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CELLS AND PROGENI TOR CELLS This invention relates to |ineage s_;)ﬁ"%i fic.cellsy"
~and progew tggy 3 ZEI | s, nmethods of obtaining themand their uses’ V&?éat ent
enbryonic & r%(f S) cells can be induced to differentiate iPETNGBIO1I3at 0 a
m xture of cell types, conprising extraenbryonic yolk sac and derivatives
of all three enbryonic germlayers. Howkver, the di sorgani sed and

het er ogeneous nature of the differentiation inpedes mani pul ati on and

anal ysis of individual lineages. In particular, the invention provides a
Li neage-speci fic QEH@EAGES§I>EGIFI@”CE€E§.')iIQBePFﬁ@G‘ENﬁB'PE ELpgr i fied .

. popul ations of neural precursors fromdifferentiating cells. Enbryonic
stem {ES) cells are non-transforned cell lines derived directly fromthe
pl uri poéﬁnt.founder tissue in the nousg or human enbryo, the epibl ast

(Evans dR&P INMFHAD relates quinepde sresific gedsien aressriter celivomethradessin et
al, i 998+ t : ). S p g d

ext ensi \%gf ?}ﬁg@m’?@af“ﬁg ﬁniaerﬁ é’%l%gf e%%?fésdtt ?@?’ gY%ﬁﬁgE'% ?a%a%?% or be

mul tili ivehgeeddithbf eliffaterataten in boitto iintei wo nartlrien ofi icet ¢RobEr tenpridifg?) .
The differentiation of ES cells in culture closely reflects differentiative

events FEUBABBEKBPIR YOI, S3C ARApdRrivatieeerir all 1Beee AMBryRRigi aermnlayeis o
access [ i | ' i 4wl

i vor si 1o B R e P R e The Pt Al edes
Mul ti | i neageuldtibhemerdriay sisnf ofdiB8uelineageaningearitiniitdratredingnsiomplrevides
aggregation (Martin_.and Evans, 1975;%%$tschnan et %I ., 1985). The
ag_grega_lae‘g‘ef‘a Ffﬁ%eccr‘ﬂ‘élgﬁpég'ckﬁ%ﬁﬂ'%t 'QHFdotﬁﬁﬁ?E\'és, BPf’F@F’ePI‘?W‘éI?F'BHS@ff
uhi ch_ MhELPHSrBEBRENS 1lmRRffer o ABtRAELYcARSL -1 pl antat | on mouse
enbryogenesis Martin et al., 1977, etschman et al., 1985). A diverse
array of cell types are subsequently found in outgrowths from enbryoid

bodi i d Okj 96). Alth h tati ti I
P eaoeErtonR i e Sl AT o ARaH Rt By el el ithse dervrr Ree Y irom the
sul phoxpAgigytehetd & Bsiud ihRAL. mbhse Bt ELﬁIa‘%{‘éﬂn;%W%_ II?{eOQM‘B_Ia%tE\‘EW§a8d

consist of a mxture of cell types. This intrinsic disorganisation an

conpl exiKeyfimane 1981 ;tMdrtime1 883t Groak iao GhrdneryilSSy;EBhemisbn et al, 1998;

di fferentiation for Lgnnent of gene functions in devel opnental . f 7
My 200270138 53020 FeAPense 5115 D° BAPRIAVT 288 BT Gl danaisoly
docurrenh%vhigb@téw QOIS & e@dinlIR) B 8l p &6it) FoARELIBlihSad BalflerekIRionl RYtRNAT d

et al., 1995; Strubing et al., 1995 (Ckabe et al., 1996) in enbryoid body
out gr owvha anthinsviteulRd bestseoxp 188 Bd The dildersntiationarfdct eeils o eulture closely

mani pul ate factors that requl ate neurpgenesis. and, neuropnal d glial .

i 11 or eRT TS POl oRatadMee ERF i LSah B 48T ae Re! Tl ¢BTsr FRspiapTaride
geneti cal lyitranat e atied theunatructlvksah@r sdleoshe peakesass bunghicdelislandi es
or for transplantation. The cgr oblemis that these objectives, however, are
sever el fivasaidicahPocd agperatedabuthfamasnorlinaerpivcalSedhl 9%t he cul tures
and because it is not currently possible to establish or maintain a culture
predom nantly containing neural cell progenitors. The art thus fails to
provi de Multiihéadd giffeehadtioh odESAdiik k@ndeSHRBE M b dirhp | Pag GregapuhdMaptinof a
cell of any selected |ineage, and progenitor cells of a selected |lineage in
parti culead. Evers.afd 8781 Boewichena efralvi d8885sdPe pogregaies opRENEHMCHHES

ot her eff f f 0LS. O r ' .cel | r.differenti d S a
cel oot ol i as BRI bstleg PRI ENS S B pral B Thb B re B S et

and/ or datifyeRntimpl attatiohlfo0te anfirl gt rEsikiMaaGe et a8 $APY T; WodiBehelhaat of
factors on such cells and uses of these cells, such as in transpl antation.

The pregént! S8 eftdiverseartneef aglhtynes asesribgeareridnéeyrd gepetarogrthsdedmi que
to elim - neur I f c e I i fd j from
enbryoi 5%&0232 ggp?ecﬁ N‘\/ girzsgn%'?%tclg%hrﬂ’cgér%g['eéﬁtﬁﬁg%& gﬁ%@ﬁ?ﬁ%ﬁs& #%téﬂcg%ésent

i nvent i GReBHeY LR Db RM@ 0 r Gt Jtidgy aretitinent &vith délekisylafulpheribeatred
| i neage having a conbination of two steps. One step is to select for cells
that exppBeicaagjdiBAIhahadiféeientiatedpredusts dwaysagonsineadd MiHerehselli s

| Lls. that. t hey .t end i f i j i
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By wdy: of exanple, one step of the conmbination is to select for cells that
express r !t 7 May 2002 3 a gene known to be expressed uniquely in
haenmat opoi etic progenitor cells, and the other is to cul ture céMay 2092,
medi um containing a nutrient known to pronote differentiation of cells into

haemat opoived besqaspgeni tors. Accordingly, the invention prov 1@@ nmet hod -
for generating a culture that is purified or enriched in re'; P”é‘*"%?ells
of a selected lineage, conprising: (i) 4ntroducing into a nultipotenti al
cell a selectable marker that is dlfferentl ally expressed in cells of the
sel ect edathpgpge compared with its expression in other cells, wherein cells
of the selected |inage constitute a sub-set of the cells obtainable from
the nultipotential cell; (ii) culturing the rrultlpotentlal cell invitro to
i nduce glfferentl tion of, the It| otenti al Cr?? i nto

I
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| i neage o0fs; t BraicitacePraef e 995‘%tr§an ¥ al, 'ﬁ9@5m @ﬁ?b@uétt e P?gé)e'irk&
of cells of 'the selected I'ineage; and (iii) selecting

sel ect edrribrmeaigbodyaundrmgtmsn Tinisf eoeldt belexpiqiters $o atetett, td:tearsetearcsteamhda
mar ker infro uce%i £ (a % Lﬁ met hod i s, suitable for obtainjng cells,
opt | onalMaPIBER AGiBFthas requigtantwaasger s RSP IE R 2 BHA I erepkiarien:
fol I owi pg tdig c%ruﬁd g%toh%iu;@d ab %CEderEG dilnfofrﬁ{afreﬁ bahlaﬂeaw n%fuﬁlguhkéd hak@ @

culture that includes neural |'s can provid maxi mum o out 50%
neur al pelbgéor blocberrumlmg\dt hmcml@@hhsqmaembrtfhetranseianltma gune prpblemeéxcess

of 70% can bhe obtai ned speci fi c, enbodi ment scri bed bel ow t he
Uity T st HiEeaRY¢s. JotueVel % FryerRLC PR Phsed By e SRVRSR A §
cells OhoR-fBurBRcAH hUhe cantdrsﬁghdsdé&@rslayt BLHdtdeﬁF’erPcTy F‘Bgélﬁ@fb tfrabRsipect
of desired cells and can suitably be carried out by culturing t

mul ti pobembaiataice tuiture peedoneisently odntairfiagtreurahee!! prorodtors.

differentiation of the cell into a progenitor cell of the selected |ineage.
By way of exanple, a mitogen specific for neural progenitors is fibroblast

growt h fraet ot -thBefRiisReepiRidd B fdiabhe miéthdd" dRebedin rig'sa"@ﬁbétﬂﬁﬁ@lﬂﬁgulé@ be
limted to protein or polypeptide factors but is intended to enconpass any

bi ol ogi pabPMiataat pie noll efutry setecteNbineaQ@2 dnANDr @ HBY22elRCDS GBSSleCted 36
lineage in particular. The art also fails to provide assays for developmental and

other effects of factors on progenitor cells or differentiated cells of a selected

lineage.

The present invention aims to provide progenitor cells and/or differentiated cells of
a selected lineage, assays for the effect of factors on such cells and uses of these
cells, such as in transplantation. The present invention further aims to provide a
genetic selection technique to eliminate non-neural cells from cultures and to enabie

purification from embryoid bodies of differentiation competent neural precursors.

The present invention provides a method of obtaining a culture of cells of a
selected lineage having a combination of two steps. One step is to select for cells
that express a gene characteristic of cells of that lineage. The other is to so culture
cells that théy tend to differentiate into or proliferate as cells of that lineage. The
effect is to yield a more highly purified culture of the selected-lineage cells than is

otherwise possible.

By way of example, one step of the combination is to select for cells that express



-4 or potentially biologically active nolecule. The multipotential cell may

" be selected fromenbryonic stem (ES) cells, enbryonic germ (EG cells,

enbryonal carcinoma (EC) cells, a primary culture of foetal cefMay 2002
primary culture of post-natal cells and a primary culture of adult cells.
The . nethod may further conprise genetically nodifying cells to delete,
mut at e, substitute or add genes in oBder to assay gene function in

progenit or cegdns kadwh ebs etpredsedlutiuip ehaematapapdticpregenitonpdedie cdndpke t 0
render it nore sui tagléf for ]ﬁéanzﬁl ntation, ,The cells nmay thus be obtained
by i ntroduciMeralss &t sityrn sells ik gnedipm, cantaining 3o putHent kngwn| to prangle o
primary cult i ol and then sel ecting out the
cells of i ntdeiﬁtgrgﬁgﬁilgﬁed}iscgﬁse%ﬁ%{eg{ak r0 élrc pi%fe(li)lgt&fsbnal |y introduced by
transfection or viral infection via a transgenic animal fromwhich the

primary cultyres,are then established, suitably using the nethods descri bed
P Vo, o4 2aberaninels. B daE TR Draves 4 avafied B shagt s meee ot pgrpred

enri ched popyileakitin iRfrespBitlof calCofiabeRRIHIlMEAR, céthpridihgieages of progenitors
of a chosen lineage to be obtained. In an exanpl e below the popul ation

obt ai ned i s subst@nt i antrgduciigsintar @ melkipelgniial eadk 9i sdlectabde immarkert ¢hat isi ngl e
cell of known progenit | e. The inventiqgn | f..application taq, all

li neages of cells, par IFfSIiTPﬁ?‘ele?/exﬁf%E)ee%'intc S(?E ess.efeﬂ%g&ng&ea%“@%wgp
expressed in cells thats expeassh & Sther GRNS, Whafdi collNSBItAE splcO@R Midage
cells; the CD34, CD44 and_ SCL genes are suitable for obtaining

haemat opoi eti ¢ pr ogeniodptifuteybsseofihs callspbirinaberizom the pwltingtentigh epllac
progeni tors. For ner ak.l i [ tors .

L tabl e, Using (&1 noryeifie O REMEHAPEA upbhrg 1 Ridufl ARtk BiSh of
neural cells, DMVSO i ndtieasuldpbtertiatrdellainioon delit of tiresabdcegdolindaige ogeihiosaand
absence of retinoic acid i nd#cef aaﬁ%ﬁu' ation_enri cheg in cardi a¢
progenitors. The met hd8Pdyei ifglls ynglygding, gellscofhe; sslested lincpge, oritoiRBKEiCi ng
i'nto the nmul tipotentiglrefeflnkiaf s SHANdinS §! ﬁﬂe"ab&ﬁnﬂ%rdfeéellﬁhaf fis of tlhe
differentially expressed I n progenitor cells or other cells of a selected
sub- . lineage conpar estlesteddtinesgs; expr essi on in other cells, wherein cells

of the selected sub-1ineage e f.or by differentiation of cells of the
Sl eered ooy ORS00 el b hentorfuid Tinpie' Ron@linglo Hiereu o
B99/ 01136 (v) when a Caupldssidn OF tHe'seefble@harks ih®odifced E‘t@p%i?.l ected |ineage

has been obtained, allow ng or inducing differentiation of the cells and
selecting for cells that express the second sel ectabl e marker. This aspect

of the invention further.enhances the ity.of fhe obtaine ul ture . of

cel | o¢ and 1 S heliia SuyBE 1OF SBialiiie Bl oyl WinBoBrEcl (B shifEg
differential linéa%?(@lflﬁgﬁ parige NWhilst follolingdthear] Methbd $oi @atditlg diffdretRiibnf rom
non-desired cells. In a preferred enbodi nent of the invention, described in
nore detai | Ydideelistipe aenibee dvt inchidex apurplcells gam provide:a wgyierum gf about
antibiotic rgp - Sel ect | 1 ho + hat I

el ot abl o riaykaraat BrARE, & 18 CObRer bl pRIP TR RE®Y,
use, appl i cati% ranbetdbtained, iabhd ohiacspeeifie cdmbwelinienti desaribad twbdvatties partyl is t hat
do not express the r , leaving behind a popul ation of cells purified or
enriched in $§§ﬁ@¥#g§p5ﬁgose expressing the antibiotic resistance, i.e,
viable cells of selected |ineage. At |east two ways of introducing the

sel ect abl e marker are known and suitable far the invention. The sel ectable
mar ker nay b¥ep iy oghubiedn ianpure tpopulatibn iof weln or @l mpekd| cubtpre atr tpasteslightly
integration or.gene trapping_ int ene. that is differentially.expressed
| progent 1 JRiCER S wrichib M gosBedtoff RERELEER mrLaiBhEOH Pte SEEbYoD! o
mar ker is thai@hig ORR ahhlupbdt¥éntidl NkEH O tBe gpresendd f bErL£NhERt | thatXipi&e&sed i n
a desired pattern. The selectable marker may al so be introduced into the
mul ti pot ent i differeatiation of thgregBrintorg prpgenitasreelsofdhe selaeigd lineagserBy waytofi s
expressed un ontr . egul y el n t
differentiaJ%@ﬁgﬁ%r%§§%§§Ln&%$g%eg#t%%8%eP$§8gFH%ﬁ%qgg égﬁe 0&?%&%%@? The
sel ect abl e nRéfs@hceThyrelD (e tige ehatthotoeis andrdhicaded tabe \WMngifederPpRER br
results in preferential survival of cells expressing the marker, with

anti bi oti c rRodYRSpHAR Ecloss biy inindendad fp encamppss. any hiqlpgicallypstisgmelachle nar ker
is expressed in cells of the selected |ineage. The sel ectabl e narker nmay
al so be a marker whose expression results in preferential killing of cells
expressing the marker. In this instance the marker is expressed in cells
ot her than those of the selected |ineage.



v~ ~ 4 7 May 2002 WD 991 53022 PCT/ GB99/ 01136 -6 In a specific enbodi nent
of the invention described in an exanple below, the nultipotential cell is
an ES, EC or EG cell and the method conprises inducing differehtMan2®? of
the multipotential cell - one way is to forman enbryoid body fromthe cell
- and di st M}g the cells. Trypsin is used in one exanple. It is an -,
advant age 't hat "I idi vi dual cells are thereby obtained. Thesd@¥eBYIO136xposed
to the culture nedium and not being attached to nei ghbouring cells are free
of cell-to-cell influences that night "affect the pattern of growth and / or
differentiatlor the cells, .. | formati on of progenitor cells
accor di ﬁé p{%tct)é'?'aelR{ R@éﬁqu?%h\(%&t@gﬂpglﬁgﬂl{? lat is purified or enriched in
respect of ventral progenitor cells is obtainable according to the
invention, wherein the selectable marker is differentially expressed in
neural phedeHitipeiteriésd!|cellanady hecselecieddreml arpbaiinic sieRdES) selis f¢mberanial |y

hr's T SSEUEbT ey pRERRER Pyrclifind el Cele CAPP TR B LB oo
cul tureat Bainarp dUiUrki 6f po3teRtachars andr espeshrpfcuiereabs RuageReior TRE! |'s |

i s obtainable according to the invention, wherein the selectable marker is
di f f er emathpHymavpifestben ¢omprisengenaticalivogeedifyingceells tndlelete, secsate,

The- sccaieUarar A5t ShaPEaT Braf (o RLERRF PubPyoR i P BRRRE F5 e efhe soa

in cell selichedd aiyages drandapt Thecsinvsidricippal 8 heler dRs ndoreelduitapleffor abl y
a progenitor, of a selected |ineage, obtainable according to the nmethod of
the i nv&anisslantaiiemel e calsapay shusche obtaiped Harintredscite e selestabigunerkesar
certain S . C I | Lor | l.. Wth culture
accordi Lréofa omﬁlﬁéomgbgﬁ{?%gp{?%gfgggﬁ agik’\f’é”\@?%?ﬁ E)&gm{haen?égﬁ ?@”%%6% ﬁﬂ e
prepar atthemssedctiiPIRAT tHY ellsSot abiedBs0f Bhei sWleCtaplO GRS is Bpaichbfyed.
The invention further provides a conposition conprising a plurality of

cel |'s, WHep@ugedbyrijansiestion of Misaldafeaticn viap Bgapgenic afumad frem yviyeh éee ed

| i nage. P r €as % pf. & : nitor.cell f the
sel oot e T v en e UREreyapohed s eaBur SubB B oAb Sk ER a g
progeni ttep4¢24234. In addition, the invention provides , ~ " 7 May 2002 7

an isol ated neural progenitor cell. A significant application of the
invention is in the field of assaying factors for the effects they may have

on a Se*r"ﬁ%ti‘?\qﬁﬁfiBH%HLEOdeva(ﬁ‘Eggé&BéW'e\habﬁéle?iH?gﬁR/t%Rﬁcﬁéd}' lo LHMFFF)]‘E% yi des

an assay of the effect of a factor on a culture of progenitor cells of a

sel ect edndiingageculaorfiriirsiages & frogenitbrodfiaiahg sent iineagautd bpaitsaaineal. lcel |

a selectable marker, that is differentially ex ressed[yi ?ngo)) enitor cells of
o] r’°

the sel 8BtBHPTPIFREEVtE HhpAOBYIAHIhOPTAINEd 3 éggﬁﬂmad 'E dMaliRgriei n

5[,{’2?2;@?55?’?‘%? ti%ela%?tsﬁﬁgfeg%iﬁfg:f KRRRAT prO8&h kS Ulifedg S UPnEGhvatid NG 68! | S
application to all lineages of cells, particularly progenitor cells. A seiectable marker
expressed in cells that express a Sox gene leads to neural progenitor cells; the
CD34, CD44 and SCL genes are suitable for obtaining haematopoietic progenitors,
and the Nkx 2.5 or GATA-4 gene for cardiac progenitors. For generating myogenic
progenitors, MyoO or myEDb are suitable. Using retinoic acid induces differentiation
of ES cells into neural cells, DMSQO induces differentiation into haematopoietic cells

and absence of retinoic acid induces a population enriched in cardiac progenitors.

The method optionally further comprises:-
(iv) introducing into the muitipotential cell a second selectable marker that
is differentially expressed in progenitor cells or other cells of a selected sub-
lineage compared with its expression in other cells, wherein cells of the

selected sub-lineage are formed by differentiation of cells of the selected



c(ii)rculturing the nultipotential cell in vitro to induce differentiation
of the multipotential cell into a cell of the selected Iineage_loﬁir :}%g a
mxture of cells including cells of the selected |ineage, or to™@eH
“preferentwaloossegi val , in a mxed culture of cells, of cellpgtatpdoifiag
selected lineage; and (iii) selecting for progenitor cells of the selected
| i neage according to differential expr&ssion of the sel ectabl e marker
introduced in step (i), and B culturing the thereby obtained progenitor
cel Il s of selpogeditorde@ggei antthe presence of the factor. The assay net hod
is preferably for assay of the effect of factor on a culture of
progenit or cé/l)l‘é’hﬁf‘ Qe%QE{r@dOFipﬁBQSB',mW@& ﬂfttﬁg petadatingagarhas begn
di fferential byl esig ol NRARING WABH A atfsH b$ -thBG‘Je%;é%s&@c%n'

factor"”
in the assay, is intendedto be a reference to any actual or potent igafl%?
bi ol ogi cal | yceltst thes exgiressiltiee tskabndegeleetable matiserd into culture of cells
of the selected lineage, and is thus not intended to be |imted to protein
and pol ypeptide factors. The termis also intended to enconpass a gene
| ntrodueiid el khedhidhtforTilithob@RAncs 47 bufity Bt 1L EBeARbU S L Be
selected lineage are obtained. The assay can thus conveniently be used to
assay farllst lmdeisfafcadvantaghtiy B8 that ckella giahei saleatedyimes gaadifferientially f or
the effect of pol tide and/or protein factors, or smal| nol ecul es of
i nt er es$XPress asg mt ?6@32% @gﬁgﬁgﬁﬁhb@g‘ﬁeﬁéﬁ/f@m @8”?‘16f¢’fdm%l§~ret hod can
be used to assay whether the factor has a proliferative, maturation, toxic
or protective effect on progenitor cells of the selected |ineage, or
whet herlnaa fraetesre ch asteo dimeinit fadr el Wey.e nitietnu rdeisicoib ed cint mibox idetail bglloal the

protecti e e& ect on neur al 0 eniéorfcel | s,.or. on other differentiated
Sell s GHISTRBIE MUITREW TG SAh eI I5T [Uer BERIRHS SRPIaNPe QrshevIBEHBA BF tne
pr ogeni {h@yss.cellk that akpdY ARt agRcRiblehfaAss R rMplisedidthatudibg BREBIGTR Rto
popul ation of termnally differentiated cells of selected |Tneage to be

obt ai nettheagidtwseth tise, apmivativsayfsthesantdnetiaselantivg!vikdsovrealylatas egissthavet
further proyided by the invention jis_a neural, progenitor cell, or a culture
conpr S GOKeRE a5y e KR et T bEa RSP Bl e ore R s ant sel6hee |
an exanplraspetoyy thb sReilRbsINGERBIdrAbi6BE ke btdrte, i RVeMHIOR NSRRI ted
successfully isolated and transplanted into the brain of a rat. The neural

cel | neljnengs. dualdagt hwoa wansr ohantredueingr the geleataklel markgr gre known and

transpl anfation can al so_be carrie using neuronal cells obtained from
neura SPkEin R B s, Bhe | SeleCtiod MRk Hbh s B aducrt g thd
purifi eghungsttensial @BNIH\sesrgiibal iRtégradiodubt Wed eptaplpiegl ihfb egeaEtthat is

neural progenitors, usi ng the nethod of the invention wherein the
sel ect abifterpatiadby expreagispf dpaeRanitor el €dsbag sebeeled ineang. ExpreassiomoBox

Qo noi L e bleReh i HARER) et AR SRR i AR PR R SR

met hod iaf agessired ipigtanpuThd isete@hbhl melkes ®agpaissedeohitbddiidy antulthelr e
purified in respect of neural progenitors, using the nethod of the
i nvent | BaitpRieatial calk vikraedem ipternakion a5 adirapegene vanefeiripiscexri@sped

cells tQﬁ&ere&(@rqt?glsopth%o?%gulatory elements of a gene that is differentially expressed

in progenitor cells of the selected lineage.

The selectable marker may more generally be a marker that when expressed results
in preferentiral survival of cells expressing the marker, with antibiotic resistance
being one such example. In this instance the marker is expressed in cells of the
selected lineage. The selectabie marker may also be a marker whose expression
results in preferential killing of cells expressing the marker. In this instance the

marker is expressed in cells other than those of the selected lineage.



'gene,s and culturing the progenitors obtained in the presences of nmedium
suitable for differentiation of the progenitors into glial cells. Yet
further the invention provides a neural progenitor cell for trar%ﬁyl%g?tzati on
to treat neurodegenerative disease or neuronal/brain injury, a neural-
progeni t orwgedss2i or transpl antation, obtainable froma cel |l ected from
an ES cell, an EC cell, an EGcell a primary culture of foe%%f/%gg?/?g"’ﬁand a
primary culture of post-natal cells, fog. r i v WD 99/53022 -g_ 7 May 2002
PCT/ GB99/A 136 transplantation to treat neurodegenerative di seases or

neur onal|hbs &pacifiy emBsdimredhete ohvéritsd MeBtribéd NALAPASaRRBIcabiey ditease
or neuronal/brain injury conprising transplantation of a neural progenitor
cel |, angulinesentel S¢ll 3 @EaEOEG HfebBarelbragetia et campgises indusing

R s e T e T

presencehefcel cr yagr Gise6tRing B RedS. | TEAdsth nBlUEd BUbhexéxemnpld) 1@ns an
enbodi ment of the invention, a selecti on/reportera_%ene, ~3geo, was

i nt egr atastyanyagp e toigeiddratcesits are thenebnodtaineds dhesgaie alvinrasedsto the

L

resul t ednfldetdes &idt giight afieet ahé patadin \bfagldavtroend Posi Hiffereniation dingee
cells expressed markers of neuroepitheiial precursor cells. They

di f f er errdllat eaddyineq &matiomod niegapitrs cells aseewhng itRetheenventinat
expressed a variety of neuronal markers. Thus, an in vitro systemfor
genetic and nol ecul ar dissection of mammal i an neural differentiation is
provi deda byultdre tHutept boffieandr angizhadr PUresgart dhe eptedusidg@ni@r E8liseis
popul ati ons_of normal or genetically nodified neural precursors and neurons
for funcabtei@blepeenrding HthadnngntipBnepersinabe salectable mearksr is diffssentialyage

sel ecti op, ApOLOACH Globhe dRKEARbPTCLR AR LGR0LECbRA hedsabal i RBQl af her

pr ecur sof” 'populations erentiating cui tures. e I nvention
still fuditfeegntpnigwgesssedivertraifpragphitdrydely. Thpuecbhedeepabitrharkedfor
progenitor cells of a selected |ineage, conprising maintaining the cells in
cul tur e this shaviprtdy sliferasttiallvnexrigsned dmgells Jhaterrrasst i@ 6rhe progenitor
cells preferably conprise a gene coding for a selectable marker, which gene
is differentially expressed in the progenitor cells conpared with its

expr essiAnculturet text Gelplusifieandnt berickeédod faspeberofcdopal seogeeliect dallg fsor
cells that express the selectable marker. It is an option to, maintain the

cul t ur e RIBINDINHACEHIGIRG IO EheIBNEPHPN OO CERIA the FrisaiipIpaer &xdiThersntalv s
t hat eXpéﬁ%g%&fi@%R%mn@glﬁ gﬁd@{itor cells’ MY 11D A2coll 99eedle marker is

PCT/ GB99 not her o on Is to maintain the culture over a
pl ur al i tgiffetemtaigretprensedimdd csat progemsioy csité.e€he fecondiskectthble reamkeedfs t he
is anti bigoti c resi stance the

?rglt ﬁgga% gﬁ%ﬁﬁ%@%@ﬁ?&%@éﬁ%ﬁ%g%ﬁ@ g% l‘élet a} REPLSSse™E @ of anti biotic.
The invention also provides a cell, preferably a progenitor, of a selected lineage,
obtainable according to the method of the invention. Hitherto, preparations of
progenitors were too impure for certainty as to whether any chosen cell was a
progenitor cell. With culture according to the invention that can give rise to
substantially 100% pure preparations of progenitors, isolation of a single progenitor

is achieved.

The invention further provides a composition comprising a plurality of cells, wherein
a majority of the cells are progenitor cells of a selected linage. Preferably, at least
60% of the cells are progenitor cells of the selected lineage. More preferably, at

least 60% of the cells are neural progenitor cells. In addition, the invention provides



‘The i'nvention is now described with reference to the acconpanyi ng draw ngs
“in which: fig. 1 shows norphol ogy and characterization of neurons and glia
in day 4 cultures; fig. 2 shows phase contrast picture of day @ May2002( 2a -
4 hours follow ng plating), and Sox1l anti body staining (2b) - scale bar is
50 microns; fig. 3 shows a schematic diagram of |ineage sel ection according
to the invention; fig. 4 shows culturé enrichment for Sox2-positive cells

by (418 sel egtisdlited hérdal progdioscakpr essi on of regi on-specific neural
precursor markers; fig. 6 shows Sox2 positive cells proliferate in vitro in
response to FGF-2; fig. 7 shows ES cell-derived neurons differentiated

fol |l ow Sox 2+- Lop: £ | ) .
nodgenog on Aall Dicin bflieat et e ORRichSy h i Reigt@io e ol tothel o

af ter transpffeofsathtp Mndynhatlees0.a delecisd progeiiieor] , AtéqgdihgBhakés inmenpitwlstgy and
characterization of neurons and glia in day 4 cultures. E14TQa ES cells
ver e i nduceduttherqireyidessa assaxeok the sigeta 2 factor an a culfysewd progsniorcells pi 8002

PCTI GB99/ 01 . a .at.ed on poly-D-lysine/lamnin substrate in
DVEM F12 sug)sg gferréﬂgtnga wg?ﬁﬂpﬁfébel | s were phot ographed alive with

phase-contrast optics after 4 days in culture. The majority of the cells
are neuronal -like, their peuritic processes.connected into a cellul ar
net wor k. (a) (b)(‘)and 1 E?E‘ECH&N“EB! ‘F dP'élé‘p?tﬁﬁtl‘ﬁv\_%“H]e asfej?‘ﬁg’ée R _eramqt-‘RIFL,
anti-MAP2, and anti - G:d%ﬁereﬁ@eﬁBﬁﬁiﬁrﬁﬁlﬂs -Oi)rgfzptggerfiiog &11s B7F ae! ée'fecgﬁdt Nnéage

targeted insertion of /3geo into the (2 gene were induced to
differentiate by cult wompasdayith élgaxpessgior nib othst dell avhesein progenidor kllday s

they were exposed to 1Q-6 M retjnoic acid for f yrt.her days. . T
hoor coat s wore then dtabeRiédediftae BftulDh sfbuteisl Miiscls BB PR Fom
| am ni n-coat ed di shes thenfidtipsentiabeeledi um wi th N2 suppl enent. Cul tures

were unsel ected or _exposed to (418 either for the final 48 hours of
aggregat e cul tur €ii) b, qulturing jthe gyultipptential gellin vifra ta insluge idifferenfiation of

Sox2-1inked (3-gal act QgL danRpsRRiatSliOed 3 SHISEH B! S&fectell fiHlage DrH 3
mixture of cells including cells of the selected lineage, or to induce
preferential survival, in a mixed culture of cells, of cells of the
selected lineage; and

(iii)  selecting for progenitor cells of the selected lineage according to
differential expression of the selectable marker introduced in step (i),

and

B culturing the thereby obtained progenitor cells of selected lineage in the

presence of the factor.

The assay method is preferably for assay of the effect of a factor on a culture of
progenitor cells of selected lineage, wherein the selectable marker is differentially
expressed in those progenitor cells. Reference to a “factor” in the assay, is intended
to be a reference to any actual or potential biologically active molecule that may be
introduced into culture of cells of the selected lineage, and is thus not intended to be
limited to protein and polypeptide factors. The term is also intended to encompass a
gene introduced or modified in a multipotential cell from which cells of the selected

lineage are obtained. The assay can thus conveniently be used to assay for the effect



«after plating. b. Sox2-1inked /~-gal act osi dase expression in (418-sel ected
culture 3 hours after plating. c. Sox2-1inked ~3-gal act osi dase expression
in unselected culture 24 hours after plating. d. Sox2-linked 7 May2002
~3-gal act osi dase expression in (418-selected culture 24 hours after

plating. e. Immunostaining with anti-Sox2 of unselected culture 3 hours
after plating. f. Imunostaining with Enti-Sox2 of 418-selected culture 3
hours after gflapdrtigilar geneaswall Mafor ZROeffOND0P Db kicRGT/oTipORER fAR6rs-or! 2 g.
DAPI counterstal ning of panel e. h. DAPI counterstaining of panel f. i.
Doubl e- | abel ImatlgnojetHesof inteiestt i n (green) and anti-Sox2 (red/orange) of |,
(A18-sel ected culture 3 hours after plating. The scale bar indicates 100 Nm
for (a,b,c,d), 66.7 ,umfor (e,f, g, h) and 50,umfor For fig 5, Sox2
expressing cells were selected with (418 for 2 days in EB cultures, cells
were dissociated and allowed to attach to culture dishes for 3 hours before
fixation. The expression for Pax3 (a), delta-1 (b), Mash-1 (c) and Mat h-4a
(d) were detected by in situ hybridisation with specific anti-sense

ri boprobes; the presence of Pax6-expressing cells were detected by staining
the culture with an anti-Pax6 antibody (e), culture a was double | abelled
with DAPI to localize nuclei of all cells (f). Scale bar, 100 ~.rm For fig
6, follow ng 8 days induction of neural differentiation, cells were

di ssoci ated by trypsinization, plated at |ow density, and cultured in

DMEM F12 suppl emented with N2 nediumin the presence of 10 ng/m of bFGF
and 200,ug/mM of (418. (a) overnight culture; (b), 4 day culture. Cel
nunbers i ncreased around 10 fold over the culture period. Cells expanded in
the presence of bFGF naintai ned Sox2 expression as shown via X-gal

staining. Scale bar: 50 Vim For fig 7, Sox2-expressing cells selected by
48 hours exposure to (418 during enbryoid body culture were plated and
grown in the absence of 418 in N2 nmedium forJ48 hours (a and b) or 96
hours (c-e), or for 72 hours followed by a further 72 hours in Neurobasal
medi um pl us B27 suppl ement and 2% horse serum (f-i) (Scale bar, 100 Nnf:
a, b. Doubl e i munol abel | i ng showi ng down-regul ati on of Sox-2 (a) in



‘WO 99/53022 -13 7 May 2002 PCT/ GB99/01136 newy differentiating cells
expressing the neuronal marker ~3-tubulin 3 (b). c. Inmunostaiping for
neuronal marker B3-tubulin w th propidiumiodide counterstain i ng
neuronal differentiation of > 90% of cells. d,e. Double immunol abelling for
neur onal nAPKBBEI2Zynapsi n-1 (d) and MAP2i Tau (e). f. |nmunop¢picRo®EsOr
GAGA g. Phase contrast image of field in f. h. I munostaining for
glutamate. i. Phase contrast image of f8eld in h. In fig. 8, CCE-sox2 ES

enmbr yoi d_bodi es undergoi ng g418 sel ecti on were exposed to the indicated
concent r B¢ JR§thid reabif ritsed d8nPesaedyBRBE pitbe efastocdidss anmrelifaratide,and

i nmunost ai f.ar 0, i 4 our fter
i ssoci A Pa Ry 108 R GIARYHER SFprddefor Kefio 3 ¢88 B drp Sbareey
9418 durwhgtresrty faaitor hasly peolitenatvsemattasisns cat@@xid aPglidIedovd dei 4G G
(Sigma) and injected into the forebrain vesicles of E 16 rat foetuses in :
uterv. FReJAel Prageriten calls ote®n other Wifferantiated peelise obtainedi foltavdingn

P2. Vibr ! ; e i_n by.fl uorescence

i er oscony CaEE bt SRR cHRh B RS B BR BN enR e ortne T edocel | within
the cortex exhibiting typical immature neuronal norphol ogy. This study
denonstrates that Sox2 selected cells can integrate and differentiate in

t he brailkis RAtadvantage ad thetassgy methad Wstgy/enabies a poputatige|af tegninally 7

(roper SfTeEAEEG<Nsl AAGR ER IIncas D 4F Elifd ghR e kil ooty &7
deri vat i genedn€drug Rtisckh wryedcraens. 1984) in which one copy of the Sox2 gene

has been di srupted by honol ogous reconbi nation. Al ES cell |lines Wre
mai ntai ned in gelatin-coated tissue culture plastic in dasgow nodified

cart sor oy (a5 RYigBBPRY L IRl s o Ty RBRARLP AR, o PRI

comprising a majority of neural progenitor cells, for transplantation. in an example

below, a neural progenitor cell of the invention has been successfully isolated and
transplanted into the brain of a rat. The neural cell may optionally be a neuronal cell

or a glial cell.

This transplantation can aiso be carried out using neuronal cells obtained from
neural progenitors of the invention. A suitable method of generating purified
neurons comprises obtaining a culture purified in respect of neural progenitors,
using the method of the invention wherein the selectable marker is differentially
expressed in cells that express a Sox gene, and culturing the progenitors obtained
in the presence of medium suitable for differentiation of the progenitors into
neurons. A suitable method of generating a purified glial cells comprises obtaining
a culture purified in respect of neural progenitors, using the method of the invention
wherein the selectable marker is differentially expressed in cells that express a Sox
gene, and culturing the progenitors obtained in the presences of medium suttable

for differentiation of the progenitors into glial cells.

Yet further the invention provides a neural progenitor cell for transplantation to
treat neurodegenerative disease or neuronal/brain injury, a neural progenitor cells
for transplantation, obtainable from a cell selected from an ES cell, an EC cell, an

EG cell a primary culture of foetal cells and a primary culture of post-natal cells, for



1nductiion of differentiation. The basic protocol is based on that described
(Bain, 1995). ES cells were lightly trypsinized into small clunps and

al  owed t Qv oK ﬁ%ate in suspension culture in the absence of LI7AMayg0e} 4
days cul ture, traps-retinoic acid (RA) was added at a RgWenymticon of
10' 6M After a further 4 days aggregat 55 wer e di ssoci ated by incubation
with trypsin and trituration. Cells welFe seeded at 3 x 105 celis/well into

was. sert AT R RN o 195 Sty et Bl 5 B oAb e s 4 cd

B27 ( Graethd@RLof méa&n?émh@rfsaeaﬁfdagensu@ﬁw adligeps€par %é%naﬁb$§HelrﬁUé} ur e
pl ates were precoated with poly-D-lysine (PDL, 30-70 kDa, Si for

at a corcentisingi banedlantetiey af aj teyrBEPr EQEYY CFﬂﬂr@fWaQ et aMrmxnme

pl at es in S th . am nin. (Si gma)
at a Coa\gﬁéntrg{gggnlgér gel g d/ﬂ?l%nalagggpggé E)lfqg gorgge comprls{ng

| Muno@btaiegiisé e¥ll alnﬁ%ﬂh@dfé&co‘iﬂmb t@mduﬁﬁxantb@ﬁ addrfré@tngube @Bl GVtHAIr es
fixed in MEMF $4%formaldehyde 100 M MOPS pH 7.4, 20 mM EGTA, 1 mM
MyS04) Hresencéofis. cryepsetdaiantl sushnis H%ﬁtdlﬁtﬁihébsu@%w@t GAGA and
glutamate, cells were fixed with 1 % gi utaral dehyde in PBS (Turner,

Neur ochem stry) . For detection of other intracellular antigens, cultures
vere fiiKeeth émMbdllirpened DiheahdenyeR, 4 BeldBlohmiepbitelgenel-ipyed, Oﬁshﬁté@i‘éféd
rinsed with PBS, incubated with bl ocki ng buffer (PBS, 1 rrg/m BSA, 0.1 %
Tri t on ¥ homolegrusiregagobinasieninjo ths s®e2 sﬁnemhumv@dewessv@ug\m@mm 15

out tor BYEHREAnEeR 10 te ahrE WhRE' PRanhbral /R Y BRSBTSt i Park "0

with a cﬁﬁ@eem&t&fge@uftumsgf:@asdarmr@étteubﬂabs ﬂe@uhbﬂthﬂh@ ficiait ‘s@ratibnhéf
Cul tures were washed with three changes of PBS, mounted with Vectashield

nount i ngahl@dnﬁaepvm@v? e@iB - e X RABAeBelm qrPrassediomaskerst ok prgeasptheliBbubl e

appr opiiT A S RBRBI ot T e ke S R L ACRFBHR A PRURAIE B et i T

noncr osspressdd ¥ & aseep od aleyirmdlirhaders. Thuss ann emersm@rﬁwsfor@éntewc%d/\er e
counter stained with propidiumiodide or DAPl at concentrations of 1 ng/m

ang 5 Ipgleauigredinsectipal ¢f mgewmah%mmwamlmerww esypERvifiad me%
5
ot - cABREn 29hY HASATE ot @R bl S bR OE AL S EUfgEns g oRdimal 80

anti - tg’brtaxmalllymnadnﬁ‘uea rie?LGQI, pr@c@ﬂ@dfs anm:sa;ramslbeﬁﬁu(txdnalék@OdmSu@ﬂ&)ﬂng

r abbi t anti-MAPs, which reacts with MAP2 a Tau 1 :400, Signm);  nouse
ant i - GEAPIgPlantaltsg. Spgigrmarsu e Qﬂﬁﬁg%fﬁ o b progchset temdmy 4N fouse
anti - oat
it - e BBt e e PR o f'°"." Rl

ant i -rrmuimriegG( 1: 100, Sigma), FITC- conjugat ed goat anti-rabbit Ig ( 1

: 100, Sigma), TRI TCconjugated goat anti-rabbit Ig (1:50, Sigma). 1In situ
hybri di'zation of cultured cells. The protocol is based on that of (Rosen
and Be ied e
fixed fjﬁl\ﬂog/ﬁ\gg’rth%‘orna ehyﬁan%spgwn%tggﬁﬁ%bgfylﬁga Lll%ﬁ?% '%bhi{ea?ﬁ)g‘r’]\g{
The celprogeerter ckeda afedweleatezﬂhbhagmgdmmpsnerriges of methanol and finally put
into PBS with 0.1 % Tween- 20.. Pr br|d zation performed for 1-4 hr in
hybri di zat i oReBURINERI (tgﬁ% Ft'?zﬂr’u efiy e M aasNe® >?fSSC pH 4.5, 50 ngy/m
heparin, 100 Ng/nj nl;r,% dnoggsperm DNA and t RNA, 0.1 Tween-20), the

di goxi genin (DI G -1 abefed probes were added at 1 ~g/ i overnight at 70 C
Washes the foll owaggoddly faeta.three times for 30 nmin at 650C in wash buffer
(50% formam de, 2 x SSC, 0.1 % Tween-20), three 5 m n washes in TBST , L
Y 1 7 May 2002 WD 99/53022 PCT/ GB99/A 136

The progenftor cells preferably comprise a gene coding for a selectable marker,
which gene is differentially expressed in the progenitor cells compared with its
expression in other cells, and the method further comprises selecting for cells that
express the selectable marker. It is an option to maintain the culture over a plurality

of generations and periodically select for cells that express the selectable marker.



~16 (* 137 MM NaCl, 25 mM Tris-HCl, pH 7.6, 3 MM KC, 0.1 % Tween-20) and 1
hr bl ock in 10% serum TBST. Cells were then incubated overnight at 4C with
al kal i ne phosphat ase-coupl ed anti-Di G anti body ( 1:2000) 7 May 2002
Boehri nger - Mannheim. The followi ng day cells were washed three times 1 hr
with TBST V¥A8/83%e times for 10 min wth alkaline phosphat@sgcheidiess (APB,
100 MM NaCl, 100 mM Tris pH 9.5, 50 MM Mg 2 , 0.1 % Tween-20). The

al kal i ne phosphatase staining reactionlfas all owed to proceed for 3 hr to
overnight with 4.5 NI/m NBT an 3.5 ,ul/m BC P in APB (Boehringer).

DI G | ab&nedheNRptioshés tTh@aifiaim heDRMUIE SYeh A Pty «f penerdtionsr ebds

were a . X3 t oyi.de 0 i n 00

Dol a1 SeNSHobRYoPIeRa T ePbotiotoes e, TR oR el Mg Rbics AV ESFS Hifen
and a 1sbidebatVBinflarklr RRMAILIHOE Pe 1Bt clRrthdinglet olyn &y tHifEe®insisSdiohtiausly -
DNAs were |inearized and RNA synthesis was directed using T7, T3 or SP6 RNA.
pol yner cslure ficthelpresamoe: phpetibiPtifucl eotide mix as recomended by the
suppliers (Boehringer). Products were analyzed on a 0.8% agarose gel and
approximately 1 Ng/m of the DI G labeled antisense RNA was used for

hybri di Zakiiaeffios &8s Inpw BRisefibeanwith refergabaabagiedasripbhpinged@wingsdni n
fix buffer (0.2% giutaral dehyde, 0.1 M phosphate buffer pH 7.2, 2 nM MyC 2,
5 mM EGMY)ichor 10 min at 4C and washed three tinmes with wash buffer (0.1 M
phosphate buffer pH 7.2, 2 mMM My 2). The cells were then incubated at 37C
overnight with 1 ng/m 5-brono-4.-chloro-3-indolyl-/3-D gal act osi de
(X-gal), 4 migpat sisewdnbashslpapi 2e) charidk@idaams ofméeardracyadigiia indayash
buffer (Beddington et al., 1989) . Results Efficient generation of neurons
and glia frofHUESre®l | s I nduction of neural differentiation was based on
publ i shed nethods (Bain, 1995; Fraichard et al., 1995) in which ES cells
are aggregated in suspension to formenbryoid bodies, exposed to retinoic
acid, and the¢ig. d bovrd poaseabhaclt pitture WOJRY 638 (247- 4 Nyrs203wWeg/ G
B99/01 136 outgrow on a_substrate, Under these condjtions neuronal I|ike
cel | s become PEAHHBnENENSeNE aBuRednE RN BEHEP) seFaleabaiisy3048HaPEni ed by a
variety of other cell types. W introduced two variations into the protocol
whi ch enhanced the final representation of neuronal cells. First, the
enbryoi d bodifigs vahevid %sechatredicbdiagrampbatinegge Tddlsctias Wcksrdingato the
honogeneous di spersion and imedi ately term nates inductive and sel ective
ef fects withif&HEEnbryoi d bodi es. Second, cells were plated in a defined
neuronal culture medi um (DMVEM F12 plus N2) on substrates coated with
poly-D-lysine and | am nin which support attachnent and outgrowth of

neur onal cel lfig. 4Esledbwefculheserpicdvednt &3 $Sad-aosaded ¢elleebeiG4ALE selectioe;
proportion of neural cells in the cultures. Wen conbi ned, nore than 50% of
viable cells 4 days after plating had extended processes and where

| mmunor eact | vy, TEPEnHRK O HesBRIKEF fediSH Pkt IfRITRENE! ipgbtudad hsdeys.chai ns,
MAP2/tau, or /3 tubulin I'll (Figure 1 and data not shown). A snaller
proportion of cells, around 20% expressed the astrocyte marker GFAP (not
shown). Significantly this observatipn is.not cell. |ine specific .
conparabl e r é@u%é‘ﬂéﬁeg%’bg&%&ﬂv%?ﬁs Pﬁ?'ggrqtﬁdep\’éﬁae’ﬂtreﬁ%"@@? ItOIFiaciFe'g' and
several subclones. Non-neural cell types remained in these cultures,
however, often identifiable as large, flat non-refractile cells. |f, at any
poi nt, DVEM KR 7oihesv B Swedl-denpys donewrons diff erend ated @fo wingopexns-selegtion:; or
B27 suppl enent), these nonneural cells expanded rapidly and progressively
becane the predom nant cell type. Detection of Sox11Sox2 expressing neural
progenitors Fhe geprs@lii posifs fl asas, pifopmett ¥ ebnil fHeRlgeRbigabadnBety ons
and glia suggested that neural precursor cells mght be detectable at an
earlier tinepsogenitors;tamsl differentiation protocol. Figure 2a shows a
representative culture 4 hours following plating. At this stage, cells
appear to be norphologically undifferentiated. The soma of the majority of
cells are smald..9 eholGaL e EPEePURlivERGNRAon 2FtE e HaRtMersNDOLteBl OCESSES
simlar in length to their cell bodies. These norphol ogi cal features are
simlar to primary neural precursors reported previously (Kalyani et al.,
1997). These cel|l 0 .nqt expres etectgble NE-L_or. GEAP fis

ol at 1 ng M ATRSraaioby R dniner rOp B ge€ SR B Gi o tind Dot ATt Bl Hibdh
posi ti veydyot ceituhes. ©f 4TB23EES cells were induced to differentiate in aggregates for



7+ NMay 2002 WO 99153022 PCT/ GB99/01136 .' -18 two markers. The cultures were
exam ned for presence of the internediate fiiarnent, nestin (Lendahl et
al ., 1990&03\4(2%%%? is expressed in neuroepithelial cells. A nos{’7 May 20032 | s
were nestin-p %ve, however, presunably because the exprepeT@mBsdbimpestin
is not , strictly restricted to neuroepithelium]|[Hockfield, 1985 #868]. W
therefore sought a nore specific markerll The SRY-rel ated transcription

is confined to the neuroepitheliuym the neural plate and

factor Sox 1 i f

di vi di n§ Gasisr B atsH ey o v piReflgEiRiR g UPSHERIE &N Q?MEWF@ Bewipplemepied nitied
data) . S i i ) i ter hat
Al 50 enbompaehs Withe BRELHTRren SV WORAGANAEoRIBSE RILORAR! £ hisi
of freshkljtupd.aflbe cedjbsityv ¢t thet céitdliees nausshldika, nteiSaduritig [Hoxdsses
reveal ed that 40-50% of the cells were positive 2b and Fig. 3e).

; Fig.
These c&PNEEFacINiO ArelbuPORRWR Knddh 4P BPGdEhP"t‘éY"ng'ﬁé'leécTﬂ”iaérYV%fmlStamed
puri ficag:i f X2= £ i If r | ells. To isolate the
neur al g\%lgggﬂﬁtr\lofﬁe’p%%ﬁwmé%u%ze %ﬁge Iépi ﬁgﬁg%ﬁk’t‘ﬁe bi functional sel ection
mar ker | reporter gene ~3geo has been integrated into the Sox2 gene by

honol ogous reconbi nation ref). \Wen induced tqg differentiate as descri bed
above, érp%s&iﬁ%@@iwydm saroeted nseetieg of PEAdNte Hre BIxgaensa were yidiced
activit i : Ry A 0 i NS
hat " exey aneoigrfiste ME oIABHCat daqr AR B Yold oo ORI, SR Y, oo
to el i mwmatesxGms2dnegativiel netingiewcid foekl mirtHarglirday3) . THat 2§ gfblg/ ke was
added after retinoic acid inducticgn, ei[h roduri n% e{rbr_yoi d body culture or
upon pl HehFissaripEenard mfllsi Blated G5 Belvabrlysing pNd; lamipy-Gagted, idighps. in
Cruci al oar I \V{ i i i~cal
neur oepig%hhuerﬁﬁa ﬁ{oerdpl)lﬁrg'l \g'gtyn Ng}gjrp% é%g%egf ' dt:ﬁgélégsc{é\)léﬁg %Aa%%qeecgrégr#} née t selifto
~3gal actGaKli&lagbesfai thenfindFt§ureaurd Jof dgmregatanokuve (i, Sdx2) prdbei24 hours
expressi on s.confirmed by inmmunostaining (Figure 4, Table 1 ). The

rel at edagﬁ?éﬁg?ﬂng Z‘E)t-'or Sox1, an exclusive marker of pluripotential neural

pl ate stage cells and of CNSrestricted precursors in the neural tube) was
detectable in the great majority of cells. Alnost all viable cells
expressed nestin. Sox2-hMiye?B0fal NQ08H 02 rPETOEBAAUrGEId@6d-ciBture 3 hours
Sox2-sel ected cel IZ express markers of neural progenitor specification. The
devel opnent al or @S d'#BRA%and subdi vi sion of the central nervous systemis
under pi nned by the tenporai and spatial patterning of gene expression
(Tanabe and Jessell, 1996). in order to gauge the diversity of neural

di fferentiatibon t KexZclnked fegalehimidase ekpoessks dol 64 18nsalbetegbsulivee of
enbryoni c axi al or ani s?ti on, e have begun to exam ne expression of key
det er i nants, Pax g@ﬁ%? i P'AUUF ogeni ¢ bHLH transcription factors. The

pai red box transcription factors Pax3 and Pax6 are found in dividing neural
precursors throughout the |length of the enbryonic neural tube. Pax3 is
initially exgressé&xZnlinked faaladtopidase exnde$1i08 yuese!pgtashewiwe Zohensed
to the dorsal half of the neural tube (Liemet al., 1995). Pax6 is
expressed predom ﬁﬁﬁrlwa}'ﬂgt he ventral region of the neural tube (Walther
and Gruss, 1991; Tanabe and Jessell, 1996). W despread expression of both
pax genes was found in sox-2 selected cells anal ysed on the day of plating
(Figure 5 and.TablS®x2-linked £-griggesidasehaxpEssidl &4 \Vegelsstealcuprerditsor s
can acquire both dorsal .and ventral identities. The bHLH genes, mashl and
mat h4A (neur ogeni ! ’?Tlﬁﬁggrest ricted | ocalisation to subsets of

neural progenitors. Expression of each was readily detected in
sox2-selected cultures, but in significantly fewer cells than_the pax gene
products (Fi gure 3mnTambdstad)inglwithsantide? phamselreted ppdtdicon purgeaftert
and mat h4A specifi is.di stinct sub-popul ations of progenitors, as the
distribution of tReE¥9wo transcri ption factors is mutually exclusive in
nost CNS regions (G adwhl et al., 19961. Two early markers of neuronal
differentiation were al so exam ned. The notch ligand delta 1, which is
found in comfit t edmeelihestamindivetieBytigFex? of @4dsuselsatedicgiterechhpts aier
(ref), was expressed.in only 1-2%of cells imediately after plating,

i ndicating that t atr‘r%?‘ority of the cells are not yet commtted to term nal

differentiation (see also Discussion). Expression of the ! | M honmeodonain
protein islet-1 /2, an early marker of differentiation of notor neurons and
ventral interneurons (Ericson et al., 1992), was exam ned in Sox2-sel ected

cul tures 48 7 May 2002 WO 99/53022 PCT/ GB99/ 01136 -20 hours after
pl ati ng. Reproducibly 1-2% of cells were i mmunoreactive at this stage



(ot sHown). Sox2-selected cells proliferate in response to FGF-2. S~.veral
studi es have presented evidence that basic fibroblast gromh factor (FG--2)
can support proliferation of prinmacy neural progenitors and i mbMaui2082d
progenitor cell lines(Palner et al., 1997). Addition of FGF-2 (10ng/nm) to
Sox-2 sel HQaUSWYA tures |ikewise stinulated cell prolifer at,’;@c @'/(95156«3 6 -
shows a typical Xgai-stained culture follow ng addition of F B t can be
seen that all cells retain relatively- @2di fferentiated norphol ogy and show
strong Xgal staining. Such cultures could be expanded and serially passaged
for at |eastgtw WSdRscowserstamindidffpareite.ati on of Sox2-selected cells. In
order to determ ne whet her the Sox2-sel ected precursor cells retained the
capacity for neuronal differentiation, G418 was renoved fromthe nedi um
Wthin 48 hogyrs tmpqeéd@,tgg&%miﬁ? P& fneuritic processes and by 96
hours a network of neuron-like cel'ls had forned (Figure 7).

/ 3-gal act osi dase activity was |lost fromthe majority of cells (not shown)

istent with 't - | at.i f S i i ff iati
(ror) - Trmunbst af oG TRHET IR AN tneahp Cafeantend A Bose: bl GRAPE o8 Bl e
7b). Pan- neur onal G gecRaNaftkaEAbul shtr BRdingeavy chain (not shown),

m cr ot ubul e associ ated proteins (MAPs/tau), ~-tubulin Ill (Lee et al.,
1990) and synapsin | were detectable from 48 hours onwards, co-incident

wi th downregul ation of So By 96 hours , ov, 90%.0f ,cel | s, had ||
dendriti e6%8@22%‘%“*&%%@3?%@%%'n@a‘?&n%’lf ‘%N@JOE ﬁfﬁugeh??nd 50tn for
Suppl engntation of the culture nmediumw th B27 and horse serum al | owed

further maturation of the neuronal cells, evidenced both by increased
sprouting of dendrites and by production of excitatory and inhibitory

t j GABA and gl te (Fi . | i
Cyst om PO Hed sak 4 PaeRsnedlsr el steety §inblof he HEm Yol st GfirRe.
deri vat b¥ies DRIte alissd@sted NG iaNBWIRHIOGERGAI 1S, cUINASiBEYSE 3br BIIROIARiB<Ibfe

proliferate, progressively Pose their nultipotentiality and finally
di f f er efixatioR. 7he exprassours faryPaxdia)pdsttani tit MashellonendMeig-4aldorkis

j Ander s #673, MKay. . WD 99153022 7 My 2002 PCT/ G B99/01136 -21
080" we0BlerAraRy Breit RER T eatind GutR BRSTE dudsvree RePHRTHANERET SRS ved
in the gePakBidgiressingnskidi Wees erteabiasy ofaimayrik ANasdrsnh &#ebhs-RxG t he
subj ect of intense investigation. This has been hitherto hindered, however

by the #RIRPAYde) Fadiuaes wialsidgubiadabelesuwitbdApPbie tgcadizetnec! aeeingll Falte
enbryo. [ Anclp Wl tr system of the present invention in which

neur oep{fﬁhgil:?lgl Mcreﬂldsﬂ)gﬁi be derived and undergo proliferation and
differentiation provides a powerful tool to study intrinsic and extrinsic
factors_that determ ne neural specification and differentiation. ES cells
have t hECtHB&:feNe Wi w@daysindystipraplnewsl difigsantatien cRll§uareyisepepted

col oni sat,i alih ol ' | JTRET, iﬁﬁgn S98nteP89) .
The pr oggg&%%’?'z%mgb%‘?@%ﬁIlés\ntcgngi:@gggt% éeve?gﬁﬂewgwg;?h yp}sl r|S)innv€f10t9ro
has beewithr N2t matiadn ihaheveesedne ah 10nadntlidfybRGEF eodt2C) ygrmtlbf &t 8. (a)

di fferenti at.i on. an enbodi nent of the inventjon described ahov t here

I n
i's provPYBENIGNSErRYEGy b of day @dtineg (RllerninBersnGreasrs piatthd Je'd AVEF est
from de i £ VoI i . I t Nhab! g neur al
pr ecur sg}‘r?éscbg}zlapn&%gg%}go 'a?ggg%%eq% f%ﬁﬁgoééggﬁgpgr%néﬁgﬁ H\}‘?{"? hThese cells
can be erdussatbrt as pholii efaXegalr stanidyf Seslenbarats® pynt.o neurons. Therefore
t he survival and devel opnent of the neural |ineage in vitro does not
require continued interaction with other cell types. Mreover, the finding
that si gg}frican . I e ed W dshpsit o CaUs BNELri
di si nt eg?gtf€932' Tgfo(%?hée*kge%grsyg}rg&tq)%g%%sc?%]ngsl %%?ac?}ernt >é>{/§9 pgrt u?bi ng "9
devel opeertiryoifd bldysculving meereeplased saraoyhowar ipr irsd agpsande exfc Gd1&gimdN 2 or
the applicatiop of this approach to, other |ineages. deed i} is sible
that suBi BTQE{F‘?’O"_F\8 W’Pdécﬁj?‘?g’hé’r n%é)ﬁ‘t"é‘ﬁ%lrﬁﬁ'@?agﬂ?%rxggp’%?ﬂﬁ ﬁﬁ“%’b%ggﬁ' it
stem Celft':r\;\tﬁQsz%d?g% Rﬁéu{r}&ﬂ?&’dl e&igw{ 3 %57 QPBEI%H%H*A &Hd 9% hBfECidam
si gnal s, rch may be either cells fromother [1neages or nore mature cells
of the s$kirdSkaieebge (OMwnt)tord and Smth, in personal conmunication). The
het er ogenous expression of determ nation genes (Figure 5 within the Sox2
sel ected cultures appears reflective of the subspecification of progenitors
within the neal fdige ReY AL WiRGUES WAte @AW ANdox-2 (a) in
differentiat %gé\ OPI n ?v‘%ghgﬁﬁggﬁﬁ tsgr t'y es couleg therefore be
i nvestigated, both by addition of extracellular regulators to the culture
system and by genetic mani pul ation of the ES cells prior to
differentiation. The latter particularly relevant to situations where
honozygous .11 7 May 200 WO 99/53022 PCT/ GB99/ 01136 -22 gene del etion



*The i*nvention opens the way for devel opnment of human nultipotential stem
cells anal ogous to the nouse ES cells of an exanple above for clinical use
in transpl antation. Neurodegenerative conditions such as Parki Adday 2002nd
‘Hunt i ngt oV o¥f¥Bhses are potentially treatable by cell reppa¢RiEY; 136
strategi es and present conpelling cases for devel opnent of a renewa H e stem
cell resource for production of transplladhtable cells (Svendsen and Rosser,
1995; Rosenthal, 1998). The |ineage sel ection approach, in conbination with
appropri at e i nstrutawlvedifigcentiating selis ¢Xprasing tumpenemtal oharkec If-mbsyistEm
by enabling the 96g ration of a defined cell population froma nultipotent
source. References Bain, G, Kitchens, D, Yao, M, Huettner, J.E ,
CGottlieb, D.1. 7 995. Enbryonic r stemcells express neuronal properties in
vitro. Dev. Biol. 1 fib: 342-357. Beddington, R S. P., J. Mrgenstern, H
Land, and A Sogarimmogostampngrfos neurqnal mefker §3ethbutin withkeopidiom iedide
m dgest ati on nouse_enhr and the wvisualizat] of i.nner cell ss,cl ones
during early errbrycoodjgﬁggsﬁg'.m%\?glo%’ﬂ%rﬂe"foef" aﬂf:&fgﬁé?ﬂon,?fe??g% %&e 02
-' WD 99/53022 PCT/ GB99/01136 -23 Beddington, R S. P., and E J.
Robertson. 1989. An assessnent of the devel opnental potential of enbryonic
stem cel | s i f.ehe Douljestramunelakelbeg etesr peurawalefrap sy0BpsireB-{@B3and
Bradley, A, M J. ;@7 auMe H. Kaufrman, and E. Robertson. 1984. Formation
of germline chinaeras 0 E‘rrbryo-deri ved teratocarcinoma cell I|ines.
Nature 309: 255-256. Brook, F. A, and R L. Gardner. 1997. The origin and
efficient derivation of enbryonic stemcells in the nouse. Proc. Natl.
Acad. Sci. USA 94:Imergoostaipinggoi3ABA O, A. C. Spiro, K Karram K
Choudhary, S. Ckabe, and R G D. MKay. 1997. In vitro-generated neural
precursors participate in manmmalian brain devel opnent. Proc. Natl. Acad.
Sci. USA 94: ¢gl480PHARldontPeaciPRagd of fikld ihmsnore, L. C. Costantini, J.
Ratliff, and O |sacson. 1998. Blastul a-stage stemcells can differentiate
i nto dopam nergi c and serotonergic neurons after transplantation. Exp.
Neurol . 149: 28-4 C T, C. . Eistetter, M Katz, W Schm dt,
and R Kenl errg 19§Em%§§ﬁ%ﬁm§§ﬁ% %%R(/ggr%%ﬁent of bl astocyst-derived
enbryonic stemcell lines: formation of visceral yolk sac, blood islands
and nyocardi um J. Enbryol . Exp. Morphol . 87. 2745. Ericson, J., S. Thor, T.
Edl und, T. M} Jesdd1ase epftrast vageigf fieddn hear |y stages of notor neuron
differentiation reveal ed by expression of honeobox gene Islet-1 . Science
256: 1550- 15fi 0.

in fig. 8, CCE-sox2 ES embryoid bodies undergoing g418 selection were exposed

to the indicated concentrations of recombinant sonic hedgehog protein. Cells were
fixed and immunostained for the motorneuron marker islet 1/2 48 hours after

dissociation.

In fig. 9, sox-2 expressing cells selected by exposure to g418 during embryoid
body culture were dissociated, labelled with PKH26-GL (Sigma) and injected into
the forebrain vesicles of E16 rat foetuses in utero. Pregnancy was then allowed to
go to term. Pups were sacrificed on P2. Vibratome sections were prepared and
examined by fluorescence microscopy. The figure shows a representative PKH26-
GL Iabelled’cell within the cortex exhibiting typical immature neuronal morphology.
This study demonstrates that Sox2 selected cells can integrate and differentiate in

the brain,

Materials and Methods
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Dorsal differentiation of neural plate cells by BMP-nedi ated signals from
epi dermal ectoderm Cell 82: 969-979. Martin, G R 1981. Isolation of a
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derived f omlso ate
absence of LIF. After 4 days culture, all trans-retinoic acid (RA) was added at a

concentration of 10°M. After a further 4 days aggregates were dissociated by
incubation with trypsin and trituration. Cells were seeded at 3 x 10° celis/well into
4-well dishes (Nunc) coated with poly-D-lysine and laminin. Culture medium was
serum-free DMEM/F12 (50/50) supplemented with N2 and, where specified, B27
(Gibco-BRL) plus 2% horse serum.

Substrate preparation.

Tissue culture plates were precoated with poly-D-lysine (PDL, 30-70 kDa, Sigma)
for 20 min at a concentration of 10 xg/ml in PBS. Excess PDL was withdrawn and
the plates were rinsed with PBS three times before coating with laminin (Sigma) at

a concentration of 2-10 ?g/ml in PBS overnight at 4 °C.

Immunocytochemistry

Staining for Sox1 and Sox2 was carried out on cultures fixed in MEMFA (4%
formaldehyde, 100 mM MOPS pH 7.4, 20 mM EGTA, 1T mM MgSO,) for 1 hour.
To stain cells with antibodies against GABA and glutamate, cells were fixed with
1% glutaraldehyde in PBS (Turner, Neurochemistry). For detection of other
intraceliular antigens, cultures were fixed in 4% paraformaldehyde in PBS for 15
min. Fixed cells were rinsed with PBS, incubated with blocking buffer {PBS, 1
mg/ml BSA, 0.1% Triton X-100, and 1% goat serum) for 30 min followed by
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situ hybridization in the nouse enbryo: ne expression in three )
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7 Moy 20068s-VExOdl bSO REY/ £sBHW dld4 3/ some experiments, cultures were counter
stained with propidium iodide or DAPI at concentrations of 1ng/ml and 5 yg/ml

respectively.

The following dilutions were used for primary and secondary antibodies: rabbit anti-
Sox1 and anti-Sox2 (1:500), rabbit anti-GABA (1:2000, Sigma), rabbit anti-
glutamate (1:4000, Sigma), mouse anti-S-tubulin 3 (1:200, Sigma); mouse anti-
NF68 {1:400, Sigma); rabbit anti-MAPs, which reacts with MAP2 and Tau (1:400,
Sigma); mouse anti-GFAP (1:400, Sigma), mouse anti-synapsin-1 {1:50, Chemicon},
mouse anti-nestin (1:50, DSHB), mouse anti-Pax6 (1:10, ---). Cy3-conjugated goat
anti-mouse IgG (1/50, Jackson ImmunoResearch), FITC-conjugated goat anti-mouse
19G {1:100, Sigma), FITC-conjugated goat anti-rabbit Ig (1:100, Sigma), TRITC-
conjugated goat anti-rabbit Ig (1:50, Sigma).

In situ hybridization of cultured cells.

The protocol is based on that of (Rosen and Beddington, 1993) adapted for
cultured cells. Briefly, cultures were fixed in 4% paraformaldehyde and
permeabilized at -20°C in 100% methanol. The cells were then rehydrated through
a series of methanol and finally putinto PBS with 0.1% Tween-20. Prehybridization
was perforrrfwed for 1-4 hr in hybridization buffer (50% ultrapure formamide, 5 x
SSC, pH 4.5, 50 mg/mi heparin, 100 yg/ml herring sperm DNA and tRNA, 0.1%
Tween-20), the digoxigenin (DIG)-labeled probes were added at 1 #g/ml overnight
at 70 °C. Washes the following day were three times for 30 min at 650C in wash
buffer {(50% formamide, 2 x SSC, 0.1% Tween-20), three 5 min washes in TBST
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DiG-labeled RNA probes

The murine cDNAs used as templates for riboprobes were a 519 bp Pax3 fragment
{provided by Dr Rosa Beddington), a 700 bp Delta-1 clone (provided by Dr
Domingos Henrique), a 670 bp Mash-1 fragment and a 1.5 kb Math-4A cDNA (both
were provided by Dr Francois Guillemot). DNAs were linearized and RNA synthesis
was directed using T7, T3 or SP6 RNA polymerase, including DIG-labeled
nucleotide mix as recommended by the suppliers (Boehringer). Products were
analyzed on a 0.8% agarose gel and approximately 1 ug/ml of the DIG-iabeled

antisense RNA was used for hybridization of cells.

Detection of B-galactosidase

Cells were fixed in fix buffer (0.2% glutaraldehyde, 0.1 M phosphate buffer pH
7.2, 2 mM MgCli2, 5 mM EGTA) for 10 min at 4°C and washed three times with
wash buffer (0.1 M phosphate buffer pH 7.2, 2 mM MgCl,). The cells were then
incubated at 37°C overnight with 1 mg/m! 5-bromo-4-chloro-3-indolyl-58-D-
galactoside (X-gal), 4 mM potassium fericyanide, 4 mM potassium ferrocyanide in
wash buffer (Beddington et al., 1989) .

Results

Efficient generation of neurons and glia from ES cells

Induction of neural differentiation was based on published methods (Bain, 1995;
Fraichard et al., 1995) in which ES cells are aggregated in suspension to form

embryoid bodies, exposed to retinoic acid, and then allowed to reattach and



‘418 'was applied to EB cultures fromthe 6th day of induction at a
concentration of 200,ug/m. Two days |ater aggregates were trypsinized and
t he cell suspen5| on was plated on poly-D-1ysine/lamnin coated/Mag20@% e in
-DVEM F12 WPI&53B2 cultures were fixed 3 hours after platingcraisoonessby
hi stochem cal staining for /3gal actosidase with X-gal or immunocytochem cal
staining for Soxl, Sox2 and nestin w tﬁ7speci fic antibodies. Positively
40x oajectlve en to ten fields were

stained cells were scored ynder ]
count od ABH LR L aprEstertngadhrEe FongliRls BeiranaLijes a8k Beremwmagéent om

addi 11 oft Th Gou PSR e verar 8T BB G87 BB Rl B FaT iR

CLAI M5 WeAinteddorked cwgeneriationg mtoutmejrpzrd.‘cbaml ivehiahr le‘nr@d\c@ﬁ ehei tnhed in

respect of cells. of selected Ii eag ri.sing. A (i) introducing into
a mul ti ﬁ%@@?@ﬂé@“%?? VSR ERIE A R ¥Qidibedigs were Aissaciated hsretss ed

in cell ?Iﬁ gi:h‘?hﬁse @sﬁlf{ A'Qﬂ%ﬂ% ﬁegls ?'Qoht §n§)ﬁmrﬁ§a*a?«9l'ye%r% Gles

cells; ulturing e nultlpo entl I nduce I'at1on of
the mul ingattérd bab sméd:tweltejfa:tsa}vlthof théersiedyedd eddiesne8geond, icetle waere

m xture of cells d| | s of the select | i neage, or to induce
pr ef er eP{3EM 87 \?le?' H "é?”ﬁ$ fHHUE%W?H'H”bFS@?\%” %Pﬂ{?ef‘ll% i spRatrates
sel ecte |

sel oct a%|°3“é‘n€?\ﬁ§}pé*§“D£{V#e“%eh B i e SR hrh 6Bl o f BLERD i ffof

cul t ur e nehadnalscadist Eahbd forhegserproiceduras had pecaddifivpredfprni drothe erdsoniona
sel ected . lineage. 3, A nethod a d|n aiml or erein the

mul t i potOém‘?L%iP'gE%’f% i the g Hf“efd ?’Vb“ﬂ dnefeeﬁ‘i‘ifEéov%eq’f viabig5eld i ¢
ger m (EQqcelfted pl SR MQH'e%t&@H&di chgr@es@ég)an%edvhérﬁ P Yot %&rr%LRFnal
foetal cells, a prinary culture of postnatal S, an a primary culture
of adul tmamers nedrofAamenidighaarar itawy tloaiGsaMAR2/taupor B tabopnildi(Agure 1

t || di f | t tial | | | et bstit
90" gendnd A85 ey SRy A S8sh sReeptiiact phielsy BicbinehBoap: Eapressse e
sel ect e@s'tr'd?s%@&‘?narﬁ@?”@ﬁAf(’ ithdt EﬁoWﬁndS gtrﬁﬁ&ﬁ'?ﬁye%ngedﬂs%r%’ﬂ@n S’lé“ntle?:le‘ﬁ !fn%r

transplantation. 5. A method accord o any of Ctains further
conpr i sispgcific &s Nammealemwms%e@obmned W|th three lndependent ES cell lines

and several subclones.

Non-neural cell types remained in these cultures, however, often identifiable as
large, flat non-refractile cells. If, at any point, DMEM/F12 plus N2 was
supplemented with serum or mitogens (FGF-2 or B27 supplement), these non-

neural cells expanded rapidly and progressively became the predominant cell type.

Detection of Sox1/Sox2 expressing neural progenitors

The generation of a large proportion of differentiated neurons and glia suggested
that neural precursor cells might be detectable at an earlier time point in the
differentiation protocol. Figure 2a shows a representative culture 4 hours following
plating. At this stage, cells appear to be morphologically undifferentiated. The soma
of the majo’rity of cells are small, elongated or oval shaped. Some celis have short
processes similar in length to their cell bodies. These morphological features are
similar to primary neural precursors reported previously (Kalyani et al., 1997).
These cells do not express detectable NF-L or GFAP 3 hours after plating. After

overnight culture, less than 1% of the population were positive for either of these



‘PCT/ G B99/01 136 (iv) introducing into the nultipotential cell a second

sel ectable marker that is differentially expressed in cells of a selected
sub-1ineage conpared with its expression in other cells, whereifrMaeR002 of
the sel ected sub-lineage are forned by differentiation of cells of the
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of neural progenitors, conprisi ng’ri ntroducing, i nto the nult icht ential cell
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2002 VO 29 322 re iU B950hbH0%bt the BEME GBI (Fig. 2b and Fig. 3e).

These cells likely correspond to neural progenitors.

Selection and purification of Sox2-expressing neural progenitor cells.

To isolate the neural progenitor pool we used ES cells in which the bifunctional
selection marker/reporter gene fgeo has been integrated into the Sox2 gene by
homologous recombination (ref}. When induced to differentiate as described above,
approximately 50% of these cells stained for S-galactosidase activity (Figure 2 and
Table 1), consistent with the proportion of cells that express Sox2 protein. We
applied G418 to the differentiating cultures to eliminate Sox2-negative non-neural

cells (Figure 3).

G418 (200ug/mi) was added after retinoic acid induction, either during embryoid
body culture or upon plating. In both conditions appreciable cell killing was evident.
Crucially, however, large numbers of cells survived that exhibited typical
neuroepithe_lial morphology. Over 90% of these cells gave prominent g-
galactosidase staining (Figure 4). Concordance with Sox2 protein expression was
confirmed by immunostaining (Figure 4, Table 1). The related HMG-box factor
Sox1, an exclusive marker of pluripotential neural plate stage cells and of CNS-
restricted precursors in the neural tube, was detectable in the great majority of

cells. Aimost all viable cells expressed nestin.
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expfessed in cells that express a Sox gene. r 13. A method according to
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progenitor cells, wherein the selectable marker is expressed in cells that
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cells of the selected lineage. 21 . A conposition according to

20, wheblkilid taansariggiorot@stofs.the 7 May 2002 31 20. An assay of the effect
of a factor on a culture of progenitor cells of a selected |ineage,
conprising: A (i) introducing into a nultipotential cell a selectable

mar ker fialbalrsdchdd efpChiption RIREASPELS dhdPIENUrkO Rl Irﬁde.d.hgenaﬁlaﬁct ed

| i neage conpared with its expression in other cells, wherein progenitor
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of O aideyived peural precursors can acquire both dorsal and ventral identities.

The bHLH genes, mash1 and math4A (neurogenin) show a more restricted
localisation to subsets of neural progenitors. Expression of each was readily
detected in sox2-selected cultures, but in significantly fewer cells than the pax
gene products (Figure 5, Table 2). It is likely that the expression of mash1 and
math4A specifies distinct sub-populations of progenitors, as the distribution of
these two transcription factors is mutually exclusive in most CNS regions

(Gradwohl et al., 1996).

Two early markers of neuronal differentiation were also examined. The notch ligand
deltal, whjch is found in committed cells immediately prior to neuronal
differentiation (ref), was expressed in only 1-2% of cells immediately after plating,
indicating that the majority of the cells are not yet committed to terminal
differentiation (see also Discussion). Expression of the LIM homeodomain protein
islet-1/2, an early marker of differentiation of motor neurons and ventral

interneurons (Ericson et al., 1992), was examined in Sox2-selected cultures 48
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Neuronal differentiation of Sox2-selected cells.

In order to determine whether the SoxZ2-selected precursor celis retained the
capacity for neuronal differentiation, G418 was removed from the medium. Within
48 hours the cells began to extend neuritic processes and by 96 hours a network
of neuron-like cells had formed (Figure 7). S-galactosidase activity was lost from
the majority of cells {not shown) consistent with the down-regulation of Sox2 in
differentiating neurons (ref). Immunostaining confirmed the disappearance of Sox2
protein (Figure 7b). Pan-neuronal markers neurofilament light and heavy chain (not
shown), microtubule associated proteins (MAPs/tau), g-tubulin (i (Lee et al., 1990}
and synapsin | were detectable from 48 hours onwards, co-incident with down-
regulation of Sox2. By 96 hours over 30% of cells had long dendritic processes and
expressed neuronal markers (Figure 7). Supplementation of the culture medium
with B27 and horse serum allowed further maturation of the neuronal cells,
evidenced both by increased sprouting of dendrites and by production of excitatory

and inhibitory neurotransmitters GABA and glutamate (Figure 7)

The mammalian nervous system is derived from neuroepithelial cells of the neural
tube and its derivative neural crest. During neurogenesis, these neural progenitors
proliferate, progressively lose their multipotentiality and finally differentiate into

various type of post mitotic neurons and glial cells [Anderson, 1993 #673, McKay,
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. AL F. AAEASEENANGEN e AR a&W-tWe\s?el URto AnyA8ell txge as evidenced by their
. AF. AA. A39. AY, . AS9. AN3. A% A& A3. A9. Al 3. AaF. A’A . A. ASh. A
. A{ . Af caloxgkatign af akKkineages in chimaeras (Beddington and Robertson, 1989). The
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frustrated, however, by an inability to control or direct differentiation. In an
embodiment of the invention described above, there is provided a strategy for
selecting precursors of the lineage of interest from developing embryoid bodies.
Our results demonstrate that viable neural precursors can be isolated by selection
for Sox2 gene activity. These cells can be induced to proliferate or to differentiate
into neurons. Therefore the survival and development of the neural lineage in vitro
does not require continued interaction with other cell types. Moreover, the finding
that significant cellular components can be ablated without causing disintegration
of the embryoid bodies, nor apparently perturbing development of the surviving
cells is both surprising and encouraging for the application of this approach to other
lineages. Indeed it is possible that such ablation may favour the maintenance and
expansion of specific stem cell populations by removing sources of differentiation
inducing signals, which may be either cells from other lineages or more mature cells

of the same lineage (Mountford and Smith, in personal communication).

The heterogenous expression of determination genes (Figure 5) within the Sox2
selected cultures appears reflective of the subspecification of progenitors within the
neural tube. Requirements for induction, growth and differentiation of individual
progenitor types could therefore be investigated, both by addition of extracellular
regulators to the culture system and by genetic manipulation of the ES cells prior

to differentiation. The latter particularly relevant to situations where homozygous
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production of transplantable cells (Svendsen and Rosser, 1995; Rosenthal, 1998).

The lineage selection approach, in combination with appropriate instructive factors,
is a valuable component of such a system, by enabling the generation of a defined

cell population from a multipotent source.
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Table 1

Expression of neuroepithelial markers following G418 selection

Markers - G418 +G418

% positive staining

(mean +/- SEM)

B-galactosidase 43.8 £ 9.4 91 x 2.6
Sox2 48.4 £ 1.1 95.5 £ 1.1
Sox1 46.6 £ 5.6 88.7 £ 5.1
Nestin* 80 £ 6.5 94 + 3.2

G418 was applied to EB cultures from the 6th day of induction at a concentration
of 200 ug/ml. Two days later aggregates were trypsinized and the cell suspension
was plated on poly-D-lysine/laminin coated substrate in -DMEM/F12 plus N2.
Cultures were fixed 3 hours after plating followed by histochemical staining for £-
galactosidase with X-gal or immunocytochemical staining for Sox1, Sox2 and
nestin with specific antibodies. Positively stained cells were scored under a 40x
objective, seven to ten fields were counted for each sample. The result is given as
an average percentage from two independent experiments (*Nestin is expressed

in somitic mesoderm in addition to neurcepithelium).
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CLAIMS

1. A method for generating a culture that is purified or enriched in respect of
cells of a selected lineage, comprising:-

A (i} introducing into a multipotential celi a selectable marker that is

differentially expressed in cells of the selected lineage compared with

its expression in other cells;

(i) culturing the multipotential cell to induce differentiation of the
multipotential cell into a cell of the selected lineage or into a mixture
of cells including cells of the selected lineage, or to induce preferential
survival, in a mixed culture of cells, of cells of the selected lineage;

and
(iii} selecting for those cells that express the selectable marker.

2. A method according to Claim 1 for generating a culture that is enriched or

purified in respect of progenitor cells of a selected lineage.

3. A method according to Claim 1 or 2 wherein the multipotential cell is
selected from embryonic stem (ES) cells, embryonic germ (EG) cells, embryonic
carcinoma (EC) cells, a primary culture of foetal cells, a primary culture of post-

natal cells, and a primary culture of adult cells.

4. A method according to Claim 1, 2 or 3 comprising genetically modifying
multipotential cells to delete, mutate, substitute or add genes in order (i) to assay
gene function in progenitor celis of the selected lineage, and/or (ii} to render

selected cells more suitable for transplantation.

5. A method according to any of Claims 1 to 4 further comprising:-
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its expression In other ce whereln cells of the selected sub-iineage are

formed by differentiation of cells of the selected progenitor lineage; and

(v} when a culture of progenitor cells of the selected lineage has been
obtained, allowing or inducing differentiation of the cells and selecting for

cells that express the second selectable marker.

6. A method according to any of Claims 1 to 5 wherein the selectabie marker
is introduced into the multipotential cell by targeted integration or random gene trap
integration so as to be operatively coupled to a gene that is differentially expressed

in progenitor cells of the selected lineage.

7. A method according to any of Claims 1 to 5 wherein the selectable marker
is introduced into the multipotential cell via random integration of a transgene in
which the selectable marker is operatively coupied to a gene that is differentially

expressed in progenitor cells of the selected lineage.

8. A method according to any of Claims 1 to 7 wherein the multipotential cell
is an ES, EG or EC cell and the method comprises forming an embryoid body, or

otherwise inducing differentiation of the cells.

9. A method according to Claim 8 wherein the differentiated cells are

dissociated so as to form a culture substantially of individual cells.

10. A method according to Claim 8 or 9 wherein differentiated cells of an

embryoid body are dissociated using a protease, such as trypsin.

11. A method according to any of Claims 1 to 10, for generating a culture that
is purified or enriched in respect of neural progenitors, comprising introducing into

the multipotential cell a selectable marker that is differentially expressed in neural
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12. A method according to Claim 11 wherein the selectable marker is expressed
in cells that express a Sox gene.

13. A method according to Claim 12 wherein the Sox gene is selected from Sox
1, Sox 2 and Sox 3.

14. A method according to any of Claims 1 to 10 for generation of cardiac
progenitor cells, wherein the selectable marker is expressed in cells that express

the Nkx 2.5 or GATA-4 gene.

15. A method according to any of Claims 1 to 10 for generating a culture that

is purified on enriched in respect of haematopoietic progenitors.

16. A method according to Claim 15 wherein the selectable marker is expressed
in cells that express CD34, CD44 or SCL.

17. A method according to any of Claims 1 to 16 wherein the selectable marker
is an antibiotic resistance gene and the method comprises culture in the presence

of antibiotic.

18. A progenitor cell of a selected lineage, obtainable according to the method

of any of Claims 1 to 17.

19. A composition comprising a plurality of cells, wherein a majority of the cells

are progenitor cells of a selected lineage.

20. A composition according to Claim 19 wherein at least 60% of the cells are

praogenitor cells of the selected lineage.

21. A compaosition according to Claim 19 or 20, wherein at least 60% of the
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of the selected lineage constitute a sub-set of the cells obtainable from
the multipotential cell;

(ii)  culturing the multipotential cell in vitro to induce differentiation of
the multipotential cell into a cell of the selected lineage or into a
mixture of cells including cells of the selected lineage, or to induce
preferential survival, in a mixed culture of cells, of cells of the
selected lineage; and

(iii)  selecting for progenitor cells of the selected lineage according to
differential expression of the selectable marker introduced in step (i),

and

B culturing the thereby obtained progenitor cells of selected lineage in the

presence of the factor.

21.  An assay according to Claim 20 characterised according to any of Claims 2 to
17.

22.  An assay according to Claim 20 or 21 to assay whether the factor has a
proliferative, maturation, toxic or protective effect on progenitor cells of the selected

lineage.

23.  .An assay according to Claim 22 to assay whether a factor has a proliferative,

maturation, cytotoxic or glial protective effect on neural progenitor cells.



110 10y 109 () -y, #109%& () -f)z109%& () -f' #10%& () - ACYzdBnb@
104! 1 YOy10%&' ()-109& ()-s: 109%&' ()- MBLO%& ()- : 109%& ()-
y109%& ()-zxV, mh@ 2" W Z10%&' () - ! Z10%& ()-! Z109%& ()-! Z10%& () -' zId¥ay 2992 zonb
@) ?"W Z10%&' ()-! Z109%& ()-!Z10%& ()-!Z10%& ()-Z109%& ()-| ZOnb@) ?" W Z109%& ()
-1 Z109%&! () wioAb@3ez () - | ZLO%&! () - ZLO%&! () -| ZOmb@ ) ?" W Z10%&! (s 6) - ! 220
%8 ()-!Z10%& ()-Z10%& ()-zY8)? |yl09%@#& ()- 3S9$10% & () - F-
$109@2#& ()-10" 10' 10" fF%*10% & ()-Z10%Ra32 )-/ Y| [:zY8)? L10%R#& () -
3109%R#& ()- 109R#& ()- , 109%R#& ()- #109%#& ()- L10%YR#& ()-4xN'I|[:2Y8)?
@#109R#27 () - A€ &'ce Prding HDOCRAR! 25<>r3%1e%&y(%¢méroweadtbr has a
100@#& () - Yl EvUélll) Ly1098& () - 310%:& $1094& () - 102#102#102#

. Y109R#&P 0 feraEY 6o, R E‘jfaé'QP[ pyH or pr %@’? )& eﬂl@%&ffegem@rle;@#& qf) the

L 10%& b ted. %rg)e/ggg - S9109%:& ()~ WI| [:vU4) y)#109%:& ()- y ' #10%t& ()-
f 3410048 () - 1008& ()- fSH10%& ()- f#1004& ()-":|[:vU4) 9#10%& ()-
7T#109%& ()- 410%t& () - 2#10%&& ()-3 -#10%& ()- y*glOwW& ()-vU4)
|le%> & () 31098 & ()- (8%7 & () alQUe&&! () -° 10410#10# ; #1008 () -

[ vuaPe.  gphoggethod) -acca %@1@% tg @ssay#ydvather (3 - fagtanosasyy ) -

S Ol s B s B Lo i

F7#109%' &l9.- a S2#109%' & ()- s-z#109%%' & () - &*210%7 & ()- +/[:NA4)10 f" @

10% -& ()- 30Sf 10% & ()-, .0Sf 10%& ()-,a .[Sf 10%&() S@ 10% &()
$)1o;/%/&()(;w|[ 410- - f20 10% & ()- £l (%10% & ()- fS @10% -& ()-a
y 06 ', -

#10% g’ ?)- éshf‘dr%]}ﬂ‘r{%? QoL = f%/mgﬁ@%?”%? &fg&ﬂﬁgrﬁh%ﬁo- i

9$#10%' p&Qe)mto&!c:é]J@(VMrrr&a@pla@ta:tld)%ﬂ' m& ()- &&#10%M' m&' ()-f

SF#10% & ()-z #10%nM' m& ()- 2(|[:-410m'm 3: y#10%' nm& ()- L7m 10%n' m& () -

0L4#100/<m m& ()- 9.#10%' m&' ()-G 9+#10%' m&' () - &&#10%n' m&' () - bA410nm'm
"10%" & $ (

31097 QQ)() A%éé?rl‘dg‘ %érgsrrf&é%g%?gto Qralr;ﬁ%% \fg‘h@els\ the n L/lar)aléaro)gemtor 08“5 are

y#109%@" &héYronpb el & () - f$10°/6> & ()-ze|[:A410M m y 109" & () -

yl %$10%" & () - y##10%' & ()- y #10%' & ()- y#109%®' & () -

y#10%" & () - & 5A| [: A410m' m F4F10%" & () - 2#109%®' & ()-F O#109%®' & () -

109" & (31.Y, R1QHFodcéils acd o*F@iQ\Z(;&?td&C@lm DORPRérein kﬁ@ﬂbﬂgal]p}bﬁemtbpéglwgre

23] c" Headl ng 33]c" "Headi ng Head| ng 53] c" "Heading 63]c" "Heading

73] ¢ " Hebaligays83] c" " Headi ng 93]c A "Default Paragraph Font+"*3:|;

I DLQsW "acRksz{ YBJA "$&(*,.0246_% Mr; a&l ~qZl A

2WPH#YB6 v. 169=>3@E4CGMOPSRST| XvYt ZZ acbf f xj nov- x| z~YGghZgXzl a A6Ti mes New

ROITB.I’]AI‘I 8bCoupi @ketiNeyvdi brifrd tar M0 PREYE®RGr cell or a differentiated progen
"HIUR () *+, - /012345678@69 & RRCHER progeny

<=>7 @G\BCDEFEPf T NNGFEIRSRMINSZE\ qtaining dee ghlljiR lanmepe ¢ reeasding [tp-any of

Claims 1 to 17 and freezing the cell in the presence of a cryoprotectant.

& () -

33. A method of generating purified neurons, comprising obtaining a culture
purified in respect of neural progenitors, using the method of any of Claims 1 to 17
wherein the selectable marker is differentially expressed in cells that express a Sox
gene, and culturing the progenitors obtained in the presence of medium suitable for

differentiation of the progenitor into neurons.

34. Aneuralprogenitorcell for transplantation to treat neurodegenerative disease

or neuronal/brain injury.

35. A neural progenitor cell for transpiantation, obtainable from a cell selected

from an ES cell, an EC cell, an EG cell, a primary culture of foetal cells, a primary
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culture of post-natal cells and a primary culture of adult cells, for transplantation

to treat neurodegenerative diseases or neuronal/brain injuries.

36. A method of treatment of neurodegenerative disease or neuronal/brain injury

comprising transplantation of a neural progenitor cell.

37. A method of amplifying a purified population of progenitor cells of a selected
lineage, comprising
maintaining the cells in culture in the presence of
a mitogen; and

a growth factor.

38. A method according to Claim 37 wherein the progenitor cells comprise a
gene coding for a selectable marker, which gene is differentially expressed in the
progenitor cells compared with its expression in other cells, and wherein the

method further comprises selecting for cells that express the selectable marker.

39. A method according to Claim 38 wherein the method comprises maintaining
the culture over a plurality of generations and periodically selecting for celis that

express the selectable marker.

40. A method according to Claim 38 wherein the method comprises maintaining
the culture over a plurality of generations and continuously selecting for cells that

express the selectable marker.

41. A method according to Claim 40 wherein the selectable marker is antibiotic
resistance and the method comprises continuous culture in the presence of

antibiotic.



