, tyrosine

hydroxylase and serotonin.
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54. A method according to claim 49 wherein the progenitor cells are cultured

on poly-D-lysine and fibronectin.

55. A method according to claim 54 wherein the progenitor cells are cultured
before and after plating on poly-D-lysine and fibronectin in serum free medium in
the presence of PDGF-AA and bFGF.

56. A method according to claim 55 wherein the progenitor cells are cultured
after plating in the presence of PDGF-AA, basic FGF and EGF .

57. A method according to any one of claims 54 to 56 further including

culturing the somatic progenitor cells after plating in the presence of T3.

58. A method according to any one of claims 54 to 57 wherein said somatic

cells induced are glial cells including astrocyte and oligodendrocyte cells.

59. An oligodendrocyte cell prepared by the method according to claim 58
and characterized by RNA transcription of MBP, plp, dm-20 and immunostaining
for O4 and NG-2.

60. A method of producing an enriched preparation of human ES derived
neural progenitor cells, said method comprising:

obtaining an undifferentiated human embryonic stem cell according to
claim 39;

inducing somatic differentiation of the embryonic stem cell to a neural
progenitor cell by a method according to any one of claims 40 to 42;

identifying a neural progenitor cell by expressed markers of primitive
neuroectoderm and neural stem cells and wherein said markers are selected
from the group including polysialyated N-CAM, N-CAM, A2B5, intermediate
filament proteins including nestin and vimentin and the transcription factor Pax-6;
and

culturing the neural progenitor cells to promote proliferation and

propagation.
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61. A method according to claim 60 wherein the neural progenitor cells are
cultured as spheres or monolayers in serum free medium comprising DMEM/F12

supplemented with B27 and growth factors.

62. A method according to claim 61 wherein the growth factors include EGF
and bFGF.

63. A method according to any one of claims 60 to 62 including further
culturing to eliminate non-neural cells, in particular extrambryonic endodermal
cells, said culturing comprising further selective culturing in serum free media
including DMEM/F12 supplemented with B27 and growth factors.

64. A method according to claim 63 wherein the further culturing includes the
transfer of undifferentiated ES cell clumps into serum free medium comprised of
DMEM/F12 supplemented with B27, bFGF and EGF and cultivation of the

resulting neural progenitors as spheres or monolayers.

65. A method of transplanting ES derived neural progenitor cells in a host,
said method comprising:

obtaining a source of neural progenitor cells prepared by a method
according to any one of claims 40 to 42;

culturing the neural progenitor cells in the presence of serum free medium
supplemented with B27 and growth factors including, EGF and bFGF; and

injecting the neural progenitor cells into the nervous system of the host.

66. A method according to claim 65 wherein the neural progenitor cells are

injected into the lateral cerebral ventricle of the nervous system.

67. A method of producing a stable graft of neural cells and contributing in the
histogenesis of a living host said method comprising:
transplanting ES derived neural progenitor cells into a living host by a

method according to claim 65 or 66.
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68. A method of modifying a nervous system of a host, said method
comprising transplanting ES derived neural progenitor cells by a method

according to claims 65 or 66.

69. A method according to claim 68 wherein said modifying of the nervous
system includes any one of replacing deficient neuronal or glial cell populations,
restoring deficient functions or activating regenerative and healing processes in

the nervous system to regenerate cell populations.

70. A method according to claim 68 wherein the neural progenitor cells

comprise genetically modified neural progenitor cells.

71. A method according to claim 70 wherein the genetically modified neural

progenitor cells express specific desired genes at the target organ.

72. A method for treating a pathological condition of the nervous system
comprising modifying a nervous system of a patient according to any one of
claims 68 to 71.

73. A method according to claim 72 wherein the pathological condition is
selected from the group including neurodegenerative disorders, mental
disorders, vascular conditions, autoimmune disorders, congenital disorders, and

trauma.



