29 Decenber 200 Wiy SPECI FI C CELLS AND PROGENI TOR CELLS Thi s
I nvention rel at Em“mm Iellle specific cells and progenitor -cells, nethods
of obtaining themand their uses. Pluripotent enbrygmogcésrﬁ@énz(oES) cells
can be induced to dﬂ’?eren&l ate in vitro into a mxture of cell types.,

conpri si ng exmm‘mmmm ol k sac and derivatives of all three embryonic
germ | ayers. I | sorgamf sed and het erogeneous nature of the

differentiation inpedg®®* nani pul ati on and anal ysis of individual |ineages.
In particular, the invention provides a l|lineage-specific genetic selection
technique to e |, i rified ul ati ons of neural. precursors from
differentiati n?@%“é@ﬁ&%ﬁ&%&@ %N@nﬁ’l%QQ)ENﬁDHS CEL&Snon- t r ansf or med
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culture CLO(;E y rre“ectsséd‘:;'ihoe %@.%tﬂ’é%eemfscph tyrReenbPRrisimg

prlmnr@@m rydreicefotke saESané! derivariveisdef AN thi | nstructive
sel ect |t§ﬁ(ﬁrocesses by Whl ch cel lul ar tglt%/ée%rﬁ?'ﬁg)a cﬁer%?%%?rér ated in

t he AR B8RS gashindhheteoemnequs naturaefe diffdrentiatibmirnpadel ES

| t Mar t d E 1975;
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_J po st-lgpl ant ati on. nouse enbryogenesis (Martin et
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al Neufdgupculsqfs, kpapdiffergptiating &5 celpes are subsequently found in
outgrowt hs from enbryoid bodies (Wiss and Orkin, 1996). Although
representation of particular |ineages can be dimnished or enhanced by

t r Embryntionsteam dEBEEBYS aselhphaxdfiFofied cell lines'derived directly from the
pluripotent founder tissue in the mouse or human embryo, the epiblast (Evans and
Kaufman, 1981; Martin, 1981; Brook and Gardner, 1987; Thomson et al, 1.998;
Shamblott et al, 1998). ES cells can be prupagated and extensively genetically
manipulated whilst retaining the capacity for multilineage differentiation, both in
vivo and in vitro (Robe.rtson, 1987). The differenfiation of ES cells.in culture closely
reflects differentiative events in the embryo. In principal, therefore, ES cells provide
in vitro access to the instructive and selective processes by which cellular

diversification is generated in the mammalian embryo (Smith, 19.9'2).

Multilineage differentiation of ES cells can be initiated by simple aggregation (Martin
and Evans, 1975; Doetschman et al., 1985). The aggregates form structures
-known as embryoid bodies, differentiation of which mirrors aspects of peri- and -
early post-implantation mouse embryogenesis (Martin et al., 1977' Doetschman et
al., 1985). A diverse afray of cell types are subsequently found in outgrowths from
embryoid bodres (Weiss and Orkin, 1996). Although representation of particular
Imeages can be diminished or enhanced by treatment with dimethyl sulphoxide or
retinoic acid (RA) the differentiated products always consist of a mixture of cell..
types. This intrinsic disorganisation and complexnty have limited the explortatlon of

in vitro ES cell differentiation for assignment of gene functions in developmental



retinoic acid (RA), the differentiated products al ways consist of a m xture
of cell. types. Thi,s intrinsic disorganisation and conplexity have |imted
the exploitation of in vitro -ES -cell differentiatpopet&hoassiognnent of
.gene functions in devel opmental 29 Decenber 2005 2 pat hways. Several
reports have docunmented the presence of neuronal cells and glia (Bain,

1995; Fraichard et al., 1995; Strubing et al., 1995; Okabe et al., 1996) in
ecnbryoid body outgrowths. This could be exploited to detect, characterise
and mani pul ate factors that regulake neurogenesis and neuronal and glial
differentiation. ES cells could also be used as a source of normal or
genBPHWRYS- mani pul ated neural cells for biochenical and functional
studies or for transplantation. The problemi.s that these objectives,
however, are severely conpronised by the abundance. of non- neural ceIIs in

theseuettahrqsommdmcdueemeh &8 that t le to
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of Eegngel lect eg’pﬁuﬁjeagvetﬂlgh This <o z’lﬁ exploited: tadstedaidmractapisevdmte assays
fomampeamq:)fambﬁdttﬁtd afa tors .on nitqr .cells or
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rﬁzc? n@ﬂeffec of .factors on such cel .and uses of these
as |1 ?Pg CHAPAL Fhidlies op fer iflﬂ6§ehtntauvent'l"h:dem¢th§ aims to

p[tbatédbese offRtivies, BRhEEFdrOArk ARV ronpg‘l?r%}‘fﬁﬁthb&ﬁn Eg'géglwecgp s from

cultures and to.enable pufification'f
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| T neage havi ng a o FRIAeYsoaGinsgaprurabeelisiregenitota sel ect for cells
that express a gene characteristic of cells of that |ineage. The other is

t 19 so cul ture
he art thus fails to prowde a reliable method of- obtaining a substaatially pure

populatlon of a cell of any selected lineage, and pragenitor cells of a selected -
lineage in particular. The art also fails to provide assays for developmental and

ather effects of factors on progenitor cells or differentiated cells of a selected
fineage.

The present invention aims to provide progenitor cells aad/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 inveation fucther alms to provide a
genetic selection technique to eliminate non-n eural cells from cultures and to enable

purification from embryoid bodies of differentiation competent neural precursors.

In one embodiment, there may be provided a method for obtaining a culture of cells
of a selected lineagé 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
g_ells that they 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.

t way of example, one stép of the combination is to select for cells that:é)’(press



cells that they tend to differentiate into or proliferate as cells of that
| ineage. The effect is to yield a nore highly purified culture of the

sel ected-lineage cells than is otherw se possible. payestmssargise; one
step of the conbination .is -to select for cells that'eXpress 29 Decenber
2005 3 a gene known to be expressed uniquely in haenatopoietic progenitor
cells, and the other is to cultuge cells in mediumcontaining a nutrient

k {0 PEAREwn (i i@t ko of cells into haermat opoi etj
or ageni ¢ oy Bae aGen be SaFbedth b 2 e Bl hchrei ReedlBeandhe gener at i ng 2

cul ture tdibr iss teuultieeellsOln enddivih edbntaih® P GtieRl KhSwWhSi°f r(?rpéél ected
ri.sing:. (i) introducing into a nmulti potentlaf &8 a

| i neage, fﬁﬁ% ‘ .

sel ect abl Riattoniaf gellsiinto hgeatepeiatic progsnilerpr essed in cel |'s of the

sel ected lineage conpared with its expression in other cells, wherein
cells of the selected Iinage constitute a sub-set of the cells obtai-nable

f r om t he Angbrdingly,eh¢ inxbntivalprovidesud intthbd GorigeReriitlel 4 RSN tHafls a{ﬁﬂq in vitro
to induce di f.ferentiatigp ﬂf the nmultipotential cell into ceefl of the
sel ect ed Of FHAGHGd imyrespest of oglls af 3 selecteddineags, pemprigingidi ng cel I's of the

sel ected |inegge, ! e [ ur.vi in,a mxed culture
of cells, of ggl I S‘i&({)t]ng? ﬂggqggl gc@gg{p ?l{cﬁgzggg%" gns Yeé;é%idct[?aﬁﬁerf g},at &lls of the

sel ected |ineage adifbratinlly expretiséd i @it iofithe selepleg $ibapR @mpah@l whh ect abl e
mar ker i ntroduced ﬁ%eg l(&lﬁ% The method is suitable for obtaining cells,
optional Iy progeni {®re&Pregsion i, othar ceflls,gwheteie sells of the gelegsed ilinage Wi | st

following the art mm@gﬁb{wﬁ{ﬁg f.f: | atjon of ES cells into a
culture that includes neural cells g%‘ﬁ%'é’%é‘\%i’ e %“%‘L&‘P%‘W%ﬂ ‘ﬁlb%hl 50%
) neural pr ogen(i) or sculiysing ghet maltipetdntinbios] Of virdoetol indeet didfrentiptiéd by 1 h excess
~ df 70%can be obta neqti e%ncli iln i eci fi' c enbodj ment described bel ow t he
DUFity is ¢ multpotential cell 1nto 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
(i)  selecting for cells of the selected lineage according to differential

expression of the selectable marker introduced step (i).

The method is suitable for obtaining cells, optionally progenitors, of the selected
lincage at high purity. Whilst foilowing the an method for inducing differentiation -
of ES eells into a culture that includes neural cells can provide a maximum of about

> 50% neural progenitors, using the technique of the invention a purity in excess of
70% can be obtained, and in a specific embodiment described below the purity is
substantially 100%.

Step (ii) results in a pure population of cells or a mixed culture at least sﬁghtly
- purified or eariched in respect of desired cells and can suitably be carried out by
culturing the multipotential cell in the presence of a factor that induces |
differentiation of the cell into a progenitor cell of the selected lineage. By way of
example, a mitogen specific for neural progenitors is fibroblast growth factor.
Reference herein to the term “factor” is not intended to-be limited to protein or

polypeptide factors but is intended to encompass any biologically active molecule



subst ant i ally 100% Step (ii) results in a pure population of cells or a
m xed culture at least slightly purified or enriched in respect of desired

cells and can . suitably be carried out by culturinggtaeembbtigest enti al
cell in the presence of a factor that induces differentiation of the cell

into 3\96%9&%#{ or cell of the selected |ineage. By way of exanple, a .
m t ogen SpPeciftic for neural progenltors is fibroblast growth factor.
~Reference herein to' the term"fact is not intended to be linmted to
protein or polypeptide factors but |'s i ntended to enconpass any
biolag ‘ol ecul.e 29 Decenber 2005 WO 99153022 -4 or potentially
bi ol . |%° ep%aﬁ’\ﬁ; ‘%ﬁ%g'ﬁﬁ{'\é@ﬁk%e“?ﬂ Bt potential cell may be selected from
enbryonic stem (ES) cells, enbryonic germ (EG cells, enmbryonal carcinoma
(EC) cells, a primry culture of foetal cells, a primary culture of
post Tiheet el tipgtestialmellanpy bmeyecdeﬁ frare eotbrydnic starhl(ES) Thbs, embhyshiony

furth del b
or 288 gulte (e FEEM piA el tr ARER shelifhaV saifirectt ateiodfthe ¢
sel egt Fﬂn{arvaﬁgmreroesaet nataqeééuspmcg YPRn4Q CARERE o a rtecéﬂetrh{ae for

transpfantation. The cells nmay thus be obtained by 1ntroducing a selectable
mar kerethiodt May urthepaasnpdise MatICIaHVierdelfampglwrg/ touldelate, cmotateni ng t he

cells terest,.and then selecting out,the.cells of intere The
cel evBBiHG OBl 685,y ST o Sueny AL BRGHPR i Rusaentoncel of fas
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est abl i shed, swgt ably using tﬁe het hog)rygc}escrrl be?:lr PF\ @rk Sg}tgg eejor&The
i nvetranenlanmls)radﬁaemel@emsfltjnuerbebihieltmdrb\QMtwcbmrngmeslelpomﬂlanarReof ceI | s
and part cul ar i neages of n| tors.af a chosen {ineage t
oot il b il o in R Rt AR 0 IR G e @ RS AN 1 y
- 100%Ha# ee@kingloit thBOSSIPI? eedes®) atrﬁeasérelagérﬁeCﬁl.Arkgﬁ Enewﬂoﬂérpﬁen' tor
|l i neage. The invention is of
introduced by transfectron or viral infection via a transgenlc animal from which the
pnmary cultures are then established, suitably using the methods described in WO-

A-94/24274,

The invention thus advantageously enables a highly emiched population of cells
and in particular all lineages of progenitors of a chosen lineage to be obtained. In
an example below the population obtained is substantially 100% pure making it
possible to isolate a single cell of known progenii:or lineage. The invention is of

. application to all lineages of cells, particularly progenitor cells A selectable marker )

- expressed in cells that express a Sox gene leads to neural progemtor ‘cells; the .
CDS4, CDa4 and SCL genes are suitable for obtarnmg haematoporetrc progenitors,
and the Nkx 2.5 or GATA-4 gene for cardiac progenitors. For-generatinp myogenic
progenitors, MyoO or myE5 are suitable. Using retinoic acid induces differentiation
of ES cells into neurat cells, DMSO induces differentiation into haematop'dietic cells
_j and absence of retinoic acid induces a population enriched in cardiac progenitors.

‘The method optronally further comprlses -

(iv) mtroducmg into the multlpotentral cell a second selectable marker that

is dlfferentrally expressed in progemtor cells or other cells of a selected sub- |
lineage compared with its expressron in other cells, wherein cells of the

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



application to all lineages of cells, particularly progenitor cells. A
sel ect abI e marker expressed in cells that express a Sox gene leads to

neural 'progenitor cells; the CD34, CD44 and ' SCL gepgg bl e for
obt ai ni ng haenat opoi eti ¢ progenitors, and the Nkx 2.5 ore%g%bggne for

- cardiac progenitors. For generating nmyogenic progenitors, MO or nyE5 are
suitable. Using retinoic acid induces differentiation of ES cells into
neural cells, DMSO induces differentYation into haematopoietic cells .and

absence Obr(ﬁ@imﬂj}ljfﬂ (fd rF]duces a popul ation enriched in cardiac
progenitors. The method optionally further conprises: (iv) introducing into

the mul ti bdt weinah c@threaosqm@gérﬁ@re@élgbbp HRr Eg'ecw‘gélpgé%gd f:{ %;ggt ially
[ ge

expressed b{] o cfgel itor cells or other cells of a‘se

conpar ed WiH'§ F&QF (b‘hd‘#fl‘fi“@tdiéﬁer@etiatmn wifethei CellsCahd Sefict &%

sel ected wtg—iﬁame@gﬁ g L f en atlon of -cells of e %el ect ed
29 Decenber 2005 5 p?%gﬂ%%{) m%ea{ tafbgen ?'Wnen a culture of progenitor

cells of. the selected |ineage has been obtained, allow ng or inducing

di ff lop . of.the cells and .selecting for «cells that express the
secmg sePg‘é‘t SEHE imyersion fﬁﬁ%era@ﬂmce@fthemmtweﬁth@abwhéa%n%?@@?ceS t he

pur iceyls 0hnd i€ o® Rigeis nd is of advantage 1 n cases that
cell's of the ged)ect ggg?é:#étacéég%%?% 4l|$f Pgltﬁﬁ Seéfkﬁeé’slsﬂ@gpedéfdmhnaWy at a
| evE€KPEESSghgenedidtl @enlgnat &rieveins] Hitesteh a, preferred enbodi nent

of the invention, described in m@gﬁ'ﬁlet ail Ee{’o (Fh desugfcallspl e marker is

a gene that codes for antibiotic resistance and sel ecting for those cells
.t hain Qﬁﬂbﬁé‘rsed RenISEY conprises introducing antibiotic into
_Jthe culture. In use, ‘%%g%ﬁg (')‘J]r}?% UqThedeshiihrdin eneed detdilbelpvki tHes or

ab) sglestable Mmarkhais aog:errmthwaﬁeé§ oPENBIdRS reliefyldlg gh' P Rpt atton
of t?\%l I %eﬂg%fled or er ched in. respect o ose exphesy
ant TRgGels that exprgss the sglec\;pg{g @aghdr| eproprisek éetreducin gr‘tﬂﬂﬂﬁou@“intbeas'[ two
waytheafulturt I POYSd, rkgapIfc@%lo%eéieﬁ'}eagnjlt?blg%rcks%rlet?trl3ell\(/nkod\?go?2blates cells that
do not express the marker, leavmg behind a population of celis purified or enrlched
in respect of those expressing. the antibiotic resistance, i.e. viable cells of selected
lmeage At least two ways of introducing the selectable marker are known and
suitable for the invention. The selectable marker may be mtroduced into the
multipotential cell by targeted integration or gene trapping into a gene that is
differentially expressed in progenitor cells of the selected lineage. Expression of
the selectable markeris thereby operatively linked to a gene differentially expressed
| ) in a des:red pattern. The selectable marker may also bé introduced.into the
multipotential cell via randem integration as a transgene whereln |t is expressed

under control of the regulatory elements of a gene that i is differentially expressed
in progenitor cells of the selected lmeage

The selectable marker may more generally be a marker that when expressed r.ésults
in preferentlal 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 selectable marker may also be a marker whose expression
results in preferential kllhng of cells expressnng the marker. In this instance the-

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



suitable for the invention. The sel ectable marker may be introduced into
the miltipotential cell by targeted integration or .gene trapping into a
gene that is differentially expressed in progenitor,8pebembdr Jd88 sel ect ed
| i neage. Expression of the selectabte marker is thereby operatively |inked
to a gene differentially expressed in a desired pattern. The sel ectable

mar ker ay al so be introduced . into the nultipotential cell via random
integration as a transgene wherein it is expressed under control of the
regul atory elenents of a gene that isg differentially expressed in

prog:ni tor cefl_ls of the selected |ineage. The sel ectabl e nmarker nmay nore
genelal & wpgeific eattkedintdad B e ts_in- preferential
survival. of cells expressi gg@heﬁﬁ%&@?,&lﬁ@%&nwtﬁ%ﬁ pgle g?‘é’l‘meﬂ‘lebei ng
one SUCHPEIERlecel s 1an £S5.nECaor €Q bell i ahe o S85@HhAsasGaklE of - t he
sel'egt@gehmgggﬁftﬁgem Lect agf _nﬁ_r Ker. may_al so be a narker whose "9
expr&ssi on results in S%q EPERL FAY - RO MY RGisHo feet an expbassid bg dytfeadmr ker .
| n tthies cellst aavod difisociaGhlkerhd Se8XPr ~in.cells other than those of the
sel %cé ed |ineage, 29 D‘ecelﬁ’ber ZSQEPIE%?%??%‘%R*SF# el ﬁé‘ﬁf"@ﬁ {his an

| nv @Y YHGEIOAT Mdividvaliwells arpl thebathouhtdifed. THeLE RPLSAN b2hoSSk ko e 2N ES:
EC Qutlre GREHiuANY fjtheo t.nod tfor}:f%} ses inducing differentiation of the
mul trid;)ot ential cell- oneidyptfached neighhospmoyerlts sedfrebrafeltioecqe!l | -
andirdfiiseromasathiatgni &ffels thd’ il S J in pne e le..lt is an
adva%ag%lﬁ Fat i ndﬁ dual cel Iéslﬁg‘%@ ?ﬁgr‘z y @&@?ﬁéﬁ?@sgya%e ofitheexpose
to TR tiderfegmationnd progebitongelis neebating OBl POLL#gY cel | s-are
free of cell-to-cell - influences that might afféct the pattern of growth
and / or differentiation of the cells, and hinder formation of progenitor
celA scower thatgist @ urifed JEehh 4: 8 Aculture that is purified or-enriched.
in resitr).g '% of _v:antgr a{%&g’\éeﬁ‘?'{'gﬁeﬁﬁﬁeﬁp&g O%{Xﬁﬁgmlegmlmrngeuqﬂs he

| nPBIRINGRIC agRarding ththsinventia, eviiareliethd sel6b {06 &A@, Y airfROERed 11
neg;cgj,esty QogRi tar ells and the second sel ectabl e marker 1S art entially
expressed i ne vaRUFl AsPggefet ofelitiand the semamil seleecable ensmekers f or

t hdifférensally aRpyesdields RVt 4 Hréfggﬁ(i%tg ge%?sd 'ljhré s%%lolnsd étggz:tgglgrn(ra;riér fl?)?-X. ©

_ this is suitably dlfferentially expressed in cells that expréss. Pax 6.

A-culture that is purified on eaciched in. respect of dorsal p-rogenito'r cells is
-obtainable accarding to the invention, whecein the selectable mackeris differentially
expressed- in the neural progenitor cells and the second selectable marker is
QEfferenﬁaHY expressed in dorsal progenitor celfs. The second select'abié marcker for

this" is-suitably differentially expressed in cells that express Péx 3.

In another embodiment, there may be provided 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 tb

substantially 100% pure preparations of progenitors,isolation of a single progenitor is
achieved.

'fh‘:__a further embodiment, there may be provided a composition comprising a plurality
of 'oglls. wherein a majority of the cells are progenitor cells of a selected lineage
Preferable, at 'Iea-s} 60% of the cells are prog‘énitbr,-célls 6f the sélected' Iinéage More'
preferably, at least 60% of the cells are neural progenitor cells. In a ition .

ddition, th
po provided n, there may



A - culture that is purified on enriched in. respect of dorsal progenitor
cells is obtainable according to the invention, wherein the selectable
marker is differentially expressed- in the neural progssdeher 2608 S and t he
second sel ectable marker is differentially expressed in dorsal progenitor
"cells. The second sel ectable marker for this- is-suitably differentially
expressed-.in cells that express Pax 3. |In another enbodi nent, there nmay be

provi dedyyiselateld nefaPhidgéfiloy cdl. Progeni tor, of a selected |ineage,
obt ai nabl e according to the nmethod of the invention. Hitherto,

preparations of progenitors were too inpure for certainty as to whether any
chosen ell .was.a progenitqgr cell. Wth culLture. according to the invention
that ca 5?%&%“@@{)“8%8@‘5&‘%1“@ 'id'bf%cph?lg %r%w%ﬁa&‘ﬁﬁ‘ g’l" ¥ ogenitors,
i sol ati iffeefs the§im®) Bavd W aNeleRtedi Frogafitvr VA ordingly! tttbe?v&mdémﬁnt , there

may be provided a conposition conprising a plurality “of cells, wherein a
maj or i t Jugherprevides asasspieofdhe glentobe faeipt en apulturs of progenitor icelisofye.

Preferab| t. | east . 60% of the cells are progenitor-cells of the selected
Iineagege%gtreglmﬁg Eé?r%lg'%)sﬁg'at | east 60% of the cells are neural progenitor

cells. In addition, there may be provided 29 Decenber 2005 7 an i sol ated
neural progenitor tell. A significant application of the invention is in

the field of Bssayneducig: Bite & grulgpientia el 3 selpsiableynarkegrctheh ia sel ect ed

progeni tor. Accor g st he i : | [ r QY assay of
the effect of a fgi(l: or %a%l&a&gt#gﬁ‘gﬂ 3?°%‘{"§BLRF{‘%P%§§% Isgle%f%gﬁl%gg?ect ed
| i neage, conpri si rgmpéredivith itd explessiongin other eells)vheeit gogérmilor celld a
~ .sel ect abl e nmarker tg]at | s ?,ifferentlally xpressed in progenitor cells of
‘_khe selected |ine& C%%Frﬁg IBERER; CORSttpte restef B cells ditMagble flops  wherei n
progenitor cells gof mhliBoRRGiACted | i neage constitute a sub-set of the cells
obt ai nable from the nmultipotential cell; _ :
(1)  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

(i)’  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
tobea 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

liheage are obtained. The assay can thus converniently be used to assay for the effect



(i1) culturing the multipotential cell in vitro to induce differentiation

of the nultipotential cell into a cell of the selected |lineage or into a
m xture of cells including cells of the selected |ingagecembertmosnduce
preferential survival, in a mxed culture of cells, of cells of the

selected lineage; and (iii)* selecting for progenitor cells of the selected
| i neage according to differential dg&pression of the sel ectable marker
| Nt oduce bfidpdicitar dehe, a3l B foi e Utobof iyl REE A PrbBiHeBEOGEN L OF
cells of selected |ineage in the presence o e tactor. e assay net hod
i s pref er #a}l meleculessafyintefest he ef fect of a factor on a culture of
progenitor cells of selected. |ineage, wherein the selectable nmarker 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 nolecule that may be introduced into culture
of cells of the selected lineage, and is thus not intended to be limted
to protein and pol ypeptide factors. The termis also intended to enconpass
a gene introduced or nodified in a nultipotential cell fromwhich cells of
the selected 1lineage are obtained. The assay can thus conveniently be used
to assay for the effect 29 Decenber 2005 7a of a particular gene, as well
as for the effect of polypeptide and/or protein factors or small nol ecul es
of interest. 29 Decenber 2005 -8 The nethod can be used to assay whet her-
the factor has a proliferative, maturation, toxic or protective effect on
progenitor cells of the selected |ineage, or whether a factor has a
proliferative, maturation, cytotoxic or glial protective effect an neural
;)progenitor cells or on other differentiated cells obtained foll ow ng



wi t hdrawal of selection and differentiation of the progenitors.. it is an
advant age of the assay nethod that it enables a population of termnally
differentiated cells of selected |ineage to be obtai 28derechbes2d0F or such
assays as gene and drug discovery screens. In yet a further enbodi nent,
there may be provided a neural progenigtor cell, or a culture conprising a
majority of-neural progenitor cells, for transplantation. In an exanple
bel owrtae HRsthald REACOGR kRedcabl aesay hehiettvantthenfdaerbbas supcebtiativy,

i sol ated and trangplanted into the brain of a re? The ne ural cell m
opt|ot‘m?ilfl'~ly<'i‘l!1l€n aFOXFféGf pfetiective effectopprogenigrcells of ﬁﬁg‘iﬂ NE2958H can

al so b &EFL?Qct%%K%g u@%}é{ﬂ‘?%ﬂ@lmgﬁ}r%ﬁoﬂbl: hﬂ%%é 5P5] ?ﬂﬁ#&f@l’:u%%?&‘tt ors

of tRE'Tnventton e met’ho gehe atl ng pufil . neurons
CO”préﬁeﬁeGM Fhridigegitar Coélisirar puar ofthed differcesiatéd céllsnambtaingd of@djpwlug S,
using the nethod.of the invention wherein the- selectable marker is
di ffmﬂtdramayﬂféﬁtﬁ%anﬂrﬂ'éfﬂ?%“@% Oéﬁbfgdyé’géng'@fsgene and cul turing
the progenitors obtained ‘in the presence of nedi um suitable- for
differentiation of the progenitors if-ft-O. neurons. A suitable nethod of

genejatd BA ARt dé od ki @dsaehlazhodrthiat steenathibalmpngulatmuldfumrwmllyf i ed
I n respect of neural progenitors, using. the nethod of the invention

wher dififecdntiased cefla9f sefrgtesilineags ?"f'"é‘i" ehtzapdpnd yred £86 SUThRTTY S at
express a and £ ing the progenitors obtained in the
presﬂﬁﬁ'g '}?’foér%gg sr‘ﬁbsYﬁf Y 35 e&H% or differentiation of the progenitors into
glial cells. Instill a further enbodinent, there may be provided a neural

rogenit or for Irans antation to treat neurode ratiyve di sease or
ﬁeu?@hé{?t/ Brf'dﬂhe’ nhpgimeqt nﬁlﬁ"élmab GaRIVE %é]q%alf‘?fp g ‘F'}a/ i on,

obt abtﬁ]ﬁj?éecarﬁ&@uﬂ% @ehlaj Ry & t@slichr ﬁﬂig@ﬂut&sceﬂ@' for tﬂihspléﬁt@t&ld Inaﬁn EG cell a
primary culture of foetal cells and a &@l mary culture of post-n cells,

for examplechslow. 20oBurd- proganides sall fi tfweﬂﬁ%tha%ea%aeﬂéﬁéﬁa
di seagRRedand H4nSPBh{dY Ald tHdbhidid 8F a Bt. The neural cell may optionally be a

neuronal cell or a glial cell.

. This transplantation can also be cacried out using neuronal cells obtaiaed from
neural progenitars of the inveation. A suitable method of genecating pucified
_qeurons comprises obtaining a culture purified in respect of neural progenitors,
.using the method af the invention wherein the-s_ele.etable markec (s dffferentially_'
expressed in cells that express a Sax geae, and culturing the-progenitors chtained

- jn the presence of medium suitable for differentiation of the progeqitors ieito
neurons A suitable method of geaecating a purified glial cells comprtses abtaining

' aculture purified in respect of neucal progemtors usmg the method of the inveation
wherein the selectable marcker is d(fferenual{y expressed in cells that express aSox

; gene, and cultur(ag the proggn_l.tors abtairied in the presences of medlum_ suitable

. for differentiation of thé pragenitors into glial cells.

In ®till a further embodiment, there may be provided a neural progenitor cell for
transplantauon 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



met hod of treatnment of neurodegenerative di sease or neuronal/drain injury
conprising transplantation of a neural progenitor cell, and a nmethod of

preparing a neural progenitor cell or a differentiabgghdebpeeryodsher eof for
storage, conprising obtaining the cell in a.nethod according to the
i nvention and freezing the cell in the presence of a cryoprotectant, such

as 10% di pet hvl sul foxjde. I n.an enhodi t e-jnvention Aa. .

sel eg?f'gﬁya‘r%gﬁé?f‘eﬁo e ‘é‘g‘?g?\%%%i%'rﬁeeg?%taggg (E)'J;n_ﬁb‘n%'ll lté%ﬁ%'“r'@é‘d%’f*n%t i on
| Nt OndeltBo80%2 HeBERenié € hdroReRkAssad ¢INHis@BBE Y of NNelFEAHI/EALINC Ghjlidy | N
the neural plate and neural tube. Application of- G418 to differentiating
cul tepmprising treRsplangatied ofed heuralsplagegiial ¢l a7d pemeihodsef aremaring

viabl e flgeo-positive,cell The C I f_. . -
nearbBgHEAaPRRR g S8 P8 e ane Loty LIRS R EEF e et mpiving,

net \YHdstniRh 8 el hink&uteR] AScddifng e he %®ech o & ahidelirgedingehs oBfin ty kers.
Thus, an in vitro systemfor genetic and_ nolecul ar di ssection of manmalian
neupaksdinéé ef encivaprotedanprawdhies 1) % Wémethlesulferidéand al so. a route for
t he production of pure popul ations of normal or genetically nodified
neural precursors and neurons for functional studies including

LT P RhAMBS ditien T cthB & V8K Gon, 4 B@lédtﬁwgﬁl&%%éﬂi@ﬁﬁg@w oasdinebgtdigd
invention is applicable to the isolation of other precursor popul ations

f r ooy didchelogois attoaqbisatieh intactiie $7>263 gena. sehich iy expgesaed vsvifamydn nent
there is provided a nethod,of anplifyin rified . popul atj

pr JYERD & 'Fs‘“o?h% %%Lfré’&t’élat‘?i%%%g'é? 'E:agn%' %i AP n?lﬁgce?ﬁg Yiisin
CUldidicfPehfating cuURLESERE S oX2-tdtgeted @eA9:redlled Al @ Bifidi@ isotRrr of
progenitor cells preferably conprise a gene coding fora sel ectable narker,
whiviabige g eiospasifiter eells.allhesex predlssedpressdie paockerd 1@ meudoepidiabat ed

wth its .expression jn other cells, and th- thod further conprjses:
selPEBEYRYLE Scm?%d‘ﬁﬁéta“t‘?%@@b?Ef[é‘:ée‘f'ﬂ)é_‘%té’l‘k“c@‘é‘ﬁ?ﬁ%ﬂ?%@n‘ﬁ(eic rﬁgrﬁg‘%ﬁ)t i on
to qg?@%@é@a U%Fie&%’h? tﬂa@rc?rs(:ﬂrmﬁrk&]ﬁwﬂlud&yan & veeheAlbASoPgdnREEIRd cal |y
sel8Et tor cells ¥ hat- express the sel ectabl e nmarker. - _
molecular dissection of mammalian neural diffecentiation s provided by the
" invention, and alsa a route for the production of pure populations of nermal or
. genetically madified neural precucsars and ﬁeurgns for functional studiesincluding’
transplantation. Furthermore,_the lineage selection approach of the invention is
applicable to the isolation of ather precursor populations from differentiating ES cell

- gultures.

In slill yet a further embodiment, there is provided 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_mitogén.; and

a growth factor.

__-‘lhé-ptogenitor. cells preferably -comprise a gene coding for a s_el-e_cta_ble mackeér,
which gene is dif__feren-tiélly expressed in the pfogenitér cells compared with its

: expiessioﬁ in.other.cells, and th-é atethod further comprises selecting for cells that |

. dxpeess the selectable marker. ltis an option to fn:;intz}in the culture aver a plurality

.of generatioh-s and periodically select far cells that-express the selectable marker.



i\‘ ,I

29 Decenber 2005 WD 99!53022 -10- Another option - is. to maintain the
culture over, a plurality of generations and continuously select for cells
that express the selectable marker. Wiere the sel ectaldgehReKeb0d S

antibiotic resistance the nmethod may thus conprise conti nuous

the presence of antibiotic. The invention is now described with reference

to t hevasessopanyi ng drawings 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 0 cel0s (2a - 4 hours following plating),

and Sox1 antibody staining (2b) - scale bar is 50 microns; fig

schapather dptigham ob miairaate 'the etuitureonverc eophirality oftgendrations ians

shows cul ture enrichnent

. SOX2- itjve | by, (418 i Qn;
Shoopnannsl SHeGt 1EgPEl Shak REoRLITE) SHESMIN B Ry e 6 cfows

Sox 2

shoﬁx%I

Bgia‘biéeﬁ%_rgg.l ik%ngfb%éié FEQLRNEE tNé frlelh @ miBFRRIEGhHhPriEETortinuduL.

neurons differentiated .foll ow ng: Sox2-sel ection;
fi geuluilipVthe prasenee of antibimgicof effect of sonic -hedgehog on neural

rrve

progenitors; and fig. 9, shows an ES cell-derived neuron after -

transplantation in utero. In nore detail, fig 1 shows norphol ogy and.

culture in

3 shows a

fig. 4
fig. 5

7

charpcterd sl Bnofl dBSLAEDS @l Bldrenddito 4AY dbcoihbatifing drdTgairtS cel |'s

erentrate 1 n aggregates for 29 Dece

er 2005 - 11 8

dayghigi:at ed on poly-D-lysine/lam nin substrate in DVEM F1 2 suppl enent ed

w th

N2. Cells were photogra
days in- . -

-fig. 1 shoWs mofphcilogy and characterization of neurons and glia in day 4

cultures;

: fig. 2 sﬁows phas—e contrast picture of day O cells (2a - 4 hours following

plating), and Sox1 antibody staining (2b) - scale bar is 50 microns;

“fig. 3 shows a schematic diagram of lineage selection according to the

invention;

fig. 4 shows culture enrichment for Sox?-posiﬁve cells by G418 selection;

" fig. 5 shows 'éx--pression of region-specific neural precursor markers;

' fig.'G shoWs SoxZ positive cells proliferate in vitro in response to FGF-Z;

fig. 7 showS.ES cel_l~defived neurons differentiated following Sox2-selection;

. fig. 8 shows results: of assay of effect of seonic hedgehog on neural

.progenitors; and

L4

ﬁg."9' shows an ES cell-derived neuron after transplantation in utero.

" In more detail, fig 1 'shows marphology and characterization of neurons and glia in

day 4 cultures. E14TG2a ES cells were induced to differentiate in aggregates for

phed alive with phase-contrast optics after 4



culture. The majority of the cells are neuronal-like, their neuritic
processes connected-into a cellular network. (a), (b) and (c) show
cultures that were stained with anti-NFL, anti-MAP2, Z29fdecember @00,
respectively. In fig 4, ES cells with a targeted insertion of 6geo into the
Sox2 gene were induced to differentiate by culture as aggregates
("enbryoid bodies"). After 4 days tﬂéy‘ were exposed to 10'6 Mretinoic

acid r a further 4 days..The aggregates were, _then dissociated .and cells
o1 ot Gt PR pahn e Xainel min s Lobee M SHEMIE h2 Supplarmented Wit um

W t h g} I " . r T=TOl ) _ I.ther for
the fi h'aiéégg \ﬁgﬁ{ i)h&?H g{g reg'a}téﬁ\'%l}}lé i’?ﬁfde (b, %f{raﬁf%@)ﬁﬁgréﬁa %ﬁgxgu‘bs

af t ecuptuaed Adne dhajosity Sok 2hkei pkibd-agal actsialldike, cthgire seunitici prodessleact ed

culture 3 hoyrs after plating. b x2-1inked .8-gal act osi dase expression

' reanestubintn ZsfuipEnatwatk el T aRd e Loy Cufired hat ware Seined

SOX 2+ el a S\ i | ladhaeeiBRf €d culture 24 hours after

pl at W%Wié@gr Sg&'zgf'ﬁﬁvg‘ﬁ ga| éﬁﬁo%s[?%gsreégg%ﬁegg on in (A18-selected culture
24 hours after plating. e. Imunostaining with anti-Sox2 of unsel ected

cul tu'rg_gS ours, .after  plating. f. |pnunostaining with anti-Sox2 of
18l Badb Eeticelln Withea targstsd inperien ohfgee wyto %_ggéémﬁ werssIngpcad/ 53022
-12- : L0i [ fe t i Ny ) |
7 1O iR LR PE IR R RireRBAS (“Empdtyol BbdRe)! A Dl BbyPonel

. of were exposed to 10°° M retinaic acid for a further 4 days. The aggregates were

S

then dissociated and cells plated on poly-D-lysine and laminin-coated dishes in
serum-free medium with N2 supplement. Cultures were unselected or exposed to
G418 either for the final 48 hours of aggregate culture (‘b, f, h, 1) or for-24 hours

after plating (d):

a. Sox2-finked ﬁ-g'alactosidas'e expression in unselected culture 3 hours
after plating.
b. Sox2-linked p-galactosidase expression in G418-selected cufture 3

hours after ptating.

¢.  Sox2-linked B-galactosidase expression in unselected culture 24 hours

after plating.

d. Sox2-linked B-galactosidase expression in G41 8-selected culture 24

hours after plating.

e Immunostaining with anti-Sox2 of unselected cuiture 3 hours .after -
- plating:
- f.- Ifmmiunostaining with anti-Sox2 of G418-selected, culture 3 hours after

. plating.



(4. 18-selected culture 3 hours after plating. The scale bar indicates 100
pmfor (a,b,c,d), 66.7 pmfor (e, f, g, h) and 50pmfor For fig 5, Sox2
expressing cells were selected with (418 for 2 days i OBefmbbt pogs, cells
were dissociated and allowed to attach to culture dishes for 3 hours before
fixation. The expression for NO (a), delta-.1 (b), Mash-1 (c) and Math-4a
(d) weie9g/sierzect ed by in situ* hybridi sation with specific anti-sense

ri boprobes; the presence of Pax6-expressing cells were detected by
staining the culture- with an antil2Pax6 antibody (e), culture e was double
| abel led with DAPI to |localize nuclei of all cells if). Scale bar, 100 pm
For figd, fdDAPhicognEerdtaisingnadlipanelne.of neural differentiation, cells-
wer-e di ssociated by trypsinization, plated at |ow density, and cultured in
DVEM F12 suppl enmented with N2 nediumin the presence of 10 ng/m of bFGF

and. 'ZOQ po/ nbApi cehhtdstdidihg OVBaAGIONt cul ture; . (b), 4 day culture. Cell
nunmbers 1 ncreased around 10 fgo | d over the- culture period. Cells expanded

in the presence of- bFGF nmai ntai ned Sox2 expression as shown via X-gal

t S 1) .F
A e TN R B A L T
. viere Pl at ed- GRYaEAN L IiteaD $RRFS af@f pRfkindd i n N2 . medium for 48 hours

(a and -b) or 96 hours (c-e); or for 72 hours followed by a further 72
hours in hburobasal medi um pl us B27 supplenent and 2% horse serum (f-i)

éfs%%isexs ¢ bir Bt L0llien 19DhsbL 9V"ﬁ§°)é o (B PP SoA o =c o

5e55| ng the neuronal marker fl-tubulin 3. W c. |miunostaining. for
_ 'ne  onal marker fl3-tubulin with propidi um i odi de count'erstai ni ng show ng
" neuronal differentiation of > 90% of cells.

For flg 5 Sox2 expressing cells were selected with G418 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 Math- 4a (d) were
detected by in situ hybridisation with specific anti-_sense- riboprobes; the pressnce '
of Pax6-expressing cells were detected by staining the culture. with an anti-Pax6
antibody (e}, culture e was double labelled with DAPI to localize nuclei of all cells

{f). Scale bar, 100 ym.

.For fig 6 fdllowing 8 daYs induction of neural differentiation, cells were dissociated
by trypsinization, plated at low density, and cuftured in DMEM/F12 supplemented
with N2 medium in the presence of 10 ng/ml of bFGF and- 200 ug/ml of G418. (a)
overmght culture; (b), 4 day culture. Cell numbers increased around 10 fold aver
the: culture period. Cells expanded in the presence of bFGF maintained Sox2

expressr_on.as _sho,wn via X-gal staining. Scale bar: 50 um. -

- For tig 7 Sox2- expressmg cells selected by 48 hours exposure to G418 durmg _
'embryoud body culture. were plated and grown in the absence of G418 in N2
'medlum for 48 hours (a and b) or 96 haurs {c- e}, or for 72 hours followed by a
further 72 hours in Neurobasal medium plus B27 supplement and 2% horse serum

{#-i) (Scale bar, 100 ym):

a,b. . Double immunolabelling showing down-regulation of SOX—2 {a) in



d, e-. Doubl e i mmunol abel .ling for neuronal markers synapsin-I (d) and

MAP2/ Tau (e). #. Inmmunostai ning for GAGA Phase contrast inage of. field in
f. h. irnnmunostaining for glutamate. i. Phase contragp Dewegmeppods el d in h.
In fig. -8, CCE-sox2 ES enbryoid bodi es undergoi ng g418 sel ection were
exposed .to the indicated concentrations of reconbinant sonic hedgehog
protein. Cells were fixed and - imAgnostai ned for the rnotorneuron marker
islet 1 /2 48 hours after dissociation. In fig-. 9, sox-2 expressing cells
sel ected by expusskeditiergdifintcelntegiisyingthd 1 of bl arReMBtBbulin 3

di ssoci ated, |abelled with PKH26-' GL (Sigma) and injected.into the
forebrain vesi dbbs of E16 rat foetuses in utero. Pregnancy was.then al | oned
to" go to term Pups were sacrificed on P2. Vibratone sections were
prepared and exam ned by fluorescence mcroscopy. The- figure-shows. a

represent &.i ve |fithidfostafding dbché@dratharket PBRublfN GAtH BXopidiiibdideng

typical. inmmature neuronal "norphology. 'This study denonstrates that Sox2
sel ected, cel | sovmieisteisingseowing aetreraldifterentiation né »OA%. ofveells: i al s
and Met hods 29 Decenber 2005 WD 99753022 -14 ES cell culture -ES cell lines

used in this study were: E14T&Ra (Hooper et al., 1987), CGR8 (Muntford et
al ., 19944 @&nd gdbiSomdmuncldelivef ifoe Géurdral (RapdrsYs\iiamdin-l {@84hd i n

whi ch one copy of the Sox2 gene has been di srupted by honol ogous

reconbi nati on. MAP2ERw&). |ines were -nmaintained in gelatin-coated tissue
culture plastic in G asgow nodified Eagle's nmedium (GVEM suppl ement ed
with 10-4 2- - '

- f. Immunostaining for GABA
~g. . Phase contrast image of field in f.
h. -imfnunqstaini-ng for glutamate.

i. Phase contrast image of'f:ield in h.

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 expo.sure. to g418 during _e_m—br.y-oid
bady culture were dissociated, labelled with PKH26-GL (Sigma) and inje-c.ted into
the forebrain vesicles of E16 rat foetuses -in.-qtero_. P-regna'qcy was.then allowed to
go to term, Pups-were sacrificed on P2. Vibratome 'sec;tio'ns were prepared and
examined by flugrescence microscopy. The: figure-sh'o-ws..a representative _PKHZ@-
GL _labe,lled‘cell within the cortexexhibiting typical immature neuronal morphology.
his study demonstrates that Sox2 selected cells can integrate and differentiate in

the brain.

Materials and Methods



mer capt oet hanol, 10% fetal calf serum (FCS) and 100 Um LIF (Smth, 1991).
I nduction of differentiation. The basic protocol is based on that described
(Bain, 1995). ES cells were lightly trypsinized intogggal and
all owed to aggregate in suspension culture in the a%senceelmotfe'rﬁpﬁs After 4
days culture, all trans-retinoic acid (RA) was added at a concentration of
10" 6M 50 further 4 days aggregates were dissociated by incubation

with trypsin andtrituration. Cells were seeded at 3 x 105 cells/well into
4-wel | dishes (Nunc) coated with pojy-Olysine and lamnin. Cul ture nedium
was serumfree OVEM F12 (50/50) supplenented with N2 and, where specified,
B27 EfGdicenlBRE) pl us 2% horse serum Substrate preparation. Tissue culture

pI at recoa th poly-D-lysine, (PDL, 30-70 kDa, Sigma) for 20
- §§ %@ﬁﬂ% i“br¥ b studyigrede: | 1 4B82aEitbesserPBE alas12BURICEAB and

the a4 WEE | L. es be ting wwth lamnin
(Si gﬁr?ha) gl?‘o a.ﬁ?:](r)ngggg 3 g’bpgﬁegf% &ZI%C? %fﬁt"f$°}3§§%o(cﬁé?ﬁ'%?t% 19g4)
| mrminosvhiekhene scopy 6f athvel r&aﬁmrg@@(ha@n@eggx%,gygatg@rﬁ %ﬁ“ﬁf‘%@ru' t ures
flxed in IVItEI\/F fﬁ:./é fe(ﬁrrraldeh de 100 mm MOPS A 1 mM
&rCompbiRation. . dJingsaivere anpitained langelbtldfcasatagammje EWGhreand

|utp':)§§ﬁ al dehyde .i n PBS Turner
%eurochedralnnl S’?%rgy Mﬁgrgd te%&gg?%ﬂo "?éLd' F@M&\?LPP% mefted with §8n2-

cul roerespirstbanok el ¥n feltki palfaferuralriESyaled 1i0b B?x%lf G i xed cells
were rinsed wth PBS, incubated with bl ocking buff L ((%Egﬂ{n fbgf
BSA, -0.1% Triton X-100, and 1% goat serum for 30 min followed by 29

Decmmﬂft,ongédrf@enkgthat ion with primary antibodies in blocking buffer
soverni ght at C. Cells were then rinsed wth PBS, and incubated with a

- spe€he a§pb9r6ﬁoc0$ecbadad yrathidteherived @aaeki 895PUEEL elfsOhvete MphudV! t Ures
wer{a vvashe% rhr qe changes of PBS,

rypsinize mto sma clumps and allowed to aggregate in suspension culture in the
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 109 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~_8RL),pI.us 2% harse serum.

" Substrate preparation.

' _Tlssue culture plates were precoated with poly-D-lysine (PDL 30-70 kDa, Sigma)

s

for 20 min at a concentration of 10 ug/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 aut on cultures fixed in MEMEA.- (4%

" formaldehyde, 100 mM MOPS pH 7. 4, 20 mM EGTA 1 mM MgSQ,} for 1 hour.

To stain cells with antibodies against GABA and glutamate, cells were fixed with

1% - glutaraldehyde in PBS (Turner, Neurochem(stry) For detection of -other
lntracellular 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



nounted with Vectashield nmounting nedia (Vector) and exam ned under a
fluorescent mcroscope. Double |abelling experinents were perforned by

si mul t aneously incubating cells in appropriate conblfglbbgé]ﬁb&fzoggl mary
anti bodi es, followed by incubation with.non- cross-reactive secondary
anti bodies. In sone experinents, cultures were counter stained with
propi di um i odi de or DAPI at concentlgsatlons of 1 ng/m and 5 Ng/m ;
respectively. The follow ng dilutions were used for primary and secondary

Iant L bo a%%n &ﬁéi’mbﬁ g{}; %ntub? 'mo@ﬂhglﬁ?f@ v]ed‘n@&)at %a@bbtel@%ére GABA

ut anmat

ant 'thér'\ rihlsbtl'vvllfh PB6l aaGanﬁbgt&) withioaispecias Spebﬁﬁﬁsddor{lﬁ)y avitipary;inr abbi t
anti-MAPs, which reacts with MAP2 and Tau@él 400, Sigma); nouse anti-GFAP
(1: bmkisg frffer fon et |C%W&§SWWP washed \wHonithese Chaﬁﬂ&§e°5rﬁai . nestin

(1 ARyt Y e G a8hlda PRIl negi Jve Q) o LOA AP Anadink - TS

ckson rnmuno conj ugat ed goat anti-nouse 1gG

(1 ﬁggresﬂ@n&hm&é@&onj ugated goat anti-rabbit-1g (1:100, Sigma), TRI TC
conjugated goat anti-rabbit Ig (1:50, Sigma). In situ. hybridization of
cultured cells. The protocol is based on that of (Rosen and Beddi ngton,

199?{) F ga%ﬂm Oé’f»fn S%EH{se\g/ gg }Jle?f'orﬁfe'dqw 3 mtﬁ{ﬂﬁé&ﬁm\ﬂ%an{)ﬁﬁ%lls% 4%

par perneabl I'fzed at -20C i n 100% The cells

wer Spbhﬂfhaftefwﬁ@hsdohbroﬁqghnaryaaﬁebomspfollmvbdrw inand ationalvith (Eue- i nt o-
PBS with 0.1 % Tween-20. Prehybridization was performed for. 1-4 hr in

hy bcmsmqac@wemppeda(% aptibodias: 4n $PEE BXRRIHNGELS sCYlturgscvepgicquatersy
100 d o 20
5t PesnBE R Eh Hrop gt Refils 25 SARY s REEEnifichiRCot ayeiahds AYRRT- 200

rvblvafollovmng -day were three tines for 30 mn at. 650C|n wash
buffer (50% formam de, 2 x SSC, 0.1 % Tween-20), three .5. mn washes in
TBST 29 Decenber 2005 WD 99/ 53022 -

. The following dilutions were used for primary and secondary antibodies: rabbit anti-
Sox1 and anti-Sox2 {1:500), rabbit aqtifGABA (i:ZOOO-, Sigma), rabbit anti-
glutamate. (1:4000, Sigma), mouse anti-f-tubulin 3 (1:200, Sigma); mouse anti-
NF68 (1:400, Sigma); 'ra-bbi_t anti-MAPs, which reacts with MAP2 and Tau (1:400,
Sigma); mouse anti-GFAP (1:400, Sigma), mouse a-nﬁ-synapsin-l {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
1gG (1:100, Sigma), FITC-conjugated goat anti-rabbit Ig (1:100, Sigma), TRITC-

Y conjugated goat anti-rabbit Ig (1:60, Sigma).

In situ hybridization of cultured cells.
The protocol is based on that of (Rosen and Beddingten, 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
- serles of methanol and finally put into PBS with 0.1% Tween-20. Prehybndlzatlon
was performed for 1-4 hr in hybridization buffer (50% ultrapure formamlde, & x
- 8SC, pH 4. 5, 50 my/mt heparin, 100 ug/mil hemng sperin "DNA and tRNA 0.1%
Tween-20), the digoxigenin {DIG)-labefed probes w.ere,added at1 pg/m‘l 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



j 16- (137 mMM Nad, 25- MM Tris-HCl, pH 7.6, 3 mMMKC, 0.1 % Tween-20) and
1 hr block in 10% serum TBST. Cells were then-incubated overnight at 4C

. with al kaline phosphatase-coupled anti-D G anti body
Boehri nger-Mannheim. The follow ng day cells were ﬁglﬁégé??%?rézgoé imes 1 hr

w th TBST and three tinmes for 10 mn wth al kaline phosphatase buffer
(APB, WwO09msddeiNaCl, 100 M Tris pH 9.5, 50 mM MCl 2, 0.:1.% Tween-20). The
al kal i ne phosphatase staining reaction was allowed to proceed for 3 hr to
overnight with 4.5 pl/m NBT an 3 %6plini BCI P in- APB (Boehri nger).

DI G | abel ed RNA probes The nurine cDNAs used as tenplates for riboprobes
Wer€(1875&ﬁ/ll®§/a(ﬂa>93 frNA giriesaHC,( pirl oX.i6d 63 gyt BEH [FRIL6BEdeencR@nynd 4 MO0 bp

| | ded b
{1 adenlk s SuBV B CRIE N BRAST ORIP 2 aH A SFHBDF AEA <oy SR o

GU| | l,e NtERRG edryssi ng T7,
hqbng%} E&%\Ig%lllynerase | nc%mgl gd& G Ig%el ed rﬁ@?ﬁ?ﬁ%ﬁaﬁ)x as
r eCQBHBM@gIdby celtewaupasie! tﬁmhmesg‘eh) with 3863t andthree tined §p7d@® on a_

- 0.8%agarose gel and a pI‘OXI n |sense
RNA rovas Witheafkalire HVB?P RLASE] %C‘JZ_EM gbm@%g{ateﬁ PQ&‘B%?(‘&&%? ase.
| ed i1y f foRT aifiny MdacBOR AL €
'bufrshwwgtg @1 4 Tw%?@ 2@ mggé%ﬂb%%%mm‘gﬁtn gt% C and washed
t hr %ﬁnWédTﬁ:Spmdémd ims:h hio b faarergight Mlprm§pzwanleﬁ]T ser3. §HzllmtzBCt? i MBC12) .
The cells were then i ncubated at 37C overnight with 1' ng/m
5- bAJMB{Boetmingasl-3- i ndol yl -Q D- gal actoside (X-gal), 4 mM potassium
feriidyanide; 4 mM potassiumferrocyan.ide in wash buffer (Beddi ngton
)et al., 1989) Efficient generation of neurons and glia.* from ES cells -

DIG-labeled RNA probes _
The murine cDNAs used as templates for ri-bo.p"robes were a 519 bp Pax3 fragment

(provided by Dr Rosa Beddington), a 700 bp Deita-1 clone (provided by Dr
Domingos Henrique), a 670 bp Mash-1 fragment and a 1.5 kb Math-4A cDNA (both
Were- provid'ed by Dr Francois Gu-illem'ot) DNAS were linearized and RNA synthesis -
was directed usmg T7, T3 or SP6 RNA polymerase, including DIG-labeled
nucleotide mix as recommended by the suppliers (Boehrlnger) Products were
analyzed on a 0.8% agarose gel and approximately 1 ug/ml of the DIG-labeled '

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 MgCt2, 5 mM EGTA]) for 10 min at 4°C and washed-'three"timés with-
wash buffer (0.1 M phosphate buffer pH 7.2, -2 mM MgCl,). The cells were then
incubated at 37°C overmght with 1 mg/ml 5-bromo- 2t-chloro{i indolyl-g-D-
| galactosude (X-gal) 4 mM potassmm fericyanide, 4 mM potasslum ferrocyanlde in
h wash buffer (Beddmgton et al., 1989) . '

-

- Results
'Eff’ cient generauon of neurons “and glla from ES cells
Induction of neural differentlatlon was. based an 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.



I nduction of neural differentiation was. based on. -published nethods
(Bain, - 1995; Fraichard et al., 1995) in which ES cells' are aggregated
“in suspension to form Results enbryoi d bodi es, expos2giDecernbéri2005C aci d,
and then. allowed to- reattach and 29 Decenber 2005 -17- outgrow on a

. Substrate. Under these conditions neuronal |ike cells becone evident in
the outgrowm hs after several days acngpanled by a variety of other cell -
types. W introduced two variations into the protocol which enhanced the

final outgRsReNd 3bboRaty. U}?dérr‘iﬁéée E6hd rong r{eﬁroH%lnﬁ(&ec’rTP@aﬁ?'cgr,g%glye edﬁme; ﬁd

. di ssoci ated before plating 'S resu I'na
i mredll'attbﬁ 9Ut@ﬂqwﬂn§taf$er sl dayes mnbmah&teﬂl theaefatiedy of Witthél Sell BFpiTbryoi d

bodle ‘?}éﬁé S were Iated in a defined neuronal culture nmedium
(DI\/EM E‘b‘? CEO)W GRfiRNQNS dato (e adotraal p&@hmmwm athe | filni n
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procedures had an additive effect on the ropor on
cul t uplatingAhBhisceasiiltseth anbomotgleaaoﬁ@%lsbewuﬁbIaelcpﬁhhﬁdqateq;;\yfgnﬁmﬁgs

platin d ex{g RrOCEeSSes wher e i mmunoreactive for neuronal .
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expressed the astrocyte marker G-AP

obser ¢@ategrwith pady- Ebbﬁﬂlné and lareinén Whnchaappanmﬁa&iraehesub ovtyRs wtoBt ai ned
i nes and several subcl ones. Non-neural

with three jnd S cell
vl | ooREal BRELTERET hf Bietptasedifes haf s edeiiveraféont ore e Dranbian
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-/ neur adayseafiter piatiagded exapndbst pamdes?srasgrreiswh\éeé ImBREVIBadtite RSO RaNt cel |
tection f Sox1. / Sox2 ressing neural progenitors. The generation

ot Pamars XS pebratlamantiohtanddre: ¥ SBai8sn & BRkasnar §itwhuliodydSioste 1

and data not shown). A smaller-proportion of cells, around 20%, e-xpressed the
astrocyte marker GFAP (not shown). Significantly this observation is not cell line
specific as comparable results were obtained with three independent £S cell lines

.and several subclones.

Non-neural cell types remained in these. cultures, however, often id-entiﬁable as
large, flat non-refractile cells. If, at any point, DMEM/F12 plus N2 was
supplemented with serum or mitogens (FGF-2 or 827 supplement), these non-

) ‘neural cells expanded rapidly and progressively became the predomi‘nant cell type.

Detectio,n‘of Sox1/Sox2 expressing neural progeénitors .

. The generation of a large proportion of different-iated neur-_bn-s and glia suggested
that neural precurser cells might be dete_qtable at an earlier time point in the
differentiation protocol. Figure 2a shows a répre.sentaﬁve cuiture 4 hours following |
plating. At this s.ta'gé, cells appear to be morphologically undifferentiated. The soma
of the majority of cells are small, elongated or 6Qal shaped. Some celis have short
processes similar in length to their cell bodies. The.se morphol’ogical' fedatures are
similai.to’ primary neural precursors reported previously (Kalyani et al., '1997).

-These cells do ot express detectable NF-L or GFAP 3 hours after platlng After

s overnight culture, less than 1% of the popuiation were posmve for either of these



that neural precursor cells mght be detectable at an earlier tinme point in
the differentiation protocol.. Figure 2a shows a representative culture

4.hours following plating. At this stage, cells appegy peBefBer 2005
nor phol ogi cally undifferentiated. The soma of the majority of cells are
smal |, elongated or oval shaped.. Sone cells have short processes simlar
in IenglB dorsfbeir cell bodies. These norphol ogical features are
simlar.to- "primary neural precursors reported previously (Kalyani et al.,
1997). These cells do not expr es_vs.”?e_t ectable NF-L or GFAP 3 hours after
plating. After overnight .culture, 'Tess than 1 % of the popul ation were
posi tive fof el ther of these 29 Decenber 2005 WO 99/53022 -18 two markers.
The &4 maég Wer e exani ned for presence of the internediate fil anment,
nestin (Lendahl et al., 1990), which is expressed in neuroepithelial
- cells. Alnost all cells were nesti-n-positive, however, Pre_sumabl y because
-t he Gher subles yvergeexamined fastpresencet ¢f the dntermedinteofitasnente prestial i um

"(Hockfield, 1985 1 therefore . sought a nmbre sbecificC ker.. The
Srev- erial ol (S50 ey L B o380 17 MUk aatriar e SR Al Gl RLER: het - um
of t Reareeidstin-pbsitice Aslveiar, Preiimebiabe RUREaRE kAP Fedsiod BE nedfih s ndtouse
enbryo’ (Pevny, unpublished data). The rel ated Sox2 g@ne IS expressed in an

over bjashntpsgdet 9 navieepithaliusn idnpllislds 19B8F8GBlae sharafare sovdhir al |
g neeS&sapotiGTReEs, ThESE-Matdp o BB FhcR o Bl 1 o RINED 17 °°

(Fi gnedivepithdtiugn obahe nelirgsplateldrid dikaing aelraeppogenitornaunaé early
progenitors. Selection and purification of Sox2-expressing neural

-ﬂogmmsorerabrm (Peranyi. siipaiblisherd dagalr dihepredefedi SorZ peoe inexpsesseddncel |'s in

't et SEaAPRIGS PRl a8CaRe HiroRBRsRe, EP Pl AT Sarn Rt o 5hen
i nduggith. t meiditaRidgs Lirashigesiated edliahave antibpaieexialgidhyaim@¥Gak 1t hese.

cells stained fort-gal act osi dase activity (Figure 2_and .
.and Sox2 revealed that 40-560% of the cells were positive (Fig. 2b and Fig. 3e).

These cells likely correspond to neural progenitors.

Selection and purification of -So-x2-exp-(-essing neural progenitor cells.
To isolate the neural progenifor pool we used ES cells in which the bifunctional
selection marker/reporter gene 8geo has been integrated into the Sox2 gene by
homol_dgous recombination (ref). When induced to differentiate as described above,
_ approximately 50% of these cells stained for ﬁ-gaiactosidase activity (Figure 2 and
) Table 1), consistent with the proportion of cells that express Sox2 pratein. We
applied G418 to the differentiating cultures to elirminate Sox2-negative non-neural

cells (Figure 3).

G418-(200pg/ml) was added after retinoic acid induction, ¢ither during embryoid
body culture or upon plating. in bb-th conditions appreciable cell killing was evident.
Cruycially, however, large numbers of cells survived that exhibited typical

. _neuroepithelial ‘morpholagy. Over 90% of these cells gave prominent f§-
’_galactosidase staining (Figure 4). Concordance with Sox2 protein expressio_n was
‘confirmed by immunostaining (Figure 4, Table 1). The related HMG-box factor
S’oxj, an exclusive -marl.<er of .plu,ri.po-tentia't. neural plate stage cells and of CNS-
'resttjicted._.;-)rec-:urs'c.)rs in the neur:al.'.tube,“was detectable in the g.(ea§ majority of

cells. Almost all viable cells expressed nestin.



Table 1), consistent with the proportion of cells that express Sox2
protein. W applied 41 8 to the differentiating cultures. to elimnate
Sox2-negative non-neural cells (Figure 3). (418 (200mgHatemaDoagded after
retinoic acid induction, either during enbryoi.d body culture or upon
plating. In both condi ti ons appreci able cell killing was evident.
Crucially,. however, |arge nunbers of- cell's survived that exhibited

typi cal neuroepithellal nDrphoIogy over 90% of these cells. gave

prom n% a ac OSI dase st Fi gure, 4).. Concordance with Sox2

pr ot €f ‘h" ;?leecigw DEEPresgiRf a%ﬁ%ﬁﬂﬂw%'mrr@qmﬁgwem4 Table 1).

Th I tential
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neural plate stage cells and. of CNS- restricte

t ube umpmeamameetempotrhhargimtlairppmermmg@ff gen@&iipﬁes&bﬁq%nabb aMhabl e
cel l's, ex eiégg V}é . 29 De S5 -19- Sox2-selected cells express
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1996 havkibeguteto exarmasgxpréssian vekey deterininents)IPak §érseahi Heupdgddiat coul d
be, aﬁ?g{}i_ygbl e framES cells in the absence of enbryonic axial organisation,
fEG3APHOBY AR expressi on of key determ nants, Pax genes and
neurogem Cc DbHLI-1 transcription factors. The paired box transcription
factors Pax3 and Pax6 are found in -dividing neural precursors throughout
t he ﬂ'bﬁg!éhrﬁﬁ boketramduripgivinc faveorsaPak 3 tarike PaR8xd el fourd in dividingexBassed in

t he neur al {) ﬁg Bd subs uentl becomes confined to. the dorsal half of
- he REQRUEFOTS,BYOpghaHt the lg 9‘ 1908)e eparyone agpralsuhe. pi?@e@)rﬁ mxnallvy in the
vent s88d 1;  Tan and
Jessgjl?‘Br S Wﬂ.{g‘\]/\%mgls l‘rggé:a 3%%?5‘%@ on yt(;glé%ot %sp%z’i)ﬁ?een o%ﬁd?rgaﬁaﬁfn sox- 2
sel eqt miewluml tgmea(ljeradetoal. £ 18984y RéxPlisteipgeddicdpredSmashdhall ene) . This

suggests that ES_cell -
ventral region of the neural tube (Walther and Gruss, 1991; Tanabe and Jessell,

\_

1996). Widespread expression of both pax genes was found in sox -2 selected cells-
analysed on the day of plating (Figure 5 and Table 2}. This suggests that ES celi-

derived neural precursors can acquire both dorsal and ventral identities.

The bHLH genes, masht and math4A {(neurogenin) show a mare restricted
localisation to subsets of neural progenitors. Exbres-sion of eéch was readil.y
detected in sox2-selected cultures, \but in signi-fican-tly fewer céils than the pax
) gene products (Figure 5, Table 2). It is likely that the eXp're—ssi&_)ﬁ 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 n&tch ligand
deltal, whjch is found in com‘m‘i't'.ce,d cells imnie'di'atel\'/ prior to neuronal
_ -differe‘n-tfatior_i (ref), was expressed in only 1-2% of cells immediately after plating, .
_ indicating . that the majority of the cells are not yet coﬁmmi-t-te.d- to terminal
differentiation (see also Discussion). Exbreséi‘oh of the LIM homéoddmai.n p.rotein
islet-1/2, an early marker of _differentiat’ibq of motor hedfohé and’ ventral

interneurons (Ericson et al., 1992), was eXamined in So'xZ-seleéted'c:ultu'res 48



derived neural precursors can acquire both dorsal and ventral identities.
The bHLH genes, mash | and mat h4A (neurogenin) show a nore restricted
| ocal i sation to subsets of neural progenitors. EXpresgipgRie@beast)s Was
readily detected in sox2-selected cultures, but in significantly fewer
cell's than' the pax gene products (Figure 5 Table 2). It is likely that
the expression of mash 1 and nath4A specifies distinct sub-popul ations of
"progen 4§3024s. the distribution of these two transcription factors is
mutual |y exclusive in nost CNS regions (G adwhl at al., 1996). Two early
mar kers of neuronal dlfferentlatloﬂqwere al so exam ned. The notch Iigand
delta 1, which is found jn conr1g; g | s i mmedi atel y prior, o neuronal
di ffm'errstafmnmﬂtmgeﬂypr% Rlypt-&se 84 ce S&‘Fﬁ'ﬁ immyporesctive Atithisestipgt el v

- afte indicating. that. the majority of the cells are not yet

' nn{cﬁé%OMHQfern1nal .differentiation -(see also D scussion). Expression

. of the LI M honeodomain protein islet-112, an early marker of
_dlfferentlatlon of not.or neurons and' zgﬁgél i nterneurons (Ericson et

saeezs)eleqhe@ cella pralfgrate igokespeBre o ttures 48 29 Decenber 2005 WD
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* be expanded and serially passaged for at least two weeks.

Neuronal differentiation of Sox2-selected cells.
In order to determir\e whether the Sox2-selected precursor cells retained the
capac:ty 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-llke cells had formed (Figure 7). f-galactosidase activity was lost from
the majority of cells {(not shown} consistent with the down;re-gulatio'n of Sox2 in
) -'differe.ntiat_ing neurons (ref). Immunostaining confirmed the disappearance of Sox2
) | protein (Figure 75). Pan-neuronal markers neurofilament light and heavy chfa_in (not
. shown), microtubule associa.ted proteins (MAPs/tau), S-tubulin Il thee et al., 1990}
and synapsin | were détectable from 48 hours onwards, co-incident with down-
regulation of Sox2. By 96 hours over 90% of cells had long dendritic processes and
expressed neuronal markers (Flgure 7). Supplementatron of the culture medlum
' _with B27 and horse serum allowed further maturatlon of ‘the neuronal cells,
evidenced both by |ncreased sprouting of dendrites and by production of excntatory

and inhibitory neurotransmitters GABA and glutamate (Figure 7)

- The mammallan nervous system is derived from neuroeplthehal cells of the neural
' "tube and-its dercvatrve neural crest. Durmg neurogenesns these neural progemtors-
proliferate, progressively lose their multipotentiality and finally ‘differentiate into

various type of post mitotic neurons end glial cells [Anderson, 1993 #673, McKay,



Neuronal differentiation of Sox2-selected cells. In order to determ ne
whet her the Sox2-sel ected precursor cells retained the capacity for
neuronal differentiation, (418 was renoved fromthe padedembdy 2dpsn 48
hours the cells began to extend neuritic processes and by 96 hours a
network of neuron-like cells had fornmed (Figure 7). f-gal actosidase
activity was lost from the majority of cells (not shown) consistent with
t he down-regul ati on of Sox2 in dif%@réntiating neurons (ref).

| mmun | 44 | red, t he, di pear.anc rotei.n (Figure 7b).
Pan_ngg;égna f%a-rr%ﬁgir)é aﬁ§u+e3§ gil’ak §%§nﬁq@%’hte‘ %Q?ﬁgé?/ﬁ Hsmsdavolyadwn)
m cr dhuie detamabeItidheshdante bAtalidART Heatl prebtitddldells Lle §h€ Isejdek oF! - -
1990) and synapsin | were detectable from48. hours onwards, co-1ncident
wi t h inteRse Fegstigation. ofhisdias. begn ddthesier binslesed 9bemaiver diy shbadiatioag
dendr.j ti A d_expressed neuronal narker Fi gure 7).
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proliferate, progressively lose their nultipotentiality and finally,

,differentiate into various type of post mtotic neurons and glial cell S
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i naccessibility and tissue conplexity of the mammalian enbryo. An I'n vitro
nodefrusjrateds bpweverpbysent inahiigwt fcogontrohircireetu difégiertizltionl. delds can be

e b lag Rk o Sh L6 B L e Sa B2
speciélegtihh Qitedirsods idfatheideddeddf 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 tb di'ffer'e_ntiaté
_into neurons. Therefore the survival and development of the neural Hheage in vitro
- does nat require continued interaction with other_ cell types. Moreover; tiwe finding
that significant cellular components can be ablated withouf causing d.isinfegration.
- of the embryoid bodies, nor apparently perturbing de_veloprﬁent of the surviving
) ‘cells is.both surpris'if\g.,and encodra_giﬁg for the _ag-p'l'i‘cat'ion of thi§ gpproacﬁ to other
lineages. Indeed ig is possible that such ablation may favour the maini:_enance and
.expansion of specific stem cell populations by refﬁoving sources of differentiation.

inducing signals, which may be either cells from other lineages of more iﬁéture 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-_subs:_pecifica.tion of pr.qg.enitdrs within the

neural tube. Requirements .for'induct'io'n_, grt_)Wtﬁ and differehtiatibn of individual
. progenitor types could therefore be_-in-vestigated,_both by a—ddi_tiqn 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



ES cells have the capacity to develop into any cell type as evidenced by
their colonisation of all lineages in chimeras (Beddi ngton and Robertson,

1989). The prospect of using. ES cells to dissect deye¢leprBBt fhograt hways
in vitro has been frustrated, however, by an inability to control or
direct differentiation. In an enbodinent of the invention described above,
t here we d99/sepskded a strategy for selecting precursors.of the |ineage of
i nterest from devel opi ng enbryoid bodies. Qur results denonstrate that

. viable neural precursors can be i.ggjated by selection for Sox2 gene
activity. These cells can be induced to proliferate or to differentiate

| Nt Qe AE deitfon Jitedigene dxpeessidYinval o aadsslenmirppnrnéthalitg NR aaamicH, | | neage
in Vitro doees not require continued interaction with other cell types.
Morth aabilityhto iraduer) genegtically ghedified newansuisalikedyniso diet sigedficass abl at ed
Wi t hout causij I si ntegration. . of th airyoi d bodi es, nor apparently
per?%?%?%borge&g'ﬂ%ﬂf?@ﬁi cgq %f‘ﬂgg&?(@i ‘?/‘Pﬁﬁe’%g‘f 's is both surprising and
encouragi ng for the application of this approach to other |ineages. indeed
it i s possible that such ablation may favour the maintenance and . expansi on
of Itpasirecentdy baer e¢porparptiiatdifferentiptedbd ¢eligingecheddstathed] dviedopingi at i on

oo o 30 07 s S e e B e 1 R SR Bla RpaBha™ ©
COMgRNheat irdioud NG sBahes AU 108 SiRX 6 GRSHAB Qbu@RlIpTidiitypBsgsuer (Figure

5) within the- Sox2 selected cultures appears reflective of the
- subtspesplantmelisercasiairyenetoral gell i o wheer. Jhasgl foreilga callspay@inent s f or
‘i'nductjon r.ow h d,differenti at i | ndi,vi dual  pr.ogenit es coul d.
- unatea b RerpBORES e P BeRIGP Rldihat ot St Uik BAPREP IRttt ot or s
~t 0 \W1th tPepHid sTgRMBh§ BhanflidanaLpesd frofRAbBULgdOfb Rjedfed dRieRbéls. prior- to
differentiation. The latter particularly relevant to situations where
hofrinrgeakatizn dettenteuraoCEWEPSHBINING-Rthegforentiohaliminatas testisgene
expression L£n vivo cau enbryonic l.ethality. In addition.. th ility to
o BER BGOSR GRLSH B hdey' PeFRich &ffind Meuf
cells can be accessed at any stage of in vitro maturation and harvested for

transplantation.

Thé im/e_‘ntion opens the way for develapment of human multipoténtial stem cells

: an-alogd.us. to the mouse ES cells of an example above for clinical use in
fransblantation. Néurodege_nerative conditions such as Parkinson’s -and

| Huhtington’s- diseases are potentially treatable by cell replacement,strategies_and

) present compelling cases for development of a fenewable stem cell resource for
production-of tra-hsplantable 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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applications in neuronal, cell biology and biochem stry. It has recently
been reported that differentiated ES cells injected into the devel opi ng
(Brustle et al., 1997) or even adult (Deacon et al.. gi28mbePoGsy brain
can col onise the host nervous systemand give rise to mature neuronal
phenotypes. Such transplants also contain non-neuronal cells, however.
These foreign cells can give rise %o terat omas and ot her benign or

mal i gnant growt hs. They nmay al so “l% erfere with trophic signalling and

gui %%gce cues br o, ﬂpst t‘ﬁégﬁ’df ﬁab{g'%tg?hed]m_r a}i%(r:]g%?lessm r{tl Q kP! ati o-n

of f ¢ Precursord e invent i'm nat es these
prob, fehSengial fdtl bRbrpEniaPBtdra atélRn ivfthe neiagestaicrctmoaseguri fi ed
neu-?glwoé)erﬁﬁé{ caéla%e accessed g? any stage of.in vitro maturati on and

har westgo. evelopmept dM5at1Fh7/3The i nvention opens the way for devel opnent
- of human nultipotential stemcells analogous to the nouse ES cells of an
“exanpl e above for clinical use in transplantation. Neurodegenerative
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591-595. 29 Decenber 2005 -27 Table 1 Expression of neuroepithelial markers
follow ng G418 sel ection 41 Markers - (G418 % positive staini ng (rrean +l -
SEM +G418 8- gﬂkﬁ%ﬁﬁrﬁ@ﬁﬁéﬁr&plﬂrdﬁﬂ-ma’fk@rm@%ﬁn G&1é9§ec1§

Soxi 46.65.688.7 5.1 Nestin"'90 6.594 3.2 applied to EB cul tures
fromthe 6th day of induction at a concentratl on of 200/ 'g/ m . Two days

| at er aggregat es were trypsinized and the cell suspensi on was plated on
poI y-D-lysine/lam nin coated substrate in DVEM 1=12 plus N 2-

Markers - -G418 +G418

% positive staining
(mean +/- SEM)

ﬁ-galactosfdase 43.8 + 9.4 91 + 2.6
Sox2 48.4 + 1.1 95.5 + 1.1
Sox 1  46.6 + 5.6 88.7 + 5.1
Nestin * 90 + 6.5 94 + 3.2

G418 was applied to EB cultures from the 6th day of induction at a concentration
of 200 pyg/ml. Two days later aggregates were trypsinized and the cell suspénsion

. was plated on'_.poly-'D-Iys'ine/laminiri coated substrate in .-DMEM/F12 plus | N_"2.
Cultures were fixed 3 hours after plating follbwed by Histochemical staining for f-
galactosidase with X-gal or immunocytochemical staining for Sox1, Sox2 and
nestin with specific antibodies. Positively stained cells weré scored under a 40x
objective, seven to ten fields were counted for each sample. The result is gi\”/eﬁ as
an average percentage from two independent exp-e-rirhents {*Nestin is expressed

in somitic mesoderm in addition to néuroepithelium).

L d



Cultures were fixed 3 hours after plating followed by histochem cal
staining for f- galactosidase with X-gal, or imunocytochernical staining
for Soxl, Sox2 and nestin with specific antibodi es. 2P@&icembpet 300t ai ned
cells were scored under a 40x objective, seven to ten fields were counted
for each sanple. The result is given as an average percentage fromtwo

i ndependent experinents (*Nestin isz%xpressed in somtic nmesodermin
addition to neuroepithelium. 29 Decenber 2005 28 CLAIMS 1. . A nethod for

gen " a culture that is purified or enriched in respect of cells of a
selgzl%téwi neage, conprising: (i) introducing into a nultipotential cell a
sel ectable marker that is differentially expressed in cells of the

lected | | d.with jts expressign jn oth LI i
el s of A methen dor Ganer#ige o euliuds Mtdspueliidat 2orcost o finsRG Nabi o

from t he, nul ti pot ept i C weatdd-.culturing. the nultipotential cell in
Vi t??)ﬁs[ Sf f‘nsc?d%‘gt%éﬂ‘]#%a?iedt?%'{'.‘Pcr)'%mg' the multipotential cell into a cell of
the selected Iineage or into a mxture of cells including cells of the

sel ected lineage, or to induce preferentjal survival, 6 in a\&m' ec{ culture
of cells, of Gblintroducing inteepaptdiipetentiahse! M getactallesmag fiﬁlff’&r cell's

of the sel ect lin e accordi i rent | : &3h f e

sel ectabl e m&&g‘?ref‘ﬁ%ﬁ&fﬁé'ﬁs?#ﬁ&%%lsﬁggh%f%l%%m%%'ccor@%}ﬁg ”?’gHo aimi1
for generatingsaggplesyich iM@thies cullsi OREreth cally iofi e seleceshéioagef
progenitor cells of a selected lineage. .3. A nethod according to Claiml
or 2 wherein tbestinitei paubnsetabf ¢be|cdlls obtairahledfrerothe MmyliiBARN R em ( ES)
cells, enbryonic germ (EG cells, enbryonic carcinoma (EC) cells;. a

pri mary cul t Sliof foetal cell S, a primary culture of post-

(i) 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

(i} selecting for cells of the selected lineage according to differential

expression of the selectable marker int_roduced in step {(i).

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

: puriﬁéd 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) célls, embryonic germ (EG) cells, emb_ryonic '
c:a"rcinoma (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
. mu'ltip-otentiai cells to delete, mutate, substitute or add genes in order (i} to assay
'ge'ne function in pro'geni_tdr cells of the selected lineage, and/or (iil to render

_ selected cells more suitable for transplantation.



natal cells, and a primary culture of adult cells. .4. A nethod according
to daiml, 2 or 3 conprising genetically nmodifying nultipotential cells
to delete, nutate, substitute or add genes in order (@b)pdRndesdyos gene
function in progenitor cells of the selected |ineage., and/or (ii) to
render selected cells nore suitable for transplantation. 29 Decenber 2005
29 5. A nethod according to any of |nB 1 to 4 further conprising: (iv)
introducing into the nmultipotential a second sel ectabl e marker that
is differentially expressed.in cells of a selected sub-lineage conpared

Wit i tsAe'ne)ﬂ'ﬁﬁshcébﬂdih%TthHnycef Cainvherte 4 faplhles coimpiisinge! ect ed
sub-lineage are forned by differentiation of cells of the sel ect ed

progenitor |ineage; and (v) when a culture of.progenitor cells of the

| ected ,,j h b bt diff ti
o the. cdREAG Sl BFP tperitigenus| ral shsrind Selve e sher et abi o
marker. i d{f&:t’@%&f&ﬂ? SGResShdth LIS BY. aoéeleb?éd@ué-uh%aae%hﬁbfb& Atk

sel ect abl e mark is Introduced into the nultipotential by targeted
i ntegrat |I&§nemresamiom gtier celbsp whame&@rcaaﬂlsomf e aslected subplaTarges ety

coupl ed e i.s.differenti pressed enitor cells of

t he -sel ei?réﬁ ‘?%rYegI'ng?re?t'aﬁoWé%fh‘bfgga‘?ﬁ %FﬁGC{Qﬁgﬁgg%@lt@pg g%gel A5 wherei n
the selectable marker is introduced into the nultipotential cell via
random i ntegration of a transgene in which the selectable marker is

oper at i vél)ywienpbedultarea of epredgenitor icelidi 6f ahensélatiad liaepgesisas Hern
progenitor cells of the selected |lineage. 8. A nethod according to any of
G ai ns 1°PEiINednhallawing pr @mlﬂgﬁbﬁémﬁ%ﬂﬂ@bﬂf thesells @l selgagingetocel | and

i1 1 orentris o o rena tE2eeoR STBEBE A ERE: Gl ng”t o O'ei m & wher o1 the
differentiated cells are '
6. A method according to any of Claims 1 to 5 wherein the selectable 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 multipotenﬁal cell via random integration of a transgene in
which the selectable marker is operatively coupled to a gene that is differentially

. éxpressed 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 dlfferentlated cells are

-'dissociated so as to form a culture substanttally 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 tryps_in.



di ssociated so as to forma culture substantially of individual cells. 10.
A nethod according to Caim 8 or 9 wherein differentiated cells of an

enbryoi d body are di ssociated using a protease, such ' . 29
Decenber 2005 30 11. A nethod according to any of C 5??%&%*‘?%*%0,5 for
generating a culture that 1is purified or enriched in respect of neural
progenitors, conprising introduci ng-1 into the multipotential cell a

sel ectabl e marker that is different3d®lly expressed in neural progenitor
cells. 12. A nethod according to Caim1l wherein the selectable marker is
expr ddsed A methed lascordingdrpams of £(8ons Jetwe 101 8or denetdivy acadtderthat o

d ai I 12.f1\h€rei n.the, Sox en% ifs sellect-ed fromSox 1, Sox 2 and Sox 3. 14.
A melrSTHEL BT afrigew MLikPaet af Bt ahprogeriiors, cympeising Brefutamdn R

pr og@eyd i ; ' 8 ' i s t hat
ot o o) e B o APl BRI SRR ot ol B RARR R fl?

. O ai pogenitor kellsor generating a culture that is purified on enriched in'
respect of haematopoietic progenitors. 16. A nmethod according to Claim 15
wherein the selectable marker is expressed 'n cells that express CD34,

D31 B ATTIPERGES] 1058 Lo bR olifigsR 1o

conpinicedis thal texpeedsnatdoex geasence of antibiotic. 18. A nethod according to
Claimb5, for obtaining a culture that is- purified or- enriched in respect

of ventral progenitor cells, wherein the selectable marker is

di f f.ey entj xpressed in.neur rogenitor, cells and-the con
sel e‘lg'ablAe%n%t%@ra%cpg 'Hﬁf‘Pe?@HPig‘Jh"‘@‘%%m &%é&xi%%‘ﬁtﬁ?ciﬁcﬁgem Bf cells.
19. 1A gt odinacseok d.ng to C aim 18 wherein the second sel ectable marker is

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 'purif-ied on enriched in' respect of haematopoietic progenitors.

16. A method according to Claim 15 wherein the selectable marker is expressed

'n 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 method dccording to Claim 5, for obtaining a culture that is pu.rified or.
enriched in respect of ventral progenitor cells, wherein the selectable marker is
differentially expressed in neural progenitorcells and the seéond selectable marker

is differentially expressed in ventral progeri-itor cells.

19. A method according ‘_to Claim 18 wherein the second selectable marker is

'ﬂi.fferentiaﬂy expressed in cells that éxpress Pax 6.
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20. An assay of the effect of a factor on a culture of progenitor cells of

a selected lineage, conprising: A (i) introducing inghdaeMbelbiigy enti al
cell a selectable marker that is differentially expr esse& I'n progenitor

cells of the selected |lineage conpared with its expression in other cells,
wherein progenitor cells of the sel g¢t ed Iineage constitute a sub-set of

the cel | gqgobt | ti poten ell; (ii) _culturing the
mul ti pot ent i a?iﬂ%@%x)‘??t;ﬁ@“ oan%"‘l‘ 58 afi q“B”r PEAIQR Cells of mzelected
mul ti pot dintagel campdisingdt 0 a ceII of the sel ect ed lineage or into a mxture

-of cells including cells of the selected |ineage, or to induce
preferenti al survival in a mxed culture of cells, of cells of the

sel ected Iine ) le f Ok _progeni ells of he sel ected
| i neage éccor ng 10 gb%elrngcﬁt | g’ﬁm@%’tﬁé@% %eﬁlg&s‘{l ‘Eﬁ'fk&bl thifr ker
i ntroduced in st epd(ffe)*enuaﬂyde@reseed liurpragetﬁﬁe &ngr&bmeo@@t&pﬁﬁ g(‘ggenl tor

cells of selected |linea presence of the factor n -assay

e

according to d ai MW?%&”&@‘U&PW%&G@Q@C@& whyrcmﬂ pﬁi@nmxr &lkso 17.

22. An assay accor assa her. th ctor has a-
f @8 sbiecttd b céor Bgtltaeeec be se?g%/ ?l'(gccfa {) g

proelifhrative, maturation, toxi pro Br cells
of the selected Iﬁhneagepotcxmaizcelkn assay accordl ng to CI aim22*to .assay
rative, maturation, cytotoxic or glial

AR DL T A A
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

(i)  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
T

22.  An assay according to Claim 20 or 21 to assay whether the factor has a

profiferative, maturatlon, toxic or protective effect on progenitor cells of the selected
lmeage

.23, An assay aocordmg to Claim 22 to agsay whether a factor has a proliferative,
maturation, cytotoxic or glial protective eﬂ?ect on neural progenitor cells. '



32 24. A nmethod of preparing a neural progenitor cell or a differentiated

progeny thereof for storage, conprising obtaining the cell in .a nmethod
according to any of Cains 1 to 17 and freezi ng t he Zpabécenibel Rgopr esence

of a cryoprotectant. 25. A nethod of generating. purified neurons,
conprising obtaining. a culture purified in respect of neural progenitors,
using the nethod of any of Clains 1 to 17 wherein the selectable marker is
differentially expressed in cells t hat 3 Xpress a Sox gene, and culturing

t he ogenitor bt.ai ned .in the prgsence of ms?li um SLP t abl ef or

di { Fehont RPEGROB IO HEPFFBGER NS = RQUFRIROAE of & differentiated progeny
thereof for storage, comprising obtaining the cell in a method according to any of
Claims 1 to 17 and freezing the cell in the presence of a cryoprotectant.
25. A method of generating purified neurons, comprising obtaining. a culture
purified in respect of neural progenitors, using the method of any of Claims 1to 17
wherein the selectable marker is differentially expressed in cells that express a Sox

gene, and culturing the progenitbrs obtained in the presence of medium suitable for

differentiation of the prdgenitor into neurons.



